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Fig. 1 Spacecraft's flight path from Earth to a near-Earth asteroid
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Fig. 5 Thrust acceleration curve and thrust direction change curve of
asteroids in self-rotating state

BEXT UL L3RS DL, 19 207 45 RIL S k3
o AT LUE HMT R 3RIRES R H i K e B 2k T
—ANHUEREAR, BOAE T B HE R BT B A Rk .
BEAh, /NMT B B R EPUE RS N MT 2 R



% 4 30

BEIRE, 55 UTHb/MT B B0 AR UAE B RS S REE S H 417

KA FE 292,91 Jikm, &/MTREAGIRETH
2.29f%, RE/MT R B R ATHUE T IR S T
2.691% o AT R B 754 B AL B 5 S /M7 2 B %
b7 BT HUE IS OL, AR S

s — EMEE 50
— HHER KA
4 ’ SR 50 1 40
- — HERRAMA ~
s 40 D
03 130 =
2 w|® 8
= il
i 20
% 2 420 ii)
= 10 R
= &
= 0 410
254 258 262 266 270
IF ] /d
0 0
0 200 400 600 800 1000 1200 1400 1600
R )/d

Bl 6 /TR B HE A BT UV 4 7 i 26
HE177 A2 Ak i 2k
Fig. 6 Thrust acceleration curve and thrust direction change curve when the
asteroids' spin axis is perpendicular to the orbital plane

5 — WhmEE 5
— SEENRM

4 1 40
g o
03 130 &
< #®
= b2
2 =)
@ 2 120 :_‘3
= =
= #
o
Eand 1 b 10

0 0

0 200 400 600 800 1000 1200 1400 1600

I []/d

B 7 /NT R B ST AT T S N i R 2k
HE 7377 1A A h 2
Fig. 7 Thrust acceleration curve and thrust direction change curve when the
asteroids' spin axis is parallel to the orbital plane

x3 MIEDHEBLERWTELER
Table 3 Simulation results of asteroid dynamic push
away disposal

. MTEARYS  MTEARERN  MTEARHM
sk :
5 A5 S/ B s A A
FEHLE 8] &5 E/% 11.390 25.020 10.110
FEHLE S [R]/d 174.340 383.040 154.820
e
;—";m?gr%ia w 0.060 0.130 0.054
(m's")
ﬁﬁﬁ%E a/ 1.270 2910 1.080
10°km

B I HE RS A B G NMT R AR B B e
THEOL, WAL E 452 500 dJE /M7 R PR T 17—
WA E. MTEIM B RRSIE BT TR A B 2 51
e P B AR b M 2 an I8, BT LA, B
N ] PRI RS /N7 R I e R K, A B 4572 500 d
ZJEINAT B 0 55 K A 8 B 3 K B Kb 4 R ) 3
%2, MT R P B 89.0 Fkm. R BT
TR SAF, RAZ) BRI B HR B X NMT B
(AU 7= A K IR R o

AMTEAR S BFARE T A E IR

10 IMTERGHERES TRE G
9 AT B B B TR BN A B R
ANMT R B R B E S
8 AT AL T AT I A
21 MT R H AT A E S
g
® 5t
2y
£ 4
=
3 L
2 L
1
0

0 500 1000 1500 2000 2500 3000 3500 4000 4500
I [ /d

K8 MTE MR
Fig.8 Results of deflection of asteroid

RVPALNT R IRE . HE S KANFHE S T3 N T
BEPIERL R, 5l T AR AR NMTEM
TREEAF RS R, WEO~11F~. MERTUEH, B
HAMTRERERI N, /MTEMBEREXR, 3
51 4k B R BTk /N, R EH BN HEE T A IE A
B E KR UL IR MT R . A KNS HED E
RIS KR, fmie SO R B B3N, 4 5 /M7 B

J& Sy BB R T-+30° 0 BE# 2 B 2K .

4 1

100 000 . — IR A B
- Bb R 0.367 88

1013534 ~
g 1000F A
E 1 004979 :
E.E 1 001832 m%ﬂ
% 1000 1 0.006 74 e
X i
X 1 0.002 48 =
100 F < 9.11882x107 ;‘:&

1 335463x10°

10 L L L g 1.23410x10*

107 108 10° 10"

Ji B /kg

B9 /MT 25 RN M B 1 7 A i 2
Fig. 9 Curve of deflection distance of asteroid when its
mass changes



