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Figure 1 Schematic of dielectric charging. (@) Surface charging ex-

change processes induced by plasma environment; (b) deep dielectric
charging induced by energetic electrons
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structure



iE R

ZERIPREE R, 450 A B T AR B
Jie | LS R it R AR R AR A AR, e S
BB RLEITE 52 2. flan, HR TAE R
W £ J5 2 1 6 S 3 20y PR 1 U3, 3 A0 2 0 I P i
T B 22 R W A N AR DO A o £ Sl A, A
SRS TR T N 2SR A N, R — 2B R
RERHE LR EZEWNE, ExZHNEMEE
JIRERY, S il & 41 R S B B0 5 o 5 R

(iil) M FRIETHCEEI T k. SR TR
T, RS BN A S DUR T, [l = R
ez, B R WA S R R A AR T
PRI E 2 TS UG A oL T e A0 ) D 9 A
FER L% U0, SR B 4 2 R i B R AT
VA B i A R R 2 HL, H e Rk U2 2 3
KAvE B EAh, Manners® A2 5E R0, ff 4
& JEF 5 EN 535 G800 B it A S — Rl A e M A0 )
R 2R T k. TP RE W T EE, A
EIRIET, BRI A S f &8 B . SR a8
AR R, B AAET E JE AL IR G W B9 1]
B2 T — e BB G i, R0 T SR ARG 40 4 3
35 E it — 2.

R, 40 I AR TR A2 B SOI 5 R F A J b e (1
R P SR, I B AR SO B, DT
2B S [ S AT 9 o PN R A R A SR,
LA I R 98 2 A Joi 3% T AN 26 Al e R A SN TR L 3,
o JFG G AR TR R 14 R R BB A R A K R Jk o
g, DTS BURHPU R A% H i S B . A S g o
FERB, 8 P TCAUROR By R AR | & 2 2L
A RLE AT K i R A A R R A AR Lk S
PSS Ok, P T MR Oy R R S M A O T
TSR, PR BAR L i G R BT
RIXBNH], BRSNS IRIE T, MBI AT E,
Wik, #&ZE— P RATT RIS S 05T

4 7[R I S TBCHLIASS SRR PE R 52

FE] A AR 2 i) 9 oty L S T 9 3 4 op TR
2 [ 5 S R 5 Ik s 5 A B AT K A 45 R A )
S-S R SRIRAL PR R TR R K
Rk rh/RE L i A SR, R T i fEA
A I 3% 18T S IR 2 T I F R 0088 A 3 T e iz
A F8 2 T) LA 7T DA Ul sz e el 1 SRR 5 A S
FERLE RS REE; A A RO, AT LA — AR b

FHMORZ L, BETE BRI

R TORE EE A A R T AR R A TR T A
PR 2 T i iy S 0 5 AR R T A 4 T
SRR IR T U T DA 48 5 R B BT P ST R, A BT R
SRR G I R ST ] P AR BN, A B T N 2%
-5 R oy i s 2o R ) AL SR

4.1 WL RS R i ik S A R

AL T, ARk AR L B3R B B A
RIEE . B TAEUIBREMUNS AR S 5%
e, T LA DU ) I I IS B, e AT
DLE UL S A B T e R, 3 T A2 S B A A
TR RE B 8O0 2 K, 1T R 0 A A R SO0 R
,r;.Ip [63,87~89] .

FEA AU 2 () 58 S PR 45 v R FH A 42 fioh =X 3 1T FL 7
T AN [ 9L B T (298~338 K ) B Ik IV Jiz 14y — 4k 2511
O S o A . ST B T AR SR ) R R T
PV AR AR, b 3 I R SRR S R 4 R, A
A RO S HL. 44 1 T 298 KA 3% 1T L3 FE U
WA 2] (t=0 h)Fil— & WA J5 (t=94.8 h) SR it IV i —
Y 22 1T LT RE R4 A . t=0 h, 5 50 LA S —2056
V; t=94.8 hitf, HL{/ = ZE-1441V.

YRS F B RE R N3 keV; & ST HL T A 30
wA; FRSTEE] 3 ming GAEEE B 27 um. 38 A A
JEE T R AT DA AR R IR R, O R FH AR A R IR
JE 5 o A 4 ) O R, R A B k=X 3R T AR A7 3
(TREK, 341B)#:k [ & T 4% shF &, H T &
B3 1L R A e i

G A AR BT DA A SR R A e i)
A0 HL PHL 3 Ry AR Il L BH 238 oy N8R 2R %, DL
%:_{ 2[63] .

