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SUMMARY 

The observa t ion  of i n  o r b i t  anomalies on Meteosat r e s u l t e d  i n  a t e s t  
being performed t o  e s t a b l i s h  t h e  charging and d ischarg ing  c h a r a c t e r i s t i c s  of 
a f l i g h t  configured engineering model when i r r a d i a t e d  with e l e c t r o n s .  Surface 
p o t e n t i a l s  were measured toge the r  with d ischarge  r a t e s  and ampli tudes.  

INTRODUCTION 

Following t h e  launch of Meteosat 1 i n  1978, a number of i n  f l i g h t  
anomalies a s soc i a t ed  with t h e  radiometer ,  power and o t h e r  subsystems were 
observed ( r e f .  1 ) .  Considerat ion of  t h e  s a t e l l i t e  e x t e r n a l  su r f ace  configura-  
t i o n  suggested t h a t  t h e  most l i k e l y  cause of t h e  anomalies was t h e  e f f e c t  on 
s e n s i t i v e  e l e c t r o n i c  c i r c u i t r y  of e l e c t r o s t a t i c  d i scharges .  Subsequently a 
s e r i e s  of d i scharge  t e s t s ,  u s ing  spark gaps,  were performed on t h e  e l e c t r i c a l  
model P1, t o  t r y  t o  reproduce t h e  e f f e c t s  seen i n  o r b i t  ( r e f .  2 ) .  A t  t h e  same 
t ime samples of m a t e r i a l s  i . e .  radiometer m i r r o r ,  thermal  s h i e l d  and SSM were 
i r r a d i a t e d  t o  e s t a b l i s h  t h e i r  charging c h a r a c t e r i s t i c s  ( r e f .  3 ) .  

The r e s u l t s  of t h e s e  s t u d i e s  confirmed t h e  o r i g i n a l  i d e a  t h a t  charging o f  
t h e  s a t e l l i t e  due t o  t h e  e l e c t r o n  ( 1-20 keV) environment was r e spons ib l e  f o r  
t h e  anomalies.  Previously a l a r g e  sca l e  i r r a d i a t i o n  f a c i l i t y  had been 
developed by SOPEmEA f o r  ESA s u i t a b l e  f o r  s imu la t ing  t h e  e l e c t r o n  environment 
i n  geos t a t iona ry  o r b i t  i n s i d e  a l a rge  vacuum chamber ( r e f .  4 ) .  

I t  was t h e r e f o r e  decided t o  perform a f u l l  s c a l e  t e s t  on t h e  Meteosat 
P1 model, with f u l l y  r e p r e s e n t a t i v e  e x t e r n a l  s u r f a c e s  ( i . e .  thermal  s h i e l d ,  
s o l a r  pane l s ,  e t c . )  r e f l e c t i n g  both the p r e s e n t  i n  f l i g h t  con f igu ra t ion  and 
t h e  proposed modi f ica t ions .  

Meteosat 1 has  thermal  s h i e l d s  and SSM's which a r e  e x t e r n a l l y  aluminized. 
However t h e  conductive coa t ing  i s  not connected t o  t h e  s a t e l l i t e  ground. I t  
was proposed t h a t  Meteosat 2 should have t h e s e  s u r f a c e s  grounded. 



TEST OBJECTIVES 

I n  view of t h e  c o s t  and problems of ope ra t ing  a  complete ground s t a t i o n ,  
t h e  t e s t  was made on an e l e c t r i c a l l y  i n e r t  s a t e l l i t e .  The t e s t  o b j e c t i v e s  may 
be summarised as fo l lows:  

