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SyBtem h i e r a t e d  Electrdmagnetii: PulM (SGE%P) and DiE#&.rsed filectro- 
magnetic Pulse DEMP) are liublear generated fipacecraft envirbhmenhs. 
ElCctrosthtiC tlisCh&r&e (ESb) 1s L liaturtll spacecraft environment resulting from.. 
dUferentia1 chatgin& in rhagnetic si~bstorma. 
diffeliihg in oriktd, fesult in the same roblem tb the spacecraft anU that is 
Electromagnetic Iaterfereace (EMI). 1 commm design approach utilizing ti 
apacecraft 8tructura.l Faraday Cage is preeented which helps solve the BMI 
problem. Also, othek. system design tehhaiquee a r e  di8cusled WhiCh minimize 
the mhghitudc! 6f thebe envirbtlments thr6ugh bOntlrbl8f material6 and electrical 
$hounding wnfiguration. 

A11 three phenomena, though 

f'hr! cohmon deeign epptoach of the Abdtract is tipipplicable to any high altitude 
ripacecraft in an elliptical or  rJJihchrorlotilj orbit whdse altitude subjectis it tb the 
spacecraf't charging c?nvironnierit and alee h&e a huciear aui'tivhbilttg requirdinedt. 
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'I$& natufe af. the ESO, DEMP, add SGEMP envirdnniedts add the EM1 ccMc6rn 
is dibi?Ussed-ae fo1loxiis. 

2.J ESD (Eleckmslhtie DisLihtltge) 

Electtostatic charging of syrlchronous spacecraft resrlltd from a natural 
radiation df dharged particles collectUlg an the Bplcecraft surface&. Electtostatic 
discharge occurs when the differential Chakging of the lpacecrdt  surface matekials 
exceed their dielectrie: breakdowti Bti-ength. Thr! resulting Gystem effects of the 
discharge a re  electrsinagnetic interferences such as cir ixi t  upset and burnout. 
ESD occurs ih a five-step process. First, a magnetic substorm PCBdlts in an 
ihjecthn of charged pkrticles, ions and electrons, into the duLtk-to-dawn sector& 
of local time and rohghly from 4 to 8 earth radii. MaghetolpheriC effects cause 
preferential eaeward-drift bf e l e C t r b A B  into the midnight-to-dawn quadrant while 
ions drift Hiesttkard. Appreciable electrons b e  been observed [A TS-5) at  
5-30 keV- 

The secoriti Step is the eiicoutiter of the spdcecraft sui.fiCes with the hot, nepa- 
tive plasma. If a surfsce is Sel f  shado\ketl or in eclipse, i t  w i l l  Charge tb approti- 
mately a potential equivalent to the rilbst pfobablb ener$y of the electron ener&f 
distribution, lees a poteritial drop corresponding to decohdary electron emisdim 
from the lurface. If the surface i G  in surilight, photoelectric emid8im WU prevent 
it from charging to a negative potential and in fact the sbrfaze may ga a few vblts 
positive. It is apparent that different surface&, due to different exposure tb 
Bunlight (and hence photoelectpic discharge) and different secbntlarg electron 
emission and photoemi~lsive prbpertice, w i l l  charge to different potentiel3.. Thus 
step: 2 results in differential valtilges of several thouland volts appea$inb at tliffer- 

The third $tep it3 electrobttitic discharge Wtienevet the differential patential 

The fourth step i B  the electric of maghetic field csupling from the didcharke 

' knt $it&$ on the bfpaceCr8ft's CXpbised Burfaces. 

exceeds the dielectric breidkdown of the material. 

a r c  into dpacecrdt  harned1es or the irradiation &f antCnna adsembli6s 
aEisbciatetI with the arc (Bee Fimre 1). 

cient magnitude til activate the circuit or burnout some of i ts  campdriefits, o r  
communicatitln and telemOtrp interference. 

Other possible effects than circuit upset o r  burnout is direct damage ta 
thermal control surface5 resultltig from the arc,  discharye, and contaririnatiofi to 
surfaces. 

