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it /NT R (Near Earth Asteroid, NEA) FEHLiE
T H SEEEAEL.3 AU HI/MT &, & LHE nT &Il 4
HN4ZE: AtirasB. Atens®!. ApollosZ! &z Amors#d'",
T SHEREEAERL S, AtensZ 5 Apollos B T /)
A7 B B A v (g o R R o 30 I SR K
INFHIERE S (Minimum Orbit Intersection Distance,
MOID) /)7°0.05 AU, H&HEARKT 140 mi1/M7TEE
SRR M 3R AA) R AE B (13 Hh /NAT 2 (Potentially
Hazardous Asteroid, PHA) . # H5ER kA,
AIAE R b X 2R AR G| R E KR H Y A ER20234F
2H16H, CRMAINEAIL3T 3385, HPHASL
233040, HEHE WIS HERE, 230 H VIEARTIE K.

N RV LE B I T B SR, R TAT AR
BN, I H 199447 F EoRS o F 405 TR 1 21
PRt )2 )0, BOL T EBR/MT R UM (Intern-
ational Asteroid Warning Network, IAWN) . ZS[A{T5%
&)/ (Space Mission Planning Advisory Group,
SMPAG) FEEPRHL, FHPEH 7B #% (Nuclear
Explosion) "\ Zjfefidi (Kinetic Impact) . 5| 7JZ:75]

ek HIH: 2023-03-09  &[EIHIA: 2023-05-02

HEUH: FXERPEEE (11672097)

(Gravitational Traction) ', KXPHYt/E (Solar Photon
Pressure) "\ “DUAT A7 RYIESPIET B Hrh
BRIV I B I fE R NT R, R B Re i kA
MTEPGERTIZ A, I HAE I R R R T
5” (Deep Impact) H5“X/N7 E PG
(Double Asteroid Redirection Test, DART) {F5545 %
T ER IR

1) Deep Impact A3k HLE F 9P/ Tempel 14 MEF
fENEZE A bR CERE bR E R WA, R 2% 5 4
Hil 4 5 2y 5L & 2% (Impact or Targeting Sensor,
ITS) , 370 kg, i E£10.3 km/s. X&)
FEREHT, I A W FEIA S km/s, IR
214X 10° kg, EEIP/Tempel 117 B4 T %110 km"*",

2) DARTAES fi# 7 H s N XIMT B R 4iDidymos
/I ) Dimorphos P Al 4 i i i ROR™ . 3 i IR
o, il XKEORR A HEA R, H7E R S R R A
T R EIE A FE M Dimorphosik i . 48 5 J5 T i F 08
7R, Dimorphos/A#4 B #IZE 733 £ 1 min™", zh&E
G 7 B =3.617000" . AT 55 9 NFE B IR ET X Ak
RARTF JE 1) B Re I 7 24 Re VPA 50, RHAR K AR BEHES)
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Fig. 1 Generation steps of rubble-pile model
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Fig. 4 Target model with boulder mass accounting for 30%
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Fig. 5 Contact and compression process of rubble-pile target
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Fig. 6 Secondary debris formed by boulders near the intersection of the
impactor and the target due to jet impact
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Fig. 7 Morphology of impact-induced ejecta during excavation
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Fig. 8 Comparison of ejecta angle at excavation stage
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Fig. 10 Propagation of transmitted wave in gravel

EAERRE, B BRI DAL BR A R
U OR,  dofoly J 4f DX 3 P9 B A ) A A i, (2 8 o ol
PR RRAT 5 R R BSGH) J B PRR AR 4, B A
o I IS G R, WA R . Dellerss ™4
TERAFIAE R T AZ R, TR W] RE (A I P 4
iy X R R IR S AR AR AR, R AR 2
i i R S R T BE VR R R SR 18 3

NRIAR30% 5 B 5 L

50% INREARS0% 5 B L

11 B AT o ot g ) 1 47

Fig. 11 Propagation of shock wave on target profile
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Research on Characteristics of Hypervelocity Impact-Induced Ejecta in
Rubble-Pile Targets

ZHANG Hongyu', CHI Rungiang', SUN Miao', WANG Han', PANG Baojun', ZHANG He’

(1. Hypervelocity Impact Research Center, Harbin Institute of Technology, Harbin 150001, China;
2. Beijing Institute of Spacecraft System Engineering, Beijing 100094, China)

Abstract: Kinetic impact deflection is a highly feasible and mature technique in the field of asteroid defense, and has been
successfully implemented in related deep space exploration missions. However, a critical issue associated with this technology
pertains to the optimization of momentum transfer during the impact process, as well as the evaluation of impact efficacy through
analysis of ejecta observation data, for a diverse range of asteroid types. In this study, a target model composed of rubble-piles,
constructed with varying proportions of boulder size and mass ratio, was developed and subsequently subjected to numerical
simulations of hypervelocity impact of aluminum impactors. The impact of boulder size and mass proportion on the morphology of
the ejecta was investigated, and the underlying mechanisms governing these effects were elucidated. The results of the investigation
demonstrated that asymmetrical ejecta morphologies were produced as a result of the hypervelocity impact of aluminum impactors
on rubble-pile targets, with ray-like ejecta emerging in the gaps between the boulders. The ray part of the ejecta has a larger eject
angle, and the ray length and quantity are related to boulder diameter and mass ratio. Based on the rubble-pile target model
established in this study, it was found that the maximum momentum of the ejecta produced in the opposite direction of the impact
velocity was generated by large-diameter boulder targets. This paper can provide valuable reference for the selection of impact zones

in future kinetic impact deflection missions.

Keywords: asteroid defense; rubble-pile structure; hypervelocity impact; impact-induced ejecta

Highlights:

e Based on the distribution characteristics of surface boulders on the asteroid, a model of rubble-pile structure target was
established.

e Numerical simulations were conducted on the ejecta produced by hypervelocity impact on targets with different boulder sizes and
mass ratios.

e The characteristics and mechanisms of ray-like ejecta produced by hypervelocity impact on the rubble-pile target were analyzed.

[TfEs it RK, LT RAE]



	引　言
	1 数值模拟
	1.1 砾石堆模型生成
	1.2 材料模型及参数

	2 数值模拟结果
	2.1 溅射物形成过程与特性
	2.1.1 接触压缩阶段
	2.1.2 开挖阶段

	2.2 射线形溅射物形成机制
	2.3 溅射物动量

	3 结　论
	参考文献