t o  measure t h e  induced s a t e l l i t e  p o t e n t i a l s  a s  a  f u n c t i o n  of i nc iden t  
e l ec t ron  energy 
t o  measure t h e  E- f i e ld  produced by t h e  d ischarges  
t o  observe any phys i ca l  degradat ion 
t o  observe and l o c a t e  d ischarges  
t o  measure t h e  radiometer  m i r r o r  p o t e n t i a l  
t o  observe t h e  v a r i a t i o n  of charging/discharging c h a r a c t e r i s t i c s  wi th  
i n c l i n a t i o n  of t h e  s a t e l l i t e  with r e s p e c t  t o  t h e  i n c i d e n t  e l e c t r o n  
beam 
t o  compare t h e  above measurements f o r  two conf igu ra t ions  i . e .  s a t e l l i t e  
e x t e r n a l  su r f aces  f l o a t i n g  wi th  r e s p e c t  t o  s a t e l l i t e  ground and 
grounded with r e s p e c t  t o  s a t e l l i t e  ground 
f i n a l l y  i t  was hoped t o  measure t h e  c u r r e n t  d i scharge  by having t h e  
p o s s i b i l i t y  of grounding o r  f l o a t i n g  t h e  e n t i r e  s a t e l l i t e  i t s e l f  

From t h e  above measurements it was hoped t o  e s t a b l i s h  whether o r  no t  t h e  
s a t e l l i t e  sur face  would charge d i f f e r e n t i a l l y  and t o  d e f i n e  c u l p r i t  s u r f a c e s  
t oge the r  with l i k e l y  ampli tudes of d i scharges .  

TEST CONFIGURATION AND INSTRUMENTATION 

General 

A schematic of t h e  t e s t  s e t  up i s  shown i n  f i g .  1. The s a t e l l i t e  w a s  
mounted on an i s o l a t i n g  adaptor  r i n g  i n  t h e  s o l a r  s imula t ion  f a c i l i t y  SIMLES 
a t  CNES, Toulouse. The s a t e l l i t e  s t r u c t u r e  was connected t o  t h e  f a c i l i t y  
ground by means of  a high vo l t age  r e l a y .  Switching t h e  r e l a y  allowed two 
s a t e l l i t e  conf igura t ions  t o  be e s t a b l i s h e d  i . e .  f l o a t i n g  and grounded. 

Externa l ly  t h e  s a t e l l i t e  w a s  i n i t i a l l y  t h e  con f igu ra t ion  of  F1, with 
thermal  s h i e l d s  i s o l a t e d  from s a t e l l i t e  s t r u c t u r e  and wi th  t h e  F2 f l i g h t  
spa re  s o l a r  panels mounted. Subsequently t h e  s a t e l l i t e  w a s  reconf igured  t o  
F2 by connecting t h e  e x t e r n a l  thermal  s h i e l d s  t o  t h e  s a t e l l i t e  s t r u c t u r e .  

The f a c i l i t y  ins t rumenta t ion  can be d iv ided  i n t o  f o u r  c a t e g o r i e s :  

a )  Electron source and monitor 
b )  S a t e l l i t e  s u r f a c e  p o t e n t i a l  monitors  
c )  Radiometer su r f ace  p o t e n t i a l  monitor  
d )  E-f ield antennas 



Elec t ron  source and Monitor 

The e l e c t r o n  source c o n s i s t s  of  a convent ional  e l e c t r o n  gun provid ing  a 
beam of e l e c t r o n s  which is d i f f u s e d  by a t h i n  aluminium f o i l  i n  o rde r  t o  
provide an homogeneous beam. 

The homogeneity of t h e  beam i n  the p lane  of t h e  t e s t  ob jec t  was measured 
and is  shown i n  f i g u r e  2 .  The e l ec t ron  f l u x  is measured by means of a f i x e d  
Faraday cup which is c a l i b r a t e d  with r e s p e c t  t o  given l e v e l s  i n  t h e  plane of 
t h e  t e s t  sample. This i s  monitored cont inuously dur ing  t h e  i r r a d i a t i o n .  

During t h e  t e s t  it was p o s s i b l e  t o  in te rchange  t h e  d i f f u s i o n  f o i l  by means 
of  a simple crank. I t  should be noted he re  t h a t  a f t e r  d i f f u s i o n  t h e  e l e c t r o n  
beam is no t  monoenergetic. Measurements made a t  DERTS i n d i c a t e  t h a t  t h e  
e l e c t r o n  energy spectrum w i l l  be t h a t  shown i n  f i g u r e  3 .  In  t h i s  r e p o r t  a l l  
e l e c t r o n  energy l e v e l s  a r e  given as the monoenergetic e l e c t r o n  energy inc iden t  
on t h e  d i f f u s i o n  f o i l .  

