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Abstract In this study, we compare the accuracy and applicability of laser interferometer and electromagnetic
acoustic transducer (EMAT) with respect to the detection of the metal laser ultrasonic signals to detect the
thickness loss and surface-breaking cracks with respect to the metals during the production and usage processes.
The surface and longitudinal wave signals were detected using the laser interferometer for predicting the thickness of
the aluminum plate, and the longitudinal wave signal on the back of the aluminum plate was detected using the laser
interferometer to detect the depth of the defect. Surface wave signal of EMAT is used to determine the position of
crack defect of aluminum plate, and longitudinal wave signal of EMAT is used to determine the thickness of
aluminum plate. The results show that, compared with the laser interferometer’s complex laser ultrasonic signal
receiving optical path, the errors of EMAT aluminum plate thickness measurement and crack defect location
detection are less than 4% . And the prediction of the crack location will not increase with the decrease of the surface
crack depth. Furthermore, the obtained results prove that the combination of the laser ultrasonic technology and the
EMAT method can effectively reduce the complexity associated with the detection conditions and improve the
applicability of laser ultrasonic technology.
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Fig. 1 Schematic of experimental setup with two different laser ultrasonic receiving methods
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Fig. 2 Typical laser ultrasonic signal of aluminum plate

thickness measurement by laser interferometer
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Table 1 Thickness measurement results for the aluminum

plates by laser interferometer

Sample Calculated
Relative
thickness /' ¢,/ps ty/ps  thickness /
error /%
mm mm
16 4.12 5.51 16.69 4.31
20 4.12 6.72 20.81 4.04
23 4.12 7.63 23.86 3.73
25 4.12 8.25 25.92 3.68
30 4.12 9.81 31.08 3.59
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Fig. 5 Laser ultrasonic longitudinal wave signal of

16 mm X 16 mm X6 mm artificial defect
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Table 2 Depth of cracks on aluminum plate by

laser interferometer

Sample Calculated
depth / / depth / Relative
ept t /ps ept
! error /%
mm mm
2 5.23 2.21 10.71
4 4.92 4.22 5.42
6 4.60 6.28 4.73
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Fig. 6 Results of EMAT detection method. (a) Typical laser ultrasonic signal of aluminum plate

thickness measurement; (b) longitudinal wave amplitude versus stand-off distance
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Table 3 Thickness measurement results for the aluminum plates by EMAT

Sample T s Calculated Relative T /s Calculated Relative Average
thickness /mm thickness /mm error /% thickness /mm error /% relative error /%
16 16.30 16.49 3.06 32.64 16.70 4.34 3.70
20 16.72 20.41 2.05 33.45 20.45 2.23 2.16
23 17.12 23.62 2.69 34.32 23.92 4.00 3.34
25 17.21 24.29 2.84 34.35 24.04 3.84 3.34
30 18.00 29.67 1.10 9.81 30.33 1.09 1.10
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