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Ground simulation of inverted potential gradient for
solar panel surface charging
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GUO Jiali', WANG Lu', XU Yanlin!, LIU Yuming', TIAN Dongbo!
(1. Beijing Institute of Spacecraft Environment Engineering;

2. Beijing Institute of Spacecraft System Engineering: Beijing 100094, China)

Abstract: Due to the high secondary electron and photoelectron emission rate at the surface of typical
components such as the solar cell array, the inverted potential gradient (IPG) has become a typical surface
charging scenario in orbit. In order to evaluate the surface charging risk of spacecraft’s outer components, it is
necessary to study the characteristics of the IPG and the related ground simulation methods. By analyzing the
characteristics of the surface charging in the space plasma environments in the high Earth orbit and the low Earth
orbit, this paper proposes a set of the ground simulation method with a typical test result. It is recommended to
simulate the IPG by the electron gun or the UV source for the high Earth orbit, and by the cold-dense plasma
source for the low Earth orbit. In order to establish the IPG in the simulation process, the conductive part of the
sample base needs to be suspended and driven by a negative bias DC power supply, meanwhile, compensation
should be made according to the sample scale. The simulation method proposed in this paper can be used for the
ground evaluation test of the solar array or other components with the IPG effect in orbit charging.
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Fig. 1 IPG charging in high Earth orbit plasma environment

2Ty FREE 5 MeF, IR )2 B i
RS G CIEAE Z IR 77 52 5 G5 1D 1Y)
0L, 7555 7 A R Fe 1E H IR T IR 24 W 2 7= A=
1) FEL - 70 B ZR A O AT OR 248 45 R B SR R LT o 1 LA
I3 A 45 S A2 BT IR 1) 155 86 B AT R (normal potential
gradient, NPG), 1/ 3 i’



470 TR N 7 N A Y -

39 %

9 -
— Aluminum
8 r — Black Kapton
—— Cover glass
7r  — CERP
& .| — Graphite
ﬁ 6 — Kapton
E OSR
&
g’
w
X, :
|
2
1 \
S,
0 - L L T
1 10! 10* 10° 10* 10°

N LT ek eV

2 JURR YR AR IR U T R A R AL
Fig.2 Secondary electron emission yields of typical
satellites’ surface materials

\\ JKJ
s 3 Y

- EW &

Y

B )
+ M{i/w\\’\

{5 TR

Wi A (RS RE)

KBH it

LIPS 1]

o osmmmmnrrn N

Ay,
/

K3 s AR IR B R R
Fig. 3 NPG charging in high earth orbit plasma environment

1.3 RIMEFEFHRFRETHRE BN

H1 T LEO &b T Wi B 2 46 1 7 1A 3R I, S8 1
PRI BEARAR, T LA 7 PR R 358 v 1 B AR A
LR A% 78 B B A LA o AR — LA 7 L3 A B
FEBRD AT A1, 38 LEO FIZRI 78 i AL Z8-1 Ve
FERR# S5 B TR HL, R T R B b e ) S Rt A
AT R 8 45 R AN 4 3 TR B — A S A,
SH R A B R v 38 3 i S T TS R RT U S s )
BEEEHAL, 1P 4 From o WRYE L I BRI H, 4 LEO
T oL AT 9, 2 T 76 LA PO R R IR 25

MRS GH (FEsdfn)

!
i
=
E

/ AN
B4 fRBUA B T ARBR B h I B B 7 R 2

Fig. 4 IPG charging in low earth orbit plasma environment
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Fig. 5 IPG equivalent simulation of surface charging effect in
medium and high Earth orbit
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