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Simultaneous Measurements of Electrical Phenomena Induced
by Space Debris Impact
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Takaya Nakamura, Taichi Ota (Tokyo Univ. of Science) and Koji Tanaka (ISAS/JAXA)

Space debris impact (i.e. hypervelocity impact) generates not only mechanical phenomena such as generations of
a crater and secondary debris but also electrical ones such as plasma generation, radiofrequency emission, impact
flash, and variation in electrical potential of the impacted target. We conducted hypervelocity impact experiments
using the two-stage light gas gun installed at ISAS/JAXA. We used a high-speed video camera, a photodetector, a
strike camera spectroscopy, plasma probes, and microwave receivers to measure electrical phenomena induced by
hypervelocity impact at the same time. Plasma from hypervelocity impact is generated during dozens of
microseconds and may trigger to an electrical discharge of spacecraft. For instance, an impact on the solar paddle
or the power harness of satellites may generate a sustained discharge via plasma interaction and a short-circuit
path is created in the worst case. In terms of the radiofrequency emission, the microwave emission from
hypervelocity impact have been confirmed. The microwave with intermitted pulses with a periodic time of several
nanoseconds is emitted until several milliseconds. The mechanism of the microwave emission is still unknown,
but we expect the energy estimation of space debris impact using microwave remotely as one of the application
techniques.
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Simultaneous Measurements of Electrical
Phenomena Induced by Space Debris Impact

Yuki Mando (SOKENDAI), Eriko Soma (ISAS/JAXA), Ichiro Shiota (Kogakuin Univ.),
Shuichi Haseba (Kitasato Univ.), Tatsuya Yamagami, Naoki Sekiya (Hosei Univ.),
Takaya Nakamura, Taichi Ota (Tokyo Univ. of Science), and

Koji Tanaka (ISAS/JAXA, SOKENDAI)

Physical Phenomena
from Space Debris Impact

» Space debris: abandoned man-made satellites,
rocket bodies, and their fragment

» Debris travels at a speed of 7-8 km/s in a low
Earth orbit (i.e. hyper-velocity).

* ltis hard to detect debris with size of less than 1
cm by telescope and radar system

..............................................................................

Mechanical Phenomena Electrical Phenomena
 Cratering  Impact plasma
 Impact fragmentation * Impact flash

» Radiofrequency (RF) emission

ISAS/JAXA Koji Tanaka Lab
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Plasma and Flash Induced
by Hypervelocity Impact

+ Ejecta: fragment, neutral gas, and ionized gas (i.e. plasma)

+ Fragment: expansion of mechanical failure to spacecraft.

* Neutral and ionized gas: surface contamination, induction to discharge
via plasma interaction

Impact flash - Flash
Fragment rojectiie . Fragment
o
Impact plasma /8. .oo'oo Impact plasma

\l/ Target

Surface contamination by ejecta

The 8t Space Debris Workshop, Dec. 3-5, 2018. ISAS/JAXA Koji Tanaka Lab

Risk of Plasma Generation

TERRTHAMR AN

» Impact on the solar array or the power harness may generate a
sustained discharge via plasma interaction and a short-circuit path
is created in the worst caser-.

Electrically vulnerable points on satellites

The power harness behind SAP ERd'Z'lM"HB()OlA

usually exposed to space.

JAXA Space Del)rik_ P_ro{ection Manual

A bundle of power har-
nesses at the SAP boom

[1] T. Hirai, et.al., Hypervelocity Impact Symposium, 2016.
th : [2 =, 1, FERFESSR, 2018. 4
The 8'" Space Debris Workshop, Dec. 3-5, 2018. ISAS/IAXA Koj3jas) kEwakita, 2 International Energy Conversion Engineering Conf.,2004.

This document is provided by JAXA.



408 FHA T SE R I JAXA-SP-18-011

Radiofrequency Emission
from Hypervelocity Impact

* Radiofrequency emits with a wide band from several kHz to microwave
bands!*5l

» Microwave Emission includes a sequent of pulses with a periodic time
of several ns for several msfl.

