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Fig. 1 Diagram of welding experiment system
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Table 1 Pulsed TIG welding parameters
LR WEEMA  JEERR At o
5 flkHz I,/ A I/ A (%) I/ A
1 0 150 — — 150
2 1 212 10 50 150
3 2 212 10 50 150
4 3 212 10 50 150
5 4 212 10 50 150
6 5 212 10 50 150
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Table 2 Direct current added pulsed TIG welding

parameters
ok i 25 B SRR
F5 g WA H(H sk
fkHz /A L/A oowy ! /A IelA
7 0 100 — — 50 150
8 1 141 7 50 50 150
9 2 141 7 50 50 150
10 3 141 7 50 50 150
11 4 141 7 50 50 150
12 5 141 7 50 50 150
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Fig. 2 TIG arc shape image with direct current. (a) raw
image; (b) enhanced image and dimensional
calibration and measurement
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Fig. 3 Arc shape with different pulse frequency
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Fig. 4 Arc current and voltage waveform with different pulse frequency and DC-added pulsed current waveform. (a)
voltage/current waveform with 10 Hz; (b) direct current waveform; (c) voltage/current waveform with 1 000 Hz;
(d) pulsed current waveform with 10 Hz; (e) voltage/current waveform with 5 000 Hz; (f) current waveform of
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Fig. 5 Correlation of weld penetration with pulse
frequency
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Fig. 6 Direct current added arc shape with different
pulse frequency
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Fig. 7 Variation of arc diameter with pulse frequency
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Fig. 8 Average temperature of weld pool surface
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Fig. 9 Cross-section of weld bead
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Fig. 10 Max temperature of back-side weld pool.(a)
back-side temperature distribution of weld pool
of the 6th experiment; (b) back-side tempe-
rature distribution of weld pool of the 12th
experiment; (c) back-side max temperature
curve of weld pool with different frequency
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Fig. 11 Weld penetration with different frequency
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Fig. 12 Weld bead formation of pulse TIG added DC.
(a) weld bead shape; (b) cross-section of weld
bead
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Molten pool contour extraction method based on edge ori-
ented operator template matching ZHANG Chuhao,
ZHAO Zhuang, LU Jun, BAI Lianfa, HAN Jing(Nanjing Uni-
versity of Science and Technology, Nanjing, 210094, China).
pp 67-74
Abstract:  As the basic visual morphological feature of mol-
ten pool, contour extraction plays an important role in on-line
monitoring of welding quality. A molten pool visual sensing
system under the environment of tungsten inert gas welding
(TIG) welding process is established, and high-quality molten
pool images are collected. Aiming at the difficulty of weak
edge detection in TIG welding stainless steel molten pool im-
age, a molten pool contour extraction algorithm based on oper-
ator template matching based on edge direction guidance
(OTM-EDQG) is proposed. Firstly, the algorithm enhances the
weak edge based on the nonlinear gray transformation method.
Then, the Sobel operator in four directions is used to convolute
with the molten pool image to judge the direction of the back-
end weak edge and calculate the gradient map. Finally, the
edge connection operation and edge smoothing operation based
on mathematical morphology are carried out on the gradient
map to obtain the molten pool contour to be extracted. Experi-
ments show that the algorithm can extract the closed, complete
and accurate molten pool contour of TIG welding stainless
steel. It has high robustness in the actual welding environment,

and effectively solves the problem that the weak edge of the

molten pool area is difficult to accurately detect.

Highlights: (1) A molten pool vision sensor system was es-
tablished, and high-quality color molten pool images were col-
lected.

(2) A molten pool contour extraction algorithm based on OTM-

EDG is proposed to accurately extract the molten pool contour.

Key words: molten pool profile; nonlinear gray transforma-

tion; edge oriented operator

Analysis of arc and weld pool characteristics in direct cur-
rent added-pulsed TIG welding process ZHANG Gang,
XU Zilong, WANG Kaifei, ZHU Ming, SHI Yu(State Key
Laboratory of Advanced Processing and Recycling Non-fer-

rous Metals, Lanzhou University of Technology, Lanzhou,

730050, China). pp 75-81
Abstract: In view of the technical requirements for rapid and
reliable automatic welding repairment of defects such as corro-
sion cracks in the dissolver for spent fuel reprocessing, a direct
current added-high-frequency pulsed tungsten inert gas arc
welding method was developed in this paper, and a series of
bead on plate welding experiments with 10 and 16 mm thick
plate were performed. Taking the variations of arc-weld pool
characteristic as the research object, the arc characteristic, and
the flow behavior and the temperature field evolution of weld
pool of pulsed TIG with adding direct current and without were
compared, respectively. The mechanism of increasing weld
penetration was discussed. The results show that the high-fre-
quency pulsed current makes the arc to produce electromagnet-
ic contraction, and the compressed degree and the weld penet-
ration positively correlates to the pulsed frequency (1 ~ 5 kHz);
the reason of the penetration increase in the direct current ad-
ded- high-frequency pulsed welding process is that the direct
current added pulsed arc increases the arc current and energy
density and rises the surface liquid metal temperature of weld
pool, and increases the electromagnetic stirring force of the
molten pool to improve the flow intensify of molten pool, suffi-
cient convection heat exchange, and enhances the thermal iner-
tia of the molten pool, finally. This method is able to reliably
realize the one-sided welding and back formation of the butt

joint of 5 mm thick stainless-steel plates.

Highlights: (1) A direct current added-pulsed TIG method
was developed, and the 304 stainless-steel plates with 5 mm
thickness were fully penetrated with one sided-welding and
double sided-formation in the root pass welding.

(2) The physical mechanism of increasing joint penetration was

revealed in the direct current added-pulsed TIG process.

Key words:  high frequency pulse TIG welding; arc contrac-

tion; temperature field; weld pool; one-side welding and back-

side formation

Effect of driving force on molten pool behavior of 2219 alu-
minum alloy DLBSW process KANG Yue, ZHAO Yan-
qiu, LI Yue, CHEN Dan, QI Na, ZHAN Xiaohong(Nanjing

University of Aeronautics and Astronautics College, Nanjing,