The fifth step 18 the induktion of a transient pulse into the circult with sdfi- 
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DETER tORArl6N a= 
THERMAL tcATtF(G3 

b INDUCEDCABL~CURRENTS 
INDUCED ANTEWA FIEL68 

+.OPTICAL DETERbRATloU OF 
THERMAL ~ o A T I ~ U ~ S -  

\ 
S A X I S  $TABILIZED HIGH ALTRU~E 

SATELLITE 

Figure 1. Arcing Induced Satellite Enviroillhent Due to S/C Charging 

Z.L5k\lP (Dispere * ! Elecrromagitctic Eulsc) 

A nuclear Weapon detohated tri o r  near the atmosphere generates a cOpibu!4 
stream of Comptotl-electrbns. 
nonradihl current which in tWd prbducea prbpagating electromagnetic fieid$. 
the spacecraft, the latter have propBgBted through the ionosphere Which aets 
high-pkgg filter and thug only freqQeWies above a certain cutoff are obs8rWd. 
Also, frequencies that db propagate tb the spkcccraft a re  dispersed and a r r ivea t  
different tithes. Impingement df the DEMP on the spacecraft structutk and 
antennae induces ltfuetural currents Which iri turn cbuple! electromiimetie field& 
into harne&$es and comlnlinicatibns Peceiver front end8. 
RBI gimilar to gpaceeraft allcing' (ESD). (See Figwe 2). 

Par t  bf the latter constitutes a time -&hanging, 
At 

B 

This results in l3MI and 

5.3 SGE'I1P (s palem Geheteted Elec.trtmt@etie Pulse) 

SGEMP, strictly speakin&, is not an externttl enlfirbment but rather a second- 
ary environment produced primarily by the! intergction of *-rays With the surfaces 
and harnestseg of the Bpaceeraft. SGEMP can be clgesified a8 (1) direct atid 
(2) indirect. The direct refere to couplhg of X-rays: directly int6 cables and 
electpbnic ebmpbnedts. The indirect SGEMP is generated by a two-step process 
in which firljt x-rays impinge on surface materials aird release s:&ondary electrons 
throtigh Corriptod and photoelectric procWees. The secondary electronCI constitute 
ari accelerated charge and hedck! geherate propagattng electric and ma@etic fields. 
The latter couple into cables and circuits accdrdirig to the fiartictiiar coupling 
caefficients that apply to the wWeleri&tH ot the fields and the geometry of the cables 
and clrcuiits. Again, tfansient upset ana burnout of the eiecttdriice result (See 
Figure 3). 
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i;'igirw 3. SCEMg Indticed Satellite knvironmerrt (SJIetem Genei-ated EMPI 

7 92 i 
b 



Figure 4 illuetrater3 the tonimonality of the e16ttPomagrietic eignal chtifacter - 
istic# itl both the time add frequency dcmairis. * FMm Figure 4 it can be Been that 
the fast r i g 8  sk all three cases prolUIces significant energy in the frequency 
speCtram aut tb -100 M k  and than rolls bff at  4U dB/decade. The similarity ih 

the Spectrum makeg i t  possible and desirable to find a conlmon desigh technique 
Which addresses all three phenomena at  one t h e .  The comttldn design technique 
proposed is to design the spacecraft btrutture Swh that i t  encli~se6 the electronicl 
and harnesLiag in the form of a Faraday cage. Figure 5 illustrates the classical 
pre&i!ntation of how the Faraday cage woi-ks a6 an EMI shield. 
the comparison betwe&% the thearetical shielding effectiveness of an ideal Faraday 
cage and also What is achievable in practice. Shielding effectiveness in an actual 
spacecraft is limited by physical construktion of the structure ahich necessitates 
bonding, riveting, and bblting of structural subassemblies. thus producing metal- 

Figure 6 illultratcs 

1 :Po 

I 
s 

FREOUENCY I H z !  

ARCING 
FREOUENCY (H;! 

