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Abstract

Recently, a risk of impact between spacecraft and debris is increasing. An impact on solar arrays can cause electrical damage such
as sustained arc as well as mechanical damage. If sustained arc occurs, electricity does not flow to the payload and the power
generation capacity is reduced. In this study, discharge due to debris impact is reproduced by hypervelocity impact test, and plasma
and discharge currents are measured. As a result, high density plasma and discharge due to impact were confirmed. Moreover, it
became clear that some difference appears in the discharge current waveform depending on the impact point.
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Nomenclature

T, electron temperature

Ne electron density

e elementary electric charge
k Boltzmann constant

Ap surface area of the probe
m; ion mass
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1. Introduction

The number of debris has been increasing since the beginning of the space development, and the number of
spacecrafts orbiting the Earth has become larger. This means that the risk of impact between spacecraft and debris is
also growing. Recently, voltage requirement on spacecraft has become higher and solar cell paddles have gotten larger
(1. Additionally, because its mission life is longer now, it can contribute to the increasing risk of debris impact.
Actually, on 23rd August 2016, ESA detected that small debris impacted the solar cell paddle of Sentinel-1%]. Firstly,
the impact on solar arrays can cause electrical damage and then high density plasma is generated by the energy transfer
at the time of the collision [*! 1 5], Secondary, electrostatic discharges, besides, the insulating layer of the solar cell is
carbonized by Joule heat effect generated due to the current flowing through the discharge. Moreover, a permanent
short circuit is considered to form, and it is called sustained arc [©l.

Consequently, electricity does not flow to the payload and the power generation capacity is reduced when sustained
arc occurs. Thus, this problem makes the spacecraft operation difficult from the ground because of the lack of the
electric source. At present, the occurrence of discharge by debris impact cannot be confirmed. However, there is a
high possibility that discharge occurs because of debris impact. And discharge by hypervelocity impact test has been
confirmed in previous studies [7 [ 1. Therefore, consideration on discharge by impact is required in the spacecraft
design.

The purpose of this study is to analyze and characterize the occurrence of the discharge due to hypervelocity impact
on spacecraft solar arrays. In this study, discharge by debris impact is reproduced by hypervelocity impact test.

2. Methodology
2.1. Two stage light gas gun

Authors conducted hypervelocity impact test on the solar array coupon using two-stage light gas gun located in
Kyushu Institute of Technology. The projectile was 3 mm A2017 spherical aluminum alloy. The impact velocity was
maintained around 5 km/s. In the test chamber, the pressure was set at 1 Pa which will simulate space environment,
and the sabot separation section pressure was set to around 7 kPa allowing sabot and projectile separation due to air
resistance.

2.2. Pseudo solar coupon
In this study, pseudo solar array coupon made of aluminum plate, Kapton tape, cooper plate and cover glass was
used. Figure 1 shows pseudo solar coupon. The specification of this target is shown in Table 1. In our test, the

aluminum and copper plates represented respectively the substrate and the solar cells. The gap between the cells is
approximately 0.7 mm.

Adhesive Cover glass  Copper

Aluminum Kapton tape

(a) Front view (b) Cross section
Fig. 1 Pseudo solar coupon
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Table 1. Specification of the target.

Material Copper
Alloy and temper JIS C 1020P-1/4H
Cell Width [mm] 40
Height [mm] 22
Thickness [mm] 0.1
Material Aluminum
Substrate Width [mm] a
Height [mm] 75
Thickness [mm] 2

2.3. External circuit

The pseudo solar array coupon was connected to an external circuit. Fig. 2 shows external circuit. The current and
voltage were applied from the current regulative diode (CRD) power supply to simulate the actual conditions of a
solar array generating electric power. The cooper plate connected to the positive terminal called Hot cell, the another
one connected to the negative terminal called Cold cell. Before the test, we insulated the space between cells and
substrate and also between the cells, which will make all the current from the CRD power supply flew to the variable
resistor. During the test, just after the impact, a discharge occurred, which burned the insulation protection leading to
a sustained arc formation. Three current probes are connected to an oscilloscope which measured the current change
on pseudo solar array. Current Probe 1 (CP1) measures occurrence of discharge. Current Probe 2 (CP2) measures
discharge between Hot cell and Cold cell. Current Probe 3 (CP3) measures discharge between Hot cell and substrate.

