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Microstructural Characteristics Developed by Inhomogeneous Plastic Flow:
Focusing on the Formation of Shear Bands

Kenji HIGASHIDA and Tatsuya MORIKAWA

Synopsis

: Microstructural characteristics developed by inhomogeneous plastic flow in fcc metals and alloys have been reviewed. The aspect of mi-

crostructural evolution due to plastic deformation in fcc materials is markedly influenced by the values of SFE. Particular emphasis is laid on

the formation of shear bands in a cold-rolled low SFE metal such as 310S austenitic stainless steel. In cold-rolled 3108 steel, deformation

twinning easily occurs to form fine lamellar structure due to twin (T) and matrix (M). Further deformation causes shear band formation. In

shear bands, fine-grained structures are formed with large orientation scattering. The multiplication of shear bands destroys the fine T-M

lamellae to form fine-grained structures being similar to those due to severe plastic deformation. Shear bands are considered to be a mi-

crostructural instability where intense shear deformation occurs due to the local collapse of fully work-hardened structure.
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Fig. 1. Two kinds of deformation bands: (a) kink bands,
(b) bands of secondary slip (BSS).
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Fig. 2. Schematic illustrations of microstructural evolution in cold-rolled fcc metals and alloys observed from transverse direction

(a) Cu-type, (b) brass-type.
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Fig. 3. Diffraction pattern and dark field images of twin-matrix lamellar structure observed in 310S steel cold-rolled by 70% in
thickness reduction. Figures (b) and (c) are obtained from the 200 spots pointed by (b) and (c) in diffraction pattern (a).
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Fig. 4. Shear bands observed in an optical micrographs of
3108 steel cold-rolled by 70% in thickness reduc-
tion (longitudinal section).

Fig. 5. TEM image and optical micrograph with the same
magnification. 310S steel cold-rolled by 70% in
thickness reduction, (a) TEM, (b) optical micro-
graph.
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Fig. 6. TEM image (bright-field) of a microstructure ob-
served in the longitudinal section of cold-rolled
3108 steel at the strain of 70% reduction in thick-
ness.
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Fig. 7. (a) Enlarged TEM image(bright field) of a shear
band. (b) and (c) are SAED patterns obtained from
the area of the shear band.
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Fig. 8. Enlarged bright-field image around the border be-
tween T-M lamellae and shear band.
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