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Abstract 

This paper d h u s s e s  tn detail the measures taken on the Communications 
Technblcrgy Sltellite (CTS or Hertnes) which provide prbtdetion against the effects 
of spaceiwift charging. These mehsures include: a comprehensive grouridinp 
philodophy and ImplBmentatibn; praviulbn of ebmmand and data litit? transmitters 
and recelvers for transient mise immuriity; and a faiFly restrMar&EMI 
specification. 

The Lnipabt af these tests on Lne CTS spaeecraft is described. 

fully completed 10 months of operatlbns. Anomalies observed are behg assessed 
in reltitibn tb dpacecraft chiirgtng, but nb defintte carrelatl&ns have yet beea 
ei.4tablldhed. 

and list of tehoinmendations for future spebehraft. 

Ground tests were made nn material4 at the Lewis Reseairch Center (LeRC). 

Hermes, launched on 17 January 1976 bn a 2914 Delta vehicle, has success- 

The paper end$ with a ligt of Ctrrlcluslbris wlth regafd ta the CTS experknee 
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The CbmShUnlCdtQliFi Toisknolo@y ftatslllts it3 8tp expo~hX"a1 cemmunlediem 
eatdilit6, operattnej id #jeeayiiekronous orbit. CTS wa8 Q jeht prajact aP tkG 
CglinAnunleattbnsJ Rssoarek Contre, attawti, (7enada and NASA b3wie fieo6arck 
e'lntor, t21&volalid, 8 k h  Major dempan@fitfi were prbvldbd by the EhFegoati 
Space A@&aty. 

lties or & high power (250 W) Sf=& transponder bn the spacocratt used tn csnjtnctton 
with small law dost earth tsrmtnals. ?'he hi$h pdwer demaaded a three-axes 
stabiltzed conh$uration, large deployhble sun tracking solar arrays, end thermal 
requlrements whereln almost the entire eaternal silrfaarB of th& sI)bCecraft was 
dielectric. CTS probably had sore statiC tharge acbumulathg area than ahy 
predoud spacecraft in syhchrbnous b M t .  Ftpfe 1 is & photograph 01' the flight 
mbdel wtth the deployable arrays egterided. Eiach deplbyable a r m y  blanket is 
21.4 f t  by 4.2 ft. The subdtrate i s  B Kapton-ftberklass laminate, The solar cells 
a re  covered by nencanductinp: cbver$lasses. On the body of the spgcecraft, the 
dtdlectrlc area3 are: 

The purpose of CTS was tu dsmbnstrate the t6chololflbd and social poss!bll- 

(1) Solar cell covergladses ahd flbergltls9 substrates cover the east and west 
panela. 

(2) Thefnial blankets cover altil68t the etitife farwhrd &ad aft panels. 
(3) Kapton shields, not installed in thls phdtograph, prbvfde thermd protcscd 

(4) Second dukface mifkord, therrtldl blfArlk&ts, and paints cbver the north 

(5) A thermal rsdiator h extending hrward froin the south pmel is part of 

tLoli.for the SHF BntexiiiBd. 

and south pmels. 

8 variable conduetmce heat ptpe sgatbm that provides coolhg faf. the SHP Trans - 
mltter fixperlmeht Pack&@ (TEP). Bath aides of the bin are C4Vered with silwl'ed 
Teflon. 

The lar&!st cdndukting ettemill surfaces are  the sc3paPation ring, the apogee 
motbr nclzile, and the Blstem bbbm bUiind the deplbyable arrays, 

Fbr thel'riial and dM1 Peadons there are Very few holes h t a  the tnterlbr 
volilmes. VentGig wBS provided by B few screened apertures, lome haps on 
thermiil blgnkets that clbaatl after adchflt sthge, and & thin Imiiiiltis around the VEP 
bollector. Eleetron penetration into the interior was thereby mhlmhed, 

The CT8 pruject was started ln lg70, lind by 1W4, when w e  fully recognized 
the dirnpr presented by spacbcrah charging, the; Bhglneerhg model tests were itr 
prdgress end the flight mbWl sfmecrdPt and subsyetems were betng burit. Major 
chatiges to hardware would have had an enarmsus tm@act on th@ project. Also, 

l i 4  

I 



4 
\ 

I 

. .  

