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Abstract A new concept of tungsten heavy alloy composite was suggested and manufactured in this study for

the kinetic energy penetrator. The composite heavy alloy was composed of two parts, the center was molybdenum

added heavy alloy compositions which were designed to promote the self-sharpening effect and outside was con-
ventional heavy alloy in order to sustain the severe stress condition in the muzzle during the firing. The center part
showed an intergranular and brittle mode at tungsten/tungsten interfaces by which self-sharpening effect could be

activated. On the other hand, that of outside showed conventional ductile fracture mode under high strain rate con-

dition. From the sub-scale penetration test, the depth of penetration in heavy alloy composites showed greater val-
ues than those of conventional tungsten heavy alloys. It is suggested that the heavy alloy composite could be

considered as one of the future penetrator materials.
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Fig. 1. Schematic diagram of tungsten heavy alloy
composite.

Table 1. The composition of tungsten heavy alloy composite in this experiment.

Composition(wt. %) Theoretical
Sample . Density
w Ni Fe Mo (g/CmS)
Reference Penetrator Reference 93.0 49 1.4 - 17.74
Core Material 92.78 1.14 1.45 4.63 17.94
Composite Penetrator )
Housing Material 90.0 7.0 3.0 17.15
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Fig. 2. The microstructure of core material, 92.78W-
1.14Ni-1.45Fe-4.63Mo alloy sintered at 1425°C for 2 hours
in hydrogen atmosphere.
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Fig. 3. Scanning

electron micrograph
fractured surface of core materials.
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Fig. 4. The microstructures of tungsten heavy alloy composite sintered at 1475°C for 2.5 hours in hydrogen atmosphere. a)
core material, 92.78W-1.14Ni-1.45Fe-4.63Mo alloy. b) housing material, 90.0W-7.0Ni-3.0Fe alloy.
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Fig. 5. Scanning electron micrographs showing the fractured surface of tungsten heavy alloy composite sintered at 1475°C
for 2.5 hours in hydrogen atmosphere. a) core material showed brittle fracture mode. b) housing material showed ductile

fracture mode.
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Fig. 6. The microstructure of 93.0W-4.0Ni-2.1Fe heavy
alloy resintered after multi cycle heat treatment.
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Fig. 7. Scanning
fractured surface of 93.0W-4.0Ni-2.1Fe heavy alloy
resintered after multi cycle heat treatment.
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