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Fig. 2.9: The solar array voltage source function is assumed to be a ramp function.

Fig. 2.10: Two simplest circuits derived from a simple RC circuit which describes ISS
system.
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resistance RSA), and the conducting surface (sheath resistance RCS), eliminate the oxide

capacitance CINS , and the oxide sheath resistance RINS . In the second topology we consider

only solar array and the anodized surface and eliminate the conducting surface. The idea is

to see the effect of both capacitors (solar array and anodized surface) on the full system and

which one dominates the occurrence of RCEs. When analyzed in matlab mu-pad program

using laplace and inverse laplace transformation for the first schematic (Fig. 2.10(a)),

expressions for Vp in time domain is given by

Vp =















−CSARCS

(

1
t

e
CSA(RCS+RSA)

− 1

)

if t < t1

−CSARCS

(

1
t

e
CSA(RCS+RSA)

− 1
t−t1

e
CSA(RCS+RSA)

)

if t > t1.
(2.5)

The output waveform derived from simulation run in SPICE (Simulation Program with

Integrated Circuit Emphasis), an industry standard network analysis tool is of the form as

shown in Fig. 2.11.

Similarly, for the second schematic (Fig. 2.10(b)), the expression for Vp in time domain

is given by

Vp =















t − CINSRSA + CINSRSA
t

e
CINS(RINS+RSA)

if t < t1

t1 + CINSRSA
t

e
CINS(RINS+RSA)

− CINSRSA
t−t1

e
CINS(RINS+RSA)

if t > t1.
(2.6)

The output waveform is of the form as shown in Fig. 2.12.

Now for the full system with all the solar arrays, anodized, and conducting surfaces

present and sheath capacitances neglected (Fig. 2.13), the expression for t < t1 and t > t1

is huge and is given in the appendix. An output waveform for such a system is plotted

using SPICE in Fig. 2.14.

Few interesting things which can be observed from the expressions above are the max-

imum amplitude of the charging-discharging curve and the importance of rise time of the

solar array output ramp function voltage “t1.” It is clear by comparing the output wave-

forms that it is mainly the solar array capacitance playing a major role in shaping the

charging-discharging curve that we see in RCEs. The maximum amplitude of charging
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Fig. 2.11: Waveform for a circuit shown in Fig. 2.10(a).

Fig. 2.12: Waveform for a circuit shown in Fig. 2.10(b).
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Fig. 2.13: The ISS equivalent circuit.

Fig. 2.14: Waveform for a circuit shown in Fig. 2.13.
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pulse is derived by putting t = t1 in the expression for t1 > t in the last case (Fig. 2.13).

The comparatively bigger anodized surface capacitance does not seem to play any important

for shaping these charging-discharging events except for the “knee” feature in the discharge

phase which will be discussed in the next chapter. Also clearly t1, i.e., the rising time of

the ramp signal from solar array, plays a very important role in deciding the rise time to

the peak charging level in the charging-discharging observed.
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Chapter 3

Simulations and Results

The model, as shown in Fig. 2.4(b), is simulated in SPICE (Simulation Program with

Integrated Circuit Emphasis), an industry standard network analysis tool. The circuit is

driven with a ramp signal VSA with 1sec rising time and amplitude 80V. This voltage pulse

emulates the surge in solar array voltage source as soon as ISS exits earth’s shadow and

enters sunlight. We approximated all the resistances in the circuit to be equal and calculated

capacitances as described in previous section. Using the values, shown in Fig. 2.4(b), and

setting all the sheath resistances equal to a test value of 10MΩ, we get the RCE fluctuation

of floating potential as shown in Fig. 3.1.

The plot shows that the ISS floating potential (Y-axis) drops by -38V from background

value as soon as ISS comes into sunlight. It takes about 35secs for this charging level to

subside back to normal level. Figure 3.2(a) and (b) compare data with model. The data plot

is reproduced from literature [1]. It is interesting to note that the discharge curve clearly

shows two storage elements (“knee” feature in Fig. 3.2) which can be because of presence of

two capacitors CINS and CSA. In Fig. 3.3(a), (b), and (c) are shown the results of similar

simulations but with resistance values changed to 50meg, 1meg, and 1K Ohms, respectively.

