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Figure 1 Schematic diagram of asteroid orbit deflection.
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Table 1 The main parameters of dynamic push away

24 Kl ik
RS (kg) 6000 HE
KPAMETIAR (m) 300 A
AR BE R TR ELT (%) 88 -

X BH R 2 HL80% (W/m®) 235 -
R B K AT TR (W) 60000 -

AR RHE ) (N) 2 -

HAELL I (s) 4000 -

QB EE (a) 3 -
HEIRERTER (°) +90 Wi %

K RO A T3, e/ MT R 51 BT A 2
EUOR 0 TARESEILTT T R, BT DL 230 7 2 ik
frisfitife.
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Table 2 Asteroid simulation parameters

i LS HE
FK A (AU) 1.000
[l 0.279
HUBMA (°) 1.698
T2 sS4 (°) 280.733
10 SR () 236.188
HiL s () 28.171
i (kg) 3.817 x 10"
SR BRE (kg/m®) 2700
S EAR (m) 300
R (h) 36
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Figure 2 Orbital offset resulting from tangential, radial, and normal
thrust applied along the asteroid’s orbit. (a) Apply thrust in the
tangential direction; (b) apply thrust in the radial direction; (c) apply
thrust in the normal direction.
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Table 3 Influence of electric propulsion switch threshold angle on

deflection distance when the asteroid’s spin axis is perpendicular to the
orbital plane

HHETFNLBRME MG ) BT LI R S K Am L PR
E#BERA) (°) fitk (%) (km)
490 32.76 1610
+75 29.63 1595
+60 27.31 1470
+45 22.28 1200
+30 15.76 848
+15 8.16 439
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Figure 3 (Color online) Schematic diagram of dynamic push away scheme assumption and deployment process based on solar electric propulsion.
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Figure 4 (Color online) Schematic diagram of dynamic push away deflection disposal strategy when the asteroid’s spin axis is perpendicular to the
orbital plane (Strategy 1).
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Figure S (Color online) Schematic diagram of dynamic push away deflection disposal strategy when the asteroid’s spin axis is parallel to the orbital

plane (Strategy 2).

INEIREIRAE 5 & A BEVSAR AR X PR B A2 /MT 2 3R, B
HEZERG PPN REDROLSE.  [RIREH, 7 (i 55 SRE =
Hh HE E AR A HE 0 KN E BT REVRAG BT SR L e K
/N, HLT7 1A B /INMT 2 R T LB AR A

XSS = AT BT, S5 RIS R, @i xt
HLRSMARI AR AT A 1, /M7 2 AR 717 TH0E
TR, SR FH i 4 S s = R 4R i 1 /M T 2 B e R

F 4 /DT R BRI AT BIUE N AT B EE A R
e BE S RS
Table 4 Influence of electric propulsion switch threshold angle on

deflection distance when the asteroid’s spin axis is parallel to the orbital
plane
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Figure 6 (Color online) Schematic diagram of dynamic push away deflection disposal strategy of dual-energy chambers when the asteroid’s spin axis

is parallel to the orbital plane (Strategy 3).
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Table 5 Influence of the electric propulsion switch threshold angle on
the deflection distance when the asteroid’s spin axis is parallel to the
orbital plane using the dual-energy chamber strategy
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Table 6 Simulation results of deflection when the angle between the asteroid’s spin axis and its orbit normal is 30°

FRLET WL BREL A B (HE ) S5 S )