I 
I 

1 n T 
7 

I 
/ 

Figure 1. The Communications Techhblogy Satellite (Ilc: 0 .I  i- Y ~ V  Integration 
Area,  The deployable so lar  a r r ays  extend from the norti: old south panels 

the weight requirements were very tight. Therefore, changes were considered 
only if they Were relatively minor and if the consequences of not making them 
would present a : 'gnificant threat to tile mission. Fortunately, during +he initial 
design phase certain precautionary measures had been enforced that minimized 
the modifications necessary to provide prottction against spacecraft charging 
effects. These measures included: stringent grounding to meet the Launch Safety 
Requirements a s  detailcd in range safety manual APETRR'I 127-1; stringent elcc- 
tr&cal  i n t e r h e  design stmdar.ds to ensure electrical compatibility anti noise 
I m i n d t y ;  and des ign and test &MI requiremehts based on MIL-STD-461. 

cooperation of CHC, to perform quickly the following tasks: 
In late 1974, afi investigation w a s  s tar ted in Lewis Research Center, with the 

(1) Evaluate the magnitude of the danger. 
(2) Obtain the e k c t r l e a l  sighature of discharges that would occur on external 

surfdces. 
(3)  Prepa re  a test specification for spacecraft level &MI testing using a +park 

soukce. This source  was to have an electrical signature consistent with the results 
of the second task. 

ptoltfic test program. 

John Stevens s e t  up an electron swarm chamber 1 and ran  a very rapld and 
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Primafily as a redult at this work: 
(1) The grouridlng bE thermal blankets was improved. 
(2) Teflon second surfaee mirrors  were removed and reinstalled ualng con- 

(3) A revtkw was made to ensure eleetrtckl cbhnections were made between - 
dilct Lve adhesive. 

all metallic parts and surfaces to the greatest podsible extent, Sbme improve- 
m e n t ~  wcre made. 

(4)  The EM1 specifkatibn and interface protection circuits were reviewed. 
(5)  A cautious EM1 test using a spark source was  done mtHe flight spade- 

(6) A Tranhient EWht Couhter (TEC) wad  included on the spacecraft to 
craft. 

detect hlgh speed noise bursts on three cable harness bundles. 
No changes were made to subsystem cbmponentd to provide extra EM1 pi-otection 
nor was any extra shielding added to the wiring harness. 

initiated by charge accumhlation o r  a discharge as dedcribed in Section 6. Also, 
there have been several t r ips  in a Traveling Wave Tube Assembly (TWTA) that 
are prbbably caused by noise bursts on an internal command line. No spurious 
commands have been exp-ecLenced and the telemetry hgs proven tb be..effectively 
free of mise. 

and the EM1 protection that were used. Two special tests, one on the command 
belt antenha and receiver, and the secand on a sample of solar array, made in the 
L&C fticillty are briefly desertbed. The paper exids with B list of reconirfleridatibns. 

2 

Up to 10 months after launch w e  have had.two major faults that could have been 

The remainder of thig paper describes in more detail the grounding rhethods 

2. SPACECRAFT N'lfilNG 4YD GROUNDIYG 

The CTS spacecraft uses a common electfical plarie ground configuration as 
bppbsed to a single pbht ground scheme. Fbr the TEP only, special groutld t ires 
are provided. The spacecraft structure primarily the nbrth, sbuth, forward and 
aft deeks prbvidi! the ground return paths. 

cm wires grouped into b u r  separate wire harnesses. The only spacecraft wiring 
that was shielded were 5 volt pvwer lined to lciglc circuits, data lines betweeil 
attitude control sensofs and the attitude contrbl deetroillcs, and the reaetlbri Cod- 

The prlmary power, second&.ry power, telemetry and commands were carried 

tt.01 syeteni wiring* 
The only changed tb the flight spatecrvfi to provide proteetian against chargl6g 

w e r e  made; to tmprove the rellablllty of the grouildhi& o& thermal blankats and sec- 
ond surhc@ mtrrofs,  &rid somg b m d l  metiit pht-ts. 

