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EISCAT_3D is the major upgrade of the existing EISCAT mainland
radars, with a multi-static phased array system composed of
one central active (transmit-receive) site and 4 receive-only sites
to provide us 50-100 times higher temporal resolution than the
present system.
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Existing EISCAT capabilities (beam park)

UHF Observation (Range vs. Time) PROOF simulation (Range vs. Time)
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System noise equivalent diameter (metallic sphere)
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Receiver noise equivalenth diameter as a function of range for E3D.
For comparison, the EISCAT UHF (930 MHz, 2 MW) and EISCAT
Svalbard Radar (500 MHz, 1 MW) performance is shown.

(Vierinen et.al., 2017)

This document is provided by JAXA.



42

FHIZEWT T BRI AEAE AR R JAXA-SP-17-006

Bi-static receivers can form up to 100 beams

Vertical distance (km)

0 500 1000 1500 2000
Horizontal distance (km)

Conceptual diagram of a 1 “transmit beam intersected by 100 receive
beams to cover a full range of altitudes. This is at an extreme
elevation angle of 60°off zenith. (Vierinen et.al., 2017)

Minumum detectable diameter (SNR=10)

EISCAT 3D minimum detectable diameter (log_10(m))
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FoV at 300, 900, 1500 and 2000 km altitudes. (Vierinen et.al., 2017) . ,,,
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Detectable with E3D
Not detectable with E3D

(Vierinen et.al., 2017)

Detectable objects (= 10% of objects > 1 cm)
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(Vierinen et.al., 2017)
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Discovery of unknown objects (2000 per day)

Range vs. Diameter
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reference. (Vierinen et.al., 2017)
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Development of a pulsed supersonic valve system aimed for upper atmospheric
simulation

OXRE MK WFERF) |, BA A FRY) , & —& #WFRS
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Ryota Okura (Kobe University), Yusuke Fujimoto (Kobe University), Kazuki Kita (Kobe University),
Minoru Iwata (Kyushu Institute of Technology), Sze Keat Chee (Mechano Transformer Corp.),
Yugo Kimoto (JAXA), Kumiko Yokota (Kobe University) and Masahito Tagawa (Kobe University)

= H

Abstract: The upper Martian atmosphere mainly contains carbon dioxide (CO,) and atomic oxygen (AO)
depending on the altitude. Spacecraft orbiting in the Martial upper atmosphere encounters high-energy
collision with these molecules. In order to evaluate a risk of material erosion possibility in Martian orbit, a
method for ground-based Martian atmospheric simulation was investigated. =~ A laser-detonation
hyperthermal beam source was applied and a new pulsed supersonic valve (PSV) system was developed for
the Martian atmospheric simulation experiments. Two PSVs were equipped with a nozzle in order to increase
freedom of formation of hyperthermal beam with mixture of two types of gases. It is expected that two
molecular beams are formed individually with this system.
Key Words: pulsed supersonic valve, atomic oxygen, Martian atmosphere,
material degradation, carbon dioxide
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A consideration of erosion mechanism of FEP/Ag
in sub-low earth orbit space environment

OffA K- (MFER) , 48 —& (PR , KA MK AR, Al f JuUNTER)
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Yusuke Fujimoto (Kobe University), Kazuki Kita (Kobe University), Ryota Okura (Kobe University),
Minoru Iwata (Kyusyu Institute of Technology), Kumiko Yokota (Kobe University)
and Masahito Tagawa (Kobe University)

Abstract: It has been recognized that fluoroethylenepropylene (FEP) is durable to the hyperthermal
atomic oxygen (AQ) attack in low earth orbit (LEO) compared to the other hydrocarbon polymers. However,
the densities of N, in sub-LEO are higher than LEO, and the durability of FEP in sub-LEO environment is
still unclear. In this study, simultaneous exposure experiment of AO and Ar, which is simulating N,
collision in sub-LEO, was performed on FEP/Ag film samples. It was confirmed that the erosion of FEP by
hyperthermal Ar beam was greater than that by AO beam. In addition, the synergistic effect was not be
confirmed at the simultaneous exposures of AO and Ar. The importance of N,-induced erosion of FEP in
sub-LEO was commented.

Key Words: atomic oxygen, nitrogen, FEP/Ag, Sub-LEO, material degradation
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[X|1 Configuration of the dual-beam-line
laser-detonation system.
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X2 Molecular structure of FEP.
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P3IZARY A I POy FHEE R~ , ARFEFTIE,
T 2 AR AR Ko THRIE S AU ARERY 722 Kapton-H 7
SV VT AR 70 H 10mmx 10mmic 8] 0 HY
ERTW5D, A0V 7 v 7 AZKapton-HY o /L L DE
BB D RIS (B.00E-24 cm’/atom) % T
AR LEY,
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[X]3  Molecular structure of polyimide (Kapton-H).

223 Vo~ k

FEP/Ag & Kapton-HY > 7 /LA %f LR EVAO K TR Ar
B — LA RIRHC ST U7, AR IR TRV 3
TN= s bR, 220 — AT EAT 280D
E—ANY T EHANDZ LT, AOHMEK, Ardih
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[X]4 Sample mount used in this study.
Beam barrier is not shown.

23 HEWNE

BRI 1 X Shimadzuft B o 8 7 KFE 2 VW CTiTh
iz, BREHEORNZ, MEXRENA A V%
MW Thilz, BaEfliEEX, NASAJPLIZ L > T
HELE SN D L FIORT RIS » TiTbh e, v
TVTEEF OB £ CTHEET ¥ L N—NTRE
A REPFIZ B TIEIR Z #5572 ic T v
=2 —NTRESNTZ, Tvr—F—AhbH¥
TNEHTEFRFFCA Ny T4 v F AL — X
B VRIS IREE T S, FEPY 7Lz T
RERRBIEZFFIZ RN L5, SO O FHEE
LHZETHEERHE L, £7-. Kapton-H” 1 /L
LATIEHRIEMEZ BB L. 15672550 M O R A2 R
OZAMET HZ & TT v r—%—0 b0 H L7z
MOEEEZHE LT,

3.1 BEA MRS FER

UV AL T PSV)E v T 4 7 L—H—
TRF—ERT, PEEE) T L —ZQMSIZ &
STHIE S, AOE—A(F2.7eV, Art— A[39.0eV
Tholz,

This document is provided by JAXA.



Halm [FHBR

#1 Condition of PSV and laser energies

Beam line 1 Beam line 2

Target Gas Ar 0,

Gas Backpressure
0.70 0.70

(MPa)

PSV Voltage (V) 900 900
Frequency (Hz) 3.0 1.8
Laser energy (J/pulse) 6.36 6.17

F2UIE Y T NAALETDAO, Ar, AO+Ar”7 7 v
7 A% LTS, A0 7 LT A%, ASTM standard®
IZHE\ Kapton-HD B & 8 b EHR &7z, ArY
T v 7 AFEBEFNT 5 2 ENWNEER Y ARFSET
IZAO7 7 v 7 A, QMS T L 724 B — A DTOF A
7 RV, QMST 4 T A2 b DA A AbhE & FH
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KU HAr (BDVIEN,) OF TR F—HEIC
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32 Fluxes of AO and Ar at the sample position

Ar AOAT AO
Flux 2.20E+14(A0)
(atomslem®s)  >3ET4 s 4pr1aan  20ETT4
73 Mass-loss of the samples
Ar AOAT AO
Kapton-H (2) __0.00001 __ 0.00014 __ 0.00003
FEP/Ag (g) 0.00026  0.00042  0.00011
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= AO only
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[X|5 Mass-loss of FEP/Ag samples in the exposure
conditions of hyperthermal AO, Ar and Ar70%+A030%
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THhoTz, FalZKapton-H, FEP/Ag” 1 )V LD IR
THEOLILZAO, At 2 RIGEHEEZ =T,

4 Erosion yield of Kapton-H and FEP/Ag

AO Ar
Kapton-H 3.00E-24 2.22E-25
(cm’/atom)

FEP/Ag 1.77E-24 3.29E-25
(cm’/atom)
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Abstract

Recent studies have shown that dust grains can be transported in the laboratory experiments due to charging within
micro-cavities between the particles [1, 2]. Therefore, electrostatic forces acting on the dust grains can be described as
the repulsive Coulomb force between charged grains and the force resulting from the surface electric field due to the
plasma sheath above the surface. In this study, we investigate different ambient plasma conditions to understand how
the lunar dust particles are mobilized under the variation of surface potential, dust potential, electric field and the
plasma sheath above the lunar terminator. In addition, electrostatic forces are compared to the gravity force and the
contact forces for the micron and submicron sized dust particles, and it has been seen that the repulsive force between
the charged dust grains can be stronger than the other forces. Finally, the current level of the experimental work is
presented, which is prior to investigation of the impact modification on the electrostatic lofting of the silica dust grains

in the vacuum chamber.

Keywords: Lunar dust, lunar surface charging, dust lofting, solar wind, ambient plasma.

1. Introduction

The lunar surface directly interacts with the ambient
plasma and solar irradiation in the absence of a global
magnetic field and a dense atmosphere. Therefore, it is
charged to various surface potentials depending on the
surrounding plasma conditions in the vicinity of the
Moon and the photoemission of electrons from the
dayside surface. The recent orbital measurements and
simulation studies have shown that the surface potential
is highly variable depending on the location on the Moon
from dayside to night side region [3-10].

Surveyor missions observed the lunar horizon glow
(LHG) on the western horizon in 1966 and 1968, and
these observations suggested that the dust particles with
~5-6 um radius were reaching up to approximately 0.3
meter above the surface near the lunar terminator [11].

The Lunar Atmosphere and Dust Environment
Explorer LADEE mission measured the dust particles
between 20-100 km altitudes around the Moon, and the
results concluded that the dust densities suggested by the
LHG observations during the Apollo 15 orbit sequences
were not present [12]. In addition, LRO (Lunar
Reconnaissance Orbiter) The Lyman-Alpha Mapping
Project (LAMP) UV spectrograph measurements could
not measure any distinguishable dust densities
suggesting any excessive brightness [13]. In both
measurements, the solar wind conditions were
unremarkable; however, the annual meteor showers were
present. The difference between the measured dust
populations requires further investigation.

In this paper, we investigate the lofting of the dust
particles by the electrostatic forces due to the surface
electric field and the charging within the micro-cavities
between dust particles. First, we calculate the minimum
charge required by a dust particle in order to leave the

surface. Second, the maximum height that a dust particle
can reach after launched vertically is presented. Finally,
we shortly discuss the current level of the vacuum
chamber experiments in our laboratory.

