2020 4F 10 A
%38 BE S

[ A AN S 2 Oct.
Vol.38

Journal of Northwestern Polytechnical University

2020
No.5

https://doi.org/10.1051/ jnwpu/20203851054

X HE Tt K BEMLAR X &5 Lissajous FiEE B R

B Hprs

(PEAE Tl R SRR, BRPE P2 710072)

E. B/ Lissajous il kL TAF6G K FAMALR 35, &% B30 1% 3 K [ RS % vh | i ALK 35
Toik TARGHE 0L, #) R K P8R RAR 3 4R AT 8547 Lissajous BLi 2645 0 W TR ERAK(EA 4 A Fe
HERT) 2K T3 EALE AR 8 F 30 SR P09 7 kAR R ALK 5 #5452 # Lissajous 1
M SEILA R L, BB ISE A 5 A RAEAR T AR A SRR T, AR A ft I
A BARERTSMEARIE G F AR, LFAHEET AR B ZHALTFF
SEILFTE Lissajous ML 3545 | A K IBMALK S48 B 3 -F 3 & B B HL3E 69 5545 VA B B L3R TR % 5F

AT AF,

*x &
RESES: VI MERARAERD ;A

IR B a8 75 64T J S 8 A R AT 55 vh Al
FHBE I = B8 345 A K FHO' e ( CR3BP+SRP)
(RS RGBSR A 37 3 56 1) K BHIL AT & 1 = —Fh
LR A 8 O S 5 filt TR IR ek R AR
AN AR FAE S R B ek

PR 2552 3] 2 A ARG g 1 AH B 1 B
RS AR, 76 3 A5 A7 2 T
HA%E , 140 ; Lyapunov . Halo A1 Lissajous #i& , il &
YRR R SO S 47 R 25 5200 5541 55 1) R AT
HiiRZ ERC LRk H T 24 DREMITIER IS
£,

5 E A LR R (NASA) S e s R 5F T 6 4
OB, 4y Bk Wind'®, ACE' . WMAP!” |
Genesis'®)  ARTEMIS"' fl DSCOVR'"

Wi =5[] Jay ( ESA) i 5 56 E AR = i K &A1
RET 3 AR #E (ISEE-3""  SOHO'®' HI Her-
schel ™) | F 2009 4FJ5 XS &S5 T 3 AR 2%
(Planck' "’  Gaia'"* Fl LISA Pathfinder' ™) .

o [ [ 4800 K =) ( CNSA) T 2010 4E 1 2014
AR50 % Sk — 5 S R R LT

EEXE 3 2SR W HLIE | Lissajous FLiE A EL 3 5
2 Lyapunov $LiE I Halo %8 B A T Z HIEAR

%5 H #5:2019-11-04

WAL FZ A RIAMALR S ; KL E; B A id 4645
MEHHS :1000-2758(2020)05-1054-09

P IEGMURAE S BT K, AR, Bl S8 L4 F- 3 Y
(M) JE I TE AR S 3h J) 7 Je ARG E 1Y, BT R A
e R AR R I s EAT R AL TT vk

2010 4E, H AR TR (JAXA) K5t T Ikaros' '™
SORBAMUT R A% , AR 5 4 5 — > HLE SRR
WAL KA e A . AN 14 mx14 m (196 m*)
15K IE TR BRI RS 8l T R4 A iR
55 AR TR AR S,

Colombo "’ . Euler? . Breakwell 2" yil|
Farquhar' ™ 55 5% 7 2y 53 J8 30 4038 56 B8 0047 1 AF
5%, RN FFE T ISEE-3 4L 45, (HE EZ A
27 5, A 5 AT E e % . R
£, Mclnnes %5 ™ WFFE T K BHOG HE 2360 - 2y i v &
FEAE RS | Farres 252 B A L1 S8 4, 383 F T Halo
BUEMBLE R R . (LR 1, Soldini™  Jorba >
i Farrés 252 T T Lissajous I8 AYFE RS a1,
B A3l S o B e B AU B AE - |, HoR % &
B RO DR - e R SR 1 s e, LRI, BN 1Y
Rz B W T T ORBAMLAI RIS, a0 iR 5
BTG A AR5 1 A A B R A7 ) 0 et 3 e
FTEGLRE T RHBE (1 2 8 55 BT T R BH A
LR A B8 BLIE Bl g 2 AL IE $E 1) 45 ) R, 08 A 5K