7 i 6  
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2.1 f h u n d i n a  of ltdis~wl l o u ~ e d  U n l ~  

l o r  all intlivitlually Wmhted Units (IhIU), except the TEP, the &round fet\rms 
fdr power, telemetry, .and commands are through the dpacecraft strubture. The 
primgry grouhd ebmectlanS fbr the IMUS a r e  through their mounthag surtaCed. 
The recjuirerriehts for IMU grouhds were for less thali 2.5 m(z between the IMU 
and the nlountine deck, and fbr  less thlrh 25 nisZ between any two IbAUs. Secondary 
gk'buhd returns were provided by wires from connect&t's to a nearby groundlug bn 
a Mounting deck. 

metry encoder, cbmmand decoder, and to the main power ground on the north 
deck. This ak-rangemeht kept the interfade between the TEP and the apacekrah as 
simple a6 possible. and it also idolated tlie large current drawn by the TEP from 
the grouhd plane Used by the res t  of the spacecraft. 

For the telemetry channels that required extra noise immuhity fbr highel. 
accuracy, wires were ruh from the ground ba the telemetry encoder to dfFferentia1 
circuits in the IMU. These wires are used for voltage reference only and do not 
carry  return currents. 

2.2 Grounding of Therhtal B h h k e t s  

For  the TEP separate ground wires were run from the TEP unit to the tele- 

A l l  thermal blankets are provided With grbunding connections. Blankets With 
an tireti bf less than one sqdare foot H h e  one grotin; connection, arid blankets G f  

larger area have tWb o r  mor& grounds. 
Figure 2 shows three grdund configuratibna, types I, V and M. With tmc! I 

and V the metalliked layers, without the interlayer scr im cloth, lrre extended in a 
tab, a s t r ip  bf aluniinum fbil b. 001 in. thick and 0 . 5  In. wide is wbveil bettv(Sen 
the layers, and the tab is then riveted With washers top and bottom. With type I a 
solder lug iS inciuded, and with type V the aluminum foil is extended for attachment 
to a deck ground. "'he alumfiuxn foil prbvides a pbsitive gPouhd cbniiebtion to each 
layer and it a166 provides contact over a reasonably large area. Other types from 
I tb VI11 are variatlbns of either I o r  V. The type IX Is  a less secure grou'nd. The 
aluminum fdil i b  wrapped around the outer layers only Bnd Cbhtact to inner layers 
is made by occaBiona1 contact to the rivet. No grohnd af t n e  IX were used on the 
flight model of CTS. 

. .. .. . . - . . .. -. 2..,3_ Grotinding of Seeond Surface Iilrtors (SSMS) and Sllvered Teflon-Electron 
%arm T e s t s  a1 LeRC 

I 
In the LeI& expertmetits, it was found that quartz SSMs produbed relatively 

few and weak discharges. The quartz mirrors  on the north and south peneis were 
banded with a noncdtidubttve adhesive and wWe not changed. Hdw6ver, silvefed 
teflbri produced very Frequent intense didcharges and so the tenon SSMs on the 
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north and sorlth deck8 Were reirnoved hind reinst2llkd uelig 6 condUcthe aiihesb. 
The dischakgee bti silvered. tenon bonded wtth n6ne6n8uetlVe adh8atVe not bdlY 

#f'oduced electrtcel nolae but also B hbnsiderable quantity of the silver was eroded, 
This indicated that duP&g the electron iriwiiatioa the BLlver layer Was being 
charged, by leakage or pbsslbly by micrb-dk!hargea from the surface. It also 
meant that metal tb metal tires were bccurrihg. In a simulated 2 year inissiofi, 
test on a sample representative of the T E P  radiation fin abaut 12 percoilt of the 
silver was erdded, Thi3 erosion wodld have deereased the thernial radiation fmm 
the ftn by increasing the average absorbttitiity and by decreasing the heat conducted 
froirl the ftn substrate into the tefldn. The erosion could prbbably have been 
tolerated, without increasing TEP compoMnt temperatures above aeceptable 
limits. However w e  felt that the EM1 generated by metal to metal afcs wag likely 
to be much greater than the discharges off the surbce of the teflon. The teflon 
was therefore removed lrom moBt OP the fir. area  and rebunded with a Conductive 
adhesive. 

3. BLECTRICAL PROTECI'ION AGAINST EM1 GENERATED BY DlSCdiSRGE 

3.l &nertAEfiL Specit icdons 

lQo speciat measures were taken to proted Wits againat the EM1 that could be 
generated by discharges. However, the exis tkg Specified litnits for sdm$MbilitJi 
to condukted interferetice on puwer Ilnt?s extended from 30 Hz tb 40 Maz. Ih the 
range where EM1 trom dischapees is expected, 150 kHz to 40Q MHz, the limit d a d  
the 1 percent of the supply voltage br 1 qolt RMS whichever Was grehter. Also 
units had to tolerate on any power Pail, without mBlEuhCtibn, B spike bf twice the 
nominal sllpply voltake or 50 volts WhitheVer was  less. The spike rise time was 
legs than bne pdec and the duration wad 10 bsec. 