2. Lunar Surface Charging
The current balance approach has been used to
calculate the terminator region surface potential, electric
field and Debye sheath thickness.
The following assumptions are applied to the model
for simplification such as:
*  The Moon is a perfect sphere.
* The interaction with the current sources is in the
equilibrium state.
*  The lunar surface material conductivity is almost
Zero.
*  Plasma sheath is collisionless.
*  The secondary electron temperature is taken as 2.5
eV [14].
*  Plasma population in the vicinity of the Moon has
Maxwellian velocity distribution.
* Allions are protons, and the plasma has no magnetic
field.
* Potential distributions in the plasma sheath are
monotonic.
In steady state, the net equilibrium current to the
surface at the lunar terminator can be given as:

]i+]e +]sec =0 (1)

The elements of Eq.1 can be described as ion current
J; to the surface, electron collection current from
surrounding plasma J, and the secondary electron
emission J,,. from the surface.
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3. Electrostatic Dust Lofting

3.1 Dust Charging

Recent laboratory experiments have shown that dust
grains can be lofted from the surface due to charging
within micro-cavities between the particles by the
photoemission of electrons or the secondary electron
emission (Fig. 1), and a patched dust charging model has
been suggested as [1, 2]:

Qr = =051 CTee

@)

For a single dust particle resting on the lunar
surface; the force equilibrium can be given as:

F. + Feoutomp + Fgravity + Fgr =0

3)

F, is the contact forces between the dust grain
surfaces whereas Fcoyomp iS the repulsive force
between the dust grains due to charge accumulation
within micro-cavities. In addition, Fg.qyy, is the
gravity force, and Fgp is the electrostatic force due to
surface electric field.

\ \
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Fig. 1. Dust charging within the micro-cavities.

To release a particle from the lunar terminator,

the following condition must be met as below:
FCoulomb + FEF > Fc + Fgravity

“4)

We can find the minimum value of the factor 1 as:

2a [2CS?
T,e .|Tae,

4'apdustgLunar
3¢gg

n> — 2E§ (5

Depending on the size of the particle radius a, the
surface electric field E, and the Ilunar gravity
acceleration g;,nq can have significant influence on the
electrostatic particle transportation. In conclusion, a dust
particle will not leave the surface until the particle can
collect sufficient charge within the micro-cavity or an
external force is applied.

3.2 Maximum Height Calculation

Initial velocity v, that a separated particle can
reach by assuming that all the electrostatic energy
transforms into kinetic energy can be estimated as:

0.5 mdustv(% = Z EES - Z w (6)

FHMZETIE M FEH AR JAXA-SP-17-006

It is estimated as the sum of the energy from the
electrostatic repulsion from the surface Exs and the
work done against gravity and contact forces .

mdz > Exs— Y W]
02

2 2
Voz = [ ¢ + (2rma®eo E§ — MaystJrunar)di
Myyust BMEHQA

—CS? (2a)d,]*®

For the maximum height calculation, v,, and v,,
are assumed as 0 (Eqg. 8). In the experiments, the silica
dust grains were launched from the surface with
variety of angles; however, the vertical launch will
achieve the maximum dust height in this case.

d, is the approximate distance for electrostatic
potential energy to transform into kinetic energy. For
micron and submicron sized grains, it has been seen
that h,,., » d; and A, > d;. d, is the separation
distance from the contact forces, and it has been
suggested as several dozens of nanometers to cancel
the contact forces for a dust particle [15].

2 2 2
Vo T U5y + V5, =

y v 3 \‘ _O,

) / \\/—\ = | | ol
Fig. 2. Lofting dust grains.

Depending on the electrostatic acceleration and
the lunar gravity, the dust particles can have different
behaviors within the electron sheath above the lunar
terminator. These conditions can be explained as
below:

e Condition 01: — Qdust

Agust = Maust
us

EO — Jrunar > 0

Dust particles accelerate within the electron sheath;
therefore, they have a higher exit velocity than the initial
vertical velocity.

e Condition 02: a,,,, = 2dust

Mdust

EO — Jrunar < 0

Some of the decelerating dust particles have lower
heights than Debye length or they leave the electron
sheath with lower velocities than the initial vertical
velocity. Therefore, they can be expressed as:

1. Dust particles leaving the electron sheath
after decelerating (hyax > Ap).

2. Dust particles reaching zero velocity within

the sheath (h,.x < Ap).
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fan . _ Qdust —
e Condition 03: ag,, = K:“S“Eo — Yrunar = 0

Dust particles move with constant speed until leaving
the electron sheath.

3.3 Simulation Results

For the simulations, we used the plasma conditions
we have investigated previously for the terminator
surface charging [16, 17]. These results had been used
together with the dynamic fountain model of lunar dust
[18]; however, the calculations are remade since the
charging mechanism has been changed.

Table 1: Simulation Inputs for Different Conditions.

condition was able to loft the submicron size dust grains
up to approximately 450 meter. This is due to higher
electron temperature together with plasma density as 25
cm since the electron temperature enhances the surface
electric field while the Debye sheath thickness allows
particles to accelerate within a sufficient distance.
According to the results, the particles with 5 pm radius
are able to reach up to approximately 29-34 cm heights
in various ambient plasma conditions, which is in
agreement with the upper limit of Surveyor observations
(Table 2).

3.4 Laboratory Experiments

- ne T, T, Vew

Condition m?) (V) (V) (kmisec)
Slow SweamSW 100 12186 400
Fast Stream SW 5.0 12.1 12.9 650
CME Post-shock 01 200 148 430 600
Early-CME 01 30 66 68 650
Late-CME Ol 500 32 26 500
CME Post-shock 02 51.0 9.1 43 560
Early-CME 02 04 40 12 450
Late-CME 02 434 3.1 1.0 390
CME Post-shock 03 250 321 619 710
Early-CME 03 30 30 044 465
Late-CME 03 114 85 143 455

Fig. 3. Silica dust particles.

Previous experiments have shown that the secondary

Table 2: Maximum dust heights in meter for dust
particles with 0.1, 1 and 5 um radius.

Dust Particle Radius

Condition 0.1 pm 1 pm S pm
Slow Stream SW 204.538 5.488 0.310
Fast Stream SW 194.609 2.859 0.303

CME Post-shock 01  204.681 7.472 0.317
Early-CME 01 112.995 2.022 0.297
Late-CME 01 63.496 3.015 0.313

CME Post-shock 02  122.366 4.873 0.321
Early-CME 02 83.917 1.599 0.292
Late-CME 02 67.710 3.148 0.314

CME Post-shock 03  453.499 15.327 0.340
Early-CME 03 70.730 1.910 0.296
Late-CME 03 133.057 3.500 0.306

The value 1 in Eq.2 has been -calculated as
approximately 5.8, 18.4 and 41.1 for 0.1, 1 and 5 um
radius dust grains respectively. In addition, the maximum
value of the initial vertical velocity has been found as
6.670 m/sec, 2.158 m/sec and 0.964 m/sec for 0.1, 1 and
5 pm radius dust grains. It is seen that the enhanced
charging number 7 increases with the particle size
whereas the initial vertical speed after the separation
decreases. For the maximum dust heights calculations, it
has been seen that only the third CME post-shock

electron emission is a critical mechanism for the
electrostatically lofted dust particles, and initial vertical
speed of dust particles was reported together with
estimated charging value of n [1,2]. We use irregular
shape silica dust grains with 0.15 pm median size on a
graphite plate while observing with the microscopic
telescope in our experiments.

i il A

ica dust lofting under the electron beam.

Fig. 4. Sil

Some of the particles leaving the surface under the
electron beam were carrying smaller particles on their
surfaces in some cases. Kapton tape was put in a distance
of ~5-10 cm from the dust pound with the adhesive
surface on the top, and this was monitored under the
microscope at the end of each experiment. It was seen
that single particles were collected by the adhesive
surface of Kapton tape while clumps of dust were
observed closer to the dust pound.
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6. Conclusions

In this study, various plasma conditions are
investigated in order to estimate the maximum dust
heights, initial vertical speed in the electron sheath and
the required charging number 1 above the terminator
region. It has been found that particles with 5 pm radius
can reach the similar heights suggested by LHG
observations. In addition, it has been seen that the
maximum heights of the smaller particles are more
subjected to the influence of the ambient plasma
conditions (Table 2).

Laboratory experiments have demonstrated the
lofting of the silica dust particles under the electron beam
similar to the previous experimental results [1, 2]. In
addition, single particles were launched from the surface
as well as the clumps of the dust grains. Future work will
focus on the particle separation from the surface and the
behavior of the dust particles after separation under the
electron beam with the impact modification of dust
launching from the surface.

References

[1] Wang, X., Schwan, J., Hsu, H. W., Griin, E., &
Horanyi, M. (2016). Dust charging and transport on
airless planetary bodies. Geophysical Research
Letters, 43(12), 6103-6110.

[2] Schwan, J., Wang, X., Hsu, H. W., Griin, E., &
Horanyi, M. (2017). The charge state of
electrostatically transported dust on regolith
surfaces. Geophysical Research Letters, 44(7), 3059-
3065.

[3] Manka, R. H. (1973). Plasma and potential at the
lunar surface. Photon and Particle Interactions with

Surfaces in  Space (pp. 347-361). Springer
Netherlands.
[4] Walbridge, E. W. (1969). On ‘“Photoelectric

screening of bodies in interplanetary space” by Singer
and Walker. Icarus, 10(2), 342-343.

[5] Freeman, J. W., & Ibrahim, M. (1975). Lunar electric
fields, surface potential and associated plasma
sheaths. Earth, Moon, and Planets, 14(1), 103-114.

[6] Stubbs, T. J., Farrell, W. M., Halekas, J. S., Burchill,
J. K., Collier, M. R., Zimmerman, M. 1., ... & Pfaff,
R. F. (2014). Dependence of lunar surface charging
on solar wind plasma conditions and solar
irradiation. Planetary and Space Science, 90, 10-27.

[7] Farrell, W. M., Poppe, A. R., Zimmerman, M. 1,
Halekas, J. S., Delory, G. T., & Killen, R. M. (2013).
The lunar photoelectron sheath: A change in trapping
efficiency during a solar storm. Journal of
Geophysical Research: Planets, 118(5), 1114-1122.

[8] Halekas, J. S., Delory, G. T., Lin, R. P., Stubbs, T. J.,
& Farrell, W. M. (2009). Lunar surface charging

during solar energetic particle events: Measurement
and prediction. Journal of Geophysical Research:
Space Physics, 114(AS).

[9] Halekas, J. S., Delory, G. T., Brain, D. A., Lin, R. P,
Fillingim, M. O., Lee, C. O., ... & Hudson, M. K.
(2007). Extreme lunar surface charging during solar
energetic particle events. Geophysical research
letters, 34(2).