DEMP 

FREOUENCI ( H a ,  

SCEMP 

- ELECTRIC L MAGN~TIC TIME WAVEFORM - 
RkF 1975 IEEE NUCLEAR 
CONFERtNCE TRANSACTION5 

Figure; 4. ErivCrbnmCnt Ekctromagtlbtit &pal  Chatacteridcsl  

*The cjighai characteriBticg of the phbton flU% atid DfihIP and the response levels 
uf the satellite,cables and Eitrucbre haire been crbtained dr derived ffom the 1974, 
1975 and 1976 E E E  Aiinual Cdilft!ircnce Transactidns ott Nuclear and Space Radt- 
atian Effects. 
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VARYING M A G ~ ~ E T ~ C  
FIELD STATIC ELECTRIC 

FIELD a d 
E t 

AT LOW PREQUENCES L AT LOW FREQUENCIES. THE 
THE CHARGE D l S ~ I B U T I ~  

FIELDS 

CL~R~ENT IS ALMS* 9bo OUT 
ON THE EXTERIOR CAhCELs OF PMASE W I T H  THE APPLIED 
THE INDUCED INlERlOd FIELD 

0 AT HIGHER F R E Q U E N ~ ~ S  
CURRE~T 6CCOMES IN PHASE 
AP(D CWCELLATIOP~ INCREASES 
SHIELDING EFFECTIVENESS 

AT HIGHER FREbUENJtIk5 
.$KIN EFFECT MECHANISMS 
TAKE PLACE - 

Figure 5. Faradhy Cage Shielding Effects 

'Oo r / I  1 , 

THE~RETCAL S ~ ~ I ~ L D I N G  
WFECTIVENESS 

ELECTR~C PIELO 

1 
I 

0 

FRtdUEf4tY (W.) 

ELECTRIC AND MAGdETlC SHIELDING EEHAVlW OF A SbLiD SHELL ENCLOSURE 

Figup& 6.  h r a d a y  cage Shielding Effectiliene6s 
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t d m e t a l  ~ e m S  allbwUIg electrorilagnetie leakage. Rivet spacing, number of 
harness penetmtiohd, accebs part& etc., all ihfluence the levels of shielding 
effectiveneBs. l?ortunstely. in t e r m  cif spaeecrm wirei&ht eOnddePatloiid, the u i e  
of metal €bile conductively bonded betwe& m u c t u r d  elensent0 makels nearly a s  an 
effeetkie Shielding 8s does a Bolid lheet metal enclosure. The actual magnetic 
shielding effc?ctiV&~ess of a bdlted encldsure (1-1/2 in. bolt spacing) i b  shown id 

Figure 6. A 30 tb 50 dB magnetic lshielding effectiven888 is achievable. 

Figures 7 - 9 illustrate in prificiple how the Faraday shieldihg attenuatel the 
interfepring signal characteristic6 of Figure 4. It can be seen from the laSt items 
in Figures 7 anu 8 that the resultant magnitude of the interferring signal both in 
the ESD and DEMP eases is reduced below circuit compblient burnout damage 
levels. The magnitude of the attenuated gignal may, however, still be suffikient 
io cause. interference (-0.5 vblt$). With particularly kensitive digital logic cir  - 
cuits o r  miSi9ion critic81 funetibns pulse width discrimination bhbuld alsb be con- 
Biderebas a candidate fbr inclusion in the BMC de6igri. 

' ,  
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CASEA 
OPCN SIC 

C S  UUk St4 [ELDID COYf I GURAt 1 ON 

6 FOR: I 9Q. FT. KAPTON lMEbMAL BLANKIT: 
0. j JOULE, 10 KV, 40 ns D I  SChARGE: 
IIJ OF ENERGY CONDUCTED TO STRUCTURE 

THE ARC CURdENt IS:  

( I ,p9AMPERESJ 

FIB D 6 FOR: 1 M h E R  UNSHIELOEDUiWG P W I R E  I - b U  IN r ,ES 
ABOVE STblrCTURk 

llit STRUhURAL CURRENT INDUCtd VOLTAGE INTO lFf WIRE IS. 
I v .  i W V O u S 1  
L W  I 

CASE b, SH l t LDEd 

0 k.WE FAdAUAV CAGE S H l t l D l N C  EFFfCllVENESS I S ?  40dB. 
M E  RESUliANT STRUCTURAL CURRENT I S  EQUIVALENT TO: 

I ~ U R k T I  ON 

v. 1 INSIDE WE CAGE 
HARNESS .__. ._._._"._.._I.._.. 

