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SUMMARY 

A number of phenomena observed on t h e  f i r s t  o r b i t i n g  METEOSAT s a t e l l i t e  
have, a f t e r  ana lys i s ,  been a t t r i b u t e d  t o  spacec ra f t  charging e f f e c t s .  The 
inves t iga t ion  programme consis ted  of design ana lys i s ,  c o r r e l a t i o n  of anomalies 
with space environmental da ta ,  on-ground t e s t s  with an engineering model space- 
c r a f t ,  t e s t s  on the v a l i d i t y  of improvements and, f i n a l l y ,  i n s t a l l a t i o n  of 
s u i t a b l e  monitors f o r  the  second improved f l i g h t  s a t e l l i t e .  

INTRODUCTION 

METEOSAT i s  a sp in - s t ab i l i sed  meteorological s a t e l l i t e  i n  geos ta t ionary  
o r b i t  containing a s  the main payload a scanning radiometer. 

A f i r s t  s a t e l l i t e  (METEOSAT-1) was launched i n  November 1977 from 
Cape Kennedy, Florida,  U.S.A. The s a t e l l i t e  m e t  t he  mission performance 
requirements i n  s p i t e  of  a number of anomalies, mostly spurious s t a t u s  changes, 
which have been the sub jec t  of inves t iga t ions  f o r  almost th ree  years .  However, 
t h e  low number of such s t a t u s  changes and the  type of pe r tu rba t ions  caused d id  
no t  r e a l l y  j u s t i f y  major inves t iga t ion .  It  became necessary t o  inves t iga te  
these  phenomena in d e t a i l ,  however, i n  view of 

- p o t e n t i a l  i r r e v e r s i b l e  degradation,  

- opera t ional  impacts, 

- improvements f o r  f u t u r e  s a t e l l i t e s .  

Spurious S t a t u s  Changes i n  Orb i t  

About 150 s t a t u s  changes have been observed i n  t h r e e    ears orbiting which 
could be a t t r i b u t e d  t o  spacecraf t  charging e f f e c t s .  Corre la t ion  with l o c a l  
time, sun a t t i t u d e ,  e c l i p s e s  could n o t  be e s t ab l i shed  b u t  c o r r e l a t i o n  with 
magnetic a c t i v i t y  ind ices  of Leimow, Lerwick, Fr ieder icksb-xg and t h e  
genera l  planetary index Ap showed good c o r r e l a t i o n s ,  p a r t i c u l a r l y  with 
magnetic a c t i v i t i e s  occurring two days p r i o r  t o  t h e  anomalous events  ( R e f .  1 ) .  

Cer ta in  trends concerning t h e  a f fec ted  subsystems could be observed over 
t h e  f i r s t  t w o  years a f t e r  which t h e  spacec ra f t  opera t ions  were reduced due t o  



an on-board fai lure owing to  which less anomalies could be detected. Status 
changes were still observed during the third year in a corresponding propor- 
tion. 

Finally, one status change (which was equally likely t o  occur) was 
only observed once af ter  two and a half years in orbit.  

Sate l l i te  Design Features 

Following consultations with experts, the s a t e l l i t e  design was 
reviewed with respect to  differential  charge bui l t  up capabilities and 
the noise imnunity protection of interfaces. 

Outer Surfaces 

About 80% of the outer surface of the s a t e l l i t e  are not conductive, 
e.g. solar ce l l  cover glasses, second surface mirrors and black paint. 
The large metallised surfaces of the thermal shields are not grounded, 
the main reason being that  no cost-effective qualified solution was available 
for grouding these surfaces. 

The main surfaces concerned (Fig. 1) are 

- antenna thermal shield, forward thermal shield and afterward 
thermal shields, 

- antenna and shunt second surface mirrors, 

- solar panels. 

The material (Fig. 2)  used for the thermal shields is Kapton of 25p1, 
aluminised on both sides. The edges of the thermal shields are reinforced. 
The second surface mirrors have a similar material: FEP Teflon-coated 
aluminium mirror. 

The largest single grounded capacitor is formed by the forward thermal 
shield sections with about 350 nano farad per section. 

