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ABSTRACT

In order to investigate the fracture behaviors (penetration modes) and the resistance to penetration during
ballistic impact of Al 5052-H34 alloy laminates, cold-rolled Al 5052-H34 alloy laminates, anodized Al 5052-H34
alloy laminates, and anodized Al 5052-H34 alloy after cold-rolling, a ballistic testing was conducted. In general,
superior armor materials are brittle materials which have a high hardness. Ballistic resistance of these materials
was measured by a protection ballistic limit (Vso), a statistical velocity with 50% probability for incomplete
penetration.

Fracture behaviors and ballistic tolerance, described by penetration modes, are observed from the results of Vsp
test and Projectile Through Plates (PTP) test at velocities greater than Vso, respectively.

PTP tests were conducted with 0°obliquity at room temperature using S5.56mm ball projectile. Vso tests with
0°obliquity at room temperature were conducted with projectiles that could achieve near or complete penetration
during PTP tests. Surface hardness, resistance to penetration, and penetration modes of Al 5052-H34 alloy
laminates are compared to those of cold-rolled Al 5052-H34 alloy laminates and anodized Al 5052-H34 alloy
laminates and anodized Al 5052-H34 cold-rolled alloy.

Key Words : Resistance to penetration(¥% A 8t4]), Fracture behaviors (33 /), Protection ballistic limit (*%
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o]7]A], m = Mass of projectile(kg)
v = Striking velocity of projectile(ms)
d = Diameter of projectile(m)
t = Efficient thickness of target Armor(m)
¢ = Coefficient of de Marre equation(N/mz)
n = Constant of experiments(usually, n=1.4)
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Table 1 Chemical composition of Al 5052-H34 alloy

Composition| Si | Fe | Cu [ Mn (Mg | Cr | Zn | Al

wt% 0.25]0.40]0.10|0.10|2.80}0.35]0.10 | bal.

Table 2 Mechanical property of Al 5052-H34 alloy

. Tensile | Yield |Young's .
Material Elongation
(ATloy) strength | strength | modulus (%)

oy (MPa) | (MPa) | (GPa) °
Al 5052-H34 | 260 180 69.58 10
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Fig. 2 Experimental setup for high velocity impact
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Fig. 3 Schematic of the sectioned view of the impact
craters

o]7]14, H~Entry hole height,

Hy=Bulge height,

D=Entry hole diameter,

Dp=Maximum deformation hole diameter,

Xp=Depth of penetration
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Table 3 Hardness of test specimen by micro vicker's

hardness tester

. Surface
No. Material F{hwknf' S)S hardness
mmpy (Hy, 50g)
1 Al 1052 0.5 46
2 Al 5052 H34 0.5 88
3 | Rolled Al alloy 0.5 91.36
4 | Anodized Al alloy 0.5 440.65
Anodized(251{zm)
5 Al alloy after 0.25 260.39
cold-rolling
Anodized(50m)
6 Al alloy after 0.25 436.85
cold-rolling
1100
@ 1000
E
2 900
3
°>-) 800
o
S 700
o
(o]
& 600
500
1 1.2 1.4 1.425 1.6 1.65 1.74 1.75
Propellant weight(g)
Fig. 4 Projectile velocity(™s) vs. propellant weight(g)
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Fig. 5 Vs velocity vs. target materials
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(a) Results of test specimen from No. 6 to No. 11
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ized(25) i ) i iized(:

30 plies 40 plies 50 plies 30 plies 40 plies 50 plies

(b) Results of test specimen from No. 12 to No. 17

Fig. 6 Protection ballistic limits(Vsg) Vs. target materials

25mme] FYY FAE #AE ¢Fvw FE
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ZZH(laminated armor)o] Z]E Ao g FU HA
FAL ddur A& A gk Aado] A
e 7IEY A¥gdnet & dAjI 19y &

FA4bsl Hebx a3 dRuE FEe F¢ gkl
2 E YEA Y FAY ¢FvE g
o BEsAIghe] T ol EWAERSY 5
7V 1&FAA @9 B (blunting) AHE F
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Table 4 Ballistic test results of test specimen
(Protection criteria)

. Thickness Hardness
No Material Pl Vso(™
(tmm) y (Hy) so("5)
1 Al 1052 0.5 50| 46 618
2 [ Al 5052-H34 0.5 50| 88 784
3 [ Al 5052-H34 1.0 25| 87. | 885
4 | Al 5052-H34 25 1 79 942
Anodized Al 1000
5 . 50 24
5052 H34 0.5 ? o] A+
6 |Rolled Al alloy 0.5 15| 91.25 | 458
7 |Rolled Al alloy 0.5 20| 91.44 521
8 [Rolled Al alloy 0.5 25| 91.25 | 554
9 [ Anodized Al alloy 0.5 15]432.10 | 454
10 | Anodized Al alloy 0.5 20143935 532
11 | Anodized Al alloy 0.5 25145050 | 584
Anodized(25/m)
12| Al alloy after 0.25 30 260.90 | 300
cold-rolling
Anodized(25m)
13| Al alloy after 0.25 40| 269.15 | 422
cold-rolling
Anodized(25ym)
14| Al alloy after 0.25 50 256.06 | 532
cold-rolling
Anodized(50/m)
15| Al alloy after 0.25 30| 44045 | 358
cold-rolling
Anodized(50ym)
16 [ Al alloy after 0.25 40| 438.50 | 459
cold-rolling
Anodized(50/m)
17| Al alloy after 0.25 50| 431.60 | 559
cold-rolling

B AP 220E FF HEAEQS Plies)d
Vso2 554n53ch SAAEF] B AF L A
Ay ¢Z2uF T3 HEA9 T AP (Face
petalling)o] AU, FRHoE FHIAUY(Rear
petalling)©] ‘&R 3} o},
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Fig. 7 Cross-section of impacted specimens using
radiography
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Fig. 8 Cross-section of impacted test specimens
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Fig. 9 Entry hole height (H.), bulge height (Hs), Entry
hole diameter (D.) & Ductile enlarge hole

diameter (Dy) vs. increasing impact velocity

Fig. 9t 3AKE F7ho we Ad FIZH.),
Fd 223 277 (Bulging®H AR JTAH

(D) A ¥ AA Dy Z71E e

184

&7t St mEl W AEFH)S Iy
7+ Hole Wi, 3IW E53 £7]5(Bulging)
go] AY¥Ho g vt ¢ F/EE ¢ & Ut o]
B FEALE T dAF FA4AUA7E HEd
2833, A F7 X7t gl &gt
7l o2 AlsdY. £ 271 Fts] met 9+
AR A7 FALE whe) ¥R ¥ AdA
&g Yeiz gloy, g BUAZ Dy B
FA4&57t F7Hgel e dyHog TS o
& e ol FEEEI T wEl FA Y
A9 F7H2 Q¥ @xe] 703 & (Blunting
effect)’t 2 28317] WEoletar HAdr}.

Fig. 102 Z2A&E F7lo] e @2 #UYH
Xt EE8 E71%Bulging) 499 I7IDnE
Yetiiick &7t Fohgel whel gxte] Y F



EAY - AAA - o) F

4 - FA4E  FSAYTEIA A20E Azs

Diameter (mm).

500 600 700 1000

800
Prolectite velocity (m/s).

900

Fig. 10 Bulge diameter (Dy) & depth of penetration

(Xp) vs. increasing impact velocity
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@ Theoretical penetration depth

Penetration depth (mm).

B Experimental penetration depth
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Fig. 11 Comparison of theoretical and experimental
penetration depth vs. increasing striking

velocity
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