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Abstract 

Large potential differences between parts of the spacecrafts o r  between the 
spacecraft and the plasma wi l l  cause instruments ti, give misleadihg o r  meahing- 
less  data. Potentials and currents at various locations on the Pioneer Venus 
Orbiter ape predicted by CpnstruCting ah elektrical mbdel of the spacecraft and the 
environment, and Calculating' the response of tha electriCa1 riiodel to the environ- 
ment model. 

P h  envfrbhment models were constructed to refireserit the solar  wind and the 
upper, ml!dle, and I w e r  ionbsphere of V9nus. 
modeled With over 140 passive 8lectrical elemehts representing structural elements 
of the $p&ceix%dt. Electroh, lbn, secondary electron, and photocurrents to the 
spacecr&R from the plasm& were calculated, ignoring sheath efrehts. 

The spacecraft structure w a s  

Ih all but one case, pbtentfals of ihthrest were less than 1 volt. Potential 
differences between Hitdely SBpePated patiits on the equipment shelf were less than 
1 mV. Thie one area of coticerfi is the solar panel potcititial whefi the orbiter is 
passinif through the bowshock regtad. Here we assUlrh$d a hi#h photochrrimt and a 
low density, 10Hi tefnperatirre plasma, wtth solar  panel potedtiells approaching 5 
volts positive. Some expertmeritera indtcated thts would present a problem in 
ihterpreting results. Further study is needed to clarify thls issue; othewise, 
sflacecraft potentials a r e  well wtthtn design levels. 
Work p r fo rmed  by Hughes for Ames Research Center under Contract NAS 28300. 
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SpRcccrnft for two Plonsor Vanun mlsnlonn nrc bolng build by 1luffhc.r ADrcrnfL 
Company for NASA Amss RDaeerch Ccntcr. In tho multlproho mlwlon, n larac 
entry probe will mako dctailod iiiensurcmcnts of thc Vonuslnn ntmo..iphsrc and 
clouds. Tkrce small probes w 111 simultaneously rrnmple ronnditlona at wldcly 
separated points, The prabc bus wlll make upper atmoopherie tneasuremont., 
pribr to its entry and burnup, In the orbiter niiso6on, a spacecraft will clrels the 
planet for Q Venusian year (225 days), cxaminlng long term and glpbal erfects. 
The orblter wtll be placed in a highly inclincd elliptical orbit with a low altitude, 
midlatitude periapsis location. M o d o f  the measurements will be taken during the 
periapsis pass. 

Figure 1 shows the Pioneec Venus Orbiter. There is a condueting mesh over 
the forward end of the spacecraft to Gnuure a uniform charge distribution. 
lists the instruments on th& orbiter that are concetned with the  charge state of the 
spacecraft. None of the experimenters felt their irlstrument would infltence the 
charge state of t he  spacecraft. 

Table 1 

F i e r e  1. Pioneer Venus Orbiter 
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Elettrbn temperdture probe 
Or. Larry Brace 

a6000 khi 

Retarding potential hnblper 
Dr. William Knudsen 

All 

Thbke 1. Exp&iiaents Comerned with Chkrge State at Spacecraft 

Iinmrtdnt Features 

ko exfernat pDt6ntiaIs; current 
26 Y 16 ' 4  A. 2 in. dia upertlire; 
Cdlrld dtafer ne&ltiJelv chbtged 
spateaaft 
h c ~ ~  potentials vbrv frbm 
.$ tu +7 V; total area -1 3 cm2; 
single probe area = 4 cm2 

lor. man rpctfdmeter <So60 km 
Or. Harry Tal)lor 1 

- 1  
I Ewpdred p.%tetitial +6 V current 

to insWmeht could be 81 high 
a5 10.4 A; aperture diameter 
= 8 tm; would prefer space. 
Craft potential from .1 tb 65 V. 
Pbtentialf70D V; mbxihlim 
current 10.12 A; awrture 
ark& = 1 cm2 
NO expbsed potentia1s;rheasures 
potential difference dcrosi 
instrument at frequencies 
above 100 Hz - 

Plasma analyzer 
dr. John Wblfe 

Electric field detectbr 
Dr. Fred Scarf 

All 

All 

The chslrged particle envirbnmerlt for the Pioneer Venus Orbiter :luzslon is 
an upper bouhd on empirical information obtained frbm vari6us sou~ces.  
model covers the full range of hltitudes where scientific pahkages on the! orbiter 
vehicle are bperatibhal. The model is summarized in-Table 2. 

