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Fig.2 Experimental configurations with different bumpers: (a) config-
uration with aluminum bumper and (b) configuration with

TiB,-based composite bumper
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Table 1 Experimental parameters of hypervelocity impacts
Thickness of ceramic Thickness of aluminum Projectile Estimated impact
No. Bumper structure . . 1
layer/mm layer/mm diameter/mm velocity/km s

1# Ceramic 0.65 — 3.0 3.0

2# Ceramic 0.65 — 3.0 5.0

3# Ceramic 0.65 — 3.0 7.0

44 Aluminum — 1.0 3.0 3.0

5# Aluminum — 1.0 3.0 5.0

6# Aluminum — 1.0 3.0 7.0

7#  Ceramic/Aluminum 0.65 0.5 3.0 3.0

8#  Ceramic/Aluminum 0.65 0.5 3.0 5.0

9#  Ceramic/Aluminum 0.65 0.5 4.0 7.0

10# Aluminum — 15 3.0 3.0

11# Aluminum — 15 3.0 5.0

12# Aluminum — 1.5 4.0 7.0

R2 HBERERTIERER
Table 2 Experimental results of hypervelocity impacts

No Measured impact Diameter of ceramic  Diameter of aluminum  Damage situation of rear plate (the damage status

) velocity/km 5™ perforation/mm perforation /mm and the number of discriminative defects)
1# 3.15 4.62 — Failure, perforationxl, large bulge>5
2# 5.20 5.35 — Pass, no perforation, small bulge>32
3t 7.22 5.57 — Pass, no perforation, small bulge>3
44 3.00 — 5.50 Failure, perforation>2, large bulge>13
5# 5.11 — 6.95 Pass, no perforation, small bulge=103
6# 7.32 — 7.62 Pass, no perforation, small bulge>287
T# 2.93 5.25 8.61 Failure, perforationxl, large bulge>l.
8# 5.20 8.92 12.65 Pass, no perforation, small bulge>39
o# 6.84 19.31 24.16 Pass, no perforation, small bulge>4
10# 2.88 — 5.85 Failure, perforationxl, large bulge>3
11# 5.24 — 7.79 Pass, no perforation, small bulge>57
12# 6.90 — 11.23 Pass, no perforation, no obvious bulge
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Fig.3 Perforation characteristics of the bumpers: (a) TiB.-based

composite and (b) aluminum
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Fig.5 Perforation characteristics of front ceramic plate of

ceramic/aluminum bumper (v=7.32 km/s)
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Fig.6 SEM images of the perforation microfractography of the
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Fig.7 Perforation fracture morphologies of ceramic bumper under different impact velocities: (a) 3.15 km/s, (b) 5.2 km/s, and (c) 7.22 km/s
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Fig.8 Al element distribution of the perforation in ceramic bumper

(v=7.22 km/s): (a) front surface and (b) rear surface
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Fig.9 Damage situation of the rear wall: (a) rear wall behind the

aluminum bumper (v=7.32 km/s) and (b) rear wall behind
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the ceramic bumper (v=7.22 km/s)
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Fig.10 SEM images of various impact area on the rear wall: (a) centre intensive impact region, (b) annular disperse impact region, and

(c) outer radial impact region
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Fig.11 SEM images of craters in the annular disperse impact region:

(a) crater caused by liquid drop and (b) craters caused by

solid particles
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Fig.12 Damage situation of the rearwall behind the aluminum
bumper (6.9 km/s) (a) and the rearwall behind the

ceramic/aluminum alloy bumper (6.84 km/s) (b)
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Fig.13 Expanding process of debris cloud behind the aluminium
alloy bumper under impact velocity of 5.11 km/s (time

interval is 10 ps)

Bl 14 TiB, R & BTE 5.20 km/s fii i % PR =9
L uwi
Fig.14 Expanding process of debris cloud behind the TiB,-based

ceramic bumper under impact velocity of 5.20 km/s (time

interval is 10 ps)
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Damage Behavior of TiB,-based Ceramic Composites under Hypervelocity Impact

Huang Xuegang, Huang Jie, Wen Xuezhong, Li Jing, Jiang Lin, Zhang Jun, Xing Yingli, Liu Sen
(China Aerodynamics Research and Development Center, Mianyang 621000, China)

Abstract: In order to improve the protective capability of spacecraft shielding configuration for hypervelocity impact of space debris, the
Whipple-based shield configuration within the thin-plate bumpers of TiB.-based ceramic composites were manufactured (i.e. the
monolayer bumper of ceramic plate, the double-layer bumper of ceramic/metal plate). The hypervelocity impact experiments were carried
out on a two-stage light-gas gun to compare the above novel bumpers with the typical aluminum alloy bumper under the impact velocity of
2.88~7.32 km/s. The perforation characteristics of front bumper, the damage characteristics of rear wall and the structural c haracteristics
of debris were studied by combining the SEM fracture morphology and EDS elements distribution, especially, the relationship among the
material properties and structure features of various bumpers, the formation process of debris clouds, the cratering mechanics of rear wall
was discussed. The results show that the monolayer ceramic bumper can effectively smash the projectile to smaller pieces in debris cloud.
Since the impact Kinetic energy of projectile fragments is distributed into the smaller particles of expanded debris cloud, the protective
capability of the monolayer ceramic bumper exceeds the typical aluminum alloy with equal areal density. Moreover, the protective
capability of the monolayer ceramic bumper is obviously promoted with the increasing impact velocity. On the other hand, for the
double-layer ceramic/metal bumper, due to the difference in acoustic impedance between the ceramic and aluminum, the impact wave
could causes serious fracture in the front ceramic plate as well as the curling deformation of rear aluminum plate, and the damage degree
of ceramic/metal bumper increases at higher impact velocity. Because of the larger impact fragments and the smaller expanding bubble of
the debris cloud, the protective capability of the double-layer ceramic/metal bumper is worse than the traditional aluminum bumper on the
contrary.
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