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B () A B8 ¥k 2 — . BRZE R ) SPIS(spacecraft
plasma interaction system) ffi H i ¥ 7 &= %
(particle-in-cell, PIC) B [FIPREE T ALK AR YR
T FEFL AN, S — K FFIRER A, AT TS Rl 4
TERT R A4 (0 2R 1 FE H, (18290,

“ORBH -1 2 A0 BLAE FH 42 5 AR (solar wind
magnetosphere ionosphere link explorer, SMILE)
BEEPURBREERINUR S, TEPL T T
[ R R N AP R N I PN IS e
EZUE - 78 W S N EI B T Wi S A (9
EE T/ M1 (low-energy ion analyzer, LIA) J&
SMILE PA bR SCHAL S, 23 S 1 st b I 2 4
BRBEIT 0 R BH R R LA R w2 B I RE 8 1. 24
SMILE i 1E FL I, KX LIA f9 TAE AR 5200
AT RAIE LIA P& EGE A R, 2R SMILE TR
(1 2 1 HL AR RE AR 4T 4-30 V. SMILE T AL 3 i 45
M 2%, S 1 B LS oA R T 78 F SO R AR
IBAT AT REAT R BYSEE , FATTH SPIS Sy 1RG4l i
BORDS HbAT 7 2045 8 7 IR R T i 07 BT
STIEUROE R S A PN e 1 R | T ER A
3T, PGS S A v ok A e L 0 P XU O e B
AR L A R AL, BFOE L AR 3R
Tl 78 FEL RS20
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L =1(V) = [L(V)+ L(V) + Im(V)]. (1)
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AR AR B E Y VI YA S
LOV)RASEFHER; L(V)RE KET (4
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FH. MR, I = 0. RIEPLEIZZ
PRABEIAY 27300 WT IR, FEBASEIX, A5 IR B 1 FI

HLF AR, RS R IR AN ~ 10000 V.
WSR2 S8 R F R 5T, IR AWK AR M 2>
AR/ FEEL L 2 S B3 A RESE R, R
FRITFHCN B 7E DR A B KAPT M5t
iy 25%64.

SPIS ] PIC (%77 A0 i i~ aod 7 v 25
BRI EE S MR A A BAE T, % R
Vlasov-Poisson 712 P K4k, sLhritEd, HF
THAGER AT SR A BRI, A B — A S B
FBEATE, HI PIC 51 AZWRLF LS, B—
A TR AR S Y L P 1 — B LSk
Hiz gl ek 5]

Ma%:Qa(E“FUnXB)a
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dra
dt

Kb, M, & Z WKL B Q, J& % WURL T HL A ;
v, e LB, B, B ISR IR r, N
TR B o SE S p RHMTEE; ¢ /&
AU AL

iz 8l 77 R sR AR 1Y 72 UKL 12 slPIR A T 8
AR LI, 456 (1) b I = O Y L 3t -1 2%
4, BRI A AT %) 2% 1 FE HE ML L S B R 37 40
4.

= Uy, Vchzﬁ, E=—-Vo.
€0

2.2 JUIEE

SMILE TR RSN IE 1 fi7s. A4 4. 4%
fi G, AR 1 m S5, HESERR, A0 T2k
i T EIE G, EEHMEN 1.375 m, JIRELK
9 1.64 m; ZNHORFHHL IR, 260 Pl =2,
KR 1.1 m, 54 0.88 m, FE—Heib/rEIg 12 4
FHATHES  FEEIEE A 1 mm (5B T IR,
— Ui T2 AT - X A R AE R 242 0.06 m,
Ko 3 m; 2R AEE @ SHEUE SR Ry LIA | &2
B R AR, Bk 1 .

1 hORORL R 4R S XA SR AR AR R R
(Indium Tin Oxide, ITO); 3 Bt W % (kapton,
KAPT); filk £F 4 1% 5% &2 & #F Bl (carbon fiber
reinforced plastic, CFRP); £ &bk —7K-Z H&
(polychlorinated biphenyl-Z, PCBZ); 41 (Al). St
MRS Had B R BHYG A -X T ) A, TR
BURLARFE- X 1w e K FH.
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Fig. 1. The model of SMILE. The red, green and blue axes are in the z, y, z direction, respectively.

