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Electrical Phenomena Caused by Hypervelocity Impacts of

Space Debris and Their Effects on Spacecraft
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Electrical Phenomena Caused by Hypervelocity Impacts of Space Debris and Their Effects on

Spacecraft

Space debris (referred to as debris) moving at an extremely high speed can collide with spacecraft,
In this case, electrical phenomena, such as plasma generation, radiofrequency (RF) emission, and
potential variation of the impacted target, can occur in addition to serious mechanical phenomena
such as spacecraft destruction and secondary debris generation. Significant research effort has been
focused on the mechanical phenomena to develop the shields against micrometeoroids or debris
impacts. However, the research on electrical phenomena caused by hypervelocity impact has gained
lesser attention than that on mechanical phenomena.

Herein, the plasma density and propagation of impact plasma were investigated to understand
and estimate the risk of electric discharge on the spacecraft. Several plasma diagnosis methods
exist; in particular, plasma probe methods can locally examine the plasma density by using multiple
probes. Herein, the double probe method with a fixed bias voltage, which is one of the plasma
probe methods, was used for this plasma measurements.

The spectroscopic method is a plasma temperature measurement method. Using this method,
attempts have been made to measure the plasma temperature from the intensity ratio at three
emission wavelengths from the luminous vapor cloud. However, if the line emission spectra
derived from projectile and target materials are superposed on the wavelengths, the temperature
cannot be measured. Moreover, the plasma density was calculated considering the ion mass of
either the target or the projectile material, when impacts between the different target and projectile
materials.

Hence, the study proposes a method to accurately calculate thebplasma temperature using a
spectroscopy via a streak camera. The streak camera spectroscopy can measure the time-resolved
spectra in the wavelength range of 547 nm - 872 nm. The advantages of this method are that (1)
the temperature can be calculated using the time-resolved spectra with a wide wavelength band
and a large number of sampling points, and (2} the wavelength of the profiled emission line
spectrum can be excluded from the temperature calculation,

Furthermore, the composition of ions, comprising impact plasma, has not been specified in the
case of collision between different materials. By comparing the temporal change of emission lines
derived from the target and projectile materials, it can be concluded that the impact plasma,
comprising the target and projectile materials, is simultaneously generated. Therefore, a method
can be proposed to accurately obtain the plasma temperature and density. The impact of spacecraft

on solar cells and power harness systems can be accurately estimated by obtaining the precise



parameters of the impact plasma.

Impact plasma induced by the hypervelocity impacts on solér cells can trigger electric discharge,
which can cause a g'rounding fault in the spacecraft. Even though the power harness system behind
the solar array paddle (SAP) and at the SAP boom is usually exposed to space, the electrical effects
on the power harness system attributed to the hypervelocity impacts have received little attention.
Previous studies have confirmed that grounding faults can occur because of the permanent
sustained discharge (PSD) in debris collisions with a diameter of 0.2 mm or more. However, the
frequency of these debris impacts on the power harness system of artificial satellites-in a low Earth
orbit simulated by a debris environment model is larger than the frequency of grounding faults in
these satellites. Therefore, a deviation from the actual phenomenon is observed. Moreover, the
effect of impact plasma on the power harness system is still unknown. Therefore, the PSD of the
power harness system induced by the hypervelocity impacts is investigated herein.

In previous studies, the satellite load circuit was not simulated; thus, electric discharge can
easily occur. Furthermore, multiple projectiles can simultaneously impact the power harness
system because of the limitation of the impact test apparatus. When multiple projectiles impact,
the impact plasma can interfere each other if the collision point is close. In this case, hypervelocity
impact experiments must be conducied with single-particle impact to accurately evaluate the
presence or absence of PSD occurrence.

" Herein, experiments were conducted to re-verify the presence or absence of PSD occurrence by
simulating a power harness system under conditions similar to those in the actual envireonment. In
particular, the attention was focused on the circuit configuration and the multiple-particle impacts
that can affect the occurrence of PSD. Two configurations cases with and without a load circuit
were prepared and compared. Moreover, the array of double probes was set inside the measurement
chamber to clarify the relationship between impact plasma and PSD.

Resﬁlts indicated that the impact plasma can trigger the primary discharge and even a single-
particle impact can easily result in PSD occurrence in the conventional configuration without a
load circuit. The surface of the power harness system melted and carbonized near the impact points.
However, a single impact does not result in PSD occurrence in the configuration with a load circuit
with a resistance and a capacitance. Further, PSD never occurred even in the case of multiple-
particle impacts. Therefore, the presence of a.load circuit heavily affected the PSD occurrence by
comparing previous studies. This result indicateé that previous studies may have overestimated
potential risks. i

Regarding the microwave emission, it was confirmed that an RF signal with a wide frequency
range of several kHz to several tens of GHz is emitted from hypervelocity impacts. RF emission
arises from hypervelocity impacts on both metallic and non-metallic targets. However, the
complete mechanism of microwave emission has not been investigated yet, although there are some
suggestions that the microwave emission is caused by the impact plasma or by material destruction.
To elucidate the mechanism of microwave emission, experiments were conducted by
simultaneously measuring microwave emissions, impact plasma, and flash phenomena.

The microwave emission phenomenon can be clarified by simultaneously measuring the flash



and impact plasma phenomena, The experimental results indicated that the time scale between
impact plasma including light emission during dozens of microseconds and microwave phenomena
during several milliseconds are significantly different.

Frequency characteristics investigation of the microwave emission was possible for the first
time using the microwave measurement. In this measurement, two types of broadband log-periodic
antennas were used. It was found that microwaves radiate in a wide band, but microwave emissions
are shielded by high-dense impact plasma generated immediately after the impact. This suggests
that the source of microwave emission is generated near the crater site inside the plume of the
impact plasma.

Furthermore, to investigate the mechanism of microwave emission, hypervelocity experiments
using various types of aluminum materials were conducted. The experimental results showed that
the harder the target materials corresponded to a higher intensity of microwave emission. Using
numerical simulations, it was found that the target hardness has a correlation with the elastic wave
repeatedly propagating in the target material, and it is considered that the intermittent microwave
radiation is related to the propagation of the elastic wave.

Conclusively, the electrical phenomena of impact plasma and microwave emissions induced by
hypervelocity impacts were investigated. The accurate determination of the impact plasma
parameters will enable the accurate estimation of discharge risk caused by hypervelocity impacts
on solar cells and power harness systems mounted on tiw spacecraft. The proposed method to
obtain plasma parameters can also contribute to the reliability of the satellite power system because
of debris impacts by re-examining hypervelocity impact experiments on power harness systems.
The microwave emission phenomenon is expected to be applied to estimate the scale, position, and

- frequency of debris collisions in the future. This work has contributed to both the basic and applied

space engineering knowledge regarding electrical phenomena generated by hypervelocity impacts.
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