S a t e l l i t e  sur face  p o t e n t i a l  monitors  

To measure t h e  s a t e l l i t e  su r f ace  p o t e n t i a l  s i x  TREK p o t e n t i a l  monitors  
were i n s t a l l e d  as shown i n  f i g u r e  4.  These probes were mounted on t h e  SIMAT 
(acronym f o r  t h e  system a l lowing  t h e  s a t e l l i t e  t o  be r o t a t e d  and t i l t e d  
s imul taneous ly)  and t h e r e f o r e  allowed a cont inuous measurement of  t h e  e x t e r n a l  

p o t e n t i a l  o f  t h e  s a t e l l i t e  as it r o t a t e d .  

The probes themselves c o n s i s t  of a v i b r a t i n g  f o r k  which samples t h e  
e l e c t r i c  f i e l d  and n u l l s  it. Consequently high vo l t age  feed-throughs were 
r equ i r ed  toge the r  with in te rmedia te  l i n e  d r i v e r s ,  i n  view of t h e  l a r g e  (14m) 
s e p a r a t i o n  of  t h e  probes from the  e x t e r n a l  equipment. 

I n  p r i n c i p l e  t h e  s e p a r a t i o n  o f  the probe from t h e  charged su r f ace  is  
immaterial  up t o  a maximum of 1 cm. However due t o  t h e  topography of t he  
s a t e l l i t e  it was necessary  t o  have a l a r g e r  s epa ra t ion  f o r  which t h e  probes 
were c a l i b r a t e d  ( f i g .  5 ) .  

Radiometer p o t e n t i a l  probe 

I n  o rde r  t o  monitor t h e  radiometer mi r ro r  su r f ace  p o t e n t i a l  a simple 
c a p a c i t i v e  d i v i d e r  with PET ampl i f i e r  was used. The ins t rument ,  developed by 
DERTS, w a s  mounted c l o s e  t o  t h e  mirror and had a s h u t t e r  mechanism connected 
t o  t h e  s a t e l l i t e  ground t o  provide a r e f e rence  datum a f t e r  each measurement. 

Data from t h e  sensor  was re layed  t o  e x t e r n a l  monitor us ing  a simple VHF 
t r a n s m i t t e r  powered by a b a t t e r y .  Switching of t h e  b a t t e r y  was by means of 
t h e  s o l a r  a r r a y .  



Because the p o t e n t i a l  measured i s  re ferenced  t o  t h e  s a t e l l i t e  ground p o i n t  
t h e  r e s u l t s  obtained with t h i s  sensor  were d i f f i c u l t  t o  i n t e r p r e t  and t h i s  work 
i s  cont inuing .  

E- f ie ld  antennas 

To monitor t h e  E- f i e ld s  produced by t h e  d i scha rges  s i x  antennas were 
i n s t a l l e d  around t h e  s a t e l l i t e .  O f  t h e s e  an tennas  one was c a l i b r a t e d  and t h e  
r e s u l t i n g  E-f ie lds  monitored on a  B I O M A T I O N  8100 t r a n s i e n t  r eco rde r .  

The o the r  antennas were simple rod antennas mounted on t h e  base of t h e  
chamber a s  shown schemat ica l ly  i n  f i g u r e  6 .  Four o f  t h e s e  antennas were 
connected t o  simple d e t e c t i o n  c i r c u i t r y  t o  g ive  a  count of  t h e  number of  
d i scharges  and t o  g ive  some idea  of t h e  l o c a t i o n  on t h e  s a t e l l i t e .  The f i f t h  
antenna was connected t o  t h e  input  of  an EM1 r e c e i v e r  i n  an a t tempt  t o  count 
on ly  those  discharges of h igh  energy i . e .  t o  i n t e g r a t e  t h e  pulse  height-width 
product .  