EF BN Bt (1990—) , PUAL TV KA LAFFE AR | 22N SR B R S LB HFE



4551

Bith | 55 T LR FHIRUT KA Lissajous BB SIS

FE T R AT T R BHILEE i 1T 3h s AR
ST, ANt R 8 T 2T g S FE A DG R+
SR AR B, P TR P e A R TR B
WLHE I ML S BB BT R,

BT LR SEE LA R AR SO I T K 5
e R A OG5 e A A A = L RAE T T
0 H ML L, P8 =4RS00, S TR AR
AFERE WP 8 1R W) 4Ry Lissajous BLIE , A2 WL AR A
BRI AR IS 13 s iR E T, $4 F8 BB Lis-
sajous Uz BEE] R SEBLIERER

1 KPAMATR 25830 1 F iR E

AR SR AR AR R P — AR AL T 1K BH '
FEAEF)( CR3BP +SRP ) , B A BHMFLAL K 48 1 2% ok
FHANHLER 195 3 LK KBS S, Hesh Ji2p s o

X -2Y=0, +a,

Y+2X =0, +ad} (1)

VAE 0, +a,
A

AX.,Y.7)= é(x2 ) s TR

1

r& + ?,U«U - @)

n=X-w)+V+7
r=X-pu+1)>+Y +2°

ro K, AR S K ERHBR S, o), a)
Al @, K BRI g B s A i hin ek B, 4nJi o 2%, )
AL G BRI =B R BHYE R A 1 Jin
R A (2) .

1 —

“=p ( rz,u)
Ao A R BHWUAR A 557 7 1] ) 5 7 R BH 2 K
PR Y LA 5[] o) 5 8 A0S IR, 228 iy K BH
WRUBR A A S S S5 A I L 55 R 25 ke g, YR T AE O
122, AR A BB, 4 R o A A
8, 1 iz, AR SCRBERS A b &R, Aol JF S A
TREH - HuERAY o, X Bl 5 25 2 Rk
LR, 77 1) o M LBk 38 15 K B, Z 4ih 3 BT Ui 7
I, Y M Esc S % &, HIL, KR E R X >
0, &2 R AR BHMAAL K 7 7E H i R ik = A e i 2

(F,)d (2)

- 1055 -
PrZ& PR EE
Bl 1 R BEMULR &5 A R = 18
V4
h
ne—yd—38
PN
r Ll T

X

t=hXr,

Y

B2 ORBHWLLE H R SE T s S A

AR AR TE- 3l e b BRI b R e
BZe, WA (1) WA kg
O, +ay,=0
QY + a‘;, =0 (3)
0, +a,=0
TEZ(3) h, R4S 1Y fif 55 0K BRI AR 09 £ B2
DGR T 3¢ 850 5 A1 3l s FE 2 A 8 [ E A
g RS A N T P i " B, A
RSB E I EIE ) TR Y TARFE s L, R L, Fff
U IR BE , SO SO 9E N T3l a5 SL, Je
S FABGE RSB, N Pl s R 1#] 3
JIE7R B BB — A~ i 34 X0 B 2 — AR 1Y R T
T MMM, B 3a) 2 SL, AR SHEDE, B
3b) AH X-Y P&, "TLE I ARG E R
ANAE | BEAE HE AN B8R B T — A BBk
T, A BUECER 7, B PR E i mi ek w4
Ko VS0 E B BCE, w523k 00 8% 25 1T
FAETIE 281 Lissajous HIE



