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Design and Performance Analysis of Environment Friendly Double Core
Bullets for Small Arms
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Abstract

This paper focuses on possibility to design and fabrication new combination of bullet core to substitute current
toxic material of heavy metal such as lead by environment-friendly ones.

The core is designed as dual structure to manipulate the core center of gravity easily by combining materials,
which of basis is tungsten of low cost and easily acquired. Those combinations are W-M series such as W-Cu,
W-Sn, W-Cu-Sn, and W-Cu-Ni to target the density of lead, 11.34g/cm’ through powder-metallurgy.

Out of four, combination of W-Cu-Ni shows the highest compression density of 96% and is confirmed as the
most suitable substitution for lead due to the excellent property of matter and sintering.

All combination samples is simulated on the PRODAS software for designing and structure analysis by adjusting
the center of gravity of dual core samples forward and backward. The simulations confirm the similarity of current

bullet core with respect to properties of mass, aero dynamics, and flying stability.

Keywords : Heavy Metal(Z5<5), Bullet(§+2}), Environment-friendly Metals(X13+7 #] &), Combining Materials(Z-% 7}
), the Center of Gravity(F-Al F4])
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Fig. 1. 3D model of jacket reverse engineered by 3D
measurement

Fig. 2. Schematic drawing of bullet

Fig. 3. Disassembly of bullet
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Parameter Condition
Table 1. Distance from nose to center of gravity with S
respect to different density of each core Air Density 1.22500kg/m
Core A | Core B | Center - Air Temperature 15.0C
Sl density | density |of gravity VEILELE
rou mm Muzzle Spin Rate 1338.CPS
gow. | emg|@lomdige)| mm) | ™ P
Muzzle Exit Twist 28.7cal/rev
Gl 13.34 9.34 8.61 +0.3
Front Muzzle Velociity 340.0m/sec
G2 12.34 10.34 8.72 +0.19
Bullet Length 15.0368mm
Stanfiard G3 11.34 11.34 8.91 0 .
point Ogive Length 7.5184mm
Rear | G4 | 10.84 11.84 9.03 -0.12 Ogive Diameter 13.8357mm
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Table 5. Mach number vs gyroscopic stability factor

Mach No. G1~G4 G5 G6
0.600 9.720 12.13 12.000
0.700 10.160 12.68 12.540
0.750 10.390 12.98 12.830
0.800 10.640 13.29 13.140
0.850 10.740 13.42 13.260
0.900 10.850 13.54 13.390
0.950 10.960 13.68 13.530
1.000 12.020 15.01 14.840
1.050 13.380 16.71 16.520
1.100 14.660 18.3 18.100
1.200 17.290 21.59 21.340
1.350 22.870 28.55 28.230
1.500 30.560 38.28 37.850
1.750 53.830 67.22 66.450
2.000 108.960 136.06 134.520
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Table 6. Mach number vs dynamic stability factor

Mach No. G1~G5 G6
0.600 0.160 0.130
0.700 0.160 0.140
0.750 0.160 0.140
0.800 0.170 0.140
0.850 0.160 0.140
0.875 0.160 0.140
0.900 0.160 0.140
0.925 0.150 0.130
0.950 0.140 0.130
0.975 0.130 0.120
1.000 0.130 0.110
1.025 0.120 0.100
1.050 0.110 0.100
1.100 0.110 0.100
1.200 0.110 0.090
1.350 0.120 0.110
1.500 0.140 0.120
1.750 0.160 0.140
2.000 0.180 0.160
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Table 7. Zero yaw drag force at muzzle

Unit(N)
Mach No G1 G6
0.01 0.2055 0.2055
04 0.2055 0.2055
0.6 0.2055 0.2055
0.7 0.2077 0.2077
0.8 0.21 0.21
0.9 0.24 0.24
1 0.56 0.56
1.1 0.64 0.64
1.2 0.62 0.62
1.5 0.58 0.58
2 0.54 0.54
2.5 0.54 0.54
3 0.54 0.54
35 0.54 0.54
4 0.54 0.54
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Table 8. Deviation Y and Z axis of bullets

Unit(m)
Range G1~G4 G5 G6
(m) Y Z Y Z Y Z
0 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00
10 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00
20 0.00 | -0.02 | 0.00 | -0.02 | 0.00 | -0.02
30 0.00 | -0.04 | 0.00 | -0.04 | 0.00 | -0.04
40 0.00 | -0.07 | 0.00 | -0.07 | 0.00 | -0.07
50 0.00 | -0.12 | -0.01 | -0.11 | 0.00 | -0.11
100 -0.02 | -0.50 | -0.02 | -049 | -0.02 | -0.49
150 -0.05 | -1.19 | -0.05 | -1.16 | -0.05 | -1.16
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