TEST PROCEDURE 

The d e t a i l e d  t e s t  procedure was def ined  i n  r e f .  5 and subsequent ly 
modified during t h e  t e s t  i n  l i g h t  of experience gained.  B r i e f l y ,  t h e  t e s t  
was d iv ided  i n t o  t h r e e  phases a s  fo l lows:  

PHASE A :  S a t e l l i t e  v e r t i c a l  and s t a t i o n a r y  wi th  t h e  radiometer  f a c i n g  
t h e  e l e c t r o n  gun. Af t e r  i r r a d i a t i o n  of  du ra t ion  1, 2,  4 ,  e t c .  
minutes  t h e  s a t e l l i t e  was r o t a t e d  t o  al low measurement o f  t h e  
p o t e n t i a l  p r o f i l e  and t h e  radiometer  mi r ro r  p o t e n t i a l .  The 
above performed with t h e  s a t e l l i t e  grounded and f l o a t i n g .  

PHASE B :  S a t e l l i t e  i n c l i n e d  a t  + 230 and r o t a t i n g  a t  + 1 turn/min. 
Af t e r  t e n  minutes s a t e l l i t e  t i l t e d  t o  - 23O. The o b j e c t i v e  
here  was t o  s imula te  t h e  i n c l i n a t i o n  of t h e  s a t e l l i t e  w . r . t .  
t h e  sun a t  s o l t i c e s .  Again t h e  t e s t  was performed f l o a t i n g  
and grounded. 

PHASE C:  S a t e l l i t e  i n c l i n e d  a t  + 230 o r  - 230 and i r r a d i a t e d  f o r  a  f i x e d  
per iod  and o r i e n t a t i o n s  of  ci = 0 ,  60, 120,  180, 240, 300 w . r . t .  
t o  t h e  e l e c t r o n  gun. 

For each of t h e  above phases t h e  i r r a d i a t i o n s  were performed with e l e c t r o n  
ene rg i e s  of 1 0 ,  1 5 ,  and 20 key. 

Phase B and C were performed i n  both s a t e l l i t e  con f igu ra t ions  i . e .  thermal  
s h i e l d s  f l o a t i n g  and thermal  s h i e l d s  grounded t o  s a t e l l i t e  s t r u c t u r e .  



PRELIMINARY OBSERVATIONS 

Before s t a r t i n g  the  t e s t  a  s e r i e s  of  t e s t s  and con t ro l s  were made. 

A f l a s h e r  t e s t  was performed on each s o l a r  panel  t o  ensure each was 
functionning cor rec t ly .  This t e s t  was repeated a f t e r  the  completion .of the  
whole t e s t  and v e r i f i e d  t h a t  t h e r e  was no measureable change i n  the  performance 
of the  s o l a r  panels .  The i s o l a t i o n  of t h e  thermal b lankets  was v e r i f i e d ,  one 
was repared and one c o r r e c t l y  i so la ted  a f t e r  it was found t o  be arc ing a t  100v. 

No observable degradation was seen a s  a  r e s u l t  of t h e  t e s t .  The i s o l a t i o n  
of the  s a t e l l i t e  mounting f i c t u r e  i n  SIMLES was measured a t  500v only and 
found t o  be g r e a t e r  than 10 MQ. This being the  l i m i t  of t h e  t e s t  equipment. 

TEST RESULTS 

The r e s u l t s  obtained during the  var ious  t e s t  phases a r e  summarised i n  
Table 1. Figures 8-10 show t h e  a c t u a l  surface  p o t e n t i a l .  I n  view of the  f a c t  
t h a t  t h e  probe separa t ion  i n  the  s a t e l l i t e  was only measured a t  i n t e r v a l s  of 
300 t h e  f i n e  s t r u c t u r e  of the  p r o f i l e  i s  l o s t  and the re fo re  the  o r i g i n a l  p l o t s  
a r e  included. 

The o r i e n t a t i o n  angle a is  re fe r red  with a = 0 a s  t h e  p o s i t i o n  where t h e  
radiometer mirror  i s  fac ing  the  e lec t ron gun. Therefore, i n  view of the  
p o s i t i o n  of  t h e  probes, i . e .  on opposite s i d e  of s a t e l l i t e ,  t he  p l o t  a 180° 
would correspond t o  the  radiometer fac ing t h e  probes. (Fig.  7 )  

P o t e n t i a l  p l o t s  a r e  only shown f o r  t h e  probe monitoring t h e  s a t e l l i t e  
circumference. This i s  due t o  t h e  f a c t  t h a t  considerable d i f f i c u l t y  was had 
i n  maintaining the  c o r r e c t  operat ion of the  probes a t  a l l  t imes during the  
t e s t .  During the  t e s t  some probes became noisy and stopped functionning,  
o the r  probes s t a r t e d  discharging. Unfortunately it was not  poss ib le  t o  resolve  
these  problems and the  cause of malfunction i s  being inves t iga ted .  

