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Fig. 1 Tllustration of an orbital maneuver Av, to change the z-axis bias “(The trajectory is plotted in the Sun-Earth rotating coordinate frame with the Earth at the
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Fig. 2 Illustration of the geocentric equatorial inertial reference frame and
the Sun-Earth rotatingcoordinate framewith the barycenter of the Sun-Earth
system as the origin
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Fig. 5 The Moon’s and spacecraft’s positions at lunar close approaches
(expressed in the Sun-Earth rotating coordinate frame with the Earth at the
origin)

x 106

O —
R E
O |-
N W MT R
-1 —5”05 - ~
§—2~4\\\ﬁwmm£@ﬁW':
3 - !
>A—3 % @N ]
0 =2
-4 -1 Y |
2 62@§§§Hw%ﬁ
5t SAAAREZ ‘
AL T <08
76-.‘41'2 0 2 4 6 8 \ |
2 -1 0 1 2 3 4 5 ¢xI0°
x/km
Bl 6 iR g 7R IG (FA B 7 S GRoms 7 LA B S50 25 11 1 M e
MR

Fig. 6 Two types of trajectories with lunar gravity assist in the Sun-Earth
rotating coordinate frame with the Earth at the origin

33 m/sHIE K AT LAS 2 CR2 < 10° km AL B A 2 .
BRI, B 3 H s bz 77 1) (947 & 22/ 1°2007 km
MBYRCS AT A, AT BRZA0JT 171207 ke (R 47 & fh
ZE NN FTHE33 m/sI I FE k. BBAh, T RPN AL E
s 72 e P JEE kel v AT I 26
3.2 AKS| HENITERE/NMTE BB EHNERR
PR AR R BRI, 7] LASK A3 DY 44 i A6 23
NBEIRAS o [RIISS, PRI 38 AH 3 BRI AL A
FERBARE Dy vk A2 o ZRIES A T H 3K ATHL
TEAE H BRSO a AN ] LA o th&iiE . H
XU S BIVTE AR AT ) RUAL 1R 3 2 % e R T )
BLB Ry = rpf > HPIATIT 7%)E8 RGBT T [
T (m-0)/2(v, Hivy = rpi Flv, = vy SRADFFE] . HIX
AR v o TSR BRG 1 3i Bl s 1) AT HE R
YRV A, RH2.34 I HBRG )4 BB,
rp MO 2 BRI A% Jo 28 AT B R 2 8. R



24

AR

24 #3E

EH AL, ARG SRR E R r, =
[1 838:400:50 000] km, 6=1[0:0.1:2x] rad. HHE3.3%5 7
HENLBERY, W LSRRI RS (r Ry
ro v, SESFT RS A 2. BT H RHIE
R, SRS ) 7 FERAT BAE RS, B ) B
M H 25 I 20 316N T B S % T SCR[2]
K NT R RIS ] A TD = 2 456 291, N Toutatis
KEITHL AL, BERSHLERZY N2 x 10" km. HERT| D)4 E)
X R % B A% B 1K 5 i AT PR A ARR R I L B 7 5
WIEIO T o 35— P PR # FF & [Pl AT AL o 22 [ ()
ARG O RORERIAS g H ARG F IR, B
TR IE RS 7 S PRI B T DL R B ek i sk

BB IRFEE IR TN

X T MT R TOMAT 5%, AT SR B T R 4
HLREWS BIE/PMT RN B PG . X T XL
8, BT BB SRS AMT R A B . 2R
FESEIN 2R BB /N T B LT s s, U BRS04 )
aE - MEAT AT RE T S o AT OR B T AN B B/
T2007 kMR HIE, JRidsk T RBUMT RN Z] . X
B, mAEBATRIL T AR O BRI 2, X
T AN R Y BRG]0 Al B I 8] i A B 7 R . IR T
JEZR T W25 WA RIS E 2 Bk T BRR
/MY R RPGE BN CATHE . PRSI BUR 4
PAC IR PUEAE I ] AR I AN IS

HER#E
“a

% 10°
0-.
z/km
5.,
= p/km
-10.. il
0 — x/km < x 100
1 - 1
2= .:;‘-r-..r_’_’_/ T MT RS ~ 2
37 T T P -3
~ ~ = 4
4 s
% 10°

K7

PIZERELINGS FR) e B (R s 7 A IR O 5L ) 1 b e e A b )

