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Fig. 1 Test method Fig. 2 Bulletproof vest and helmet (before the experiment)
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Fig. 3 NLG202-Z tachometer Fig. 4 Fragments and sabots
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Fig. 5 Bulletproof vest and helmet (after the experiment)
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Table 1 Data of penetrating test

1 933.2 597.0 i 7 716.8 216.5 FiE
2 838. 4 406. 9 B 8 706. 3 15.1 B
3 784.3 340. 6 E 9 699. 8 0 A
4 771.5 290. 2 i 10 663. 4 0 KFEB
5 740.7 270. 4 G 11 604.6 0 ENT
6 739.5 228.9 B

023304-2



% 39 & JA B SE NRST R X R B 0 A R B 52 )

R2 EUMELERBEE
Table 2 Data of penetrating helmet

. : i : . o R ‘
wwpmn ps CHERES e | wmps s TIEEL O Lins
(mess ') (me+s ')
1 790. 6 i 8 733.4 s
2 775.3 ik 9 707.3 i
3 753.6 55 10 671.7 i
0
Py JE 4 748. 4 373 11 649.5 5 i
5 739.5 75 i 12 620. 1 i
6 728.8 A 13 606. 2 KB
7 701.5 RoEiE
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3.1.2 #MH A%
SUMLTEFH Johnson-Cook AR #2454 Griineisen AR ZS 7 B AR AR H Sy 2447 /0, i 7842 190 A 2%
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Table 3 Parameters of CJ model of Q235

o/(g+cm *) G/GPa A/MPa B/MPa ¢ m n
7.85 77.3 325 220 0.022 0.83 0.21
T./K T./K D, D, D, D, D;
1793 293 —43.408 44.608 —0.016 0.0145 0. 046

FEACRE LR ST R RS ROLER 4, Horp C Sy i 0 — B B ohr 7 38U 28 R S, ~ S,
Je %4 2 WA B = A 287, 2 Griineisen WL E ZHIIG NAE.
R4 QIS HMHREAESH
Table 4 Parameters of equation of state of Q235

C S, S, S; %o E
0.519 1.33 0 0 2.17

W AR S A 4 % 17,82 g/cem’ , H kinematic i EESEULEER 5, i E 2 A7 [RE &, 0 &
AL o, 8RR, RV, BRI 8 e, 5 e, RN REEL F, R A2 1l B0 By 2 200 2L
R 5 {85 &HE kinematic B S E]

Table 5 Parameters of kinematic model of tungsten alloy

o/(g+cm*) E/GPa) P o,/ MPa 7/MPa B & & Fs

17.82 366. 99 0.303 1506 792 1 3.9 6 1.2

3.2 BUEHBHEERESW
MGG A5 1 A5 2R, UL 703 m/s AE2 0.2 g B BRAE R X Q235 4 i) PR %5 35 1 &2 k47 L
OIHT, LIS BB BE R 0. 2 g BRI A= 1) Q235 AR Y i KOS BE , BAZE R ILER 6.
Ro EHMEMBELERE

Table 6 Simulation result of penetrating the equivalent target

B JEEE /mm SRR/ (m e s™D) S/ (m s~ e RS
3.5 703. 1 139. 6 7k
3.7 703.1 78. 4 i
3.8 703.1 36.5 FiE
3.9 703. 1 0 KB
4.0 703. 1 0 KB

3.9 mm 5 4 mm $EARE M0 B HARSE R E 7 Bk, R 7 AT LLVE A B Y AR R R
3.9 mm WL A B LR 2 H 58 A i AR R AR RIS BB RV mi b 2, SR AR 4.0 mm I
JrICIE S E R, BT LA AT LI 3.9 mm AE2F 703 m/s I 0. 2 g B ERD 21 Q235 HE A 1 B PR %7 328 )5
JE o iR A A5 e, 2R A AT S0 3.9 mm JRAY Q235 HEAR.

[ B, AR B AU Y T7 ik X 0. 2 g iR 4R 1 5 5 Sk 45 8 A KOIE o0 A L A5 B IV 9 By 5k 2% 19 55 8k
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(a) Thickness 3.9 mm (b) Thickness 4.0 mm
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Fig. 7 Simulation result of penetrating
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Table 7 Critical velocity of different fragments penetrating the equivalent target

R iE/g oy /(m e s ) vy /(m e s ) W /g op/(me s ) oy /(mes )

0.15 782 798 0. 30 620 635
0.20 703 734 0.35 589 603
0.25 655 671 0. 40 562 576
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Research on penetration of small size fragment
to single soldier protection equipment

ZHOU Jie', ZHI Xiaoqi', XU Jinbo®, YUE Zhonghao®
(1. School of Mechanical and Electrical Engineering » North University of China .
Taiyuan 030051, Shanxi, China;
2. Jinxi Industrial Refco Group Ltd s Taiyuan 030051, Shanxi, China)

Abstract: In order to find out whether the small size fragment can penetrate the ordinary single-soldier
bulletproof clothes and bulletproof helmets effectively, the spherical fragment has been selected as the
object, obtained the limit velocities of the 0. 2 g spherical tungsten alloy fragment penetrating the level
Il body armor and level IV bulletproof helmet. The thickness of Q235 equivalent targets of body ar-
mor and bulletproof helmet is obtained by the means of numerical simulation, and the influence rule of
the fragment’s mass on the limit velocity is investigated. The conclusions is important to the develop-
ment of new anti-infantry weapons and soldier’s basic protective equipments.

Keywords: small size spherical fragment; single soldier bulletproof equipment; limit penetration ve-
locity; equivalent targrt
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