[10] Halekas, J. S., Delory, G. T., Lin, R. P., Stubbs, T.
J., & Farrell, W. M. (2008). Lunar Prospector
observations of the electrostatic potential of the lunar
surface and its response to incident currents. Journal
of Geophysical Research: Space Physics, 113(A9).

[11] Rennilson, J. J., & Criswell, D. R. (1974). Surveyor
observations of lunar horizon-glow. The Moon, 10
(2), 121-142.

[12] Horanyi, M., Szalay, J. R., Kempf, S., Schmidt, J.,
Griin, E., Srama, R., & Sternovsky, Z. (2015). A
permanent, asymmetric dust cloud around the
Moon. Nature, 522(7556), 324-326.

[13] Grava, C., Stubbs, T. J., Glenar, D. A., Retherford,
K. D., & Kaufmann, D. E. (2017). Absence of a
detectable lunar nanodust exosphere during a search
with LRO's LAMP UV imaging spectrograph.
Geophysical Research Letters.

[14] Vaverka, J., Richterova, L., Pavlu, J., Safrankova, J.,
& Némecek, Z. (2016). Lunar surface and dust grain
potentials during the earth’s magnetosphere
crossing. The Astrophysical Journal, 825(2), 133.

[15] Popel, S. 1., Lisin, E. A., Izvekova, Y. N., Atamaniuk,
B., Dolnikov, G. G., Zakharov, A. V., & Zelenyi, L.
M. (2016). Meteoroid impacts and dust particles in
near-surface lunar exosphere. Journal of Physics:
Conference Series (Vol. 774, No. 1, p. 012175).

[16] Orger, N. C., Cordova-Alarcon, J. R., Toyoda, K.,
and Cho, M. (2017). Lunar Surface Charging and
Electrostatic Lofting of Lunar Dust Particles under
Different Solar Wind Conditions and Solar
Ultraviolet Radiation. JAXA Special Publication:
Proceeding of the 13th Spacecraft Environment
Symposium F H i 55 T B FEBEIE 1P E R F
13 /6] TEHEES VKRS DL, EEHE (.
81).

[17] Orger, N. C., Cordova-Alarcon, J. R., Toyoda, K.,
and Cho, M. (2017). Simulation of Lunar Surface
Charging, Electric Field and Dust Lofting with
Attitude Control of a CubeSat Mission. Joint
Conference: 31st ISTS , 26th ISSFD & 8th NSAT.

[18] Stubbs, T. J., Vondrak, R. R., and Farrell, W. M.

(2006). A dynamic fountain model for lunar
dust. Advances in Space Research, 37(1), 59-66.

This document is provided by JAXA.



F14lml TFHBRELS AR LGRS

iz Eﬁnﬁ'ﬁ%’%*ﬁ %‘—'E'E'ﬂ%ﬁﬁnl“ﬁ
:ﬁTZA—7$ﬁ§:E7D f‘
=25 # f‘“"ﬁ" Ui 1

ERG7III/:|: FF—L
R

F14[6] FHE ﬁ//a"/ oL @FFFTAE

52 A0 1R U A EBREVE.

R CaFENL Jr> - PLOHEDORERR (19584F)

7> - VL UHEGABOFHEHERBISIRRETI.
ZTORMEZEREL CTHEL L, BRDODAFOFEHEN T
XABDLETEERERTY.

_.S'un.uli...i
Explorer I(C¥g& sz H—7
D> —(&, BIRILF—HT

éiﬁﬁ) DRAEZDHELTNE IowaXZEDVan AllenZ4%

£, BIRILF—RFOERMF, FEHERMORADFHOD—DOTT.

ESTHBICEMNDST . ERDRIBZEERHALEZS LT
FEAERWNWDTY !

This document is provided by JAXA.



64

FHMZETIE M FEH AR JAXA-SP-17-006

7L rwm (ERT) (&7

FREFBMAEL DARIC, 2EOFRICIFRILF—DEVEFIEFETD

T

Jr> - PLOBOEF(E, 100FOEFMNIL b~EI0XHEFNIL
(FFHOER=TEFHTD. ) DEIR/ILF—(GELFT.

7> - LIUER, KBEEICERI 2FHAFOFHRREZHIF(CK

S<EHL, ATV IICER - BRUET.

AE (I‘ﬁ?ﬁ‘:\"\")‘

I TERSNIAFH LA NS E%%I?E;T}?ﬁt@ VEI !

3

A< BETHT 77 L rmE

2.5 MeVOEFOZE(L (FHBREHRO—1E)

AKEBONO/RDM > 2500 keV

(flem? sec str)

log fi

L (HERA S DEERE  MERFE TREL)

day of year, 1993

AE(CEEROT,
BX DR IEDLTVET,

This document is provided by JAXA.



LA [REBRIE KDY L) i SR 65

L FEEIRGIHR (SAREL L NDH ?

FHEHBSHRDNATHE - FEHOEFEIS
ZHESEDIRA LD,

ATHEEOLZERERCASREE

I

Eeiae AN ST HC

7 R e 3
.

TIRATHT | 4=V SERBEFANGT Fi—d=SEE

M EERERECANTT SERE CREME B S EGEES YT cnBEENETE O
- e iekng Bl AN Y
i =N SRoPIAEE il FEE S [Posi
SO EABHCENER A SNWNTEE S O ANCEEED Smes  Shmd

W FEERORHED

Bl A #E PR BT BA
20044 (Fa169) 2B 158 (ER6

SHIRRIoSING I8 OSORNCRE HCRNTRISHET SSEAIIRWIS A Sl RS X

ORTHREHHO

SRR
Bt AR
DORAY | (vRITZ

BRER | B

NN

I Tw=2NeNe=u | g | Rz

SRRADL: ]

=

2006/04/17
B

bl e i)

NALEIB | Svw ponm —us
-

ST

-

o]
GBS L NFiR | ITEDHHER O

IZ 0o SHEEER | COSH-HHRER-D

ST ACRERHRERD

EROWEARAN u
Gz VAR NN 21

MAS 0o(F=0mYR
mzFUE NS ACH
BARETSRROR
BRI SHACIE
WEEEHOMR L ShE
oSS TN T
TRMECSTREOF
et (o) MRS Lol
SO P 20 e g v o
R

PO A BT o

| | WEESRE St o3 | RBABRARN S

RIS Y |
= fugihiEN—
Ve —an) T3

EEORA \Vums

ch
.
L
Te
aa
&
N
H
K
D
=
U
&
B
&
D
=]
&
[

FHEMERIZ T RAG, SAEERT BMEN (A SBF(CERM
UIiRiE (TSRT) [CHDET. C0i, TOESIERIBOE
BrE<FIET.

F/c, FHZERIIFEICHE (IRFHETEXEEERPTEHE/ ccohl
FERE) 2DT, HFEBEWICEHRITIZENHDIEEA.

CNSDFHEICEL DT, —BBDMNADHFHEDTEVNWIRILF—%&
BISIBIENTREEROTNDIEEIASNTNEY.

COBIRIF—RFERADZILZBRT D E(F, FEMIRIC
HIFBDKREEDVOEDTT.

HIKELNZEMZ I T S A DIRIRIF2DH D FT.

- XKFLEEAR (O0O7F) ZEREE I DKERE

- HIBKEBESEBARINERIMRICE O TERELIZED
HRIEPDEFDIRILF—(F~10EF/NIL b, BHEGF~0.1EF/NIL
EUNSBDFERBA. CNSDEIRILF—EFIE, EDOXDCHAS
BFMNILBETOIRILF—ZEEITDIDOTLLDIN?

This document is provided by JAXA.



66 FHIZEWT T BRI AEAE AR R JAXA-SP-17-006

ERGId.

Biel il Pt

LAODE§ tz\ tj__zfloirEsz 75%% f%b\77:/5ij_%fﬁﬁﬁfL/T:, Eﬂﬁﬁ??a)ﬁ&
?lf—lr\) ?FE_C?)@E?%ET‘}E\U Ljaj:g- = 55781705}7(:3:5%5&%%1_%\” bi?

BiS ERIF CNSORBERERT —YZRAFICHEDT LT,
HRTEUHTEIRILF—BFNIFNNIBIEZ
[Z2Di5] TERAIT DS CEZEHEBELET.

P70 ERG B2

TOMR KRR F)LRRE)

KRR (FLEMsOERREY

1.5mx 1.5m x 2.7m
355kg

This document is provided by JAXA.



14l TFHBREE S AR A ) G R SO 67

HTR (BF - AA>) BHAEE .
M : LXECEE. (XEPOHYHE(CHAE)
i | E—— RNt/ R N (Bigatal)
- ‘ < = TYHICZRE
| o DA -T2 FF (BIgEHA)
- . 5 847515 ERE
FRfEIRNE - > (#=7241) S LI
BT O
J4v-7I7F
RIRNE -44Y (FBB 4 & Fh)

TR 28N

Ro@mAss ALt
LI=HF O

(2R E360° )

RAMEET

[BFIERA~D I v a3 VEK]

> Iy v avEREBRETAZLBRVIEICN LT, FTEIFERI1EEUE, BE
D REFHHTEGIEEITO I &,
> TSR ERICEBET 52 &,
Wi35).
v REBRAIVELTICHZ 5.
VFEERLEELZESZ 50, AENSRIILETCETNICERT S L.
v BENNE WSS THRAICEEERE LD BEHT 2EMILHFR LA 70,

ERG D55

LEP-elCE W TIE T XL —DelectronZ sHAI T 270, BEXRENTEI 5

& electronDF FHREEABEIT S NIE L WT —ZEUSHTE %L, —FH T, ERG
DR DHEFID o, BEEROB[BEFAAIE/ SR ILICAITLIZIREEICLATE AW
7=, HEBALF TR RATLE L TDOERIBEERD, SDT=0, &
EICEHT2ERHEM I L CEETNZERELI-EZA, BLYILDOYA
A THHLOTHEIVICEETBZ I ENHALNICH - 7=,

This document is provided by JAXA.



FHTHLZEIFSE TR R 2 JAXA-SP-17-006

QAEEXRmMEBMENE (MUGR)

[ERGO#RE]

o FHEMBL/FEBELBOEEL

FHERO 77 AVICREIN/FEERADORABMAEZIVAT ET 2 2 EH'ERE
BiRTH 5.

o FHEMICS LINIEE/E  BEBKICERT 2L,
f%ijﬁ;rﬁ Ry T4 v TR SELENE®D 1VLLF
100cm? ERGD HRIE <10%Q
1m?

