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Analysis of magneto-optical imaging characteristics of
weld defects under magnetic field excitation

MA Niijie, GAO Xiangdong, ZHOU Xiaohu, ZHANG Yanxi
( Guangdong Provincial Welding Engineering Technology Research Center, Guangdong University of Technology, Guangzhou
510006, China)

Abstract: In order to study the characteristics of magnetic-optical images of weld defects excited by magnetic field, low
carbon steel of laser welding was used as test object and the welding defects were excited by constant magnetic field and 50Hz
alternating magnetic field. Real-time magnetic field distribution of welding defect area was obtained by magnetic-optical imaging
sensor. Through theoretical analysis and experimental verification, the magneto-optic images of welding defects of low carbon steel
(Q235) of thickness of Imm, 2mm and 3mm with constant magnetic field and alternating magnetic field were obtained, and
then, were compared with COMSOL simulation results. The weighted average image fusion technique was used to fuse the
magnetic-optical images of welding defects in the alternating magnetic field. The results show that, compared with the excitation
of constant magnetic field, the welding defect information obtained by the alternating excitation is more accurate, fast and
complete, and avoids the omission of welding defect information effectively. This study provides the basis for improving the
detection efficiency of welding defects.
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Fig. 1 Working principle of magneto-optical imaging sensor to detect the
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Fig.2 Experimental system of the welded defects detection
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Fig.3 Physical map (Fig.3a ~Fig.3c) and ROI (Fig.3d ~ Fig. 3f) of weld surface of low carbon steel plates
a,d—h=1mm b,e—h=2mm c¢,f—h=3mm

Table 1  Test conditions of magneto-optical imaging

. weldment size
weldment material

excitation method

excitation frequency imaging pixelspixel

(length x width x thickness ) /mm f/Hz
constant magnetic field no 400 x 400
low-carbon steel 100 x50 x1(2 or 3) . o
alternating magnetic field 50Hz 400 x 400

[
[=N
<o

[\

W

2
T

pixel gray value Gy‘
o
B
)

230r
20"To0 200 300 400
pixel coordinate value x/pixel
300
QR
Q
=
«
>
>
e
)
©
=
a
50 1 1 Il 1 1 L L
0 100 200 300 400
pixel coordinate value x/pixel
300

pixel gray value G,
[3®]
S
S

0 100 200 300 400
pixel coordinate value x/pixel

Fig.4 Gray-scale image of magneto-optic images and 100 columns of gray
value in constant magnetic field
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Fig.5 y component of magnetic field strength of weld surfacein constant

magnetic field
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Fig.7 Three consecutive frames of magneto-optical grayscale graph under

alternating excitation
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Fig.8 ¥ component curve of the strength of the simulated magnetic field
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Fig.9 Gray graphs and gray value curves after the fusion of magnetic and
optical images
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Table 2 Pixel extremum of the magneto-optical image of the welding defects

plate thickness x,/ X%,/ difference actual width/
defect type . . )
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