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Fig. 1. Dynamic process of internal charging.
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Fig. 2. Schema of tri-electrode device.

RAFSLI 4R, DM E = 8125 x 105 V/m,
T = 293 KK 32 N6.17 x 1071 S/m, B
§ =107 ml ¢ = 3.45¢0 P ARG IR G Ea 10
HCAE, 77 BAA (8) b e R ALA, AT SE B H
SERUE. WEED, ExIUEZ 8040 eV. H
P A S H, msMe, S Ropr X Ex B
EE MUK, HERT = 293 KI5 K%}
B85 R R BEAE R O A SR A AR — 8
W X BT 293 K bR X R IR L T e AR
R, T = 293 KA e 5 0 5 E 7 5%
7.00 x 10715 S/m o] LA1R B & W& 45 &, W
B3R, A B A 253 K 3353 K I T
PSR OR, 1071 S/m #1071 S/m.
AL REY, Ex BUAR — RS EE 1 eV HER
W28, X AT AR RO R I (VR I B 4T 4 ), 1
INT v 5T R E RE 2 BE, AR TR A B T
PERE.

125201-3


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn

¥ 12 ZF R Acta Phys. Sin.

Vol. 64, No. 12 (2015) 125201

AE
4 HIE =
10— 16
253 273 293 313 333 353
T/K

3 AEHRSERFNAE S EE
Fig. 3. Measured and fitted data of the intrinsic con-
ductivity.

4 MWE-HEBGRESERST
NREBSERLE

P R A RS M R RAAR, ETFREZ
BRI FVE RS, VRSB S, A AR 2.1y
B, SAM R . AT R0, KR
S 10 Ja 0 DX A5 P RN S ) MO G P 4 ()
7~ 10 & 30 5 A JEAT 05 40 M. B g S s A R~
H14.0 x 11.6 x 13.2 (479 mm, 04 FRH (0,
5.8, 0)), KT 2 Flx AR, = J7 17 SEBR AR J7 1A,
N E R R TR R /IN, W g B RS . O T
P dH RN, T BAE Geantd H1 & LR K AR AL (2
J7 T RSEANAR) AT M7 NGB, i 5 (a) B,
SR JE HUEH 5 X sk (B 4 (b)) X B Qe A1 D, U
K5 (b) fiizr. P AL (Planar) & g #7862 T 5
WA 07, IEE NS, BFREE N 2.0 mm. A
SWHFHN =15 x 108, #2550, B (5) K,
RERE R AL 10 MeV. A T FEE AR T 1A
RO, HRAE BE R B B R B N RN 0.6 MeV, X
N7 38 BN 1.85 x 101 m—2.s—1; 3l i Rl 4 A% (19
AP K Ar = Ay = Az = 0.4 mm) KFF, 153
Qo 1 D, =450 41, SRJEHRHE (6) 132 Q; A1 D.

R BR 70 75 v 3R 07 72 (2), W 1 43 L
4 (b)), 72 H T 55 J53 350 DX 3850 D0 A% o 5 A B 4l
iR asEyv . - J, = -Q;, J.=cEME = -VU,
5 SRl TH N ZE AL Uy = 0 (SRS A
7 HL S S HLALAE L RT DA ), FosRad Fhi 2

n- (JC n 38—1;) —0, (10)

KFn R RHINEL AR HHEB, B S
o Nopr 5o ZM, opr XKHEMKRSHIES
K 3L &4 R —5 IREMT 253 KIAEHRE S X

4.1

KH (8) AT AME. 545 Sk [21, 22], L
ky = 1072 kgs:J™1 - Q Lm™, o = 0.8 (B8
Wi ).

RS cRE .w-

b
. Ay N
. 3.6 .

(a) (b)

K4 (a) S5 RBEIZE R, (b) SR 1454
Fig. 4. Modeled structures: (a) conductor and poly-

imide; (b) polyimide.

K5 Geantd BIREE () B (b) Bod KA X
Fig. 5. Structures in Geant4: (a) overall; (b) data sam-

pling location.

