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1

Understanding and controlling microstructural
evolution in metal forming: an overview

T. ISHIKAWA, Nagoya University, Japan

Abstract: This chapter describes the importance of microstructure control in
metal forming. The physical metallurgy of the thermo-mechanical treatment
used is dependent on the various metallurgical mechanisms involved in
processing. The development of the structure by thermo-mechanical treatment
is a result of the interrelation of recrystallization, grain growth, precipitation
and transformation. A basic overview of these phenomena and their modeling is
provided, alo'ng with an explanation of the strengthening mechanisms and the
relation between microstructure and mechanical properties in metallic
materials, especially steels. Basic techniques for the control of microstructure
evolution are described and, finally, future trends are outlined.

Key words: thermo-mechanical control processing TMCP, recrystallization,
recovery, grain growth, precipitation, transformation, controlled rolling.

11 Introduction

Thermo-mechanical control processing (TMCP) is now a widely used method
for controlling microstructure and the resultant (principally mechanical) properties
in both the ferrous and the nonferrous industries.!™ Correct control of the
microstructure, in addition to the selection of appropriate alloying elements
and a suitable composition, is therefore extremely important. There are many
potential benefits offered by appropriate TMCP, particularly if the same properties
can be achieved by optimizing the microstructure without the addition of alloying
elements, especially rare earth elements and minor metals. Use of common
metals rather than rare elements also contributes substantially to environmental
conservation.

Previously, the prediction and control of microstructural evolution and
mechanical properties relied on the knowledge and experience of the individual
engineer. In steelmaking, where processing is complex and a dynamic
microstructure evolves, these individual predictions are time-consuming,
requiring a great deal of effort. Furthermore, consistent control is almost
impossible. However, recent advancements in physical metallurgy, in rolling and
metal forming technology, in thermo-mechanical processing, and in computer
engineering have allowed microstructures and mechanical properties during
production to be predicted. Computer-integrated manufacturing is leading to
increased productivity, reduced manufacturing costs, savings in materials and
improvements in product quality (Fig. 1.1).° Changes in microstructures and

3



