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Fig.1 The contour of consumption when rendezvousing the first asteroid
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Table 1 The asteroid sequences based on the Lambert double Av

Asteroid 1 Asteroid 2 to (MID)/d ¢t (MID)/d tr—to/d > Av/ (km/s)

2000 SG344 2009 YF 72438 72788 350 8.426451
2000 SG344 2012 BB14 72378 72678 300 10.19906
2000 SG344 2009 TP 72428 72748 320 10.42874
2000 SG344 2010 HA 72618 72918 300 11.02119
2000 SG344 2003 YN1 72468 72768 300 11.02445
2000 SG344 2011 AA37 72458 72748 290 11.067738
2000 SG344 2010 HA 72628 72928 300 11.0901
2000 SG344 2004 XK3 72478 72768 290 11.35773

# 2 mMBEPERERKepleriRE]
Table 2 The Earth and 2 asteroids’ Kepler elements in the optimal trajectory

Object Epoch (MJD) a/au e i/(°) Q/(°) w/(°) M/(°)
2000 SG344 56400 0.97753 0.06693 0.11124 192.08675 275.1829  264.0968
2009 YF 56400 0.93573 0.12124  1.5260 87.57811 193.2316  46.67441
Earth 54000 0.99999 0.01671 0.00089 175.40648 287.6158 257.6068

I AT HH SR IR XK b RAT B8 A7 S FE IR 305 d, B Bk B R84 km /s, BE TR B
BB 3T, SRR H R B HERE J5 3K, BEATHEREDEAL, TRAG R 45 R
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Table 3 The optimal fight trajectory

Event Epoch (MJD)
Departure from Earth 72483
Rendezvous 2000 SG344 72503
Departure from 2000 SG344 72533
Rendezvous 2009 YF 72733
Departure from 2009 YF 72743
Reentry 72788
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5.3 HHEM
LAy BURALSRAT I S HOR P A A 0 HME, 53 Badt AT A Ak, Al B fiife
ANy
T
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Table 4 The nuclear propulsion optimal flight trajectory and the performance indices

No. Event Epoch (MJD) Index/t
1 Departure from Earth 72484.430 53.656
2 Nuclear propelling 72503.242
3 Rendezvous 2000 SG344 72503.242 53.285
4 Flight with 2000 SG344 for 10 days
5 Departure from 2000 SG344 72513.242 52.895
6 Nuclear propelling 72560.095 50.425
7 Coast 72685.468 50.425
8 Nuclear propelling 72718.648 49.083
9 Rendezvous 2009 YF 72718.648 49.083
10 Flight with 2009 YF for 10 days, release the payload
11 Departure from 2009 YF 72728.648 38.075
12 Nuclear propelling 72739.174 37.650
13 Reentry T2777.978 37.650

ST S5 ]293.55 d, UK AT 4% 0 &:53.656 t. FLyp b4 3
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Fig.5 The 2-D plot of asteroids exploration trajectory using the nuclear propulsion
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Fig.6 The 3-D plot of asteroids exploration trajectory using the nuclear propulsion

7T HR5IE
ASCEP X ZAT 55 22 H AT/ MT 2RI, AIT800MUI /M7 2 ik # 45 H 155 4



486 K X FE R 55 &

FA S AR H bR v 55 5 2% RE v, T o SR P T P B A PR 1 R SR, T B
AR B BRI A2, SRAT T AR i ) AT R AR, KR T R, BUE “HEBE-HY
AT-HERE” (1) AT MG, SRR VR0 B AR HEAT A% A At 2> Bedlb Ak, By BURAL &5 R 4]
{H, LT RS AR, K AT R A ) — AN AR E LA R B T 4K AR, 73 21
ENCLIR A

% FHERE FATHET) RS by 400 A, BES AT AL IO 2T, REZR B K TR &
AT ER IR B UAT . ARG WL /M 2RI, SRR, 2RSS, weit
FURAT 55 2225 R8N B AE K78 (R 2B 3% ) AL, T 25 RS PR AT 55 20 RO SN 2%, AR SCIR SR
il 7 S ALAT 5515 5O SR BRI TR TR, BT 2 M TS H .

