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Abstract

The 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 method. Three
different clearance sizes are tested. The material model for the stepped specimen includes effects
of strain hardening, strain rate hardening and thermal softening. It is found that the material
inside the fully grown adiabatic shedr band experiences three phase of deformation, (1) homoge-
neous deformation phase, (2) initiation/incubation phase, and (3) fast growth phase. The second
phase of deformation is initiated after sudden shear stress drop which occurs at the same time
regardless of the clearance size. The incubation time prior to fast growth phase increases, as the
clearance size of the stepped specimen increases. Whereas, after incubation pericd, the growth
rate of the adiabatic shear band decreases, as the clearance size decreases. It is also found that
two adiabatic shear band may develop instead of one for the smaller clearance size.
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Fig. 1 Schematic diagram of the stepped specimen
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Table 1 Conditions of computation

Computation Prescribed Termination Minimum Width of Radius of
number end velocity time mesh size clearance, w upper body,
{#m/ psec) (usec) (em) (pm) r(mm)
1 100.0 20.0 50.0 200.0 39
2 100.0 20.0 50.0 400.0 38
3 100.0 20.0 50.0 800.0 3.6
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Material model

Material model

Material coefficients

Elastic-viscoplastic

Temperature dependent

Material model

Yield stress

=0.2 GPa

Reference strain

Reference strain rate

yo=1/sec

Strain hardening exponent

n=0.1007

Strain rate hardening exponent

m=167.0

Temperature softening exponent

A=0.0013/°C

Initial temperature

To=0°C

Conversion factor

x=0.85

Conversion constant

£=2.7455x 10 Kg'C /]

Young’s modulus

E=200 GPa

Poisson’s ratio

v=0.30

Density

p=78g/cm?
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(a) Initial mesh (b) After 10 usec (c) After 20 usec

Fig. 3 Deformation sequence of computation number 1
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Fig. 4 Deformation sequence of computation number 2
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Fig. 7 Time plots of equivalent blastic strain rate
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Fig. 10 Time plots of shear stress
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