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Fig. 2 Integral flux of electron in Earth’s magnetosphere vs. R,
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Fig. 4 Physical model of simulation

[SE ipe

i

A1 EL A BRAR TR Sy
V-E=pJe (1)

AR || 4 M4
(GIRE ##7) (B A5 D

T i T s
(W Rl 281 LT Al

. AR GBIR.
@ﬁﬁﬁﬁﬂ WS, i RE

B A LA

dp/ot+V-(j+oE)=0 2)

H: p NHARE R ENHEY: NN HBFEE: jSAE
THER; cHBHTE,

X (1) ~ (2) 45 ~Poisson /7 F2 A1 B it 2 4L 1
JifE. o ARMEH SR MR E T H S Re Ak, #
N2 L& H I AR B s, A

o, = kD* (3)
He: DRESFIERSR, RO Arads s FRANESHE
SHSRRECNTEE, RS

D7 LA FH 10 B 0 I T AT SV I

LRI TH, TR AR B SPR.

L)
il L Lis77NIEE TN
R Y iR
Hifif
PARZES

K5 Py O 2 A R
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Fig. 7 Polar orbit in Jupiter exploration mission
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Fig. 9 Internal charging process along the equator orbit

BT SERNEh= 0= 1110 B 10 R = A S N 1914
WA, BN, M EERE, AR Rt
AN MBOR R, BN BEREPIE A TS
R, BEAE EAREEE G, Bl R,
XTTFraf B, T HSRER, BBk, ik
i 78 FEL PR B T A R AT S N ) B CREDXS 293 ) 39
BN FHEFIERE; X TKaptonf/i i, HTHSRE
/N, AE I T AR R AEL I 5 AR ARG P BT 8] B F A AR AR
R ENEUTA RO, 1 PEBILE R 78 H LA IR R 5E 4
TR, A R R L 3 R A o 7 L B v A
Yy, RIS A 003 (8] ) 78 o A A SRR, SR T
KA R IEA RGN, B2k B AR
T R O 2R 1A A

ARSCIEHFE T — AN EUE A N Fra N A iy B
&, i 10f7R. AR ML, BORKH FEE S
ByBEmm R . T KRBT ENY,
SEERS A AR RR, T ECKRIUE WA, K
AT 2% 5 TR ST A R (R BT R L A R PR R T R A
N B8 L )N

N R ER AR S A P B AR LG, BT
T M E S5 N GEO#LIE P A LB L, 5 RNk 28
TNe AR AR T 8 KT HER, HE TR K
WA 38 R A T I ) 27 g iy, LA g
HERGEO#IE A 4 HL LI T L.

®2 FRMEAFTERKES
Table 2 Saturated charging electric fields of different orbits

KT H S/ (10° V-em")

7R ERE S
KREAREMHIE KERHE KEFSEHE HERGEO
Fr4 3.0 1.8 12 0.45
Kapton 7.9 4.5 3.1 12

SFFARBLA R (Frd) , HIERGEO#UIE A4 HL it K
BN TARERE: T &R (Kapton) , HiEk
GEO¥UE W7 Hfk K K T AREHIE . K ek
GEO#UIE — BLAL T AMm S5, % BE i %A N 4R 4t i
SHSRE/NT AR SR, BESENRBEmEY
e 56K, AN 5] f L BE A 52 1 78 F L 22 S AR K (AR
JORANBEGD o MTHARIE, R EERRT
A S iR, AR T (JLHZ10MeV



% 6 3

TS AREIRGEHNAES 8 s B A Al 569

PLERIE AR ) m KT HEREE Sy, A A5 T 4R
ESHESERTAME SR, FrdfKapton/ i (55
75 5 B S R R BN I 7R AR A a7

FLAT AL, 78 H 3% 2 5 32 B T I () 4 i &/
) e g HE SR B, DR R AN ] R BELAY R AE SR AR LI 1 78
FH, B 37 72 BRSO HEBRGEOBILIE 85 /)N o

——i=0° - i=45° ~~-i=90°

300 350

——i=0° - i=45° ~~-=90°

T/h

10 AFRAZHIER A B

Fig. 10 Internal charging process of different orbits

s
=
S 10 f
(é 5
= 0
150 200
5 xlof
E; )
&
21
LL]E
0
150 200
:t. N
4 ér: 145
LA BN F A BT A [F U R R A A

2, FRRLLR iR

1) HARBIE i 028 HER,  BIIE Ak T 5 s X 34
(YRS TR BR G, Bk B T S o e e e e R, B
GRS I E R L .

2) WARBTEM AR, PUIE L TR G O (1
()L, AR T PR g .