- 1056 - L A A N 438 %
§ 1
¥ =2y =—0 +—a,
2
1 1,
) y - zx = 72‘(2“» + 7(1;’ (5)
S
0 .
~o.ot=To12 % 6 5= iﬂ + ia“
2% y z

a)  SL,=HEVENN

b)  SL, V) siAE X-Y P GE

&3 SL, Fhs

2 BN

R T ML BT R BE LA R A8 AE < AT S B
JEFHEAYIE Bl AR SCT Tk T B 4 fIARBR R, FE H M
MBRERT  E RSk B BRI = AR R L,
8L SLy (Y15, Ys) BABCSLI(y! vy, vh) o lARER
WU R ST 1T 2y 5 B (LY A Ry
SEMGHE 7 e AER ) . WEEshF Al

X=yx+y =yx" +v)
Y=yy+y,=vy +7v) (4)
Z=yz+y; =y +v;
KL (X,Y,2) b HHGERE AR R T IIALE  (y,,
Ya,vs) RHECH T HE A FE A SL, 3
R (w,y,2) LRSS O AR R R I E Sy
TN R, Al T e B, AR Sk LAY Bk
0.01, AR iX AMEAR W - 20 5 L, S bR B

Y

K4 Sl B b A br F s B IR

A5 AT (4) WE AL (1) o, 3 92 4 5t

AZH

15 1

-3l U I BN g 2 o b ] LM A AL IR B 23
K (5) Rt Ao, Zad AR NBOHAREIZh )
X -2y =ax +ay +a,z,
¥+ 2% =bx + b,y + byz, (6)
Z=cx tc,y tcezz
Hr 2% a;,b, M, LD ER - i B F
B AES AR AR A
py 0 0 O

1 0 0)/y
y 0 0 0 0 I 0]}y
7 0 0 0 0 0 1|},
i - a, a, a; 0 2 0|y (7)
i by b, by -2 0 Of|y
Z c, ¢ ¢ 0 0 0)\z

KA (6) LA, 531 2 FhE D .
L1 x(t) = e,y (1) = ke z2(t) = ke
TEOL 2 x(1) = ke y(1) = ke ,z(1) = &V
3l AL (6) L AFE

A = 2kX =a, + ayk + ask,

TEBL1: SkA? + 2kA = b, + byk + bk,
kA? =¢, +ck + 031;,

EA® = 2kX = ak + a,k + a;,

0L 2: SkA? + 2kA = bk + bk + by,
A=k + e,k + e,

XAR(T) A AT R, K23 6 4
M, HFEHLTA2ANTRA (> 0) Fla,(<0),
LK b 2 R EHEE AR .

