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Abstract

Largé potential differences between parts of the svacecrafts or bétween the
spacécralt and the plasma will cause instruments to give misleading or meaning-
less data, Potentials atid currénts at various locations on the Pioneer Venus
Orbiter are predicted by constructing an electrical model of the spacécraft and the

environment, and calculating the response of the electrical riodel to the environ-
mert model,

Five environment models weré conistructed to répreserit thé solar wind and the
upper; middle, and lower ionospliere of Veénus., The spacecraft stricture was
riodeled with over 140 passive électricadl elements representing structural elements
of thé spacecraft, Electroh, ion, sécondary ¢léctron, dand pliotocurrents to the
spacecraft from the plasta were calculated, ignoring sheath éffects.

In all but one case, potentials of interest wére léss than 1 volt. Poténtial
differéncés betweén widely séparatéd puliits oii the equipmeént shelf were less than
1 mV. The one aréd of coricern is the solar panel poteéntidl when the orbiter is
passing through the bowshock region, Here weé assiiniéd a high photocurient and a
low deénsity, low temperaturé plasiiia, with solar panel potentials dpproachihg 5
volts positive. Some experimeriters indicated this would present a problem in
intérpreting results. Furthéi study is needed to clarify this issue; otherwise,
spdacecraft poteritials are well within design levels,

Work performed by Hughes for Ames Reseaich Center under Contract NAS 28300,
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LoOINTIMN CTION

Spacceraft for two Ploneer Venus missions are beifig built by Hughes Alreraft
Company for NASA Ames Research Center, In the multiprobe misston, o large
entry probe will make detailed measurements of the Venusian atmosphere and
clouds. Three small probes will simultaneously sample conditions at widely
separated points, The probe bus will make upper atmospherie measurements
prior to its entry and burnup, In the orbiter mission, a spacecraft will circle the
planet for a Venusian year (225 days), examining long term and glpbal effects,
The orbiter will be placed in a highly inclined elliptical orbit with a low altitude,
midlatitude periapsis location. Most.of the measurements will be taken during the
periapsis pass.

Figure 1 shows the Pioneer Venus Orbiter. Thére is a conducting mesh over
the forward end of thé spacecraft to ¢nsure a uniform charge distribution, Table 1
lists the instruments on the orbiter that are concetned with the charge state of the
spacécraft. None of the experimenters felt their instrument would influénce the
charge state of the spacecraft.

Figure 1. Pioneer Venus Orbiter
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Table 1. Esperiments Concerned with Charge State of Spacecraft

Operating
Instrument Altitude Important Featurés
lor. mass spectrometer <6000 km No externai poténtials; current
Dr. Harry Taylor 2bx 10-14 A, 2 in. dia dperture;
would gréfer negatively charged
spacecraft -
Elettron temperdturé probe 26000 ki Exposed potentials vary from
Dr, Larry Brace 5 to +7 V; total ared ~13 cm?;
single probé area = 4 cm: :
Retarding potential analyzer All Exposed potential +6 V currént !
Dr. William Knudsen to instrumeht could bé as high i
as 10-4 A; aperture diameter ]
= 8 tm; would prefer space- ;
craft potential from -1to 5 V. :
Plasma analyzer All Potential 700 V; maximum :
DOr. John Wolfe currént 10-12 A; aperture i
ared = 1cm2 1
Electric field detector Al No exposed potentials; measures :
Dr. Fred Scarf potential differénce dcross ]
instrument at frequencies B
above 100 Hz .

2. CHARGED-PARTICLE ENVIRONMENT

The charged particle environmeént for the Pioneer Venus Orbiter mission is
an upper bound on empirical information obtained from various soveces. * =% The
model covers the full range of altitudes wheré scientific packagés on the orbiter
véhicle are operational. Thé model is summarized in.Table 2.