3) A5 FEL RN A L, R I A R
BT, HHERGEOPIEXS L, [RUAFAA BT H 557 Fft
AT HL - JE SR (H AR XTI (], SR BRRCR AR, A
[F] FELBELA Y IR AE B A UE (1 78 L 22 A G U BRGEO#UIE /)N«

FAh, R SCEAELE AR BRI ) /. PRy A A
Z RS M IREROR SN, BT 28 [ SR AR R —
NECEABR (W ERPUEFLUMICHE &) , 1
GIREME B A B P BPRAS S MR, AR A
B A . AR SR T IR R A
WERWHTT, KAE NS ERB AT 1A .

2 £ x ®W

[1] KAYALI S, MCALPINE W, BECKER H, et al. Juno radiation design
and implementation[C]//Aerospace Conference. Big Sky, MT, USA:
1EEE, 2012.

[2] LEUNG P, WHITTLESEY C, GARRETT H B, et al. Environment-
induced electrostatic discharges as the cause of voyager 1 power-on

resets[J]. Journal of Spacecraft and Rockets, 1986(23) : 323-330.

[31 GARRETT H B. Charged particle distributions in Jupiter’s
magnetosphere[J]. Journal of Geophysical Research, 1983, 88(A9):
6899-6903.

[4] GARRETT H B,KATZ I,JUN I,et al. The Jovian charging
environment and its effects — a review[J]. IEEE Transactions on Plasma
Science,2012,40(2): 144-154.

[5] BURRELL M O. The calculation of proton penetration and dose rates,
NASA TM X-53063[R]. US: NASA, 1964.

[6] TABATA T,ITO R. An algorithm for the energy deposition by fast
electrons[J]. Nuclear Science and Engineer, 1974(53) : 226-239.

[77 FREDERICKSON A R, BELL J T. Analytic approximation for charge
current and deposition by 0.1 to 100 MeV electrons in thick slabs[J].
IEEE Transactions on Nuclear Science, 1995,42(6): 1910-1921.

[8]  EEENH, BRIS K, SR, PR T 2 BRI 2 7S 0
TR MUR B TRE, 2017, 34(3) : 258-264
WANG J Z,CHEN H F, CAI Z B. A method for simulating internal
charging of spacecraft circuit board grounded by electric resistance[J].
Spacecraft Environment Engineering, 2017, 34(3) : 258-264.

[91 TABATA T, ANDREO P,ITO R. Energy-deposition distributions in
materials irradiated by plane-parallel electron beams with energies
between 0.1 and 100 MeV[J]. Atomic Data and Nuclear Data Tables,
1994, 56(1):105-131.

[10] RODGERS D J, HUNTER K A, WRENN G L. The FLUMIC electron
environment model[C]//The 8th Spacecraft Charging Technology
Conference. Huntsville, USA: NASA, 2004.

(=P
FEIFA989-), 5, TR, 0507 1) - 2 () RBE 8
A L b 5T E XK VE B 1045 (100094)

i (010) 68744647

E-mail: wangjz1989@]126.com



Hi

570 TR R 27 4 H46

Internal Charging Evaluation in Jupiter Exploration Mission

WANG Jianzhao, TIAN Dai, ZHANG Qingxiang, ZHANG Xiangyu, ZHENG Yuzhan,
HU Yanqi, CAI Zhenbo

(Beijing Institute of Spacecraft System Engineering, Beijing 100094, China)

Abstract: Jupiter has a similar radiation belt structure as Earth. The proton flux in Jupiter’s magnetosphere is about 10 times of
that in the Earth. The electron flux in Jupiter’s magnetosphere is about 2~3 magnitude order higher than that of the Earth, and the
maximum energy of electron is about 1 GeV. So, the anti-radiation design is one of the key technologies in Jupiter mission. Three
elliptical orbits with different inclinations and two kinds of dielectric are selected, and the internal charging processes in time-
varying electron environment are simulated. For Fr4 material, the conductivity is relatively small and the deposited charge will leak
off when the spacecraft is far away from the center of radiation belt. The maximum charging field is determined by the maximum
electron flux. For Kapton material, the conductivity is relatively large and the deposited charge will be accumulated between
different orbits, so the charging field will grow gradually. Large inclinations of orbit will benefit in decreasing charging field.
Comparing the internal charging behavior of Jupiter elliptical orbit with that of GEO orbit, it is found that the difference of charging
field between Fr4 and Kapton in Jupiter orbits is smaller than that in GEO orbit.

Key words: Jupiter; radiation belt; internal charging

High lights:

e The high energy electron environment of Jupiter’ s radiation belt is introduced.

e The comparison of electron flux between the Jupiter (GIRE model) orbit and the Earth orbit (AE8MAX model) is made.

e The energy range of the fast dose rate simulation algorithm is extended to 0~100 MeV.

e The internal charging process of three kinds of orbits (inclination: 0°, 45°, and 90°) and two types of dielectrics (Fr4 and
Kapton) are calculated.

o Difference of charging field between Fr4 and Kapton in Jupiter orbits is smaller than that in GEO orbit.
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