Ay =m 20, Ao =1, zo,i,

I FRATATLISRAT 2 ARG BT 19 & R0k AE

4 2
A" = ey +a))A" +ae; - ayc

k=

3 2
207 + a, AT = 2054 — ayc; toasce,
At + 2¢, A7 + (aye,

207 + a, At = 4e, A7 + (ase, — 2a,05) A7 + 265 A + aycs — ase,c,

2
—cy05 = a,c,) A" = 2c,c,0 + ajc,e — asccy

k=



5 5 ) Bt , 4 ORI B LR FHUTR A Lissajous PUBFELATIE - 1057 -
THOL 2
. b A* = 2a,A — a,b, + a;b,
A = (a, + by, — A+ (20, - 2b)A +a,b, — ab,
P a;A* + 2b A + a,b, — azb,
A = (a, +b, — )X + (2a, - 2b,)X + ab, — ayb,
GO0 1A 2 3BT AL (6) i, WIAS B HZ PR
x(t) =AM + A’ + Aje™ cosw,t + Ae" sinw, 1 +
Ase™ (kscosw,t + kgsinw,t) + Age™ (kgsinw,t — kscosw,t)
y(1) = Ak + Akye™ + Aje™ (kycosw,t + kysinw,t) + Ae™ (kysinw,t — k,cosw,t) + (8)
Ase™ (kycosw,t + kgsinw,t) + Age™ (kysinw,t — kscosw,t) ,
2(t) = Ak e + Aykye™ + Ae™ (kycosw,t + kysinw,t) + A,e™ (kysinw,t — k,cosw,t) +
Ase™ cosw,t + Age™ sinw,t.
i A I
x(1) =AM +A e +Ae"cos(w,t +¢,) +Ae™cos(w,t + by),
y(1) = Ak e + A ke’ + A el cos(w,t +@,) +Ae™Lcos(wyt + ), (9)
2(t) = Ak e + Ak, + Ae™cos(w,t + @;) +Ae™cos(w,t + )
AR(9) P TS A AR (8) 151, Jh ol
A, X EARRERIE, R A, > 0,35 K00 2 bt %5 -
I 1) F) 38 8 T IR, ) B, A, R0 A3 7E é 3.0}
o A, A, ARG BUE - 1 P A IR E LK 2 B > -
7RI, @, b, (RRAHIEPIOARLEA 5 20
s LS [0 G % 1.0f
3 ZHEIEURBESHR P
e - ‘ 0 T0 20 3.0
A HEAT T 2R A A B s % S HOR X7 A /10%m

JERRA R R . AR TR R, , HE
SCHEMARAE RS (RIAE (1) A= (6) ) B
P Z 2308, a3 (10) Fros
R, =((% _XL>2 + (y _j}L>2 + (2 _Z;L)z)l/2
(10)

AX(10) T, (x,y,2) FOREELRTHPRS &,
(xp,y,,2,) FREBLAESE PPIREE

ARICHE T, FEAE Lissajous PUIE X flE (H 1%
USRI RE R, 0 KAEFIF- 28, an &l 5 fr
o MEIHIREE T LIAS . D2 Lissajous #LiE X il
W A /0N, ) G R0 A o B B, Q) B A
Lissajous BiE X %mﬁﬁik,ﬁ Yl 3 % o s R,
WA R B R 107 km/s”, B IR AT
B R RARN, AT DR RS R

K5 TEAIE Lissajous #iE X #RIE LT,
P MHEEE R, R ARFIT-

4 HEFRE

AT FEA AT A R AR 4T Lissajous
PUERERS . BOTHRERT

1) BEVIRSE HEVIIRRISEA o, B A 6,
FOEEFEF B, LA Lissajous FUESEA, A, .

2) FIARK(3) HHERRRGF-3 5 (y,,y,,
ys), LEOR A3 (7) WA M 2 T s0AY
# Ago

3) ¥ a R AR AKX () h, WA
Lissajous #L18 DA XATRETIE



- 1058 -

odt T ok K

¥

38 %

4) MR RARIT A AR TP W6 3% TT IR BE A
tg =0, [FI 45 E AR SmATHER o, PP 6, FDLIEA T
By, V1 23 V- Bl g AE R OR i 22 30 200 i, OF A5
F A Ao

5) #A, A0, MBEE =1+ Ar R FIEHEA H
A =0 BOBII P RKRME e > 1,0

6) A A, =0T A, B A, 58N FaE RIE K B
Lissajous HLifi

BRI HE «, =0 B0 A 6, =7/2 HDE A
¥ B, = 0.03, WAFFHW I Lissajous HLIEFATEE
LA 6 Fron

Bl 6 #IiA Lissajous BB FIATRERIE

6 | RFEAAR W) hh Lissajous BUIE , IR 25 1R 4
R BHEE N HARRGE R, <« « 7 o8 N1 P sl
SL,(JE U EIFHE) .

