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We study plane strain thermomechanical deformations of a square block made of
steel, and model a material defect in it by a rigid non-heat-conducting ellipsoidal
inclusion located at the center of the block. The boundaries of the block are presumed
to be thermally insulated, and its top and bottom surfaces compressed vertically at
a prescribed rate. The loading pulse is assumed to be made up of three parts; an
initial segment in which the speed increases from zero to the steady value, the steady
part, and the third part in which the speed decreases gradually to zero and is
maintained at zero subsequently. In the undeformed state, the specimen is assumed
to be fully annealed, isotropic, and its microstructure to be a mixture of coarse
ferrite and cementite. A material point is presumed 1o start transforming into aus-
tenite once its temperature exceeds the transformation temperature; the rate of
transformation is controlled by a simple kinetic equation. Proper account is taken
of the latent heat required for the transformation, the associated volume change,
and the variation in the thermophysical properties. The complete thermomechanical
problem is analyzed during the loading and unloading phase till all of the body
Dpoints have essentially come to rest, and the energy equation is solved subsequently.
It is found that the austenite is quenched rapidly enough by the surrounding material
JSor it to be converted into martensite rather than pearlite or a mixture of pearlite

and martensite.

Introduction

Shear bands in a dynamically loaded metal block often occur
when softening caused by the heating of the material exceeds
the combined effects of strain and strain-rate hardening, and
generally precede shear fractures. These bands have been ob-
served by Tresca (1878) and Massey (1921), who called them
hot lines. Zener and Hollomon (1944) measured 32 pm wide
shear bands during the punching of a hole in a steel plate, and
stated that some of the region within the band etched white,
thereby suggesting the presence of martensite within the band.
Roger (1979), in his review article, has alluded to similar ob-
servations and hypothesized that hot material within the band
is quenched fast enough by the surrounding colder material
that austenite within the band is transformed into martensite.
Lindholm and Johnson (1983) have reported on the presence
of martensite within a shear band formed in AMS6418 steel.
Giovanola (1988) has measured temperatures close to 1100°C
in shear bands formed in 4340 VAR (vacuum arc remelted)
steel, which is well above the transformation temperature of
ferrite and cementite into austenite. Wingrove (1971), based
on electron microscopic observations, concluded that, indeed,
transformation into martensite occurred within the band.