# 1 SMILE TR BRI 15 5 R IR RE SR 2.3 ZEEFMHINESE
BT
Table 1. Design of nodes, surface materials and SMILE T & iz ﬁi §jl iﬁ @ jﬁ j( FH IEJ ﬂ} ’—'FJI iﬁ
cireuits of SMILE model. (sun-synchronous orbit, SSO, 700 km, 98.2°) FI
N , L i} H o . ) .. .
PRt LB ﬁﬂ &ﬁ%ﬂ e 10T FA KM [ B 3E (high elliptic orbit, HEO,
L (RS I) 0 ITO 5000 km x 19 Re, 98.2°8 67°). H:#, SSO Al fig
i 15 ITO 20000 AL P 25 PR PR R o B R TR
flFFR LR 6 KAPT 20000 K UL T, T SSO Bl AR 4 45 W] L
ek 7—10 ITO 20000 Ao I -
L 112 CFRP 37500 R 70 HL KBS AT, WO A T — 42 T 7 L 05
K PHEL - T 13, 14 ITO 20000 M. HEO B ] e 18 1Y 55 5 PRI E 24,
SXEWEREDG 15,17 PCBZ 20000 SRR RSB TR RS B Tk, b2 e
PROERAI 16,18 11O 20000 THRIREEAT A SMILE LR BRI 5 508
A 19—21 1TO 20000
4 o w23 B i 23 ) S _
S ——— ” AL 20000 Y 70 L RS *E%E&L%Eﬁllﬂﬂiﬁﬁiﬂﬁ ECSS
HeERR X T 28 23 AL 20000 E-ST-10-04 C, 1 B XU 34— Rl GEO
WOABGAAE 24,2628 1TO 20000 PO 5 26 B TR BRI AT 2 1 7 HL A O T
e %RopNi 25,27,29  PCBZ 20000 £ LIA 1858 19 1F EE&RLI@, WU 2 4 (1 o S
XTI 4 R 2k 30, 31 PCBZ 20000 . # - .
8 YH- 4 H Ly N :H:‘ 4 ) ST A A&A
LIAZ%eT U 32, 34, 36,38 AL 20000 BT RS BTIEA TR, PTASCEA T R FE R 25
LIAXTAM 33, 37 PCBZ 20000 12[: N j( FH N%%?W . GEO *&ﬁﬁ%%%%%ﬁgy\:
LIA%E R {KI 35, 39 ITO 20000 SRR AR T AL, =R S
ERUIERS DS 40—42 ITO 20000 % 2 TR,
#2 FETEMESH
Table 2.  Parameters of various plasma environment.
BTEE ISR BTIRE IR IE
e S SIS
cm? cm? eV eV
g 2 0.1 0.1 540 180
KPFHX 8.7 8.7 12 10
_ L 0.6 0.2 2000 4000
GEOM i 45 )
B4Y2 1.3 1.2 28000 27500
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MK 2 ZE 4 TLIE, P, 5 R
L2, BRI AE B R S R MR A (PR
FARAT R L i (5 WAL R A S A R 5N, PR AN %
JEHEREHAL, DUNTHEFREIL) 25+5.5 V A4
K BHAEE B AR N R MR 29-25.3 V /2
A W 4 S S R IR B T R T AR LA 24
8582 V ify. Hrh, HA W RIS E AR T
FEE B IE. 5 EAYES R B . K PH XA
e it 25 A5 B R PR T M R A 2% I e R L 22
35120 0.007, 0.005 F1 1.022 V, &4 & A= B ik
FEL 178 XSS

& 3 i A B X 2 Fh A5 B PR IR Ry
M4 £ T R FL R AR TR AR Ak, DNIEL 3 W LU
|, FEBARZ X, = PP A B FIRIAEE ML & A ST T

FEL AR W H, - FL 7 P O YA 2o v R R A
FH. #E—2 A3 W L 7 7= A i R R R A 2
X
§ = I/ IL.. (3)

