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Abstract The surface microcrack over a few tens of micrometers is one of severe problems of a steel wire rod to
lead to the failure of the final products, so the method to evaluate crack depth has been required to develop. This
work investigates the feasibility of electromagnetic acoustic resonance (EMAR) for this problem. EMAR is the
method for measurement of resonant features using electromagnetic acoustic transducer (EMAT). Generally, EMAR
is sensitive to small variation of the structures and easy to apply it to the industrial field because of the feature
of noncontact measurement. Through several EMAR experiments, the change of the resonant frequencies and
attenuation in reverberation has been observed. The results confirms that the surface cracks of around 100
micrometer depth can be detected successfully with the present method.

Keywords: Wire Rod, Surface Microcrack, Electromagnetic Acoustic Resonance (EMAR), Electromagnetic Acoustic
Transducer (EMAT), Noncontact, Mode Shape, Resonant Frequency, Attenuation Coefficient
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Fig. 2 Vibration of the steel wire rod’s cross section by the magnetostrictively generated circumferential

shear waves
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Fig. 3 The schematic diagram of the experimental
setup for EMAR test of a steel wire rod
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Fig. 4 Photograph of the circumferential shear
EMAR test for a steel wire rod
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Fig. 5 Fabricated meander line patterned coil made
of flexible PCB

Fig. 7 Microscopic image of a surface microcrack
in a specimen
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Fig. 8 Frequency spectrum obtained by the EMAR
test
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Fig. 9 Ringdown curve of acoustic reverberation at
a resonant frequency
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Table 1 The measured resonant parameters, the
resonant frequency and the attenuation
coefficient
40 pym Healthy region | Microcrack region

Resonant Mean 5.8246 5.8252

frequency | Standard

(MH2) | deviation 0.0005 0.0005
Attenuation| Mean 0.0241 0.0253

coefficient | Standard

(Nepers/11s) | deviation 0.0020 0.0018

80 pm Healthy region | Microcrack region
Resonant Mean 5.8204 5.8256
frequency | Standard

.0004 .

(MHZ) | geviation 0.000: 0.0007
Attenuation| Mean 0.0353 0.0397
coefficient

Standard 0.0032 0.0029

(Nepers/l1s) | deviation

100 um Healthy region | Microcrack region
Resonant Mean 5.8241 5.8260
frequency | Standard

0.0005 0.0008
(MHz) deviation
Attenuation| Mean 0.0219 0.0350
coefficient | gtandard
(Nepers/is) | deviation 0.0019 0.0084
( S— |
Position 1 Position 2

Fig. 10 Positions of measurement
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