IF IN ABfiITION, WC WIRE HARNtSS I S  SHIELDED WITk A 
SHIELDIN$ FACTOd Oc d d B ,  THf RESULTANT CABLE 
INTEkFERWCE FdOM THE ARC IS: 

LV") ' 0.69 VOLTS 1 
Iti'tCfure; 5 .  Shielding fop E~ectrcistatic Diecharge 

I 

I 
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C A S E  A U N S H i E L D E ~ ~ ~ F I C U R A T l O ~  

0 FOR: lodo V I M  (ASSUMED, & A 10 MElFff STRUCTURE 
C& 
OPkN SIC INTO WE STRUCTUI)E IS: 

= I56 AMPERtS PEAK 
L 

0 FOR: I METER UNSHIELDED lAWG Z&l WIRE 
1-30 IMCHES A K W t  STRUCTURL 

THE STkUCTURAL CURRENT INDUCEb VOLtAGt INTO THE WIRE IS: 

c _ A Q  
FARADAY 
STRUCTURE - 

f 

CASE 8 SHIELDED CONFIGURATION 

IF WE FARADAY CACE SdlELDING EFFECTIVENESS I S  9.40 de ,  
TBE dESULTANT SlRUtTURAL CURREiULb EQUIVALENT TO: 

! I ,  = I . % A M P E ~  
I '  I 

sHIELD'D 
HARNESS 

0 IF INADbIT ION.  ME WIREHARNESS IS S h I E L O E D W M  A 
SdIELI?!NG FACTOR OF zqo tm, THE RESULTANT CABLE 
INTERFERENCE FROM DEMP IS: 

Figure 8. Shielding for DEMP 

Figu- 9 (the ShEMP ahklding case) is a more cbmplex cage in that the 

(1) Coupling to the cable from atruetural replacement currents. 
(2) Coupling to the Cable by cavity fields. 
(3) Direct current injeetibh by x-ray imphigemexit. 

interlerring cable currents are obtained by three dgfercnt mode&: 

Harness and Flraday cage $hielding are both effective at  gUppree6illg EM1 frbm 
the Btructural replacement curl'edte (Ic2). Harness skieltlidg, only, is effective 
at suppregging cavity field indticCd current6 (Ic Neither harncsi  ahielding o r  
Faraday cage shieitling a r e  effective duppreseing EM1 from direct cable x-ray 
c u r a n t  injectitjn (Ic , ) .  

of lbw atomic xiurxlber IttaterialS, dielectric shielding, bundling of cable wires, 
. L.. 

c. ..cuit terminating deiricss which w i l l  limit the inrush current below burhout 
levels or voltage elelnip the input below damage o r  Upget levelti. 

In this latter caEie, cable curreht injection muet be minimi'ted through the use 

The EMt prbtectian for thig particular problem mu&t be addredged by Wing 
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C M A  UASHfiDFD Cj>E- 

0 1F PLAK FIELD INTENSIR FROM SGLhlP I S  IT0 50 

CASE A 

OPkN SIC HARNESS 
STRUCTURE 

AMPERESIMtTER P l A K  STRUCTURAL CURRtNl  FOR A RACE 
IN~ECTION CURRErjr 2 M h t R  STRUCTURE IS: 

n 7 T ” L r P W . ,  I 

FIELO 

REPLACEMENT 
CURRLN1 

L5 -_2 
6 IF  S A P A C I T A J X  OF WldE  1-314 INCHES OFF OF 

STRUCTURE a 2 X 10-11 FIM AN0 PUlSC R l S i  TlMC 
OF 50 K V l M  f IELD = 15 nr,,THEN THE !NGUCf D CURRENT 
INTO ME WIRE FROM C A V l l Y  FIELDS IS: 

. I 1,. 0 UAMPSPLAK j 

a I F  THL STRUCTURAL REPlACEMfNT CURRfNT IS 
1DDAMPEdESlMETER A N b  tHE METER CABLE I S  
2 INCHtS AWAY - 0.b-TKj Ti- 

0 I F  THE CABLE TEST DATA PRESENTlD AT THE 1976 
IEEE NUCLEAR & SPACE RADIATION CONFE~ENCE BY 
CLEMENT, WULLER & CHIVINGToN IS SCALED UP 
TO L N t L S  BELOW WHERE THERMAL h\fCHANICAL SHOCK 
BECOMES THE OVERRIDING CONSIDERATION, TH[N THE 
INJECTION CABLE CUdRENT IS :  

