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SRR AT LR 0° ~ 180° Z [HMER AR, XM &4 /MTEES 1% X s
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RGBSR HTE CATARERIE A RIS it TARA RESE X Sl B4R 55, NEAR KATARH 3T
EER Eros XFEHEKRI/MTE, BEAELFHEERE AN AKZ TR S ST, (H2m
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BRI RATAY, R — I HREIRINNG & — @ W S AR 3 — 2/ MTE R KIT48.
Dawn 731 BIJE T 5 —Fl, 76— URERIM T3 o 52 B P B /M T B PR58 K AT,
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E AR 2 F 0 KITR W HLE E s & Fmr sy B HR 2R R B
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e e A R R AERT BRI, ARTEER [Cool < |Coz| . BIMATLATE, A SCHrisHEH H]E 5 &
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HHZSHE B GUEA IR PEZ D). M HAERS I REH, FEZMEE
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ESUMTEREWB IF AR RRAESENT: a LHEE, b KA, o BE, 4B
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R AR, bk, R TR EAE FRE, R METHER R .

A TIRNERNEE /MTEREGES, R RA % &R ENE STt
BA R ey mm o #a g, XEEAT LS 28 i vy DUE B B . XX SRR #17
AR A LRI /MTEBTEAR, BeFeIRAS, BB LRI LB Ay 3. 7ERBAE I & /M7
BRTEAR, K/FARSH R, 5l Ea v LRI MTE AR EE R, FFRKE
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XM R, R B kTR B, FEREAAR R, ERAERE » 8
O RBETHNEE F o BEERL R EETRAGT, B F 0w - Jrm, BY e Kb
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XF/MTERYE, HEBEE —BRAMEEN, Lo <y < L.. B, rddEES/0D
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FRIAED), BE o M e MR RIAMN T RAERRIEL. E—HLT, XML
MR, B RATAR B SN TE — R LA ATHUN . SRS AT BT A — AR M2 3 Ry 4
F. RMGZENTERZ BN S RGP IFTE, X BT AR P2 3 2R G016 X0 46 26 A UK
BB 2 RS, I, RATHRES/MTBE S WA Ue — A Ehr iy LREME, Wk—143)
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B HRRBNREERPDES R Coo M Coz, AP RECAT i 82 3157 P — B
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B wE C &M S &%

0 0 1.0 -

1 0 0.0 -

1 1 0.0 0.0

2 0 —0.110 298 -

2 1 0.0 0.0

2 2 0.156 733 0.0

3 0 —0.015 112 -

3 1 —0.037 935 0.001 211

3 2 0.006 325 0.000 616

3 3 0.020 568 —0.013 715
4 0 0.036 630 -

4 1 0.002 706 0.000 407

4 2 —0.051 363 0.003 949

4 3 0.006 140 —0.001 747
4 4 0.050 334 —0.006 839
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B SR SRR R (He, H,, H.) K$EsHE7 P
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9 T] R L 64102 Bl B F 75 o mT AR BT RO M. TERTBIF ST R, SRR B2
BN HLEARKEEI Cop WAFE, Hl T ATA K PLEF¥123) 5/MTER TR
BRI, BARSRTE, FIHGIE R I e Sl MR IT 9 R K. X RBURIT 25 AR
PR IR B B A Bl A O DR AT . LR UE, X a(t) F1 e(t) ROMEELH ISR, ME{E
MUARBLEATAG T, DT FT LA AT 5] LI B~ A A i O R B B 55 k. A 1 X 3 3L ik
PuEry¥E, TRER A4 a(t) T e(t) A IS TERE RIS 1R A 2 BRI AEA, AT LA
AR —&, W R - TR MRS T REMEER. WA, X a(t) A e(t) RIE
MERERTT, 0] R ESAPLE B, Bl an7ESCrR (5] AR 1.2 FIAPUER B TE
PEMIER. BUE R FRUE M SRR IS R T N 2 Fr B R, R4 AT 2 SO (1] .

0.2 Seasimiastact

0.18

0.16 £t

0.12

/)

2
T

o

R

(1::-1)(,\‘)(&)'

0 0.5 1 1.5 2 2.5 3
at*(@f /u)'"?
B2 fag5ARE e

TEFSABE R BT R, SRR (5] EOER AT T A — BRI I ZIRE 1 4 TR
(RF3hR) , IEH T i 2 AP RO R ATERY, 5350 2 A AT RERUE AT REAERE
MBI T EMMRE RS P, WRGE R AT h AP ORI ER or . BEAWH L, U
B 2 AEFIREL Coo M1 Cop ME—H5E, TG, VAT FABABUERR. 1R A/ A PLE T
JRITIES, WERT 2 MERSHBREE (STM) 2B E M AFEHE. Amfd 7 —~&
A B RER AR ST R R AIR (Poincare’) BUSE, T LML Hh A BABIE . X —Fkesi it
4, JCHXM R FINPUE R 2. B TSP aa2E i I T A AT E (Jacobi) 2931, f#3X
—IPIRVIAE —E W RE KT LB SR A E. B A E R STM , R T AT
R A BAPE TS A AR IE SR 7. X ERHE TR T R BT ORI A R A LE RS e . T
XX A BRI IEORE F I SE, BT BN R RER, e T
A DR BERE R 2R wr SR T X L A PUIE B A7 FE AR AR S R SR I . SCRR (5] 5 3T 3
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Y
1SR S CRRUNEI < SRR B S CGS

