Numerical Analysis of Adiabatic Shear Band in an
Early Stage of Its Propagation

S. Kuriyama
Institute of Physical and Chemical Research
Wako, Saitama 351-01, Japan

M.A. Meyers
New Mexico Institute of Mining and Technology
Socorro, New Mexico 87801, U.S.A

Abstract

An adiabatic shear and produced by simple shearing in a rectangular
body with a notch is analyzed numerically by the finite element method,
using a stress-strain curve for the adiabatic condition, which shows an
instability region due to the strain softening. Formation and propagation
of the shear band are investigated for different geometrical conditions and
compared with the plastic deformation of a material which has no insta-
bility region. When the plastic strain near the notch tip reaches the
instability strain, the shear band starts to propagate faster than the
expansion of plastic deformation area in the stable hardening material and
the velocity of the shear band increases acceleratedly. A width of the
shear band is estimated to be about 7 ym.
Introduction

An adiabatic shear band is a strain localization phenomenon that
occurs when the rate of softening due to temperature increase is greater
than the rate of work hardening due to plastic deformation. Destabilizing
effect of the thermal softening in nearly adiabatic deformation was first
recognized by Zener, et al.[1]. Nucleation of the shear band was correlated
with the shear strain at which a slope of an adiabatic stress-strain curve
is zero by Recht[2] and developed by other researchers [3,",5]. An elemen-
tary linear perturbation analysis for the nucleation of the shear band was
presented by Clifton, et al.[6] and applied by other researchers(7,8,9].
Formation of the shear band was analyzed numerically by Olson, et al.[10]
using the HEMP code and by Lindholm, et al.[11] using the EPIC-2 code. The
adiabatic shear band is produced not only in a dynamic deformation by high
velocity impact but also in a quasi-static deformation by machiningl12].

This paper deals with the formation of the shear band induced by the
high speed impact. A stress-strain curve for the adiabatic condition is
used to simplify governing equations for the shear band propagation.
Assuming that the adiabatic stress-strain curve is expressed by a monotonic
curve, and that it has a transition point where the stable strain hardening
changes to the straln softening, the adiabatic shear band produced by
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