4.2 Geant4BZER —HENREKS
RETRSHESR

B A3 2 1 Q; A oy BE IR JE 23 A7 40 & 6 e
N, Ma(=2,-14,-6.6) F1b(—2,3.8,—6.6) hr & I
B4 (a), IRFETT N —2 57 M. BB 6] 0L, BE
IREEIIN, Q; Ml o i35 38 /N, s ORI A 2%
REZ)N6 mm, 04 mm IR WK o 5K 3
253—273 KLl N i opr M 4. LLEOKRE, B
1.6 mm KL A KIE, AERAE Qi(a) > Q;(b), TAE
IRACIAE S, X2 BT e e T 7 PR = e N
07 ) SR FORL D, AR R R N T e AR B A
P s IR U /2 1.6 mm. 7E0—1.6 mm yEHE N, 5
a Yo S PR LA PORR 28 52 35K PR NS F 1 B 52
B bR I 1.6 mm, A a A BRI S A
PGS BT B BRI, T A b Aok AR i 2
IS T Tk 2. 3, T e s S
F T R AR R,

125201-4


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn

¥ 12 ZF R Acta Phys. Sin.

Vol. 64, No. 12 (2015) 125201

Qi/A-m=?

Oric/S'm !

—10-6 p==

—10-7 N

71078

—10-9
0

10~ 14

10715

1016

(b)

1017

0 2 4

6 8 10
z/mm

6 (MTIRE) QW oue R (2) Qs (b) ovic
Fig. 6. (color online) Profile of (a) Qj and (b) oric.

52 3 BN T PR B A, i DA R A ) [ a2 1 ot
R e T A AL, 534k, T AR R A AE
B R, IS5 T HeH D AL PR #IVE A, 3k
IO ELAE (R RE S g, s Ak R B 77 AR 78 L R A7 U
—1392 V.

K7 (MTRE) B (a) KRES; (b) B1E
(> 10° V/m) 44

Fig. 7. (color online) Electric field distribution: (a)
vector; (b) modulus (> 10° V/m).

Ig|E|

B 5 1758 E 57

W PE 250 KB, 78 FLSP A T HL 37 0 B O A
WE 7 B (% & B 7 S B R T Bbr R, &
Ig(|E|) # f54: ). HRAE R e 4, iz B
RESAMNRRT 78T G N5 AL 5 i R
=4k A, W7 (a) FIE 8 0] LLE 3, #E 5Lk
PR TR, BT 3 00 R, X 55
A (10) 32 —E0m). FIA A B 34T 5 2 b T Ot
) A0 PN, AR5 78 PN 2 0 R A AR THUER VA5 R i
BN, 1K A2 R A0 e R T SR AR T
WA, diEE L, oAb £
HLf TR 2 Qs AE AT, A B tH B i g, I
Pl Bl — & B L 9 R, RO T W B L o
L5 N 7 VA OB R E  N e S WA < e
Tout < Tin, ANTTHIBR HELAT R AR, %072 S 83798
FEEAN WG K, 5 SR 1 itk s L O R B 2 16 K 249 2
Tows = Iin B, BUKE]T 70 HF1.

ST ASR  HALAT Wi 9 TR, e EL T
DU S BUB Ry AL 5 FLAT. 15, 154 SR
SRR A, RIS 0; 285, B b f 4y
DURR T 4 R oy W fer, B E & T N
4y BARTE0—1.6 mm YU N, £ a fRER I B 5
A7 LR TR SRS v T A b AR A A BT, H T
F A R HAR R T K, AR NS B A 2, H

4.3

-

=]

6.93
6.65
6.36
6.07
5.78
5.49

=5.20
4.91
4.62

4.33

4.04
3.75

13.46
¥ 3.46

8 (MTIRE) IRV © = —3 mm E#5A
Fig. 8. (color online) Electric field strength distribu-

tion on the cut plane of x = —3 mm.

