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Table 1. Characteristics of refractory metals
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broperties Materials W Re Ta Mo Nb
Melting Point (°C) 3410 3180 2996 2617 2468
Density (g/cc) 19.30 21.00 16.60 1020 8.60
C.T.E. (ppm/°C) 4.50 6.20 6.30 4.80 7.30
Thermal Conductivity (W/em-°C) 1.70 0.40 0.52 1.40 0.54
Specific Heat (J/g-°C) 0.13 0.14 0.14 0.25 0.26
Electrical Resistivity (Qhm-cm) 5.30 18.50 13.10 5.40 14.40
Tensile Strength

@ 20°C (GPa) 0.7-3.5 0.7-2.0 0.2-0.5 0.7-14 0.4-0.7
@ 500°C (GPa) 0.5-14 - 0.2-0.3 0.2-0.5 0.3-0.5
@ 1000°C (GPa) 0.3-0.5 0.4-0.7 0.1 0.1-0.2 0.04-0.1
Young's Modulus

@ 20°C (GPa) 410 450 185 330 130
@ 500°C (GPa) 390 415 180 320 125
@ 1000°C (GPa) 365 360 170 280 110
Crystal Structure BCC HCP BCC BCC BCC
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Fig. 1. Penetration mechanism of kinetic energy projectile.
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Fig. 2. Penetration mechanism of shaped charge liner.

Fig. 3. Penetration mechanism of explosive formed pro-
jectile.
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Fig. 4. Schematic diagram of tungsten heavy alloy com-
posite.
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Fig. 5. The microstructures of tungsten heavy alloy com-
posite (a) core material and (b) housing material.
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Fig. 6. Penetration capability of bulk amorphous matrix
composite and tungsten heavy alloy.

BAM-W3} WHAZ 243 E3et AlgS 3¢
Az, 38 63 7ol 712 WHAC vls] 53 *
=88 HoiFgn} ol2dt #%F3 4 BAMY



We2S o] ki) 64 225

Sean wi

Fig. 7. Microstuructures of deformed nose of residual
tungsten reinforced bulk amorphous composite sub-scale
penetrator.
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Fig. 8. The microstructures of tungsten-copper composite fabricated by (a) conventional and (b) newly developed processes.
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Fig. 9. Penetrability versus distance of stand-off of tung-

sten-copper and copper shaped charge liner.

Fig. 10. Mechanism of detonation of reactive armor by
precursor warhead liner.
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Fig. 11. Ballistic performance of explosive formed penetrator materials.

(a)
Fig. 12. (a)Jet vane and (b)shift system.
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Table 2. Ranking of refractory metals and alloys for use as nozzle inserts

Property Mo Mo/Re W W/Re Ta/W
Machinability Excellent Good Good Good Excellent
Corrosion resistance Poor Poor Excellent Excellent Good
Erosion resistance Bad Good Excellent Excellent Bad
Cost Expensive Expensive High Expensive Expensive
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