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MAGNETIC EMISSIONS 

Na t 

TESTING OF THE SPACE S T A T I O N  E N G I N E E R I N G  MODEL RESISTOJET 

D a n i e l  B r i e h l  

Lewis Research Center  
C leve land ,  Oh io  44135 

ona l  A e r o n a u t i c s  and Space A d m i n i s t r a t i o n  

SUMMARY 

The e n g i n e e r i n g  model r e s i s t o j e t  i n t e n d e d  for a l t i t u d e  maintenance onboard  
t h e  Space S t a t i o n  was t e s t e d  f o r  magnet ic  r a d i a t i o n  emiss ions  i n  t h e  Rad io  Fre-  
quency I n t e r f e r e n c e  ( R F I )  f a c i l i t y  a t  t h e  Goddard Space F l i g h t  C e n t e r .  The 
r e s i s t o j e t  h e a t e r  was s u p p l i e d  w i t h  power a t  20 kHz and low v o l t a g e  t h r o u g h  a 
power c o n t r o l l e r .  The r e s i s t o j e t  was i s o l a t e d  from i t s  power s u p p l y  i n  t h e  R F I  
e n c l o s u r e ,  and t h e  magnet ic  em iss ion  measured a t  t h r e e  l o c a t i o n s  around t h e  
r e s i s t o j e t  a t  v a r i o u s  h e a t e r  c u r r e n t s .  A t  a h e a t e r  c u r r e n t  o f  18.5 A t h e  maxi-  

? mum magnet ic  e m i s s i o n  was 61 dBpt a t  a d i s t a n c e  of  1 m from t h e  r e s i s t o j e t  and 
a t  a l o c a t i o n  a t  t h e  r e a r  o f  t h e  t h r u s t e r .  C a l c u l a t i o n s  i n d i c a t e  t h a t  t h e  case 
and h e a t  s h i e l d s  p r o v i d e d  a minimum o f  4 dB of a t t e n u a t i o n  a t  a c u r r e n t  o f  

w 18.5 A .  Maximum r a d i a t i o n  was measured a t  t h e  r e a r  of t h e  r e s i s t o j e t  a l o n g  i t s  
major  a x i s  and was t h o u g h t  t o  be due to  t h e  magnet ic  r a d i a t i o n  from t h e  power 
l eads .  A t  a d i s t a n c e  of 37 cm from t h e  r e s i s t o j e t  t h e  maximum magnet ic  r a d i a -  
t i o n  measured was 73 dBpt a t  a c u r r e n t  of 11.2 A .  The power i n p u t  l e a d s  were 
a l s o  a source o f  magnet ic  r a d i a t i o n .  A s t e e l  p i p e  was a b l e  to  a t t e n u a t e  up t o  
2 dB o f  r a d i a t i o n  coming f r o m  t h e  i n p u t  l eads .  The e n g i n e e r i n g  model resisto- 
j e t  r e q u i r e s  abou t  20 dB o f  a d d i t i o n a l  s h i e l d i n g  i n  o r d e r  t o  m e e t  t h e  Space 
S t a t i o n  s p e c i f i c a t i o n  f o r  magnet ic  r a d i a t i o n .  

