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Welding depth measurement method based on depth classification network

and laser ultrasonic

WANG Zhiying, SUN Kaihua and HE Huabin
(China Academy of Engineering Physics, Institute of Mechanical Manufacturing Process, Mianyang 621000, China)

Abstract: Welding depth is an important parameter for measuring welding quality and has a great impact
on the performance of welded products. Therefore, it is particularly important to develop non-destructive
measurement methods for welding depth. Among many non-destructive measurement methods, laser ultrasonic
has unique advantages in weld depth measurement of small structures due to its characteristics of no coupling
agent and high spatial and temporal resolution. Due to the problems of ultrasonic mode mixing in small-size
structures and weak diffraction waves of welds, this paper proposes a welding depth measurement method
that combines laser ultrasonic and deep learning to conduct laser ultrasonic scanning experiments on wire-cut
simulated welding samples. Compressing the ultrasonic A-scan signal into a matrix format accelerates the
convergence of deep networks and reduces the scale of network parameters. Compared with the reflected shear
wave mode method, the trained depth classification model can achieve a welding depth measurement error of
less than 0.1 mm. The final results show that the depth network has good development prospects in welding
depth measurement.
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Fig. 2 Schematic diagram of laser ultrasonic inspection system
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Table 2 Simulated welding depth measurement results of reflected shear wave

mode method on aluminum samples

FeamAs Al-hl-w3 Al-h2-w3 Al-h3-w3 Al-h1-w2 Al-h2-w?2 Al-h3-w?2
HYUE/mm 0.96 2.00 2.98 0.98 1.98 3.00
M EAE /mm 2.53 2.44 3.25 1.07 2.05 3.22

AR ZE /mm 1.57 0.44 0.27 0.09 0.07 0.22
*3 REEEEXFEENS MR LARMIERNELER

Table 3 Simulated welding depth measurement results of reflected shear wave

mode method on hydrogen-resistant steel samples

MRS Fe-h1-w3 Fe-h2-w3 Fe-h3-w3 Fe-h1l-w2 Fe-h2-w2 Fe-h3-w2
HYHME/mm 1.00 2.04 3.02 1.00 2.04 3.06
W EAE /mm 1.99 3.11 3.10 2.01 2.51 3.26

A ¥R % /mm 0.99 1.07 0.08 1.01 0.47 0.2
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