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On Evolution of Thermo-plastic Shear Band

Bai Yilong, Cheng Zheming, Yu Shanghing

(Institute of Mechanics Academy of Sciences, Beijing, China)

Abstract

1. Brlef revlew of thermo-plastic shear band observations

Intense thermo-plastic shear bands are observed in a variety of cases such as
machining and ballistic impact, etc, , and often act as precursor to ductile cracks,
They are frequently called adiabatic shear bands in the literature, A comprehensive
review on this topic is attributed to Rogerst'?,

An adiabatic shear band has a finite thickness and possesses a distimct struc-
ture, In fact, in steel it has the appearance of a white etching band, identified as
fine martinsite, and is about tuns to hundreds of microns in thickness, In addition
a solidifisd liquid film within shear band has also been ohserved in the scanning
electron micrograph of a CrMoV steel 27, :

The present paper gives an outline of analytical studies of this evolution in

relation to the mechanical and thermal properties,
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2., Homogeneous solutlon and thermo-plastle instability

A simplified analytical model of simple shear is proposed with constitutive
relation t1=1(¥,Y,0)'* provided no heat exchange between testpiece and surrounding
medium is permitted, one can easily obtain a uniform time-dependent solution®*’,
which remains stable uﬁfii some criticaf state is réhchéd; Apparently heat transfer
can act as a kind of disturbanee to the uniform mode,

By making small perturbation fo .this ‘uniform shear rﬁodé, one can obtain an
instability criterion, In the adiabatic case, this criterion simply means that ther-
mal softening overweighs work-hardening, The instability argument suggests a
high strain-rate deformation mode at post-instabil ity,

3, Emergene of shear band

It has been shown experimentally that viscous effect predominates at high

straiﬁi rate ™ It is therefore natural to depict the medium at pbst—instai)ility by

the coastitutive relation y=g(t, 0) or, for simplicity, by a linear version T=1T,

o
(_\f,t—+l —%)when 7>0, In the region y=0, the material beccmes rigid,

Scaling the fundamental equations, ome finds that the inertial term dies away
extremely rapidly (with a characteristic time of 107 socond for steel)in comparis—
on with heat diffusion term and hence mav bYe dropped, Still the solution is rather
complicated owing to the plastic work term acting as heat source and the matching
of solutions at the moving boundary between deformed and figid portions (7] .

Nevertheless, one can find that two terms play significant roles in shear band
emergence,nemely the plastic work w, and the heat diffusion H,, If W, outweighs
Hy, the shear band decreases in thickness, This corresponds to the emergence of
narrowing shear band at post-instability, On the other hand, i, e, H, outweighs
Wp, the band starts to expand(’?,
4, Late stage behaviour

The late stage is referred to as a period, in which transients in temperature
have died out within the narrow shear band and a quasistationary temperature
distribution has been established, The process is then governed mainly by the
balance of heat diffusion and plastic work, It is shown that the initial band width
represents a kind of lower bound and melting may happen in some cases{*?,

Based on the above argument, a simple approximation of thermoplastic shear
band w%dth ~ (ABu/T47) gives fairly satisfactory estimate!™* compared to the

measured ones 107



