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ABSTRACT: The work aims to study the effect of helium-argon mixed shielding gas composition on the physical characteris-
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tics of arc plasma in laser + arc hybrid welding to improve the welding performance. In overall consideration of the geometric
characteristics of the fillet joint and the physical characteristics of the helium-argon mixed shielding gas, the numerical analysis
model of the arc behavior of the helium-argon mixed shielding gas rotating laser + arc hybrid welding of the fillet joint was es-
tablished. The temperature, flow, pressure and electric potential field of the arc plasma under different proportion of he-
lium-argon shielding gas were simulated and calculated with FLUENT software. The effect of the change of shielding gas com-
position on the arc plasma was compared and analyzed, and its effect on the welding performance was considered. The calcula-
tion results were compared with the high-speed photography experiment, which verified the accuracy and rationality of the nu-
merical analysis model. When the shielding gas was pure Ar, 95%Ar+5%He and 90%Ar+10%He respectively, the arc shifted
and contracted toward the laser side, the overall shape of the arc was compressed, the peak temperature of the arc plasma at the
longitudinal section of position 4 was 25 603, 25 080 and 23 904 K, the maximum flow velocity was 336.34, 334.34 and 317.58
m/s, the maximum pressure was 899.08, 943.40 and 957.67 Pa, and the potential gradient was 11.56, 12.17 and 13.18 V. In the
helium-argon mixed shielding gas laser + arc hybrid welding, when the helium in the shielding gas increases to 5% and 10%, the
arc is in a dynamic change process with the increase of the helium ratio, the arc is compressed, the peak temperature of the
plasma gradually decreases, the maximum flow rate decreases, and the arc pressure and potential gradient increase, which is
conducive to the increase of the weld penetration.

KEY WORDS: rotating laser; composition of shielding gas; laser + arc hybrid welding; arc dynamic behavior; numerical
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Tab.1 Boundary conditions of arc calculation model for rotating laser + arc hybrid welding of T-joint
Boundary F Vi(m-s™") T/K A% A/(Wb-m™)

A
Inlet 0 v, 1 000 % _ HA_y

on on

Outlet 0 ¥y 1 000 % _y 0
on on

. 04
Electrode tip 0 0 3 000 Jz o =0

n

A
Electrode 0 0 1 000 % _ HA_y

on on

. 1, r<R Ve, Y<<R Te, r<R 04
) ) ) -0

Workpiece 0, >R 0, >R 1 000, >R 0 on

ClIrTznt Shiclding gas S, S
LUy Tl S
o, £
5 mm \\ ~
\\\ ‘ Laser induced
] N metal vapot
- | Laser-wire - Vx
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3 T +
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Fig.3 Schematic diagram of arc model calculation area for
rotating laser + arc hybrid welding of T-joint
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Fig.4 Schematic diagram of boundary conditions of arc model
for rotating laser + arc hybrid welding of T-joint
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Fig.5 Schematic diagram of grid division of arc model for
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Fig.7 Temperature field distribution of arc longitudinal section under different compositions of shielding gas (positions 4 and B):
a) Ar, position 4; b) Ar, position B; ¢) 95%Ar+5%He, position 4; d) 95%Ar+5%He, position B; ¢) 90%Ar+10%He, position 4; f)
90%Ar+10%He, position B
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Fig.8 Temperature field distribution of arc cross section under different compositions of shielding gas (positions 4 and B):
a) Ar, position 4; b) Ar, position B; ¢) 95%Ar+5%He, position 4; d) 95%Ar+5%He, position B; e) 90%Ar+10%He, position 4;
f) 90%Ar+10%He, position B
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Fig.9 Velocity field distribution of arc longitudinal section under different compositions of shielding gas (positions 4 and B):
a) Ar, position 4; b) Ar, position B; ¢) 95%Ar+5%He, position 4; d) 95%Ar+5%He, position B; e) 90%Ar+10%He, position 4;
f) 90%Ar+10%He, position B
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