Conrnand Interfaces 

The s a t e l l i t e  contains a centralised teleconrmand decoder which provides 
individual telecommands t o  the units. In  the case of l o w  power commands, 
this requires atelecoPnnand amplifier which is characterised by the noise 
inmnunity, threshold level and its gain. The decoded telecomnands have a 
duration of 13 ms.  



The zero  l e v e l  i s  0 < zero  < 0.7 

The one l e v e l  is 2.2 < one < 5V. 

There are  about 250 telecommands,80 of which a r e  "low power commands". 
The performances of the  telecommands ampl i f ie r  of t h e  var ious  equipment show 
a considerable d i f fe rence  concerning t h i s  no i se  immunity. S t a t u s  changes could 
be observed only on those i n t e r f a c e s  where low noise  immunity ampl i f i e r s  
d r i v e  TTL logics  r a t h e r  than r e l a y s  (Fig. 3 ) .  Typical  noise  immunity 
f i g u r e s  f o r  the a f fec ted  c i r c u i t r y  a r e  

5V 3 3 0 ~ s  T y p e 1  
5V 10pS T y p e 2  
5V Ips Type 3  

I n  t h e  l a s t  case t h e  i n t e r f a c e  i s  however no t  a telecommand i n t e r f a c e  
b u t  an i n t e r f a c e  t o  a p ro tec t ion  system. 

A l l  u n i t s  passed system l e v e l  t e s t s .  

Grounding Concept 

A s  f o r  many other  s a t e l l i t e g t h e  grounding system f o r  METEOSAT i s  a 
mul t ip le  grounding system. The low impedance of t h e  s t r u c t u r e  in terconnects  
t h e  grounding po in t s  with a r e s i s t a n c e  of l e s s  than 10 ohms i n  most cases.  
Most of t h e  un i t s  which showed s t a t u s  changes were, i n  f a c t ,  double grounded 
a s  concernsthe command i n t e r f a c e .  

Simplif ied Analysis 

Assuming t h e  s t a t u s  changes were caused by ground cur ren t s  generated by 
t h e  a r c  discharges of  the  l a r g e  ou te r  surfaces ,  one can determine the  order  
of magnitudes f o r  charge vol tage ,  ground cur ren t ,  durac t ion  of  pulse  and, 
i n  t h e  case of METEOSAT, a r r i v e  a t  a discrepancy. I n  the  most favourable 
case ,  the  thermal sh ie ld  has t o  charge up t o  more than 3KV and a l l  discharge 
cur ren t  has t o  pass  the  i n t e r f a c e  decoder-telecommnad ampl i f i e r  a s  a s i n g l e  
pulse  (Fig. 4 ) .  Whereas it appears t o  be more r e a l i s t i c  t h a t  the  discharge 
pulse  w i l l  not  be rec tangular ,  only a small f r a c t i o n  of t h e  discharge c u r r e n t  
w i l l  pass  t h e  p a r t i c u l a r  i n t e r f a c e  and the  d ischarge  w i l l  n o t  be t o  zero  v o l t s .  

Current In jec t ion  Tes t  

Due t o  the  d iscrepancies  i n  t h e  s impl i f i ed  a n a l y s i s  and t o  a l s o  obta in  
a b e t t e r  understanding on the  r e a l  mechanism f o r  t h e  s t a t u s  changes, and 
f i n a l l y  t o  t e s t  the  e f fec t iveness  of improvements, it became d e s i r a b l e  t o  



perform a t e s t  with an e l e c t r i c a l  model of the s a t e l l i t e  and t o  simulate the 
e f f e c t  of discharges by a high tension capacitor and a spark chamber. The 
t e s t  set-up (Fig. 5) enabled the  following t e s t  parameters t o  be varied : 

- in ject ion points,  

- change voltage (500 - 6OOOV), 

- spark gap (0.1 - lOmm),  

- current l imit ing r e s i s to r  (0, 1, 10, 100 Ohm), 

- polar i ty ,  

- shielding of spark chamber (with/without). 

The capacitance of the storage capacitor was .47 micro F. The s a t e l l i t e  was 
e i t he r  "open" (dummy solar  panels, dismounted) , o r  "closed". 

