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A prel iminary Spacecraf t  Charging Standard has been generated as oce of 
t he  key a c t i v i t i e s  i n  t h e  cooperat ive NASA/AF Spacecraf t  Charging Inves t iga-  
t ion .  The document was i n i t i a l l y  generated as a "base l ine  spec i f i ca t ion1 '  and 
has undergone c a r e f u l  review by t h e  spacec ra f t  charging community inc luding  the  
A i r  Force, NASA, p r i v a t e  indus t ry ,  governinent l abs ,  u n i v e r s i t i e s ,  and o t h e r  
agencies .  The document w i l l  be formalized i n t o  a M i l i t a r y  Standard f o t  Space- 
c r a f t  Charging when updated t o  inc lude  SCATHA s p a c e f l i g h t  dara.  

The fornlat of t h i s  paper i s  i d e n t i c a l  t o  t h a t  of t h e  Spacecraf t  Charging 
Staadard except t h a t  Appendix A: Spacecraf t  Charging Phenomenon Backgroimd has 
been omitted i n  order  t o  l i m i t  t he  l eng th  of t h e  paper. The complete t e x t ,  
inc luding  t h e  appendix is a v a i l a b l e  through t h e  au thors .  Comments on t h i s  
document would be apprec ia ted .and  may be s e n t  d i r e c t l y  t o  D r .  A. B. Holman a t  
SAI. P e r t i n e n t  information w i l l  be incorporated d i r e c t l y  i n t o  t h e  next  update 
of t h e  s tandard.  

1 .0 SCOPE 

1.1 This  s tandard e s t a b l i s h e s  t he  spacec ra f t  charging (SCC) p r o t e c t i o n  requi re -  
ments f o r  space v e h i c l e s  which a r e  t o  ope ra t e  i n . t h e  magnetospheric plasma 
environment. 

1.2 The environment can cause d i f f e r e n t i a l  charging of space v e h i c l e  elements 
which can r e s u l t  i n  d ischarges ,  with r e s u l t a n t  propagation of e lectromagnet ic  
i n t e r f e r e n c e  (EMI), m a t e r i a l  degradat ions,  and enhanced contamination e f f e c t s .  

2.0 REFERENCED DOCUtFNTS 

2.1 I s s u e s  of Documents 

The fol lowing documents of t he  i s s u e  i n  e f f e c t  on daLe of i n v i t a t i o n  f o r  
b ids  o r  reques t  f o r  proposal ,  form a p a r t  of t h i s  s tandard t o  t h e  e x t e n t  speci-  
f i e d  her  s i n  : 

* Work supported through con t r ac t  F04701-77-C-0166 wi th  SAMSO. 
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Mil i t a ry  

MIL-STD-1541 (USAP) bleetromagnetic C m p a t i b i l i t y  Requirements 
f o r  Space Systems 

2.2 Other Publ ica t ions  

The following documents form a p a r t  o# t h i s  standard to  the  extent  speci- 
f i e d  herein. Unlesg otherwise indica ted ,  the  i s s u e  i n  e f f e c t  on date  of Ln- 
v i t a t i o n  f o r  bids o r  request f o r  ptopdsal  s h a l l  apply. 

NASA TM X-73446 - Provisional  Spec i f i ca t ion  f o r  S a t e l l i t e  Time i n  a 
Geomagnetic Substorm $nvlronmerit 

AFML-TR-76-233 - Conductive Coatings f o t  S a t e l l i t e s  

AFGL-TR-77-0288 - Modeling of the  Geosynchronous Orbit  Plasma 
Enviroriment - P a r t  1 

NASA - besign Guidelines f o r  Spacecraft  Charging Monograph 
(To be Published) 

NASA CK-135259 - NASCAP User's Manual 

3 1 Defin i t ions  t h a t  Apply t o  t h i s  Standard 

The terms used i n  t h i s  standard a r e  e i t h e r  defined i n  MIL-STD-1541 o r  
l i s t e d  i n  the  following paragraphs. 

3.1.1 Backscat t e r i n g  

The de f l ec t ion  of p a r t i c l e s  o r  r ad ia t ion  by s c a t t e r i n g  processes through an 
angle g rea te r  than 95 with respect  t o  the  o r i g i n a l  d i rqc t ion  of motion. 