418 PRI 2 (R3S

20234F

140000 7 — s e i o o
120000 |~ BRVI#ER )
{05 7
& 100000 f z
= 0000 | 104 =
2 B
E 60000 103
L 1 02 7
40000 i
20000 | 101 ¥
0 o 0
0 05 1.0 1.5 20 25 3.0 35 40 45
HEFI/N
10 SR 3 R/ IN R ANAT 2 Al 8 12 A A I 2
Fig. 10 Curve of asteroid deflection distance when thrust
magnitude is changed
14 000 .
N 1 006
12000 | —- BRild
£ 1005 7
?E 0000 r £
= g0 | 4 0.04 -
¥ {00 &
Z 6000 [ TR
1, i
¥ 4000 4 0.02 ﬂ_ﬁ
2000 f 1 001 B
0 . . . . . . . 0
15 20 25 30 35 40 45
5/MT RS MBI ()
1L AR 5 T i /AT R Ml B 2 A A T 2
Fig. 11 Curve of asteroid deflection distance when thrust
direction is changed
:l: N
4 én 11"}

ASCHEFT T I NMT R AES) I R 7 0T,
HPE R BT O L T 30 4 8 /N7 2 B
EERIAY, AR T 2F0 SR AR 0 /MT B 1 HE B R
TR, @ TIE . BEEATH T2019VLS
IMTEBUE TS, SR MTE A SRS, B
i 2 RSP AT T H0E S T A3 FOIR SR T T RS
TELIASE I TR R R 7R E 58 BUE A7 B i I10.4 N/~
HEJIF, AT EBERE IR (1 K e 5 125°592.91 Jikm,
TEALE S5 2 500 dJ5/MT R BB 35 439.0 F5 km ) 55 K
o FESSRERW, FIHZh S EHE B RIS R
IR /T B AT IR 128, T AR SR I R B A b /)
ITRIMESRITSE . EARKRARINE, B2
Tl ) B AR 1 ) /N AT B AT B S AR UL B R
T, FAE RSN o 1 — 2D I UE A

£ £ x W

[1] PERNA D,BARUCCI M A, FULCHIGNONI M. The near-Earth
objects and their potential threat to our planet[J]. The Astronomy and
Astrophysics Review,2013,21(65) : 1-28.

[2] PAEK S W, WECK O DE, HOFFMAN 1J, et al. Optimization and

B3]

[4]

[3]

[6]

[7]

[8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

decision-making framework for multi-staged asteroid deflection
campaigns under epistemic uncertainties[J]. Acta Astronautica, 2020,
167:23-41.

WU W R,GONG Z Z, TANG Y H, et al. Response to risk of near-
Earth asteroid impact[J]. Strategic Study of Chinese Academy of
Engineering,2022,24(2) : 140-151.

LHREK, S PG, JE I /INMT R S BT SBR[, BRI
WO, 2016,3(1):10-17.

MA P B,BAOYIN H X. Research status of the near-Earth asteroids'
hazard and mitigation[J]. Journal of Deep Space Exploration, 2016,
3(1):10-17.

KOG, B, BRI, 48 B AME b MT BAEPUE BARSS 7 i 58t
BAFBT T[], 2RI R WAL, 2021,21(2):27-34.

SONG G M, WU Q, CHEN C, et al. Advances on mission analysis and
design software for active planetary defense against near Earth
asteroids[J]. Space Debris Research,2021,21(2):27-34.
SN, TR B FHAE S0 ST RORNE K MT B AmEE 7 S W [1]. 231
AT, 2021,21(4) : 45-48.

TANG W H,ZHANG K,RAN X W. A preliminary analysis on
intercepting asteroids by nuclear explosion[J]. Space Debris Research,
2021,21(4):45-438.

AHRENS T J, HARRIS A W. Deflection and fragmentation of near-
Earth asteroids[J]. Nature, 1992, 360(6403) : 429-433.

A, R, AR . /NMT R B A B e R T R PG (D] TR IRI 2
(R0, 2017,4(D) :51-57.

ZHANG Y, LIU Y, LI J F. Evaluation of effects of kinetic impact
deflection on hazardous asteroids[J]. Journal of Deep Space
Exploration, 2017,4(1): 51-57.

RIVKIN A S,CHENG A F. Planetary defense with the Double
Asteroid Redirection Test (DART) mission and prospects[J]. Nature
Communications, 2023, 14(1): 1003.

SCHEERES D J. Close Proximity operations for implementing
mitigation strategies[C]//Proceedings of 2004 Planetary Defense
Conference: Protecting Earth from Asteroids. Orange County,
California: AIAA, 2004.

R ORPHITR 2830 715 5480 AL (D). &1L EREEAR K
#,2016.

ZHU M. Dynamics and control of solar sail spacecraft [D]. Hefei:
University of Science and Technology of China,2016.

