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Abstract: In response to the special process requirements of butt welding of 5.5 mm thick Q345E thin-walled container tank
plate for railway vehicles, a comparative analysis of the process characteristics of traditional welding methods and four high-
efficiency automatic welding technologies, including deep melting argon arc welding (KTIG), pulsed mixed gas shielded
welding (pulsed MAG), plasma welding (PAW), and plasma + argon arc welding (PAW+TIG), was conducted. Through or-
thogonal experimental optimization of process parameter combinations under different working conditions, high-quality
welding with single-sided welding and double-sided forming was achieved. The results show that the optimized KTIG can
achieve high-speed welding of 450 mm/min, reducing the heat input by 40% compared to traditional TIG, but the welding
current exceeding 480 A is prone to causing pool instability. Under the condition of coated primer, after adjusting the heat in-
put to 8.5 kJ/cm, the plasticity and toughness of pulsed MAG are significantly improved, and the porosity defects are signifi-
cantly reduced, making it suitable for welding thin plates with primer. PAW is easily affected by primer volatilization, lead-
ing to porosity and insufficient strength. PAW+TIG has the best comprehensive performance, with the highest welding effi-
ciency of 500 mm/min, tensile strength of 490~525 MPa, more than three times improvement in low-temperature toughness,
and a 1.5 times increase in comprehensive welding efficiency. However, when primed, the toughness margin is insufficient.
According to actual working conditions, the optimal welding method and parameters can be selected to provide reliable tech-

nical support for the large-scale production of thin-walled containers.
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Table 1 Chemical composition of Q345E (wt. %)

C Si Mn P S Cr Ni Nb \% Ti
0.16 032 142 0.018 0.012 0.12 0.25 0.035 0.065 0.015

2 Q345E Hlim1RE

Table 2 Mechanical properties of Q345E

Jeti M rhism A ik g A5 180°
/MPa /MPa % (-40°C) (d=2a)
>345 470~630 >21 >34 SEhT

1.1.2 HHARHH

Q345E BE# Y il 2L & 1 o, H =2l
Y R R IR SHOLIRA N . 7S B R ] g
FIHH A AHIRZE L, (8 Q345E AN Y 1A PEBE 5
PRRA . 1) 5 1] S
1.1.3  BMFEEs

AR [ PRt e 25 (ITW) BRifE «

Mn Cr+Mo+V Ni+Cu

CE=C+?+ s s =0.39(1)
Q345E # i 4 H CE 4 0.39, etk ol b ly
I (R ) , DR TE 7 PRI S $AAb 3
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Fig.1 Microstructure of base metal
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Fig.2 Automatic welding machine
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Table 3 Weldding qualification test

2: TR ﬂ;ff BOE T
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HP02 450 A,450 mm/min T ER:0wiA KTIG
HPO03 480 A,450 mm/min T OB KTIG
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Fig. 4 KTIG Welding test piece
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Fig. 5 Metallographic structure of welded joints
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Table 4 Weldding qualification test results by KTIG
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Fig. 6 Welding test piece with padding
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Fig. 7 Free form welding test piece
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Fig. 8 Metallographic structure of welded joints
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Table 5 MAG Weldding qualification test results
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Fig.9 PAW welding test piece
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Fig. 10 Metallographic structure of welded joints
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Table 6 PAW weldding qualification test results
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Fig. 11 PAW+TIG Welding test piece
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Fig. 12 Metallographic structure of welded joints
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Table 7 PAW+TIG weldding qualification test results
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Fig. 13 Comparison of mechanical properties
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