i I,. I.4.Ah\PLRESfMETER 1 

g 
CASE e SHIELDED CONFIGURATION - 
0 CABLE CURRENT DUE TO CAVITY FIELDS 

FARADAY TRACE a lcl - & d B  CABLE SHIELDINC EFFECVIVCNESS 
SlRUCTURE 

[ I c i  = 0.60AMPERtS PLAK 1 
SHIELDED 
HARNtSS I) CABLE CURRENT DUE TO STRUCTURAL REPLACEMENT 

CAVITY CURRENT AFTER SHIELDING 
L -  

A ’- 

- 4DdB - 4bdB IC2 
FIELDS 

(UNSHIELDED) (FARADAY SHIELDL CABLE SHIELD 
f 4c REPLACEMENT 

CURRENT 

CABLE CURRENT DUE TO CABLE INJECT16N (AFTER 
SHIELDING 8 INCLUDING DltLECTRlC LINING) 

I I,, = I.4AMPCRESlhlfTER] 

1 
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The Spacecraft dibcharge phenomenbn can be cbntrolled by reducing the dtffcr- 
entia1 potctitial buildup between vdri6us outer surface thermal blankets and coatings 
and the metallic dp&&ecraft structure. This gbal i B  achievable through the use of 
conductive paints and thermal blanket materials such a6 hstroguartz cloth Which 
has low surface reeiatance when bombarded by electrone. 

In additibn, possible discharges between the Jariou6 inner tnetallfc layel's of 
thermal blanket materials and the resultihg degradation 6f the therm a1 properties 
of the blanket can be elimitiated by connecticg all blanket metallic layers and 
grourtding the compbsite blanket to the metallic structure. All ltructUra1 members 
can also be electrically interconnected to share a commotl ground potential for 
prevention of differential structural voltages. A l l  apertures such as the earth 
coverage antenna8 chn be ebvered with dielecttic/ thermal materials (astrbqkartz 
clbth) which exhibit high levels of Surface arid throughput leakage, thereby prevent- 
ing large charge buildup. In thbse case6 whore discharges rriay not be e l i~i r ia ted ,  
such a9 on the glass seetionb bf the Sblar arrays,  then the line-of-sight to com- 
muricationd antennab Bkbdld be eliminated to preVeht Rl% Table 1 lists spacecraft 
desigh guidelinee far preventing ai-cirig. 

5.2 I k \ W  end S(it.:\W Ull  Heductiofi Terhniquhh 

Principal areas of cancerh frbm nuclear effects a re  system tranlierit up&s 
ana permanent degradation ilf parte and mateiinl6. Prevention of damage to piece 
parts  and =aterial$ is accorhplished through hardened circuit design, nuclear. and 
electromagni?tit: shieldid$, and the use bf hard materials. A l l  material$, including 
critical external thermgl cbntrbl materials, mU$t be carefdly selected to prevent 
any Bignifieant x-ray induced thermal-mechanical effects atid to adequately with- 
etand the natural radiatibn bnvLronmentB. 

The system tranlient upeet and fecovery requiremente a re  met by functionally 
configuring each dubgpdtem to nttnimiee the impact at the component and circuit 
level. "lie system i$ allowed to respond as much as  possible without causing un- 
dealrable sydtem effect8 and to functibtially recover u4ttiin the desired tinle period. 
This il achieved by enburing h e t  circuit recovery tlirbugh proper plece-part 
selection and circuit design, px'eventltig the getieratton and execution of false cotn - 
mandd, lcgtc upset, and the use of hardedkd datci sfdra$C where required. 

Table 2 itemizes desigii controle for mintinizing EM1 frdm SGkMP wid DEMP. 
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2. ALL epbxy and other nbhhetallic stnidtUra1 bbnding adhesive$ dire 
Conductive and pr‘bscnt minimum discontinuity In structural ground. 

Sohr hrAy @neb are &munded to each bther with grounding jumpbre. 

Solar array panel& are &a”ed tb the spabecraft Bttu&bure through 
special slip xings, providing a one milliohtn path. 

3.  

4. 

5. 

6. 

7.---SpacecraR thermal blanket materiala and cojtingb have heed selcctcd 

A l l  antennas and suaport structures are grounded to the m a b  dttructure. 

All  electrical &omponents and stibiiystems are gromded. 

which ha* high sur“? leakage and bUk leakage. 

8. 

9. 

Id. 