Test  Experience 

I n i t i a l  s e t t i ng  up problems was due t o  the  monitoring and sens i t i v i t y  
of t e s t  equipment t o  the discharger and the  coupling of the  umbilical connector 
cabling. In  the configuration f ina l ly  used, the spacecraft  was completely 
disconnected from a l l  items of equipment, was operated on i ts  on-board 
ba t te ry  and was controlled by the VHF TM/TC system. 

Test Results 

The current in jec t ion  t e s t  reproduced a number of s t a t u s  changes, some 
of which had already been observed, some not. The most frequent s t a tu s  changes 
i n  the radiometer scanning control  could not be reproduced. Generally the  
r e s u l t s  were i n  l i n e  with the  course analysis,  t h a t  is the  t e s t  parameters 
had t o  be very favourable (high voltage and current  l eve l s ,  in ject ion points 
c lose  t o  the  equipment) i n  order t o  cause s t a t u s  changes. 

The t e s t  could a l so  es tab l i sh  tha t  the modifications introduced t o  
increase the  noise immunity had no negative e f f e c t  but  f a i l e d  t o  es tab l i sh  
a r e a l  gain. On the  whole the  t e s t  proved t h a t  the  s a t e l l i t e  was qu i te  
immune t o  s t ruc tu ra l  currents - it was f e l t  t h a t  the s t a tu s  changes may be 
caused dif ferent ly .  

A fur ther  review of the candidate discharge current  sources revealed 
t h a t  the  radiometer mirrors were not grounded. The main mirror of the  radio- 
meter telescope has a r e f l ec to r  of about 1000cm2 on a g lass  s t ruc ture  coated 
w i t h  THF4. The c loses t  s t ruc tu ra l  element has a distance of about 20m. 
Simulating a discharge of t h i s  surface by current  in jec t ions  i n t o  the  te le -  
scope s t ruc ture  could, i n  f a c t ,  reproduce new s t a t u s  changes. 



It was fu r the r  thought t h a t  a  r e a l ,  i l luminated  s o l a r  a r r a y  might 
make the  s a t e l l i t e  more s e n s i t i v e  t o  a r c  d ischarges  and the  t e s t  set-up was 
changed accordingly. There was no change i n  the test  performance, however. 

F ina l ly ,  a d i r e c t  charging-up of the  thermal s h i e l d s  was t e s t e d .  
Apart from de te r io ra t ing  t h e  thermal sh ie ld ,  t h i s  t e s t  d i d  no t  produce any 
new r e s u l t s .  

Conclusions 

A cu r ren t  i n j e c t i o n  t e s t  is  time-consuming and cos t ly .  For METEOSAT 
t h i s  t e s t  took f i v e  weeks t o  ca r ry  ou t  with four  opera tors  t o  con t ro l  t h e  
s a t e l l i t e  and perform the  t e s t i n g .  The spacec ra f t ,  b u i l t  f o r  c u r r e n t s  of 
maximum 15A,was subjected t o  t r a n s i e n t  cu r ren t s  exceeding a  hundred times 
t h i s  value without su f fe r ing  any f a i l u r e ,  and only r a r e l y  were s t a t u s  changes 
provoked. This  t e s t ,  i f  performed a s  an acceptance test, could have demon- 
s t r a t e d  the  s a t i s f a c t o r y  immunity of t h e  s a t e l l i t e .  

Sample I r r a d i a t i o n  Tes t  

In p a r a l l e l  t o  t h e  cu r ren t  i n j e c t i o n  t e s t i n g ,  an e l ec t ron  i r r a d i a t i o n  
t e s t  programme was i n i t i a t e d  i n  order  t o  e s t a b l i s h  the  charge and discharge 
cha rac te r i c s  of t h e  s a t e l l i t e  surfaces  and a l s o  t o  v e r i f y  t h e  v a l i d i t y  of 
the  parameters for  the cu r ren t  i n j e c t i o n  t e s t .  

