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A Study on the high velocity impact behavior of titanium alloy by
PVD method

Se-Won Sohn, Doo-Sung Lee and Sung-Hee Hong

Key Words: High velocity impact(124%-2), Ballistic limit(*}2 37]), Nitrified titanium alloy(Z 3}
Hebg &9)

Abstract

In order to investigate the fracture behaviors(penetration modes) and resistance to penetration during
ballistic impact of Titanium alloy laminates and nitrified Titanium alloy laminates which were treated
by PVD(Physical Vapor Deposition) method, ballistic tests were conducted. Evaporation, sputtering, and
ion plating are three kinds of PVD method. In this research, Ion plating was used to achieve higher
surface hardness and surface hardness test were conducted using a2 Micro vicker's hardness tester.

Resistance to penetration is determined by the protection ballistic limit(Vso), a statistical velocity with
50% probability for complete penetration.

Fracture behaviors and ballistic tolerance, described by penetration modes, are respectfully observed at
and above ballistic limit velocities, as a result of Vs, test and Projectile Through Plates (PTP) test
methods.

PTP tests were conducted with 0° obliquity at room temperature using 5.56mm ball projectile. Vso
tests with 0" obliquity at room temperature were conducted with projectiles that were able to achieve
near or complete penetration during PTP tests.

Suiface hardness, resistance to penetration, and penetration modes of Titanium alloy laminates are
compaied to those of nitrified Titanium alloy laminates.
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Table 1 Chemical composition of Titanium alloy

Composition | N C H Fe (6] Ti
wt% (.03 1 0.10 10.015] 0.30 | 0.25 | bal
Table 2 Mechanical property of Titanium alloy
Tensile Yield . Area
. ) Elongation( .
Alloy | Strength | Strength o) reduction
() () - (%)
Grade
5 345 300 10 25
Table 3 Test Specimen
Total
Thi
No. Material ickness Ply thickness
(mm/1 ply) ’
(mm)
1 Ti Grade 2 0.5 9 4.5
2 Ti Grade 2 0.5 12 6.0
3 Ti Grade 2 0.5 15 7.5
4 TIiCN 0.5 9 4.5
5 TiCN 0.5 12 6.0
6 TiCN 0.5 15 7.5
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Table 4. Surface hardness of specimen

0.85 ~ 0.86m TiCN
0.43 ~ 0.48im TiC
0.32 ~ 0.36m Ti
500um Titanium Grade 2
0.85 ~ 0.96m Ti
0.24 ~ 0.32im ' TiC
0.64 ~ 0.85m TiCN

Fig. 4 Schematic diagram of nitrified titanium alloy
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Fig. 5 Experimental Setup for high velocity impact test
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Fig. 6 Projectile Velocity("s) Vs. Propetlant Weight(g)
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(a) Front
Fig. 7 PTP Result of Ti (9plies) laminates



(a) Front (b) back
Fig. 8 PTP Result of Ti (12plies) laminates

(a) Front (b) back
Fig. 9 PTP Result of Ti (15plies) laminates
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(a) Front
Fig. 12 PTP Result of TiCN (1Splies) laminates
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Table. 4 Ballistic test results of test specimen
(Protection Criteria).

No. | Material | ply | Vi() [ omaetpn Mete
1 Ti 9 | 5810 | P | PD
2 | T | 12| 5632| P |PD
3| T | 1566292 P | PD
4 | TiCN | 9 | 53813 | P p
5 | TicN | 12 | 61088 | P p

6 | TICN | 15 | 69268 | P p

P : Petalling, D Ductile Ilole Enlargement
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Fig. 13 Vso velocity Vs. Target Materials
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