W | E| > 10° V/m X5 E 7 (b) #1
K 8 Frow, B Iz 0 | B| b HAh X 48 13
MEY, XewHERANTENXE. 5k X5
e K375 B 7 B st T 1 — 5 8 R — Eui (78],
SRJG, WIHTRTIA, A8 AR 2 T 46 R4y faer, H
A TR A5 00 o A A Jo A T A 0 7 482 b s T AR /MR
%, TR RO A B RO, T A B Hb T
U T mm g am, G B I W E 7 (b) B
AALE, IEF1.28 x 107 V/m, Z5REA W HE5 R
I .

125201-5


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn

¥ 12 ZF R Acta Phys. Sin.

Vol. 64, No. 12 (2015) 125201

/103 V
ro

=02
1 —0.4
—0.6
—-0.8
—-1.0

—1.2

(a) . v —1392

HA /103 V

0
—0.2
04
—0.6
—08
s ‘ ~1.0
JF
i 1.2

(b) v—1316

’T
U

K9 (MTIEE) B (a) 2RE; (b) 2 = —3 mm
pZale]
Fig. 9. (color online) Potential distribution: (a) over-

all; (b) cut plane at £ = —3 mm.

4.4 PHHEEHIEFHE

250 K I 5 T, 45 31 A 77 L IR SRR AE 40 18T 10 B
N, Re (7,-22,-46)5d (7,3,-4.6) 7 B L
BI7(b). M 1070 LLE H, Ho7 F S E] 7E 107 s
B, M HEId 10 hE, HL 70 Ik B U1 1)
90% LA b fE— g il E R HL T Re IS FR S T, 7
] EZYE THSEMN AW B, 2% 4
PR 1) 78 L T AR,

E = %(1 — e t/m), (11)

ZOT AR M RS 2R B S, Ho i N
LS B, BEESr = /0. ZHREZYS
K16, 250 K FHTH-FEL 107 S/m, X R
e/o=3.1x10*s~ 9 h, SOjELERREIL. 5o,
X R, i HR T R e U (R, EBL
DR E G R W, FT SR )% 25 W -4 S PR ) 4
S [A) AT BEIA E 10 b BhE 280 WA SR S5 R AE L
LGN 5

—1500

—1000

U/v

=500 /-

(b)

|E|/106 Vem -1

10 FHNBRFE (a) B (b) HIZHEE
Fig. 10. Transient characteristics of internal charging:

(a) potential; (b) electric field strength.

4.5 REXNATEMEERME

L R0 78 FEL B P B ) X 37 00 4 e T ) 21
2 (RPUEAE BT AE Hedth 2 ) B I, v by o R Tl R P55 3184 K
T PR, G Z T 3 2 RR P i e 2 (1) —
B (3t 250N (=2, 5.6, —4.8) F1(—2,5.6,—4.4)), 155
FL 37 5 P B S AR S LR 11, AR, B
PR JEE i o U PRI S 2 T vy, XA R A R
FEL A AR A B AR FIE F S 2 o i e T 2 0. AR
P RN A, A5 S0 B 7 H A AS P4, 0 i R
58 P SR A v R LR . IR E AT 250 K
J&, Hipmmg ik E 107 V/m &%, RalfeREN
Jo ok 2 R, T T 330 KU, kAN T
109 V/m /K2 F, W BLANTE F& A #f i s SR i o %
TR . AER AN T, W nR A B AL B A,
B0 Tz 28 By (e 2 Gl 65 ), BRI T
T B o B T PO T GBI . Y 2 Bk g B (LT 8 ) &
6] 7 e, et B WAL B 0.2 mm, 3750 2l R g —
ANECEE SR, T ER R S AR AN NS AT R i
EAL B 2 57 1R ) A 2 I ] R AR AL

B 12 52 i B8 0k I 35k 7 FELRRAIE O RE T, AT AL R
Ty i B A I ) AN WK, B Jm e 1117, P S
Ty R PR AT 14 K, LT R AN ik . 3 4h,
T5 T 78 FLRF (AR F 40 2 2, IR A 330 K FRAIK

125201-6


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn

¥ 12 ZF R Acta Phys. Sin.

Vol. 64, No. 12 (2015) 125201

F200 K, 7 N TAV B T SO R SEOR. A i
JRPR, T2 FEAR 3 B0 BUARAE B 3 R EAIC, MR A
K7 = ¢/o G RPHTI A 238 K.

