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A Study on the resistance of surface hardening treated Aluminum, Titanium alloy
under the high velocity impact
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ABSTRACT

In order to investigate the fracture behaviors(penetration modes) and resistance to penetration during ballistic impact of
surface hardening treated Aluminum, Titanium alloy laminates, ballistic tests were conducted. In this paper, Anodized Al
5083-HI31 alloy laminates and nitrified Ti (Gr.2) alloy laminates were used to achieve higher surface hardness. Surface
hardness test were conducted using a Micro vicker's hardness tester and thickness of surface hardening treated specimens was
measured by video microscope.

Resistance to penetration is determined by the protection ballistic limit(Vs,), 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. Vs, tests with 0° obliquity at
room temperature were conducted with projectiles that were able to achieve near or complete penetration during PTP tests.
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Table ! Chemical composition of Al 5083-H131 alloy
Composition Si Fe Cu Mn Mg Cr Zn Ti
A15083-H131

with

04 01 025 45 015 025 0.5

Table 2 Chemical composition of Ti (Gr. 2)alloy

Composition N C H Fe 0
TGr2 03 010 0015 030 025
wi%

Table 3 Mechanical Properties of Al 5083-H131 alloy &
Ti (Gr. 2) alloy

Tensife  Yield  Young’s

I\;:;;: ;‘;I Strength Strength Modulus Elor(lia)tlon
(MPa)  (MPa) (GPa)
Al5083-H131 300 190 70.3 16
Ti Gr. 2 345 300 105 10

32 25 2 WY £ &%

29 A3 Ad 40y, Helg g3 B
AE WHE W37 959 njojaz wAx
=AM -type, Micro vicker’s hardness tester, Shimazu)
ALgdle B9 A=E FA UG

Fig. 1 & A|#9] ¥4 73 Hdelg sg5e §
AE ZAHE AlZoln], Sometech AFe]  Video
microscope & AM&-dt] £As Y. FFAE o
Holl o3 B Agl® AlS083-HI31 &) 4lstaete]
F7= 40 ~ 60um ©1™, PVD AHz|A Ti (Gr. 2)9)
TiCN %9 $7%& 0.85 ~0.96um ]t}
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(a) Anodized Al 5083-H131  (b) Nitrified Ti (Gr.2)
Fig. 1 Microphotograph of surface hardening treated
specimens using video microscope
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TEST SPECIMEN
TEST SARREL l.: !
TEST GUN o220 100 mm 100 mm__ 66 mm '
SYSTEM

350 mm 15.4mm

Fig. 2 Experimental setup for high velocity impact test
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Table 4 Hardness of specimens by micro vicker’s hardness

42 1% 34 Ay 23

& A APL 556mm ball §A9 £ 23
£ 18 WC 870 type FZ Al(Propellant)d] ¥& =
At FPHJT

Al 5083-H131 (15pl

(a) Front ack

Anodized Al 5083-H131 (15ply) -

(a) Front (b) Back

Fig. 3 Results of Al 5083-H131 alloy laminates after
impact test

Fig. 3 2 Al 5083-H131 2 ¥=3i59 2 d
Al 5083-H131 &3 HAF A n4FA AE Aol
o, Vo2 42 384.1m/s O 448.0mvs &2 FITAE
gutAzE Astd Vg, o) 16.64%F 78t AlH
9 #aAZE AWM= AHHY(Face petalling)
o] BT, FHANE AP} WAty mix
(Radial fracmre)7} 243 8h31ch.

Ti Gr. 2 (15ply)

a) i’ront (b) Back

tester
Materials Thickness  Surface hardness
(Alloy) (mm/ 1 ply) (Hv)
Al5083-H131 0.5 91.39
Anodized A15083-H131 0.5 436.85
Ti (Gr. 2) 0.5 140.73
Nitrified Ti (Gr. 2) 0.5 452.77

Nitrified Ti Gr.2 (15ply)

(a) Front (b) Back

Fig. 4 Results of Ti Gr. 2 alloy laminates after impact test
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Fig. 6 Protection ballistic limits(Vso) Vs. target specimens
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