41 BEHERMBENRE

RreP A 5, = m/2 ALK F B, = 0.03 A28,
HEFA0° B o, = /6, MIAFRE IRAE A, 540 7%%
HEARFE TIE H RS BT R 2R ¢« QiR 7 s

0.05f

-0.05[

-0.15
0

0.4 038 ) 12 6 20

Bl7  AERERE S A ]

M7 H AT LA H ORI TAIAE 1.59 B AN E
WRAE A, = 0, DITELE 258 2 K BHWUAR A 52, E A AL O
B /6, BRI N 20T ETE TIE  He B BHTE Y
P2 R S , anfel 8 B,

-2=1.0055 x

a) ZHEHUEHB

b)  BLETE X-VEHEEE

X
o HUBAE X-ZPHEEE

K8 BURHEMPLERY

F1 ESEEUMA(FXRMUERIE)

A A WA Lissajous il
U RCIREES NGy
ZE A HE 23 Lissajous HiE

AR oL
ZEMIRGIR ot 7

B4R SL,“ N7 K-8l i
g SLY* N T3 id

%2 Ay K H MR A 2l AR A A AT R OB R S8
“CNT s B A EBIEGE X R Z 5 18]
EXFHLIE gk 2 B R R M (8 = m/2) G

T8 = 0.03) A48 HEFM 0° 28 H /6,51, A
Fx2 #HERAUTRIEIL

Wtk A

a, 0 @, w6
0, /2 0, /2
B, 0.03 B, 0.03
Y -1.007 6 Vi -1.008 0
¥, 0 v} 0.002 1
Vs 0 Y5 0

Ax 0.041 7 A'x 0.021 2
Az 0.166 7 A'z 0.183 8




554

Bath | 45 L KT B HE R BH IR A R4 Lissajous B REWF5T

- 1059 -

TR TR T 8 = w/2, RS
AE X-Y i, XF Z F I (yy) BA 0, 2
Lissajous HUEM X F1 Z Il i g {Etd & 4 17481k,
42 BEHANBERE

RIGE 1B, EGHEMA a=0, 7T LU B TS0
s, HOL R ) LR N T Pl S A &

KHEARA . A B8 UE SR A X A 0 - 3l 5 K Lissajous
BUIE Y S ) SO O m4 DGR B =
0.03, WItn A& s i 80 #8735 R m/2 Bl w, WG
Lissajous HLIEFNEEE WL WAL 9 Fis , AR I8
HA, SHENIRASTRERICEBNBIESCR « W
K10 i,

4l
0.02}
N
_ O
s <
2 -0.02}
! s T2 15 29
¥ : ) ) : Y
t
a) =HEPLERE b)  BEAE X-YPEE

Kl 9 WA Lissajous HEMATRE RIE

MEL 10 BT DL B S 55 R I TR R 4975 0.3 78
A ATRE MR 2 U L 220 5 B o v S B0

B0 AFEE R {E-S 52 R I 1]

P BB L0~ gl i B i S B, anf&l 11 By
R IR R R 5 3% 1 M),

K11 U B A TR Y Lissajous 0E DL
g mIE I FE
Nk 3 Fion  ARIFHEA (8= m/4) DGR (B
=0.03) A28 A /2 28N, SL,“ N7 S50 45,
AMUUNAE X-Y 1, X Z J5 1) (yy) WA, [FRE
L) Lissajous BUEAY X 1 Z 77 1a] A M E B & AE
*3 HABEEIEXIt

B 2 iy

Qa, /4 o, /4
0, w2 0, T

B, 0.03 B, 0.03
b2 -1.008 6 Vi -1.008 8
Y 0.002 5 v, 0

s 0 Y5 -0.002 0
Ax 0.041 7 A'x 0.011 8
Az 0.166 7 A'z 0.136 6

b B X-Y PR
A 11

©)  HLBAEX-ZVHELE 4 BUEE Y-Z PEBEY

A A LR RS

TRk,
43 BEXREERFHHEEHE
RS o = 00,808 6 = m/2 AAE WITR AR
Ui Y6 HE R F-43 3154 0.03 F10.02, #¥I14A Lissajous FIAS
FRERIES5E 6 —F , AREREA, SHMEGAEA
FE B HE AR I T OC R ¢ ANTE] 12a) 7 .
F4 HEEFHTHIEI L