& FHZEMICILINAIEER : EXNEEBRICLI ~TExAZEYL, /77 F
ST 5 L.
EHmEE FEEHT Ry T 4 v TN
10cm? <10MOhm/square <10MOhm
10cm? <1MOhm/square <1MOhm
1m?2 <10kOhm/square <10kOhm

SELENE (&
100MQ/square

g BEXIEEMNR (ML @ #ER)

> MLIBAEBICIIEEAEEMAEFIE277v 7 h 7 b (160XC) A RAT 3,

> SELENE®DERICIZI00XCAEKA L /=%, ERGICHE W TIE & V) REAEH
D/INE WNI160XCHEIR L 7=,

> MLIZREHSICIZ R Y T4 Y IR NSy TR2DFIE2>Z &L L, U4
ZDBEBRTE S LTHEY o WigEIZJAXARI EMB L 7= £
TEaL =,
* SELENETIZIm2ZA EOMLIDBEIZIS G EDIREN H 5 DY,

ERGOMLUZIMZU T D/=OMAXT2ETE T35,

Tablel Black Kapton®DZ&RmEE 4 (HE : Redbook/Sheldahl)
Specified Value

Film type 100CB 100XC 160XC 275XC

Film surface resistivity >10" 10° to 10° 300-430 230-290

Qfsquare Q/square Qsquare Q/square

SELENE (£ 100XC % £ F3

B8 AFICEA, D —ILERTEDI-OEMERGD Y 1 X I/NE D > 7-7-DFR S,

This document is provided by JAXA.



14 [FEHBES VAR DY L E R RS

BEXEEEMNR (Tapeir)

> EBEUT —TEFE S UNDBRIREA G - Fofc®d, T—TDEHY L TEH
L, SEEAZHERT S,

> MENDEHDIMOEE M T — 7'97048R5TH& T
(EBEENDHEWVEDERAD)

> 3M97030D X — H B E &I 11-40~+85°CTH V), BEFENETIZF AN
MEEINTz, 2REY 1 7 IL3ER(-160~+140°C) TRINNIT A U 7=,

> FEBEEM TIEH 2 H3M66IEHIA NN EABELNICR T8, T—
TORY F O, BT ROF vy 7 EEFUEL TERL .

[9703DF A 1] (B4 Y 7 — 71 CRIE 7735
N - Black Kapton »

966

9703
Black Kapton

o

fo — ‘ Black Kapton MR, <

|
-

> 100XCTOEHTY 77— 3L T L TEEMEHNEN R WA 160XCTIZIT Y B If 5
7P TRE L CEBEZHERTE 3,

QEERMEBENE (OSRHR)

>HEEARE (BFE—LBE 1min. 2nA/m?) DOFEER,
ITOfT Z0SRDA, OSREIDEEMBEHIMAKE K FET S
ZEDFIBRL T
> OSREMHE I ZAEICITOBRWEWEMAH S Z EABHLNICK > 72
> OSR% B {1+ T W72 BEE&I(MAPSIL1123QS) IS BB UL H 5 DICHETH 5

CENTY THoTc, EBUHOMAEZELE/-bOTHY, HAETIRE
BN EN ST

»>0OSRMDIEEFIFEH BB ICELASTOSILS-692% 2% L TEB M %
ERL 7

CEE R ER(FESR)]

Y
’ - - ectron
- ‘4 : 5 -1
i s | - <:|

beam

Aluminu
ample

m
plagg_p

W
I E—f ';U_F_Lecj;(omete

AN

?
Ammeter/

This document is provided by JAXA.



70 FHIZEWT T BRI AEAE AR R JAXA-SP-17-006

OSRA1 RERICDULNT  MUSCATIC & BENT - iE 2

GESED|
HﬁFEEJﬁHgQJ_‘_O Ssmm. :TEAFEZRIE 1 W6.4cmD IR
BF(HZAMD oA EREF D HACOSHI)
i, =2E-5A/m2, T,=0.2eV, E,=15keV
BRT 7 RX2(7 7 AXER=2E0)
‘n,=1E12/m3, T,=T=1E-10eV
BARERER : 0V
FFEFE S ¢ dt = 4sec

[T iER])
c OSROEFEANELTEBARTH > TH. OSRRE DT BEIF-11kVIEET 5,

data_polnt0Llis

*AEFREAFEOFER DY,
BHEOEEF OBEMEICEHL ST
MBLBLETH DI EHEL NI
R o7,
e&i%@fﬂﬂﬁ/\iw S¥4TI

Ty arEBROBRENH Y
NRETHUMBEDNE,

MUSCATAR—Z - T =75 (1)

SEMIE (OSRHR)

1500V 1000V
4

7
820V
“White RTV”

10v 500~ 1000V

Qioptig™~ DFERFER
For PS 613 optical solar reflectors (OSRs).
Total uncoated area of all 4 corners is <= 8mm?.

-

This document is provided by JAXA.



F14E] TFHBREES VAR DT L R CE

FEEEMENE (SAPHR)

> NRFINLDOFEBETAZEEL, BEXRICERGo7-HDICEE (TR EEERIETL
TEERICE > THFELTLE > T,

> NN DT—TILNEINZDOFEFELE L TW o dh EUBARET L2, I
oL ENHBWERRL H - 7.

___S6R(EEM)DEENIITTRY T,
: " W S-691(3EEE M) & MBI ICER

'_F:\,\\& NAEILBIEICERIN TV FEED
- EEARINREHL m
>7 N IIRT—E L ad i

& O WK RN !

Ty avEROBHELLITEV EAORE - AEOKER. AL

BT RINF—T T XTFRDIDHIC, ERGEZET
X, BEXAEEHHERZ TEAH0ZYERL -
e FEEDOWERICE->T, BRI D EMMH N
P HBE>TWAEEZTWES

s WERDHERIZ, BB T — X746 NICEHERIRE
EEHl-vIal—>arETu, ERLTWL
FETH D

*ERGRIE TIE. #BFICHART 25T/ F—F
FDUTINEA LT —2BEZIToTWVD
(SEES@JAXA)  BEZSRUVALITNIEEWNTT

This document is provided by JAXA.



72

FHMZETIE M FEH AR JAXA-SP-17-006

Space Environment & Effects System

SEESTop Page

O Tl B > ERETIHERI O

MDG\ iy 2, 2017 - 01:00, May 8,
r—'ﬁ l_‘_|
QESS data provided stop. (updte:30Mar. 2017)
v please wait for 3

Applicatian Form for the Space Weather Data (SEES) i
W nlcled  pylicaion frm fx o Space Weator D (SEES)

U7

WNEALT—X&

SEES (JAXA) R—TH 5
MEBEET—& & EDHICAFH

Satellite

E [ et daa 3 model concermed v spce etossaets - Fagh Enegy Parcles, CaiacCocc Rays
lasma, magnetic fleld, etc - :ml f¥ects from womments - Single Event Upset, Degradation of Sol LIr(‘IIT)’(mn(l:\pm 1, Total Dose, Deg: radation of
 Thermal Cosirol Materal, eic

HoEFERRDT — X & AVIIRE TR

BREEAREFRERE (NicT) ROKICK 2HREHEIFS

http://seg-web.nict.go.jp/arase-spaceweather/forecast.html

Result 1: Modeling (AR coefficient estimation)

/\E’ﬁg’]

7T (F8N)

TOFEEKLY

A I5 79 93 o7 37 04 O 12 75 20 24 75 00 05 0 14

| rTo—Te e

2017/10/17 SGEPSS

This document is provided by JAXA.



H14la] TREBREES LRI A ER SR 73

FHBRARIRREEFENBFEES

K. Koga and H. Matsumoto
JAXA

T. Nagatsuma
NICT

FEHERES RS DL 2017

Ly

Contents

Statistics of resent satellite anomaly

Internal charging

Satellite anomaly caused by internal charging
Internal charging simulation using MUSCAT
Concept of customized space weather

akRhw0bd -~

FEBES VRS DL 2017

This document is provided by JAXA.



74 FHIZEWT T BRI AEAE AR R JAXA-SP-17-006

Statistics of satellite anomaly caused by the space environment

Koons, et. al., Aerospace Corp. Report, TR-99,
1999 Data: Koons, et. al.

Satellite Anomaly Analysis: 1973-1997

“ESD(Electro Static Discharge) & Charging” and }
“SEU(Single Event Upset)” are the most frequently 3% =
cited causes of on-orbit anomalies L

ESD & Charging Radiation Debris Other

Satellite Digest News (SDN) Damage  micrometeoroid

95 anomalies have been reported for the period of 1997 - 2009 in the geostationary satellite orbit.

32(about 33%) cases of these anomalies were due to the space environment except the operation
mistake and the design error.

Choi, et. al., SPACE WEATHER, VOL. 9, 2011
Local time and seasonal dependence of anomaly above 32 cases
21:00LT~9:00LT: 72%
9:00LT~21:00LT: 28%
Most of the geostationary satellite anomaly occurred at midnight and in the morning sector . They
conclude that the surface charging with the particle injected from the magneto tail along with the
magnetic storm is the main causes of anomalies at GEO.

FEHERES RS DL 2017

Statistics of insurance payment on orbit of commercial satellite

Frost & Sullivan analyzed the on-orbit performance of the major commercially available
satellite buses and considered the strengths and weaknesses of their manufacturers in
order to determine which satellite bus (or platform) is more reliable.

According to the value of claims by anomaly type, “Solar Array” accounts for 50%.
Mitigation of solar array anomaly is very important.

Number of Insurance Claims by Anomaly Type Value of Claims by Anomaly Type
Payad  Transponder A Payload Transponder
Electronics 6% bt pComroi Electionics  {o,  Antenna _
13% n— Propdsion L AT 7%  Propulsion
Control ~ p | _ 5
Processar 15%
8%
Sh:toies Battery
Struct 12%

LINES. Bau_ery

2% 1%
Solar Array Solar Array
38% 50%

source: Frost & Sullivan and Airclaims

Commercial Communications Satellite Bus Reliability Analysis
http://www.Ir.tudelft.nl/index.php?id=29218&L=1
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Surface charging and internal charging

Surface charging Internal charging
Ungrounded Metal Energetic
| d t I 1) Accumulates Electrons, Electrons
Incident Electrqns (|e) Scondary nC' en ons May Cause Discharge to Trace Penetrate Shell

Secondary

Electrons(! Circuit
Back-scattered ‘\\\ L) \/Electrons lsi) Board
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P Sunllght \
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------ — Circuit Ungrounded
7/ I N / — Board Metal
Photo-
Sun Emission(l,) / ST
ph Trapped/Stopped
/ in Circuit Board,
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May Cause Discharge
to Trace

NASA-HDBK-4002
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Internal Charging

* Internal charging is caused by the electrons, which exceed
the energy of 0.1 MeV at the radiation belt, that penetrate the
outer wall of the spacecraft.

* Internal charging occurs at the circuit board, coaxial cable or
dielectric.

« Charging at the conductor which is not grounded.

« If this charging level exceeds the voltage proof, discharge will
occur and causes a malfunction at the weak point, such as
the defect of material or needle shape projection.