It should be pointed out  t h a t  across t h e  f ace  of the  radiometer aper ture  
was placed a meta l  band connected t o  s a t e l l i t e  s t r u c t u r e .  Values of a 180° 

50 correspond t o  t h i s  band. 

Clear ly  evident  i n  these  p l o t s  are  t h e  l a r g e  p o t e n t i a l  g rad ien t s  which can 
exist together  with the  r e l a t i v e l y  low value  of s a t e l l i t e  s t r u c t u r e  p o t e n t i a l .  

The v a r i a t i o n  of c i rcumferent ia l  p o t e n t i a l  with inc ident  energy is c l e a r l y  
shown i n  Figure 11. 

The discharge a c t i v i t y  was assessed quan t i t ive ly  by t h e  number of counts 
on the  four antenna monitors.  With the s a t e l l i t e  i n  the  v e r t i c a l  p o s i t i o n  
t h e r e  i s  no apparent difference between t h e  antenna readings (Fig .  1 2 ) .  
However with the  s a t e l l i t e  inc l ined the re  is c l e a r l y  a  c o r r e l a t i o n  with 



antenna pos i t i on  and angle  of i n c l i n a t i o n  ( f i g s .  1 3  and 1 4 ) .  

The measurements of  e l e c t r o n i c  f i e l d  showed wide d i f f e r e n c e s  with a  
maximum measured f i e l d  of about 5000 v/m al though t y p i c a l  va lues  were between 
500 v/m and 1500 v/m. These a r e  shown i n  f i g u r e s  1 5  and 16.  

Af te r  modifying t h e  e x t e r n a l  s u r f a c e s  by grounding them t o  t h e  s a t e l l i t e  
t h e  d ischarge  a c t i v i t y  was g r e a t l y  reduced a s  shown by comparing t h e  antenna 
readings  before and a f t e r  ( f i g .  1 7 ) .  

The measurement of generated e l e c t r i c  f i e l d  i n d i c a t e  t h a t  t h e  magnitude 
of t h e  f i e l d  was reduced by about 20 dB. However, it should be remembered 
t h a t  t h e  grounding of t h e  s h i e l d s  w i l l  a l s o  improve t h e  r . f .  a t t e n u a t i o n  
c h a r a c t e r i s t i c s  should t h e  f i e l d  be generated i n s i d e  t h e  s a t e l l i t e  s t r u c t u r e .  
This apparent  improvement i n  t h e  generated e l e c t r i c  f i e l d  must be t r e a t e d  
with some caut ion .  

FINAL OBSERVATIONS 

The s a t e l l i t e  su r f aces  were c l o s e l y  inspec ted  before  and a f t e r  t h e  e l e c t r o n  
bombardment. No v i s i b l e  degradat ion o r  e f f e c t s  of any kind were no t i ceab le .  

Due t o  the  f a c t  t h a t  t he  s a t e l l i t e  was e l e c t r i c a l l y  i n e r t  it was not  
poss ib l e  t o  see t h e  e f f e c t s  of d i scharges  on t h e  s a t e l l i t e  e l e c t r o n i c s .  
However, a  post  check system t e s t  v e r i f i e d  t h a t  no damage was sus t a ined  i n  t h e  
e l e c t r o n i c s  during t h i s  t e s t .  

During the t e s t  i t  was poss ib l e  t o  s ee  t h e  d ischarges  occurr ing  over  a  
l a r g e  p a r t  of the  s a t e l l i t e .  From observa t ions  and photos it is  c l e a r  t h a t  
t h e  ma jo r i t y  of t hese  take  p lace  on o r  around t h e  s o l a r  c e l l s  wi th  o t h e r  
d i scharges  occurr ing a t  t h e  edges of t h e  thermal  s h i e l d  ( f i g .  1 8 ) .  