BUSH L0 AT ST AR A FE HUE BT RBRIOHE T BT (055 0 LUK TR, R
VA EBE AR I [ B RSO 27 1 S B A

& & ik
(1] tRtfe, Bp. shERlgRE, 2005, 20: 1183
[2] Huang J C, Ji J H, Ye P J, et al. NatSR, 2013, 3: 3411
[3] E#&, BUKA, BB, & KR, 2010, 51: 163
[4] Xia Y, Luo Y J, Zhao H B, et al. ChA&A, 2011, 35: 71
[5] Cui P Y, Qiao D, Cui H T, et al. SCSMP, 2010, 53: 1150
(6] Babs, ®EBIVE, R0, PIEEY:: G, 2011, 41: 1104
(7] k. RBHTENE. dbat: TP ESHT AL, 2008
[8] Schmidt G R, Bonometti J A, Morton P J. Nuclear Pulse Propulsion — Orion and Beyond. 36th
ATAA/ASME/SAE/ASEE Joint Propulsion Conference & Exhibit, Huntsville, 2000
[9] Battin R H. An Introduction to the Mathematics and Method of Astrodynamics. Refton: AIAA, 1987
[10] fATfr, s, =i, )15 58, 2012, 34: 95
[11] GaoY, Kluever C A. Low-thrust Interplanetary Orbit Transfers Using Hybrid Trajectory Optimization
Method with Multiple Shooting. AIAA/AAS Astrodynamics Specialist Conference and Exhibit, Rhode
Island, 2004

fIx EFAR

BEFET2000 H O OB AR bR R S35 A0 R, RIES. KATE. AMTEMA TR,
CATIAE . 3 R RAET2000 H O BB T e S A bR R .

(1) HLER H A 1) 5 12951

HER W& I Ztg A F20354E1 H 1 H 22065451231 H 22 18], I ZI 5% ] 2 i 4% n%
HMJID# R,

MJD64328<t, < MJD75651 .

(2) RMT45 N E] 251
RAT B R B 58 BT PRIAT 45 A Z0HES yr (1826.25 d) Z W.

T <5yr.



6 1] HORBAE: — PN AMT BRI O B J7 12 487

(3) IR [l ERZ) R 55 15 B
15 RAT 2 AR T BRI 2t ey, KAT 3807 B oo 5 IR B MH [, 18 v, 5 b 3K
JZvpZE/N 15 km/s.

I7se (tret) — TR (tret) || < 1000 km |, ||vge (fret) — VE (fret)|] < 5 £591 km/s.

(4) Ao MTAVIRELR
FEAZ S IMT RIS Tt ren,  CAT A5 /MT AL B Asteroia M E LV Asteroia 70 AL — 3
AR 72

[7se (fren) — T Asteroid (tren)|| < 1000 km, [|vse (fren) — VAsteroid (tren) || < 0.001 km/s.
(5) R [AIHE BT R mpeeNTRY + LTI BT e+ AT TR m AN/ T36 t:
MREENTRY + MLIFE + Mo > 36 t.
(6) SRR A L HEBERR S ) i S0 AL i A\ T3 PATEL b I, 4R

4000's < Iy, < 100005, T'= 227, P =3 MW, 7 = 0.75.

A Method of Trajectory Design for Manned
Asteroids Exploration

GAN Qing-bo!  ZHANG Yang!  ZHU Zheng-fan''? HAN Wei-hua!3
DONG Xin!

(1 Academy of Opto-Electronics, Chinese Academy of Sciences, Beijing 100094)
(2 University of Chinese Academy of Sciences, Beijing 100049)
(8 Beijing Aerospace Control Centre, Beijing 100094)

AsstracT A trajectory optimization method of the nuclear propulsion manned as-
teroids exploration is presented. In the case of launching between 2035 and 2065, based
on the Lambert transfer orbit, the phases of departure from and return to the Earth
are searched at first. Then the optimal flight trajectory in the feasible regions is se-
lected by pruning the flight sequences. Setting the nuclear propulsion flight plan as
propel-coast-propel, and taking the minimal mass of aircraft departure as the index,
the nuclear propulsion flight trajectory is separately optimized using a hybrid method.
With the initial value of the optimized local parameters of each three phases, the global
parameters are jointedly optimized. At last, the minimal departure mass trajectory
design result is given.
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numerical