3.1.2 Dielectric-To-Metal Spark 

A spark discharge between two e lec t rodes ,  w e  of which i s  a d i e l e c t r i c  
charge re t a in ing  surface  arid the  o the r  is  a c c n d u c t i v ~  (metal) e lec t rode  i n  
the  v i c i n i t y  of the  d i e l e c t r i c .  A d i e l e c t r i c  ma te r i a l  w i l l  t yp ica l ly  accumu- 
late charge when i r r a d i a t e d  by e lec t rons  o r  ione o r  u n k  cer ta i f i  condit ions 
when placed i n  a plasma ecivironmeat. 

3.12 Dif f ez imt ia l  - G h a r ~ i .  

The a c t  of charging neighboring space veh ic le  surfaces  t o  dkffer ing  poten- 
t i a l s  by the  combined e f f e c t s  of space plasma charging, photoemission, second- 
a ry  emission and backscat ter .  



3.1.4 Faraday, Cage 
P 

An electromagneLically ~ h i c l d e d  cncloauce. The term generally refers ro 
a conductive mctalllc structur , pnckogo, or mesh which attenuaws elactxo- 
rnagnctic intcuferencc ta ~ p e c  Lflcd levels on the interior. 

A spark cho.raeterized by a current path that travels along the surface of 
the material and generally around an edge t o  close the path t o  the other else- 
trode. 

3.1.6 - Geomne t ic Substorm Act iv& - -- 
The conditions near geosynchronous altitude during the injection of solar 

( storm particles into the earth's magnetic field, including disturbances in the 
dipole field and increased plasma energies and current densities, 

Magnetospheric r-lasma 

The space plasma environment constituent in the magnetosphere. This is 
an electrically neutral collection of electrons and positive ions (primarily 
protons) with dendries near geosynchronous altitude on the order of one 
particle/crn3. 

3.1.8 Maxwellian Energy Distribu tm 

An energy distributi~n based on Maxwell-Boltzmann statistics and applic- 
able in a general form co t.he space plasma environment. The energy distribu- 
tion has the integral form 

where 

4 (>El = integral flux at energies greater than E (particles/cm2 sec) 

E = energy (keV) 

N = total number density (particles/cm3) 

k = Boltzmann constant = 8.6 x lo-' kev/O~ 

T = plasma temperature (OK) 

n = particle mass (g)  

It is interesting to note that fik~/k~lnm is the average speed of tho particles. 
so that the flux of all particles (setting E = 0) is found by multiplying the - 
density by thc average spced.  

3.1.9 ----- Metal-To-Metal Spark  -- 
A spark discharge between two clr?ctrodes both of which are conducting. 



3.l.J.Q Photoemission , . -  

An e f f e c t  whereby r a d l a t i a n  of suffic2cntly s h o r t  wavelength h p l n g l n g  on 
substances cauaes bound c l e e t r o n s  t o  be glvcn o f f  wleh a maximum energy that  
va r l ea  l i n e a r l y  with t h e  frequency s f  the r ad ia t ion .  

The e l e c t r i c  and magne$$c.f$elda reddsecd from thc spark  gap, 

3,1.12 Bunch-Through Spark 

A spark d i m h a r g c  through t h e  bulk of a d i e l e c t r i c  ma te r i a l .  It  is a bulk 
breakdown of the  ingiulating s t r e n g t h  of a d i e l e c t r i c  t r p a r a t i n g  two e l ec t rodes .  
The cu r ren t  path is through the  bulk  of t h e  m a t e r i a l ,  with s u r f a c e s  above and 
below t h e  d i e l e c  trir a c t i n g  a s  e l ec t rodes .  The punch-through spark  may occur 
i n  vacuum o r  i n  a i r ,  

3.1.13 Replacement Current 

Current,  excluding the  spark  gap cu r ren t ,  i n  the  region of t h e  spark  gap 
and with in  the  ma te r i a l  surrounding t h e  spark  gap due t o  t h e  rearrangement of 
charge fol lowing the  spark  discharge.  

3.1.14 Secondary Emission 

An e f f e c t  tlhereby e l e c t r o n s  o r  ions ,  c a l l e d  secondary e l e c t r o n s  o r  ions ,  
a r e  emit ted from a ma te r i a l  a s  a r e s u l t  of t h e  c o l l i s i o n  oE h igher  energy 
e l e c t r o n s  o r  i ons  with the  ma te r i a l ,  The r a t i o  of secondary p a r t i c l e s  t o  
i nc iden t  p a r t i c l e s  can be g r e a t e r  than uni ty.  