B3 5 ANEBIBLERA R g
FRFEEE, BA1E “YCME]” (near direct) . “FLME]” (far direct) . « 1:1 F:Hg”, < 1:2
IHR> M “mJE7 (far direct) SFFBAFE. BAHE -8 SR> FMABPLE, F1E T X8
HiEZ ], 0 “XIEH” (double lobe) , “FIF=F” (smooth triangle) &, iXLLFEAHIE
SRS WE 3, TR ARSI [5] .

2 L2 R E S R e, R /MTEM R R - S R TR S
B4, BRRUES/MT R A AR R E /MR EE. X T—10 %
EREE/MTE, KW ERERERN v, RS T, BryBEERNFE LB UEA
A ry = (uI?/4n?)3 WH, B TF/MTENRES A —BAREHSRE, MIE—KAE 44
FeRBET s WAL EFAEREMFEZZ3) N, BIRrmERSIE 4 AP, AT Bk
BB BNFERE T AT /MTER KM AR AR L. 3T RESHEH B HBIRE /N
TR, rAXEFELYEYEATRER, T EMNE IR FF 46 0 F2 e i 9] 16 9Ll — B AEJL
B Z PO R A AR E b BT . X — AT B0 45 R B AT AR R S8/ MT B AT BB B A R K A
FRE. FEl, M TRLPHEAEN/MTE, EEE/MTERO 2~3 MEZHERE
WHRIZ I m FARE (WE 3), REMAEPIENEERAEE. JLER MR AT
B R EEWA R RN, AR ANE e Eies TN Es), Wil SE A
U, FEE 2 R LUNTE Castalia REIHEATIHHR. Y% RSB AEHE, B RE
KT, AT H— R AR R XA S e AR A TR f i ol B KA. 1E 4
C1E Wik B A IR RE, FEARE T b B S he% 7 m I megiz g (ST HE) , HPEZ 3R
AR E.

B TE ARG £ T RABEGIEM, f ralERar /M7 B B 5 /M7 EBA BARMEXT
HEMPIEZD), FAHARTE, MAGATR, A0S, IEREXMHE L, RAMRMY
AT /AMT BRI B A B BRG] S, — AR RS TE AT ELE LR AT, XA RMR
UE RATAE KU/ MT B Ry s B R IR AR X & B B AR R J5 R AT A A X /D
ITERE AR SN ERE, HUHE ATan/IMT B YUE N 2] 8 JUT 25K,
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3.3 /fTE Castalia 1&%!

HITHL/MTE 4769 Castalia J& B U/ NMT EAH ARG I TR, TBWR L2 e84
(W& 4) . M 25T BB Castalia B =4ERERL, WARIILE 167 S5
Castalia fJ HE# FHAE 4.07 h, AR 0.671 km?, XA T FH2EE4 0.543 1 km BYBRAE.
NTHBROLE, —BRA/NMTEERBERAIRZR (Asteroid body fixed coordinate) . HJF &~
BABIRTCr, ARAREN (2, y, 2) 43 AN LR S BN, AR B K R s i il BB e ity »
W, fEHAARRT, & —0.762 <z < 0.851, —0.462 < y < 0.519, —0.444 < = < 0.382 .
BHRSE % L)L = 0.37207, I, /1. = 0.93805 .

-0.5 0

K 4 Castalia {57 ALK

H T 5 S HER AML I HE M L R R 2.1 g/em® , RARTTEAEHT ALY 60% (5 18 2R
LB A AT 40% B & ABREY A S (S AY) . DT AT T i M = 1.4091 x 10" kg, E Jj
ZHHN: p=GM =940x10"8km3s 2, XH G=667259x10"2° km3 kg~ ts72, —f&KH
PR P T W 7 A AR B TR B YRR E 3. A A A S R R E 1 i
BRI R, XM ke in, Wikl EEYR ENGRE R — TR 751 R
. X B F A R B T LLE OB IR R #ET EE G E, KR
BE—1TRE., WRBEEREH S, WRRS AR RERGRE LS. BN
G W RIF N R EEWFE T REE:  Co = —T.275x 107%/R3, Caz = 2.984 x 1072/R3 , X
B Ry=054312 1 MEH—SFZER, WMRGRW 2T IREr, IRIREE B /D,
R 24 BRI —LIF R Castalia B PIRAPIIRE F137 REC O . AT LAE H Coo 1 Coz B EME
BHEMARERTZ, XUEAXH O ZRENGRERR/MTEEGH —NIEE.