Thermal Shie ld  

The f i r s t  sample subjected t o  an i r r a d i a t i o n  t e s t  was a  20 x  20cm 
thermal s h i e l d  in two vers ions  - one with an ungrounded ou te r  su r face  and 
the  o ther  with a grounded ou te r  surface  a s  foreseen a s  an improvement f o r  
the  second f l i g h t  model. The i r r a d i a t i o n  was performed with energy l e v e l s  
of 5,  10 and 20KeV and currents  of 0.1 t o  1.25 ( n ~ / c m ~ ) .  On the  f i r s t  sample 
discharges were i n i t a l l y  observed a t  low p o t e n t i a l s  (500Vl r i s i n g  t6  about 
2000V with continuous discharges.  The r e l a t i v e  low p o t e n t i a l  seems t o  be 
due t o  edge e f f e c t s ,  i n  p a r t i c u l a r  f i e l d  emissions. The e f f e c t  of u l t r a  
v i o l e t  i l lumination on the  charging p r o p e r t i e s  was a l s o  inves t iga ted .  
Under t e s t  conditions t h e  u l t r a  v i o l e t  i l luminat ion  d i d  no t  prevent  t h e  
charge build-up and consequent a rc ing  events ,  bu t  had a  reducing e f f e c t  
p a r t i c u l a r l y  with low inc iden t  angles (Ref. 2 ) .  The t e s t  set-up enabled 
the  determinationof t h e  discharge currents .  Typical values were 10A f o r  
50011s which i s  f a r  below t h e  expected value of  about l O O A  f o r  500nS and 
1KV charging voltage. 



Second Surface Mirrors 

The second surface  mir rors  were i r r a d i a t e d  i n  a  s i m i l a r  t e s t s .  The 
2 SSM showed discharges s t a r t i n g  from 15KeV (InA/cm ) ;  t y p i c a l  discharge 

c u r r e n t s  were 15A and 500nS. Again the discharge cur ren t s  were lower than 
expected. What was su rp r i s ing ,  however, was a  s t rong s igna l  a t  t h e  pick-up 
antenna and t h e  f a c t  t h a t  discharges seemed t o  appear i n  holes  r a t h e r  than 
a t  t h e  edges. See Ref. 3 f o r  fu r the r  d e t a i l .  

Radiometer Mirror 

A spare  scanning mirror ,  smaller b u t  s i m i l a r  t o  the  primary mirror ,  
was used f o r  t h i s  t e s t .  A s  concerns the  charging p roper t i e s ,  t h i s  mirror  
showed a zener e f f e c t  on i ts  su r face  p o t e n t i a l  a t  around 5KV (Ref. 4 ) .  
Discharges could no t  be discovered. I t  was f u r t h e r  noted t h a t  t h e  surface  
p o t e n t i a l  was r a p i d l y  discharged i n  the presence of u l t r a  v i o l e t  i l luminat ion .  

Conclusions 

The discharge cur ren t s  of t h e  outer  su r faces  a r e  f a r  below t h e  values 
requi red  t o  produce the  l e v e l s  applied f o r  t h e  cu r ren t  i n j e c t i o n  t e s t .  The 

simple model f o r  t h e  d i f f e r e n t i a l  charge build-up and cur ren t  i n j e c t i o n  due t o  
a r c  discharges does no t  seem t o  be val id .  

Electron I r r a d i a t i o n  Tes t  

The inves t iga t ions  c a r r i e d  ou t  so f a r  have not  revealed t h e  r e a l  
mechanism of the  s t a t u s  changes but ,  on t h e  cont rary ,  have c rea ted  doubts 
on simple explanations.  Therefore the p o s s i b i l i t y  of performing a  f u l l  s c a l e  
space simulat ion t e s t  including e lec t ron i r r a d i a t i o n  was inves t iga ted;  t h i s  
test  was f i n a l l y  performed. To simplify the  test set-up and t o  reduce t h e  
c o s t ,  t h e  following r e s t r i c t i o n s  had t o  be appl ied  : 

- pass ive  s a t e l l i t e  : t o  avoid t h e  need t o  power the  spacec ra f t  
and t o  reduce the  t e s t  team and equipment. 

- no sun simulat ion : t o  avoid t h e  need f o r  cooling t h e  shrouds 
and since no v a l i d  s imulat ion of u l t r a  
v i o l e t  l i g h t  was avai lable .  

- no thermal con t ro l  : t o  s implify t h e  t e s t  set-up. 