LS R

Qa, 0 a, 0

0, /2 0, /2
B, 0.03 B, 0.02
Vi -1.007 6 71 -1.008 3
Y2 0 Y5 0

Y3 0 Y3 0

Ax 0.041 7 A'x 0.048 7
Az 0.166 7 A'z 0.183 9




- 1060 -

odt T ok K

¥ 5 38 &

0.04

—0.04 N

4,

-0.08

-0.12
-0.16

04 08 12 16 20
t
a) ARERESHBHE b)

8B

K 12

K12 MR 4 JR o i 02 Bl 28 Ot Tk IR 1 A Y
Lissajous #L18 AL DL S5 25k, MWE 5
J B PRS- Bl A8 A% R 52 0 2 L B £
B, AR AT S5 P nl A7k

%

5 %
ASCEWRA T =48 N1 SL, V3 S8 14U
JEI Lissajous HuBEM S EiEs . Hh 5% 8T
U R BHILHE A Bl AR 0 T TR X6 e B8 10 19 52
e, HA N 458 .
1) YA 6 = w/2 FOEER T B8 = 0.03 A~
AR PR AR I BHR A £ 7] LS BE40L 5 3] Lissajous #LiE

;

S

X X
o)  HUBAEX-YVHEELE d)  BUEE X-ZFHEY

ARE I B R PUE

R , FLAF-sh S ATE XY S N &AM

2) HHEA o = 0, AT LUE BTG Wl 56 850 £,
HAFES PR N s S kA

3) HHEA o = w/4 EEET B = 0.03, WA
KB ER At n] DL SE BB e B, (B -3 S 7 2
B FRAET AR, BB R 5 LA Lissajous
P A A,

4) HH EEE A AR R B AR R, AR R FHILYE &
- B 2 B s mi 5% #% LA K2 B FR UL JE I Lissajous
HiA

IREEIE, W] LA A R R FHMRLA R 5 52 B
PREFEE B V- 20 5 S A BIE i3 B L Sk sk
PSS R T 5%

S
[1]
[2]
[3]
[4]

(5]

(6]
[7]
(8]

(9]

& 3CHk
MCINNES C R. Solar Sailing: Technology, Dynamics and Mission Applications[ J]. Journal of Guidance Control & Dynamics,
2004, 23(4) . 768-768
MCINNES C R. Solar Sail Mission Applications for Non-Keplerian Orbits[ J]. Acta Astronautica, 1999, 45(4/5/6/7/8/9) :
567-575
SZEBEHELY V, SINGER S F. Theory of Orbits: The Restricted Problem of Three Bodies[ J]. Physics Today, 1968, 21(11) :
89-91
SHIROBOKOV M, TROFIMOV S, OVCHINNIKOV M. Survey of Station-Keeping Techniques for Libration Point Orbits[ J].
Journal of Guidance, Control, and Dynamics, 2017, 16. 1-21
R, EbEAE. ST A E R BUN R BH IR A E K SB[ 1], PEAE TAk R A544#), 2013, 31(5) : 701-705
DAN Xue, YUE Xiaokui. Optimization of Launch Trajectory for SSD ( Sun Synchroas Orbit) Based on Adaptive Transfer Orbit
[J]. Journal of Northwestern Polytechnical University, 2013, 31(5); 701-705 (in Chinese)
ROBERTS C E. Long Term Missions at the Sun-Earth Libration Point L1; ACE, SOHO, and WIND[ C] // AAS/AIAA Astrody-
namics Specialist Conference, Girdwood, Alaska, 2011
SPERGEL D N, BEAN R, DORE O, et al. Three-Year Wilkinson Microwave Anisotropy Probe( WMAP) Observations ; Impli-
cations for Cosmology[ J]. The Astrophysical Journal Supplement Series, 2007, 170(2) ; 377
WILLIAMS K E, LEWIS G D, WILSON R S, et al. Genesis Earth Return; Refined Strategies and Flight Experience[ J]. Ad-
vances in the Astronautical Sciences, 2005, 120, 249-268
FOLTA D C, PAVLAK T A, HAAPALA A F, et al. Earth-Moon Libration Point Orbit Stationkeeping: Theory, Modeling, and