Fig. 7 Two distinct transfer manners (coarse trajectory solutions) in the Sun-Earth rotating coordinate frame with the Earth at the origin

BAR, O T BRI NT AL AL 2 (B
PO EE Al 22 AN 2 A A 22) AR RN A B RS T R
F i SN SRS R bk b e AE T BRS04 B )
PR 25 B 7 LT It ok 8 P e o7 B S SEATIAEL 1 e vt 7
BB SOIR2] 82,175 . AR, ARSI i 2 d
TR 5 M7 R AR T2007 kmFIBIR AT 5%
2, JRATAFH) T RIS R R L0 A0 BRI 245 5 7% LI
ARG RN 5 ML J 452 1 0T 8 T BRI e A2 BT AN A
HERBPMTENEBYIE, WETTR.

4 BEEAUSHEPEREISHE

LR3I AT IOAIE , A4 AT T LA 9 A
TR WA SEEARUE R I ATHIE S 59 A
BRIGH RATHE . BR T AEg N 20 M T3 0T H &R &
L2400 95 T P PR T S kb Ay, 3485 25 18 53 SR A

TR KA Av 5 Avy, Av FE I ZI RGN, TPt
AT WL 515 ) ARG 0 CATHIE,  Av, 75 Zle, Jits
T, F B TCOIN T BN 2 A R 2 . BB
JVERINS £ 0k 305 ] s I 20 ke /NMT AR GBI 21 4
R TN USSP )
tg <t < Lo,

te < 1 < tagey (26)

Pt i s M BOEAR S (i, v o)1 i 5t 4%
PF, A5 D) A ERET G B RAT BUIE AT a0 T R (1) B B
BT, e B30 0 B3 Bl ga(t)), vigalt), M
t. B IE B33 Bl (), vigalta)o WEREGEARLE
W E— B A N2 B ER S roup(£2),
vomp(82) 5 rLga(t), viga() AT, WHIEIRE A I
ZIANES: . FAUH,  UTIRAE £, I ZUAT 2255 PRI 2501
B asi(tivoy) S (tgny) DRI, WIS AFAEGRIN 25 55 /M7 A



1]

TS A H R SEL2 A Al ) BRI /M T A 25

I AL ER ZE . T TAREIIAT I RATHUE, RESA
HEEAE SRR N AL AP R B RE ) &8

" HHERLY

rU\[D(tl)’VUMD(tl)

U WL aE

rLGA(t 1 ) ? vLGA(I l)

JE7R, 7T N HH RS2 5 F Bk K4 Toutatis K 5
AKATHLH .

/MTEHIE

’ALGA(tz)’VLGA(tZ)

B /(i)

", 1y by)

8 MR GL2A I HIE S 1 H B Toutatis 7R 2181
Fig. 8 An illustration of the transfer from the Sun-Earth L2 quasi-periodic parking orbit to Toutatis via lunar gravity assist
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Near-Earth Asteroid Flyby Trajectories from the Sun-Earth L2 via Lunar Gravity
Assist

HE Shengmao, PENG Chao, GAO Yang

(Technology and Engineering Center for Space Utilization, Chinese Academy of Sciences, Beijing 100094, China)

Abstract: There are several flight options for the Chang’E-2 spacecraft after its remaining at the Sun-Earth L2 point, for example,
impacting the Moon or recapture into lunar orbit, returning to Earth orbit or atmospheric reentry, heading for halo orbits of the Earth-
Moon L1 or L2 or the Sun-Earth L1 point, as well as flying by near-Earth asteroids in interplanetary space (Finally, Chang’E-2
successfully implemented a close flyby of Toutatis, a potentially hazardous near-Earth asteroid, on Dec.13, 2012). The analyses of
these flight options require designing preliminary transfer trajectories with total velocity impulses no more than 100 m/s in four-body
dynamics, in which the motion of the spacecraft is influenced by the gravities of the Sun, Earth, and Moon. In this study, we shall
present low-energy Toutatis flyby trajectories from a Sun-Earth L2 quasi-periodic orbit, specifically, via a single lunar gravity assist
that is intentionally utilized for exploring potential benefits, compared with the direct transfer manner that is adopted in the practical
mission. Compared with the direct transfer trajectories to the asteroid, lunar gravity assist is demonstrated to be capable of saving

propellant for the Toutatis flyby mission, and the equivalent velocity impulses are 58.46 m/s.
Key words: Chang’E-2; Sun-Earth L2; lunar gravity assist; Toutatis asteroid
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