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Fig. 1 Schematic of experimental setup
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Table 1 Processes parameter of laser-arc hybrid welding
Parameter Value

Laser power /kW 4

Current /A 187

Welding speed /(m * min ') 1
Feeding speed /(m * min~") 8

a /() 60

B/ 10

Dy /mm 2
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Fig. 2 System interface. (a) Operation card module; (b) data display module; (c) signal waveform display module;

(d) data processing and playback module
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Fig. 8 Images after morphological processing and bifurcation removal processing. (a) Original image; (b) Otsu method;
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Fig. 10 Results of identification. (a) Weld filler wire and workpiece; (b) action point of arc on the workpiece
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Fig. 11 Laser path and laser transmission distance in plasma. (a) Laser path; (b) laser transmission distance in plasma
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Table 2 DLTP value of eight frames of plasma images in the same period

DLTP /mm
Time Accuracy /%
Calculated Measured

to 5.35 4.91 4.83 4.92 4. 89 91.1
t,+1 ms 6.01 5.81 5.85 5.76 5. 80 96. 4
t,+2 ms 4.68 4.48 4.43 4.52 4.48 95.5
t,+3 ms 3.58 3. 34 3. 30 3.29 3.31 91.8
t,+4 ms 2.05 1. 84 1.81 1.85 1.83 90. 7
t,+5 ms 4.91 4.71 4.73 4.59 4.68 95.1
t,+6 ms 4.67 4.51 4. 48 4.55 4.51 96.5
t,+7 ms 3. 57 3.29 3.25 3.33 3.29 91.4
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Fig. 15 DLTP value of eight frames of plasma images
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Plasma Monitoring During Laser-MIG Hybrid Welding Process Based on
LabVIEW

Ma Yaorui, Cai Chuang«, Liu Zhijie, Xie Jia, Yang Ce

Institute of Materials Science and Engineering, Southwest Jiaotong University, Chengdu, Sichuan 610031, China

Abstract

Objective  With the development of high-speed rail lightweight, aluminum alloys as a low density and high-
performance material are widely used in the body and important parts of the train. Compared to traditional welding
methods, laser-MIG hybrid welding has the advantages of high welding efficiency and joint strength, strong gap
adaptability, small residual stress, and deformation, while welding aluminum alloys. A fast-changing unsteady state
can be observed during the laser-MIG hybrid welding process of aluminum alloys. The refraction and absorption of
the incident laser by the laser-induced plasma occur during the welding process. The laser-induced plasma in the
welding process fluctuates very violently leading to the fluctuation of laser energy input and defects of the weld
quality. Therefore, the monitoring of plasma signals during the laser-MIG hybrid welding process of aluminum alloys
has critical guiding effects in optimizing welding process parameters, reducing welding defects, and developing
hybrid welding technology.

Methods A 10 kW disk laser (TRUMPF TruDisk-10002 disk laser) with a wavelength of 1030 nm and a welding
machine (Fronius TransPuls Synergic 4000) with a welding current frequency of 125 Hz were used. The high-speed
images of welding plasma were captured via a high-speed camera (Photron FASTCAM SA4 model 500K M2) equipped
with several ND4, ND8 attenuators, and an 808 nm filter. The thickness of the aluminum alloy samples is 8 mm.
Meanwhile, the ER5356 weld filler wire was used. To improve the test efficiency, the bead-on-plate welding method
was used (Fig. 12). The argon with a purity of 99.99% was used as the shielding gas. During the welding process,
the laser was transmitted through the optical fiber to the laser head fixed on the ABB IRB 6640 M2004 six-joint
robot, which formed a hybrid heat source combined with the welding torch. The high-speed camera was facing the
work zone, and the hybrid plasma was observed with the illumination of the auxiliary light source. The plasma was
located at the same position in the camera area during the welding process. The process parameters used in the test
are shown in Table 1.

Results and Discussions In this study, the monitoring of plasma during laser-MIG hybrid welding was studied.
MATLAB scripts was nested into LabVIEW platform for mixed programming, and a set of welding process monitoring
systems was designed (Fig. 2). The functions of process parameter saving (Fig. 3), plasma monitoring (Fig. 4),
saving monitoring data as TDMS format after welding (Fig. 5), signal waveform diagram drawing, and report
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generating were achieved. A method was proposed to calculate the distance of laser travel in the plasma (DLTP
value) via high-speed images. Before welding, the high-speed camera was used to take pictures of the welding area
with the irradiation of the auxiliary light source [Fig. 9(a)], and the images obtained were binarized using the
maximum inter-class variance method (Otsu method). A set of morphological filters composed of multiple open and
close operations was used to process the binarization image to remove the noise in the image [ Figs. 9(c¢), (d)]. The
thinning algorithm was used to identify the skeleton of the weld filler wire and workpiece [ Fig. 9 (e)].
Furthermore, HUBER linear fitting method was used to detect the position of the weld filler wire and workpiece
[Fig. 9(f)]. Finally, two parameters of the distance between the laser and weld filler wire and laser dip angle were
input into the MATLAB script by creating attribute nodes to calculate the incidence position of the laser beam
(Figs. 10,11). During the welding process, 8-bit grayscale images in BMP format taken by a high-speed camera
were transmitted into the monitoring system. After a series of digital image processing, the DLTP value could be
obtained (Fig. 11). Image analysis software was used to measure the value of DLTP (Fig. 14) of the images of
plasma, and the calculated and measured values were presented in Table 2 and Figure 15. Based on the measured
value, the accuracy of the calculated value is about 96.5% (Table 2). Overall, the distance of laser travel through
the plasma could be calculated accurately and quickly, which had a certain guiding significance for the welding process
optimization and the theoretical research of laser-induced plasma.

Conclusions In this study, a laser-MIG hybrid welding monitoring system was designed based on the LabVIEW
environment and the accuracy of the monitoring system was verified via experiments. The conclusions are as
follows:

1) The designed monitoring system was capable of monitoring plasma signals and had three functions: saving
plasma signals in TDMS format, saving process parameters, and playback of data.

2) Binarization processing, morphological filters, HUBER linear fitting, and path-tracing-based bifurcation
removal algorithms were used to locate the wire and workpiece successfully. Thus, we calculated the distance of
laser transmission through the hybrid plasma.

3) The monitoring system extracted DLTP values from the plasma images and output them. Compared with the
DLTP value obtained via the image analysis software, the accuracy of the DLTP value calculated by the system
reached about 96.5%.

Key words laser technique; laser-MIG hybrid welding; monitoring system; high-speed photography photos of
plasma; morphological filter; image processing; the distance the laser transmits in the plasma
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