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Abstract

Although titanium alloys have been well
characterized for aerospace uses, they are not
well characterized for use in armor systems. In
an effort to provide increased information to
armored vehicle designers, the effect of heat
treatments on the ballistic limit velocity for (a+p)
type Ti-6Al-4V and B type Ti-15V-3A1-3Cr-3Sn
plate was investigated. The ballistic targets made
of these titanium alloys had undergone various

heat treatments, and collected mechanical and

microstructural information. The targets were
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then impacted by 7.62 mm armour piercing
bullets, which is used for the evaluation of
ballistic resistance. The results indicate heat
treatment did have an effect on the ballistic limit
velocity. The results of the ballistic tests are
discussed in conjunction with metallurgical

factors and their fracture behaviors.
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Table 1 The properties of armor steel, aluminum alloy and titanium alloy.

RHA
MIL-A-12560
Tensile Stength (Mpa) 1,170
Density ( g/ cm’) 7.86
Hardness(BHN) 241-331
Specific Strength* 150

(Mpa-cm®/g)

Mass Efficiency (En)" 1(by definition)

Aluminum 5083 Ti-6Al1-4V
MIL-A-46026 MIL-A-46077
350 970
2.7 4.5

- 321-364**
130 220
1.0-1.2 1.5

* Specific strength-tensile strength divided by density.
" Mass Efficiency (E,)-the weight per unit area of RHA required to defeat a given ballistic
threat divided by the weight per unit area of the subject material.

**MIL-T-9046J.
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Table 2 Composition of titanium.

Titanium | Ti-6Al1-4V [Timetal 15-3

Element

(Wt%)
C 0.1 max. 0.05 max.
Al 6.0 2.5-3.5
\% 4.0 14-16
Cr - 2.5-3.5
Sn - 2.5-3.5
Fe 0.30 max. 0.3 max.
H 0.0125 max. | 0.015 max.
(0] 0.20 max. 0.13 max.
N 0.05 max. 0.03 max.
Ti Balance Balance

Density (g cm™) 4.45 4.76
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Table 3 The ballistic performance vs. 7.62mm FSP and mechanical properties of 3mm

thick Ti-6Al1-4V and Ti-15V-3Al-3Cr-3Sn.

. Vp50(m/s)|Hardness| UTS/YS |Elongation
Material heat treatment HRe MPa %
354.6 242 | 802/774(L)* 16.9
Ti-15-3-3-3 as received 762/733(T)* | 20.7
538°C /8hr, in vacuum, furnace cool 465.4 35.7 |1214/1116(L) 5.8
Ti-15-3-3-3 1153/1040(T) 8.5
496°C /8hr, in vacuum, furnace cool 479.4 38.5 |1378/1321(L) 2.9
Ti-15-3-3-3 1292/1217(T) 4.1
. As-received 428 352 | 1047/981(L) 11.9
Ti-64 1025/925(T) 12.3
954°C /2hr, Ar gas purging, 593°C /6hr, 504.8 33.7 | 930/876(L) 15.3
. furnace cool, in vacuum 926/885(T) 10
Ti-64
Ti-64 954°C /2hr, water quenching, 593°C/6hr, air| 442.5 36.7 |1139/1085(L) 5.1
" cool, in air 1121/1073(T)| 4.7
) 816°C/2hr, air cool, in vacuum 461.4 33.9 | 936/913(L) 15.2
Ti-64 929/908(T) 12.4
) 816°C /2hr, air cool, in air 477.2 34.1 923/891(L) 8.1
Ti-64 909/881(T) 9.3

* L is specified for rolling-direction specimen; T is specified for long-transverse-direction specimen.
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(g) Ti-6Al-4V annealed a t 816 °C in air
ﬁ%}' 12. The top views of ballistic impact failure for Ti-15V-3Al-3Cr-3Sn and Ti-6Al-4V heat

treated onder different condition.
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