FEHBES RS DL 2017
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Internal charging at GEO

The energy range of electrons at the radiation belt which may cause the internal charging is,
Above 0.1MeV (below this energy, electron cannot penetrate the typical wall of
spacecraft)
Less 3.0MeV __(above this energy, flux is not enough to cause the charging)

Electr on and Pr oton Range vs Ener gy
Descriptive Penstration Depths are Approximate
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Example of satellite anomaly

» Earth Sensor Assembly (ESA) of Data relay satellite (DRTS) on the
geostationary orbit has shifted to the redundant system (sensor A -> B) on
March 23, 2003.

* Anomaly was caused by the increase of the noise of ESA.
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Relationship between the ESA noise and high energy electrons

« Space environments were analyzed, and it is found that there is a
relationship between the noise counts and electron flux (1.11-1.49MeV).
« =>probably caused by internal charging

DRTS ESA noise vs. electron flux (1.11-1.49MeV)
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Threshold level of electron flux related anomaly occurrence

« Anomaly occluded above the electron flux of 108(cm-2str'day-1). (left figure)
» Also, this phenomena occurred when the flux rapidly increase.(right figure)

ESA Noise vs. electron fluence [1 day] ESA Noise vs. integrated electron flux
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MUSCAT (Multi-Utility Spacecraft Charging Analysis Tool)

MUSCAT is the charging analysis tool for satellite
design. The development of MUSCAT
commenced in 2006, and was completed with
cooperation from the researcher in 2009.

Surface charging

The computer code used with MUSCAT is a
hybrid of PIC (Particle In Cell) and PT (Particle
Tracking), aiming to calculate the charged
analysis within half a day.

Internal charging
Using Monte Carlo simulation for penetration of

high energy electrons. : )
e \‘s
-
MUSCAT is available from MUSE (MUSCAT Space Engineering Co., Ltd.). Q»}
MUSCAT internal charging simulation
Internal charging MUSCAT simulation
Accumutates Elsctrons, Eioenons | == AE8 model
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MUSCAT (Input of space environment)

79

Space Environment & Effects System
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nvironment)

Calculate the electron flux using SEES
according to the satellite orbit with AE8
model.
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Example of internal charging calculation
Potential trend of the sample

Case 1
Charge = Leak (small resistance)
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Example of internal charging calculation

Potential trend of the sample

Case 2
Charge > Leak (large resistance)
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Concept of SECURES for internal charging

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

1)Customer selects the weak | 4) PSTEP A03 output
point of internal charging 3) Clarify the relationship High energy |
for the operating satellite. between charging level and . electron prediction

space environment.

And decide the threshold level
of high energy electrons for
alert.

10

RIS ESA/ A X& BFFluenced B

Target material »

B sl © | p— Exceed
‘s 6,8 058
i | ) i 5 2.8, o o '
- g 25;;@@ . Threshold threshold level!
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Instrument Ka-Band Radar Ra I n C u be Launch manifest ElLaNa-23

Frequency 35.75 GHz

o Launch dat NET 04/2018
Mission aunch date :

Antenna 0.5m deployable Orbit altitude ~400 km

Footprint 10 km (@) pe rations Inclination 51.6°

Vert. resolution 250 m

== ——— C o n ce pt Prlary mission 2 months

%

Flight System

Spacecraft mass 12 kg

Spacecraft volume 6U

Payload Power Up to 35W
Payload Data 50 kbps
Payload duty cycle  25% transmit

Payload operation 1 full orbit
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Charge deposit simulation of surface material which was irradiated electron beam for
spacecraft considered temperature dependence

Youhei Sugahara, Rikio Watanabe (Tokyo City University)
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Fig.1 Satellite failure statistics by space environment [1]
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Fig.4 Cross section of phonon interaction

2.4.2 RIC (Radiation Induced Conductivity)
RIC (Radiation Induced Conductivity : AL EE=R)
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Surface Potential History and Volume Resistivity of Polyimide Film at Cryogenic Temperature
Yuki Shibuya, Rikio Watanabe, Akihiro Miyasaka (Tokyo City University)
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Fig. 1 Volume resistivity as function of temperature
(Kapton® 200H) [3]
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Table 1 Specifications of experimental apparatus
Appratus Manufacture Model number
Electron gun VE-0568, 50 keV
(Power source) Choshu Industry (VP-058S)
Surface electrometer Trek Japan Model 341-B
Digital electrometer ADC 8252
Data logger Hioki 8430
Oscilloscope Tektronix DPO7104
GM type cryocooler Sumitomo Heavy V204SCP
(compressor unit) Industries (UI04EWA)
Temperature Cryogenic Control
co:troller ; iystems Model 22€
Silicon diode Scientific Si410A
Thermometer Instruments Inc. (Sanple stage)
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Fig. 4 Sample stage
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Fig. 5 Time history of sample stage temperature (cooling)
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Table 2 Experimental conditions

Sample (Thickness) Kapton® 200H (50 um)
Electron beam energy, keV 20
Current density, nA/cm’ 1.14
Irradiation time, s 60
Vacuum level, Pa 10°~10°
Temperature, K 20/40/60/100/ 150

1x10*

Surface potential (negative) / V

1x102

h———-—_. |
0 30

Fig 6 (Z, FEENEREFHGERZ R~
\____ |
0 10 2 40 50

Time since electron beam irradiation ceased / d

Fig. 6 Time history of surface potential (semi-log plot)
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Fig. 7 Time history of surface potential (log-log plot)
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Fig. 8 Volume resistivity as function of temperature
(Kapton® 200H)
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Fig. 9 Energy spectrum of Kapton200H (20 keV, 1nA/cm’)
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The Consideration of The Change of Photoelectron Emission Yield in Polyimide Material after
Electron Beam Irradiation
Kotaro Suzuki* Yusuke Kobayashi Hiroaki Miyake Yasuhiro Tanaka (Tokyo City University)
Teppei Okumura  Shiro Kawakita Masato Takahashi Kiyokazu Koga (JAXA)
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Charge Accumulation Characteristics in Electron Beam Irradiated Fluorine Insulating Material
Masahito Miyoshi*, Kouta Seiryu, Kimio Hijikata, Hiroaki Miyake, Yasuhiro Tanaka (Tokyo City University)

Abstract

The spacecraft is covered with insulating materials such as multilayer insulation and sunlight reflector. When exposed to

high-energy charged particles on orbit, charging and discharging are caused, which may lead to operational abnormality. For

the purpose of grasping charged properties, in this study, an electron beam irradiation test with different irradiation current

density was carried out using OSR and fluorine insulating material which is a wire harness material. As a result, it was found

that charge accumulation behaviors in the material are different depending on irradiation current density. We also reported

the relationship between deterioration progress of materials due to repeated irradiation and charge accumulation.

Key Word: Fluorine Insulating Material, Electron Beam irradiation, OSR, Space charge, Charge Accumulation
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HEREHTIT, BEHEIC Al 258 25 S 72 AFR
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7oo MIET RV —13 40, 60 keV., [R5 77
X5, 10, 20 nA/em® TEF#%Z 2X10* Pa LI F O
BEZEEE T T L, BRI 20 43, B
1S 1% 20 43 [ CZEM B A E 21T - 7o, £ 72,
HERRIZOTh S 30 BHERTH S,

5. AEBRBLUEER

5.1 EFREFEEGMHPOZMER M

[ 4. 5 2B B4 ETFE. FEP O Z2[EM /40
HERE R 27T, FRT D), BIEFNERINE
TARLF—40 keV, 60 keV %, (a)~()XZNZE
B EE 2 BE 5 nA/cm®, 10 nA/em®. 20 nA/em® D5
TR IR RE O ZE R AT AR ER R 2R LTV D,
Fio, FKHPOREE, Ffr, T, BRixEznzh
BT E . RO A BN SRR, IR TE AT
BE, BREHET 20 DB 2B TH D, XK
B, (1)=UZ/RT Kazt-Penfold DFEBRA L 0 HH L
CETORAKRETH D, (HAF, ETngE=x1L
¥ —[MeV], plIHE[gem’]TH Y, R ITRHATRE
[um]ZF L TW5,

R _ 0412 > E1426—0.00954lnE (1)
P

Tz, BERRIIKOAEN SR LT Rk
SRRSO IE BT ©— 7 13BN O B A EAT
WL DFFEBRTH D, A LD SFREN O A BN
BREE AN TR LIZE A O R KM ITICE
BIZEHEL WD Z 0D, ETFE 38X U FEP
OWNWTHOFERICEBWNTHEFRIBAIZ LV FE
REETPFCZBOAEBMNT 208, ZHET HEME
IERERIRGE & b L, S BICE RIS I
LD LT LT D, BN OB BRI AR T,
ETFE (B W TIXE 4 L0 40 keV FRHERICIZ, 2T
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5.2 BERHICB T2 ERMABRETEORIEL

Ao 4, 5 XY ETFE, FEP [ZBWClE, &
TR HICNENICABRNERH L%, P75
Hia<chsZ LBl SN, ZOBRE RIS
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HETH D,

X 6(A)X » ETFE @ 40 keV HREFFIZ VT, M
SEREE 5 nAlem® TIREFHRIBKNBAL 5 4T
-0.09 mC/m* TEFI L, TOHMETIZHLEH ST
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BOEMBMEOWEL RN, BLELRKEW
Bicd 5,

7(A) XV | FEPIZET % 40 keV FREIIFIZ I
T 5, 10 nA/em® TIE 5 OEMERBOHND b5y
HE9IC, BEEND RN -T-T20, BYERE
DRI & UIXBRE 7 ZF B 35 SR o 7203,
20 nA/em® BRETHRIZ I Tid, HBETBEAS 5 4y 30 B
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HR ST B4R 20 45 T-0.01 mC/m”> £ THA LTW5,

FX(B)D 60 keV FRFFFIZFH VT, 5 nA/em’
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mC/m® £ TER LML TW5D, 10, 20 nA/em” T
X, fARICET 5 F TORMIX, T IRE B
2433078 1 TT-010mC/m* £ TERL.Z
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Irradiation Relaxation

nt o(f) [mC/m?]

| —e—snAkm®
i —e—10nAfem’
| —e—20nA/em’

Integrated Charge Amount o(f) [mC/m?]
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5.3 BEIPICHITHEBREROER

THE TR LI EBRERICESZ, ETFE KT
FEP NIZEET 2B TOF#H 2 BT 5, £79. R
BINIZBAT2E X=XV FT—F RN, &
HIRANES ETEET L, ARPEIZL - THlIEES
X T BATEREN B X RERBEOMIE & 720 | B 1#
DR RV F —URAET D, BN O L FEA T
(XIS PICEFNCET B2, JAULERE LI EAT
WX VBAETHERICLD B EOREINA~EA
SNToEFNEMMNIG Z RIS, FEAEFREE T
BRIRREIZ I > TV D b D L HEERT 5,
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60 keV HURIRFICEFEE M &N (AR ER D56 -
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LB B ESRE IR I L& Z
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& R K fx M (RIC: Radiation Induced
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HIML CLEo77o®lc, fafRIEDO R IR BN &
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JRK & LT, B TRIRETIC L 0 3B o RS D2 LA
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5.4 BEBEHICKIENSEEEOEL