CONCLUSIONS 

I t  is c l e a r  from t h e  foregoing  t e s t  r e s u l t s  t h a t  a  l a r g e  number of 
d i scharges  a r e  poss ib l e  on t h e  s a t e l l i t e  whether o r  no t  t h e  e x t e r n a l  s u r f a c e s  
a r e  grounded. 

For t h e  i n i t i a l  measurements we can see  t h a t  t h e r e  a r e  very  high p o t e n t i a l  
g r a d i e n t s  around t h e  s a t e l l i t e  which obviously c o n t r i b u t e  l a r g e l y  t o  t h e  
d ischarg ing  behaviour. 

Resu l t s  show t h a t  t h e  time cons tan t  f o r  charging is  very sma l l ,  i n d i c a t i n g  
a l s o  t h a t  equi l ibr ium cond i t i ons  a r e  achieved very  quick ly  a s  t h e  l o c a l  ambient 
changes i n  o r b i t .  



O f  p a r t i c u l a r  i n t e r e s t  i n  t h i s  t e s t  is t h e  comparison between t h e  r e s u l t s  
ob ta ined  wi th  t h e  s a t e l l i t e  f l o a t i n g  and pounded  t o  t h e  f a c i l i t y .  

From a s i m p l i s t i c  cons idera t ion  o f  t h e  charge-discharge mechanism it 
would be expected t h a t  with t h e  s a t e l l i t e  f l o a t i n g  no d ischarges  would occur  
s i n c e  t h e  s a t e l l i t e  should reach equi l ibr ium with t h e  inc iden t  e l e c t r o n  beam. 
Where t h e  s a t e l l i t e  is grounded a re ference  p l ane  is  obtained which should 
then  propagate  d ischarges .  

What has  been observed is t h e  oppos i te .  No d ischarges  have been observed 
when t h e  s a t e l l i t e  was grounded and t h e  most i n t e n s e  d ischarge  a c t i v i t y  has 
been obta ined  with t h e  s a t e l l i t e  f l o a t i n g .  No explana t ion  of t h i s  e f f e c t  i s  
o f f e r e d  he re  bu t  t h e  phenomenum w i l l  have t o  be i n v e s t i g a t e d  i n  t h e  f u t u r e .  

There is no i n d i c a t i o n  t h a t  the  t e s t  on P1 with f l i g h t  s o l a r  pane ls  has  
degraded i n  any way t h e  o p t i c a l ,  thermal ,  o r  e l e c t r i c a l  performance of  t h e  
s a t e l l i t e .  We t h e r e f o r e  recommend t h a t  t h i s  type  of t e s t  be included a s  
an  "acceptance t e s t "  f o r  s a t e l l i t e s  l i k e l y  t o  undergo e l e c t r o s t a t i c  charging,  
t o  be performed a s  p a r t  o f  t h e  normal thermal  vacuum t e s t i n g .  

In  l i g h t  of experience gained during t h i s  t e s t  a number of  recommendations 
can be made t o  improve t h e  q u a l i t y  of d a t a .  The most obvious improvement 
concerns t h e  measurement of  su r f ace  p o t e n t i a l .  The i n a b i l i t y  t o  measure t h e  
p o t e n t i a l  a t  a l l  t imes r e s t r i c t e d  the scope of  t h e  t e s t  cons iderably .  

The use of rod antennas t o  l o c a t e  t h e  d i scha rges  could be extended by 
employing a matrix of  i d e n t i c a l  antennas.  

The a u x i l i a r y  record ing  equipment f o r  monitor ing t h e  d a t a  should be 
expanded t o  al low simultaneous records of  a l l  parameters t o  be made. This  w i l l  
a l low much b e t t e r  c o r r e l a t i o n  of events  dur ing  t h e  t e s t .  

F i n a l l y  t h e  a d d i t i o n  of on-board s a t e l l i t e  monitors w i l l  improve t h e  
knowledge of  coupling mechanisms i n t o  t h e  s a t e l l i t e  even on an e l e c t r i c a l l y  
pas s ive  model. 
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