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Table 1 Parameters of Lee-Tarver model of PTFE/Al-based RM
denotion velocity energy per unit
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/m-s mass / KJ-g
15700 2.3 7 0.6 0.38 5200 5.43 44 200 0.222
d y C,/m-s’ S, A, / MPa B, / MPa n C m
0.666 1.6 1450 2.25 8.04 250.6 1.8 0.4 1.0

Note: A,, B,, R,, R,, w, are constants for equation of state of material. 7, G, c, d, y are parameters for material reaction rate equation. C,, S are material con-

stants from plate-on-plate impact tests. A,, B,, n, C, m are constants for material strength model.
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Table 2 Parameters of Al-based RM and Q355 steel materials

p A,/ B,
B C m
/g-cm™ MPa /MPa
Al-based RM 7.9 365 1153 0.404 0.0125 1.391
Q355 7.8 339 620 0.403 0.02 0.659

Chinese Journal of Energetic Materials, Vol.31, No.8, 2023 (786—796)

LS B RS 50 g R, i HgRY
TG 45 AR 22 /N T 15% , B IA Jy 240 1 R RS 780 2 500
B AR S BE A5 MR IR R Y £ )2 4 )8 W RS
A B 56 4 G e PR LR S A R ST B E
AP 5 R 3 TR o B S AR RO A R0 R AR
OGN QR TN S € RN I B N e o -2 K e
&, 0~1 22 [B) 7 b4 Ak 9 P A8 0% 2 5, B0 e vy DU 9
PEAF T AR 8 K

Hi [ 5 2% 3 ) A1, PR 55 BE 45 K b RE T H R 4= 1Y)
EH T B R S0 45 A . PTFE/AI L & RESS
A ek A Xk == A Al S8 0 A 21 5 B 285 R 4300 Sy o
FEWEIR A6 vl 28 5 A G FLOR TR L/ B,
58025 A . BREE =2 SR g R B4 R4
SR W R A, H: A W A FL R B8 05 RS 1 1 LA SR Y
500 4 RS . AL FE B RE 25 #4443 R ) g
J2 5 i 58 1 A5 X 1 D B85 SR 43 0 Sk v i SE SR AE
I h 57 A5 R LA TR L/ e v ZE L AN
AR DT, SIS R . Al ST RELS
FERA Ak S8 S T — )23 B AR FL RS R 5 L5 2R 5
At

www.energetic-materials.org.cn



BRIE 5 I 45 ¥ A R 0 0 e o o S oy 2 )% o0 A0 Y B0 A A 791

target 3

0.0
EFFPLSTN
a. the simulation and experimental comparison results of multilayer thin steel target after penetrated by PTFE/Al-based RM
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b. the simulation and experimental comparison results of multilayer thin steel target after penetrated by Al-based RM

B 5 PR RELE TR SR R A S 22 4 R SR B O A 7 L S 45 R X L
Fig.5 The damage mechanisms of simulation and experimental comparison results of multilayer thin steel target after penetrated
by two kinds of RM
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Table 3 Simulation and experimental comparison results of broken hole and damage area size

target 1 target 2 target 3 target 4

PTFE/Al-based Al-based PTFE/Al-based Al-based PTFE/Al-based  Al-based PTFE/Al-based Al-based

RM RM RM RM RM RM RM RM

d Dyq d D, d Dyq d Dyq d Dy d Dy d Dy d Dy
Experimental result /BD 1.3 - 1.4 - 4.3 10.2 4.7 10.0 - 2.0 1.2 83 - - - 4.2
Simulation result /BD 1.4 - 1.4 - 4.2 11.6 4.2 9.5 - 3.7 1.3 6.2 - - - -
Error 7.7% 0% 2.3% 13.7% 10.6% 5.0% - 85% 8.9% 25.3% - - - -

Note: BD is short for bullet diameter.
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e. the target morphology after penetrated at 2400 m-s™
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Fig.6 The simulation results of Q355 target morphology after penetrated by PTFE/Al-based RM projectile at different velocity
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Fig.7 The variation of broken hole size of Q355 target after
penetration by PTFE/Al-based RM projectile at different velocity
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Fig.8 The simulation results of Q355 target morphology after penetrated by Al-based projectile RM at different velocity
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Investigation on Damage Characteristics of Multilayer Thin Steel Target Penetrated by Hypervelocity
Spherical Reactive Materials Projectile

CAO lJin', CHEN Chun-lin', MA Kun', GAO Peng-fei', TIAN Hong-Chang', FENG Na'*, QlAN Bing-wen'
(1. Northwest Institute of Nuclear Technology, Xi"an 710024, China; 2. Beijing Institute of Technology, Beijing 100081, China)

Abstract: By using penetration experiment and numerical simulation methods, the damage characteristics of the multilayer thin
steel target penetrated by reactive materials (RMs) under hypervelocity impact condition was investigated. The two-stage light
gas-gun was used to study the damage mode of PTFE/Al based RM and Al-based all-metal RM to multilayer thin steel target, the
influence of material type and penetration velocity on damage effect is presented. The results show that, compared with inert
metal, both of RMs have lateral damage enhancement effect on multilayer thin steel target, which the broken hole size of the
second layer can reach more than 4 times of the bullet dimeter (BD). The AUTODYN numerical simulation software was used to
prove the efficiency of the RM parameters and then the damage effect numerical simulation of RMs were carried out. The results
show that the damage characteristics of PTFE/Al-based RM and Al-based all-metal RM to multilayer thin steel target can be de-
scribed by J-C model combined with Lee-Tarver model and J-C model combined with Shock equation respectively. Additionally,
the phenomenon that the increase in penetration speed can hardly improve the lateral damage enhancement effect of the PTFE/
Al-based RM but can significantly improve that of the Al-based RM to the multilayer steel target, which is mainly due to the dif-
ference in energy releasing mechanisms between two kinds of RMs.

Key words: PTFE/Al-based reactive material; Al-based all-metal reactive material; hypervelocity impact; multilayer steel target;
damage efficiency
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