ul cn 
M 
I 

INTRODUCTION 

The e n g i n e e r i r l g  model r e s i s t o j e t  ( f i g .  1 )  i n t e n d e d  f o r  a l t i t u d e  ma in te -  
nance onboard t h e  Space S t a t i o n  c o n t a i n s  a r e s i s t a n c e  h e a t e r  e lement  which i s  
i n t e n d e d  to  r a i s e  t h e  p r o p e l l a n t  gas temperature t o  a range o f  1200 t o  1400 "C.  
The r e s i s t a n c e  e l e m e n t  c o n s i s t s  o f  a p l a t i n u m  w i r e  sur rounded by a magnesium 
o x i d e  i n s u l a t o r  enc losed  w i t h i n  a p l a t i n u m  - 10 p e r c e n t  rhod ium sheath.  I t  
was d e s i r a b l e  t o  have t h e  h e a t e r  l eads  t e r m i n a t e  a t  t h e  r e a r  o f  t h e  t h r u s t e r  
( f i g .  2 ) .  T h i s  d e s i g n  requ i remen t  d i c t a t e d  a h e a t e r  d e s i g n  which s t a r t s  w i t h  a 
s i n g l e  l o o p  o f  h e a t e r  m a t e r i a l .  Th i s  l o o p  i s  t h e n  wound around a mandrel  i n  an 
e f f i c i e n t  h e a t  t r a n s f e r  d e s i g n .  F i g u r e  3 shows a l a y o u t  d raw ing  o f  t h e  h e a t e r  
c o i l  as i t  appears a f t e r  i t  i s  wound around t h e  mandre l .  I n  t h e  upper r i g h t  
and i n  t h e  lower p o r t i o n  o f  t h e  f i g u r e  n o t e  t h a t  t h e r e  i s  a l o o p  o f  h e a t e r  
m a t e r i a l  w i t h  a r a d i u s  o f  about  1.3 cm which a c t s  as a s t r a i n  r e l i e f .  T h i s  
l o o p  has a r a d i u s  i n t o  which t h e  h e a t e r  c o a x i a l  assembly can be s a f e l y  b e n t  
w i t h o u t  danger of c r a c k i n g  due t o  h i g h  s t r e s s e s .  The l o o p  i s  r e q u i r e d  s i n c e  
t h e  h e a t e r  e l e c t r i c a l  t e r m i n a t i o n s  a r e  made o u t s i d e  t h e  t h r u s t e r  i n  a low tem-  
p e r a t u r e  env i ronmen t .  T h i s  l o o p  becomes a source o f  magnet ic  r a d i a t i o n  when 
t h e  h e a t e r  i s  a c t i v a t e d  by an ac power supp ly .  The a rea  enc losed  by t h e  l eads  
b r i n g i n g  power t o  t h e  r e s i s t o j e t  a l s o  r a d i a t e s  a magnet ic  f i e l d  because t h e r e  
i s  a smal l  a r e a  uncompensated by c u r r e n t  moving i n  o p p o s i t e  d i r e c t i o n s .  T h i s  
a rea  c o u l d  be m in im ized  b y  a s u i t a b l e  d e s i g n .  



ANALYSIS 

The f o r m u l a  f o r  magnet ic  f i e l d  s t r e n g t h  f o r  a s i n g l e  c o i l  o f  w i r e  i n  a i r  
may be s i m p l i f i e d  to  

where B i s  t h e  magnet ic  f i e l d  s t r e n g t h  i n  gauss, i i s  t h e  c u r r e n t  f l o w i n g  
th rough  t h e  w i r e  i n  amperes, a i s  t h e  a rea  o f  t h e  c o i l  g i v e n  i n  square c e n t i -  
meters ,  r i s  t h e  r a d i a l  d i s t a n c e  ( i n  c e n t i m e t e r s )  a t  wh ich  t h e  magne t i c  f i e l d  
i s  t o  be measured. 

r e s i s t o j e t  c u r r e n t  o f  22 A ( a  t y p i c a l  o p e r a t i n g  c o n d i t i o n )  and a d i s t a n c e  o f  
7 cm, then  t h e  magnet ic  f i e l d  s t r e n g t h  i s  

The a r e a  o f  t h e  l o o p  i s  c a l c u l a t e d  t o  be 3.55 cm2. I f  one assumes a 

