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MO Ay RAAE B0 B R R DL fRUAS 72 i B
TE R EAE AL, E A AT R B il it X R e
i P 1080 28 R = AR R O e R A B Y R
AT 22, 0% VA R Y 5% 2 Sk e 1 (B AR PR ) = A A
TR A S ) S B Dy R R B Ak i BB, [ e A
VIR MAZERIE ARG S, 58 S0E Bt 58 iom
A7 BEL, H EL BT AT B 15 1 F A 53 AR Al BRBE 1 A bR R
FEEAT, Xl A& R B BT R

PLH MR LI S BT Az = 120000km 19 Halo %L
i 4 H AR BLIE (ISEE — 3,SOHO 4§ L1 A3 A BH WL i) AT:
S X R s, 3R E AR A BB T B R
PR 1Y Halo #3E /E B R #0E ), B T AR
FkE it B AGE . B S gy il T R R A
H 2R T 5 BR Y BE B (DL E MOE 5 — K 358
VT M AT O PR, BB RATH S T ), B bR
28 AR 200km # B2 09 Hi BR 5 IA BhaE, b B AT O 3T R
T WIE AT L5 200km 5 BE 09 3 BR 45 90 #L A 22
L] T A 77 25 30 FE 5 B8 0, i e [ 284 B o) % = 1 1]

BRI M [ 08 4F Halo BB MR ERIE AR
BRI B AE A 2, MOTT L B8 IE T SCER [ 16 )36 F /D
IR{A Halo ¥l M A RUEAE HBR 5] g 3h F o]
L5 R P A R 14518 . Bl 6 4 T B AR
BERS WLE TE M AN AR bR R B = 4 B0, Horh &k
N Halo $Ui8, 5226 A 5% B B3, A0 A5 B Ja] 7 o0 A
MIDiyge = 4933. 1, FLABAE F5 WL 3% 2,

» 10¢

Minimal Earth distance (km)

0
0 100 200 300 400 500 600
Halo insertion point (Number)

700 800

Bl 5 R e iP5 e Bk e B

Fig.5 Minimal distance between quasi stable manifolds

and the Earth

Yhm) ‘X(km)

o ZHFERBHER =Y

Fig.6 3D perspective of the free wansfer

F T A 8/ IR B8 43 18 E A S B AR
YR ¥ 31% Halo #1889 9 Bk ol 3 B Bhal, 45 0 4%
HLAY ) AT B B AE 110 KA A BB HLE T1. T2,
A5 DT TCH R MIDue = 5008. 6, HoAh 45 b7 W 3% 1,
X T T2 BLRZE W FE5E B (T0) v 1, H BR A9 51 0
L B R A A A T Y o G kA B ER
g1 71, REMEAT BT 48 S R LI Pl et BRI AT A
BRS| 1 5 B O O RAT 88 5 H BR 9 28 £ sk ) Az
B W20 BER, X A BB R R & 1B E



%10 25 1]

4IPS FE A UK 79

B B R
F1 B U K Bk vh B LI g R

Table 1  Comparnson of the free transfer with two impulse transfers

el wiTEbm AESE dhaREEE O SEE HEER

R (Daye) FE (m/<) (m/s) (m/s)  EEE (km)
Ty 204.9 1] 3185.07 3185.07 51706
T 102.2 19.71 3186.55 3206. 26 61233
T 111.7 39.17 3193.08 3232.25 396613

o BRI E R, BT K T LS A R Y
WA T LA R AGE 2 R 09 %l B i s - ork
STK [ Ff iz $0RT B, M 848 1 31530 45 31 09 o {5
PERIAT SEM:, O 2R TR Ik 2%

2.7 HEHRHLER R EEIE

Eh T h A TR R e B G ) A 15 25 1Y U
AR %2 5 ok A v AS ATl 2 A7 TR AR 25, - Bh AR
G % IR R B B R iR B IE M R, SOk [ 22
2514 BIBE 5T T Halo #1118 % ¥ #i #9 P i& & 1E [4]
B, SR SCHKR (22, 23175 BB 25 5 T 1R 5L, SOk [ 24,
2514 A B TR B R HLBh R K, I BB IE AR A
fE, ABLSE AT IR ZE K, PR B IERERE .