3.2 %ommand sad Datii Lihe Interface Circuitg 

Coriimand and data line transmttter's and receiver8 Were used to ppovide 
immtihtty from noise and faat transients on command and data lines. The char8c- 
test l t ics of these interface clrctiits are lfsted hi Table 1. Figure 3 s h o w  typical 
applications fof these Circuits. The interface circultS were purchased tb a stngle 
se t  6f specificathis  and furnished tb contractors as GFE ttems. Although not all 
eontractors u$ed the GFE circdts, generally alternate Clfchits provided similar 
interfase characteristics. 

noise buret generated by the spark was  e few volts htgh and atiout 266 nsec long. 
The interface ctrdults would protect adequately irgainst this. 

fii the 6jiacecrBft level testlng WtZh the spark  sourCe (see SeetL6n 5), the typical 
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Table 1. Characterlbtkki OF the Cammand hnd DatL Llne Fransmttters atili 
Receivers 

"0" LEVEL 
"1" LEVEL 
FALL TIME 
RISE TIME 
OELAY TIME "6" 10 3.2V 
DELAY TIME "R" TO .75V 

"0" LEVEL 
"1" LEUEL 
JELAY i I M E  J* T 6  2 V  
DELAY TIME "1" TO .SV . 
TRANSIENT REJECtION 
NOISE REJECTION 

C O M N D  L I N E  
TRANSMITTER 

3.8v 0 10 ml\ 
100 us 
166 US 
100 11s 

106 us 

.25V C -26 UA 

COMMAND L I N E  
RECE N E k S  

3.2U @ 2.5 mA 
.fSV @ -3 u A  

106 us 
\bo us 
5 VOLT PULSE 5 us 
5V RhiS e 10 MH2 - 

.25v @ -26 )LA I 0 tn . i v  
3.8v c 13 In4 3.8V @ 10 mP. 

50 US 
50 US 

("0" TO 2.W) 50 

DATA L I N E  
RECEIVERS 

.7SY @ -3 IrA 
3.2v e 2.5 d 

VOLT PULSE 1 US 
5U kS @ 16 YHf 

ensic CONFIGU~ATION 

REOUFIOAART okivm TO SINGLE LOAD 

o p + p o l  

REDUNDANT DRIVERS TO RtnUNDANT LOADS 
*igui.e 2 .  TfrpictnJ Appllcatlons tor 
Mterb?-: Circuits I 

SEPARATE DRIVERS TO A COMMON LOAD 
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3.3 Tclemrtry Iwrfiice Requiwents 

The reQdlreWiehts fop analag valteges, flags and digital w ~ P d s  that a r e  inpbt 
tb the telenietry ericodet. ape listed in Table 2. The types of input prbtectiori in 
the enebder are alsd listed. The telemetered data has prirven tb be t!fk&tively 
free of noise. Generally, analog chatlnels shbtk mbch ldss  thari one bit of fioise. 

3 3.1 Special Tests-on ihr h n m a n d  Rcreiver at 3 I S 4  l . cds  IteseclrchCenter 

The tklenietry/command belt antenna is a pattern of Metal patches and feed 
lines on a fiberglass-teflon substrate. The substrate is backed with ahmihum 
sheet. The belt antenna is completely exposed to the external particles and w e  
were concerned about pddsible interference to corhfnarfds o r  ranging, and possible 
damage tb the thin feed lines. 

Two short tests Were set up in tht? LeRC electron swarm chaxkber. 
short sectibfi af belt antenna Was placed in the tank facing the electron beam. The 
command output from the antenna Was conrlected into the engitleering model filters 
and command secetiver. The receiver ranging and cbmmand odtpbts were moni- 
tored. With a 20 keV beam dischapges did occur though nbt visibly on the belt. 
The k r g e s t  arcs  produced P dhbrt dliratiori 2 sec, 806 mV pulse on the receiver 
ranging output. No disturbance wks apparent oh the cbmmanll output. The pulse 
on the ranging mode Was judged to be bf no consequence. For the second test, the 
belt antema was placed in the tank with the metal gi-ouild plane faacing the eleetron 
beam and the forward side facing a G ill. Y 8 in. sample of silVe;.ed tetlbn. The 
teflon produced frequent high amplitude arcing. No ekfwts were observed on the 
receiver ranging o r  cbmmand outputs. After the test the belt was car&fully exain- 
ined; nb damage was apparent on the feed lines. 

