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Abstract 

An instrumentation package tb monitor the effects of the envircnmental char&- 
tn& of spacecraft surfaces on the systems of operattonhl spacecraft 1s betng 
developed at the Lewis Resellrch CenteP of NASA. Thte package is to perfurln 
two functions: first, the Lmal charged particle flux and the parttcle charactertstic 
energy w i l l  be monitored; add second, transtents in the spacecraft electrical hllf- 
file§$ Will be counted as a hricticri of amplitude, and time. Thie package i6 con- 
aldered tb be a modtor  of the spacecraft system. It w l l l  be used to determtne the 
duratlbn and affect of ady environmental ch'arglng of the spatecflf t  surhtes. 
Thus, it w t l l  be possible to deterriltne the relatiofishtp betweeh the otcurrence ot 
the anbmalies add the chbrghig phenbmenm.. Deeiw detail6 and design gaale of 
thts package are presented, 

I 

Spacecraft charging OCCWS wheri sprlcecraft surfaces react to the charged 
particles o! the geoma@ettc substorm envlroninent e;nd charge to he&attve poten- 
ttals t.elattve to the space plasma, Such chergtng occui-s predomtnately when the 
spacecraft is In the mldnlght-to-down portion of its orbit. Spacecraft sllrfaccje In 
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surrltght can charge from several tens af volts iregative tu several ktlovolts ncga- 
tive. Spacecraft surP&ces in the dhade can char& to wver'al tend o f  kilovolts 
negative. The Bct\rB1 $urf&ce potentials depehd upon the substorm Intenslity. Space - 
craft surface gatentials of this artier have been deduced froin sci8ntiFic measure- 
medts made by Instruments abo&Fd &osynchronous spacecrah. '# '# 

The ac&urrenCB of anomalies on geosydchranaus spacecraft is tonsis terlt with 
Chargin8 of spacecraft surFaees in the mldni&t -to-down quadrant of the orbit. 
Ijtrect reladdnlhip of the oc&ut.rerke bf spacecraft system anbmalics, pl'imarily 
change8 in the BtPte of electtahie lbgk,  and the charging of splcecraft eufface8 
ha9 been inferred fronl speratbne aboard geoBynctironoue Spacewaft. f i e r e  
i s  &ant one-to-one coprelatian of BpaceCraft anemalies with the local environ- 
ment in which the spbcecraft finds iteell. 

Spacecraft eutfaces are covered with a variety of materials and can be 
varibusly shaped. Dtfferential charging bf these surfaceg, then, can reBrllt4' 
which. can lead to electrical BreaKdaWn br dhcharges. Theee discharges can 
couple into epaPecraft harnesoing and may cauee interefererice w Lth electronic 
circutte. 6 

To date, spkcecraft that have experienced anonililies have not had sensors to 
detect &eomagettc subr twm eonditiohs. hi addition, thel'l! a r e  tndieatiods that 
dtfferenceg in spaeecrdft confi$uratians, speetficklly those differetites between 
splr2;stabilized spaCecflft arid thPee-axis-stabilized $p&cel!rUt, result in diiferent 
rehctlor! o! the spkheefaft to its imniedihte ehvirmmerlt. 

To address the spacecraft charging phenbmetla more data is needed. Data is 
needed from many niissions. Simultaneous inform8tion about the spacecraft inter! 
dal houdekeeplrip environment Pnd the local $&omagnetic substTom environment is 
requtred. Thls can be aticomplllhed with simple instrumentatibn that is usQble on 
the areatest nunLber of spacecraft. It w i l l  then be possible to correlate transtent 
events With crrtirotlmedtal cbnditions. SuCh instrumenthtlbn is betng develbped at 
the L6wk fiesearch C8i:ter. Dedi@ details arid some design goals of this instru- 
mentation f&llow. 

0. DESCRIPTIO% OF Est IRONItEYTaL w " R S  

2.1 Des& Phllosophy 

To correlate spacewaft dldchar&o-indb&ed transient events with envlron- 
Mental eofiditiohs It Id considered sufficient to count t rhv ten t  events Lnductd tn 
the spacecraft hoUs8keeptng harness, to make a mehsutement of the chPi'acter - 
istic 6riergy of the incident chbrged pslrticles, and to meeisure the nT*eragt! current 
denstty of the, incident charged prartlcles, These a r e  reasonable e lgtneertng 
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rrtsaeurements to make, The envtriinmental monttoPH are analagoud to a $pace- 
CP&& system pdwief mbdltor, r~ dl8&nasttc device. The In!armatton ubtalned with 
these monitors raa be used to suppiene~t data obtained from sctentiPiC instrrlmcnts. 

