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ABSTRACT: In order to understand the characteristics of the surface charging of LEO satellites in solar minimum years, and
provide reference for the protection and design of the surface charging of LEO satellites in the future. Based on the data of the
surface charge detection carried by a LEO satellite in China, this paper studied 78 surface charge events from 2017 to 2019. The
characteristics of charging duration, voltage peak, temporal and spatial distribution of 78 events, and the relationship between
events and geomagnetic index were studied. The study found that 83.3% of the surface charging events lasted less than 1 min,
and 80.7% of the surface charging events had an absolute peak charging value less than 100 V; 97.4% of the events occurred in

the high latitudes of the southern hemisphere; 88.5% of the events occurred between 18~02 MLT; When the incidence rate of
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surface charging events is not 0, the correlation coefficient between the event incidence rate and the Kp index is 0.97. The results

showed that in solar minimum years, the duration of surface charging events is short and the intensity is low. The location of the

surface charging event has obvious north-south asymmetry, showing a trend of more in the south and less in the north. Surface

charging events occur frequently in high latitudes, and the probability of occurrence is high from dusk to midnight in magnetic

local time. The incidence of surface charging events has a good correlation with geomagnetic activity (as measured by the K,

index).

KEY WORDS: LEO satellites; solar minimum year; surface charging; peak strength; charging location; magnetic local time ef-

fect; geomagnetic activity
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Fig.1 A typical surface charge event and geomagnetic activity during the event: a) charging process; b) geomagnetic activity
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Fig.2 Distribution characteristics of the duration of surface
charging events

78 YRR 1A FE L A 1 LA (R A AR e TS SR
K3 Win. ATLUE Y, ERBHTESIMRAE, s difhom
JERK, (A 15 SR 7 f W (E 246 XHE B T T
100 V, Fl4x 63 IR 14 78 LI (E A XHEAE 100 V IR o
£ 40 FAF (51.3% ) WE(HEHELE P 7E-60~-70 V.
WA % R I =R F & A 7E 2017 4E 8 A 20 H 03 ) 29 43
55 b CUEMERT] ), e R{E4aXf{Hik 235.74 V,

2 REFTEEHSW

At =5 43 %0 4 AE

2017—2019 455 24 K BHIE sh R ARAE, KBH
W ENACEARAR, H Hizs [ Ab A P FRR S . AR
EE%E}EE&%H@WQEH{ﬁzﬁﬂfﬁiﬂﬁﬁﬁi%ﬁ, X Bk
PeHRE) 78 WHRH R LRSS | L
55 W R0 Bl B AR SR SRR HEAT T ST o0 Hr . 78 IR
2% 10 7T B 5 14 Bt g b i ( Magnetic Local Time,
MLT ) HI#;4i% ( Magnetic Latitude, MLAT ) 4315
TEOLNE 4 Fs, BLSARE T 78 IRFEHL SRR

2.1



- 118 - KEKRKRE TR 2021 4E 4 A
50 06 MLT
40 - 40

§ 30 |-

i

= AR

z 20 | 12MLT [0 0 MLT

15
13

10

—
<
T

=]

I

&

'\Q’%Q %“’QQ

FEHLIEEE AT~V
B3 i g i O L AL (A A R AIE

Fig.3 Distribution characteristics of voltage peak of surface
charging events

qQ”\QQ 7\QQ

FLRRH A B K] da JEFALEILEERAY 43 A 1 0L,
Kl 4b JE e L BRI A I 0L, 1B dc J&F R4S
i [R] B2 1Y) 2 AR ALK

HE 4 nTRVE W, R e i 30 B AT 1R B Y
WG T BN, FHEZ K AT 18—02 MLT, 7Ei%Af
B I KA T 69 WHHHE:, filbikF 88.5%, 7
6—10 MLT DA K 11—17 MLT Z[f], ¥4 el FEE &
Ao e o H F IR 2 B A R G ERAS KRR
EIm IR, Hd 76 WFEMF (97.4% )
AR Bk, UF 2 SR IEIEER, x4
E ki DMSP T3 W 21 f4 75 o =5 28 () 4 A AR
— 3 BRI AAN, i S PR 2 R A AR A
X, & ATE 45 —65°~—80° 2 ] ity 3 i 78 v F F 43t
67 K, 5 HikF] 85.9%. 1 HREIN 3 () 2 1 7 L 2R
Wi s 1 7 kR 2 A A A I, 55 Eriksson 25 A
FIFMKELIE DMSP IR %45 31 36 1 7l SR (4
2 A RRIE—E

MR HAE TR 3 1 78 L & A AR I A 23 A8 k2
X FHOG BRI PR 46 B8 %5 B S 2L W] BR Bl Y, R
AL RRIN 1 R B0tk s, BRI X TR 2R T 2 e i T
K, FIR B A A B IE L, IR AR R Y
2 18 70 L R TR R AR MR B 52 X, SCh TR
B AN DMSP F13 B AL, B, UL 2] (%) 2 1 7o i
H A A AR 1 e G2 BN X B A AT RES DMSP
PR FRm R FFL KA TR LR FE R AL,
HER H R DR BGE A S R . el ek
Z, DAEBEE A KEMWR, fFrleR&sE, DA
TE T O K PH , B b BR A S LB R A2 AR
TR ERA R ST REER S CAMRENA,
BEAR I A 5% 46 B - (A % 3 o ) 2 i e e SR Y
e A TSNy (T R R G AR da b TR <52 S
ST R AR A KRR

00 MLT

[\
S

S 1
¥
)
10
&
2
5
R
0 N .
0 3 6 9 12 15 18 21 24
MLT/h
c KA

P 4 I 78 L S5 PR b 7 BRI 205 53 A 4R AIE
Fig.4 MLT and MLAT distribution characteristics of surface
charging events
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Fig.5 Seasonal distribution characteristics of surface charge
events and geomagnetic activity (a) surface charging events
(b) geomagnetic activity
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