Table 2. Pioneer Venus Orbitéer — Charged Particle Environment

. Maximum Ehergy
Region Erivironment Altitude Charged Dé'nsitieg, Levéls,
Label Componsnt Range, krh Particles per ém eV
1 Solar wind s to 1000 Protons 1 10 to 100
électrons 10 1010 100
1] Upper 1000 to 700 | lons (CO2+) 102 <0.1 j
ionaiphdre electroris 102 <0.1 :
n Middie 700 to 350 lons {(COz+ 103 <0.1
ionosphere eléctrons 103 <0.1
1\ Lowdr 350 .0 200 lons (CO24) | 6x 104 <0.1
ioriosphere 1 electrons Bx 104 <0.1
v Lower 200 tc 160 lons (CO2+) | Bx 100 ~0.06
ionosphere 2 electrons Bx 105 ~0.08
. 299
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A cosmic ray background® will be present at all altitudes. Since the current
densities are low and the particlé energies high, there will be negligible contribu-
tion to a surface charge or poténtial buildup on the ogbiter éxterior sur..2és froin
this source. The solar wind coriponent of the environment dominates down to an
altitude of approximately 1000 km, the bowshock region (actual altitude strongly
dependent on vehicle trajectory). The iohosphere beging to dévelop at lower
altitudes and particle and current densities peak at an altitude in the range of 150
to 200 km (~ 500°K thermosphere).

Thé ionosphére is extremely dynamic and the altitudes bounding the regions of
interest should not be taken as rigid divisions. In addition, the solar radiation
(~ 5750°K blackbody, 2.7 X 10~4ergs /cm2 sec) at Venus contribites strongly to
the spacecraft charge for the orbiter because of the.effect.of photoernission from
thé spacécraft external surfaces,

Electron and ion currénts, photoemission currents, and secondary électron
currents are included as appropriate, Tables 3 and 4 list current density (aniperes
per square cehtiméteér) used in calculations for éach region. These currert dénsi-
ties are one-half the expected maximum thérmal currefits., The gsecondary cléctron
current i§ dépéndent on a parametér Ehax the enérgy at miaximum seécondary
éleéctron emission., Tible 4 lists the secondary électron émission for two tipical
Enax and S_ = 1. S... is the rumber of secondary electrons eritted at E .y
The resistivity of the plasma is calculated from kinetic theory. 6 In calculating
the resistance to the plasma from éach eélement, the Debye length6 was used as the
length through the plasma., Tablé 5 lists thé terms included in a powér seriés
expansion of current versus potential, . . . .

KEY FOR TABLES 3.THROUGH 5

ALT = altitude range v = ¢ollision frequency
Ne = electron density, elect:‘bn/cms Je = electron current density
kT.é = electron teniperature, eV J i = {on current dersity
_ kT _\M/? . ,
A\p = =3 = Debye length, cm Je/é = secondary electron
47N e curient density
. 2 J = photoémission current
Mg v . i , hy density
n = 5 = kinetis. théory resistivity;
N € J = totdl current density
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i . Table 3, Plasma Parattieters
t
v Attitude, Ne, kT b0 :
! Regioh km em 3 oV cih ohm-cm
hE l % to 1000 10 100 238x16% | 3.194x103
. Soldr wind
3 i 1000 to 700 100 6.1- 236 25x 108
L " 700 to 350 108 0.1 7.43 25x107
i v 350 to 200 5x 108 0.1 1.0 6.0 x 10
i, v 300 to 150 50x10° | 006 0.26 5.0 x 10
-

