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Abstract : In order to investigate the characteristics of penatration and the effect of surface treatment in A15052-H34,
Al15082-H131 and titanium alloy laminates which were treated by anodizing and PVD(Physical Vapor Desposition)
method, ballistic tests were conducted. Thickness of surface membrane in A15052-H34, A15082-H131, were 25.m and
that of titanium 0.9;m respectively. Surface hardness test was conducted using micro Vicker's hardness tester.
Resistance to penetration is determined by the protection ballistic limit(V50), a statistical velocity with 50% probability
for complete penetration. Fracture behaviors and ballistic tolerance, described by penetration modes, are observed from
the results of V50 test and Projectile Through Plate(PTP) test at velocities greater than protection ballistic limit,
respectively. Present experimental results derived from this research help to optimize laminate impact behavior by
varing the laminate thickness and surface treated materials.

Key words : Anodizing(%= 4}+3}), PVD(Physical Vapor Deposition, = 2] #1235 2h), Ballistic limit(§ = 3HA]),
Protection ballistic limit(*}- & $tA))
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Table 1 Chemical composition of A15025-H34 and A15083-

H131
Composition Si | Fe | Cu |Mn Mg | Cr | Zn | Al
wi%
AlI5052-H34 1025] 04 | 0.1 { 0.1 | 2.8 {0.35] 0.1 | Bat
0.1- | 4- ]0.05-
Al5083-H131{ 0.4 | 0.4 | 0.1 04 | 49 |025 0.25 | Bal
Table 2 Chemical composition of Ti(Gr2)
Composition | N C H Fe 0 Ti
Wt(%) 0.03 | 0.10 0.015| 03 | 025 | Bal
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Table 3 Mechanical properties of AlS052-H34, Al5083-
H131 and Ti(Gr2)

Tensile Yield Young's Elongation
Materials | strength | strength | modulus (5 )
(MPa) | (MPa) (GPa) ’
Al15052-H34 260 180 69.6 10
A15083-H131| 300 190 70.3 16
Ti(Gr2) 345 300 110 10
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Table 4 Surface hardness numbers of materials

. Micro Vicker's No.
Materials (Hv)
A11052 (t=0.5mm) 46 (50g)
Al5052-H34 (t=0.5mm) 91.36(50g)
. Anodized A15052-H34
(t=0.5mm 50,m) 440(30¢)
Anodized A15052-H34 (=0.25,25.m) 260(50g)
Anodized A15052-H34
(t=0.25 50,m) after Cold Rolling #37(50g)
Al5083-H131 (t=0.5mm) 92(1000g)
Al5083-H131 (t=1.0mm) after cold Rolling 180(1000g)
Anodized A15083-H131 after Cold Rolling
(t=1.0mm) 456(1000g)
Ti (t=0.5mm) 141(1000g)
Nitrified Ti (&=0.5mm) 453(1000g)

(a) Anodized AIS083-H131
Fig. 4 Microphotograph of surface hardened specimens
using vidio microscope

(b) Nitrified Ti
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Fig. 5 Schematic diagram of ballistic impact apparatus for material test
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3.3 DS HA|E(High Velocity Impact Test) Table 5 Test specimem and results
ol AHgd FAre] 773> 5.56mm balltol No Materials ]l-gscsk Ply | Total | V50(%)
DAFR = @ 2~Eg o} AVLALS] Model 2928 Al EA
£33ty FHEE 9] 42 1|5 MV OrdnanceAt 1 |Al1052 05 |50 25 | 618
2} Model 4010P & A}-4-3}5 o 2 | AIS052-H34 05 | 50| 25 | 784
3 | AI5052-H34 10 |25 | 25 | 885
4. Aj8idn} o pxEt 4 | Al5052-H34 25 |1 ]2 942
5 | Ano.AI5052-H34 0.5 | 50 | 25 |10000]%4
A15052-H34 9} Al5083-H1313} o] o] F= 213} 3 6 | AlS052-H34 05 | 15| 75 | 389
oA &, 5= Ti(Gr2)e] £HAE] $2 MIL-STD- 7 | A15052-H34 05 |20 [100] 467
662E2] 7]20]" 28 A| & A = Table 50 LER 8 | Al5052-H34 05 | 25 |125] 481
oo 9 1AI5052-H34 After CR | 0.5 | 15| 7.5 | 458
10 | AI5052-H34 After CR | 0.5 | 20 | 100 | 521
41 S} B==iof OjX= &1t 11 | A15052-H34 After CR | 0.5 |25 [125| 554
£19.9] Fig. 6 Table 5914 No.l-No.5171x]2] 12 | Ano. AI5052-H34 (S0gm)| 0.5 | 15 | 7.5 | 454
o= Fig. 0= 1able 0-1~N0.052 13 | Ano. Al5052-H34 (50im)| 0.5 | 20 [ 10.0 [ 532
Al e V50gke =ATE Aotk of71M B 14 | Ano. AI5052-H34 (50im)| 0.5 | 25 | 125 | 584
FAdFA o, ol & ZHA Al052H T 7} 5 | Ano. Als052-H34 025 L 30 |75 | 300
=7} 2 Al5052-H347F BEATEo] & AL & 5 After CR(25um) ' T
1.1, I No.2, No.3, No.el| A & of 2-& Fret g | Ano- AIS0S2-H34 025 | 40 |100| 42
3 sheiehe gAE A5l dulastel BEH T i
o] X7}-o]-L‘ 7] O o) 2 o]q_ o] A oéu].;ﬁ o7 7o 17 Ano. A15052-H34 025 | 50 | 125 532
= E < After CR(25m)
ZAoA Ao A7) wolxw A alo] =r1= {3 |Ano. Al5052-H34 02s |30 | 75 358
Ro)E ALEA A9 o] BE WMo} 1ESH After CR(50,m)
AellE HRs 57 Ao d4E BEA g & g |Ano-AlS052-H34 025 | 40 | 10.0 | 459
After CR(50umy
Trere e & sl g0 | Ano- AlS052-Fi34 025 150 | 125( 559
After CR(50ym) ' ’ ;
1200 Ano. AI5083-H131
oo 20 | oo 05 | 151 75| 448
_ a0 22 i‘f‘t‘;‘réﬁm H131 05 | 20 [100] 509
§ 600 23 ig‘;’éﬁosmml 05 |25 |125] 579
400 24 | Ti(Gr2) 05 | 9 | 45| 528
200 25 | Ti(Gr2) 05 | 12]60 | 366
o 26 | Ti(Gr2) 05 | 15| 75| 663
27 | Nitrified Ti(Gr2) 05 | 9 |45 ] 538
No of specimen 28 | Nitrified Ti(Gr2) 05 | 12]60]| 611
Fig. 6 Effect of bullet penetration at same thickness 29 | Nitrified Ti(Gr2) 05 1151 75 693
v}x] 8 No.5 Al -2 5.56mm ballghof] %14] 9] oF 30 I(‘)(_Sig())@_}ml apy) | 05 [ 15|75 | s
A=z R ske] 1050m60] 2] Hxo e 31 |Ano. AIS083-HI31 os |15 |75 | 615
BAEHA v Z24E Ak o] A5 E 4 249 (TPly)/Ti(8Ply)
A7 gz o) k= A sk Teke A d8ko] & A} *Ano = Anodizing , CR = Cold Rolling
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