The" 

Table 2. Pitineer Venus Orbiter - Charged PBrticle Erkviroament 

Eirer@y 
Levels. 

eV 
Erivirtmment Altitirde Charged 

Solar Wind 
eiections 

electrons 
Uiwr 

Redion 
LaMl 

I 

II 

Ill 

Ib 

V 

10 to la6 
10 to rim 
a.1 
<o. 1 
<o. 1 
<a1 
<os 1 
<o. 1 
-0.00 
-0.06 

M i l i e  
ionosphere 
Low& 
ionosphere 1 
Lowei 
ionosphere 2 

700 io 350 

35d .o 2b6 

200 t i  160 

Ions (C02+I 
electrons 
Ions (C02t) 
electrbns 
Ions (cop) 
electrons 
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A Cosmfc ray backgL%W5 W i l i  be prieseht at all altitudes. since the CdPfehL 
densities are low ahd the particle entkgies high, there wi l l  be negligible c6ritribU- 
tibn to Q surface chakge b r  potential builW@ bn the osblter exterior eur.,tes f r o b  
this soutce. The salhr wind compbnent bf the ehvitonmeht dbminates down to an 
altttutte bf appraximately 1666 km, the bowshbck region (actual altitude dtrongly 
dependeht on vehicle ttajectory). The iobogphere begin8 tb develop at lower 
altitudes and pgrticlt! thd c'urrent densities peak at an i4ltitude in the range of 150 
to 200 kfn (- $00'6 therrhbsphere). 

interest should not be taken as rigid divisions. In addition, the aolar radiation 
(- 5'150°K blackbody, 2.7 X 10'4erg$/cm2 sec)  at Venus cbntribdtes strdhgly to 
the spacecraPt charge for the orbiter because of the.efkectof photoetqission from 
the spacecraft external surfaces. 

El$ctron and idn currents, photbembsion cdirkenth, alid secondary blt\ctron 
currents are included 88 appropkhte. Tablea 5 and 4 list current density (alziperes 
per  square centimeter) used in calcubtiona for eaeh region. These current dbnsi- 
ties are brI(?-half the elcpected maximdm thermal curi-en&. The secondary euc t ron  
current is aepehdeht on a parameter Emax, the energy at nlaximum secbndary 
Clectwn emisdh .  ?able 4 list$ the Becondary electron emissim for two typical 
Emgx i%nd Smax = 1. Sniax is the t i i l ~ b e r  of secondsry electMn.4 emitted at. Emax. 
The resistivity of the plaama is calculated from kihetic theory, 6 In calculating 
the resistance to the plasma from each element, the Debye lengtk was used as the 
length through the plhsma. Table 5 lists the terms included in a power series 
expansion of curreilt versus pstential, .. . . . . . 

The i o i s p h e r e  is extremely dynamic and the altitudes boundhg the regions of 

6 

ALT = altitude range V = co11ision treqiiency 

J, electron current density Ne e1ectrb.h denBity, electron/cm 3 

kTe = electron tenlpefahre, eV Ji ibn eurrent detslty 

AI, Gflzel)''" = Debye length, cm Je/e = slcdndary ekc t rdn  

Jhu dens ity 
1 = = ktriettp. theory rtMstlvitp; 

curfent density 

= photoemission clrrrent 2 ili..c v 

Ne d J = total current density 
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c 
Altitude, Ne, 

Rdgibh km rm .) 