Tsable 4.. Plasma Currents Used ik Calculations*

Jeleo,
Je°,2 Jig, s E= 3020 Jelyq, Jhe s
Region Alem Alem A/ém E-400 ~ Aleni
{ Solar wind 1.34x1010 3.13x 10'12 1.38 x 10"‘2 1.12x 1012 6x 109
I 424% 10! 0.80x 10713 101x 012 16x1013 3x 109
1 424x1010 9.89x 10712 101 x 101 7.6x 1012 0
v 2.12x 108 4g4x 1010 5.05 x 1010 381x 1010 0
v 1.64x 107 383x 109 394 % 109 247 x 109 o
Table 5. Power Séries Expansion of Total Currert Density
in Onée Diménsgion
5 - Db (_ 2KkT ) 12 ¢ COKT o yo o -ad/kT
-4 #me2 °
. Ji = % Jo 8 O/KT _ Jige e o/kT
1% Selyo * Y1) Ty KT g (.r.k_T._ 1 a (__E_)”’)
X, 'max Emai( Emax
: Jole = Jely, o t2RONKT
: J 2 it el de
R J = (g i+ el - Jes) + Wig +2 de/, + Jeoi(%)
T T o\ 3
: +Uig + 8.6/ - Joo) 172 (Y + Wig +8.0/,q < deol 16 ()
. + Wig + 16 Jo/, - Jeo) 1/24(%.)4 o
% /
jl %One-hdlf miaximdm values,
301
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In addition to the thermal current, the gpacecralt will se¢e a current due to
the relative velocity of the spacecraft and the plasma, This is called a ram eur-
rent. Typical ram currénts are shown it Table 6. Both the electron and fon ;
currents will be increased by the ram current on surfaces facing intc the velocity !
vector. Both currents will be reduced on surfa¢es hidden from the velocity vector.
Table 7.compares ram and thermal currents for the Pioneer Ventis Orbiter. In
Region I, thc relative veloeity is that of the solar wind. In Reglons 11 through V, i
the relative veloeity i8 the velocity of the spacecraft in its orbit., In Regions I and.. -
If, the photocurrent dominates and ram currents will have little effect on the net ]
In Regions III, IV and V, the ram current will tend to make the

gpacecralt charge.
spacecraft potentials more positive.

&

SRy

Table 6. Ram Currents ;
Region, <v>, N, 3 J, 2 }
km km/sec per cm Alem
>1600 $00.00 10 gx 101
1000 9.16 100 15x 1011
700 6.38 1000 15x 19710
350 8.66 g x 104 7.7% 109
200 9.78 5x 105 78x 108

—l: Table 7. Likely Effect of Ram Currénts
77 - |
; Thermal! 1
Reglon, ;
km Jraiit J°max J‘méx Comment ‘
>1000 gx 10" 3x 1010 6x 1012 Photocurrent dominétes; ram .
carrent will make no differénte to !
charge state of spacacraft; may !
. influénce éxperiments. ‘
1000 16x 10! gi 10! 251012 . i
. Rt . Greatly increases Jig; ho ;
700 15x 10 10 8x 1010 210! effect when ﬁhasengar' 26r0; :
350 7.7x 10 ax108 1x 109 will ténd 16 make spacacreft :
B 200 2.8x 109 3y 107 8x 10-9 voltage more positive. ]
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3.+ SPACECRAFT ELECTRICAL VMODEL

The &lectrical model for the orbiter insludes moreé than 140 electrical ele-
ments and over 70 nodés, each repregenting an important spacecraft location (see
Figure 2), This electrical model was tonstructed as described in? and the follow -
ing discussion outlines the formulation of the models.

3.1 Theust Cone (Series 10).-

The magnesium thrust cone was modeled. a5 a series of linear inductors and
resistors, A central hode was used to provide a location for a capacitance to the
surrounding solar panel substrate. The lower end of the cone was tied directly to
the equipment shelf support stmits and the upper énd represénted the interface
with the BAPTA and equipment shelf.

3.2 Equipment Shelf Support Struts (Series 20)

The 12 support struts were reduced to an equivalent configuration of four to
fit the simplified quadrant model of the édquipment shelves and surrounding solar
panels and substrate. The four strut elements were then modeled as linear induc-

tors and resistors, Estimateéd resistarnces of bonded joints were included where
it was felt important,

3.3 Equipment Shelf (Series 30)

The equipmient shelf was modeled in quadrants with circumferéntizl and radial
inductances and resistances calculated for each. A capacitance to the forward
aluminum mesh and thermal blanket was also included. (Where two capacitances
appear in series with an unimportant intervening node.and oneé is much larger in
magnitude than the other, the larger capacitance is omitted from th¢ model for
simplification, or an equivalent talculated. )