3.1.15 Space Emission Spark 

A vacuum spark charac te r ized  by t h e  e j e c t i o n  of cu r r en t  i n t o  t h e  space 
sutrounding an e lec t rode .  To produce a space m i a s i o n  spark,  che e l e c t r i c  
f i e l d  must be s u f f i c i e n t l y  high t o  i o n i z e  and vaporize t h e  charge r e t a i n i n g  
ma te r i a l .  

3.1.16 Spacccraf t Charging cSSC1 

The phenomenon where space v e h i c l e  elements and su r f aces  can become d i f -  
f e r e n t i a l l y  charged t o  a l e v e l  s u f f i c i e n t  t o  cause d ischarges  and r e s u l t i n g  
EMI. The primary e f f e c t s  of SCC a r e  e l e c t r i c a l  t r a n s i e n t s  and upse t s ,  ma te r i a l  
degradat ion and enhanced coatamination, 

3.1. I7 SSark Discharge 

A sudden breakdown of t he  i n s u l a t i n g  s t r e n g t h  of t he  d i e l e c t r i c  separa t -  
ing  two e l ec t rodes ,  due t o  t h e  formation of i ons  by an  in t ense  e l e c t r i c  f i e l d ,  
accompanied by a p u l s e  of e l e c t r i c i t y  a c r o s s  t h e  spark  gap and a f l a s h  of l i g h t  
i n d i c a t i n g  very high temperature. I n  c o n t r a s t  t o  the  a r c  d ischarge  or glow 



discharge, the apark 1s of very short duration. I t  may be aocll larory,  or 
Intermittent, with aevesol dlschargca taking place i n  quick ~uccomisn.  

The t o t a l  cu r r en t  wi th in  t h e  apark gap, 

3. I. 19 Spark Lag 

The i n t e r v a l  between t h e  a t ta inment  of t h e  ~ p a t k i n g  threshold  p s t o n t f a l  
end t h e  i n i t i a t i o n  s f  t he  spark. 

( 3.1.20 Sparking Threshold P o t e n t i a l  

I f  t he  vo l t age  a c r o s s  a spa rk  gap is progress ive ly  r a i s e d ,  a spa rk  passes  
whed t h e  v o l t a g e  l e v e l  ha s  become s u f f i c i e n t l y  high. The lowest v o l t a g e  a t  
wh.ich t h e  i n i t i a l  spark  w i l l  p a s s  is  t h e  spark ing  threshold  p o t e n t i a l .  Note 
t h a t  t h e  v o l t a g e  may be increased  cons iderab ly  above t h i s  va lue  b i t h o u t  pro- 
ducing a spark. Af te r  one spa rk  has  passed o t h e r s  may fol low,  a t  d i f f e r e n t  
sparking p o t e n t i r  1s. 

3.1.21 Vacuum Spark Discharge 

A spa rk  d i scharge  t ak ing  p l a c e  i n  a vacuum reg ion  wfth h igh  p o t e n t i a l  
g r ad i en t s .  The e l e c t r i c  f i e l d  may e x i s t  wi th in  a d i e l e c t r i c  o r  i n  t h e  vacuum 
reg ion  surrounding the  charge r e t a i n i n g  ma te r i a l .  I n  t h e  l a t t e r  c a s e  t h e  
g r a d i e n t s  a r e  between t h e  e l e c t r o d e  and e i t h e r  t h e  vacuum chamber w a l l s  o r  an 
equiva len t  space charge surrounding t h e  e l ec t rode .  I n  t h e s e  c a s e s  t h e  poten- 
t i a l  g r a d i e n t s  must be s u f f i c i e n t l y  high t o  i o n i z e  and vapor ize  t h e  charge 
r e t a i n i n g  ma te r i a l .  There are d i f f e r e n t  t ypes  of vacuum spa rks  t h a t  a r e  of 
cons iderab le  importance, each c l a s s i f i e d  by t h e  con f igu ra t i on  of t h e  e l e c t r o d e s  
o r  t h e  c h a r a c t e r i s t i c s  of t h e  c u r r e n t  pa th  of t h e  spa rk  gap. These are t h e  
d ie lec t r ic - to-meta l  spark and t h e  metal-to-metal spark,  each wi th  a spark  gap 
pa th  t h a t  is c l a s s i f i e d  a s  a punch-through spark,  a f lash-ever  spa rk  o r  a space 
emission spark. 

