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A study of the failure of cased charge under impact of reactive fragments
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Abstract: Reactive fragments are composed of multifunctional impact reactive structural materials. After reactive fragments
penetrate the front target of warhead, the debris cloud generated by the sufficient reaction of reactive material will damage the
medium behind the target in the form of kinetic energy-chemical energy coupling damage. Ballistic impact experiments and
finite element simulations were conducted to investigate the impact damage effect of reactive fragments on cased charge.
Based on the criteria for failure levels of cased charge characterized by equivalent fragments initial velocity and equivalent
gurney velocity, the ratio of the equivalent gurney velocity under abnormal detonation conditions to gurney velocity or the ratio
of the equivalent fragments initial velocity under abnormal detonation conditions to the fragments initial velocity is used to
measure the reaction violence of the cased charge. Equivalent gurney velocity of cased charge under impact of inert fragments
and reactive fragments, response duration of cased charge, the damage of the authentication target, and the peak pressure of
explosive layer are compared. The influence of energy release characteristics of reactive fragments on the failure of cased
charge is also analyzed. The results show that explosive detonate under the impact of inert fragments, while explosive
deflagrate or explode under the impact of reactive fragments. The steel verification target only presents significant circular pit
during explosive detonation. The explosive detonation process captured by high-speed photography is on the microsecond

scale, while the explosive explosion or deflagration process is on the millisecond scale. Under the penetration of six reactive
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fragments, the corresponding ratio of equivalent gurney velocity to gurney velocity ranges from 0.014 to 0.233, which is far
below the ratio of equivalent gurney velocity to gurney velocity under the condition of inert fragments penetrating cased
charges. By using AUTODYN, the peak pressure at the observation point on the axis of the cased charge during detonation
failure under the penetration of inert fragments ranges from 17.3 to 34.5 GPa, while the peak pressure of cased charge during
deflagration failure under the penetration of reactive fragments ranges from 1.04 to 3.62 GPa, which is far below the critical
detonation pressure. Based on the ratio of the equivalent gurney velocity to gurney velocity, the peak pressure of explosive and
superimposed effect of kinetic energy and chemical energy of reactive fragments, the idea that it is difficult to detonate cased
charge under the penetration of reactive fragments is proposed.

Keywords: reactive fragments; equivalent fragments initial velocity; equivalent gurney velocity; cased charge; deflagration
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Fig. 2 Schematic of terminal ballistic experimental setup and experiment environment
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Table 1 Parameters of reactive fragments

W s W2 WA Rt /mm AR B Fitit/g
1 TR R 212x12 455K 10.44
2 SN R 212x18 DU/PTFE 16.46
3 SN R 212x18 AI/PTFE 432
4 SN R 212x18 DU/PTFE 16.27
5 SN R 212x18 DU/PTFE 7.32
6 SN A 212x18 DU/PTFE 7.40
7 S 212x18 DU/PTFE 12.53
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8.044 250.6 1.8 0.4 1.426 500 1450 2.2584 0.9
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Fig. 5 Damage of steel identification target after fragments impacting cased charge
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Fig. 6 Typical high-speed photography of specimen failure after fragments impacting cased charge
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Table 3 Comparison of experimental results between reactive fragments and inert fragments impacting cased charge

R P HHHEE/(mes™) Vi /(m-s™) \2Es, /(ms™") ki STERE IR L JELGRER
1 1210 1198 2598.7 0.964 EVALIEY IEH S
2 934 290 629.1 0.233 e PEIE
3 1298 17 36.9 0.014 TE ML PR
4 869 186 403.5 0.160 TE ML PR
5 888 159 3449 0.128 TN P
6 875 26 56.4 0.021 TEM LS
7 927 132 286.3 0.106 TME FRHA
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Fig. 7 Simulation results of fragments impacting cased charge
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Table 4 Comparison of experimental and simulation results of inert fragments and

reactive fragments impacting cased charge

Vasi 2Es; ke,
[ =2
TE/(msT)  HEAmsT) iRE% TH/(msT)  HEAmsT) RE% S LiE=N PRE/Y%
1 1198.0 12113 1.11 2598.7 26275 1.11 0.9640  0.9740 1.04
3 17.0 182 7.06 36.9 39.5 7.04 0.0137  0.0146 6.57

33 MEHARIEEEN

PP P il e B 24 5 LAk 1 7 AW AT A A B T (p) QL 8 BTz o 7 AN LI st () W R )
P9I 17.3, 23.8, 27.4, 29.6. 31.6. 33.1 1 34.5 GPa, 1 i T 3 76k N 2520 25 H ) B KE 24 I SL B 188 15 )
5.63 GPa, 455 XN Y ke, P HI BT 5025 24 K A TE M35 R A0

35
Gauge 1
Gauge 2
281 Gauge 3
Gauge 4
< 21F
=¥
9
S 4t
7 -
0 5 10 15 20

8 MR el Al e e 2 I e (AOULIN 5 P (T g I R 2

Fig. 8 Peak pressure histories at the observation points of the casing when inert fragments impacting cased charge
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