ATET £ T2, BFRRIREIC X 0 MR OB B RN
b B ATREMEIC DWW TR LT-, B R 2 I LR
FizkvwZlicky, 20D RNEBRL L, EE
FEFFE O RELS BT HE LB A OND, TV EHE
BT DI, IR IRG 2 5 e ST 2 4 0 K
L BRI BR 21T o 72,

FRES SR IT I = R L B — R OV RS B 1 4 =
WRLELDOLREETH D, B0 LEMAIZ, 20
Oy B B OV T B & e < BREHRE T 1% 20 Sy [EIREFN
ARTT-FH40 5% 1 A4 71 L, 5 nAlem” T 3
P A 7L, 10, 20 nAlem® T2 YA 7 VER LT,

7. X 8 IZHED IR LEHRS L72EED ETFE
B LU FEP OFUEHNE A B & ORI 2 R
T, FEDA), BNIXZNZEI 40, 60 keV %, (a)
MHE)NTZEIFEI 5, 10, 20 nAlem® DFERZ R L
TV, AL VFEE D — BN TEARROM
ViR LRRSTHC LV EATEEE S fAEmICH 5 2
LD, ETFE 2BV T 40 keV WREHFIC, G
285, 10, 20 nA/em’ TENEAL, -0.10, -0.08,
-0.06 mC/m” & TR E OBENNLE, BREA BN
BENBD LT ERSND, Lied-> T, BEE
VR FEIZ K> THREFEIEEICHE T D RIC 28 B L
b0l EZBN%, FEP 2BV TIE, 5 nAlem?
TIX 40, 60 keV & HIZAFMEAIZH > 723, 10,
20 nA/em® TIEAR VIR UIREHC & » ZREE RN
HLTWDZ Enbhnd, BERERHIZ & H 720 RIC
DOFAEFTREEN B UEEREN EH L TV D ENHE
228, ETFE & il L FEP O 0N E AR5
OSSR EVMEICTHDL Z ENEZLND,
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Characteristics of Space Charge Accumulation in Fluoride Film Irradiated by a Proton
under DC Stress
Ushio Chiba ,Masahito Miyoshi, Hiroaki Miyake and Yasuhiro Tanaka (Tokyo City University)

1. IZL®IC

ANLHRe EOF gL, FHZEMOWM L VIRELS)

MOBNOREZ —EICRSTZDIC, AU A IF

(Polyimide :PI) 7 4/ A& HEME L 72 Mult
Layer Insulator (MLI) XK1 Td 2 Optical Solar
Reflector (OSR)AME STV 5, ZH b DOHigiEHIF
HZERICBW T, BETOH T2 E DR R VF — Bk T
MUCHE SIS Z LIS X DA - ISR L, RO
EHRE 20 &7, fREEMRT OER OB
DR MEBBRAEPFERTHL Lo oMmELRINTWD
Z &b, T ARG 2BITIE, MLI R OSR 72 K
10 & D A B DA R R AN B & 2R B0, &
D=, FHEREFICERNT 2FHEZL STeHIic s, mTx
JUX — AR T AU STz E oy THERE M B TAE L B
BRI AR5 Z ENEBEL D,

L FARIRATIC Lo TA U 2 W S FHRNC B 9~ 5 W58
FE L BENRINTWVDNR, 7'r b o REHEEM RO i
BRI BT DAFEIT, HIFE NV— T EBRE S
TWpWes, 2 ZTARIFETIE, 7' b B FIckiT 2
M RO BB EiE L TWD, TIVET, RF5ES
No— 7 TR T B T8 2 W B EHII 2 FTHE
235720, 7V AN /1 (Pulsed Electroacoustic : PEA)
1% T2 O R RS T CRBEN oD 22 1] BB A £ A 0D [BL 452
FHRZ3 R RE 7/ VR ZE R AR TR AE 25 18 A BRZE L | BT FE S
BB IR HA Y A I FMEOEREREFE L & i
TEFE ORI 21T > T & 72,

ARG TIE, OSR RTVA Y= = ZAETHNBND
ETFE(ethylene-tetrafluoroethylene) & X U8 FEP(fluorinated
ethylene-propylene copolymer)iZ 35 1} 5 B - R oh oD 22 ]
AT oA R R, R OMURBOBHC 351 2 BT ER LS & 2 ffhifsk
R DRI 21T o 72, F 72, BRI OB OREE A
LSRR 24, X BEET 5y JE(Xray photoelectron
spectroscopy: XPS)HIE & i L, 7w kSN BT
DA EIE L M EHEE & OBEIZ OV T H BELREIT o7z
DTUTFICHET S,

2. WE

2.1 SV AFREISIIEIC L B 22 M B R E R

1 |2 PEA VEDJR IR & 77§, BB CHE A 72 30BH T RFH]
& 2, 5 /O SV ABRENMNT S L2k Y, BEE
RENL S I\ CRRM B L= 8BS /1Y o+, BRE

L. BERPERL TODEFPMINEMT D, Z DM/INE
PLIZ K0 B L Te 7V ZARE T A3 R0 BB 2
L., EERTICHEEL TEEREFICEBREND, F5E
IR DOBFHIZES & 0 B4 2 | 5 R b B R 215
LHEPHKD, EERFROHANSNDELEEZITT T
THIR I, v 2Aa—7TRRISND, ZOEEKR
R ERBRESFE DR SRR VEMERIEL T 2 &
W& > TZEMEBEMIMZTD T ENTE D,
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Fig.1 Principle of PEA method

2.2 ZEMEBERIES AT A

2 \Z PEA L& U 7= ZE RIS Al E > A 7 A OAEI
MR d, KAT AL, ZEHEEAREEEARCLTE
Y=y N, SRV 2R —F TS TUTH
BERER, TYHNVA ML=Vt vrAa—7 PC b
RS, ERETEEARARIIEZET v o A= ISR E S
o,
o=y MIMER T ZREHIRE T 2720 K11
AR X ICEEBEEMICIRA 02T TRV | BRI
TCOEMBWROAHIZREE LTS, £z, EED
A RIEHE 40 mm, A 40 mm, &S 37 mm & REROZEH
BT ELEE L R L/NITH Y NS A XDTF
Nl RIETEDL LI TG, SNV AT 2R L —
Z D vy =120V, 1 =T ns DYV AEE % H ) LREHTE)
M+ %, EEHZFIZPVDF(ES 9pym) &AL TRy, %
B ONLE Y FRAEITH 10 um TH 5,
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Fig.2 Schematic diagram of space charge measurement

system for irradiation

3. WEREHES X OVERRSME
3.1 BFHRIBE TIC BT B ZEMER R
BIEFBHC RSB Al 85 %206 L72/E X 100 pm @
FEP % M\ =, BB TR IRET I I3 87 R 2B i i 2E BR e B
1 TR BTG R FETATA O 3MV & 7 SIGERR %2 FI
L7z, M R/ —2.0 MeV, FEFLHE 30 nAlem? DT
% 30 S RIIRE U, % OBROZE B4 2 E Lz, M.
TR T 13107 Pa 12 CHEME L7z,
3.2 [BHRIBE ETFEFEP Ok ER O Z2 M E R
BEREE LCEE 100 um @ ETFE, FEP % iz,
I R LX—1.5, 2.0 MeV, EHRBE 30 nA/em? D1
ZREFRBHT 30 0 L. B 1 BB X0N365 HiRilE
#OFEHIEREZ L, £ OO ZEMER /940 2 H iRk
RE TS CHRIE UTe, ARIE S TV 72 22 W 7B 1o ) 7 2 1
X, EE O EAEERE E Ao, BEiEE
25~100 kV/mm (25 kV/mm fE)ZFE ST 2 ELX AEE %
FINL . FIIN 30 43 B OV AU B] & e\ TORRE 10 43 o
ZERBAG AR IE 21T o 1o FIEICI T 5 FEBRGA L 2
DOERFLFEER 1 IR T, Erid TBEOIETF (=%
X H)) &L, BRE 1B, 365 HZ D 1.5 MeV B4 FEP
S ONFEP % Z 3 E 4 Fosin Basi Fussesn Easen & Rl T Do
PAUFRIBRIZ 2.0 MeV BUERFRBHZ IV T Foon Econs Feosese
Eooss & T D

Table.1 Measurement Condition

4. EBRFERBIOEBLE

41 FALUBHTIZETSFEPRADY 7ILE A LZERH
X 37 a bR -0 FEP W22 B /0 2R,
[FRH, (IR TIE B BRAE RS BIAAE (30 7). 10,
20, 30 HHBOZEMERMEENLENE, K, FH. FECORL
THH ., OUTBW TR TEZGO ), 5. 10 5% %

FHERE, K FTORLTWS, £72, 7u hZRK
BATSARK DA S B U, B RO R 2 RO
BTRLTWAS,

FX() & 0. BEEED S B S FRENK 45 um O
LBV CTIEBM OEEMNHER S, BH 10 0% E T
A UL ISR CIEB M REAS 20 C/m® £ CTHM L, &
K IXBEFHEABMMPBN SN, T0%, EEFRO
TR FRE LB A REERA~SH LEES LTV D
DR STz,

MDY LD, BEHETESEI D 5 o E CEMESHEI
B LT, 5 9005 10 0 F Tl & 22 13
INpinote, £, BEPICRKEMEE/BILEINTZ
A7 & 0 BT & BOHAl o B AR (B 22 ANDIZ 2> TIERE
MOBEBPBEFELTVAZENDNDS, ZOZ LD, B
F2MRA - B L7 TOMBIOEERD FANEZ L
nd,
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(b) after proton beam irradiation

Fig.3 Space ch arge distribut ion in FEP during and after
proton beam (2.0 MeV, 30 nA/cm?2) irradiation
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FRI@) ) E Y . Fusny & Fusses CIEIEEERIEE -
FT & B 2RWR 2 BN BB O E R R S,
75 kV/mm HUMED G Z 00 5 OFREHN IE B A 3 BB &
HEALTWS T LHERTE 5, 1 BHEOBUECIXEHER
BEBX CTEREBWABEH L CORETBIHRETE S
23, 365 A% OB CIEFEIN O IEBRITFHERBRANICHE
F ol RIL L B OBFIFERIRGRIC X D2 bR T &
%, WICRBEAMECH S, FEbG)EY Fos)ORE

This document is provided by JAXA.