First, a 

I 

1 

The large Sight weight deplbyable Solar arrays are unique to synchrodous orbit 
spacecraft. The array substrate i3 0.001 in. thick kapton laminated wfth a fiber- 
&l&ss/pdy&ter layer. 7 ht! solar  cells a r t  cePe”d1y bonded to the substrate SO as 
to leave the gaps between the; cells free of otsque adhesive. The substrate is 
Bbuut 30 percent transparent to sutlllght, the gl-ss fihers wlli scatter some light 
h t b  the areas  behind the solaf celll. Therefore there will be a certaiir amotirit of 
photoelettrun bmlseion from the rear surface, mid the  substrate coridilctidty may 
be inereasad b.- phcjtoconductiofi effects. The ar rays  arc? nevertheless the largest 
area  of exterrihl shadowe8 dielectrlc on the spacecraft and consequCntiy a r e  possibly 
sources isf frdqbent discharges. 
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Table 2. Iiiterface Reqirirerht3rIts for Telemetry 

NOMINAL RANGE 
FULL SCALE 
ONE B I T  
SOURCE IMPEdANCE 
LOAb IMPEOANCk 
f ' q td6  SAMPLING 

ov TO 5.tlv 
O l  Td 5.1V 
20 inv 
4 rfn 

1.O Mn 
EI;I~SER INPUT PROTECTION 

BEFdRE ANAL6G SWITCHES 4.1 Kn REQISTdR TO bIbDE 
CLAMPS TU 6 . 6 V  &- la-  
GROUNb.. .,- -"- 

FILTER AFTER THE ANALOG 
SkITCHES-TIME CONSTANT 10 us 

FLAGS 

FLAG 4.bV TO 5.5V 
tERO bl t o  .7v 
OEClSIdN THRESHOLD 2v 
RISE TIME 
SOURCE IMPEOANCE <5 KR 

1 US T b  10 US 

ENCdOEk INPUT l%bTECTfON 75 d dESISTOR TO DIObE 
CLAMPS Tb +5.6\1. AND 
l d  GRdUNb 

I OIGITAL W6RDf 

WORO "1" 4.0J TO b.OV 
ZERO OV TO .25V 
RISE TIME 
SOURU IMPEOANCE - "1" 

ENCdbtk  tNPUT PkOT~CTIW 

1 US T b  10 US 
~ 1 . 5  K 

"0" (2.5 K 
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Tests @&tie made oft a emau seCtlon of army lh the LeRC chliihbcr, with 
electrons inciderit od the re&P side of the array. In a dark chamber, weak dlb- 
&htiPges occurred with vlsfbh pbtntS bf hrdhg,  prlmarlly in the vicihitp uf W e t -  
connects between the celld. Measurements of the electrical output of the cells 
before afid after the test showed that no deterioratton I'esulted frbm the dhChWgcs. 
No changed to the arti&p le re  considered because the flight Units Were cbmpletdd 
at this time arid only ti &atastrophic failure would have Toreed any mbdhe t iods .  

Flight data ha9 shbwn no unusual electrical degradation of the arrays,  
Launch ES'I'EC has made further tests on an array sample, with bath a dark 

chamber and with a light souPce illuminating only the sa lar  cell side of the sample. 
They h a w  observed dtscharges with an illuminated sample at temperatures -loot. 
Except for transit through eclipse and immediately after the eclipse, the lowest 
temporattire of the flight arrays is 4OoC. This test wbuld indicate thht there a r e  
possibly no &$charges off the arrays in s u n l i g h t a a i n  except for a few minutes 
after eclipse exit. 

c 

Baaed on measuri?nieats in their experiments, the LeRC group made a spark 
soucce fbr  the spacecraft level EM1 test. The sodrce discharged a 500 pF capaci- 
tbr, charged to i b  kV across a spark gap. The distharge was uhderdamped with a 
ringtrig frecjuency of 25 MHz. The spark hepetition rete was  about 5 pulses per 
second. 

