ok A m XR=EHEWNZE® Vol.2 No. 4
2015412 A Journal of Deep Space Exploration December 2015

IR P SV B X

A&,

AN, AR

(1 Wi R RATE) 3 H R 3 A S 58, db 50 10009452, db 5T R ®AT# 8] he, 650 100094)

B OE A s b 4R T T BRSO R o BRI (A T A S S AN R
WAHAT B AE R . SCRMPTE T H S BERT H B Sl s b 4k 0 U A 2 R E T B T R = R
By A3 BIE B 128 SRR BT T Sl BOE R 0 B R 5 AR SR B T 3 R U A 0 S FR R U
IR I T BB 4E R Halo #1 Lissajous PR Jr 25 FoUk, FE 43 5 084 KR ADC IR 30 T . R A EE T BT 5
T TR) R B4 A S 3y a0 30 o 44k O T I 1 4 45 ) e 0 T A BT ST 4G R R T« Lissajous #5211 07 & T
J3 RS 8 v 4k B LT Y AR 4 L TR 4 S PR BE A T RS R B 20 7. 4 L BBE R R T 20 m/s/a, ZTEEE
Ze BT N TR E 0 2 5 H 0T B U S5 U ik 5T T Bl AT 55 0T ARAR TR A I 4 AR i T

N T 3 AR O i I 4 5 A A BROR T ERIAL 55

KR Vbl PUELER; REYE SRR Halo #1385 Lissajous #i

FESES: V412.471 X ERERIRAD: A
DOI:10. 15982/j. issn. 2095-7777. 2015. 04. 004

0 35

R, R A BTG B A R e A OER,
“HE 1SR R 3 5 H BRI A% 28 5 7 K
TAES U HIE I 2 57 78 S B G S TR MR 2%
HARM RS - TR T H b7 2 S B AT 55 F /N T
AR DIAT 55 O T 3R ik H O B R AT
R G P R AR 4179 /N7 BT BE B O 2 IR 45
ZURBAE MR, 2014 4ETF2RAENTFRT NF
SECMEIR 5 5 RS B UEAH S H R Il R ST FEA
R RATIRE , Z J5 AT T A OF s SR AT
JRAESD . BARH AT EE A TR E H Ak
Xof 7 bRk A 2T UL % ) ER OE T {H R NSRRI 4 D
(9 F Bk 1 A A XL R REZE A R R IR B A
e R A ) S 2 ik 4 5K T R T R
TR . 32 M T A X2 2 e e R e E R Sk I A
BR T AR N T DX SR B L 0 20 2 g g 4 T B

b H S AR T b ER R BR A B LR A E
JeHRH AR L2 St T A Bk 1 fh 2 nT WL HL B B
HBRESE , I T DL 25 ik H R L2 A5 b 4k 0
BUIE AT A BUIE YRR 0 22 0 AR R S ek R A
BRTF LAY AT WA L SRy HBREE I 25 1 B8 BN RN B A

[

WA H 1:2015-09-28 & W H #].2015-10-20

XEHRS: 2095-7777(2015)04-0318-07

PR AL b 5 M AR 55 . HR YT 3 s PUE
IR CE N IR TN B S NP O i o Y ]
JS2 T H TS 4E T H - 3l 8 R X T H O 8
Mo F V3l B 1 S e R O B % R R B 51 T
D X T B0 A 8% 3 B R K, B H B RS T Bk
18 Bl BAT — 0 3 JX 88 B 75 H o 3l s
TH RS E PR 22 L A T TR R R A = R 1) R T Y
JE T A LS AR T AR PR I A A B B
18 B R

N G AR SCHHT 1) 7 BRF- 31 rp 4 0 T L B 5 LS
JIASERYT eh gk N I TE B AE L 2 AR DAY P Bl
B AR 7 5 AR N L 3 A SV 3l A5 4k L B TE Y
2R R 1 A 0 JRE 0 8 S A () (LI 1Y AR
W RS S 4 5 7RI OR ok BRI 45
1T 55 P B 5

