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Ultrasonic Attenuation and Microstructural Evolution During
Fatigue Life of a Low Carbon Steel.

Toshihiro OHTANI

Abstract:

We study the microstructure evolution in a wrought low-carbon steel, ASTM-A105, containing C: 0.35
mass%, subjected to tension-compression fatigue loading through in-situ monitoring of axial-shear-wave
attenuation and velocity with electromagnetic acoustic resonance (EMAR). This is a combination of the
resonant technique and a non-contacting electromagnetic acoustic transducer (EMAT). The EMAT operates
with the magnetostrictive mechanism and is the key to establish a continuous monitoring for microstructural

change in the material’ s surface region with high sensitivity.

We find that the attenuation is highly

sensitive to the accumulated fatigue damage, showing two peaks around 2 % and 90 % of the whole life. This
novel phenomenon is interpreted in terms of drastic change in dislocation mobility and rearrangement, which
is supported by TEM observations. This technique has a potential to assess the damage advance and to predict

the fatigue life of steels.
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Fig.1 Geometry of specimen

Table 1 Chemical composition of ASTM-A105 (mass%)

C Si Mn P S Cu Ni Cr
021 | 0.21 0.95 0.019 0.014 0.02 0.02 0.03
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Fig.2 Electromagnetic acoustic resonance (EMAR)
setup for monitoring the resonant frequency and
attenuation  coefficient of axial shear-wave
synchronized with the loading sequence.
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Fig.4 Measured Ring down curve of 1st mode
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Fig.5 Distribution of the axial shear-wave
energy along radial direction at
fundamental resonance mode.
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Fig.6 Evolution of the attenuation coefficient,
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Fig.7 TEM micrographs showing the dislocation
structure in fatigue life (A =215 MPa).
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