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High-Velocity Deformation Analysis Using the Rigid-Plastic
Finite Element Method Considering Inertia Effect

Yo-Han Yoo, Khun Park and Dong-Yol Yang
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Abstract

The rigid-plastic finite element formulation including the inertia force is derived and then the
rigid-plastic finite element program considering the inertia effect is developed. In order to
consider the strain hardening, strain rate hardening and thermal softening effects which are
frequently observed in high-velocity deformation phenomena, the Johnson-Cook constitutive
model is applied. The developed program is used to simulate two high-velocity deformation
problems;rod impact test and high-velocity compression process. As a result of rod impact test
simulation, it is found that the simulated result has a good agreement with the experimental
observation. Through the high-velocity compression process simulation. it is also found that the
accuracy of the simulated result is dependent upon the time increment size and mesh size.
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Table 1 Data for rod impact simulation

Spectimen size

Length 44 4 mm

T
|
|
|

Dlameter 9. f) mm

Impact velocity

Material constants
(AISI 4340 steel)

V=:457m/sec

Simulation conditions

F riction factor

Density
0o="7.83g/cm?
Strain hardening properties

A=792.0 MPa
B=510.0 MPa
n={0.26
Strain rate hardening properties
C=0.014
£=10° usec !
Temperature softening properties
m=1.03
Then=1520C
Toom = 10°C
T = 10C
z-0.9

L -477.0 J/’kgC

m—0.0
Penalty constant
K=§5=10°

Newmark method parameter
y==0.5

Strain hardening constant
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Table 2 Various conditions of high velocity compression simulation
4Case Upper die Lower die Total number Total number
number velocity (m/sec) velocity (m/sec) of elements of solution steps
1 10.0 0.0 192 42
2 50.0 0.0 192 42
3 100.0 0.0 192 42
4 100.0 0.0 192 210
5 100.0 0.0 48 42

Table 3 Data for high velocity compression simulation

Length: 120.0 mm

Specimen size
Diameter: 80.0 mm

Compression velocity V=10.0, 50.0, 100.0m/sec

Density
o=T7.89 g/cm*
Strain hardening properties
A=175.0MPa
B=380.0 MPa
n=0.32
Strain rate hardening properties
Material constants C=0.06
{Armco Iron) £=10""usec”
Temperature softening properties
m=0.55
T e =1538C
Troom=10C
Tinitia = 10007
»=0.9
C=452.0]/kgC

1

Friction factor
m=0.2

Penalty constant
K=5x10°

Newmark method parameter
y=0.5

Strain hardening constant

Simulation conditions

a=0.5
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