AT HEFE—TERMES, L A7ER 4 FE 1 T /M7 E Castalia B 324K,
B A bR By B km , —BUPR G RAT MR PR PUE LB ) AT 2 DL 3, TRANA 47 I STk
(5] . B 2 H T REMATRE VG EBEY XEE, DAL ENREE S L RER
WYIRAR. ME 145 A PE R S sh i 6+
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A EA SCRE N AR E /M7 BRI I H WA ek M St — W HEMEN S%
HW. FeF, @ A@ESNEHE, XMAREF RN/ MTEIE WSS, AR5,
i — B HT A NE A FI T SE I R, FFiEfT — SRR K. FEAXW N AN REE T E &%
TRMZEEZXIN/MTERNAESMES, WA EMER, FHRHERSCEMPRAN
H—LE1E.

A SCHAR R /NMT BT /MT RS 12T IR R, T o — 2 B R 4 o b/
TRMIT/MTEYES) 1 — SR g5, RS, E/MTERNSAHE S &80
KITHRESRKHRTEITEZIWPERRROAR, XEEH THAEE, BI/MTE—
BICARA A E 5 SRy ez, XMW EEEME R, AR T & AT A TR 1R 50 i ] Y
&R MR f s A | XF R AE KIT R B SR R E AT R KITH EARS
HARW., EBRNIMRZZEEX T ITHRME N ERSFETE SR, P2 BHRE
B BHE T XA FPE M, Hog S ss T i (i ) M3E3). (HAEX
Wit E S G T, [Col >> [Con| , WHAEREHER., ARRIKHATHWEETE, T
INMT R E S0 e e i B B R AEXT AR, BT E R [Col < [C| . EIE, FLAUEAS
SCHT IR B [0 5 2 R BLE T # B A B RAFE., NX—E X i, CITaES%/MT
EZEE— S, XARMERAEIEMAGKAE LR, MAEE—-E&HFT, 8
T8 A S AR Y2 B R R e L IR ST DA ) B R B sh i — A, B —
BBk . 3X EL A TR T S A S X WD A6 S A ORI . BB KA TSR LE Ot B, S
S E BT S EANEM, eyt iE e L — 2 BRI 2 ITa RS
YR HEN (XS A AT LUEBREE, SRS MR EULSE) , HRH N A2 & PRI 8 IT
IMTEB) AR, @ DL B, — SR B Bt A IR

(1) HATHUIETEE, 0 NEAR i35

(2) HBERN A, 40 Dawn X1

(3) FERPAE A, 4 Muses-C 113l

(4) KEATES) S HEM A A L.

AT BB R RATAVED/MT BARI S, WTRBE R R 3 12 M, X ARG T, §lS
MR, Xe—MERMPF RS, TEARLRKEIH-ARS IARRERKR. B, 8L
PREGTFFTRCR . E RIS SN FH RN ? E43#1T? HZA Muses-C #IMTRI1E 943
1.5 {2378, SR UNARBEE, BFH A, MTERINS H MU A28, FEAEAL
FEAMT, EEENMERNE, XNRRETIL. EiralEfr. fraAZEREES
SR R R — 8, RENZESHE, BN T RIS AN, R
KEZEERE SRR IS REL, BATREREEX —FHEE —ENETH.

BUAAOULEH A SCARE] T NASA Jet Propulsion Laboratory —HPREIHSCHE, FFEME. SCH
T A AR I T B WS TSGR I, O T TORFN R A 5 2 S0 [ 3 A1 2
fige, o — S B R ORI 55 A ).
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The Characteristics of Near Asteroid Orbital Dynamics and

its Implication to Mission Analysis

HU Wei-duo !, SCHEERES 2, XIANG Kai-heng 3

(1. School of Astronautics, Beihang University, Beijing, 100083, China; 2. Department of Aerospace Engineer-
ing, the University of Michigan, MI48109, USA; 3. Department of Spacecraft System Design, Chinese Academy
and Space Technology, Beijing, 100094, China)

Abstract: Asteriods and some significance of their exploration are presented first. Near asteroid
dynamics and its effect to mission analysis are analyzed by referring spacecraft NEAR and Muses-
C. Further discussions of the dynamics characteristics are performed. Detailed discussions are
given based on the analysis of the second order and degree gravity field models of asteroids. A
typical example of asteroid, Castalia, is introduced. A few typical trajectories are summarized.
And also some suggestions of asteroid exploration are given. We see that close asteroid orbital
dynamics is new and challenging, as orbits around asteroids are considerably different from the
classical Keplerian orbits in the two-body problem. This is due to two reasons: the irregular
shape of an asteroid, and the rotation of the asteroid. These two effects are coupled and can

cause the spacecraft orbit to experience large energy and angular momentum changes within short

time period, occurrence that are not seen for spacecraft motion around the Earth , or other
planets in Solar system. For some cases these changes are rapid, making the spacecraft motion
unpredictable to some degree, the unpredictability is an instance of chaotic motion, which exists
in many dynamics. Here we define “Chaotic” motion as sensitive dependence on initial conditions.
Thus, the problem of spacecraft motion around an asteroid is not only a practical engineering

problem of near asteroid operation, but also a theoretical problem in dynamical system as well.

Key words: Celestial/orbital mechanics; deep space exploration; asteroid; review; spacecraft

mission analysis



