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SUMMARY

Computer simulation is used to determine spacecraft charging on P78-2
(SCATHA) during a substorm on March 30, 1979 and for modeling the effects
of electron beam emission on the P78-2 ground potential for a variety of
beam voltages and currents. Agreement of measured and computed spacecraft
potentials is obtained to within several hundred eV. We ascribe the dis-
crepancies to space-charge effects omitted in the code.

INTRODU CTION

Spacecraft in geosynchronous orbit and rarefied plasma regions, like
the plasma sheet, are subject to electrical charging to potentials of the
order of 10 kilovolts. These potentials lead to differential charging of
materials on the spacecraft surface with respect to each other as well as
with spacecraft ground. These differential potentials sometimes cause
arcs, whose radiation couples into spacecraft and disrupts electronic
circuitry. Measurements by instruments on the spacecraft may be affected
by surface charging and by the spacecraft sheath field.

One proposal for eliminating spacecraft charging is to emit an elec-
tron beam from the vehicle so that the net electrical charge accumulated
on the spacecraft surface is balanced by the emitted charge. Space experi-
ments on the emission of electron beams from geosynchronous satellites were
carried out on ATS-5 and ATS-6 utilizing low—energy electrons from a heated
filament.l An electron gun with energies up to 41 eV was employed on
ISEE-1 for spacecraft potential control by Gonfalone et al.2

The P78-2 (SCATHA) satellite is instrumented for study of spacecraft
charging at geosynchronous orbit. Electron guns with energies up to 3 kV
and currents up to 13 ma were employed to study how the beam energy and
current affect the control of spacecraft potential.
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NASCAP CODE

A 3-dimensional computer code called NASCAP, NASA Charging Analyzer
Program, is employed to model the effects of electron beam emission
on spacecraft potential. NASCAP provides a finite element geometrical
model of P78-2 (SCATHA) as well as modeling the interior electrical connec-

tions and materials placement ¢n the surface. Figure 1 shows the SCATHA
model.

Given the characteristics of the plasma environment, with NASCAP one
may calculate the potential versus time on each surface cell and in
the space around the vehicle. Particle emitters are modeled in NASCAP;
given the location of the emitter on the spacecraft, as well as the energy
and angular width of the beam, particles are tracked in the vehicle sheath
field until they escape through a distant boundary or return to a given
cell on the vehicle.

In order to follow particle trajectories out to large distances,
computations are carried out in a series of nested grids, each successive
grid having twice the spacing of the previous grid, the spacecraft being in
in the innermost grid. A constant magnetic field exterior to the vehicle
in which particle orbits are tracked may be employed.

CHARGE CONTROL

First we give an overview of how the emitter voltage and current
affects the vehicle potential. At equilibrium, we would expect physically
to have an exact balance between the net current coming to the satellite
from the ambient plasma and the net gun current. In Figure 2 we illustrate
some typical charging situations which could arise in a gun event. The
curve labeled Ig represents the total current to the satellite, not including
the gun, i.e. it would have contributions from the plasma, from secondary
interactions and backscatter in the surface materials, from photo currents
etc. The vehicle steady state voltage would be determined by the inter-
section of the line representing the gun current and the Ig curve. We con-
sider below four possible situations.

1. The trivial case where there is no gun current — here the satellite
will charge up to a negative potential V(1) such that the Ig curve goes to
zero, as shown in Figure 2.

2. The case where the gun current I5 is less than the ambient current
at V = 0. The vehicle potential will again go negative, but less in magni-
tude than for case (1).

3. The case where the gun current I3 is greater than the ambient Ig
at V = 0 but well below the ambient at V = Eg. Here the vehicle would charge
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up positively to some value between O and Eg. No appreciable return current
would be expected.