SCHEERES D J, SCHWEICKART R. The Mechanics of moving
asteroids[C]//Proceedings of 2004 Planetary Defense Conference:
Protecting Earth from Asteroids. Orange County, California: AIAA,
2004.

HARRIS A W,BURNS J A. Asteroid rotation:I. tabulation and
analysis of rates, pole positions and shapes[J]. Icarus, 1979,40(1):
115-144.
SCHEERES D 1J.
asteroids[C]//Proceedings of the 20th International Symposium on
Space Flight Dynamics. Annapolis, MD: NASA, 2007.

GAYLOR D E. Analysis of low thrust orbit transfers using the
Lagrange planetary equations[R]. USA: NASA, 2000.

SANCHEZ J P, COLOMBO C, VASILE M, et al. Multicriteria

Orbit mechanics about small

comparison among several mitigation strategies for dangerous near-
Earth objects[J]. Journal of Guidance, Control, and Dynamics, 2009,
32(1):121-142.


https://doi.org/10.1016/j.actaastro.2019.10.042
https://doi.org/10.19963/j.cnki.2096-4099.2021.02.005
https://doi.org/10.19963/j.cnki.2096-4099.2021.02.005
https://doi.org/10.19963/j.cnki.2096-4099.2021.04.007
https://doi.org/10.19963/j.cnki.2096-4099.2021.04.007
https://doi.org/10.19963/j.cnki.2096-4099.2021.04.007
https://doi.org/10.1038/360429a0
https://doi.org/10.1038/s41467-022-35561-2
https://doi.org/10.1038/s41467-022-35561-2
https://doi.org/10.1016/0019-1035(79)90058-7

F4M

BEIRE, 55 UTHb/MT B B0 AR UAE B RS S REE S H

419

[17]

[18]

IVASHKIN V V, SMIRNOV V V. An analysis of some methods of
asteroid hazard mitigation for the Earth[J]. Planetary and Space
Science, 1995,43(6) : 821-825.

BURT E G C. The dynamics of low-thrust spacecraft manoeuvres[J].
The Aeronautical Journal, 1968, 72(695) : 925-940.

TEE R
BEBERE (1998—), o, BB TRLIW, L ELWF 7007 - TR 25 R0 25 S A )
T 5.
WA BT RAT X TiL #3666 5 i PR TR LT

201109

i : (021)24230000-6671

E-mail: pfdsj8044@outlook.com

BRI A984-), B, W TR, 3BT 05 14« TR S BRI 3% 5 0 )
T 5 AOEEEE .

JEAE AL BT R AT X JGIT 6366655 i TR TREWE 5T
201109

L : (021)24230421

E-mail: 105519794@qq.com

Study on Strategy and Efficiency of Dynamic Push Away from Orbit
for Near-Earth Asteroids

XUE Luyao"?, PENG Yuming"*, DUAN Xiaowen"?, HUANG Fan"”’, ZHANG Heng"’, YUAN Yuan"’

(1. Shanghai Institute of Satellite Engineering, Shanghai 201109, China;
2. Shanghai Key Laboratory of Deep Space Exploration Technology, Shanghai 201109, China;

3. School of Instrument Science and Engineering, Southeast University, Nanjing 210008, China)

Abstract: In view of the threat of more frequent near-Earth asteroid impacts, the asteroid dynamic push away deflection
disposal mission was demonstrated. The disposal method was pushed away the asteroid multiple times by penetrating and anchoring
the asteroid surface and by electric propulsion. In this paper, a dynamic model of near-Earth asteroids was established to study the
change of orbit deviation of asteroids with different rotation states under the dynamic push away treatment strategy. Taking the
deflection of 2019VLS5 asteroid as an example, the efficiency of dynamic push away disposal and the feasibility of the project were
evaluated by numerical simulation. The simulation results show that during the warning time of 4 years the maximum deflection
distance of the asteroid could be 2.91 x 10* km under the small 0.4 N thrust applied to the specific orbital position, and the
maximum deflection distance of the asteroid could be 9.0 x 10* km after 2 500 days of disposal. The dynamic push away disposal of
asteroids can effectively deflect threatening asteroids, and can be used in future asteroids deflecting defense missions and orbit
transfer missions against other space object attacks.

Keywords: near-Earth asteroids; planetary defense; dynamic push away; deflection disposal

Highlights:

e The dynamic model of the dynamic push away deflected asteroid is analyzed.

e Taking the deflection of 2019VL5 asteroid as an example, the numerical simulation method is used to simulate the trajectory

deflection of the asteroid with different rotation states under the dynamic push away disposal strategy.

e The simulation results show that the dynamic push away disposal strategy can effectively deflect threatening asteroids.
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