Vacuum chamber @
l Hot Cell

Resistor
CRD Piend l l
power | Pscudo soar - <
source | coupon [ ]
- \

I

Cold Cell@

Fig. 2 External circuit

2.4. Triple probe

Triple probe was set at 50 mm above the front surface of the pseud solar coupon to measure electron temperature
and density of plasma created by the hypervelocity impact. Figure 3 shows schema of the triple probe. The probe was
made of copper wire. The diameter and the length of the triple probe were 10 mm. The electron temperature and
density could be calculated by V12, V13, 113 and following equations. The electron temperature was calculated by
equations (1) and (2). Also, the electron density was calculated by equation (3) [,
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Fig. 3 Schema of triple probe
3. Experiment results
3.1. Plasma measurement
Table 2 shows the measurement results of electron density and electron temperature. On the other hand, in the
plasma environment on the LEO, the electron temperature is 0.09 eV, and the electron density is 1 x 10" m™. It was

observed that high-density plasma is created by hypervelocity impact as compared with the plasma environment on
the LEO.

Table 2. Result of plasma parameter.

Test No. Electron[;e\r/x;perature Elexcfgolr; [ielgiity Impa[it II\lf/esl]ocity
16-059 2.27 7.91 5.31
16-060 1.82 2.57 4.92
16-069 1.62 0.51 5.07
16-071 2.49 3.57 5.09

3.2. Discharge measurement

Table 3 shows the measurement results of discharge time. Fig. 4 shows discharge waveform. Fig. 4 (a) is impact at
hot cell and (b) is impact between two cells. Fig. 5 and Fig. 6 show targets after impact test. Cold cell of Test No. 16-
071 has impact mark, but it of Test No. 16-069 does not have. In this study, discharge phenomenon due to
hypervelocity impact was confirmed, but permanent sustained arc could not be confirmed. In addition, waveforms are
different due to impact point.
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Table 3. Result of discharge measurement

Test Discharge time Cell-Cell Cell-Substrate . Impact velocity
Impact point
No. [usec] [usec] [usec] [km/s]
16-068 353 3.0 29.3 Hot Cell 5.06
16-069 42.0 9.6 40.0 Hot Cell 5.07
16-071 52.4 34.6 39.3 Gap 5.09
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(a) 16-069 impact at hot cell

(a) Over all image

(a) Over all image
Fig. 6 Target after impact test (Test No.

Fig. 5 Target after impact test (Test No.

(b) 16-071 impact between two cells

Fig. 4 Waveform of discharge
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In the case of impact between the cells compared to the case where it impacts at Hot cell, there was no large
difference in the amount of current flowing in CP1, but amount of discharge current and the discharge time flowing
in CP2 increased. In additional, Although the amount of discharge current flowing in CP3 decreased, the discharge
time did not change significantly. As a cause of this, it is conceivable that discharge occurred through the projectile
at the time of impact, since the projectile is aluminum having conductivity. Also, high density plasma is generated at
the impact point and diffuses from there. When projectile impacts between two cells, it is assumed that the plasma
density between two cells and between cell and substrate are equal. On the other hand, when projectile impact at hot
cell, plasma density between cell and substrate is higher than between two cells. For the reason, such current waveform
appeared.

4. Conclusion

In this study, we confirmed the discharge phenomenon due to debris impact on the pseud solar coupon. The plasma
and the amount of discharge current were measured by hypervelocity impact test on the target connected to the external
circuit in order to simulate the power generation state of the solar cell. The conclusions in this study are summarized
as follows.

(1) The plasma created by hypervelocity impact had a higher temperature and higher density than that in plasma

environment on the LEO.

(2) Discharge phenomenon was confirmed, but permanent sustained arc could not be confirmed. It was confirmed

that waveforms are different due to impact point. One of the possibility in the future for this research would be
to use real solar array and also change the projectile material for something less conductive.
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