100 

2.8 x 106 

I - to  1000 10 

II l d a  tb 700 lod 6. 1- 
111 7M1 to 356 1 d3 6.1 
IV  360 to 2M) 104 d.1 

Solar vJind 

200 to 150 6 . 0 ~  lo5 0.66 0.26 V 

i 

1 
' _  

P 

i. ' 

1.12 x 10.12 

i.6x 1013 

7.6 x 

3.81 x l o l o  
2.97 l o 9  

Table 3. Plasma PBraiYiettrB: 

B x  16-9 

3x  I O 9  

0 

0 

0 

Table 4,- Plasma Curretlts U86d in Calculatiotls* 

I I 

2.12 x 10.8 4.94 x 1010 

Jel,,,. 
E=500  
AlClll2 

1.38 x 10-12 

1.61 x to-12 

1.61 x lb-11 

3.94 i~ 10.~ 

5.05 x 

Table 5. Power Series gxpgnsion of Total Currer.!: Density 
in One DLfnBrisibn 

J6 - 
Ji = 

Jeleo *. 

Jele - 
J - 
J - 

Jele0 e +21! $/kT 

Jhcr + Ji + 81, .Je 

(JhJ 4 Jio + Je/bo. Jedi + (Ji, + 2 JBle0 + Jeoi 

t (Ji, t 4 Je/40 . J,) 1 /2 ($)2 + (Ji, + d  Je/,, * Jeo) 116 (#)' 
t (Ji, t 16 Jeleo. Jeol 1/24 (# + .  I .  

*Clne-halP makimrifn values, 
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In additt6n td the thermal cdrreht,. the dpdecr'&& Will see a curfent due tb 
the relative veldcity of Ih(! spacecraPT and the plasma. ThlB Is called d ram C u r -  

rent, Typical ram cairfefits are B h a d a  in Table 6. Both the ekc t ron  add ion 
currents will  be iircreased by th8 ram current on sul'fa&sl facing htci the velocity 
vector. Both currents wi l l  be reduced ob sdrfaabea hidden from the velocity vector. 
Table ?-compares ram and therrhal currents for the Pioneer Venus Orbiter. In 
Region I, thc relative .rteluCity is that of the solar  wind. In Regions II through V, 
the relative velbcity is the Peldclty of the spacecraft in its orbit. In Regions I and.- 
11, the photocurbelit dominate8 and ram currents w i l l  have little ef€ect on the net 
spacecraft charge. In RegloRS III, IV and V, the ram current t i l l  tend to make the 
Spacecraft goje-ntials more pdsitive. 

Table 6. Ram Currents 

~ 

J. 
3 Alan2 km knifkec Cmr an 

Region, <v>. 

>loo0 m.00 10 8 ri 10.11 
1000 9.16 iw r.5 x 1 0 1 1  

d x  104 7.7 k 10-9 
iod 5 x  105 7.6 x 10.8 

l(rm 1.5 x Sb.1' 

Tiable 7. Likely Effect of Ram Current$ 

I I Thermal I 1 
Cbmment Region, J 

km Jreln Jellrax. imAx .. 3 

3 x 
8 i( \ Photocurrent domirl8ted; ram 

arrent will make no differen& t6 
>ratio e x  10.11 

charge state of spadebtaft; may 
infltien& erperfmentt. . .  
Greatly incieaaa Jid; hb 
bffett when @heseneai zBr6: 
will rena to fink@ speciriJ8ft 
voltage mbre positive. 

1006 1.6 x l o l l  8ii 10" 2ri 1012 
700 1,sx 1 0 . 1 ~  8 x W'b 2 x 10-11 
356 1.7 x 109 4x 10.8 1 x 109 
2w 7.8 x 10' 3 x  10.7 e x  10.4 

I I 1 I I I 
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The Cilectritsl model for  the brbiter ineludes more than 140 electrtcal ele- 
ments and over 7d nodes, each representing an impbrt8nt spacecraft lociitibn (see 

ing discussibn outlines the Pothulation cif the models. 
Figure 2). This electrical model was Constru&ted as described in t and the follow- 

3.1 Thrust Cone (Series I@-. 

The magnedium tbiwlt cone was modeled as a ser ies  of linear indhctbrs arid 
resistors. A central node w a s  tided to provide a location for a capacitance to the 
surrbunding solar panel substrate. The lower  end or the cone was tied directly to 
the equipment shelf support dtruts and the upper Chd represented the interface 
with the BAPTA &hd equipnient shelf, 

3.2 Kquipment Shelf Support Siruts (Series 203 

The 12 support strut8 were reduced to an eqhivalent configuration of four tb 
fi t  the simplified quadrant model of the equipment shelves and surrounding solar 
panels and substrate. The four strut elements weire then modeled as linear iridut- 
tors and resistbrs.  Estifnatei3 resistances of bonded joints were intltided where 
it was felt important. 