The s o l e  aim was t o  study the  behaviour of the  ou te r  surfaces  and t o  at tempt 
n o t  t o  reproduce anomalies. 



The instrumentation t o  monitor t h e  surface  behaviour cons is ted  of 

- surface  p o t e n t i a l  probes 
- e l e c t r i c  f i e l d  antennae 
- photographic equipment. 

The spacec ra f t  was i n  addi t ion  equipped with a probe t o  monitor t h e  primary 
mirror  po ten t i a l .  The t e s t  parameters were 

- s a t e l l i t e  grounding : ( f r e e  f l o a t i n g  o r  ground r e s i s t o r s ) .  

- motion simulators  : zero  sp in  o r  .5 rpm. 

- s a t e l l i t e  a t t i t u d e  : (-23 t o  23) .  

- i r r a d i a t i o n  : acce le ra t ion  voltage 5 t o  30KV 
f l u x  dens i ty  1 n ~ / m ~  
t a r g e t  d i s c  3m diameter.  

The t e s t  set-up (Fig. 6) shows t h e  loca t ion  of t h e  equipment. 

Tes t  Results  

When i r r ad ia ted ,  the  surfaces  would charge up rap id ly  and arc ing was 
observed s t a r t i n g  a t  energy l e v e l s  of about 7KeV on most surfaces .  The 
arc ing events  were frequent ,  t y p i c a l l y  .1 t o  1 events  pe r  second (Fig.  7 ) .  
P r i o r  t o  t h e  t e s t  and according t o  t h e  theory,  it was expected t h a t  l a r g e r  
surfaces  would produce considerably l a r g e r  discharges.  This  d i f f e rence  i n  
amplitude could n o t  be observed by the  e l e c t r i c  f i e l d  antennae nor by v i s u a l  
observations.  

Occasionally cascades of a r c s  were observed which could, by t h e i r  
combined e f f e c t ,  b e t t e r  explain the  s t a t u s  changes. A s  an i n t e r e s t i n g  d e t a i l ,  
t he  t e s t  could c l e a r l y  i d e n t i f y  t h e  r ap id  a rc ing  of a repai red  thermal s h i e l d  
which proves the general  s u i t a b i l i t y  of t h e  t e s t .  

The test  confirmed the  bas ic  r e s u l t s  of the  sample i r r a d i a t i o n  test 
which showed already t h a t  the  l a r g e r  su r faces  d i d  not  produce discharges 
corresponding t o  t h e i r  capacity. A s  a main r e s u l t ,  t he  t e s t  demonstrated 
t h a t  under substorm condit ions t h e  s a t e l l i t e  i s  v i r t u a l l y  covered with a r c  
discharges.  This makes it d i f f i c u l t  t o  exp la in  t h e  very low number of a c t u a l  
s t a t u s  changes. 

I n  a l a s t  phase, the  e f fec t iveness  of grounding the  o u t e r  l a y e r  of the  
thermal sh ie lds  w a s  t e s t e d  and improvement foreseen f o r  t h e  second f l i g h t  
model. Figure 8 shows t h a t  a genera l  a t t enua t ion  r a t h e r  than a reduction 
i n  number of  discharges t akes  p lace  based on the  e l e c t r i c  f i e l d  measurements. 
This  could mean t h a t  the  s a t e l l i t e  reduces t h e  e l e c t r i c  f i e l d  v a r i a t i o n  bu t  
no t  necessar i ly  t h a t  the  a r c  discharges a r e  less v io len t .  The f a c t  t h a t  the  
number of a r c  discharges is  hardly a f f e c t e d  a l s o  confirms t h a t  the  thermal 



shields  have a minor contribution t o  the overa l l  a r c  discharge a c t i v i t i e s .  

Conclusions 

The t e s t  d id  not provide a c lear  understanding of the mechanism leading 
t o  s t a t u s  changes but  demonstrated that  arcing a c t i v i t e s  can be very intense 
even i f  only small surfaces are  involved. Grounding of p a r t  of the  s a t e l l i t e  
does not prevent arcing but could reduce it. 

