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DWREEE / Theme of Research

An investigation on the fracture toughness of SUS304 during small punch test at relatively high strain rate

QWEME / Outline of Research

It is proven that SUS304 austenitic stainless steel has strain-induced martensitic transformation (SIMT) mechanism during plastic deformation
leading an improvement of the mechanical properties. In this study, rate-sensitivity of fracture characteristics in the small punch test using a small
specimen is investigated in experiment and finite element simulation for this steel. Fracture toughness is discussed based on the results of force-
deflection curve as well as SEM observation. A modified damage model is incorporated into the constitutive equations. Damge model is
considered on austenite and martensitic phase coupled with SIMT. Finally, mechanism of the effect of SIMT at various deformation rate on
fracture toughness of the steel under small punch test is examined.

OWMEHE / Results of Research

From this research work, a negative rate-sensitivity of fracture model of the steel under small punch test can be seen. The initial crack might
appear before the force reaches maximum value. The deflection at this point should be used for evaluation of equivalent fracture strain instead of
deflection at the maximum force. In simulation, a damage model is modified by an incorporation of Johnson-Cook damage model for crack
initiation and modified Lemaitre damage model for damage evolution. The obtained results show that the crack initiation might appear in the
region with large volume fraction of martensite. Thus, fracture toughness of this steel is strongly affected by SIMT and the damage model should
be considered for not only austenite, but also martensitic phase.

@45#OEE / Further Research Plan

From this research work, an improvement of fracture toughness by means of SIMT at high deformation rate cannot be seen clearly for small
punch test by using small disk-shape specimen. Meanwhile, it is proven that large amount of SIMT might be induced around the crack tip of pre-
crack specimen. Thus, larger effect of SIMT at higher deformation rate is expected to be obtained. In the future plan, the pre-crack specimen will
be used for investigation of fracture toughness in small punch. Also, value of J-integral can be evaluated from this kind of test and the
incorporation between J-integral in small punch test and three-point bending test is intended to be achived by using pre-crack specimen.
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