4.2 LRSS TN A ] L fep S50 5 54

BHEFPE

K JH H 7 ik o (pulsed electro-acoustic, PEA)H]
DSR2/ %P S8 v B T AN R s o TS 1 A (1K e
TS T MRRIUR . 18 SRR AR08 2otk
804EAY, H 7k Takadats ¥k £ i >R I HL ik ip i 0]
PORFNER RG2S A L far . 280 B0 4F i Kk R M 583, 14
T3 ¥k © A B 5T 3R G W0 SR R OUL R 1 1 o S
5 TFEL.

¥ [ L aurentif i g (8199205 2 [a] v 7 JEL (7 00 42

995



a4 % B B 201748 Fe28 F10#

@) V,,=-2056 V

50 0
-200
-400
-600
£ 30 -800
E2s -1000
. -1200
~1400
~1600
-1800
-2000

OD 5 10 15 20 25 30 35 40 45 50
X (mm)

B 4 (M4 MUR @) 4R A7 /3 7. () t=0; (b) t=94.8 h

V,=-1441V

0 5 10 15 20 25 30 35 40 45 50

0

-200
-400
-600
-800
-1000
-1200
-1400
-1600
-1800
-2000

Figure4 (Color online) Two dimension distributions of surface potential. (a) t=0; (b) t=94.8 h
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Table2 Characteristics parameters of polyimide

H5 R(x10° Q) p(x107Qm) w(x107° mX(V 5)) R (%)

1 1.02 2.89 1.50 0.8280
2 1.02 2.97 151 0.8288
3 1.00 2.75 1.47 0.8260
Sl 101 2.87 1.49 0.8276
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Dielectric charging research status and prospect
LI ShengTao & LI GuoChang

Sate Key Laboratory of Electrical Insulation and Power Equipment, Xi’an Jiaotong University, Xi’an 710049, China
* Corresponding author, E-mail: sli@mail.xjtu.edu.cn

Dielectric charging phenomenon, caused by the interaction effect between space environment and spacecraft material,
has a severe threat to the normal operation of spacecraft. Especialy, the problem becomes more serious with the
improvement of spacecraft operation voltage. An overview of dielectric charging research status, exsiting problems and
prospect are reviewed. Firstly, dielectric charging phenomenon, hazards, research history and new challenges are
introduced. There have five development stages: the initial attention, the focus of surface dielectric charging, the focus of
deep didectric charging, the rapid development of dielectric charging and new chalenges and demands. The
development demands of spacecraft dielectric in China are analysed. There have severa insulation positions, which are
easy to occur fault in practice. They include surface flashover on insulation material bewteen solar cells of solar array,
surface flashover on insulation material between electrodes of solay array drive assembly, the insulation material in
cables and pulse discharge of circuit board. Secondly, the specific research status and exsiting problems of surface
dielectric charging and deep dielectric charging are summarized from the following aspects: dielectric charging
mechanism, dielectric charging mitigation and numerical simulation. Next, the top issues about dielectric charging
experiments and material characteristics are introduced. They include in-situ surface potential decay measurement and
characteristics of dielectric radiated by electrons, in-situ space charge measurement and material characteristics under
electron radiation, surface flashover characteristics of dielectric radiated by electrons in vacuum. Two kinds of space
charge in-situ measurement, short-circuit PEA (Pulsed Electro-Acoustic) and open PEA are introduced. At present, there
do not have the mature in-situ space charge measurement setup under electron radiation in China, the difficult pointsin
design and debugging are analysed. It is interesting of the surface flashover of dielectric under electron radiation. The
latest experimental results indicated that the flashover voltage shows a distinctly different variation tendency under the
two cases (after electron radiation and during electron radiation). The first case of after electron radiation, flashover
voltage becomes higher than that without electron radiation. Because of the effect of deposited electrons in dielectric
surface layer and the changes of trap distribution inside material. The trap distributions of polyimide after electron
radiation are calculated based on surface potential decay measurement and Simmons theory. The results show that the
shallow trap level increases slightly with the increase of electron energy (3-11 keV), ranging from 0.81-0.85 eV, while
the deep trap level remains unchanged about 0.94 €V; the second case of during electron radiation, flashover voltage
exhibited a dramatic drop from 26.9 kV (energy: 5 keV) to 10.5 kV (energy: 30 keV), due to the combined effect of
incident kinetic electrons flowing to dielectric surface and deposited electrons in dielectric surface layer. Finally, the key
scientific issues in the filed of space dielectric charging are put forward and prospected based on the present research
status.

space environment, dielectric charging effect, mechanism analysis and numerical simulation, dielectric charging experiment
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