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Fig. 1 Tungsten spheres and sabots Fig. 2 Schematic of experimental set-up
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Fig. 3 Body armor and pine after the experiment
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Fig. 4 Typical damage of bulletproof fiber
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Fig. 5 States of LY-12 hard aluminum target after the experiment
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Table1 R-I model parameters

Target type a vy/(m-s™)
Body armor + Pine composite target 0.73 692.9
8 mm thick LY-12 hard aluminum target 0.77 850.1

055101-3



o34 % = JE Ll P Eitd 55

g

275 550
250 - = Experimental data 500 - = Experimental data
225 —R-Ifit 450 b — R-Ifit
T 200 b 400 |
§ 175 F :E’ 350
2 2
'3 150 | 'S 300
2 2
2 125+ S 250
S 100} S 200
b= 2
z 75t z 150 |
= 50 - = 100 F
25+ 50
0 1 1 1 1 1 1 1 1 1 0 - 1 1 1 1 1 1 1 1 1 1
680 690 700 710 720 730 740 750 760 770 780 825 875 925 975 1025 1075 1125
Initial velocity/(m-s™) Initial velocity/(m-s™")
(a) Tungsten spheres penetrated body (b) Tungsten spheres penetrated 8 mm thick
armor and pine composite target LY-12 hard aluminum target

K6 SRR BRI Ax 58 - U I 2

Fig. 6 Residual velocity-initial velocity curves of tungsten spheres penetrating targets
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Table 2 Material model parameters of projectile and target

Material pl(g-em™) E/GPa u SIGY/MPa ETAN/MPa SRC SRP FS
Tungsten alloy 18.1 367 0.303 1506 792 3.9 6 1.2
LY-12 hard aluminum 2.78 71 0.3 375 1000 0 0 0.8
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Table 3 Simulation results of tungsten sphere penetrating LY-12 hard aluminum target with different thicknesses

Initial velocity/(m-s™") Thickness of target/mm Residual velocity/(m-s™) Penetration result
6.10 63.0 Penetration
6.20 21.4 Penetration
692.9 6.21 0 Embedment
6.25 0 Embedment
6.30 0 Embedment

e 3 AT, 5 ST R 692.9 m/s (), 0.21 g B ERBEZE B 6.20 mm B LY-12 A 45 48 (F 4% 1
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KR, Al 6.2 mm J2 i Z B BER UL 692.9 m/s Y 3BV LY-12 A% 57 58 A A BIR 28 378 )2, RITB)7 S A +EL fn
KA AT 2535 K 6.2 mm JE LY-12 B4 40
24 FWERREE YL IE

FIF0.21 g, Bif% 2.8 mm LA JZ 0.17 g, B4 2.6 mm B AR ER X 453 6.2 mm J& LY-12 i 47§ 17 54
TR R IR G, 0% L2 SN 4 iR . iR 4 TS0, A ERZ B AL A A R A 52 6.2 mm
JEE LY -12 B 5 L 5 A0 IR P A 0 R 25 /N T 5%, SR AKCHE 5 S AU SE T A AR 1 B8 AR 2, BIXT T /N Bk Y
1219, B AR AL A S AT 250N 6.2 mm JB LY-12 BEGHE . N5, i THFSE RO ER A PR, 254K
AR AN I T B A/ N R A K, T 0T A Jo 8 3ok ) M Rk — 2D i

T4 BIKB IR RS H AN E AR R AT EE

Table 4 Comparison of ballistic limits between tungsten spheres penetrating prototype target and the equivalent target

Type of tungsten sphere Target type Ballistic limit/(m's™") Relative error/%
Body armor + Pine composite target 692.9
0.21 g, 2.8 mm . . 1.8
6.2 mm thick LY-12 hard aluminum target 705.2
Body armor + Pine composite target 742.3
0.17 g, 2.6 mm . . 22
6.2 mm thick LY-12 hard aluminum target 758.7

3 ENp
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Table 6 Comparison of ballistic limits calculated by different methods

Ballistic limit/(m-s ")

Mass of tungsten sphere/g Diameter of tungsten sphere/mm Caloulated Simmulated Relative error/%
0.26 3.02 643.8 649 -0.8
0.31 3.20 609.9 623 -2.1
0.36 3.36 582.8 599 —2.8
0.41 3.52 558.1 580 -39
0.46 3.64 540.9 561 =37

R — LR (11) B ATEEME, X5 0.20 g, A% 2.8 mm MY IEKZ I BT SR AR+LLAA AR B S8 AT T 1=
WHks . R 7 XL T 0.20 g B ERR BIBT FAC+HLLAN A S A5 0 A S0 Al BRI (AT . 3% 7wl
0.20 g B ERAZ I BI7 3 A +EL A A S5 55 A IR 0 a6 (B A T S (B R X R 22 AN R i 5%, il /2 TR I
B o e (1) AT T I NS BRAZ A By A LT A AR S A ST AR BR3P L s A RN T

RT 020 g BIKRHIPER+HAIMAE S BERRIK B ES T EERIXIEE

Table 7 Comparison between experimental and calculated values of ballistic limits of tungsten spheres
with mass of 0.20 g penetrating body armor and pine composite target

Ballistic limit/(m-s™")
Type of tungsten sphere - Relative error/%
Experimental value Calculated value

0.20 g, @2.8 mm 709.4 702.5 -1.0
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Research on Small Tungsten Spheres Penetrating
into Pine Target with Body Armor

TANG Changzhou', ZHI Xiaoqi', XU Jinbo?, CHEN Zhibin®

(1. College of Mechatronics Engineering, North University of China, Taiyuan 030051, Shanxi, China,
2. Jinxi Industrial Group, Taiyuan 030027, Shanxi, China)

Abstract: In order to study the penetration performance of small tungsten spheres on the human equivalent
target with body armor, the test of small tungsten spheres penetrating 25 mm thick pine target with Class Il
soft body armor is carried out. On this basis, the equivalent relationships between 25 mm thick pine target
with Class Il soft body armor and LY-12 hard aluminum target are studied by combining the experiment
and numerical simulation of small tungsten spheres penetrating LY-12 hard aluminum target. According to
the method of dimensional analysis, the ballistic limit prediction formula of small tungsten spheres
penetrating 25 mm thick pine target with Class Il soft body armor is established and the influence of the
mass change of small tungsten spheres on the penetration performance is studied. The experimental results
reveal that for the penetration of small tungsten spheres, a 25 mm thick pine target with Class Il soft body
armor can be equivalent to a 6.2 mm thick LY-12 hard aluminum target. The predicted value of ballistic limit
prediction formula is in good agreement with the test value. And with the increase of the mass of tungsten
spheres, the ballistic limit approximately obeys the law of decreasing power function. The research results
have certain reference value for the improvement and design of individual fragment warhead.

Keywords: small tungsten sphere; body armor; pine target; numerical simulation; equivalent target;
dimensional analysis; ballistic limit
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