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Investigation into Low Velocity Impact Characteristics of the Stainless Steel
Sheet with Thickness of 0.7 mm on the Stretching Condition using Three-
Dimensional Finite Element Analysis

Dong Gyu Ahn*, Kyung Je Moon', Chang Gyun Jung" and Dong Yol Yang"

ABSTRACT

This paper investigated into the impact characteristics of the stainless sheet with thickness of 0.7 mm on the
stretching boundary condition through three-dimensional finite element analysis. High speed tensile tests were carried
out to obtain strain-stress relationships with the effects of the strain rate. The FE analysis was performed by the
ABAQUS explicit code. In order to improve an accuracy of the FE analysis, the hyper-elastic model and the damping
factor were introduced. Through the comparison of the results of the FE analyses and those of the impact tests, a proper
FE model was obtained. The results of the FE analyses showed that the absorption rate of energy maintains almost 82.5 -
83.5 % irrespective of the impact energy level and the diameter of the impact head. From the results of FE analyses,
variations of stress, strain, dissipation energy, strain energy density, and local deformation characteristics in the stainless
sheet during the collision and the rebound of the impact head were quantitatively examined. In addition, it was shown
that the fracture of the specimen occurs when the plastic strain is 0.42 and the maximum value of the plastic dissipation
energy of the specimen is nearly 1.83 J.

Key Words : Stretching Boundary Condition (= E# % 737 Z7), Low Velocity Impact Characteristics (31 4% 2
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71549 AT, : time interval for stable integration (sec)
L. : minimum element size (rmm)
V : impact speed (m/s C4 : propagation speed of stress wave (mm/sec)
pact sp p!
g : acceleration of gravity (m/s”) E : Young's modulus of material (GPa)
H : impact height (m) p : density of material
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Ei, : impact energy (J)

m : mass of impact head (g)

D : diameter of impact head (mm)

E, : absorbed imipact energy by material (J)

P : reaction force (N)

o : vertical deflection of material at contact area
with impact head (J)

¥, : absorption rate of impact energy (%)
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Fig. | FE model of the impact analysis
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Table 2 Chemical composition of SUS 304 (wt%)

Fe C Si | Mn P 8 Ni { Cr

68.6 | 0.08 1 1.0 ] 2.0 | 0.045 ] 0.03 { 92 | 19.0

Table 3 Mechanical properties of SUS304
E (GPa) v 0y (MPa)
180 0.29 283
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Fig. 2 Experimental set-up of high speed tensile tests

i L=194 mm

G=20 mm
Fig. 3 Design of specimen for high speed tensile tests
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Fig. 4 Stress-strain relationships for each strain rate
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Fig. 5 Influence of damping coefficients and hyper-
elastic model on velocity-time curves
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Fig. 6 Influence of damping coefficients and hyper-
elastic model on accuracy of the solution (P-8
curves)
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Fig. 7(a) Comparison of P-8 curve of impact tests and that
of simulation (D = 10 mm, E;;=41.3J)
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Fig. 8(a) Results of FE analysis (Stress distribution, E;;=
41.3 J and D =20 mm)
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Fig. 7(b) Comparison of absorption energy-deflection Fig. 8(b) Results of impact test (Deformed shape, E;, =
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Table 5 Results of impact analysis

D|H | Ea | Esx | X Poax | 6 max
mm) (cm)| () g | ) N) | (mm)
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Fig. 10 Variation of the plastic strain according to the
diameter of impact head (E;,= 106.6 J)
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