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High-Velocity Impact Characteristic of Magnesium Alloy
under Cryogenic Temperature
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High-velocity impact experiments were conducted on magnesium alloy plates at room and
cryogenic temperature, 298 K and 153 K. An aluminum sphere with room temperature impinged at
the target plate with its speed ranging from 0.5 to 1.7 krn/s in 100 Pa air. The impact process was
visualized by shadowgraph, and recorded with the ultra-high speed video camera. Results of the
experiment was compared to results which were obtained from previous experiments for a thicker
specimen. In addition, it was compared to experimental results from aluminum alloy specimens that
our co-investigator presented in the past. As a result, the difference was found on the damage of
debris cloud impingement. It was affected by bumper material, plate temperature and impact
velocity. It is thought that the bumper performance of the magnesium alloy is better than aluminum

alloy, because the damage of magnesium alloy was distributed more shallowly and more widely than
that of aluminum alloy.
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Table 1 Material and geometry of test components

Item Material Shape  Size ’
Specimen | ZK60A-TS | Plate 110x110x2.0 [mm]
Projectile | AI2017-T4 | Sphere | dia.:7.938 [mm], mass:0.74[g]
Backplate | A2024-T3 | Plate 200x200%5.0 [mm]

Table 2 Mechanical and material property of specimens

Tensile Yield Elongation Density Thickness Arial density
Material Strength Strength p t pxt
[MPa] | [MPa] [%] lgfem’] [mm} [g/em’]
20 0.356
ZK60A-TS 275.5 150.1 15.0 1.78 30 0.534
Al5052-H34 260 215 10.0 2.68 2.0 0.536
Table 3 Chemical properﬁes of ZK 60 A-T 5 (weight %)
Al Zn Mn Zr Cu Ni Re | Mg
- | 48-62] - |045-0.8 | 0.03Max. | 0.005Max. | - | Rem.
' Propellant Chamber Test Section X-ray Geerator 0pt1 Window
Pump Tube {
Launch Tube ,

RO, 30 A e

High Pressure Coupling

Specification

Pump Tube - internal diameter : 51 mm, length : 3.4 m
Launch Tube - internal diameter 15 mm, length : 3 m

Test Section - internal diameter 1.66 m, length : 12 m

Fig.1 Schematic diagram of two-stage light gas gun
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Fig.2 Projectile and four-piece Sabot Fig.3 Cryogenic chamber and installation of specimen

M
Test Section : | Cryogenic
. iy Chamber
AR R o 5 ; SR
Projectile H U

; ’ Specimen ~ || Back plate

LN pecimen b
F: Flash Lamp o
PM: Parabolic Mirror
FM: Flat Mirror
L: Lens

C: Ulira High Speed Camera

Fig.4 Shadowgraph optical setup
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Rear face
(a) #=2.0mm, T=298K  (b) #=3.0mm, T=298 K10 (c) t=3.0mm, T=153 K@

Fig. 6 = Photograph of penetration hole: ZK 60 A-T 5 at 0.5 km/s

153K

T=298K

T=153K

v,= 1.7km/s

(a) ZK60A-T5 (¢+=2.0mm)

T=298K

=153K
v,= 1.0 km/s

T=208K
V= 1.7 kim/s

(b) ZK60A-T 5% (#=3.0 mm)

T=153K

7=298K
v;= 1.0 km/s

T=298K T=153K

v;= 1.7 km/s

(c) Al5052-H 349V (¢4=2.0 mm)

Fig.7 Photograph of penetration hole at 1.0 and 1.7 km/s
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Fig.8 Cross section and fracture surface: ZK 60 A-T 5 at 1.7 km/s (Arrow shows projectile flight direction)
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ZK60A-TS5 (= 2.0 mm)

ZK60A-T5" (=3.0 mm)

Al5052-H34"" (+=2.0 mm)

Fig.9 Visualization image at 1.0 km/s with 298 K (Arrow shows projectile flight direction)

T=298K
ZK60A-T5"? (¢=3.0 mm)

T=153K

T=298K T=153K
Al15052-H34"" (+=2.0 mm)

Fig. 10 Visualization image at 1.7 km/s (Arrow shows projectile flight direction)
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t=20mm, T=298 K

t=3.0mm, 7=298

K19 t=20mm, 7=153K

Fig.12 Visualization image of ZK 60 A-T 5 at 0.5 km/s with 298 K
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T=298K
V= 1.7 km/s

T=153K

(c) Al5052-H 3410 (¢=2.0 mm)

Fig. 13 Photographs of back plate damage at 1.0 and 1.7 km/s
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