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Study on magneto-optical imaging law of laser welded crack
under the excitation of rotating magnetic field

DU Liangliang, GAO Xiangdong, ZHOU Xiaohu, WANG Chuncao
( Guangdong Provincial Welding Engineering Technology Research Center, Guangdong University of Technology, Guangzhou
510006, China)

Abstract: In order to study magneto-optical imaging (MOI) law of weld cracks under the excitation of rotating magnetic
field, the method of using rotating magneto magnetic field to stimulate weld cracks and acquiring magneto-optical images of cracks
by a magneto-optical sensor was used. Theoretical analysis and experimental verification were carried out. The dynamic magneto-
optical images under different excitation intensities of rotating magnetic field were obtained. According to the principle of
magneto-optical imaging and the theory of rotating magnetic field, the gray value of the obtained data was compared and analyzed.
Experimental results show that, under the power frequency excitation of rotating magnetic field, any frame of magneto-optical
images will change with the going of excitation time. Taking original three frames as a cycle, each frame of magneto-optical
images converts to next frame magneto-optical image in turn. It returns to the initial state after 885 frames of magneto-optical

images. The discovery of this law is beneficial to reduce the effective excitation time and improve the effect of non-destructive

testing of weld defects.
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Fig. 1 Working principal of magneto-optical sensor
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Fig.2 Schematic diagram of rotating magnetic field
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Fig.3 Dynamic MOI induced by rotating magnetic field

Bl 3c it B, fE— Wil o't B R e i il e v s 5
o] FR/NER S AN R 2 L) & e 2 A 284k, Bt
PBR X HL I 2 A2 A

2 RBEAGENREIET

W 4 s, ek R G EEd YAG BOtd ek
e A% GO s KT S st
RETYE o i T S PRI AR SE B o LR AT 2
80, Bt AAR SR PR YAG SO e A5 12 9 AR fe A
DR, T AH S 3L R AT 62 #1158 SUAf R Sl 90°
e R A AR S TR S Hp R RO B DX SRR ATl
HEEAe R A R BUE B A sh SO, il ad o
BT ARREOLIE H 2R 1 RGO IE] A9 AL R DFTE e e
AN RS HOLRE T 2R SRk
1R o ARBRANAR S i 200mm x 80mm x 2mm; JiEfe
W S HE AR G v Es D 150V, B3R g SOHz, $2 B {E N

laser head

computer

YAG laser v
= J fiber

laser bea

injector
oA,

rotating magnetic
1 field generator

weldments
gas pipe

argon gas
bottle three-axis
motion platform cabinet
Fig.4 Experimental setup of magneto-optical imaging of weldment under

the excitation of rotating magnetic field

Fig.5 Physical diagram of weld cracks
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Table 1  Experimental parameters of laser welding process
defect  welding peak  welding speed  pulse width gas flow
type  power P/kW p/(mm-+s™!) S/mm Q/(L - min~")
crack 1 2.5 6 15
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Fig. 6 MOI of cracks under the excitation of rotating magnetic field
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Fig.7 Contrast of grayscale curves in the 200th column of each group
a—the 200th column of the 1st frame in group 1 and the 1st frame in group 7
b—the 200th column of the 2nd frame in group 1 and the 1st frame in group
3 c¢—the 200th column of the 3rd frame in group 1 and the lst frame in
group 5

S5 3 e G R T ) s A R USRI T
¥emi s 20ms Jight — el , BEOGZ IER 20 13. 3ms RAR
— WG I , TR Tl 370 T e w3 1 J S Il SR 4 31— 41
RV 3 i 2k A G IR, R 4R B — Wt A5 5 i) g oz ]
8 HhES 1 ZH 25 3 2H BB S RN E . T 8 sy g
P RGPS 1 224k, nT AR A 55 1 iRy
ASARZE T T AR AR 2 W DR 3 WS e, HRE
RIS ] BIHERS | e e 1k L 1) Dl ol o J3€ R0 Dl 5 5
A A R R AU

agneticfield
%realon

7 1
initial the 1st frame
Smm

Fig.8 Change process of the 1st frame magneto-optical image
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Fig.9 Magnetic hysteresis loop of the weldment under the excitation of rota-

ting magnetic field of frequency 50Hz
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