TE 37 B Bl s B hR R 22 5, S B i e G
& THRmR B P, SR 3, 4117585 B
WG TR 25 0 T B BUAE S ) B0 bR BR AL RS i
b, R S 31 6 20 K B BIL h 437 958 25 tho 0 LA
B FN R ARG RE . AR S0 RURR R B B LA O L, SR
fifl 3BT 0 T B I AEE, BT 2 S A A v ik 45 O T A
b A RS B ST ) B O B RS A S AR R B
T A 7 R 25 0 AR, B SR UF — S A B R 2
IV A 15F (] (1% Sl 3o P 52 2% 0T DL AT Halo %038 4 A
LB K AMEE . S53CHk[24, 25 AR, A LHEARE
W B 8 T 4 ) Dk Y B RS Al 1 2 RO B
7 4B A B A B L R e R e ) 5 ) Rk A
3HERY AR i B2, B AR & A 3 B B AL
Sk FEAR Ry 4 A il BE A B sl B R B RS s ] [5] T
A LA B IR 9 M T T B ML Bl o B 0N i

FI B8 5048 1E 7 5t B ORIE 07 ¥ % 25 0 1, HL A ik
ABFAGFERERER
uﬁ@%nol%#%n%#ﬂﬁﬂi%%%
A R bR EREGE , TE % R bR R R 25 (4 BRI B
KANTr 1)) S e 22 | vh i 48 TE B 3l 3 BE IR 22 1Y A
LT, S 4R R B R B R AR S0 A9 B 7 B A R A
B /N T SCHR [ 24, 25, A7 B 1R 25 A1 e SCHEK [ 24, 25 ]
WHE T EE, RKWR T PR R R, B

AR TREANE, F2 50 T AXPiEEIE
55 30K [ 24, 25 109 FL AR
#2 B IR R (GCER[24] \ SCER[25T N\ A 30)
Table 2 Comparisons of several transfer wrajectory correction

algorithms (reference [24 ] \ reference[25] \ this paper)

3 Ters
maxr SO "
90 % 1134 137.9\ 68.2 26201, 954.2\ 58.7
95 % 1358 159.2\ 77.7 36004 1102.4 % 65.1
99 % 174 4 205.5\ 95.6 5970\ 1464.6 \ 77.0

WFFE A B, B UCAE TE I [a) L 43 52 V) s 2 ) o
B RIS T A YR AE IE I (] 4 B e R s 47 B R 25
AORTEE , AT R TC b d 20 W 22 vP i 48 DE 1 (8] ) 371
RftZz%,

3 IPSEEEEBHEIZITRA

IPS B3 B 6 45 9 3 A BORE IR 84T 45 19 4 1 1%
it % T A KRZ0 R R, A 30K IR [9] 7 58 903 77 i
RRAZS AT BOM R AR N AT By SR b, k)
THARSIZM Rk, 7T R B8 A 57 09 2 R
S, AR T HIE,

3.1 KKJZHMRE BT

KAZIMR Pl RGBT S IPS A BB
EVE T, IPS HE A B B8 B Y v Oy i IR FE A
AT RSIZIME BB 3, EEXBITE T,

(1) #EA B8 2L T 500 WE, MR [ # s 5
ARERIE ;

(2) #E A B (98 A5 8 & KR 50 Bl

Mﬂﬁmxwhf UZ R
‘ﬁﬁ;/\"ﬂtﬁkw‘?f‘a’r?ﬂﬁtiﬁmw Ui 375 £
)@E"TIHJ SR AR IR R 8] I AE HE A2, WO R R
BH S v, SR R (o] i R KR i A b A R
1M /N R BE UM

