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Table 1 Experimental parameters

t'./mm

t,/mm

t./mm

v/(km+ s!

) d,/mm
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0.15

Feq; Siye By
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Fig. 2 Front side of the rear wall
2

Table 2 The characteristics of craters on the rear wall

v/(km s ") d mex /MM P,../mm n n ns
LY12Al 6.5 1.0 1 95 374

3.5 Fe;; Siyy By 4.0 0.7 0 125 995

TiC 12.0 1.0 1 227 3513

LY12Al 3.0 1.0 0 438 2 337

5.5 Fe;; Siyy By 3.0 1.0 0 323 3 757

TiC 2.5 0.7 0 59 ~10°

1994-2014 China Academic Journal Electronic Publishing House. All rights reserved.
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Table 3 Material properties of coating and LY12 Al substrate
o/(g+cem™) Y./MPa Y./MPa c¢/(kmes™') ¢, /(Jeg ' KD T/K
LY12Al 2.78 340 340 6. 32" 0. 90" 933"
Fes; Siy By 7.20% 2 9807 2 9807 5. 94" 0. 45" 1198”
TiC 4,94 2 500 118.6 9. 00 0.75 3100
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Hypervelocity impact experiments
on new gradient Whipple shield structure

Huang Xin', Ling Zhong', Liu Zong-de’, Zhang Hu-sheng', Dai Lan-hong!
(1. State Key Laboratory of Nonlinear Mechanics, Institute of Mechanics ,
Chinese Academy of Sciences, Beijing 100190, China;

2. Key Laboratory of Condition Monitoring and Control for Power Plant Equipment of
Ministry of Education, North China Electric Power University , Beijing 102206, China)

Abstract: The protective capability of a new gradient Whipple shield structure was investigated. The
new structure consists of a gradient bumper at some stand-off distance from a rear wall. Different
from a traditional monolithic LY12 Al bumper, the gradient bumper is a double-layer structure in
which a coating of metallic glass or ceramic is deposited on a substrate of LY12 Al alloy. To evaluate
the performance of this new shield structure, hypervelocity experiments were conducted on two new
Whipple shields (with different coating materials) and one traditional shield using a two-stage light-
gas gun at the velocities of 3.5 and 5. 5 km/s. Damages including a penetration hole in the front
bumper and craters on the rear wall were studied. The results show that the protective capability of
the new shield with Fe-based metallic glass coating is higher than that of the traditional one at the ve-
locities of both 3.5 and 5.5 km/s, and the shield with ceramic coating is apparently better than the
traditional one at the velocity of 5.5 km/s. A dimensional analysis of the parameters involved in the
hypervelocity impact indicates the important dimensionless parameters that influence the performance
of the new shields. It is found that the gradient bumper can increase the damage number of the projec-
tile, therefore the new shield structure can provides higher protection level than the traditional one.

Key words: solid mechanics; metallic glass; ceramic; hypervelocity impact; space debris; Whipple

shield



