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An Analysis of High Speed Forming Using the Explicit Time Integration
Finite Element Method( [ )
— Effects of Friction and Inertia Force —
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Abstract

Two-dimensional explicit finite element code was developed. The transient dynamics code
can analyse large deformations of non-linear materials subjected to extremely high strain rates.
The Lagrangian finite element program uses an explicit time integration operator to integrate the
equations of motion, thus the stiffness matrix is not introduced. Cylinder upsetting and ring
compression problems are simulated to check the effects of friction and inertia force. It is shown
that (1) calculated results agree very well with experimental results, (2) constant shear friction
method overestimates the decrease of inner ring radius and then underestimates after on in
comparison with the Coulomb friction method, and (3) the effect of the increase in initial strain

rate is similar to the effect of higher frictional coefficient.
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Table 1 Material model

Number Material Material model

Material coefficient Work hardening

Al11100
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0=2.7(g/cm?)
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y=0.33 T [\
Yo=62.74 (MPa) Yo’(“r )
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2 Steel Elastic

p=178(g/cm?)
E=300(GPa)
y=0.29
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Table 2 Conditions of calcuation
Number Coulomb friction Initial strain rate Reduction of height
1 0.0
2 0.05
3 0.1
4 0.25 100/sec 60%
5 0.5
6 1.0
7 0.0 60%
8 0.05
9 0.1
10 0.14 1000/sec 40%
11 0.2
12 0.25
13 1.0 60%
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Fig. 3 Ring Compression: Curves of inner diameter

decrease vs. reduction in height .of upper boun-

dary theory, NET calcuation and experiment
with various friction coefficient
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