C o n v e r t i n g  t o  p i c o t e s l a  r e s u l t s  i n  

4 . 5 5 ~ 1 0 - ~  G (y) (Io1: pT) = 4 . 5 5 ~ 1 0  6 pT 

10 G 

C o n v e r t i n g  t o  dBpt (dB above 1 pT) y i e l d s  

6 dBpt = 20 l o g  10 + 20 l o g  4.55 = 133 dBpt 

Reference 1 s p e c i f i e s  t h a t ,  f o r  t h e  Space S t a t i o n ,  t h e  magnet ic  f i e l d  a t  a 
d i s t a n c e  o f  7 cm from t h e  equipment and a t  a f requency  o f  20  kHz i s  100 dBpt .  
Thus t h e  h e a t e r  e m i t s  magnet ic  r a d i a t i o n  i n  excess of t h e  Space S t a t i o n  s p e c i -  
f i c a t i o n .  The p r e v i o u s  c a l c u l a t i o n ,  however, i g n o r e s  any s h i e l d i n g  due to  t h e  
r e s i s t o j e t  thermal  i n s u l a t i o n  and case. 
s h i e l d i n g  e f f e c t s  and because an a c t u a l  measurement was d e s i r e d ,  i t  was dec ided  
t o  make a s e r i e s  o f  magnet ic  e m i s s i o n  t e s t s  a t  t h e  t e s t  f a c i l i t y  o f  t h e  Goddard 
Space F l i g h t  Center  s i n c e  t h e  equipment i s  n o t  a v a i l a b l e  a t  t h e  NASA Lewis 
Research Cen te r .  

Because of t h e  u n c e r t a i n t y  o f  these  

Apparatus 

E n g i n e e r i n g  model r e s i s t o j e t  s e r i a l  number 3 was used f o r  t h e  t e s t s .  
Power was s u p p l i e d  by  a v a r i a b l e  f requency power supp ly  o p e r a t e d  a t  20 kHz. 
The power c o n t r o l l e r ,  deve loped b y  t h e  A u x i l i a r y  P r o p u l s i o n  Branch of NASA 
Lewis ( r e f .  2 ) .  was used t o  s u p p l y  low v o l t a g e  power t o  t h e  r e s i s t o j e t .  T h i s  
s imp le ,  e f f i c i e n t  c o n t r o l l e r  i s  composed o f  a c u r r e n t  l i m i t i n g  t r a n s f o r m e r  and 
a power f a c t o r  c o r r e c t i o n  c a p a c i t o r .  The t r a n s f o r m e r  l i m i t s  i n i t i a l  c o l d - s t a r t  
c u r r e n t  surges and m a i n t a i n s  n e a r l y  c o n s t a n t  power o v e r  t h e  f u l l  o p e r a t i n g  
r e s i s t a n c e  range o f  t h e  t h r u s t e r  h e a t e r .  
equipment and t h e  measur ing i n s t r u m e n t a t i o n .  The parameter measured a t  each 
t e s t  p o i n t  i n c l u d e d  power supp ly  f requency ,  power supp ly  o u t p u t  v o l t s ,  power 
c o n t r o l l e r  o u t p u t  v o l t s ,  power c o n t r o l l e r  o u t p u t  c u r r e n t ,  power s u p p l y  o u t p u t  

F i g u r e  4 shows a schematic o f  t h e  

2 



power, power c o n t r o l l e r  o u t p u t  power, magnet ic  r a d i a t i o n  i n  dBpt,  and power 
c o n t r o l l e r ,  o u t p u t  phase a n g l e .  
t e d  a t  each t e s t  c o n d i t i o n  t o  make sure  i t  remained w e l l  below 0.9 Q. A 
r e s i s t a n c e  v a l u e  o f  0.9 Q was cons ide red  s a f e  s i n c e  i t  cor responds t o  a h e a t  
exchanger tempera tu re  o f  1200 "C.  
c o a x i a l  c a b l e  t h a t  measured 1 . 2  m i n  l e n g t h .  T h i s  c a b l e  l e n g t h  was m i n i m i z e d  
i n  o r d e r  t o  m in im ize  c a p a c i t a n c e  i n  t h e  h e a t e r  c i r c u i t .  The r e s i s t o j e t  had 
e x t e r n a l  l eads  o f  b r a i d e d  number 10 w i r e  abou t  20 cm l o n g  wh ich  were t w i s t e d  
and a t t a c h e d  t o  t h e  c o a x i a l  c a b l e .  T h i s  c a b l e  went i n t o  t h e  screen room 
th rough  a bu lkhead t u b e .  The power supp ly ,  measur ing  i n s t r u m e n t a t i o n ,  and 
power c o n t r o l l e r  were l o c a t e d  o u t s i d e  t h e  screen room where t h e  magnet ic  emis- 
s ions  were measured. F i g u r e  5 shows t h e  equipment l a y o u t  and t h e  l o c a t i o n s  
where t h e  magnet ic  r a d i a t i o n  was t o  be measured. 
magnet ic em iss ions  were measured. 