TiH sl SR s
+75° +60° +45° +30°
L ] 5 e (9% AHES) 27.16 24.63 18.95 9.66
yEEEl %
oo AHER BT 27.16 24.63 18.95 9.66
N AT 283 252 249 84
Wb E SRR R MRS (km) i
AR E TR 385 351 285 91
. o AT 1127 1065 887 456
{15 45 R B KA FE 5 (km) i
BHER BT 1462 1325 1020 516
F 7T MTE AEHS RLHUE LN I R4S LT A R
Table 7 Simulation results of deflection when the angle between the asteroid’s spin axis and its orbit normal is 45°
o R L R A7 BE (3 07 553 FE )
Ti s il ek
+75° +60° +45° +30°
e EBLI T 5 L (% AHES] 23.88 20.64 12.64 5.38
oElE %
o0 B S alint] 23.88 20.64 12.64 5.38
b B L R R B AT 180 166 115 48
R 7 (m) A+ B 254 220 137 52
O Ee AT R B ABHES) 905 835 563 228
(LA R L)
) HO (ham) AR 1286 1110 676 245
F 8 /MTE AEHS KB I M R0 L AR
Table 8 Simulation results of deflection when the angle between the asteroid’s spin axis and its orbit normal is 60°
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oElE 00
o0 AR ERT 18.62 12.30 7.05 3.92
L4 A KRS (k D 2! » > >
R (ham) A+ 2% B S 197 133 65 29
(L N (R B A HES) 610 471 265 127
HZh Nj
HE (ham) B lint] 1004 662 312 136
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Table 9 The results of dynamic push away deflection of the asteroid
in different spin axis directions under three deflection strategies (the
electric propulsion switch threshold angle is £75°)

B #5508 R IE R (km)
ARRA e — S — bl =

0° 1595 0 0
30° 1462 174 542
45° 1286 304 393
60° 1004 388 1123
75° 495 437 1238
90° 0 779 1229
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Figure 7 (Color online) The effect of dynamic push away deflection
of the asteroid in different spin axis directions under three deflection
strategies (the electric propulsion switch threshold angle is £75°).
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Table 10 Effect of electric propulsion switch threshold angle on the
proportion of push away time in the whole disposal process of the
asteroid under different spin axis directions (using dynamic push away
strategy 1) (unit: %)

LT HLR (B A BE () S TR LR )

Hi S5

ERFRA 450 +30° +45° +60° +75°
0° 8.16 1576 2228 2731  29.63
30° - 9.66 1895 2463 2716
450 - 538 1264 2064  23.88
60° - 3.92 7.05 1230 18.62
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Flgure 8 (Color online) Effect of electric propulsion switch threshold
angle on the proportion of push away time in the whole disposal process
of asteroid under different spin axis directions (using dynamic push
away strategy 1).
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Figure 9 (Color online) Effect of thrust vector adjustment on dynamic
push away deflection (using dynamic push away strategy 1).
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Table 11 Effect of thrust vector adjustment on dynamic push away deflection (using dynamic push away strategy 1) (unit: km)

B ¥ S . FLHETT AL BRMEL Ay FE (HE g 5538 2 e £ )
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. AT - 127 265 471 610
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Scheme assumption and disposal strategy study of asteroid dynamic
push away based on solar electric propulsion

PENG YuMing'”, XUE LuYao'”, GENG ZhiQing” & LU Xi'’

: Shanghai Institute of Satellite Engineering, Shanghai 201109, China;
? Shanghai Key Laboratory of Deep Space Exploration Technology, Shanghai 201109, China

Near-Earth asteroids pose a potential impact threat to the Earth, and how to effectively and controllably implement defense programs
has become a hot issue in recent years. The dynamic push away disposal method using electric propulsion can change the orbit of the
asteroid in a sustained manner, making it possible to control the deflection of the asteroid. In order to meet the needs of asteroid
defense deflection in the future, this study proposes a distributed asteroid dynamic push away disposal scheme based on solar electric
propulsion. Through the distributed deployment of energy system and propulsion system, the comprehensive efficiency optimization
of energy supply and orbit deflection is realized. On the basis of this scheme, three kinds of attached deployment and deflection
disposal strategies are proposed for asteroids with different rotation characteristics, and the effects of electric propulsion switch
threshold angle, thrust vector adjustment, and other parameters on asteroid deflection effect are compared and analyzed. It is found
that the dynamic push away disposal strategy based on solar electric propulsion can deflect near-Earth asteroids with the size of
100 m, and this study can provide a reference for near-earth asteroid defense.
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