cautious because w e  were ushg the flight spacecraft with no preulbus test experi- 
ence. A l s b  we  Were very UntePtah as tb the magtiitude of the sutface potentials, 
and discharge current's that would be experknted in space. A report by Shkarofsky 
and Tam intlictited that the rear su-face o€ the deployable a r ray  blanket could 

The 2.5 mJ Ln the sparker Would therefbre correspond to dtdcharghig 100 square 
centiireters of blanket. The same repbrt indicated that the TEP radiiltdr fin could 
charge to 23 kV and the 2.5 mJ would correspbnd tb a discharge of only i o  square 
centtmeters. It Wad felt that these figures, and the test results from LeRC repre- 
sented "worst case" s ttuattond; hbtvI?ver, they were sufficiently alarmlng to justify 
the spacecraft level test . 

Fbr the test, the dgployeble arrays were deployed as shown iri Pie re  1. 

A series of tests were made on the flight spacecrtrh. These tests were 

5 

charge to 4.4 ltV and that the correspbnding energy density would be 0.27 mJ /cm 2 , 

783 
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The purpose of this test wad to stknullte the bccurrenct! of o re s  on the rea r  
surface of the deployable ar ray blhnkct. The procedure was toit the sp8rk source 
to be Held about L m from the rear surface of the blanket and to be moved alawly 
towards the blaiiket. During the arcing, the telemetry output conneetiun od nn 
accelerorkleter lilounted on the tip of the ar ray was mbnitoped with a high speed 
oscilldscope. Each spark genekated a noise burst. For rehsbns of c a u t h  the 
approach towards the ar ray w a s  stopped when the noise burst exceeded G valts 
peak to peak. This wad done at three vertical positions, first opposite the instru- 
mentation wirihg on the ar ray centerlirie, second opposite the Areas containing 
s o k r  cells, and third opposite the power wiring along the edge of the blanket. A t  
the ceriterlitlb positLond the clasest apprbath Was about 30 cni, at the power wiring 
the Closest approach was aboht 3 cm (as close as the tbwr od the spslrk source 
allo\ked). Durihg the test telemetry channels asso&iated with instrumentation ori 

the ar rays  was mbriitored on str ip charts. After the tests a computer search of 
all the spacecraft channels w a s  made. During all the sparking nb telemetry data 
was observed that could htivve been attributed to the arcing. 

5.5 TEtlRadiatdr Fin Test 

Fbr this test tlie spark sautce Vas held close tb the radiator fin, ori both sides, 
but at sbrne distarlte h o m  sensor wirihg. Selected te1emeti.y channels associated 
with the TEP, partikularly thbse temperature sensors mounted bn the fin were 
mohitored bn str ip thhrts. N b  change in output was observed. 

5.3 l'hetmal Wanket Tests 

In this test the spark source was held near thermal blankets on the forward 
deck, but for reasbzis of caution, not near to sensors. The computer sbar th  
showed no unusual telemetry data. 

only with previous test experience bn nonhtght hardware. 
obviously a more cbmprehensitik set of tests would have beerl desirable but 

6 .  ANOWALIES 

The pbwer subsystem is divided tnto two independent sections: hotisckeeplhg 
and exp6rimefits as showrl in Figtire 4. The hobueke@ping section has three power 
souitces, the body moutited sola t  array, the deployabl6 arpay ahd battepteu. All 
sources a r k  conrikcted to the unregU1at;ed bus with isolating dlodes. The ekperi- 
ment section obtains powbr from the deployable arrays only. The voltage sensot  
on the expertment unre@lated bits is cjn the ar ray side uf the over/undor voltnge 
switch. 
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Figtire 4. Power Subsystem. (A) Housek6eping GfeCtfbn, and (b) experiment 
section 

01i 8 June 1976 at O M 3  GMT (22.5s spacecraft time) a shart  Circuit bccurred 
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shbrt circuit was on a board eontdnhg the power Isblattng dibtles. This bbard Is 
mounted on the inboard pallet on the deployable solar  arrays, and is cbmpletely 
exposed to the &temal erivirbnment. During the 24 s& the voltage on the experi- 
ment bus varled erratically between 19 add 42 volts, behgvbur typical of an arc. 
Also the TEC recorded many nohe  bursts ad the a h a y  p b w r  and hdtrrimentatiod 
lines durlifig the lst, ltlth, 2!st, 22nrl and 25th see. These burdts weFe prdbably 
generated by th6 shbrt circuit. The TEC had nbt recorded any trdmknts in the 
2 hr  proceeding the fault. A modCrate substorm had been observed a few hbufs 
earlter. A mtcromdteorite hit, charge accuinulatlon or d small discharge result- 
tng froffi charge actilmttlktion on the diode bbard could have hit t l ted the short 
circutt. The fault has mt reoccurred. 