4.0 GENERAL REQUIREMENTS 

4.1 Spacecraf t  Charging P ro t ec t i on  Program 

The c o n t r a c t o r  s h a l l  (a )  conduct a spacec ra f t  charging p r o t e c t i o n  program, 
(b) p tepare  and maintain an  a n a l y t i c a l  p lan  and (c) prepare  and main ta in  a test 
plan. The i n t e n t  of t he  program s h a l l  be t o  a s s u r e  t h a t  t h e  space v e h i c l e  i u  
capable  of ope ra t i ng  i n  a space plasma charging environment without  degrada t ion  
of t h e  s p e c i f i e d  space v e h i c l e  c a p a b i l i t y  and without  changes i n  o p e r a t i o n a l  
modes, l o c a t i o n  o r  o r i e n t a t i o n .  This  performance must be occomplifihed without 
t he  b e n e f i t  of e x t e r n a l  c o n t r o l  such as conrtnands from a ground e t a t i o n ,  The 
spacec ra f t  charging p ro t ec t i on  program, t h e  a n a l y t i c a l  p lan  and t h e  test p lan  
s h a l l  be approved by the  procuring ogcncy. 



4.1.1 ------ Performance 

The mnttnstor  sh:iP1 newtire through on i l l ys in  and/or test that a l l  spnce 
veh ic l e  matsrinls which may bc cxpos.te$ to ;t space plasma chnxghp envlsonnwnt 
will retain specified capabilities. 

4,l. 1.3 Contamination 

The contractor shall assure through nna1.ysi.s and/or test that any contam- 
ination effects due to electrostatlcs induced by o space plasma charging envi- 
ronment will not degrade the performance of space vehicle surfaces or elements 
below specified capabilities. 

4.1.2 Design 

4.1.2.1 Electrical ,*stems 

The contractor shall design all space vehicle electrical systems to per- 
form to specified capabilities in a space plasma charging environment. This 
may include protective design measures compatible with MIL-STD-1541 (USAF). 

4.1.2.2 Materials 

The contractor shall use materials in the space vehicle design that will 
perform to specified capabilities in a space plasma charging environment. Any 
protection features incorporated to reduce material damage must not reduce 
material performance below specified levels. 

4.1.2.3 Contamination 

The contractor shall design the spare vchicle to minimize the effects of 
contamination enhanced by a space plasma charging environment. Any contamina- 
tion present must not reduce performance of space vehicle systems below speci- 
fied capabilities. 

5.0 DETAILED REQUIREMEN'l'S 

5.1 Performance 

5.1.1 --- Electrical Sys tems 

Space vehicle electrical system o:ltagc is permissible during n dischnrgc 
if operation returns to normal within 3 telemetry main frnmc period a f t e r  on~ilt 



of the discharge. A command to the space vehicle from an external soutce such 
as a ground station i e  not required to be coapleeed if a discharge occurs dur- 
ing transmlsslan of the cornand, provided that an uninteaded action does not 
result and provided that the apace vehicle is capable of receiving and execut- 
1118 subsequent commands and meeting specified performxe. Space plaauta in- 
duced electrical transient@ shall not affect on board digital data beyond the 
specified design limits, Conditions outside of specified limits for electronic 
equipment due to space plama induced electrical transients shall be prohibited. 

5.1.2 Materials 

Thermal control surfaces, second surface mirrors, and solar cell cover- 
glides shall not degrade in thermal or optical properties or structural in- 
tegrity in a space plasma charging environment below ths level requQred to 
perform to specified capabilities. Space vehicle structural elements shall 
not be permitted to degrade in mechanical properties in a space plasma charg- 
ing etivironment below the level required to perform to specified capabilities. 

5.1.3 - Contamination 

Contamination of thermel and optical space vehicle elements due to space 
plasma charging effects shall not degrade perforrhance below tbe specified capa- 
bilities. Contamination of any other space vehicle elements or subsystems shall 
not reduce the operrtional performance of the space vehicle below its specified 
limits . 
5.2 Design 

5.2.1 Electrical Systems 

Space vehicle electrical systems shall be designed such that transients 
induced by space plasma associated discharges do not interfere with space 
vehicle performance. Where practical this shall be accomplished by pulse 
duration discrimination. Where this is not practical, other design techniques 
shall be utilized such as filtering and RF shielding of selected wiring har- 
nesses. The following design techniques shall be incorporated and made com- 
patible to MIL-STD-1541 (U0,AF) specifications. 

(1) All electronic boxes should consist of solid metal enclosures with no 
openings which permit the penetration of significant EMI. 

(2) ,211 metallic structural elements arhd other conductors ehall incor- 
porate sufficient common grounding to prevent metal to metal discharges. 

(3) All metallized surfaces on themal blankets shall incorporate mul- 
tiple grounds to the space vehicle c#\?ducting structure. 