3.4 BAPTA and BAPTA Sipport Cone (Series 40)
The BAPTA and its support structure were modeled az an inductor #nd resistor
tied at the ends to the equipment shelf and the mam antenna supports,

4.5 Main Antenna Support, Dish, and Forward Omni (Series 50)

The aluminum antenna support structuies wefe fiodeled as lingar ihductors
and resistors with a node at the main dish arid &t the oinf, Cdpdcitances were
calculated for the dish and the omni to infinity. An estimate of mutual iriductance
coupling with the antérins feed striictiire was also included.
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Figure 2, Pioneer Venus Electrical Model
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KEY TO FIGURE ¢
NODE LOCATION NODE LOCATION
© 2enoy O IGROUND)
) [¢] IMN ] 7 E Y t " " )
’ Ot AN T oo 45T 3.3 3 3a} ANG SouAn ARRRY e oo (LONGITUONAL
k) ANTENNASUMPORT MAGT 39, 40. é1, @2 SOLAR ARRAY TOP ICIRCQM“EQSN\'IAU
4 BUPPORYT MASY 42, 44,45 46 EQUIPMENT SMELF (ClﬂCUM'(ﬂ(NYIALI
6 MAST/BARTA INTEREA(S 47, 48 THRUST CONE (UPPER)
[ ANTENNA FEED SUPPORT 45, 80 TMRUST GONE (LOWER)
? ANTENNA HEED 61,82, 83, 84 EQUIPMENT SHELF SUPPORY STAUTS
[] FORWARS "CTHERMAL BLANKE T 89, 86,57, 89 SOLAR ARRAY {LONGIYUDINAL)
A11,13 16 FORWAR. - “THERMAL BLANKET 69, 80 61,62
10, 12, 14, 16 MESH/RUE . - TATE UPPER SECTION RADIAL) 62, 64,85, 65 BOLAR ARAAY 8oTrom :cmcuucen:utmg:
17,18, ‘6, 20 MESH SURSTRATE Uit SECTION l",IRCUMFERENHAL) 3? AFT OMNI SUPPORT
2" RAPTA 88 AFT OMNI
22 RAPIA’FQUIﬂVl‘Nf BH!LF/'N‘\USY CONE INTERFACE 69 20 71,72 SOLAR ARRAY COVENOLASS
23, 24, 25, 26 P CUIPMENT SMFLE tRADIAL) ”n ANTENNA FEED TOP
27,28, 20, 30 74 AFY FACING SIDE N
i
i
3.6 Antenna Feed Strut and Cap (Seties 60) ]
J
The anténna feed structures were modéled as an inductor and resistor with a
node at the feed. The capacitances to the feed ¢ap and to infinity were included,
3.7 Solar Arruy and Substrate (Series T0)
The solar panel enclosure was modeléd as an oblate spheroid in order to eal- :
' culate a représentative capacitance to infinity, It was then divided into quadrants
and longitudinal and circumferentisl inductances calculated from the formulas for ]
a lossless transmission line, Associated resistances were also apportionad,
Capacitances were caleulated between important elements within the solar array
E
and to the thrust cone. ‘
dot.‘j 3.8 Substrate iXxtension atid Mesh Weap (Series §0) ?
A ;
4 Capacitancés and inductances were calculated in the same marnner ag those v
wx for the solar array. HResistantes were apportioned among the duadrant members. i
o 3.9 Forward Mesh and Thermal Blanket (Series 90) j
= g . ’
Radial inductances and resistances were calculated for thé quadrants of the :
o 4 forward barrier in the sdme manner as for thé equipment shelf. The capacitance j
, of the antenna dish to the equipmerit shelf is also included, ‘
300 A Structure and AR Osnd (Series 100) |
1
The aft ot support ard omni anterina were modeled similar to the forward
o e oriini,
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4 ISPICE CALCULATION RESELTS

The results of the Table 3 currénts used on the elettrical model are presented
{n Table 8. In Regions I and Ii, the photocurrent was modeled as an offsét sine
function with the phase angle depending on the quadrant. For exarhple, Sourte i
has a phase of 0°, J has a phase of 90°, étc, The offsét is chosen to make the
phototurrent maximum at 90° and zero at 270°. This overestimateés the photo-
current per spint cycle. A rectified siné curveé would bétter approximate the photo-
current. In these regions, the effect of this pulsating curreént is seen as an ac
voltage on the perimeter of the shelf. The magnitude of this voltage is shown in
Regions I anid II at the four shelf locations and for the exterior of the solar panel,
The frequency for this oscillation is the réciprocal of the spacecralft spin period.