7.5

1g| E|

50 1 1 1 |
—4.8 —4.7 —4.6 —4.5 —4.4

z/mm
11 iR (e E K RALE V/m)
Fig. 11. Variation of peak electric field strength ver-

sus temperature. The unit of electric field strength is

V/m.

15
200 K
e T v
. 250 K
10
g
z 270 K
o
—
=
B 290 K
310K
330 K
1 1 1
10 20 30 40

t/h

12 AN R R o B R (A 1l
Fig. 12. Variation of electric field strength versus time

for different temperature.

5 % W

AP RN e TR K BT i ) R OKIB A
B, B bR G R A 0T 45 T BRI R R
IR E AR AL (200330 K), #ARIR 4 1F R R
AR VPl -5 L. ARSCEESL TR N A R
SERIRT P T F = R R SRR T AR I
BRI B SR, SR T R T A R B R
A, R N4k,

1) AR AT IS, KILE SN R
(1) 1, 5 I B Arrhenius B 8Y o (1) B S5 4k RE 5
BRI BT R AT PR, ASRERT AN 1.0 V.
SCH BT I o SR I R ) SR AL RE 2 N
0.40 eV.

2) T HLL SR E AR P A R SO JE
2 FEM B} LT R0 R AR S R, T DA e B4R
ANTEIRE R B P RO, AR AR L e 34N B
i FEBRAR, T R 2 K. HhER RSB E
WA TSN, BRI 2 mm. i E A 330 K
TS B (B2 1 b, F3Z 3N 106 V/m, 1M E
PRk 22 250 K AR, 7o RIS (A3 K2 10 h, 1708
JEHEIE 107 V/m, 1R ATRER A/ o o 28 JiCH.

) TEN AL L SR 5 FHFEMY
PTG OL T, B A T LU A AR IE i S 3R,
T AT P B 78 S ) RS i 2 L 3 5 B A ok BB 3
SO, AR SCES T AT AT R FT T IR0 i 9T A
BRI R - A RL, R IR AT
TR BE T I AR A OG0B R N LA BV A R R
il R (4] 1) R

SR VY 22 A0 K 2 L ek R A G T S,
PR IGE SR AR AL HL T AR G5 T SR A S R 5 7 D).

S

[1] Ferguson D C 2012 IEEE Trans. Plasma Sci. 40 139

[2] Lai S T 2012 IEEE Trans. Plasma Sci. 40 402

[3] Huang J G, Chen D, Shi L. Q 2004 Chin. J. Space Sci.
24 346 (in Chinese) [, FRAR, M8 2004 25 [EAl %
4 24 346)

[4] Violet M D, Frederickson A R 1993 IEEE Trans. Nucl.
Sci. 40 1512

[5] Frederickson A R, Dennison J R 2003 IEEE Trans. Nucl.
Sci. 50 2284

[6] Wintle H J 1983 Conduction Processes in Polymers, in
Engineering Dielectrics Volume ITA: Electrical Proper-
ties of Solid Insulating Materials: Molecular Structure
And Behaviour (Philadelphia: ASTM Special Technical
Publication 783) pp 239-354

[7] LiST, Li G C, Min D M, Zhao N 2013 Acta Phys. Sin.
62 059401 (in Chinese) [ZfE¥, 2 EAE, XEH, Bk
2013 ¥HSAR 62 059401]

[8] Huang J G, Chen D 2004 Acta Phys. Sin. 53 961 (in
Chinese) [FE#EE, FRA 2004 Y354 53 961]

[9] Rodgers D J, Ryden K A, Wrenn G L, Latham P M,
Sorensen J, Levy L 2000 6th Spacecraft Charging Tech-
nology Conference AFRL-VS-TR-20001578

[10] Jun I, Garrett H B, Kim W 2008 IEEE Trans. Plasma
Sci. 36 2467

[11] Sessler G M 1992 IEEE Trans. Electr. Insul. 27 961

[12] Quan R H, Zhang Z L, Han J W, Huang J G, Yan X J
2009 Acta Phys. Sin. 58 1205 (in Chinese) [4%E#%, ik
Peu, B, SAE, M/NE 2009 YR 58 1205