The r e s i s t o j e t  h e a t e r  r e s i s t a n c e  was c a l c u l a -  

Power was s u p p l i e d  t o  t h e  r e s i s t o j e t  w i t h  a 

Reference 3 s p e c i f i e s  how t h e  

PROCEDURE 

The t e s t i n g  was done i n  f o u r  phases. 
magnet ic  em iss ions  were measured a t  t h e  d i s t a n c e  o f  1 m a t  b o t h  t h e  l e f t  and 
r i g h t  s i d e  and a t  t h e  r e a r  o f  t h e  r e s i s t o j e t .  
was i n i t i a l l y  p l a c e d  a t  a d i s t a n c e  o f  1 m p e r p e n d i c u l a r  t o  t h e  a x i s  o f  t h e  
r e s i s t o j e t .  Magnet ic  em iss ions  were measured and reco rded .  The p i c k u p  c o i l  
was then  p l a c e d  p a r a l l e l  t o  t h e  a x i s  o f  t h e  r e s i s t o j e t  ( a t  t h e  same l o c a t i o n )  
and t h e  e m i s s i o n  measured and reco rded .  I t  was thus  de termined a t  wh ich  p o s i -  
t i o n  t h e  h i g h e r  em iss ion  was o b t a i n e d .  The c o i l  was p l a c e d  i n  t h i s  p o s i t i o n ,  
and t h e  emiss ions  were measured a t  h e a t e r  c u r r e n t s  o f  5 .6 ,  11.2, 16.8,  and 
18.5 A .  Emiss ions  were measured a t  a d i s t a n c e  o f  1 m because o f  l i m i t a t i o n s  i n  
t h e  placement o f  t h e  p i c k u p  c o i l .  

I n  t h e  f i rst  phase o f  t h e  t e s t i n g ,  

A t  each p o s i t i o n  t h e  p i c k u p  c o i l  

I n  t h e  second phase o f  t h e  t e s t i n g ,  t h e  magnet ic  r a d i a t i o n  was measured 
w i t h  an u n c a l i b r a t e d  probe a t  a d i s t a n c e  o f  1 m o v e r  a hemisphere above t h e  
r e s i s t o j e t .  
and p o r t a b i l i t y .  
where t h e  magnet ic  f i e l d  was a maximum. 

An u n c a l i b r a t e d  probe was used because o f  i t s  sma l l  s i z e  (10 cm) 
The purpose of t h i s  sweep t e s t  was t o  de te rm ine  q u a l i t a t i v e l y  

The t h i r d  phase o f  t h e  t e s t i n g  was i n t e n d e d  t o  measure t h e  magnet ic  r a d i a -  
t i o n  a t  a d i s t a n c e  o f  7 cm. The reason fo r  t h i s  t e s t  i s  t h a t  r e f e r e n c e  l spec- 
i f i e s  magnet ic  r a d i a t i o n  measured a t  t h i s  d i s t a n c e .  
has a d iamete r  o f  about 2 f t ,  t h e  c l o s e s t  t h e  probe was capab le  of b e i n g  p l a c e d  
t o  t h e  r e s i s t o j e t  was about  37 cm. 

Because t h e  p i c k u p  probe 

The f o u r t h  and f i n a l  phase o f  t h e  t e s t i n g  was i n t e n d e d  t o  de te rm ine  t h e  
e f f e c t  o f  s h i e l d i n g  t h e  power i n p u t  l eads  to  t h e  r e s i s t o j e t .  T h i s  was done 
because t h e r e  was concern  about  t h e  magnet ic  r a d i a t i o n  e m i t t e d  by  t h e  power 
i n p u t  l eads .  For t h i s  reason  t h e  power i n p u t  leads  were s h i e l d e d  w i t h  a 
6.4-cm-diameter schedule 40 s t e e l  p i p e  w i t h  a w a l l  t h i c k n e s s  o f  a p p r o x i m a t e l y  
0.5 cm. T h i s  p i p e  p r o v i d e d  a c o n v e n i e n t l y  a v a i l a b l e  s h i e l d i n g  m a t e r i a l .  
n e t i c  r a d i a t i o n  emiss ions  were measured on t h e  l e f t  and on  t h e  r i g h t  s i d e  of 
t h e  r e s i s t o j e t  a t  t h e  h e a t e r  c u r r e n t  o f  11.2 A w i t h  t h e  s h i e l d  i n  p l a c e .  