‘L c 

1 

3.3 Equipment Shelf (Series 30) 

The equipment $heif ww mbdeled in qirldrants with circdrnferentiel arid radial 
inductances and resistance$ tdculated for eaCh. A capacitarlw tb the for\kard 
aluminum medh and thermal bllnket w8s alsb included. (Where two capacitances 
appeat. in series with an unimportant intervening node.ant: one is much larger lli 
magnitude than the other, the larger capacitance i s  omitted f y o r r i  the: model for 
sfrriplififdtibn, br an equtvalent ealculafed. 1 

3.4 B W T i  iind h P T . 1  Slppbii Cone (Series $0) 

The BAPTA Bnd Its $upport strueture were modeled a s  an inlluctor and resis tor  
tied at the ends to the equipment shelf and the mdm antenna supports. 

3.9 \lain 4ntcnncl Shppuri, Dish. and Foraaid Omnl (Series 50) 

The ahmltiuM adtenna sugport struetubes were modeled as linear inductors 
and rhslstors with ti node at the meln dlsh aiid &t the omni. i3tipcicltances were 
calculkted for the: dtsh and the omnl to Infinity. An esttmate of mutual tridlctance 
coupllng wlth the: anterim feed striicttire was also included. 
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Flgure 2. Ptoheer Venw Electrlcal Model 
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KEY TO FICtJnB Z 

The antenna feed structures w e r e  msde18d as an inductor and resistor with a 
node at the Peed. The capacitarices to the reed cap and to infinity were ineiuded. 

The solar  pahel endlosure Was modeled as an oblate spherbid in ardeI' tb cal- 
culate a representative capacitance to iriEinity. It was theli divided into qdadfmts 
and longitudinal and eireumferential indaetahces calculated frbm the formulas for 
a lbssless transmissiod lfde. Associated resistances were also apportioned. 
CapaCitances were calculBtetl between impbrtant elements within the solar  a r ray  
and to the thrust cohe. 

Capaeitiincss and induetames were calculated in the s ame  maliner a s  those 
fop the solar  array. Hesistanees were apportioned ambng the quadrant members. 

3.9 E'orrvard \Icsh and ThermiiI Blanket (Series Ori) 

Radial inductances and resis  tames were calculated for the quadrants of the 
forward bar r ie r  in the same manner as for the equipment shelf. The capacitance 
01 the antenna dish to the equipmgrlt shelf is  also Lnclbded. 

The aft orhlll support add omnl antwina Were modeled similar to the forward 
omni. 
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The results of the Table 3 culirents used ori the e lee t rka l  model a r e  presented 
ia Table 8. In Reglons I and I!, the photocurrent was modeled as an offset sine 
functibn with the phase adglC! depeirdltig on the quadrant. For example, SourCe li 
has a phase of Oo, J Has a phase af goo, et&. The bffset is chosen to make the 
photoeui-rent maximum at 90b and kero at 2?Oo. This overestimatbu the photb- 
cuprent per spyil cycle. A rectified $ine curve would better approgimate the photo- 
current. In these regions, the effect of this pulsating curr‘ent is seen as  an at: 
voltage on the perimeter of the shelf. The magnitude of this voltage is shown in 
Regions I arid I1 at the four shelf locations and for the exterior of the solar panel. 
The frequehcy for this oscillation is th8 reciprocal of the spacecrak spin period. 