11. 

12. 

15. 

14. 

16. 

All external cable hhrnesbes are shielded Bhd the shield is &onnC&ted 
to dtructural ghund 3t both etds. 

Al l  aperture&, tnchidlng RF M t e m  aperl\ire&, are &overed with him 
supface leakage siliix clbth mmpositee. 

All  WVeg’uide ellirments are! elebtrically cobneCted with gpot weld 
comectibns grid gcoihided-tci the main frame. 

The 8upWrt members of all antennae will be connected tb the cipacecraft 
strubhlre with cbnductlvk epbxy such that each sup&xt..joint represents 
approxhitely 3 bne bhm connectbn tb stiucture. 

Al l  depbsited thin filw mnductbre (in thermal blankets or othenirtse) 
shall have a ground strap of rirufficient area tu carry the traneient 
Ctlrrtait load9 expected (a 2 fbule rating is eel€-applied). 

&leetrIcal red 1Bthnce ffom any point oh vacuuni-deposlted conducthe 
film6 (in thernial blankets or  OthcrUiiUc) to RpaEeCraft gtrudtural ground 
d u l l  liat exceed 10 ohink. 

Electitcat resla&n&e frolfl any Wiht on a thermally Ls6hti.d substrubture 
t& epadecraft structural gfiund With required grriiuidb in place aha11 not 
eftceed . b l  ohm. 

There &ill be at leadt one grounding poldt on eadh iA~ctrically 
contMuo\\s substructure. 
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16. 

17. 

18. 

19. 

20. 

21. 

22. 

23. 

24. 

25. 

26. 

27. 

26. 

ThrC c l rc t r la l  rcslstancc! of each ground sttap bind bt%iWbin 1hC Strkl> 
b n d  &nd lhc struelurc ski11 not bixccod .03 ohms. 

Thcrmal bldnkcl mdducting straps to grdlmd shall be c1~ctrlc;illy 
cc;ul!Ml@nt tb a coppor conduktbr of Wirc of AWG #22. 

Each structural ground stpap shall be electrically cqdvalbnt to a 
copper conductor bf Wire ot AWG $14. 

l2eduildant Ibgic is emplbycd in cdmmind and iAhrr scnlllttve logid and 
receiver circuitry. 

f i e  sblar array &mists of a hbncycomb aluminum balle strilcture with 
the following layers of thateriab: coverglass, a l a r  cells, and mica-pl$ 
substrate ahd graphite epoxy. Al l  lateral strips o r  r o w  of cells Are 
honded together a ground wire at eahh-bnd of the solar pariel, such 
that the resistanhe between any twb rows of hells does not exceed 
5 milliolime. 

The solar dell ntring is clbhtriddy cbiuwcted to spacecraft structural 
grahid at the s h u t  rcgultitor and Via n&tural cap3citiVC jxlthl. 

All outer solar pknels are  contiected to the inner s b h t  panelf4 by 
gtbu.d wirbs. 

Thermal wil?dow$ on iibfth panel (N. P.) and dbuth panel (S. P.) are 
covered with second surhce mirrors consisting cf 08R glass with 
silver coating on one side. The OSR g l a ~ s  is nttuched tb the panel 
surfilces with condkctive epwty. 

Cotnponent encbWtcs and chssbis arc desi$rc?d to provide an RC 
attenutibn of $0 dB tb radiated fkldb producbd by ESD. 

All  inter id and cxtchal cbblsii arc shklded on a &able bundle badis. 

a b l e  shields will bb Wltipoint g r o ~  -led tb the spakccraft stmcturc. 
b.1 law lrApedanec conhecliws. 

Mounthk hardware used to bolt or hgten conif&ncds to the s@cecraft 
structure skill alsb $ewe as g r o ~ d  bonding pathrl. 

Noridonduktlve f l l f ldm suhh ds dnodlzed surhces or paltitcd surfaces 
wlll not be ueed ori any of thk grbuhding IntertticCs. 
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1. Wternal av i t le i  cokted tb 
wntr61 seconthry emission 

2. Opti" groutiding (Single and 

3. " 3 6 s  ahd bdx RF dhiekded td 

4. Harness design for minimum 

MUltipOiirt) 

-46 dB 

direct X-ray response 

a. Mdiicbhductor bundle cabled 
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