4. The same as case (3) except that now the gun current I4 is larger
i.e. it is of the same order or greater than the ambient at V = E;. Here
we must allow for the fact that particles with energies less than the
vehicle potential will return to the satellite, due to the attraction of the
surrounding electric field. Thus, the net escaping gun current I, will tend
to decrease as V approaches E,. The rate of increase of I, would depend on
the shape of the emitter energy spectrum. For a monoenergetic beam there
would be a sharp drop to zero at E,; for a beam with a significant energy
spread, the I, decrease would be s%ower, as indicated in Figure 2.

RESULTS OF MODELING CALCULATIONS

The results discussed here were obtained using two different space-
craft models in the NASCAP code. Initial runs employed a 2-grid SCATHA
model (with foreshortened booms). Later runs employed a quasisphere space-
craft model in order to save computer time. The quasisphere, shown in
Figure 3, is the sphere approximation available in the NASCAP code. The
quasisphere was taken to be a mixture of conductor material on the flat
surfaces and an insulator, Kapton, on the oblique surfaces. This configura-
tion was chosen to give the same initial (gun off) equilibrium state as the
larger 2-grid model. The potential is calculated assuming that the space-
craft is spinning sufficiently rapidly that the solar illumination is uni-
form azimuthally.

The plasma properties employed here are those of a single Maxwellian
with Te = 6 keV, Ti = 12 keV and electron densities of 0.5 cm™3.

Table 1 shows results of NASCAP simulation of the effects of electron
emitters on SCATHA vehicle potential for electron beam emission operations
on March 30, 1979. Comparison of cases 3 to 3' and 4 to 4' show that the 2
grid model and the scaled quasisphere give the same results very closely.
The NASCAP potentials obtained in the high current cases (2100 u A) are
greater than the measured values (see Table 1) and are somewhat higher
than the gun energies. This occurs because the beam energy distribution
is gaussian and the equilibrium is established by escaping particles from
the high energy tail of the distribution. For most of the runs the width of
the gaussian beam energy distribution was set at 10% of the gun energy.

In the high current cases, space charge effects cause the measured vol-
tages to fall below the gun energies. To escape, a particle must overcome
the vehicle potential and a space charge barrier potential. Therefore, the
vehicle potential can be less than the gun energy.

From cases 1 to 3 in Table 1, we observe that the return currents are

consistent to a balance with an input current from the ambient plasma of
about 20 p A, Thus, these cases would be of type (4) as previously dis-
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cussed. For the lower gun current, cases 4 and 4', there is no return
current i.e., this is a situation of type (3). For the very large currents,
cases 5 and 6, a proper balance was not achieved due to the discrete
trajectory model and 100% of the gun current returns. Figure 4 graphically
summarizes the comparison of quasisphere and SCATHA model computations

with the measured values of charging potential. The agreement is close,
considering that space—~charge effects have been omitted.

We generate an I,V curve of the type described in Figure 2 by fixing
the vehicle potential to some value V. and then making a very small time-
step (with gun turned off and the potentials freed). The net current cal-
culated by the code will then represent the contributions from all sources
except the gun, i.e. it would correspond to Ig of Figure 2. By stepping V.
through the values from 0 to E,, one can generate the complete Ig curve.
Then, using current balance, one can predict for any given gun current, the
expected equilibrium potential. An I,V curve of this type was generated for
the scaled-up quasisphere as shown in Figure 5. For a 10 p A gun, one
would predict an equilibrium voltage of ~ 200 volts. This result is com-
parable to the results for the quasisphere, starting from zero initial vol-
tage (see case (4)). As a further test, a special run was made using +200
volts as the starting value and then allowing the potentials to float on
subsequent steps. The conductor voltage did not deviate much from the
starting value.

Some runs have been made with a constant magnetic field of magnitude
107 webers/M2. It is found that the potentials change very little from the
pure electric field case. This seems reasonable since a magnetic field
only affects the direction of a particle orbit and not its energy. The
The same number of particles should escape with and without the magnetic
field provided the particles are tracked far enough and do not encounter
obstacles.