It is evident from the simulations, the amplitude of the RCEs and the discharge time varies

with resistances. We believe that this is exactly what is happening on ISS: the combined

capacitive and resistive surface is responsible for this sudden charging discharging effect on

eclipse exit. The low-density condition pushes this further by changing the capacitance and

resistance values.
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Fig. 3.1: RCE simulation with all resistances equal to 10meg. The floating potential (FP)
surges to -38V from its normal value and discharges over 40secs.
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Fig. 3.2: (a) Top and (b) bottom panel: Model vs data. The presence of two different time
constants is marked by arrows.
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Fig. 3.3: (a) Top, (b) middle, and (c) bottom panel: Simulation results for different resis-
tance values.
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Chapter 4

Conclusions and Discussions

This report builds a simplistic model for the RCEs observed on ISS and other big space-

crafts. When the target is to have a deeper understanding of the observed phenomenon, the

simple linear model fails to address the cause of occurrence of such events in depleted regions

in certain longitude sectors. We strongly believe that this is because of the nonlinearity of

the sheath resistances and capacitances which are functions of surrounding density, temper-

ature, surface areas, ion species, etc., and are not reflected in the simple linear model. It is

tempting to suspect that at the morning terminator sunlight produces more photoelectrons

in the low-density region than the ambient plasma ions or electrons. This sudden surge

in electrons pushes the station into more negative potential. But our experiment with the

nonlinear model of which the linear model reported here is a derivative have shown that

photoelectrons are not the cause of RCEs. It is the electrical properties (capacitance and

resistance) of the ISS structure that are responsible for RCEs. We tried to analyze the

contribution from all the sub-systems, namely, the solar array, conducting surface, insu-

lated surface, and the probe and concluded that it is the solar array capacitance and the

sheath resistances of different surfaces which are responsible for RCEs. An easy suspect

for such storage of charge could have been the huge insulated surface capacitance. But our

investigations does show that the insulated surface capacitance does not contribute to such

RCEs except for contributing towards changing the discharge curve mentioned as “knee”

feature which was observed when insulated section was included (Fig. 3.2). It has been

observed through simulation results that if the solar array capacitances can be reduced,

both the amplitude and discharge time of the RCE events can be reduced, thus reducing

the threat on the spacecraft. This means for the solar array, if we remember the equation

for solar array capacitance: C = εrε0
A
d
, increasing the thickness of the glass since reducing
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the area is ruled out because of need for more and more power for ISS. But the problem of

increasing the glass thickness means increase in total weight of the spacecraft. The RCEs

data observed onboard are functions of many plasma parameters and the geometry and ori-

entation of ISS in the earth’s magnetic field. We strongly believe that with the knowledge

gained from this simple linear model, the next step will be to develop the full nonlinear

model, shown in Fig. 2.2, which will include most of the corrections that are not addressed

in this linear model.
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Few important resistance-capacitance circuits

This appendix contains the necessary circuit analysis for few resistance-capacitance

circuit discussed in Chapter 3 in this report.

A) To start with we consider a simple network with a single resistance and a single

capacitance as shown in Fig. A.1. Voltage across R in s domain is given by V (s).

Then using inverse laplace transformation, we determine the time domain expression

for voltage across R. This is defined by V (t) for the time t < t1 and (V1(t) for t > t1.

The mupad program in matlab is given in Fig. A.2.

B) Now we introduce another resistance in the above circuit as shown in Fig. A.2 below.

In this topology, CSA and RSA denotes the solar array capacitance and resistance

respectively where as RCS denotes the resistance offered by the conducting surface.

We find the voltage across RCS , which is the voltage measured by FPP (see Section

2.1). Using a similar treatment like above, we determine the time domain voltage.

Here, Vp in Fig. A.3 denotes the time domain voltage measured by the probe (the

mupad program is given in Fig. A.4.

C) The third topology we consider is shown below in Fig. A.5. Here we remove the solar

array capacitor and replace the conducting surface with anodized surface capacitance

CINS and anodized surface resistance RINS (the mupad program is given in Fig. A.6).

Fig. A.1: A simple RC circuit.
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Fig. A.2: Mupad program for circuit in Fig. A.1.

Fig. A.3: Circuit with one more resistance added to Fig. A.1.
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Fig. A.4: Mupad program for circuit in Fig. A.3.
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D) Now lets integrate the full system by including solar array, conducting surface, and

anodized surface. A equivalent circuit is shown in the following Fig. A.7.

The expression for V (t) and V1(t) can also be found similarly as were done in a), b),

and c). It is not included here for the expressions are too big to be accommodated here.

Fig. A.5: Another variation to Fig. A.3 where the capacitor is placed across the output.

Fig. A.6: Mupad program for circuit in Fig. A.5.
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Fig. A.7: ISS equivalent circuit.

Fig. A.8: Expression for V(s) for circuit in Fig. A.7.