On 28 September 1976 the housekeephg Secondary Power Inverter and all 
associated submodules tripped off. Unfortunately, this Inverter supplied power to 
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the telemetry ehcudcPs BQ we immediately labt dtita. The Iavertet' we9 tUm8d uti 
some hours later arld I t  has hrhctibnea Rbrmally shce. A vefy lWge trartsierit od 
the power bug could have causrea this hult.  The T%C h6tl not registet'ed Cbuntn in 
the previous houf and tho mhgrletosphere w&s quiet. This anomaly Is ntlll uhdi2P 
consideration. 

Je r t e r  (gPC) assodated wlth a 20 W TWTA. The EPC can get its turn off com- 
rllrintl on an interrlal corRmand line. The EPC does bat uBe a cbmmand line receiver 
on thls llne aad It is known that a noise buWt \kill result in a trip. Ndnt? of the 
trips occurred colncideht wlth TEC cbuntl br with other spacecraft cbmmaridtng, 
However, it i B  posaibkthat  disdharges could be introductng fast noise bursts and 
Causihg the trips. 

Since launch there have! IJeeri &bout 20 unexplained tdp-offs on the power thnp 

During the first 8 months of flight operattom on CTS, w e  have experlenced: 
(1) lrfo anbmalW commands (except the 20 W TWTA trips). 
(2) Effectively noise free telemetry. 
(3) Two major anomalies that could psbsiblf have been caused by chkrge 

(4) Several tl'ips on the 20 W TWTA pbwer cbnverter where a cbmrhand llhe 

(5) No wiusual degradatibn on the electrical performmce of the fleltible arrays. 
From a spacecraft chargin$ point of dew, the important design fe8ttires.on 

(1) A unified ground plan$ configuration whd used, thus dauing the weight of 

(8) Command line and data lhe  trandmitterd and receivers were used to 

(3) A l l  layers bf the thermal blankets and all metal parts were grounded. 
(4) Tenan second surface mlrfbrs  were Sadder: using Conductive adhesives. 
(5) Pew wirea *&re shielded, therefore ttia wirCrig harness w o s  as light as 

(6) V,gi.y little weight w a s  added tor protect'on Bg&inst charging. 
( 9 )  A d m p k  trhnsient event counter #as fl6wn. 

(1) Use  cdirirtic- - 

accdmulatidn 6r discharges. 

trailsfiitter receiver Was not uged. 

CTS are: 

return wiring. 

achieve lmmunity from fait trahdients. 

pods Me. 

Basred on the CTS exgerlefice, I *odd Make the foollbwin& rec6iriniendatlans: 

sgairigt short, high 10 nnsients. 

. data lihe lnterfake c t r e d t s  whkh prmlde f>rotbctloA 
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(3)  Gruund all-layers of all thckmbl blBhkots USlnd n grbund conPl@catlun of 

(4) Grdund all metal ptirtn. 
(5) Carpy but a sptri?eertrft level test on the edglnecrlng model, using a very 

Type I OF bettor. 

fad  spark source, to astabllsh the electrical Ylgnaturo of translents bh pdwer, 
commmd, and telbmetry ltdes.. These data should thed bo used to speclPy EM1 
protecttoh on flight moed  units. A comprehetislve test sholild be made on the 
fllaht spacecraft. 

on telenietry and conirkiand lines. 

comprehensive and sophisticated design thalr the CTS TEC. 

(6) EM1 speclficltisns slhould include lirplitV on emlsslbn and 9ugeeptlblllty 

(7) Transielit sensors shbuld be carried. These sensors should be bf nibfe . 

A t  k now led g ments 

I w6uld like tb thank the pebple in NASA Lewis Research Center, System 
Engineering Brankh, Spacecraft TeCHnOlogy Division under R. R. Lovell hr their 

participation and support an the CTS charging intr(3stigatibn. I wbuld alsb like to 
thank the CHC, Spacecraft Operations Group for their ass is tame in prepdratibn of 
this paper. . 
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