Mag- 
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RESULTS AND DISCUSSION 

R e s u l t s  o f  f i r s t  phase of t h e  t e s t i n g  a r e  t a b u  a t e d  i n  t a b l e  I .  A s  
expec ted ,  t he  magnet ic r a d i a t i o n  i s  a d i r e c t  f u n c t i o n  o f  t h e  r e s i s t o j e t  h e a t e r  
c u r r e n t .  Magnet ic  r a d i a t i o n  ranged from a low of 46 dBpt a t  a h e a t e r  c u r r e n t  
o f  5.6 A t o  a h i g h  o f  61 dBpt a t  a h e a t e r  c u r r e n t  of 18.5 A .  A t  a g i v e n  c u r -  
r e n t ,  t h e  h i g h e s t  magnet ic  r a d i a t i o n  was u s u a l l y  measured a t  t h e  r e a r  o f  t h e  
r e s i s t o j e t .  T h i s  was t h o u g h t  t o  be caused by r a d i a t i o n  from t h e  h e a t e r  power 
i n p u t  l eads  a t  t h e  r e a r  of t h e  r e s i s t o j e t .  The e x c e p t i o n  was a t  a h e a t e r  c u r -  
r e n t  o f  5.6 A where t h e  maximum r a d i a t i o n  was measured on  t h e  r i g h t  s i d e  o f  t h e  
r e s i s t o j e t .  A t  a h e a t e r  c u r r e n t  of 18.5 A t h e  c a l c u l a t e d  magnet ic  r a d i a t i o n  i s  
62 dBpt,  n e g l e c t i n g  any s h i e l d i n g  a f f e c t s .  I f  f o r  t h e  moment t h e  d a t a  p o i n t  
t aken  a t  t h e  r e a r  of t h e  r e s i s t o j e t  i s  i g n o r e d ,  t h e r e  was measured a maximum o f  
58 dBpt a t  a c u r r e n t  of 18.5 A .  T h i s  i n d i c a t e s  t h a t  a minimum o f  a p p r o x i m a t e l y  
4 dB o f  magnet ic  r a d i a t i o n  has been s h i e l d e d  by t h e  r e s i s t o j e t  h e a t  s h i e l d s  and 
case a t  18.5 A o f  h e a t e r  c u r r e n t .  F i g u r e  6 i s  a p l o t  of magnet ic  em iss ion  as a 
f u n c t i o n  o f  h e a t e r  c u r r e n t  w i t h  p o s i t i o n  as a parameter .  
t h e  t h e o r e t i c a l  em iss ion  cu rve .  T h i s  p l o t  f u r t h e r  i l l u s t r a t e s  t h a t  magnet ic  
e m i s s i o n  i s  a d i r e c t  f u n c t i o n  of h e a t e r  c u r r e n t  and t h a t  t h e  maximum emiss ions  
were g e n e r a l l y  measured a t  t h e  r e a r  of t h e  t h r u s t e r .  The unsymmet r ica l  n a t u r e  
o f  t h e  emiss ions  i s  t h o u g h t  t o  be due t o  a comb ina t ion  o f  r a d i a t i o n  from t h e  
t h r u s t e r  power i n p u t  l eads  and t h e  placement o f  t h e  h e a t e r  s t r a i n  r e l i e f  l o o p .  
Under a c t u a l  f l i g h t  c o n d i t i o n s  s l i g h t  v a r i a t i o n s  i n  t h i s  s h i e l d i n g  v a l u e  a r e  
p o s s i b l e  depending on t h e  e q u i l i b r i u m  tempera tu re  of t h e  case and s h i e l d .  The 
e q u i l i b r i u m  tempera tu re  o f  these  p a r t s  i n  a vacuum space env i ronment  i s  proba- 
b l y  l ower  than  t h e  l e v e l s  reached i n  t h i s  t e s t  made a t  ambien t  p r e s s u r e .  