( 4 )  The space vehicle structure should provide a "Faraday Cage" design 
with a minimum of openings to prevent radiate& EM1 generated an the space 
vehicle exterior from propag~ting to internal locations. This may not be 
necessary i f  it can be shown by analysis and test that the "Faraday Cage" 
is not required. 



M:itr*r i : l l s  used :II t i ~  Spilcc' v ~ l ~ i c l : *  dcs i j in  s h a l l  lw s c l e c t c d  t o  minimize 
d i f  f  ctr!ntiilI cha rg ing  and d i s c h : ~ r g c  ef f c c t s  from a s p a c e  plasma clrargfnp; cnvi-  
ronarcnt w11i l c  rnalrrt;~indog s p e c i f i e d  prlrf nrmnncc* v ; ~ p i r b i l i t  led. A l l  d i c l e c t  r i c  
m a t e r i a l s  us@d 011 exposed s u r f ' i ~ c c s  should bc t e s t e d  o r  ana lyzcd  t o  de te rmine  
t h e i r  d i sc l ra rgc  c h a r a c t e r i s t i c s  i n  a s p a c e  plitumo c h a r g i n g  environtncnt. Sur-  
f i~ces  l o c n t p d  I n t e r n a l  t o  t h e  outc5r space v e h i c l e  s t r u c t u r e  should  be s h i c l d -  
c*d f roin tire s p a c e  ylosmn c~rv i ronmcnt  by e l  i m i n a t i n g  open lngs  i n  the s t r u c t u r e .  
Ucsign g u i d l ~ l i t w $  as prl.scntcd i n  t lw "Design G u i d e l i n e s  f o r  Spclcccr;ift Charging 
Monograpll" (NASh document t o  be puhl l shcd)  should  be  fo l lowed for m a t e r i a l s  
appX i c a  t i o n s .  

Space v e h i c l e  d c s i g u  s h a l l  i n c o r p o r a t e  t e c h n i q u e s  which minimize o u t g a s s i n g  
and o t h e r  sources of contomluat  loll. I'xposed s u r f a c c s  which o r e  most susceptible 
t o  cf  f c c t s  of rwh;~nccd cont  ilmi tla t ion due t o  s y a c c  11 1:l~m:1 c h a r g i n g  sha  J 1 bc 
i d m t  i f ' i r d  :tnd protr*c*ted wlwrc neccssi iry.  

6 . 0  SYSTEM ANA1,SS I S RRQIIl KEMI'NTS 



IF 
Models are being developed and will bs availuble fot use in analytical treot- 
ments of SCC effect8 on apace  vehicle^, The conttoctor shall utilize these .. _. ... _. -... --. 
models or others suitable to the procuring agency in analyzing the space 
vehicle performance susceptibility to electrical ef f ecto, material. dcgrade- 
tions, add contamination effects due to SCC. ? 

1 

6.2.1 Space Plasma Environment Mode& 

Space plasma environxent models (see Appendix A) shall be used to deter- 
mine the plasma environment at the space vehicle. This includes estifiating 
frequencies of occurrence and duration of exposure of all space vehicle sur- 
faces to the various environment canstituents and estimating the energy levels 
and current densities of the. constituent$. 

6.2.2 Sheath/Charging Models 

~heathjchsrging models (see Appendix A) shall be used to determine the ex- 
tremes of differential charging levels for space vehScle elements and exposed 
surfaces. This require; input from the enviroment models and application to 
the specific space vehicle geometries (including illumination effects) , with 
the incorporation of the characteristic tnaterial properties. 

6.2.3 Discharge Models 

Discharge models shall be applied for the extremes in differential charg- 
ihg levels as calculated from the sheathlcharging thodels for representative 
space vehicle geometries. Estimates of extremes of radiqted eM1 (extettial and 
intetnal to the space vehicle) and structural current levels shall be generated 
by the analysis. 

EMI/coupling n~odels shall be applied for the extremes in radiated EM1 and 
structural current as calculated from the discharge model for representative 
space vehicle geometries. Estimates of extremes of characteristics of elec- 
trical transients shall be generated by the analysis. 

6.3 Analysis Procedures 

Analysis shall be performed to determine extremes of SCC effects in the 
area of electrical transients. In addition, models should be applied whete 
applicable to determine material degradation and coatamination effects. In 
general the SCC phenomena models shall be utili-zed to estimate worst case ex- 
tremes of effects on the specific space vehicle. If these extremes present 
conditions which would result in degraded space vehicle performance (below 
specified lcvcls), then more detailed use of the phenomena models should be 
performed as a second iteration of the analysis, This less conservative 
approach will provide more realistic estimates of SCC effects than the worst 
c a m  extremes, but at the added expense of the wore detailed analytical modcl- 
ing Ereatmcnt. 