2.2 Trerlsleal Evarit Counter 

The modittrr tb be used to Yenee dh?hhr#e-lndUCed tranaienta in the hp*neds@Y 
of spacecraft is a transient event countel'. This is a gl'owth version of the Tranu- 
ieet Event Coudter (TEC) presently retutding data from the Communicatthns 
Technology s&tellite (CTS). Its tharacter'tstics a r e  given in Figure 1, Four sen- 
sors a r e  assembled. with the spatecraft Ii8rness. These sensors are coaxial 
ksbles with one end unterminated ahd stripped fol' a length of.30 to 60 cm. Each 
sensor si$ntll is amplitude digcriminated to ode of three levels set during the final 
sraae of TE2 assembly. Only trausients over the preset signal stredgth, meas- 
Sured at the ihput to the diskriminatlolt CirCuitry, are counted.. The counting 
cir tui try inkosporates a l O - i m x  delay after  a discharge puke is counted to avoid 
counting of line ringing as  discrete transient evedts. The counting circuitry 
incbrporates a ring counter to elimiriate tradsients induced by noise in the space- 
ciaaft-to-grouxid communicatiori link. The four continuous sensor measuremrds 
are output to telemetry on separate digital channels. The TEC physical charac- 
t e r l s tks  ape Summarized in Figure 1 and refleet both design goals and what.has 
been aChieved to date. The TEC should be located withfn the satc:lite inter'ior 
because of the rf shielding thL! el&tPicallg grounded spacecraft st  rucfbre and 
thermal insulation provides. 
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2.:j ChtiritCtfidijtIt hrttgl  h%hbf 

The chaPaetePisttc energy sensor, dedcrlbed in Figure 2, conslets of ah Blsc- 
trically floating metal plate caupied to a voltagc eensor, The voltage y 6 n d O r  i.j R 

capacitwbly-coupled electrostatic voltm&ter that operates on a null-balance 
prtnclple whereby the potentla1 of the voltmeter sensor is brou#bt to the potentlsl 
OF ths metal plate b y  a power supply, This design provides a very accurs to local 
voltage measu oment alid mitiifnizeo large voltage gradients at the measurement 
location. The sensing range, +50 V to -20 kV, is based oh present krlowledge of 
the enviroliment. 
charaeter ts t ic  charging times that have been observed in testing. lo The physical 
character is t ics  shown in Figure 2 reflect both design goals alid what has been 
achieved to date. The output is analog but analog-to-digttal conversion can be 
performed, with the attendant idereases in power and weight. It is necessary to 

locate this sensor  c.n the satellite exterlor,  preferably not in the sun. 

The  frequeacy response bandwidth, dc to 5 Hz, is based on 

rf"SINC SURFACE * 
I '  I 1 I 

Figure 2. Summary Di?scription of the Characteristic 
Errerg3: Sensor 

2.1 Current Uensity Sensor 

The current  density 8ensor is  described in 1:igure 3. It consists of a platn 
metal curreat  coliecting plate and current  measurement ctrcuitry. Current  meas - 
urefnent is by means of an electrometer.  The sensor  range, 0.01 to 5 nA !em2, is 
based on present knowledge of the environfnent. '' The frequency response band- 
wtdth ts dc to 1 Nz. Thc! phydichl chnrncteristics given in Figure 3 are B combina- 
tton of goals and what has been achieved to date. The output is malog; convcrziun 
to dtgital output can be performed, wtth the attendant weight and power increases. 
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Figure 3. Summary Description of the Curr.?nt 
Density Sensor 

Sensor location is  required to be on the spacecraft exterior, preferably not in the 
sun. 

Utilization of the spacecraft charging monitory, briefly described herein, on 
the greatesf possible number of operational spacecraft w i l l  se rve  to broaden the 
base of engineering data on the spacecraft charging phenomenon. Their  use ui l l  
a lso enable a heretofore unobtained one-to-one correlation oi' transient events with 
environmental activity. 

.'he spacecraft charging monitors &an serve a s  a warning system. The occur- 
rence of a subatorm electron injection tnto the local environment can be sensed 
with:n some fraction of a minute. The response of the dielectric surfaces of a 
spacecraft to the charging environment would be on the o rde r  of minutes. lo Thus, 
the differentlal charging that can lead to breakdown could be dealt ivith by means 
of dome active charge control o r  action could be taken to put the spacecraft in  a 
fail-safe or starldby mode of operation uhtil the dangei had passed. 

al:?maloirs behavior can be isolated as charging-induced or the result of other 
causes. The real- time cap*,bilities the monitors can provide in "-i-  rega~*d should 
be particularly beneficial to operational spacecraft. 

The spacecraft charging monitors can serve  as a d.-nnostic tool. Any 
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The Lewis hesearhh tcntor is developing a packago of etigineering wl ru rnen l s  
to s e rve  as spacmrsft charging monitor's. Thcy .iiense the loccll spBEdcraPt Pnvi- 
ronfnent (the chnrac tcfb t ic  energy and tlux UP charged par'ticles) add transierits 
d u s e d  into spacecraft harnes9in.g (as a result of breaktisxnu resulting from dif- 
ferential charging). The monitors a r e  simple and conservatively desigtllPid. Their  
use can serve to warn of adverse changes in the loeal spacecraft environment. 
The data they Can return w i l l  broaden the data base upbn which spacecraft system 
design and test cr i ter ia  specifications rest. 

tb integrate spaceeraR charging moriitors intb th& spacecraft systenis. The 
s tate  o€ knowli?dge of t h t  spacecraft charging phenomenon is such that the warning 
and diagnbstic fuudetions that they would per€orm would se rve  to instire a suwess- 
ful mission. 

It is in the irltdrest of all those involved in the use of operational spacecraft 
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