F i g u r e  6 a l s o  shows 

The second p a r t  of t h e  t e s t i n g  was i n t e n d e d  t o  de te rm ine  where maximum 
r a d i a t i o n  o c c u r r e d  when a sweep was made o v e r  a hemisphere above t h e  r e s i s t o -  
j e t .  
t h e  r e s i s t o j e t  w h i l e  t h e  e m i s s i o n  v a l u e  was c a l l e d  o u t  from t h e  c o n t r o l  room. 
The h e a t e r  c u r r e n t  was m a i n t a i n e d  a t  about  11.2 A f o r  t h i s  t e s t .  T h i s  t e s t  
i n d i c a t e d  t h a t  t h e  maximum emiss ions  were a t  t h e  r e a r  o f  t h e  r e s i s t o j e t  a l o n g  
i t s  ma jo r  a x i s .  

For t h i s  t e s t  a sma l l  u n c a l i b r a t e d  probe swept o v e r  t h e  hemisphere above 

T h i s  t e s t  t h u s  c o n f i r m e d  t h e  r e s u l t s  o b t a i n e d  i n  t h e  f irst phase o f  t e s t -  
i n g .  
t h i s  t e s t .  Approx ima te l y  25 cm of t w i n  w i r e  l eads  were exposed a t  t h e  r e a r  o f  
t h e  r e s i s t o j e t .  These leads  were t w i s t e d  and connected  to  a c o a x i a l  c a b l e  
about  1 m i n  l e n g t h  wh ich  fed power t o  t h e  r e s i s t o j e t  from t h e  power c o n t r o l l e r  
l o c a t e d  o u t s i d e  t h e  screen room. T h i s  l e a d  c o n f i g u r a t i o n  was f a r  from i d e a l  
and no  doubt  had areas  where t h e  c u r r e n t  was uncompensated by c u r r e n t  g o i n g  i n  
t h e  o p p o s i t e  d i r e c t i o n  thus  g i v i n g  r i s e  t o  s p u r i o u s  magnet ic  r a d i a t i o n .  

The r a d i a t i o n  from t h e  h e a t e r  leads  i s  due t o  t h e i r  c o n f i g u r a t i o n  f o r  

The n e x t  t e s t  was i n t e n d e d  to  de te rm ine  t h e  magnet ic  r a d i a t i o n  a t  a d i s -  
tance o f  7 cm. A s  p r e v i o u s l y  no ted ,  t h e  c l o s e s t  t h e  p i c k u p  c o i l  was capab le  o f  
b e i n g  p l a c e d  t o  t h e  r e s i s t o j e t  was about  37 cm. 
t h i s  t e s t  was 1 1 . 2  A .  The r a d i a t i o n  measured was 71 dBpt on t h e  l e f t  s i d e  and 
73 dBpt on the  r i g h t  s i d e .  
r a d i a t i o n  a t  a d i s t a n c e  o f  37 cm i s  a p p r o x i m a t e l y  86 dBpt n e g l e c t i n g  s h i e l d i n g  
e f f e c t s  f o r  t h e  h e a t  s h i e l d s  and r e s i s t o j e t  case. 
n e t i c  emiss ions  as a f u n c t i o n  of d i s t a n c e  from t h e  r e s i s t o j e t .  
i s  t h e  t h e o r e t i c a l  emiss ions  c a l c u l a t e d  w i t h  t h e  assumption of no  s h i e l d i n g .  
E x t r a p o l a t i n g  t h e  upper cu rve  t o  7 cm y i e l d s  a v a l u e  o f  104 dBpt .  

The h e a t e r  c u r r e n t  used fo r  

C a l c u l a t i o n s  i n d i c a t e  t h a t  t h e  maximum magnet ic  

F i g u r e  7 i s  a p l o t  o f  mag- 
The upper cu rve  

The magnet ic  
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emiss ions  a r e  reduced t o  z e r o  a t  a d i s t a n c e  o f  9 m. There i s  a r a p i d  d r o p  o f f  
i n  magnet ic  r a d i a t i o n  beyond a d i s t a n c e  o f  1 m because o f  t h e  i n v e r s e  c u b i c  
r e l a t i o n s h i p  between magnet ic  r a d i a t i o n  and d i s t a n c e .  T h i s  p l o t  i l l u s t r a t e s  
t h a t  t h e  e f f e c t  o f  s h i e l d i n g  i s  g r e a t e r  a t  a d i s t a n c e  of 37 cm t h a n  a t  a d i s -  
tance o f  1 m .  

