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A Study on perforation behavior of Aluminum 5052-H34 alloy by
high velocity impact

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

In order to investigate the fracture behaviors(perforation modes) and resistance to perforation during
ballistic impact of aluminum alloy plate, ballistic tests were conducted. ,
Depth of penetration experiments with 5.56mm-diameter ball projectile launched into 25mm-thickness Al
5052-H34 targets were conducted. A powder gun launched the 3.55g projectiles at striking velocities
between 0.6 and 1.0 km/s. radiography of the damaged targets showed different peneciration modes as

striking velocities increased.

Resistance to perforation is determined by the protection ballistic limit(Vso), a statistical velocity with

50% probability for complete perforation.

Fracture behaviors and ballistic tolerance, described by perforation 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 perforation during PTP tests.

The effect of various impact velocity are studied with depth of penetration.
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Fig. 1 Penetration mode by criteria of the army, navy and
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Fig. 2 Typical Failure(Penetration) Modes of Impacted
Plates
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7)1, m = Mass of Projectile(kg)
v = Striking Velocity of Projectile(m/s)
d = Diameter of Projectile(m)
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AAe Table 1, 29 23, FAE 25m(1 inch)®
A
Table 1 Chemical composition of - Al 5052-H34 alloy

Composition| Si | Fe | Cu  Mn | Mg | Cr | Zn

W% 042510.4 0.1 01 2.2J0.15 0.1

Table 2 Mechanical property of Al 5052-H34 alloy

. Tensile | Yield | Young's .
Material Elongation
(Alloy) Strength | Strength | Modulus %)
o)
4 (MPa) | (MPa) | (GPa) °
Al 5052-H34 | 260 180 69.58 10
32 0% 54 Alg
] eawstc | I HiGH SPEED 1
|FiRinG controL | | anaLyzer i |
H ; ‘,(VECLM_J | CONTROLLEH i

| I
i ' | I

™ ei " CAMERR |
| - | CAMERA |

! \
TUGHT 17 LiGHT 2
e o

! TEST SPECIMEN
|
/ WITNESS PLATE |

[ H H |

100mm | 60mm | |
TEST GUN - ,J#, *‘ﬁ
1

100mm i 100mm
o tO0 L, 100mm V.T.
SYSTEM !

|
|
|
1
1
t
|

TEST BARREL

360 mm '15.4 mm

-

Fig. 3 Experimental Setup for High velocity Impact test
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(a) at V=607"%
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Fig. 6 Cross-section of impacted specimens using

radiography
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2% Avfolth,
Table 3 Dynamic Deformation after Impact Test
No* v H. | H, | X, | D. | Dy | Dn
‘ (m/s) | (mm) | (mm) | (mm) | (mm) | (mm) | (mm)
1] 982 | 401 | 877 | CP. | 581 |21.03|11.12
21 607 | 325 | 0.74 | 1246 | 5.86 | 17.22| 9.30
31791 | 390 | 3.14 {2072 594 | 2242|1026
4 846 | 431 | 478 {2321 | 6.03 | 18.86 | 10.19
57 991 | 534 1853 | CP. | 567 |23.66|11.56
6] 916 | 465 | 7.11 | 2774 6.62 | 21.03 | 10.85
71 940 | 4.05 | 667 | CP. | 578 | 21.56 | 10.98
8! 940 | 414 | 869 | 28 | 601 | 21.5 | 10.38
91 932 | 405 | 7.69 | 2791 | 6.03 ;2127 | 11.81
10] 940 | 4.13 | 7.11 | C.P. | 631 |20.63 | 11.62
111 940 | 4.13 | 8.69 [ 28.54| 5.98 |20.56 | 10.89
C.P. : Complete Penetration
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Fig. 8 Entry hole Height(H.) & Bulge Height(Hy) Vs.
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Vs. increasing impact velocity
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Fig. 10 Entry hole diameter(D.) & Ductile Enlarge hole
diameter(Dy) Vs. increasing impact velocity
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219 De Marre AFE 2A3}7) A8t m =
3.55%10°kg, v = 942m/s, d = 5.56<10°m, t = 25
% 10°m, ¢ = De Marre A5 ®N/m’), n = 1.4 &
£33, ANEE BF FITFAQY  Vso(942m/s)S
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Table 4 Penetration Depth Comparison between Theoretical
and Experimental

v Theoretical Experimental

No. (m/s) Pcnetra(i&(;}r}l) Depth Penetr?tl%t) Depth

1 982 26.954 C.P.

2| 607 13.557 12.46

3 791 19.789 20.72

4| 846 21.784 23.21

5 991 27.308 CP.

6| 916 24.404 27.74

71 940 25.322 C.P.

8 940 25.322 28

91 932 25.015 27.91
ﬂ 940 25322 CP.

11| 940 25.322 28.54

P. : Complete Penetration
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Fig. 11 Comparison of Theoretical and Experimental
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