%51 Bith, 45 . K HE A PHIPUBT R %% Lissajous BB 5T - 1061 -

Operations[ J|. Acta Astronautica, 2014, 94(1) ; 421-433

[10] ROBERTS C, CASE S, REAGOSO J. Lissajous Orbit Control for the Deep Space Climate Observatory Sun-Earth L1 Libration
Point Mission[ C] // AAS 15-611, AAS/AIAA Astorodynamics Specialist Conference, Vail, Colorado, 2015

[11] FARQUHAR R. The flight of ISEE-3/ICE-Origins, Mission History, and a Legacy[ C] // AIAA/AAS Astrodynamics Specialist
Conference and Exhibit, 1998, 4464

[12] FRAYER D T. Tools for the Herschel Space Observatory: observation Planning and Data Processing[ J]. American Astromilical
Society Meeting Abstracts, Bulletin of the American Astronomical Society, 2007, 39 108

[13] ADAM R, ADE P A R, AGHANIM N, et al. Planck 2015 Results-I. Overview of Products and Scientific Results[ J]. Astronomy
& Astrophysics, 2016, 594. Al

[14] RENK F, LANDGRAF M. Gaia: Trajectory Design with Tightening Constraints[ C] // Proceedings of the 24th International Sym-
posium on Space Flight Mechanics, Laurel, MD, 2014

[15] RUDOLPH A. LISA Pathfinder Launch and Early Operations Phase-in-Orbit Experience[ C] // 14th International Conference on
Space Operations, 2016. 2412

[16] DONG G, FAN M, LI P, et al. Chang'E-2 Lunar Probe Orbit Determination and Support[ J]. J Astron, 2013, 34(4) ; 457-463

[17] LIF, YE M, YAN J, et al. A Simulation of the Four-Way Lunar Lander-Orbiter Tracking Mode for the Chang'E-5 Mission[ J].
Advances in Space Research, 2016, 57(11) . 2376-2384

[18] TSUDA Y, MORI O, FUNASE R, et al. Flight Status of IKAROS Deep Space Solar Sail Demonstrator[ J]. Acta Astronautica,
2011, 69(9/10) : 833-840

[19] COLOMBO G. The Stabilization of an Artificial Satellite at the Inferior Conjunction Point of the Earth-Moon System[ J]. Journal
of the Astronautical Sciences, 2001, 6(1) ;213

[20] EULER E A, YU E Y. Optimal Station-Keeping at Collinear Points[ J]. Journal of Spacecraft and Rockets, 1971, 8(5):
513-516

[21] BREAKWELL J V. Investigation of Halo Satellite Orbit Control[ R]. NASA, CA, Tech-Rep, CR-132850, 1973

[22] FARQUHAR R W. Station-Keeping in the Vicinity of Collinear Libration Points with an Application to a Lunar Communications
Problem[ C] // AAS Science and Technolgy Series: Space Fliyht Mechanics Specialist Symposium, 1966, 11: 519-535

[23] MCINNES C R, MCDONALD A J C, SIMMONS J F L, et al. Solar Sail Parking in Restricted Three-Body Systems[ J]. Journal
of Guidance Control & Dynamics, 2012, 17(2) . 399-406

[24] FARRES A, ANGEL Jorba. Artificial Equilibria in the RTBP for a Solar Sail and Applications[ M]. Astrodynamics Network
AstroNet-II. 2016