The l a s t  phase o f  t h e  t e s t i n g  was an a t t e m p t  t o  q u a n t i f y  t h e  e f f e c t s  o f  
r a d i a t i o n  from t h e  r e s i s t o j e t  power i n p u t  l e a d s .  The power i n p u t  l eads  were 
s h i e l d e d  w i t h  a 6-cm d iamete r  schedule 40 s t e e l  p i p e  h a v i n g  a w a l l  t h i c k n e s s  o f  
a p p r o x i m a t e l y  0 .5  cm. Wi th  t h i s  s h i e l d  i n  p l a c e  and w i t h  a h e a t e r  c u r r e n t  o f  
about  11.2 A ,  t h e  magne t i c  r a d i a t i o n  was measured a t  a d i s t a n c e  o f  1 m.  The 
r e s u l t s  were 53 dBpt on t h e  r i g h t  s i d e  of t h e  r e s i s t o j e t  and 49 dBpt on  t h e  
l e f t  s i d e .  These numbers compare t o  54 dBpt on t h e  r i g h t  s i d e  and 51 dBpt on 
t h e  l e f t  s i d e ,  b o t h  o f  wh ich  were o b t a i n e d  w i t h o u t  t h e  l e a d  s h i e l d  i n  p l a c e .  
Thus t h e  p i p e  was a b l e  t o  s h i e l d  up t o  2 dB o f  r a d i a t i o n  coming from t h e  i n p u t  
1 eads . 

COMMENTS AND RECOMMENDATION 

JSC 30237, Space S t a t i o n  E l e c t r o m a g n e t i c  I o n i z i n g  R a d i a t i o n  and Plasma 
Environment D e f i n i t i o n  and Des ign  Requirements,  s p e c i f i e s  t h a t  t h e  magnet ic  
f i e l d  l i m i t  a t  a d i s t a n c e  of 7 cm a t  a f requency of 20 kHz i s  110 dBpt .  T h i s  
i s  a v e r y  s t r i n g e n t  s p e c i f i c a t i o n .  For  example, t h e  e a r t h ' s  magnet ic  f i e l d  i s  
about  150 dBp t .  F i g u r e s  6 and 7 may be used t o  e s t i m a t e  t h e  r a d i a t i o n  a t  a 
d i s t a n c e  o f  7 cm and a c u r r e n t  o f  22 A .  F i g u r e  7 i n d i c a t e s  t h a t  a t  a c u r r e n t  
o f  11.2 A t h e  magne t i c  r a d i a t i o n  a t  a d i s t a n c e  o f  7 cm i s  104 dBp t .  F i g u r e  6 
i n d i c a t e s  t h a t  an i n c r e a s e  i n  c u r r e n t  from 11.2 t o  22 A r e s u l t s  i n  an i n c r e a s e  
i n  em iss ion  o f  about  10 dB. There fo re ,  t h e  r a d i a t i o n  a t  a d i s t a n c e  o f  7 cm i s  
114 dBpt a t  a c u r r e n t  o f  22A. I n  o r d e r  t o  meet t h e  110 dBpt l i m i t ,  
114 - 110 = 4 dB o f  s h i e l d i n g  would have t o  be p r o v i d e d .  

Based on  t h i s  p r e l i m i n a r y  t e s t ,  i t  i s  recommended t h a t  a magnet ic  r a d i a -  
t i o n  s h i e l d  for  t h e  r e s i s t o j e t  assembly be des igned.  T h i s  s h i e l d  would need t o  
p r o v i d e  abou t  4 dB o f  a t t e n u a t i o n  and c o u l d  be combined w i t h  t h e  m i c r o m e t e r o i d  
s h i e l d  wh ich  i s  a l s o  r e q u i r e d  w i t h  t h e  assembly. 

1 .  

2 .  

3. 
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TABLE I .  - RESULTS FROM PHASE 1 OF THE T E S T I N G  
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FIGURE 1. - ENGINEERING MODEL OF RESISTOJET 
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