Microwave Projectile . o Microwave
. . o© o ° o . .
emission =3 e . »°7; emission
o oo o, o ° ° o . © o o oo
Target

[4] R. Bianchi, et al., Nature, 1984. c
. 5], T. Takano, et al., Journal of Applied Physics, 2002
ISAS/JAXA Koji Tanaka HR(.Mando, 69t International Astronautical Congress, 2018.

Objective

» Organizing each electrical phenomena by simultaneously
measuring plasma, flash, and microwave emissions.

* Investigating the electrical phenomena from the impact on
various kinds of aluminum plates, which are commonly
used for the metal of spacecraft’s structure.

ISAS/JAXA Koji Tanaka Lab
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Methods

 To simulate space debris impact, the ground-based
experiment using the two-stage light gas gun was used.

« Electrical phenomena induced by the impact was
measured by using the high-speed video camera, the
photodetector, the streak camera spectroscopy,
plasma probes, and microwave receivers.

The 8t Space Debris Workshop, Dec. 3-5, 2018. ISAS/JAXA Koji Tanaka Lab

Experimental Setups

The two-stage light gas gun installed in ISAS/JAXA

Targets and Projectile

Target: Aluminum Plates
(1050, 5052, 6061, 7075)
(size: 110mm*110mm*t40mm)
Chemical Composition
1050: Pure Aluminum(99.5%-)
5052: Al, Mg(2.2-2.8%)
6061: Al, Mg(0.8-1.2%), Si(0.4-0.8%)
The 8" Space Debris Worksholp7 0€5: Ak, 20(3:.1-5,6%%)/ Mg(261-2.9%).

Projectile:
Nylon sphere
(Velocity: 7km/s)

This document is provided by JAXA.
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Experimental Setup

Low noise _ | .
amplifier Microwave Receivers
(42~45dB) Mixer

5.8 GHz, 2.1GHz, >

300MHz bands antenna b @)é Oscilloscope

Signal generator

Projectile (7km/s)

Twostage light gas gun
Arrays of plasma probes X Target

Acrylic vacuum
I ~..__Chamber

High speed video
.. camera &Spectroscopy

Data Plasma detection
logger Circuits

Plasma Measurement iﬁ
The 8t Space Debris Workshop, Dec. 3-5, 2018. Mmmn of Luminous CIOUJ 9

Observation of Luminous Cloud

High-speed video camera Streak camera spectroscopy
 Specification | W specification |
Flame Speed 2 us  Wavelength 547-872 nm
Num. of 100 flames  Time resolution 0.1 us
flames Observation time 100 us
Obs. time 100 us Objective Temperature
Objective Propagation of the Estimation
luminous cloud Emission line

identification

_____
~
~
~

v’
ccb cameya N,

Streak camera

Ay

B O - e
a CCCCCCC i ‘\
- g - j '}
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I I,"

The 8" Space Debris Workshop, Dec. 3-5, 2018. Information of time vs wavelength is delivere
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Plasma Diagnosis

ARTHRNR RN

Double Probe Method Arrangement of Probes
« Constant voltage of 9.6V is applied.

To investigate propagation of plasma,
« Assume that the applied voltage is  arrays of probes are arranged.
enough to get the plasma current I;,.

Distance: 10mm

Eerbe g I] } Length: 10mm L !
ectrodes S s Acrylic Vacuum Chamber
Resistance R | Projectile
9.6V 7 T B
Chi
_ ) Chs Cha . WeeElChal
Measurement circuit @Semiitiom — Ch Giep
i7deg.) 43deg) e
k T 1/2 - ehd
el\ Electron L
lip) = 0.61N.eS ( m: ) temperature ~ Probes
[
Probe Electron Mass of ion
current density 1
The 8" Space Debris Workshop, Dec. 3-5, 2018. ISAS/JAXA Koji Tanaka Lab

Microwave Receivers

300MHz receiving system 2.1G and 5.8GHz receiving systems

« The amplified signals are * Due to limiting the frequency range of
directly recorded to the oscilloscope, the heterodyne system is
oscilloscope. applied.

) Low noise amplifier (LNA) Low noise amplifier (LNA)

P ] D E Mixer [

Oscilloscope (type A) | 5 8GHz patch antenna
{ 2.1GHz patch antenna

300MHz handy antenna Oscilloscope (type A)

Signal generator

(b) 2.1GHz and 5.8GHz
receivers

(a) 300MHz receiver

The oscilloscope set observation time of 10ms and the sampling rate
not less than 500MSa in order that it is enough to measure signals.