6.3.1 Electrical Transients. 

The procedure for anslyzink the space vehicle for electrical transients 
induced by SCC follows. 

(1) Determine the frequency of occurrence and duration of pefiods of 
space plasma charging u8ing the etrvironment models for the particular 
orbit and mission of the space vehidle. Generate environment inputs 
for ( 2 ) .  

(2) Determine extremes of differential charging levels for the space 
vehicle elements and surfaces based on sheath/charging model analysis. 
Determine capacitancc of the space vehicle material configurations and 
for locations susceptible to charging (includirig capacitances within 
therinal blankets and between thermal blankets and other structural sur- 
races). Determine the charge and voltage levels of the capacitor$, 

(3) Determins extremes in amplitudes, frequencies and general character- 
istics of discharges oa the space vehicle based on discharge model analyses 
and material test results. Determine most likely discharge locations. 

( 4 )  Determine extremes in tadiated EM1 and current injection into the 
space vehicle structure for the expected discharges, 

( 5 )  Use a coupling model in detail to determine the frequency of occur- 
fence and characteristics of induced transients in all space vehicle 
electrical systems, including wiring harnesses, circuits, and components. 

(6) Determine the effect of these eLectrica1 transients on space vehicle 
performance. 

6.3.2 - Material Degradation 

The procedure for analyzing the $pace vehicle for material degradations 
caused by electrostatic discharge follows. This should be followed where 
applicable. 

(1) Determine the frequency of occurrence and duration of space plasma 
r h a r g i n g  using the environment models for thr particular orbit and mission 

of the space vehicle. Generate environment inputs for (2). 

(2) Determine extremes of differential charging levels for exposcd gpace 
vehicle surfaces based on sheath/chorging model analysis. 

(3) htermine the locations, frequencies and energy content of discharges 
from these surfaces based on the dischatge model analysis. 

( 4 )  Determine the mission integrated effect of these discharges on the 
tiler~ntll, optical, and mechanical properties of the exposcd materials. 

(5) Determine the effect of degradation in any of the material properties 
on space vc41icl e performanci?. 



6.3.3 . Conr afiina t ion 

The procedure for analyzing the space eehirle for effects af  contamination 
caused by SCC follows. This 8hould be followed where applicable. 

(1) Determine the frequetidy of occurrence and duration of space plasma 
charging using the environment inodels for the particular orbit and missibn 
of the space vehicle. Generate enviroruhent input8 for (2). 

, 
(2) Determine characteristic profiles of fields and potential distribu- 
tions exterior to the space vehicle and surface charge dietributions on 
the space vehicle from the eheathlchatging model analysis. 

(3) Bstimate the characteristic6 of the outgassing productd, propulsion 
system gases, and discharge sputtered material from the space vehicle. ? 

(4) betermine extremes in radiated BiI and current injectioa into the 
space vehicle structure for the expected discharges. 

( 5 )  Determine the effect on space vehicle perfonhance of thermal or opti- 
cal degradation of the material surface properties due to this contamina- 
tion (including degradation bf this contamination). 

7.0 SYSTEM TEST REQUIRmNTS 

7.1 Spacecraft Charging Test Plan 

The contractor shall prepare aad maintaia a test plan for SCC. The plan 
shall be subject to approval by the procuring agency. This plan shall include 
but not be limited to the following: 

(a) MeaGurement instruments and test equipment \ 

(b) Teet ..conditions . 

(c) Test methods 

(d) Test analysis and verification 

The test plan should be complemeritary to the SCC analysis plan (see Section 6.1) . 
The contractor shall implement the plan ta cest the space vehicle susceptibility 
to the effects of SCC. Test procedures as presented in the "Design Guidelines 
for Spacectaf t Charging Honograph" '(NASA documerlt to be published) should be. . , 
followed where applicable. 

7.2 Measurefiefit and I:.& Instruments 

7.2.1 --- Measurement - Instruments. - 
The eqtiipment used to monitor space vehicle au~ceptibility to SCC caused 

transients shall be capable of measuring signals with adequate accuracy to a 
level of 6 dB below the unit, subsystem, or r~ystem requirements. These instru- 
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menta should  p rov idc  adequa te  bandwidth and p roper  t i i n v  rcsponsc  t o  meet tlic 
test measurement r cqu i t cments .  