125201-7


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn
http://dx.doi.org/10.1109/TPS.2011.2172635
http://dx.doi.org/10.1109/TPS.2011.2176755
http://www.cjss.ac.cn/CN/abstract/abstract14.shtml
http://www.cjss.ac.cn/CN/abstract/abstract14.shtml
http://dx.doi.org/10.1109/23.273511
http://dx.doi.org/10.1109/23.273511
http://dx.doi.org/10.1109/TNS.2003.821397
http://dx.doi.org/10.1109/TNS.2003.821397
http://wulixb.iphy.ac.cn/CN/abstract/abstract52676.shtml
http://wulixb.iphy.ac.cn/CN/abstract/abstract52676.shtml
http://wulixb.iphy.ac.cn/CN/abstract/abstract9583.shtml
http://dx.doi.org/10.1109/TPS.2008.2003440
http://dx.doi.org/10.1109/TPS.2008.2003440
http://dx.doi.org/10.1109/14.256472
http://wulixb.iphy.ac.cn/CN/abstract/abstract15205.shtml

¥ 12 ZF R Acta Phys. Sin.

Vol. 64, No. 12 (2015) 125201

[13]

[14]

[17]

18]

Wang S, Yi Z, Tang X J, Wu Z C, Sun Y W 2015 High
Voltage Eng. 41 687 (in Chinese) [T42, 5 &, F/N &, K
S, AR 2015 EHUERCR 41 687]

Tang X J, Yi Z, Meng L F, Liu Y N, Zhang C, Huang J
G, Wang Z H 2013 IEEE Trans. Plasma Sci. 41 3448
Fowler J F 1956 Proc. R. Soc. Lond. A 236 464
Minow J I 2007 45th AIAA Aerospace Sciences Meet-
ing and Ezhibit Reno, USA, January 8-11, 2007 ATAA
2007-1095

Wrenn G L, Rodgers D J, Buehler P 2000 J. Spacecr.
Rockets 37 408

Adamec V, Calderwood J H 1975 J. Phys. D: Appl.
Phys. 8 551

(19]

[20]

21]

22]

23]

125201-8

Dennison J R, Brunson J 2008 IEEFE Trans. Plasma Sci.
36 2246

Lai S T 2012 Fundamentals of Spacecraft Charging-
Spacecraft Interactions with Space Plasma ( Princeton:
Princeton University Press) p151

Passenheim B C, Van-Lint V A J, Riddell J D, Kitterer
R 1982 IEEFE Trans. Nucl. Sci. NS-29 1594

Hartman E F, Zarick T' A, Sheridan T J, Preston E F,
Stringer T' A 2010 Sandia National Laboratories Report
SAND2010-2080