S a t e l l i t e  Design Improvements 

Since improvements sometimes make things worse, par t i cu la r ly  i f  the 
cause of a problem i s  not f u l l y  understood and a l so  due t o  the advanced s t a t e  
of the  hardware, the number of modifications introduced t o  the  second METEOSAT 
f l i g h t  spacecraft  were l imited t o  

- grounding of the  thermal shie ld ,  

- improvements of c r i t i c a l  in terfaces ,  

- incorporation of charging monitors. 

Grounding of the Thermal Shields 

The technology applied uses grounding s t raps  glued t o  the  outer layer  with 
conductive adhesive. So f a r  t h i s  design showed only problems during vibrat ion 
t e s t i ng  due t o  i n su f f i c i en t  s t r e s s  r e l i e f .  This was improved i n  a l a t e r  
version. 

Improvements of Cr i t i c a l  Interfaces  

Since the sens i t ive  interfaces  consisted i n  a l l  cases of low noise 
immunity amplifiers and TTL logics  modification (Fig. 9)  consisted of the  
use of re lays  with high immunity amplifiers. Non-critical in terfaces  have 
not been modified and can be considered a s  reference f o r  the o r b i t a l  
behaviour. 

Charging Monitors 

The modifications w i l l  not exclude a r c  discharges and possibly s t a t u s  
changes i n  o rb i t .  



To monitor the  space environment and the  a f c  discharge a c t i v i t y ,  the  
s a t e l l i t e  was equipped with two monitors : 

- e l e c t r o s t a t i c  analyser  : 

This instrument i s  provided by t h e  Emmanual College, Boston, USA. I t  was 
developped f o r  the  DMS Programme and is  c a l l e d  SSJ/3. It d e t e c t s  and 
analyses e lec t rons  i n  the  energy range of 50eV - 20KeV, by employing 
a low and a high l e v e l  channel. The aper ture  p o i n t s  i n t o  space with an 
i n c l i n a t i o n  of 45O. The bas ic  instrument (Fig. 10) c o n s i s t s  of 

. instrument ape r tu re  . def lec t ing  e l e c t r o s t a t i c  f i e l d  . e x i t  aper ture  

. channeltron m u l t i p l i e r s  and counters .  

- elec t ros ta t ic -d ischarge  monitor : 

This monitor i s  designed t o  d e t e c t  and analyse t h e  electromagnetic  i n t e r -  
ferences  caused by discharges.  I t  provides over one observation per iod  
(one telemetry fompat; 25s) the de tec t ion  of 

. peak value of h ighes t  spike picked up 

. number of events  exceeding the  background noise  and t h e i r  t o t a l  dura t ion  

. l e v e l  of the background noise  i t s e l f .  

The instrument is an in-house development by the  Agency's technology 
cen t re  ESTEC. The block diagram (Fig. 11) shows t h e  automatic s e t t i n g  
of the  threshold,  the  event  t imer and counter and t h e  peak de tec to r .  
The inpu t  to  the  instrument i s  provided by a small pickup antenna. 

FINAL CONCLUSIONS 

Performance d a t a  of t h e  second f l i g h t  model, i n  p a r t i c u l a r  i n  conjunction 
with t h e  monitor da ta ,  may w e l l  show t h a t  f u r t h e r  improvements a r e  requi red ,  
such a s  grounding a l l  ou te r  surfaces .  Present  grounding methods f o r  
conductive SSM a r e  under inves t iga t ion  and t h e  o v e r a l l  impact of a require-  
ment f o r  a un ipo ten t i a l  o u t e r  surface  on manufacture is  p resen t ly  being 
as-sessed. 

I t  i s  f e l t  however t h a t  a b e t t e r  understanding of t h e  a rc ing  phenomena 
could l ead  t o  more e f f i c i e n t  so lu t ions .  
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Figure 1. - S a t e l l i t e  configuration and outer surface. 
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Figure 3. - Coxnand interfaces and no i se  immunity. 
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Figure 5. - Current injection test setup. 



Figure 6. - Electron i r r a d i a t i o n  test se tup .  



l 360° = 2 min. 

Figure 7 .  - Typical discharge events under electron irradiation. 
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Figure 8. - Effect of grounding thermal shields.  
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Figure 9. - Improved command interfaces. 



Bigure 10. - Electrostatic analyser SSJ/3.  
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