The bnly tbltage to exceed 1 volt ill Table 8 is that of the solar pailel in 
Region 11. Here we assuhle a fairly High photbcurrent and a very law plasma 
temperature and density. The electron cdrrerit is predominately a thermal current, 
the only current available to neutralize the phbtocurrent. Therefdrd, positive 
potentials a r e  possible. 

Table 8.  ISPICE Calculatibhs - 85 Percent Porasity 

Node I ISPICE Run 

20 
30 
72 
74 

Omni antahno 
Dirh antenna 
Ahtennb f6ed 
Mesh 
Sohi pnei  egtehsion 
Cehter df shelf 
Shelf Ou 
Shelf 80‘ 
Shelf lao 
ShClf 2?Oo 
Sdiiir p&nel 
Aft cavity 
Current through BAPTA, 4 

200 350 

v IV 

We PVS 

-3.4 .I1 
-1.9 .9.8 
-1.6 4.b 
-1.9 .9.2 
-1.8 -9.2 
-1.8 9.2 
-1.9 4.2 
-1.9 -9.2 
-1.9 .EL2 
.Le 4 . 2  
-1.9 -0.2 
-37 .i0 
-2.3 -17 
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111 I 1  

PV4 I PV3 

.3i 
.37 
4 2  
-37 
4 7  
3 7  
.3i 
3 7  
-37 
4i 
-4 1 
-9 1 
.1.1 
I_ 

c1 
<1 
<I 
<l 
<l 

<l 

2344- 
432 
13.6 

>ilk0 km 

I 

Pvz 
24 
14 
21 
24 
24 f 0.04 
24 

24 
24 
21 *20 
-6 4 
.7.0 



Doliblirlg the current densities ln Table 2 will at mast dobble the negative 
voltages tor each regiofi. In Regions I and 11, the phbtocurrent d i l l  dominates d.dd 
the voltages remtiin about the shme. 

on the spabecraft. Table 9 shows a sertes of ealeulatfofis in which the aPea of the 
conducttve mesh is calculated, asduinlng 0 percent porosity instead of 85 pertent 
porosity. Modeling of the plasma axid the spabecraft iri this way is a lies art  and 
there are many aread bf unbertahty. In extending thest! caleulatioris, the ISPfCE8 
representatioh of nbnlinear voltage controlled current sources for lbw temperature 
plasmhs needs irhprovexnent, as does the representatiod of photocurrents on a 
spinning body. The effect bf ram current3 a,y a fmbtiofi o r  Orbit position arid orien- 
tation, arid the investigation of sheath formatkn, plasma resistivity, and gc?om&t - 
rical effeetd ape also of interest. 

Idcreds&i& the cbnducttve mesh &kea does nbt sipdficantly change the potentials 

Table 9. ISPICE Calculatibns - 0 Fercent Porosity 

Altitude (ha%\ 200 356 7t)o 

Region J I V  Ill - 
W e  ISPICE Run PV6 Pv5 PV4 

1 h n i  antehna 4.4 -1 i .40 
3 Dikh entbhna .1.9 -9.8 -4b 
7 Antenhe feed -1.6 4.5 -42 
8 Mesh .l.d .9.2 40 

16 Solar panel extension -1.9 .9.2 -40 
22 Center of shelf -1.9 .9.2 4 
24 Shelf edge O' -1.9 .9.2 40 

d Shelf Bdbe 1&Oo -1.9 .9.2 .46 
26 Shblf edge gob -1.g 4.2 -40 

30 Shelf edge 270' -1.9 4.2 -a 
72 Solar panel -1.9 4 .3  -40 
74 Aft cavity -37 -78 .Q1 

Rad1 Cu'rrent through BAPTA.@ .2.4 .18 d.5 

* m a  mv. 
NOTE: Ail voitabes in millivolts uhlelr ofhewise n o d .  

I i  

Pv3 

< 1  
<1 

<I  
<1 

<'I 
<1 
<1 
<1 *w 
<l 
<1 
2344' 
-9 2 
13.6 

11 
11 
21 
lb 
10 
10 

lb i 1 9  
lb  
I O  
21 
44 
33 - 

1 

i 
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