Horp LeJe ZWHE TR (). RIGE 3 M4
F AR, BERRE . KX GEO ik dh 45 55
TARIREE A5 5 4 /Y ITO T HY R T R 5 R 5L
35K 1.96, 0.11 1 0.46. A 245 BY, A5 H
FRER N 15 keV JEHIN ITO K H F A5 &
BN 3.5 BHIREARE 1. 1 R = Fh & 5 PRI
HLF-AE L4500 180, 10 1 27.5 keV (43 2) ¥
FEFLSCIO TR N . 4 A A Y kL T R S R A
2, Ui B RSB T R 5 R A B iy
2k, HATLAEAL ITO AOREHE R L+ A 5 R 8
KAB Smax TEASTHLFHE R 180—1 keV Z ). AL
HIDT LS T LAIVE g ITO PR W Tk 5t R %L
ST 2R A AR T

FERATR, Bl A B PR L A BH XA B - A
e it 2 5 S5 B AR IR T T DR A - 1 2R 1 R
T 2% 1T PR B ST 1) 7 728 Ak il 6 43 S an 151 4 R 5
FIR.

WE 4 fiR, TECIRTE, 05 5 2t %, w4
ARG B AR L R BH XU B A A i 2 5 45 5
TR A5 T 210 AR AL 2 S 2 Dl +14, 46 F

> 6.5F(a)
. 6.0f
2 55F
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® a5l
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Fig. 2. Average surface potential on node 4 on the eclipse: (a) The magnetic tail lobes plasma; (b) the solar wind plasma; (c) the

GEO worst case plasma.
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Fig. 3. Surface current on node 4 on the eclipse; (a) The magnetic tail lobes plasma; (b) the solar wind plasma; (c) the GEO worst

case plasma.
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Fig. 4. Average surface potential on node 4 under sun illumination: (a) The magnetic tail lobes plasma; (b) the solar wind plasma;
(c) the GEO worst case plasma.
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Fig. 5. Surface current on node 4 under sun illumination: (a) The magnetic tail lobes plasma; (b) the solar wind plasma; (c) the

GEO worst case plasma.
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7) G54 SR B T LAHEAT, ITO AR —ik
HL - 5 R U R AH Omax TEA ST HLF-BE I 180—
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Surface charging effect of the satellite SMILE®

Xu Liang-Liang!  Cai Ming-HuiY?»*  Yang Tao!  Han Jian-Wei"?
1) (National Space Science Center, Chinese Academy of Sciences, Beijing 100190, China)
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Abstract

When the satellite is on orbit, the surrounding plasma environment will interact with the spacecraft
surface, accumulate charges on the spacecraft surface and cause surface charging effect, which could lead to
electrostatic discharge and affect the running of the spacecraft. SMILE is a satellite operating in a solar
synchronous and high inclination large elliptical orbit. The on-orbit motion will encounter ionospheric plasma,
magnetospheric plasma and solar wind plasma, pass through the region of the outer radiation belt enriched by
high-energy electrons. These environmental factors can cause the surface charging effect on satellite and affect
on-orbit security of the satellite and the acquisition of scientific data. Utilizing the software simulation of
spacecraft plasma interaction system, the charging effects of SMILE satellite surface in solar wind plasma,
magnetic tail plasma and extremely harsh plasma environment have been simulated, and the charging potential
distribution on its surface have been obtained. The results show that the surface charging potential varies in
different environments, but all comfort with the design requirements. The analysis of surface current shows that
the secondary electron emission has great influence on surface charging in various plasma environments. Under
sun illumination, photoelectron emission dominates surface charging. By analyzing the charge current on the
surface on the eclipse, the calculated results can supply the experimental curve of the secondary electron

emission coefficient of indium tin oxide materials.

Keywords: surface charging effect, SMILE, spacecraft plasma interaction system, plasma
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