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Application of Handheld Laser Welding in Locomotive Side Wall Skin Welding

ZHONG Junlin, LI Qiang, ZHOU Tianxing, YANG Shaolong, WEN Mingming, DENG Min

CRRC Ziyang Locomotive Co., Ltd., Ziyang 641301, China

Abstract: To address the strong porosity sensitivity and difficulty in root fusion of fillet welds during handheld laser weld-
ing of Q345NQR2 weathering steel, power compensation was taken as the key process variable to investigate its effects on
weld formation and porosity, determine the optimal process windows for various joint types, and verify the feasibility
through procedure qualification and engineering application. Welding tests were designed for five joint types to systemati-
cally study the effects of power compensation (0-90%) on weld macro-morphology, root penetration, and porosity; proce-
dure qualification was conducted per ISO 15614-11:2022; tooling was developed to enable robotic welding of 1 850 mm
long butt seams; welder training and qualification were completed per EN 15085-4. Results show that full-penetration butt
welds allow sufficient gas escape with few pores, meeting ISO 13919-1:2021 level B, while backed butt welds are prone to
wormbhole porosity due to restricted gas escape. Power compensation regulates laser energy distribution: butt welds form I-
type profile at power compensation of 0, while fillet welds transform from inverted-M to U-type with complete root fusion
at power compensation >60%. Flanged joints are unsuitable due to wire feeding and positioning difficulties. Qualified butt
weld tensile strength reaches 506-517 MPa with fractures outside the weld. The process has been applied to four export loco-

motive side walls, achieving better flatness than GMAW and no weld defects after carbody static strength testing, demon-
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strating that handheld laser welding can meet the engineering requirements for thin-walled structures in rail vehicles.

Keywords: handheld laser welding; Q345NQR2 weathering steel; power compensation; weld porosity; welding procedure

qualification
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Fig.1 Structure of locomotive side wall
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Table 1 Chemical compositions of Q345NQR?2 steel and CHW-
40CNH welding wire (wt. %)

oy C Si  Mn P S Cu Cr Ni
Q345NQR2  0.07 046 0.40 0.093 0.001 029 044 0.16
CHW-40CNH 0.075 0.5 1.15 0.013 0.008 0.35 035 0.3

*&2 Q345NQR2 . CHW-40CNH J1Z£ MR8
Table 2 Mechanical properties of Q345NQR2 steel and CHW-40CNH

welding wire

o PURIHEE/MPa i RS /MPa TEAHR/%
Q345NQR2 480 357 30
CHW-40CNH 525 415 26
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Fig.2 Local magnification of X-ray radiographs of welds made by

domestic and IPG handheld laser welding machines
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Fig. 4 Clamping fixture for mounting handheld laser welding gun on

Panasonic welding manipulator
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Fig. 5 Signal receiver and control box for Panasonic welding manipu-

lator
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Fig. 6 Assembly and clamping fixture for side wall skin butt welding
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Fig.7 Local magnification of porosity in X-ray radiographs
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Table 3 Welding test schemes and parameters
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Fig. 8 Weld metallographic cross-sections under different power com-
pensation levels
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Table 4 'Weld metallographic morphologies and root fusion conditions

under different power compensation levels
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Fig. 9 Metallographic cross-sections of T-type flanged joint showing
weld deviation to vertical plate fillet and base plate with root lack of fu-

sion
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Table 6 Welding procedure qualification parameters
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Table 7 Tensile test results of Q345NQR2 2. 5 mm butt welded joints
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Fig. 11 Tensile fracture of butt welded joint
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Table 8 Welding parameters for skin butt joint by Panasonic welding

manipulator
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Fig. 12 Application of handheld laser welding with Panasonic welding

manipulator
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Table 9 Welding parameters for side wall skin by handheld laser

welding
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Fig. 13 Assembly and welding sequence of side wall
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Fig. 14 Comparison of weld appearance for skin butt joints
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Fig. 15 Comparison of weld appearance for skin stitch welds
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Fig. 16 Flatness of side wall skin welded by gas metal arc welding

E17 FHEISQENIESE FEE
Fig. 17 Flatness of side wall skin welded by handheld laser welding
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