Meirsured a i g n u l s  s h a l l  be permanent ly  recorded  f o r  l a t e r  a n a l y s i s  as necd- 
ed. Use s h a l l  b e  made of wideband o s c i l l o s c o p r ? s ,  spect rum a n a i y z c r s ,  widcbmd 
t r a n s i e a t  d e t e c t o r s ,  c i r c u i t  moni to r s ,  r e c o r d e r s ,  c u r r e n t  m c t c r s  and p robes ,  
wideband RF d e t e c t o r s  and /o r  o t h e r  i n s t r u m e n t a t i o n  copab le  of m o n i t o r i n g  u n i t  , 
subsystem o r  s y s  tern performance. The equipment used i.11 t h i s  t e s t i n g  s h a l l  Iwvc 
t h e  a p p r o v a l  of t h e  p r o c u r i n g  agency and be  f u l l y  d e s c r i b e d  i n  t h e  a p p l i c a b l e  
t e s t  p lan .  

Measuring t e c h n i q u e s  and i n s t r u m e n t a t i o n  a c c u r a c i e s  s h a l l  be d i s c u s s e d  i n  
t h e  test p lan .  Any p e c u l i a r i t i e s  i n  o p e r a t i o n ,  performance,  o r  o u t p u t  i n  t h c  
measuring i n s t r u m e n t s  s h a l l  b e  a l s o  d i s c u s s e d  i n  t h e  tcst p lan .  

A l l  s p a c e  v e h i c l e  t e l e m e t r y  equipment,  a e r o s p a c e  ground equipmi?:, and EMC 
test equipment ( d e r  MIL-STD-1541 (USAF)) used i n  t h e s e  t e s t s  s h a l l  b e  d e s c r i b e d  
i n  t h e  t e s t  p lan .  Any s p e c i a l l y  des igned  SCC measuring equipment s h a l l  a l s o  
be  d e s c r i b e d  i n  t h e  test p lan .  

7.2.2 T e s t  Equipment 

S p e c i a l  equipment used t o  s i m u l a t e  SCC e f f e c t s  on u n i t s ,  subsystems,  o r  
sys tems s h a l l  be d e s c r i b e d  i n  t h e  test p lan .  They shou ld  b e  c a l i b r a t e d  wi thin .  
s p e c i f i e d  l i m i t s .  T h i s . t e s t  equipment shou ld  i n c l u d e  d e v i c e s  t o  

(1) Induce charge  d e n s i t y  l e v e l s  of  up t o  coulombs/m2 on t h e  c~xposcd 
s u r f a c e s  of t h e  space  v e h i c l e  s t r u c t u r e  

(2) I n s u l a t e  t h e  space v e h i c l e  from a l l  su r round ing  grounds  d u r i n g  p c r i o d s  
of  t e s t i n g  

(3) D i r e c t l y  i n j e c t  c u r r e n t s  of up t o  300 amperes i n t o  t h e  spncc v e h i c l e  
s t r u c t u r e  a t  s e l e c t e d  c r i t i c a l  test p o i n t s .  Lower l e v e l s  may be shown 
adequa te  through a n a l y s i s  

(4) Genera te  EM1 ~ 5 t h  s p e c i f i e d  i n t e n s i t y  and c l t o r a c t e r i s t  i c s  a t  s c l e c  t c d  
t ~ l t i c a l  test p o i n t s  e x t e r n a l  t o  t h e  s p a c e  v c l ~ i c l e  

( 5 )  D e l i v e r  an e l e c t r i c a l .  p u l s e  of s p e c i f i e d  energy a t  s c l c c t c d  c r i t i c a l  
t e s t  p o i n t s  

T h i s  equipment, i t s  o l ~ e r a t l o t l  and i ts  us11 f o r  S':C t e s t i n g  s h a l l  bc .~pproved by 
t h e  procur inf i  i ~p ,~ncy  b e f o r e  m y  t e s t i n g  of t h c  spocc v e h i c l e  Is s t a r t c d .  

Tlw t c s t  condl t i o n s  for u n i t s  and subsystcnts slloul d follow t h e  p r o c c d t ~ r c  
o u t 1  ined  In  "Dcs Ign Gu iilcl i n c s  for  Spi l rc~craf  t C h i i r g i n ~  Mo~it,~:ri~ph" (NASA dc~cu- 



ment t o  be publidhed) . Test Codditions must be t a i lo red  t o  each indivddunl 
u d i t  br  sub$ystem. 