(4) %I A9 bk & TE 1T, oA CBLE B9 R
fif 22 4 K A G R BT R 22, TR (B 4 8 A9 R0 B iR
220 TR I 48 AT R 25, i O ol A B 962 Bh
AA7 AR ek, 3R 1] S0 v AE 15 09 AR T R R A,
3.2 KRAJZWER 0B HE 3T

IPS 1 45 76 K02 N R [0 B 8 aE 3 1 5 Hoflb
B AT 45 19 3R 2] 408 35 T 9 O A R X5, R T A
B BRAE 55 R P EE T2 18X IPS RS TE R RZN
CATHYR M HE R B A S S T,

B BR AT 55 1908 [ C AT 8T R P sl R ik



80 F

o530 4%

ASTR], T R4 g 3k (8] A Ay 2R0& (6] G T
AR B2 RAT A AE K TUZE AR (] BE B A7 Mo BR 5
J14b, ik Z 3075 S ah Sy iR RY, da 1 A S sh i i
IR 3ot K, DA B T a4 0] B (48 KRZ
AT B 3R 0] 0030 TP AR B 0 4 A I B Ak
B — B, 6 AT R A B T S R A R
R, LT RIZN ITENE LN A S Lk
[26,27],

4 ZiES5RE

AR SCAE Z2 45 Ml 25 R R 4 i N B BF 9 SR B9 3L
fih b, W58 TIPS FERHGE TR, AW T
h & KRR IPS (5 BB 1k it i, ihig T ax
SOy G R R B, FAY T ELSE R LA R IPS
R BV R R, B T T LR W
B, U5 FLRBZ O LR B W A AL, e g ik —
Ffr FLAT T8 5 F A {8 09 % B 38 a8 1 ik

BARET IPSWIF ISR “ITIE S B 4 M Th 3
it {8 IPS %% B 038 3T AR AT 8K I 1 2 1) i
T B — W5, i A RR T (R,
JEIE A RBURAT 29 A ) W B S T Bk i
oAby i | R G5 0] A0 I 342 432 A 4 ) AT,

SEXW .

[1] Fpafde, Wi, XWER, %, PSELSHATERES RPN
RERILT ). 8% dit, 2008, 29 (1): 13 — 17. [ ZHENG Jian-hua,
GAQ Huai-bao, LIU Zheng-chang, GAO Dong, YU Xi-zheng. The
application of interplanetary superhighway in deep space exploration
missions| J]. Journal of Astronautics, 2008,29(1):13 - 17(in Chi

nese) . |

FEERL, A, A T B BN A BN [ ]. F R,

2007,28(1):9 - 14. [ ZHANG Ze-xu, CUI Ping-yuan, Cui Hu-tao.

(2]

[nterplanetary superhighway technolegy[]]. Journal of Astronautics,
2007,28(1) :9 — 14(in Chinese). |

=, Mk SR OT 3 E W3 R IE R M TR IR A Sl
S (1], 57 A0 4R, 2008, 29(3) 1736 — 746. [HOU Xi-yun, LIU
Lin. Characteristics of collinearLibration points and their applications
in deep gpace exploration[]]. Jourmnal of Astronautics, 2008,29(3) .
736 — 746(in Chinese). |

M=, MM AR - ()R L sl HHE R B0 88 0
S5 HEFE )], K ICFAR, 2007, 48(3) : 364 - 373. [HOU Xi-yun,
LIU Lin. On the tansfer and control of spacecrafts around the L1 col -
linear libratien points of the Sun-Earth + Moon syvstem[]]. Acta As
ronautica Sinica, 2007, 48(3) :364 — 373 (in Chinese). ]

JA R, 2R, BT, %5 . B Ah H A3 0 s IR R B i
BHEEMFR[]]. FWMRZEREAR, 2004, 272(5):30

[6]

[7]

[8]