H14ln) [FHBREE

JERFIZ 3N T 75 kV/mm FINRF gt 23 4= U 4.
EBERINRE & OB 727225 3T 2 FITH K2 ho 1o
23, () D Fiys 65D BEER &0 | ARREK HE)RIOE
W S B AR A AL S T, RN O IR 381T 5 B
T DR RERNLE & FHATREE & OFICAEBMBIEH S h
Too BT HEBAREINICAVIAATLE 272 & 5 220k
e oTn5D,
Lo EREEZEN L OB OB R8I
2.0 MeVs RETRETH 5, FIX(e)~(H) T b LR A B1LE
SNTW5D

4.2.1 ETFE (2
X 5

BT B BRI 0O 22 R B AR 45 AT
WSS 1 B RO 365 H# 0 ETFE (ZE R

=
P,

SUARDY IR R

189

L7z BROZEMERT A 2T, 7086, X RXKZERE
AT DA A & B L7z, (@) e) & V. Eqsy &
E(1.5.365 CIZIEBERVINREEE LA &b R0 R 2 (2308
W%@%?ﬁ%%ﬁ@E%ﬁfﬁﬁ%’I%ﬁ@%ﬁﬁ
RSN, KB EL Y. ABELEAIIRE S R
ﬁ_k%&wﬁﬂWKﬁ%ﬁ@%ﬁmﬁménto_
BT OERRIIG TR RIS R S L 5 IEB AT A Ik
72 < R A FIIN U 72 BRI i dEE SRR 2~ © o0 FEAnf D1
ANk 2bneEZBND, iz, R~ Egopn&
Epo3es CH 1.5MeV HREFTR; & [FERIZ, B TR RN IR D IEE
i B FENL B BB HEA STz & b 5 B BN
Bl ST,

PLED#ER X v . FEP. ETFE k5 T-#tRETIZ X v 3k}

Charge Density p [C/m?] 100

Cathode(Al) Anode(SCy Anode(Al) Cathode(SC)

160 i, : ——
150 y 150 g
120 120

_ 110 110

5 z

E £

5 80 5 80

g 70 g 70

= [l
40 40
30 30

0 51 C 0 53 98
Position = [um] (2.0, 1y Position = [um]
() Fzn1y under positive polarity voltage {(F) Fiz 0.1 under negative polarity voltage
L6 Cathode(Al) Anode(SC) 160 Anode(Aly Cathode(SC)
150 : 150 :
120 120
110 110
E g
) =
~ 80 3 80
2 70 70
£ E
40 40
30 30

96

31
Position 2 [um]
() Fi2.365) under negative polarity voltage

0
Fa0.365

o
Position = [um]
(2) Fia0.385 under positive polarity voltage

Fig.4 Space charge distribution in FEP under DC stress which are 1 day and 365 days after proton

-100
Cathode(Al Anode(SC
160 a ) e(SC) 160 Anode(Al) Cathode(SC)
. 150
B 1= Break Down
= 'E' 80
H 0
L :
40
30
0 71 0 74 101
Position = [pm] F( L5. 1) Position = [um]
(a) Frys.) under positive polarity voltage (b) Fyy 5 under negative polarity voltage
" Cathode{ Al) Anode(SC) 160 Anode(Al) Cathode(SC)
150 150 : i
120 120
110 _ 1o
i E
= 50 E’ 80
5
'E 70 E 70
m 40
30 30
0 0 72 1 0 0 7102
Position = [um] F( 1.5.365) Position = [um]
(€} Fiy 5365y under positive polarity voltage (dyFiy 5,365 under negative polarity voltage
160 Cathode(Aly Anode(SC) 160 Anode(Al) Cathode(SC)
150 : 150 = E:
120 120
_ 1 _ 1o
g .5
£ )
PR i
£ e
= =
40 40
30 30
0 0 0 102 0 60 101
Position = [jum] E(1-5. 1) Position = [pm]
(a) Egy 5y under positive polarity voltage (b Eyy 5.py under negative polarity voltage
160 CIIUIE(.‘\” i Anode(SC) 160 And:(A]) Cal]l:fSC}
150 ; 150 H
120
B Rt
e H
= 80 '-E 80
E 70 £ 70
p =
=
10 40
30 30

0
E(15.369)

69
Position = [nm]
(d) Eqy 5 365 under negative polarity voltage

69
Position = [pm]
()1 5,365 under positive polarity voltage

160 Cathode(Al) Anode(SCy 160 Anode(Al) Cathode(SC)
150 . ' 150 g

120 120

110 110

Time 7 [min]
g

Time ¢ [min]
=

70 70
40 40
30 30

103
[nm]
(£) Eg2.1) under negative polarity voltage

0 0 50 105 0 0 50
Position = [um] E(lﬂ. 1 Position =
(€} Eqzo,1y under positive polarity voltage

Anode(Al) Cathode(SC)
160 Cathode(Al .ode(SC) 160 ’ '
150 - 150 ]
120 120
110 110
e E
B £
< 50 S s
5
g R
= =
40 40
30 30
0 0 0 103 0 50
Paosition = [um] E(glu_ 1) Position = [um]

(2) E20365) under positive polarity voltage () E2 0365 under negative polarity voltage

Fig.4 Space charge distribution in ETFE under DC stress which are 1 day and 365 days after proton

This document is provided by JAXA.



190 FHIZEWT T BRI AEAE AR R JAXA-SP-17-006

PR O B I
BRRHNIRIC AT O

B LEERPEL L, mEEEINERC
EARMREShTZLEZ DN D,

5. XPS T & 2 5 T-#akt O S AR AT

AIEE TIZ, B AR R BURHC M BRI L7z B, R
FREFRUREC I S e W B BB S h, RS 365
A#E CHRE 1 BRORE L RO BEWR MBI Sh
é’&ﬂ@\ﬁﬂw’KT@&%E%W#ELT%%%#
HEIND, £ T, XHBIEEF5E(X-ray Photoelectron
Spectroscopy: XPS)%& FU T, Eﬁ%ﬂ“%*ﬂr@ﬂﬁ”’ - TSR
BT AT = 720 B E A EH T AFEEUE & 50 um OB
SR OB # RS FEP 2 v, B THRAKIETICE
WO 3 H R LB A W CIE A 1T o 72,

WS i3 = 3 L X —2.0 MeV, EBiHEE %
30 nA/em?® T 30 4yREIRRET & L7z, BREHIZZ O FEP % 2 4k
T L72IRIE TV, R X OT R o B m o2
&2 HWT XPS WEZFME L7-, ., M= RLF—2.0
MeV THEH L., FEoREZE8L., FEOREE
i 2 DA 16 um OALE A RTRERR & 72 5, REEHC I
W EERETERAAE T TN S

% 2 IC FEP IZH1T % XPS A7 M7, 15T
RO A7 K (0~1000eV)% .2 FIHIZ Cls DAY |k
MZOWTHER LI DR L CnD, 72, 1~ 31T
ZNENARIG, BAREO g, BB Fgoz~
7 MVEIRLTWD, ML 7% counts], HEHHITHE
AT FNVF—[eV]TH D, Cls A7 ML TliE, =274y
BEALER 2 0 L RIS OR LTV 5, £72 2 0 B — 7 S5FfEaL
BOEFMMEZHRT 2720, DL 72— 27 Z 8 L
TR TRL TN D,

FZED Cls DIERANT ML L0 | RIEFECIIEIC
C-C. CF,. CF; DAY MARERI S L72h3, 7a b
S EEREEICIE T v RICETAHEA Y — 7 BB L, C-C
FEEIZET 5 B — 2 BSHERHIZEM L TWD Z & B350
%, Fio. RESREICIIB SR ol —T S
OE—7 MBS, —F, 7r bR NERECI
T—F A OB S, 7 v ER C-C ICHET S
FEGE— 27 O EREFRBHI AT 72 < | RIS
WL L 72 AT bARE SNz, BLEX D Bt
FEP TIXF5 T#R OB AEIRIZ B\ Tid /o T8, KO
BRAELTTWDHOEHERI S D, FiREFREHIRB N T
B ENE =T AT OV T, B ORI
FITHN T2 FREZICKRE FICEE 2 AT v 3 —
— MBI H LZERIC, REIS EETREREICH Y, 20
BRIZ=— T VG OARDMEE SN2 b0 L H#HiE S D
B, EBRIDRDLIRFABLETH D,

6. i
BFRESICEYTVRREBMBICBEVWTEANGE
SN EIEAELT, CHIE S EALDTABRIZL
SEMERMEBEEEZAOND, £, XPS B#iEALNTI AL
VEFICL - THRHHMDIVRORELEBORELLSY
FHREREAELL-, SEDOREELT, BETATERDHM

IZBVWTEEREZRS-ODERAECEHEMBFEOE
BHEOREEZIT>TULKFETHS,

Table 2 Comparison between XPS spectrum of non-irradiated and
proton irradiated FEP
\
Survey spectrum ! Cls
o 8000 L3000
= i
E | g owop g -
5 |z 152000
T |2 a000f -]
- = Iz
= G g
T | & 2000 I 51000
2 2
= L= CFs chcH,  CC
£ or i
S . . L L | 0 4
z 1000 800 600 400 200 0 ! 288 284 280 276
Binding energy [eV] i Binding energy [eV]
3000 12000
2 i
E. 7z | g 1500 cc
s = 2 2
T !> 1000}
ToE g
£zl g CHFCHF
S 3|2 I E 500
'g =7 ! CF, Ethers
1 I
= ‘ ‘ s ‘ i w
1000 800 600 400 200 0 | 288 284 280 276
Binding energy [eV] ! Binding energy [eV]
|
P 6000 L0
I
E‘ - L 00t CF:
7 7
S i
2502 P2 6ot
2=z S CHFCF,
= 2 B L
551 L a0
ST E } £ Ethers c-C
£ = 200 cr, 1
L] |
= T ! w
1000 800 600 400 200 0 | 28 284 280 276
I
|
|

Binding energy [eV] Binding energy [eV]

AHIFZE D —EBITEFE (JP15KK0216). BB H 22 B
TR D% 2L A H E 0Bk X v iTbiiz,

2k
(1)H. C. Koons, J. E. Mazur, R. S. Selesnick, J. B. Blake, J. F.
Fennell, J. L. Roeder and P. C. Anderson, “The Impact of the
Space Environment on Space Systems”, Proceedings of the 6th
Spacecraft Charging Technology Conference, Air Force Research
Laboratory, pp.7-11, 1998. .
(2)V. Griseri, C. Perrin, K. Fukunaga, T. Maeno, D. Payan, L.
Levy and C. Laurent, “ Analysis of Electron Behavior in
Polymeric Films During Electronic Irradiation ”, 2005
Annual Report CEIDP, pp 645-648, 2005
(3) Kenichiro Nagasawa, Masato Honjo, Hiroaki Miyake, Rikio
Watanabe, Yasuhiro Tanaka, Tatsuo Takada, Charge
Accumulation in Electron Beam Irradiated Various Polymers,
IEEE  International ~ Symposium  Electrical  Insulating
Materials,pp147-150,2008
(4) Hiroaki MIYAKE, Yasuhiro TANAKA, Tatsuo TAKADA,
Characteristic of charge accumulation in glass materials under
electron beam irradiation, IEEE Transactions on Dielectrics and
Electrical Insulation, Vol. 14, Issue 2, pp.520-528, 2007
(5) Hiroaki Miyake, Yasuhiro Tanaka, Charge Distribution
in Polymethyl Methacrylate and Quartz Glass Irradiated by
Protons, Sensors and Materials, Vol. 29, No. 8, pp.1213-1222,
August 2017
(6) Tatsuo TAKADA, Hiroaki MIYAKE, Yasuhiro TANAKA,
“Pulse Acoustic Technology for Measurement of Charge
Distribution in Dielectric Materials for Spacecraft”, IEEE
Transactions on Plasma Science, Vol. 34, No. 5, pp.2176-2184,
2006
(7)Y. Li, et. al: Pulsed Electroacoustic Method for Measurement of
Charge Accumulation in Solid Dielectrics, IEEE Trans. DEI, Vol.1,
No.2, pp.188-195, 1994

This document is provided by JAXA.