EFFECT OF COLD PLASMA COMPONENT ON CHARGING

In this section we survey the effects of a cold plasma on the satel-
lite current-voltage curve when the electron emitter is on. The cold plasma
is important in determining the return current to the spacecraft but unfor-
tunately is not well known at the present time. We chose the following cases:

1. The best fit to the hot plasma in the single Maxwellian approximation

Ny = 0.5 cm 3 T, = 6 keV
0.5 cm™ 3 T, =

i
=
N
Py
(1]
<

Ne

2. A 2 Maxwellian from 30 March 79 SCATHA data:

Nyy = 0.38 ca ) T,y = 6.3 keV
Nil = 0.24 Cm—3 Til = 5.6 keV
Nez = 7.7 cm_3 Tez = 0.114 keV
N = 0.33cm T{y = 0.227 keV
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Case (3). A arbitrary cold plasma component is employed with
n, =ny =0.5em 7, T, = 0.10 keV, T; = 0.20 keV.
Case (4). An arbitrary Sold plasma component is employed whose para—
meters are n, =ng; = 0.50 cm ~, t_ = 0.01 keV, T; = 0.02 keV.
e i e i
Case (5). The measured high-temperature Maxwellian is employed to-
gether with the arbitrary low-temperature Maxwellian of Case (3).

Figure 6 show the current-voltage characteristics of SCATHA in the
environments described above.

Simulations were run for an electron gun with energy of 3000 + 300 eV
and 100 microamperes current, with the Case (1) high—-energy plasma above
and with the Case (5) two Maxwellian which consists of the admixture of a
low-energy plasma with the Case (1) high-energy plasma.

The effect of adding the cold plasma to the hot plasma is to lower
the vehicle potential from +3235 volts to +2785 volts and to decrease the
return current from the beam from 80 microamperes to 20 microamperes.

The cold plasmas have a much steeper I,V curve because of the dominance
of the Langmuir spherical probe contribution which goes as

j o 1+ V/KkT,

An electron gun case was run with a beam of energy of 3000 + 300 eV
and a current of 6 milliamps. The plasma is the 2 Maxwellian of Case 2
with a high density cold plasma component.

Figure 7 shows the I,V curve for this case. The current scale is
milliamperes rather than microamperes as in Figure 6. The return current
from the emitter is now 5 ma., a large amount.

The conclusion from this study of the effects of cold plasma is that
the cold plasma determines the I,V curve. If a cold plasma component with
0.5 cm ° and T, = 100 eV were present, as in Case (3), the spacecraft poten-
tial would be decreased to 2785 volts, somewhat below the observed value of

2880 volts. This means that a denser, colder plasma component is not
present.

CONCLUSIONS

The single-particle trajectory treatment of spacecraft potential con-
trol by emission of electron beams predicts the measured SCATHA potential
within about 200 volts. This indicates that the basic mechanisms of beam
emission, with returning ambient and beam current are correctly treated.
The neglect of space-charge leads to some inaccuracy in the computation.
Computations, including a cold plasma component, show that for March 30,
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1979, Case (1), no appreciable cold plasma is present and good results are
obtained employing the observed particle spectra above 100 eV. The results
shown here allow reliable computation of the electron beam emission effects
on the spacecraft ground potential.

The experiments and simulations show that the spacecraft ground poten-
tial can be controlled by emitting an electron beam.
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Table 1: Simulation Runs for Day 89 (30 Mar 79)
Gun Gun Ground Measured Gun Return
Model Energy Current Potential V. Voltage Current

1) Qs 300+30 100 v A +338 +240 ~80 v A
2) Qs 1500+150 100 v A +1670 +1360 -80 u A
3) Qs 3000+300 100 v A +3235 +2880 -60 v A
3') 2G 3000+300 100 u A +3280 +2880 -80 u A
4) Qs 3000+300 10 v A +190 +40 0
4') 26 3000+300 10 vA +303 +40 0
5) Qs 3000+300 6 mA +3280 Damage -6 mA
)~ Qs 3000+30 100 v A +3030 +2880 -80 v A
6) Qs 1500+150 13 mA +1938 -13 mA
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NASCAP P78-2 (SCATHA) model.

Figure 1.
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