7.3.2 System Test Conditiods 

Systerd l e v e l  ambient environment t e s t i n g  s h a l l  be performed on a qua l i f i -  
ca t ion  model vehic le ,  i f  avai lable ,  o r  on a f l i g h t  model vehic le ,  if a qual i -  
f i c a t i o n  model is dot  avai lable .  System l e v e l  t e s t i n g  @ h a l l  be conducted i n  a .  
manrier t h a t  w i l l  minimize r i s k  t o  the  space vehicle. System l e v e l  t e s t s  s h a l l  
simulate, t o  the  extent  possible,  the condit ions expected i n  space, Currents 
and vol tages  induced i n  space veh ic le  l t r u c t u r a l  elements and e l e c t r i c a l  sys- 
tems s h a l l  not exceed by more than a f a c t o r  of 2 , t h e  cxtremes expected i n  space. 

7.4 Test Methods 

7.4.1 - Unit/Sub&ystem Test Method 

Each u n i t  and subs$ratem s h a l l  be t e s t ed  f o r  spacecraf t  charging suscepti-  
b i l i t y .  A s  a minimum t e s t i n g  s h a l l  be performed f o r  radia ted  $NI. Each u n i t  
and subsystem s h a l l  perform wi th in  spec i f i ed  l e v e l s  during and a f t e r  the  t e s t ing .  

7.4.2 System Test Method 

System l e v e l  t e s t i n g  s h a l l  considt  of monitoring se lec ted  c i r c u i t s  and 
general  space vehic le  hea l th  s igna l s  while conducting the  following tes ts : .  

(1) I n j e c t  cvrrerit i n t o  the  space veh ic le  s t r u c t u r e  a t  se l ec ted  c r i t i c a l  
t e s t  points.  Test l e v e l s  should be determined by analys is .  

(2) Induce charge flow i n  the  space vehic le  by using the space vehic le  
s t r u c t u r e  a s  one p l a t e  of a capaci tor  and charging and discharging the  
o ther  p l a t e  of the  capacAtor ( a  test p l a t e  mounted a t  se lec ted  c r i t i c a l  
test poidts ) .  Test l e v e l s  should be determiaed by analys is .  

(3) Create radia ted  EM1 i n  the  same manner a s  t h a t  f o r  the  unit/sub- 
system t e s t s .  

C r i t i c a l  test points  s h a l l  be chosen by ana lys i s  a s  those loca t ioes  most l i k e l y  
t o  experience discharges i n  space. The rdagnitude of the  discharge should be 
less than double but a t  l e a s t  equal t o  the  expected levels estimated by the  
analysis .  Engineering model o r  q u a l i f i c a t i o n  model systems should be subjected 
t o  t h i s  f u l l  l eve l  t e s t ing .  To avoid e l e c t r i c a l  s t r e s s i n g  of f l i g h t  equ.ipment, 
f l i g h t  vehic le  systems may be subjected t o  lower l e v e l  (1% t o  102) t e s t i n g  i f  
support ive ana lys i s  is  performed t o  adsure system performance t o  speci f ied  
c a p a b i l i t i e s  i n  the  SCC 100% th rea t  environment. 

The magnitudes of the  capacitance f o r  (2)  above attd the  vol tages  a t  d i s -  
charge s h a l l  be representa t ive  of l e v e l s  estimated i n  the analys is .  



7.5 Testanalyai.8 and Verification 

The measurements recorded during the SCC tests $hall be analyzed and used 
to verify that the space vehicle performs to specified levels. Transienta shall 
be shown to be below upset levels for all critical circuits and components in 
elect~ical systems. Thresholds for upsets of space vehicle critical cirkuits 
and components may be measured at the unit level or calculated analgtically. 
The method chosen ie subject to approval by the procuring agency. Protective 
features shall be incorporated for all 6lectrical systems to correct any per- 
formance below specified levels. The effectiveness of the pratective features 
shall be demonstrated by further test and analysis. 

7.6 Material Degradation Tests 

All materials u$ed on exposed surfaces in the space vehicle design should 
be characterized for their performance in a space plasma charging environment. 
This information may be obtained from the literature, e.g. the "~esign Guide- 
lines for Spacecraft Charging Monograph" (LO be published by NASA) or from 
material tests for new materials. Life cycle testing should be incorporated 
where applicable and where considered necessary. A11 materials are subject to 
approval by the procuring agency. 

APPENDIX A: SPACECRAFT CHARGING PHENOMENON BACKGROUND (Available upon request). 
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