14l TFHBREE S AR A ) G R SO 191

& 14 EFEREY Y RY T L
RO L

This document is provided by JAXA.



B14E [PHBERELS L ARDY A R SR 193

(axia — EE R TG S )N 2 YIS
£140 FBEREIY NI D/
[ WEAZR SIRRAHSERG ST I YN Y 3 Uk —)L
118968 (3) =f:13:00-13:30
@13 :30—13: 40 BADE (B34 H2)
®13:40—17:30 &=
i DEV] BB 3] EENESB L0 T IL

|
N - ey =3
Fae RUPILEE (1) 13:4o SO|BEFTEDEREZDEN. FEERTDED | EEL NN
G 2D 14.40| 10]|Short break
1450| 60|EEHREESISRCIFHES (FHAR) | e
15:50| 20|Cofee break
. QZS(HBUE) S EMAGDASIC £ BHSBEFAC—EHEE O (QZEUEA. IHRBULN, FEFN. MERE, WK
1610] 20| pEiimRicB S ShstrT MAUAA), Sl Mekee., Dy BeisovKFA
‘?@%ﬁ(%?f?gi (1 [76:30] 20|VF ByREac o =B E O=wRT. NEESEIN . BOEEEATH
16:50| 20BN RFEREMPROCY ONDIE LS5 AT QR ER R PUBE R R, TR
1710| 20|EEBBIROCHOBERDBUO PILY( ARETEORE | JUPs THE SHEXEN. 85, BHT

@18 :30—20 : 30 BR= 0FRE #FE (= /SiRTE
11878 () 2t :9:00-9: 30
@9 :30—16: 10 &%

D EPAEI)] BB 151

930 | 20 |ESCATED CRILfE WEFSHEL —5 ) LS STERRGIE |JEPERE R

g ( i KW —BBER) ﬂaﬁ#ﬁ (1% « ¥ 25 LERFEH
(2 ). CHeinselman EISCATRIZHR
BESEASEHEROLOORSHTFREREBOBELFMIC DL [STBEE FERA, i BoN. SHE A

Chee Sze Keat(XN/ FSYRT % —V). AFHS

PEIBIE - 950 | 20
FHRE - FERR (2 T (JAXA), HBRETF. B)IHAGHEA

(K BB —
10110 | 20 |BIENEFERECHTIIFEP/AsT 1 LADHIERRICHTZER  |ghrl/ o B FEBREPR. BBEOIA.
1030 | 20 Investigation of Electrostatic Transportation of Lunar Dust ONecmi Cihan Orger. Jose Rodrigo Cordova
: Grains due to Ambient Plasma Conditions Alarcon. Kazuhiro Toyoda. Mengu Cho(hIX)
1050 | 20 |Coffee break
F?}'Uﬁ_%iﬁfﬁ? 11:10 | 20 [H5EHRICHDT DFEE ~H 1 TYREREDTEN 5~ OB, EBBFISAS. ERGIOYIORF—A
EEET) 11:30 | 20 |FEmsisBE s GENLEEEs OBEE—. WAIEZIAXA, EESNCT)
11:50 | 70 [Lunch (SCTC LOC mesting)
13100 | 20 |HTVOEERIFEHSEDBIFREHTV-6IC BT DS EZERDIBER |OBMHET, KT, STRBEJUAXA
1320 | 20 |FEEIITISRBIAC ST DELERZEILIC KDEMEEIC DT |O%mEE (- >/ L RImEHFH
=E . EegsLy |1340] 10 Short br/e_ak _ _ _ _
YIaL—y3Yv (2) 1360 | 20 [MEXRREE [REENS] ICJDRBERIM EHBRBROLR ORBA, BEF5A BEBENIA
BiE— . Sy = IBE S (JAXA) R (=
BEBD 14:10 | 20 |EAERSISEHE : PreludedBiz: QREBEUAG. BRSO, BICEEN.
=53 12 En ===T==] Nyl e D
1430 | 20 a?ﬁf,ﬂ.u%j?j?:%mf%ﬁﬁi‘%@ﬁﬂmmgmmé’éﬁﬁbf:%ﬁéﬁ/ T —
1450 | 20 Cofee break
BE . WERRSLO 1510 ] 20 | JoAVRBEREE N b oA LB seRe0MEL T VT ﬁ‘m‘”’”*‘ ST TR RN TR A TR
Y=aL—Y5v (3) | 1530] 20 |REHEESISHEC IMEONE TS XVIRE CAIEEN st BRI OFMg, IIMERA. PRKE A
(ZEUR) 1550 | 2o [BEEHERBERLO IS AN US SEUCRIT DT YIAL =Y 3 [OfERAEk, BFR2, STFREA). Woicech J
i} > Miloch (4 20X

®16:10—16: 30 SHIRF
11888 k) (i :9:00-9:30
@9 :30—14:00 #&

I DVEVAID) BE |51

9:30 | 20 |JAXAICHIT DFEIRIZEICEST SR OB JAXA)

PENSTSIBE & 950 | 20 [SRUFEIRICXIT DiEmesT DL IC[@ITIZRET Ot @R, RIE—1UAXA

Read -k 10110 | 20 |HTS VMBI S BBRBREML \EHEY —/L kb Faogsy  [[EVHIEHERS), SESA WALE, ARLEE. U
10:30 | 20 |54 PEY FIBEORIS < REFHADBAICEY HHF R i
10:50 | 20 |Coffee break
1110 | 20 |BEFERNBREOKBRLIYICIBI 1 A XA V5t LEe, ONSSn. BIUSSIEMRS). ARE-MWT

11:30 | 20 |WIEE R THEULLRY A S R D 1 JLADKRBER CIABIERNRTT OBl JEBHX, SRERBHA
w@at - ey | 1150 70 Jbunch

(B9 2:2) 1300 [ 20 |BFEHEEORY « I FIRONBFRERBOBCICEIT BiRe  [oR ¥, gM Ol TEAR BrRaarn. &
1320 | 20 |EF RN T v RRBEMRDOBTEEE U, MEMA, LDRRIE SSUR. BORS

13140 | 20 |IBFIRERET D v BRIBEAIROIE - EEFENNEICH T SEEERIE |OTFH, =HHkC, =T3%, BORBEHHA

@14 :00—14 : 10 D&Y (a7 1BR)

This document is provided by JAXA.



FEHMEHAEREBNER  JAXA-SP-17-006

JAXA Special Publication

#1140 [FHEREY RV L] EERNE

Proceeding of the 14" Spacecraft Environment Symposium

£ T EMMERFEEAN FEMZMZHEREEE (JAXA)
T182-8522 WRAREMMARKIFRE]7-44-1
URL: http://www.jaxa.jp/

Ei 7 H Tr30%F1A15H

E F H kR &l fE MIEENRIAR NS4

MAED—MWE 3252 BES - & - EFEAZFICNI T3 28 UET,
Unauthorized copying, replication and storage degital media of the contents of this publication, text and images are strictly
prohibited. All Rights Reserved.

This document is provided by JAXA.



FHEMZEMRRFEHE

Japan Aerospace Exploration Agency

This document is provided by JAXA.



	表紙

	目次

	QZS（みちびき）初号機とMAGDASによる磁気圏FAC－電離圏電流回路の同時観測に関する統計解析に向けて
	IMF Bz北向き条件下におけるBy反転時の磁気圏応答
	超小型深宇宙探査機PROCYONの軌道上姿勢外乱解析
	衛星帯電予報のための衛星表面電位のリアルタイム推定手法の開発
	EISCAT_3D（次世代欧州非干渉散乱レーダー）による宇宙環境研究と監視（２）
	惑星高層大気環境模擬のための複合分子線実験装置の構築と評価
	超低軌道宇宙環境におけるFEP/Agフィルムの劣化原因に対する考察
	Investigation of Electrostatic Transportation of Lunar Dust Grains due to Ambient Plasma Conditions
	あらせ衛星における帯電対策〜サイエンスと安全の両⾯から〜
	宇宙放射線環境と衛星内部帯電障害
	HTVの帯電測定機器の開発とHTV-6における軌道上実験の結果
	非接地孤立金属体における周辺電界変化による単極帯電について
	放電実験衛星「鳳龍四号」の実験結果と地上試験結果の比較検討
	地震先行現象検証衛星：Preludeの開発
	電子線照射された宇宙機用表面材料の温度依存性を考慮した
電荷蓄積シミュレーション
	プラズマ波動環境下における人工衛星帯電現象の数値モデリング
	表面帯電を引き起こすMEO軌道プラズマ環境と衛星電位の統計解析
	極域飛翔体周辺のプラズマじょう乱に関する粒子シミュレーション
	JAXAにおける宇宙環境防護に関する研究紹介 
	銀河宇宙線に対する遮蔽設計の確立に向けた検討
	熱プラズマ放出による環状電流を用いた磁気シールド強化手法の検討
	ダイヤモンド半導体の被ばく線量計への応用に関する研究
	帯電体衝突放電現象の光電界センサによるタイムドメイン測定
	極低温下で帯電したポリイミドフィルムの表面電位と体積抵抗率評価
	電子線照射後のポリイミド材料の光電子放出係数の変化に関する検討
	電子線照射フッ素系絶縁材料中の電荷蓄積特性
	陽子線照射フッ素系絶縁材料の正・負電圧印加時における空間電荷特性



