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Fig. 1 Configuration of four thrusters
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Fig. 4 Disturbed motion of inclination vector

T 3 i K BH T 1) f AR AR S R Y

P07 FCEE SR T A 26 5 52 itz 20 1 e U AE 0°

e (H4—)10™"
7 0 R B2 A8 3 T
Fig. 7 Disturbed motion of eccentric vector
Bh$ 30 432 2y O EL AR M R A A, T 2 3 2 8 ¥ D S
RALE CEANTBIAE 15 KA S KRBt s b 1
] PR HL R SR 9 420, 01738 B 4 [l DR 00 3 R A7 7
BREE, £ GEO TR R4 ai . A% 5 ik v £ £



Bl

X G A R B TR e e R SR T Y 83

R RE T U AR PG AL O 23 I HE AT R B A AR
) 303t o A QBT R Dok £ 5E IR W AR Y L
R D) 2 308 o 47 i 8 P AR B Lk TR A A R B i
FARIEEh . AT /N e R GRS A 5
i AT RASR AN [8] B8 57 8 55 s

2 IMNENGLE RFFR

2.1 TFIATHESHT

FEL 3k 77 % AH LU T A5 B Bk ovb 3k 1 2% AR . 2 — 2
AT DI BETF OG5 1 R A AR 6L 8 5% 2 TR 2 R
FE /IS B30 B P T3 R R A SR D HAE )
et b LAY HIER T R 5 2) T
A B ) A TR L o /N T ok B AN, S BURLE B A
R, & S H AT AL A AT AT P BEAT 43 AT

A1 4 7 45 6 5 R oR 03 AR RN 28 R R AR 1
A AX R DTSR o) R 4

AVy=Ai XV,

_ MXV, D
3 X 360. 985 6°/d

HLt L AV SR 1 RS 5 AV S B Y
(IR RIE) sV, i kUl B . 360. 985 6° )& —
AFIRBH H A A R R AR

DL BT B L 4 30 007 204 SR S 1L i 3R (7) 48
B GEO T 45 F BEAT 7 B4 158 T 7 8 A 325 1) i 82
HaEN 0.107 2 m/s, Yl 0.024 7 m/s. RIFHHHE
e 7 8 TAE i

_ 2 . | n(mAV
T—n\sm [2( r j] (&

Hrpom T EFEE 1600 kg; F R S K /NEL
200 mNsn, Jp i R BIUIE ff BB

Ha A, 2 GEO D EE HLE N 100°E,
HUIE ) #% B H 5 22 ) b 5K 857, 7 s, 1] P Ak
197.6 s, FRZEREW, fE S E 0 DA HIER
AT EAR A B TAE B A, Bk B HOE AT AR 2 AT
THy,
2.2 {LRRER

GEO T & H ER& & ] DL ot A [ 77 3k, —
7R AR Y R 2 e R A A
ST T — VR AH 2 5 500 TR A 2 K B B S AN
B AR SCR T SR TR R R A ek o T R ok
— R B PIERAS AR 4 7 75 445 S 0 PR HE AT 4 ] L Al
7 B 158 28 IR AR FRAE R/ NI LY

LR, Rk~ KRG ETIRN S =AW

AV

A HE T K IR TE AL
FEK DX e B R A A TAERCR e . T
A s Jil IR Te) o R A A2 it A A 1] o 3 R
T TEC AR 48 T 250 R e v T DD g 3 R A ) 28
PIRCRSE R ATEE, AR B 1 Y 4 ) 4% i
B EAE NW RN NE 78 T 28 Ui R TAF . SW Al SE
TEREAS U TG AR . 7 P SR W 75 04 AR ok — K
Tk B 58 AL E AR g HE g #  CE
UTE RS R 2 AHE A B0 O (B S AR B AR
AH A 2]
Al=1" —1,
A =1" — 2,
Ne, = (e —e)cos(w+ Q)
Ne, = (" —e)sin(w+ Q)
Ferbved ™ A0 F e a3 S DR B 5 A L 38 R R i 0 3 T
WA T A B FEd Hbrso AT S RMA:Q N
THE IR L 5 Ae, \ Aey s i O R RTE 2 Ay J7
[ Y 73 4k
BT H SR A AN HE T L R SR M B D R
mE .
AR 1 TR R AL A R
FRAE T B AT A FAX F3 B i ) o EE A
DI 1oy i 3 B8 A2 4 T Ae,  Ae, 5 15 0 R 9 C
EY)