[9]

[10]

[11]

[12]

[14]

[15]

[16]

[17]

[18]

[19]

34, [ZHOU Tian-shuai, LI-Dong, CHEN Xin-min, et al. Application
of foreign spacecrafts of Sun-Earth Libration points and manners of
transfer trajectory] ] ]. Missles and Space vehicles, 2004, 272(5):30
—34(in Chinese). |

Gomez G, Jorba A, Masdermont J, et al. Study of the tansfer from
the Earth to a halo orbit around equilibrivm point L1[]]. Celestial
Mechanics, 1993, 56: 541 — 562.

RO PRI, HH RS X Halo SUE R RS R[T]. FM
4, 2006,27(4) :695 — 699, [ XU Ming, XU Shi-jie. Application
of libration points and halo arbits in the Earth-Moon system to space
mission design[]]. Journal of Aswonautics, 2006,27(4): 695 — 699
(in Chinese). |

Martin T Q. A low-thrust transfer strategy to Earth-Moon collinear i
hration point orbits| D]. West Lafayette ; Perdue University, 2006.
fEIE, 4, R B IR T R AR 89 /0 A1 Halo BLIE FEF5
TR AE[)]. FAAE R, 2007, 28(5): 1113 - 1118. [REN Yuan,
Cui Ping-yuan, Luan En-Jie. Study of low-thrust transfer to halo orbit
with invariant manifolds[ ] ]. Journal of Astonautics, 2007,28(5):
1113 - 1118(in Chirese). ]

Z e, E BT, @0 SR Halo BU Ay K PHIRLAT X #2580
HEPEAR[T]. W R 5 4R, 2007, 47(8) 1 1361 - 1365. [QIN Jian
fei, BAD YN he-xi, LI Jun-feng. Optimal trajectory design of solar
sail transfer to halo orbits[ J]. ] Tsinghua Univ(SCI & Tech) 2007,
47(8):1361 — 1365(in Chinese). ]

Mains D L. Transfer trajectories fram Earth parking orbits to L1 halo
arbits| D] . West Lafavette: Perdue University, 1993,

M, ANEE TG, . ARSI T I Halo LI E 80
R [)]. FMFEIR, 2009, 30 (2): (75 & %) [ LI Ming-tao,
ZHENG Jian-hua, YU Xi-zheng, et al. Transfer trajectory design for
halo orbit with multiple constaintz [ J]. Journal of Astonautics,
2009, 30(2) (1o be pressed) (in Chinese). |

Heowell K C, Pernicka H J. Numerical determination of lissajous wa-
jectories in the restricted three-body problem[ ] ]. Celestial Mechan-
ics, 1988, 41:107 - 124,

Howell K C, Barden BT, Wilson R S, et al. Trajectory design using
a dynamical systems approach with application to Genesis [ C]//
AAS/AIAA Astrodynamics Specialist Conference, Sun Valley, Idaho,
1997.

LI Ming-tao, ZHENG Jian-hua. The optimization of transfer tajectory
for small amplitude halo orbits[]]. Measurement and Conwol, 2008,
41(3):81 - 84.

Canalias E, Gomez G, Marcote M, Masdemont J J. Assesanent of
Mission Design Including Utilization of Libration Points and Weak
Stability Boundaries, 2003 .

Liu CB, Hou XY, Liu L. Transfer from the Earth to a Lissajous Or-
bit around the Collinear Libration Point by Lunar Swingby. COS
PAR2006 — A - 02217,

Wilson R S, Trajectory design in the Sun-Earth-Moon four body prob-
lem[D]. West Lafavette : Perdue University, 1998,

Wang Sang Keon, Lo MW, Marsden ] E, Ross S D). Low energy trans-

fer to the moon| ] ]. Celestial Mechanics and Dyvnamical Astronomy,



EEE |

2 W55 LIPS e B BB BT K 81

[20]

[24]

[26]

2001,9:63—73.

