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Finite Element Analysis of Adiabatic Shear Band

Y.H. Yoo, G.Y. Jeon and D.T. Chung

Key Words : Initiation and Growth of Adiabatic Shear Band (g}t gl Wlzeo] A 1w A
Explicit Time Integration Finite Element Method (A &=l & A|7}&E 38

4 %), Thermal Softening (&2 41 3}), Impact Velocity (274 4-%)

Abstract

A stepped specimen which is subjected to step loading is modeled to study the initiation and
growth of adiabatic shear band using explicit time integration finite element code. The material
model for specimen includes effects of thermal softening, strain hardening and strain rate
hardening. Various mesh sizes are tested to check whether they are small enough to model highly
localized discontinuous phenomena reasonably well. It is shown that the number of adiabatic
shear band depends on impact velocity and it is also shown that the initiation and growth of
adiabatic shear band inversely depends on prescribed velocity at the top of specimen.
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Fig. 1 Adiabatic shear band: Schematic diagram of
stepped specimen test setup
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Fig. 2 Adiabatic shear band: Undeformed mesh of
computation number 3
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Table 1 Conditions of computation

Computation Prescribed end Termination Mininum mesh
number velocity (um/usec) time (usec) size (pm)
1 100:0 20.0 200.0
2 100.0 20.0 100.0
3 100.0 20.0 50.0
4 10.0 200.0 50.0

Table 2 Material model

Material model

Material coefficients

Elastic-viscoplastic
temperature dependent
material model

yield stress o,=
reference strain y,=0.001

reference strain rate y,=1/sec

strain hardening exponent n=0.1007

strain rate hardening exponent m=167.0
temperature softening exponent A =0.0013/°C
initial temperature
conversion factor x=0.85

conversion constant £=2.7455x10'® Kg°C/J
Young’s modulus E=200 GPa

Poisson’s ratio
density p=7.8 g/cm?®

0.2 GPa

To=0C

v=0.30
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(a) Computation number 1
(b) Computation number 2
(¢) Computation number 3
Fig. 3 Adabatic shear band : Deformed shapes of the
region A after 10usec with three different
mesh size.
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(a) Computation number 1
(b} Computation number 2
(¢) Computation number 3

Fig. 4 Adiabatic shear band : Contours of equivalent
plastic strain rate of the region A after 10usec
with three different mesh size
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Fig. 5 Adiabatic shear band: Deformed shapes of
the region A after 20usec with three different
mesh size
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(a) Computation number 1
(b) Computation number 2
(¢) Computation number 3
Fig. 6 Adiatatic shear band: Time plots of axial

load on the bottom surface of the stepped
specimen with three different mesh size

Equivalent strain rate (/psec)
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Time (psec )
(a) At element number 879
(b) At element number 759
(c) At element number 639
Fig. 7 Adiabatic shear band: Time plots of equiva-

lent plastic strain rate along the first
adiabatic shear band of computation number 3
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Fig. 8 Adiabatic shear band: Time plots of equiva-

lent plastic strain rate across adiabatic shear
bands of computation number3
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(a) At element number 759
(b) At element number 760
(c) At element number 761
(d) At element number 762
Fig. 9 Adiabatic shear band: Time plots of equiva-

lent plastic strain rate across adiabatic shear
bands of computation number 3
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(a) At element number 879
(b) At element number 759
(c) At element number 639
Fig. 10 Adiabatic shear band: Time plots of equiva-
lent stress along the first adiabatic shear band
of computation number 3
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(a) At element number 879
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(d) At element number 882

Fig. 11 Adiabatic shear band: Time plots of equiva-

lent stress across adiabatic shear bands of
computation number 3

15.0

12.0

Equivalent strain

0. R A e -
4.0 8.0 12.0 16.0

20.0

[=N-]
.
o

Time ( psec )
(a) At element number 879
(b) At element number 759
(c) At element number 639
Fig. 12 Adiabatic shear band: Time plots of equiva-
lent plastic strain along the first adiabatic
shear band of computation number 3
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(a) At element number 879
(b) At element number 880
(c) At element number 881
(d) At element number 882
Fig. 13 Adiabatic shear band: Time plots of equiva-
lent plastic strain across adiabatic shear bands
of computation number 3
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(a) At element number 759
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(d) At element number 762
Fig. 14 Adiabatic shear band: Time plots of equiva-

lent plastic strain across adiabatic shear bands
of computation number 3
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(a) At element number 879
(b) At element number 759
(c) At element number 639
Fig. 15 Adiabatic shear band: Time plots of tempera-
ture along the first adiabatic shear band of
computation number 3
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Fig. 16 Adiabatic shear band: Deformed shapes of
the specimen with different end velocity but
with equal overall height reduction
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(a) Initial geometry

(b) Computation number 3 at 10 usec
(c) Computation number 4 at 100 gsec
(d) Computation number 3 at 20 usec
(e) Computation number 4 at 200 gsec

Fig. 17 Adiabatic shear band: Deformed shapes of
the region A with different end velocity but
with equal overall height reduction. All fig-

ures have the same reference position.
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