(€D

AVig . 20V ¢
Ne, = Vﬁksm Ly, + % Lcos 4,
AV 20V (10
Ne, =— V.\Rcos Ly, + i Tsin 4,

o AV, AR ] B RE 3G 65 1, S AR B

—BAE BT L GEO B T 28 s 76 90 B3 L B 28
JUTE 270°BFF 3T, 20 (10D Y cos 4, AT 0, R4
37 ] LIAS B 7 25 75 4 Ak 1% 3 1 ool

AV]N - Al X ‘/S

B AL XV,
AVir = 3 % 360. 985 6°/d

(1)
AV e — Ae{ XV,
sin [y,

~ Ne, XV,

AVer = 2sin [,

S AV S LI A6 S 5 02 1 A
ik 5 AV A F ) 25 IS8R 0 O ) 91 160 G O
AV AR o 7 15 (0 5 5 B 7
i s AV ey )y 1 5 S 7 9 40 7 1

Bt

juiz3

P



84 TR ZS B

ES (i %2 %

AR 2 VTSI T e i R AL 1 T R
HT P13 g A C B L AR G AR MR A ) 2
10 o« e JEE 0

1 AVipr + AVgr
AViw = 2cos 9[ ( 2tan Otan a j+
o AV gr
(AV]N 2tan 9] ]
_ 1 _ (AVipr + AV
AV = 2cos 0[ ( 2tan Otan a j

- AV g
(AVIN 2tan 9) ]

1 AV AV (a2
o DT ET
AVsw = 2cos 0[ ( 2tan Otan « )

(AVIN + 2tan 0) ]

o ~ (AVpr — AVgr
AV =5 0[ ( 2tan Otan a j

A‘/ER
(AVIN ” 2tan 0) ]

IR 3RS Ty T AR ]
AR 2 (8) oy o B2 8 e T34 7 A% T A I 1)

_ 2 . | n(mAV,;
za (32

Hrj REEHET 2.

FE 1RO SR b Lk UE R VW] LR AE
WHLH M QD Y AV R AV 5 80 R
ERTE R T AV AV e B IE 715 5k B A
K. MRAEXA2PTLIE B0 fla B K/NPEE T
JE B 1 A3 B 0 5 A HE D A8 AR dE s X T A AT
23U /INBUE A L I AV BT 92 S 2 o IE S T
Xof T 8 B ARG o 25 18 5 1 R R T AN TR g 2% 22 1]
V14 S o 25, T DA HL At 4% AT OE B X)L K AR R
TS W R R B o SRR HE D B K AT
A0 AR ) B ) A B 22 T (1 B g k25 5 LR P
PR,

PRI GEO ¥iH J5 . # A ST 45 0% W 3k 17
B OREE AR IR R AN 8 P

3 HEGRESSH

AR 07 O S W 20 B 2 W] A R R Y o BE P
LA PETE A L AT AR B WA A PR SOR . e DL AL
TRy 2SR mS Th RH LT AR P AR T 5 2 B
ARPCTE M A SO P AP RE i A o 7 22 3% £ X
R PSR 1) 52

(13

TEMEAGEOHE

s sl
* e
Bl K — RHLH IS —| Tz
i 0 SN2 R it NWrik
! e T
s || PR | SRR | eak
BT I e | | ARBULEE
i = | [ s
AT v 2 SW ik
SR b
! L| Mz
EEE P SEAK
[

P8 /I g A5 4 5 e O A
Fig. 8 Flow chat of station keeping method based on low thrust
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Research on GEO Satellite Station Keeping
Method Using Electric Propulsion

LIU Yuxin'?, SHANG Haibin'?, WANG Shuai'**

(1. Institute of Deep Space Exploration Technology, Beijing Institute of Technology. Beijing 100081, China;

2. Key Laboratory of Dynamics and Control of Flight Vehicle, Ministry of Education, Beijing 100081, China)

Abstract: Problem of station keeping of GEO satellite using electric propulsion is analyzed, and a station keeping

method based on daily prediction was proposed. On the basic of GEO satellite drift characters, feasibility of daily

station keeping using low thrust was discussed. Furthermore, a method of predicting daily orbit error, thruster

working time and phase was proposed specific to four thrusters configuration. Then it optimizes gimbaled angles

subject to performance of station keeping at a geostationary position. The influence on control effects and fuel

consumption with thrust changing is summarized. The method is evaluated by simulating at 100°E, which indicates

that it can be used for GEO satellite station keeping.

Key words: GEO satellite; electric propulsion; Orbit drift; station keeping
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