Han J W, Huang J G, Liu Z X, Wang S J 2005 J.
Spacecraft Rockets 42 1061


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn
http://www.cnki.net/KCMS/detail/detail.aspx?QueryID=13&CurRec=1&dbcode=CJFQ&dbname=CJFDLAST2015&filename=GDYJ201502048&urlid=&yx=&uid=WEEvREcwSlJHSldRa1FiK1NDaWtEcXN4OHplRDNwV09WSXNpQnptaE5KYmJFaHA3TmdjU1FDL1V3RnBpTHc5MFh3PT0=$9A4hF_YAuvQ5obgVAqNKPCYcEjKensW4IQMovwHtwkF4VYPoHbKxJw!!&v=MDIwODJDVVJMK2ZZdVJ2RnlubFViL01JaW5TWkxHNEg5VE1yWTlCYklSOGVYMUx1eFlTN0RoMVQzcVRyV00xRnI=
http://www.cnki.net/KCMS/detail/detail.aspx?QueryID=13&CurRec=1&dbcode=CJFQ&dbname=CJFDLAST2015&filename=GDYJ201502048&urlid=&yx=&uid=WEEvREcwSlJHSldRa1FiK1NDaWtEcXN4OHplRDNwV09WSXNpQnptaE5KYmJFaHA3TmdjU1FDL1V3RnBpTHc5MFh3PT0=$9A4hF_YAuvQ5obgVAqNKPCYcEjKensW4IQMovwHtwkF4VYPoHbKxJw!!&v=MDIwODJDVVJMK2ZZdVJ2RnlubFViL01JaW5TWkxHNEg5VE1yWTlCYklSOGVYMUx1eFlTN0RoMVQzcVRyV00xRnI=
http://dx.doi.org/10.1109/TPS.2013.2268580
http://dx.doi.org/10.1098/rspa.1956.0149
http://dx.doi.org/10.2514/2.3575
http://dx.doi.org/10.2514/2.3575
http://dx.doi.org/10.1088/0022-3727/8/5/015
http://dx.doi.org/10.1088/0022-3727/8/5/015
http://dx.doi.org/10.1109/TPS.2008.2003443
http://dx.doi.org/10.1109/TPS.2008.2003443
http://press.princeton.edu/titles/9500.html
http://press.princeton.edu/titles/9500.html
http://press.princeton.edu/titles/9500.html
http://dx.doi.org/10.2514/1.14773
http://dx.doi.org/10.2514/1.14773

) I8 % 48 Acta Phys. Sin. Vol. 64, No. 12 (2015) 125201

Computer simulation on temperature-dependent
internal charging of complex dielectric structure”

Yi Zhong") Wang Song"?" Tang Xiao-Jin? Wu Zhan-Cheng? Zhang Chao"

1) (Beijing Institute of Spacecraft Environment Engineering, Beijing 100094, China)

2) (Research Institute of Electrostatic and Electromagnetic Protection, Ordnance Engineering College,

Shijiazhuang 050003, China)

( Received 3 December 2014; revised manuscript received 8 January 2015 )

Abstract

Some dielectric structures on satellites would experience temperature variation in a relatively large range, giving
rise to a considerable change in its conductivity and consequently resulting in a significant influence on the dielectric
internal charging. However, due to the limitation to the model of conductivity versus temperature and the tool for
three-dimensional (3D) simulation of internal charging, this temperature dependence has not attracted much attention.
Therefore, the conductivity of a satellite used modified polyimide is measured in a temperature changeable vacuum
environment under high electric field (in MV/m). Keithley 6517 B is used to capture the mild electrical current in
a relatively long measuring time (several hundred seconds). According to the Arrhenius temperature dependence and
considering the conductivity enhancement due to high electric field, good agreement is obtained between fitted data and
measured results by setting the activation energy to be 0.40 €V. In addition, the radiation induced conductivity (RIC)
is taken into account by using the Fowler model. The conductivity at room temperature is found to be comparable to
the RIC from the condition with 2 mm aluminum shielding. Using the derived results, the internal charging simulation
in three dimensions is carried out for a selected part of a structure in this material, where Geant4 is used to derive the
distribution of charge deposition and radiation dose in three dimensions. The incident energetic electrons are assumed
to follow the exponential distribution under geosynchronous orbit severe radiation condition where the flux of electrons
with energy larger than 2 MeV is assumed to be 1.0 x 10° m~2.s7!.sr™!. It is found that the internal charging will
become more serious as the temperature decreases. The charging time is about 1 h at temperature 330 K, whereas this
time is increased to 10 h for temperature below 250 K. The most serious charging domain appears around the boundary
line of the grounding surface close to the radiation source, where the electric field strength exceeds 107 V/m under
the condition of 2 mm aluminum board with temperature 250 K. So the dielectric breakdown discharge is most likely
to occur within this domain. Above all, under the condition of the material intrinsic conductivity (mainly depending
on temperature) comparable to the radiation induced conductivity, temperature will play an important role in internal
charging. This model for temperature-dependent conductivity and the method of 3D simulation of internal charging

have great significance in both further evaluating spacecraft internal charging and implementing well protective designs.

Keywords: different temperatures, complex dielectric structure, internal charging, three-dimensional

modeling
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