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Ballistic characteristics of a 9 mm pistol bullet
penetrating medium density fiberboard
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Industries, Beijing 102202, China;
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Abstract: In order to explore the ballistic characteristics of a 9 mm pistol bullet penetrating wooden target board, a ballistic
penetration experiment was carried out by choosing medium density fiberboard (MDF) as the research object. Key information
such as the residual velocity and depth of penetration to the bullet at different velocities and impact angles was obtained by
reducing the charge and adjusting the angle adjustable target frame. The experiment results were analyzed by the Poncelet
resistance model, and the relationship between depth of penetration and penetration velocity was obtained. The numerical
calculation model of the pistol bullet penetrating the MDF was established. The model studied the deflection behavior of bullet
with different velocity and different impact angles, and the functional relationship between the critical ricochet angle and the
target velocity was obtained. The results show that when the bullet penetrates the MDF with the thickness of 25 mm, the
energy loss is linearly related to the incident velocity; when the bullet penetrates the MDF, it will deflect in the negative
direction, and the reduction of the bullet velocity or the reduction of the impact angle will increase the deflection angle in the
negative direction. When the bullet penetrates the MDF at a low velocity or the impact angle is less than 45°, the bullet shows a
large deflection angle. When the bullet shoots out of the MDF, the trajectory turns positive.
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Table 1 Tested data of bullet penetrating medium density fiberboard

e o) v/(ms™) v/(m's™?)  P/mm AE/T REEms o) v/(ms') v/(m's™?)  P/mm AE/Y
1 90 395 343 25.00 153.5 11 90 56 0 3.57 12.5
2 90 250 189 25.00 107.1 12 90 43 0 2.42 7.5
3 90 221 154 25.00 100.5 13 60 385 331 25.00 153.5
4 90 212 143 25.00 98.0 14 60 214 151 25.00 92.0
5 90 177 95 25.00 89.0 15 45 384 322 25.00 175.1
6 90 170 94 25.00 80.3 16 45 205 122 25.00 108.6
7 90 132 19 25.00 68.3 17 30 372 283 25.00 233.2
8 90 111 0 13.80 49.3 18 30 245 121 25.00 60.1
9 90 95 0 10.80 36.1 19 30 201 0 9.72 0
10 90 92 0 9.34 34.1 20 30 86 0 0 0

HI5% 1A, Sk IR AR BIRERE S 25 mm # MDF I, 28 R8T, 3k iOF A B2 AN RE B B 5 A
SR JRE 249 20 TE AR S A S A R S AR, R TR A R O IEAR Sk o R AR S 111
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Fig. 1 Damage area in medium density fiberboard
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Fig. 2 Residual velocity varied with incident velocity Fig. 3 Energy loss varied with incident velocity
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Fig. 4 The physical model after meshing

®2 EAURTEEROMHSH
Table 2 Material parameters for bullet and
medium density fiberboard

K ZRAE . MDF 58 XA IE 454, S5t 35, 4% ki EEGgem?)  PEBCRGPa AL
W7 PR LA, I MOl MDF Bk O 7920 50 035
fc, ML 1 T *MAT _ELASTIC K &1 i 11340 17 0.42
Sk £ AN GE R DL K. MDF 64 R 2 8o 26 2 fr Bt 7800 201 0.30
SEUS1TH MDF k4 34% 772 0.1 GPa., T AR 716.7 0.24 0.31
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Table 3 Tested and numerically simulated residual velocities

6/(°) v/(ms™) vy/(ms™) vy/(ms™) Vo, vy R2/%
30 245 121 123 0.49 0.50 1.6
45 205 122 137 0.60 0.66 12.3
60 214 151 163 0.70 0.76 7.9
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(a) Test (b) Numerical simulation

K5 g AR SE

Fig. 5 Tested and numerically simulated ballistic trajectories
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Fig. 7 Change of residual velocity with landing angle Fig. 8 Change of deflection angle with time
at the incident velocity of 300 m/s at different landing angles in the case of

the same incident velocity 300 m/s
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