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An Effect of surface treatment on a Protection Ballistic Limits
in armor material
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ABSTRACT

In order to investigate the effect of surface treatment in Aluminium alloy and Titanium alloy which are
used to armor material during ballistic impact, a ballistic testing was conducted. Anodizing was used to
achieve higher surface hardness of Aluminium alloy and Iron plating in PVD(Physical Vapor Deposition)
method was used to achieve higher surface hardness of Titanium alloy. Surface hardness test were conducted
using a Micro vicker's hardness tester. Ballistic resistance of these materials was measured by protection
ballistic limit(V-50), a statical velocity with 50% probability penetration. Fracture behaviors and ballistic
tolerance, described by penetration modes, are respectfully observed from the results of V-50 test and
Projectile Through Plates (PTP) test at velocities greater than V-50. PTP tests were conducted with 0°
obliquity at room temperature using 5.56mm ball projectile. V-50 tests were conducted with 0°obliquity at
room temperature with projectiles that were able to achieve near or complete penctration during PTP tests.
Surface hardness, resistance to penetration, and penetration modes of surface treated alloy laminates are
compared to those of surface non-treated alloy laminates. A high speed photography was used to analyze the
dynamic perforation phenomena of the test materials.

Key Words : Resistance to penetration(% A 34d), Fracture behavior(3+3] 7} 5, Surface hardening(3% 'R 7 3}),
Protection ballistic limit(2} 3 3+A4))

1. Mg E5EEd Jﬁ}“ﬂ}*a‘ﬂaﬂlgﬁlﬂﬂgﬂl
Aeee TS BPAR T A, 84
ARABEEH R, amonts dWtHoz A o wel AAHESEEE, soft armor)d T HE
F2%%e  ATAMNNNEARERE  H A had amon o2 FE T
A5 dTFAsricknkzmed oz 7 FAge 9 S0 A AR A%
A dFd Mol Gz FH $Esy] 48 5% 9E 373 Fx Az vE FFHH 9@
e 003L1 149 23¢9 ARSLY: 20033 119 149
* AFdstn 7] Al
% .g.-",_l}\]._l]—sl-m ) e-et e
*xx Aty stnl 87
w4 A zo)shal ojehel 7jA M A e
# AR, dadigta el 7] A At

Email nj5769@korea.com Tel. (02) 450-3468

126



EAY - AR o)A - Z4E . KA FR AL TEHAA A20d A12E
FEge] tste] FEE FAFE PRY SAE BV AAACE ASE FAYS AGS] T
woohyet BEel W AYH, PRI AFAY vy GFY EAS ARARL AL Fig |
59 5 2SS Ak doh vEel AR BF A # 2ok

Fl

Sash BaAsAE BAe 270, W4, B
5, A% 5o o), 34840l E FA4Es 7
5, FoAs BasE AR A ZE, 34,
we] S S oated gL wruk
= ERAYL BERA e 9%
A% BHoZ AR FUARE AL
Faol 974
HARE 3747 F
Agee wse

i
ol
2
£

s
AEZAHA

SRS

O btk 4 o
2 o 2kl
4 b

* ik = 3
.
O}
Sk
£
I-
of

2. Bjgol&

=% Helg 59 2AHA
] B dfoe ¢FvE &
§ ZAAEY F ¥ (cold rolling) %
439 9 (anodizing) & AHE-EFRLAL, E
2

i
tok
ol
ot
=
Z

&

=

Uk
o
>
do
o
2
B ol b b
oil

o

LN
)
e
\
o
ral
i ol
2 ¢l
i
>
>
o
il
o,

oft Wi

oo o
e

ol
PO
2 (3 £

2 g
rlo
o3
=
2 o
=
of
2
b
oXx
f‘% o T
.
of
s
=
e

@

ox
oo
L
)
[
s
o oy

B

e

ok
N

22

ra

rlo

AZ7F ¥ S ska, ™
T3 FZrhgich W7k A A
wlzl 2 7}F 2 SPSS(Skin Pass-Stretcher Strain) @ 2%

finss
o o
=
o O
to 2
s
\‘ -
N
S oy

r
o i 1

2 9u, A8 XeAds, HAA, 13 T
< €& 5 Aok
2.2 =443t 9 (Anodizing)

FFAEEFL A Fo FFoR n

A71% ohel GFol WABHE i g @
FolEwol Astsel Wagel A dusl A
AT Ao Al ERFG A71E G
sy e dutdoR Ag R Fa P
sgoe Asde] BFo) whe LAY,
FuY, ZFAY o2 PR, B AFA

.

