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Non-contact Ultrasonic Technique for the Thin Defect Evaluation by the Lamb-EMAT
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ABSTRACT Ultrasonic guided waves are gaining increasing attention for the inspection of
platelike and rodlike structures. At the same time, inspection methods that do not require contact
with the test piece are being developed for advanced applications. This paper capitalizes on
recent advances in the areas of guided wave ultrasonics and noncontact ultrasonics to
demonstrate a superior method for the nondestructive detection of thinning defects simulating
hidden corrosion in thin aluminum plates. The proposed approach uses EMAT(electro-magnetic
acoustic transducer) for the mnoncontact generation and detection of guided plate waves.
Interesting features in the dispersive behavior of selected guided modes are used for the
detection of plate thinning. It is shown that mode cutoff measurements provide a qualitative
detection of thinning defects. Measurement of the mode group velocity can be also used to
quantify of thinning depth.
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Fig. 1 Wave generation mechanism of the EMAT.
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Lamb wave EMAT

Fig. 2 Structure and coil of the general EMAT for
the Lamb wave.
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Fig. 3 Dispersion curves for traction—free
aluminum plate (c.=6.35mm/usec, c¢r=3.13mm/u
sec), S=symmetric modes, A=antisymmetric
modes.
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Fig. 4 Experimental setup for EMAT Lamb-wave
detection of thinning defects in aluminum plate.
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Fig. 5 Dimensions and location of simulated 10%,
20% and 30% hidden corrosion defects in the
test aluminum plate.
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Fig. 6 S1 waveform recorded in the 2mm plate
for a defect-free and 10%, 20% and 30%
thinning defects.
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Fig. 7 SO time histories in the 2mm plate for a
defect-free and the 10%, 20% and 30% thinning
defects.
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Table 1 Measured group velocity and relative
change with respect to defect-free values for the
2mm plate.

Mode SO
cg (mm/lisec) Acg (%)
Defect-free 1.99 0
10% thinning 2.05 -2.93
20% thinning 2.11 -5.69
30% thinning 2.16 -7.87
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Fig. 8 Group velocity dispersion of S0-mode
curves and symbols represent the experimentally
determined group velocity values for the 2mm
plate.
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