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Principle and calculation domain of plasma-MIG
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and molten pool; (c) calculation domain
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WANG Ziran', MIAO Yugang', WANG Lin', MA Xubo',
WEI Chao’, ZHANG Benshun3(1. Harbin Engineering Uni-
versity, Harbin, 150001, China; 2. Harbin Welding Institute
Limited Company, Harbin, 150028, China; 3. Jiangsu Automa-
tion Research Institute, Lianyungang, 222006, China). pp 1-

6,13

Abstract: The bypass-current plasma-MIG hybrid welding is
a new process by coaxial coupling of the shunt arc achieved
between the conductive copper nozzle of the plasma torch and
the welding wire and the main arc between the wire and the
base material. This process not only maintains the high effi-
ciency of MIG welding but also provides more schemes for
precise control of the welding process energy through the regu-
lation of the bypass current. In order to understand the physic-
al mechanism of action of the hybrid arc and the molten pool
under this process, a hydrodynamic transient model was de-
veloped and verified with a reasonable experiment to compare
the heat and mass transfer behavior inside the gas and liquid
phases, and at the interface between them before and after the
bypass-current loading. The results show that the maximum
temperature of the arc decreases by about 1 000 K compared to
that without the bypass current, and the effective heat flux at
the interface of the hybrid arc and the molten pool decreases
overall; the liquid metal flow rate inside the molten pool de-
creases significantly, and thus leading to a decrease in both di-
mensions of the penetration and the width; the maximum elec-
tromagnetic force direction of the hybrid arc and the molten

pool remains unchanged, but the values are reduced.

Highlights: (1) A computational model of the bypass-cur-
rent plasma-MIG hybrid process was established to reveal the
energy exchange mechanism between the hybrid arc and the
molten pool.

(2) The effects of the bypass current on the electromagnetic
field of the plasma-MIG hybrid arc and the molten pool were

revealed.

Key words:  bypass-current; plasma-MIG hybrid welding;

hybrid arc; molten pool; heat and mass transfer

Comparative analysis of fracture toughness of EBW and

TIG welded joints of TC4 titanium alloy WANG

Dongpol, ZHANG Zixuanl, GAO Wenbinz, DENG Caiyanl,
LIANG Hangl, WANG Ting3(1. Tianjin University, Tianjin,
300072, China; 2. Jiangsu University of Science and Techno-
logy, Zhenjiang, 212100, China; 3. Shenyang Zhongtai Equip-
ment Manufacturing Co., Ltd., Shenyang, 110206, China). pp
7-13
Abstract: For TC4 titanium alloy joints prepared by electron
beam welding (EBW) and tungsten inert-gas arc welding
(TIG), the fracture toughness of the weld, heat -affected zone
and base metal were tested at four temperatures. Furthermore,
the fracture toughness test results were analyzed by comparing
the fracture morphologies, hardness distributions and micro-
structures. It is found that the fracture toughness of TC4 titani-
um alloy TIG joint weld or heat- affected zone is better than
that of titanium alloy base metal, and the CTOD value de-
creases with the reduction of test temperature. In contrast, the
fracture toughness for EBW joint seam is lower than that of the
base metal, and the CTOD value for HAZ is close to that for
base metal. Meanwhile, the change of temperature has no sig-
nificant effect on the corresponding CTOD values. The weld in
the titanium alloy TIG joint has a relatively lower hardness
value, which is basket-shaped a Phase and lower proportion of
martensite distribution. Those are the basic reasons for its
higher fracture toughness. The acicular martensite distribution
in titanium alloy EBW joint leads to the higher local hardness

and lower fracture toughness.

Highlights:
ness CTOD for the EBW and TIG welded joints of TC4 titani-

(1) The characteristic values of fracture tough-

um alloy with high yield ratio were compared.
(2) The intrinsic mechanism on the difference of fracture
toughness for the EBW and TIG welded joints of TC4 titanium

alloy was clarified.

Key words: TC4 titanium alloy; fracture toughness; elec-

tron beam welding; tungsten inert-gas arc welding

Influence of flow direction of high-speed shielding gas on
plume in fiber laser deep penetration welding KONG

Hua, YANG Wuxiong, ZOU lJianglin, ZHAO Zhenjia(High-



	06_2023年焊接学报8期正文
	旁路等离子-MIG复合电弧及耦合熔池作用机理与数值分析

	07_2023年焊接学报8期英文部分