[25] SOLDINI S, MASDEMONT J J, GOMEZ G. Dynamics of Solar Radiation Pressure-Assisted Maneuvers between Lissajous Orbits
[J]. Journal of Guidance, Control, and Dynamics, 2019, 42(4) ; 769-793

[26] JORBA-CUSCO M, FARRES A, JORBA A. On the Stabilizing Effect of Solar Radiation Pressure in the Earth-Moon System[ J].
Advances in Space Research, 2020, 23(7) . 406-410

[27] FARRES A, HEILIGERS J, MIGUEL N. Road Map to L4/L5 with a Solar Sail[ J]. Aerospace Science and Technology, 2019,
95. 105458

[28] WANG W, BAOYIN H, MENGALI G, et al. Solar Sail Cooperative Formation Flying around L2-Type Artificial Equilibrium
Points[ J]. Acta Astronautica, 2020, 169; 224-239

[29] GUZZETTI D, SOOD R, CHAPPAZ L, et al. Stationkeeping Analysis for Solar Sailing the 14 Region of Binary Asteroid Systems
[J]. Journal of Guidance, Control, and Dynamics, 2019, 42(6) : 1306-1318

[30] P, A, @R, KPR & i 80E 30 0 FPuE ERIOTTE )], Tk, 2009, 30(6) :2111-2117

LUO Chao, ZHENG Jianhun, GAO Dong. Study on Orhit Dynamics and Control of Sorlar-Sail Spacecraft[ J]. Journal of Astro-

nautics, 2009, 30(6) : 2111-2117 (in Chinese)

SR R FHML R B PUE 8 2 S ERIPTFE [ D] AL b EBL AR R 2014

ZHANG Hui. Orbit Dynamics and Control of Solar Sail Spacecraft[ D]. Hefei: University of Science and Technology of China,

2014 (in Chinese)

[32] AR KWK 2 /22 SEHIBTTD]. S A0 EREAHOR R, 2016
ZHU Min. Dynamics and Control of Solar Sail Spacecraft[ D]. Hefei: University of Science and Technogy of China, 2016 (in

[31

[



- 1062 - [ A DO /A N S S 5 38 £
Chinese)
[33] fhif, HESE, #F, % RABEIG] 500K R f e 0 R & HE I Lah BB T]. WL Tk K224k, 2018, 36
(4): 618-626

SUN Chong, YUAN Jianping, FANG Qun, et al. Hybrid Lon Thrust Propulsion Trajectory Design and Optimization Using Virtual
Aravity Method[ J]. Journal of Northwestern Polytecnical University, 2018, 36(4) ; 618-626 (in Chinese)

Research on the Lissajous Trajectory Transfer of Large
Area Mass Ratio Solar Sail Spacecraft

DUAN Xun, YUE Xiaokui

(School of Astronautics, Northwestern Polytechnical University, Xi'an 710072, China)

Abstract ; Considering that the solar sail spacecraft working in the Lissajous orbit will be affected by the shadow of
the earth or the solar wind, which sometime makes the spacecraft unable to work, we try to use the solar light pres-
sure as the thrust to carry out the Lissajous orbit transfer in advance. Because the solar pressure parameters ( cone
angle, clock angle and solar pressure factor) will change the position of the libration points, we propose the idea of
splicing the old and new libration point manifolds to transfer the escape spacecraft to the new Lissajous orbit to a-
chieve orbit maintenance. The simulation results show that besides changing the cone angle and the solar pressure
factor, the clock angle can also achieve orbit transfer, and the influence of the solar pressure factor on the periodic
orbit is greater than the other two. This study provides a reference for the solar sail spacecraft in the aspects of peri-

odic orbit transfer, orbit maintenance and avoidance of the earth’s shadows.

Keywords: artificial libration point; solar sail spacecraft; solar pressure; periodic orbit transfer; simulation; Lissa-

jous orbit
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