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Experimental investigation on characteristics of
layered ice spheres under high-velocity impact

TAN Xiaojun, FENG Xiaowei, HU Yanhui, XIE Ruoze, YANG Shiquan, BAI Yunshan
(Institute of Systems Engineering, China Academy of Engineering Physics, Mianyang 621999, Sichuan, China)

Abstract: The hail impact has become a realistic threat for aerospace industries. Natural hail ice has a spherically-layered
construction. In order to study the impact failure characteristics and damage ability of hail ice, spherically-layered ice spheres
with two layers were created. A series of high- velocity impact experiments were conducted for the simulated hail ice spheres
(both monolithic and spherically layered ice) through a smooth barrel gas gun. The dynamic failure properties of ice spheres
were studied using high-speed video images during the impact event. Based on the experimental results, it is found that both
the monolithic and layered ice spheres present the similar macroscopic crushing characteristics. The ice fragments are formed
in the early impact stage. Fragments trajectories lie almost in the target plane. The angle between the fragment trajectories and
the plane of the target increases with the increase of impact kinetic energy. A possible explanation for this phenomenon could
be attributed to the release rate of projectile kinetic energy. The impact force histories of ice spheres under different velocities
were recorded by a force measurement bar apparatus. The impact force curves of monolithic ice show a trend of a sudden
increase of the force reaching a maximum, followed by a more gradually decreasing force versus time decay. However, the
impact force curves of layered ice show a second rising signal at the last stage. The formation mechanism of the secondary rise
signal is hypothesized that the internal small ball is not completely fragmented due to the deflection of failure front at the
interlayer interface during impact process. The measured peak impact force is observed to increase with the increase of the

projectile kinetic energy. The maximum peak force is reached at very early stage of the impact. Then the ice is actually
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fragmented, which can not transfer more momentum in the impact direction. In addition, there is a suggestion of higher impact
forces for layered ice. This result is expected that the fragmentation process of layered-ice spheres is delayed by the interlayer
interface, which is able to transfer much more momentum in the direction of the impact. The achievements of the study are
helpful to better understand the dynamic mechanical behaviors of ice under impact loading, and can also provide reference for
the safe design of aerocraft structure.

Keywords: layered ice sphere; high velocity impact; impact force; dynamic failure; internal layer
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Fig. 1 Spherically layered construction of hail
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(a) Monolithic (b) Flat-wise layered (c) Spherically layered
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Fig. 2 Simulated hail ice constructions (monolithic and layered)™®
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Fig. 3 A mold for production of ice spheres
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Fig.4 Location method of small ice spheres in the mold of big ice spheres
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Table 1 High-velocity impact test parameters of ice spheres
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Fig. 8 High-speed videos of monolithic ice spheres impacting on force measurement bars
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(a) v=162 m/s, interval time is 150 ps

(b) v=102 m/s, interval time is 250 us

(c) v=87 m/s, interval time is 350 ps
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Fig. 9 High-speed videos of layered ice spheres impacting on force measurement bars

DIERAE oy M4 L ARG A 2o P ) L R R 1 LY
FrUT- i a6 18 ol 12 3, AR A A W 09 S5 1] i
19 Guégan S BETE T AR AR ANF & A

1+t Rigid target
Trajectory of L

%ﬂxlﬁlﬁﬁiﬁfﬁ?bﬁﬂiﬁE‘Jﬁf’ﬁl{ﬂiﬁffﬁj@, *5 ice spheres

W R S 1 I AR E oy N2 UK ER AR L AR \@ ______________________

i RIS, BIAb T 10~202 [A) . 4% A 10

JIt 7 BB R B i I S 6 ) SC, B 1T AL 12

S5 145 U1 T K ARCBR A o 9 A B BN O TR 4 IR 10 BRGSO

[vi) I B £ E Fig. 10 Definition of the post-impact angle
(a) v=80 m/s (b) v=129 m/s (c) v=201 m/s

BT SRR uACRR e A o e B 1) TS £ JEE

Fig. 11 Fragmentation post-impact angles of monolithic-ice spheres

113301-6



5 40 % IR, A5 FORGER VKR I o o e S0 ERRE ]

(a) v=87 m/s (b) v=102 m/s (c) v=162 m/s

12 ARG H DRk 4 ol A A B i S 4

Fig. 12 Fragmentation post-impact angles of layered-ice spheres
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Fig. 13 Force time history traces for monolithic-ice spheres Fig. 14 Force time history traces for layered-ice spheres
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Table 2 Secondary rise signals in force-time histories of layered ice spheres
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