PG, PSHIBERA TREMERITPOREMA[D). 5.
#P [ R B B 95 4 B, 2007 [ YU Xi-zheng. Application of IPS in
lewwr enerey lunar expleration erbit design|[ D). Beijing: the Graduate
University of Chinese Acadamy of Sciences, 2007(in Chinese). ]
Guaman ] J. Space trajectrry design in the context of a coherent re
stricted four-body problem[D]. West Lafavette ; Perdue Uhniversity,
2001.

SERBAN R, KOON W S, LOM W, et al. Halo arbit mission cor-
rection maneuvers using optimal control [ 7], Autamatica, 2002, 38
(2002):571 — 583.

GOMEZ G, MARCOTE M, et al. Trajectory comrection maneuvers in
the wansfer to libration point orbits] C]// International Conference on
Libration Point Orbits and Applications, Spain: ESA, 2002, 278
311.

JENKIN A, CAMPBELL E. Generic Halo orbit insertion and disper
sion ervor analysis[ C]// AIAA/AAS Astrodynamics Specialist Con-
ference and Exhibit, Monterey : AIAA, 2002:1 - 10.

XU MING, XU SHIJIE. Trajectory and correction maneuver during
the transfer fram earth to halo arbit[ ] ]. Chinese Joumal of Aeronau
tics, 2008, 21 (2008) : 200 — 206.

A, AL ) AT AR B A S (M) MG AR TR G R TR Tl R

[27]

[28]

[30]

i figdt , 2003, [LIU Tun, ZHAO Jun. Dynamics of Spacecraft[ M].
Harbin: Press of Harbin University, 2003 (in Chinese ). |

EAE ARABFEAGREHACE T )IM]. LS, 541 & 88
#t,1991. [WANG Xi-ji. Spacecrafte Entry and Return Technolegies
[M]. Beijing: Press of Astonautics, 1991 (in Chinese). ]

Franco B Z, Francesco T, Mauro M. Assessment of mission design
utilization of libsationpoints and weak stability boundaries| R]. ESOC
Contract 18147/04/NL/MV, Final Report. 2004,

Dunham D W, Jen S ], Robert CE, et al. Transfer wajectory design
for the SOHO libration
ternational Astronautical Federation, Washington, DC, 1992,

point mission| C1//43rd Congress of the In

Faquhar R W, Mulhoren D P, Richardson D L. Mission design for a
halo orbiter of the Earth[]]. Journal of Spacecraft and Rockets, 1977,
14(3):170 - 177.

T 1 4 . 22 B ¥ (1982
S, PSR,
SR AR TS K P RN AR 1 A E LS B
T (100190)

H3 ; (010)62582675

), B BT O R B

E-mail : sincips(@126. com

On Transfer Trajectory Design Technologies of

Interplanetary Superhighway

LI Ming-tao"*, ZHENG Jian-hua', YU Xi-zheng', GAO Dong'
(1. Center for Space Science and Applied Research, Chinese Academy of Sciences, Beijing 100080, China;
2. The Graduate University of Chinese Academy of Sciences, Beijing 100049, China)

Abstract ; Interplanetary superhighway( IPS) technology plays an important role in future deep space exploration, transfer tra-

jectory design technologies are key technologies of IPS. On the basis of summarizing previous studies, firstly, theoretical foundation

of interplanetary superhighway was analyzed; then, starting from the invariant manifolds theory, the wansfer wajectory problem of

interplanetary superhighway was studied, emphasis was on the optimization methods of transfer wrajectory design in the case that the

invariant manifolds could not approach the leaving celestial bodies closely enough; finallv, the return transfer trajectory of inter-

planetary superhighway was decomposed into the extra aerosphere patch and the aerosphere patch to opumize separately, the retumn

transfer trajectory problem of interplanetary superhighway was discussed .

Key words: Interplanetary superhighway; Transfer trajectory; Invariant manifolds; Three-body problem



