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Changes in Nonlinear Acoustic and Magnetic Properties and Crystal Misorientation during
Plastic Strain-Induced Martensitic Transformation in a Metastable Austenitic Stainless
Steel

Toshihiro OHTANI

Abstract:

We studied the correlation between the evolutions of non-linear acoustic and magnetic properties and local
misorientation on strain-induced martensitic transformation (SIMT) behavior in SUS 304 metastable
austenitic stainless steel during tensile test. Two nonlinear acoustic characterizations; resonant frequency
shift and high harmonic components with electromagnetic acoustic resonance (EMAR), parameters in
magnetic hysteresis loops were measured. Furthermore, the evolution of microstructure was observed with
electron backscatter diffraction (EBSD) was examined. EMAR is a contactless resonant method with an
electromagnetic acoustic transducer (EMAT). This method enables not only to measure exact ultrasonic
attenuation of measured sample but also to eliminate nonlinear acoustic effect between the sample and
transducer. We used two type of axial SH wave EMATSs, which transmit and receive axially polarized shear
wave along a cylindrical surface of a circular rod, for ferromagnetic and non-ferromagnetic materials. The
changes in non-linear acoustic and magnetic properties have good correlations with microstructural
observations. They successfully capture SIMT behavior in a metastable austenitic stainless steel.

Keywords : Metastable austenitic stainless steel, Strain-induced martensitic transformation,
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Fig. 1 Geometry of specimen.

Table 1 Chemical composition of sample (Wt%).

C Si Mn P S Ni Cr
0.05 0.33 1.32 0.037 | 0.026 8.01 18.21
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Fig.2 Interrupted strain-stress condition in tensile test
for SUS304 austenitic stainless steel.
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Fig.5 Measured resonant spectrums for SUS 304
tensile specimen with 7-mm diameter measured by (a)
magnetic mechanism type of axial shear wave EMAT
and (b) Lorentz type of axial shear wave EMAT.
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Fig. 6 Radial distribution of the axial-shear-wave
energy for the lowest modes at N=1, 48 in SUS304
tensile specimen with 7-mm diameter.
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(MHL) measurement setup.
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Fig.16 Change of local misorientation average
(M) during tensile test in SUS304.
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Fig.17 Change of modified crystal deformation
(MCD) during tensile test in SUS304.
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