1 HIE4H

1.1 #FRE

V-2 i S TR = AR n] 8, B 5N R AR A
PR RAKR G T AE R R 132 3l B /N AR T & m s
HARTA R KAK B BT 53500 R ome F o, s H om <<
EE L RTAER (A NP N it I NP

m2<mlo

FeATH L EF [ RENE R4 B H (11303001,11203003,11373013, 11173005, 61573049)



5 43 X345 o H S 3l b 4k T IUE 4 £ 319

VA B 32 20 W 8] 2 < Bl AR R S 1, DL ROR i
F e 8] 50 R RS Oy 3 M s s 1 R 2y
W, A RFRR O-xyz, WK 1 iR, TERFSR
V-2l 1 B Y 32 BB R R RS 2T 3 s AL, B
THM L, 8 L,,

y

g //0 L b x

m L
B 1 SH8FR
Fig.1 Synodic coordinate
H/NRIE B 122 7 BT 45 3] O-xyz g
-2 A 2 B — B B 2
Az =A, cosCr + @)
Ay =FkA  sinCr + @) (@)
Az =A,cos(& + )
Hof A, FAL 008 « F1 2 J7 1] 132 SR E 5 9 A
A x F e Jr IR B9 iE AR, — 4 Lissajous
BB E T FE MR Halo #LiE ;0 Al ¢ 22510 2
= 5 ] ) 46 AH AL
20 D) AL 75— B g B B 20K, Halo Ui ¢
FoEBIRR o2 VRIS FR, B oz V- 1H 2 )
F W ET 2z VI, Lissajous HLiE W EZ T 22 F
T 2 ) B 0, 2 T 2l s LI 1Y 3 Bl R
PEPET- B AU BB AR S >y LT 22 P, H
WHERIRES x, B2 Ay A ERRE— KBS x, A
ARTR] 8 A T X B¢ AR SEBRARRS I x, . &
xo Ml e A& IE & 5 00l o~ ox, F1 oc, W AE — By 3
]
Oxy =D (t;2,)0x, + x40t (2)
Hrr . @ t0) B PE WG 0 B 203 ¢ I 20 /Y
ARSFE R, B

03><3 IS><3
@([9[()): aj aiar @([’l()) (3)
ar dy

D(0,0) =I5
Horbor v fila 43504 A B 07 B % B L 7 % K B A
T B R B o a B TS R A R B D
AN E X R S R R, 1% e
HNEBREZIEN T @, TR KR, 3T

i VB S B0E A S & H b S g ] ) A
JE 4 20 BV AT i 2 ARG B N U R

BEAE E BUiR 22 Bl iR 22 RBE 4530 1 A
TR HE 2, B oz VR 2 F 2 7 R R Sy
5 R Az, 0 3 (2) W43 Halo #U3E A Lissajous
BB (0] b R A IE & ozl A ol 43 BIK

(D“ - i(Pm (1)15 - i(Dzs (Dm - ‘i‘pzs
y y

g Y S P
(pm - 'i(Pm (Dss - .3(1725 (DGG - :i‘pzs
y Y y
. x
oxt = { } 4
b4
|:q)44 * 'id)m ¢45 * ~'1¢25 d’46 * ld’zai' X
y y y

Sxh=x (5)
H @, (i=2,4,65j=1,3,5)Fm @50, 5 i
1755 Ao i,

A O FN ) BRI 3l mUPE 1Y 7% 2L 3 Se 46 7
20 P AR 2 48 B Bk O Halo 2 i J5 X AN
Lissajous ¥l 77 20, X} FF gl 45 J 0 s, w5 Fp g
AR B SR BIEE R S & . [FIE,
KO T (5 Ny 5 T 3 SUHUIE — B 3 oL B9 45
S H T EER U 8 1 T it AT 2 kAR A T
DLARAS BRI RS
1.2 #E455RBE

L1 /N5 B Bl 8 008 % 2 3R Be 4 o O i A
JFH 18 7 R A M = R[] BT SF- Bl A 1Y 3 3 R
PR RE (AR P AR RE W o F1 (30 = J7 ) 38
FE 0, SR % 18 3 52 bR 8% 3 T3 AR . BB AR S
1 FI(ED 2 J7 ) BRI 0, HZIFA 4R 0,
PRI T 422 P 2 (4 RN 2 (5) 75 31 B 2 o 3 B 34 o K
TS T A R NG, RS 0T e S e UL 4 R L
TH L T LA T A AH R A BT 2 R SR