The only voltage to éxceed 1 volt in Table 8 is that of the solat panel in
Region II. Here we assume a fairly High photocurrent and a very low plasma
tempeérature and density. The electron current is préedoniinately a thermal current
the only current available to neutralizé the photoctirrent. Therefore, positive
poténtials areé possible,

Tablé 8. ISPICE Calculiatiohs — 85 Pércent Porosity

Aititude (max) 200 | 350 | 700 1000 >1000 km
Region \ \Y) H " |
Node I1SPICE Run Pve | PVE | PV4 PVa PV2
1 Ormni antenna 34 11 .37 <1 24
3 Digh antenna 1.9 9.8 .37 <1 24
7 Antenrib féed 18 | 65 | 42 <1 31
8 Mesh 19 82 | a7 <1 24
16 Solar panei extension 19 8.2 37 <t 241004
22 Center of shelt 18 | 92 | @ <1 24
24 Shelt §° 1.9 9.2 .37 <1 24
26 $heif 809 19 | 92 | 37 | <ilzap | 24|z004i
28 Shielf 180° 1.9 9.2 37 <1 24
30 Shélf 270° A9 | 02 | 3 <1 2
73 Sofar panel 19 | 92 | @ 2344° 21+ 20
74 Aft cavity 37 -78 91 92 54
RAONT Current through BAPTA, sA 23| 7 ER) 136 78
*$2333 mV.

NOTE: Allvoltages in mitlivoits uhless athérwise noded.
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Doubling the current densilies in Table 2 will at must double the négative
voltages for each region, In Regions I and I1, the photocurrent still dominates drd
the voltages rémain about the same,

Inereasing the conductive mesh area does not significantly change the potentials
on the spacecraft. Table 9 shows a series of calculations in which the area of the
conductivé mesh is calculated, assurnhing 0 percent porosity instead of 85 percent
porosity. Modeling of the plasma and the spacecraft in this way is a ew art and
there dre many areas of uncertainty. In extending these caleulations, the ISPICES
representation of nonlinear voltage controlled current sources for low temperature
plasmas needs irmprovement, as does the representation of photocurrents on a
spinning body, The éffect of ram currents as a funetion or orbit position and orien-

tation, and the investigation of sheath formatfon, plasma resistivity, and géomet -
rical effects are also of interest,

Table 9. ISPICE Calculations — 0 Fercent Porosity

Altitude {Mmax) 200 | 3506 | 700 1000 >1000 km
Region , v tv n 1 o
Nade ISPICE Run PVE| PVS PV4 PV3 PV2
1 Oinni antenna * 34 | i -40 <1 1
3 Disk anténna 19 | o8 -4b <1 1"
? Anténha feed 19| 95 | 42 <1 P3|
8 Mesh 1.0 9.2 -40 <1 10
16 Solar pahel exténsion 19 9.2 -40 <i 10
22 Centér of shelf 49 | 92 | 40 <1 10
24 Shelf vdge 0° 19 | 92 | .4 <1 10
2% Shalf edge 90° 19 | 82 | 40 | <ilsap | 10|13
p2:] Shalt edge 180° 14 | 82 | 40 <i 10
30 Shalf edge 270° 19 | 82| 4 | « 10
72 Solar panel 1.9 4.3 -40 2344° 1
74 Aft cavity 37 .78 K] 92 53
RAON1 | Currént through BAPTA, A 24 | 18 05 | 136 32
*£3333 inV.

NOTE: Ailvolitages in millivolts uhless otherwise noted.
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