12
The 8t" Space Debris Workshop, Dec. 3-5, 2018. ISAS/JAXA Koji Tanaka Lab
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Simultaneous Measurements
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Photos by high-speed video camera

Direction of Projectile

Microwave emits
intermittently and the
duration time is much
longer than one of plasma.

13

2.68us

4.68us

» Luminous cloud generates and suddenly propagates from the
impact point.

« The propagation of the luminous cloud seems to be different
depending on the angle.

ISAS/JAXA Koji Tanaka Lab

14
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Comparison between Propagation
Velomtv of Plasma and One of Flash
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» Plasma propagation velocity was calculated from the time reached at the
maximum current at each probe.
» The velocity of impact flash is similar to the one of plasma velocity. It means that
impact flash includes the ionized gas (i.e. plasma).

» The propagation velocity is generally the highest along the surface of the target

and decreases with the angle from the surface. 15
The 8t Space Debris Workshop, Dec. 3-5, 2018. ISAS/JAXA Koji Tanaka Lab

Spectroscopic Measurement

Line Emission Identification Temperature Estimation

, Fitting with data points under the

10 . ..
3 Plank Radiation Formula
2018.09#1 6
B() 87ThC{ ( hc ) 1}
= exp | — -
5 s P\ T
- 4 Temperature
.g e :.K\I(IOSO)
= 3 2600 | j\ Al-Zn-Mg-Cu(7075)
2

Temperature from approximately
1 2800 to 3700K was obtained.

550 600 650 700 750 800 850 2800} L0, 8 G
Wavelength [nm]

1.05us 9.05us 17.05us
The information is useful to estimate the plasma density more precisely in case of iy
TEomBbifAgtishRe of differerit targét'and projéctite’ materials.
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Microwave Emissions from
Al-Zn-Mg (7075) Aluminum Plate

Short Duration

* Pulse signal at each
frequency band firstly
appeared at several
microseconds.

* The sequence of
pulses continues
intermittently at
0.31ms of point b.

| M =
0 It L' l ., - |
——7l Ww‘ﬂﬂu, i
——— 2.1GHz receiver
300MHz receiver

0.4

[ff—’fzu

Voltage [1:V]

— 5.8GHz receiver

Time [ms]
11IE 0 JPULE UENI I Vi ShHAHr A6t 272, £UL0.

Comparison of Microwave Emissions
from other aluminum plates

In case of Al-Mg-Si (6061) pl'ai't'é

In case of the Al (1050) plate

.8 . .

 The first pulse signal
appeared at 2.55s.

The sequence of
weaker pulse signals
continues at 1.53ms of
point f.

30mm
The crater scar

e The duration time is
5.0ms at point h.

e
- 20182 #3

Voltage [;:V]

——7075 aluminum alloy
~——1050 Pure aluminum

0 1 2 3 4 5 6 7 8 9
Time [ms]
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Whole duration

* Pulse signals with large and small

amplitude repeatedly emit and become
sparse from 1.74ms of point d.

* The emission continues till 5.76ms of

1oA37JAXA Koji Tanaka Lab

point e.
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(b) Whole duration

* The first pulse signal
appeared at 3.67us.

* The sequence of pulse
signals continues at 65.8us
of point / and then becomes

The crater scar

Voltage [;:V]

sparse.

e The duration time is 2.46ms
at point f.

2018.2 #2 #7

—— 7075 aluminum alloy
—— 6061 aluminum alloy

Time [ms]
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Conclusions & Future works

Hypervelocity impact experiments were conducted. Each electrical
phenomenon could be measured and observed at the same time.

1. Phenomena of plasma generation and microwave radiation are totally
difference in duration time.

2. Propagation and line emission of flash and plasma were investigated.
We will expect to estimate the plasma density more precisely in case
of combinations of different target and projectile materials.

3. From various aluminum plates, there are three kinds of pulse signals
and the periodic time ranges from 4 to 14ns. The duration time is
several ms but the timing of pulse appearance depends on target
materials.

4. As a future perspective, the different combinations of target and
projectile materials will be researched.

19
ISAS/JAXA Koji Tanaka Lab
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