T F () AR (5) ST B LR P
B UPUIE ARy )0 7 B SUPUIE 1 S SR R
mE 2 iR,

B2 H, LP K3, O« 4 5l R B 41
I RCR o, e OB A UE B A AR R
rz KA, RPN oz R 1/2 B L5 3 IRk
K ax SETE WA 1, AR BT 2. 1
B 2R S () A2 (5D L SR FH B8 IE Bk kAR
BB AR R A AR 1/2 B o A1) = D5 )
TN O, AR 1 B IERNHLE Corrl, &
9K Corrl JHAERE i fe A BT 3l AU IE (12 i Bl



320 WA 1R

B2k

P2 Pl Ul g 2 PR 2 1 SR

Fig. 2 Continue-circling method of the relay orbit maintenance
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Fig. 3 Orbit maintenance of the small Halo orbit for 2 years with the large TT&.C errors (Halo style)
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Fig. 4 Case with the maximum velocity increment of the small Halo orbit with the large TT&.C errors (Halo style)
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Table 1 Orbit maintenance of the relay orbit for 2 years (Halo style)
AV/(me+s 1) Av/(mes D) T/d At/d
A./km
min max mean min max mean min max mean min max mean
5 000" 124.2 342.5 154. 6 0. 002 16. 069 1. 546 13. 969 15. 855 14. 830 6.618 8.093 7.415
5000°® 70.3 77.8 74.2 0. 002 1. 932 0.742 14. 004 15. 683 14. 834 6. 648 8. 058 7.417
30 000" 428.5 2350. 6 705.0 0.034  187.604  7.050 10. 849 18. 694 14. 554 5.268 9.968 7.277
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Fig.5 Orbit maintenance of the small Halo orbit for 1 years with the small TT&.C errors (Lissajous style)
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Table 2 Orbit maintenance of the relay orbit for 1 year (Lissajous style)

AV/(me+s D) Av/(m s D) T/d At/d
A./km - - - P
min max mean min max mean min max mean min max mean
50008 8.3 13.5 11.1 0. 000 0. 924 0.222 14. 122 15. 497 14. 816 6. 690 8.048 7.408
30 000% 12.6 19.5 15. 7 0. 000 0.694 0.157 13.528 15. 339 14. 449 6. 457 7.849 7.225
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Maintenance of Relay Orbit About the Earth-Moon Collinear Libration Points

LIU Lei*?*, CAO Jianfeng'?, HU Songjie'*, TANG Geshi'**

(1. National Key Laboratory of Science and Technology on Aerospace Flight Dynamics Laboratory, Beijing 100094, China;
2. Beijing Aerospace Control Center, Beijing100094, China)

Abstract: Relay orbits about the Earth-Moon collinear libration point shave significant valueon the exploration of
the lunar farside, but have complex kinetic characteristics in the nature, thus the orbit maintenance has always been
focused in the deep space navigation and control field. This paper explores orbit maintenance technology of the relay
orbit about the collinear Earth-Moon libration points under the real dynamical conditions. First, based on the
restricted three-body problem, the mathematic model of relay orbit station-keeping with the real dynamical model is
analyzed. The continue-circling method is presented for the relay orbit maintenance with the two control styles,
i. e. » the Halo style and the Lissajous style. Second, with the third-body gravitation and the solar radiation pressure
perturbations considered, the method is tested and analyzed by using the numerical simulations to achieve the
control frequency and the corresponding velocity increment required by the relay orbits with different amplitudes.
According to the simulations, the Lissajous style is suitable to the orbit maintenance with a control interval of
7.4 days and a velocity increment less than 20 m/s/a. Furthermore, the method has been successfully applied in
Chang’e-2 and Chang’e-5T1 extended missions and can provide a beneficial reference for the future Chang’e-4
mission.

Key words: libration point; orbit maintenance; restricted three-body problem; Halo orbit; Lissajous orbit
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