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Simultaneous control of surface microstructure and residual stress using solid
solution of tool elements during friction stir processing

Yamamoto, Hajime
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Friction stir processing (FSP) with the WC tool wear was conducted on the
low-carbon steel plate to elucidate the mechanism of compressive residual stress applied to the
FSPed steel surface, alloyed with the tool constituent elements. The alloyed topmost layers in the
stir zone consisted of martensite structures with small amount of retained austenite grains. The
residual stresses applied to the stir zone surface depended on the alloying contents and the related

martensite start temperature (Ms). The compressive residual stresses can be maximized at the Ms of
about 150° C due to the martensitic transformation expansion near room temperature. Further
decreasing Ms below about 150° C resulted in applying tensile residual stresses and increasing
volume fraction of retained austenite. This suggests that martensitic transformation expansion near
room temperature is insufficient for applying compressive residual stress.
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