[

127

2208 &3

Fig. 1 Anodizing process of Al alloy
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Fig. 2 Nitriding process of titanium alloy
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Fig. 3 Schematic diagram of nitrified titanium alloy
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Fig. 4 Penetration mode by criteria of the army, navy
and protection ballistic limits
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Table 1 Chemical composition of Titanium alloy

N C H|Fe ) O Ti

wt(%) | 0.03 | 0.10 {0.015] 0.30 | 0.25 | bal.

Table 2 Chemical composition of A15083-H131 alloy

Si|Fe|{CuMn[Mg| Cr [ Zn | Ti | Al
0.47| 47 10.057
o)
wt(9%6)10.4104(0.1 10149095 0.2510.15bal.

RAAAT F7to] w2 A5 BEAYH
o] AzE AF3l7] A8t Table 49} Zo] EEMH
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Table 3 Mechanical properties of Ti and Al alloys

Tensile | Yield | Young's "
Alloy  |Strength | Strength | Modulus E]or(1§/a)uon
M) | k) | (GPa) 0
Ti(Gr.2) 345 300 110 10
Al5083-H131{ 300 190 70.3 16

&3, pvD M@ Hebg 34, FA 0E &F
vE &, 4% 4AT ¢Fvw §2, NeAF
%= Atsl HEt A dEE §FE H335HY
AEE Az EE g $89 1 Plyd FAE
0.5mZ oy, dRujF g9 A$ No. 75H
No. 27 4mFAE 0.5mE B ¢4dg AH
o], No. 12%-E No. 187 4mFAE 1.0m=
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Table 4 Test Specimen

. Total
. Thickness ]
No Material Ply [ Thickness
(nm/1Ply)
(mm/1Ply)

1 Ti alloy 0.5 9 4.5
2 Ti alloy 0.5 12 6.0
3 Ti alloy 0.5 15 7.5
4 | Nitrified Ti alloy 0.5 9 4.5
5 | Nitrified Ti allo 0.5 12 6.0
6 | Nitrified Ti alloy 0.5 15 7.5
7 15 7.5
8 | Rolled Al alloy 0.5 20 10.0
9 25 12.5
10 Anodized 15 7.5
11 Al alloy after 0.5 20 10.0
12 cold-rolling 25 12.5
13 7 7
14 Rolled Al alloy 1.0 10 10.0
15 13 13.0
16 Anodized 7 7
17| Al alloy after 1.0 10} 100
18 cold-rolling 13 13.06

32 3% AY & oo £H4 53
ZA=ANgL EEly 32, pvD HEE Helgw
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Table 5 Surgace hardness of specimen

1100
terial surface hardness o 1000
materia (Hv, 1000g) :E 000
5 800
Titanium alloy 141 2 70
Nitrified Titanium alloy 453 g 600
Al alloy(0.5) 92 g
Rolled Al alloy 180 300 TR
1 1.2 1.4 1.8 1.8 2
Anodized Al alooy after 456 Propellant Weight(g)
cold-rolles alloy . o ] )
Fig. 9 Projectile velocity(ms) vs. Propellant weight(g)

Fig. 82 %9 A3l xelg ¢Fvw #3539 ¢ Table 6 Ballistic text results of Titanium alloy
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5 [nieTicNn) 12 [ el P P
6 [Ti+=TiCN)| 15 693 P P
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Table 7 Ballistic test results of Al 5083-HI31 alloy
(Protection Criteria)

Total
No Material Ply | Thickness { V-50
(mm)
7 Rolled Al alloy 13 75 384
8 20 10.0 486
g | (0-5mm/Ply) 773 12.5 501
10 Anodized 15 75 448
1 | Al alloy after £, 10.0 509
cold-rolling
12 | ©5mm/pPly) | 25 125 579
I3 1Rolled Al alloy f—2 ! 405
14 10 10.0 487
15 | (-0mm/Ply) 773 13.0 550
16 Anodized 7 7 462
p7 | Al alloy after 1 10.0 539
cold-rolling
18 | (.omm/ply) | 13 13.0 625
Fig. 112 0.5m F719 Al 5083-H131 A3
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Fig. 11 Protection Ballistic Limits(V-50) of Al
5083-H131 (0.5mn/Ply)
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(f) 143.0us

(e) 114.4.s
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Fig. 13 A series of high speed photographs of Al 5083-H131 alloy (Striking velocity of the projectile was

402.1mfs

Fig. 14 A deformation of 5.56mm ball projectile by high velocity striking
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