2022 Symposium on Engineering, Medicine, and Biology Applications

(SEMBA 2022) 2022/09/03-04, NCHU
=W 3 4w 3% : 6288

s X 1 8 : Non-contact detection of steel tube weld area based on photoacoustic effect

= Z . Yueh-Hung Li, Tsu-Wang Shen*, Yu-Cheng Liu
=2 iL : Department of Automatic Control Engineering, Feng Chia University, Taiwan

Abstract: An optical ultrasound sensing system based on the photoacoustic principle is developed to
monitor and investigate the difference between the weld area and the normal area on the steel tube. The
continue wave (CW) laser photoacoustic system is composed of a field programmable gate array controller
(FPGA), piezo-electric transducer(PZT), and a continue wave (CW) laser with 1-kHz laser pulse period. Here,
the PZT Receiver contains amplifiers and analog-to-digital converter (ADC). The system is adopted as a non-
contact detection method to replace the traditional detection methods such as visual inspection (VT),
magnetic particle testing (MT) and ultrasonic testing (UT). Due to advantages including miniature size,
lightweight, non-destructive detection and distributed sensing capability, the results show that the weld area
on the steel tube and the normal area have statistically significant in the frequency range of 1.46-1.5MHz of
the PA signals, which is characterized by statistical analysis and deep learning identification.
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Figure 2. Steel tube entity diagram.

Convolutional neural network (CNN)
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: : : : Figure 3. Flow chart of training on the first convolution layer of AlexNet.
Figure 1. Architecture of the photoacoustic sensing system. I J y

This system is mainly composed of continue wave (CW) laser and Deep learning classity effectively on monitor spot
PZT receiver. First, the continue wave (CW) laser switch is controlled In real time through a pre-trained classification
by the field programmable gate array controller (FPGA), then the model, so a convolutional neural network (CNN)
continue wave (CW) laser periodically irradiates the sample to Is used for further FFT image analysis. The
generate a PA signals. The signal i1s sampled and stored through an training flow chart of the first convolutional layer
analog-digital converter (ADC) to analyze the responded PA of AlexNet Is shown in Figure 3.

signals.

Experimental Results
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Table 2. The mean and standard deviation of the area of PA signal.
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Figure 4. PA signals in the time domain. frequency domain.

(b) Confusion matrix of sample B.



