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Process characteristics of laser-arc hybrid welding of T4003 stainless steel

ZHAO Jiaoyu', HAN Jingru', DENG Yuchun®, GAO Ming’
(1. CRRC Qigihar Rolling Stock Co. Ltd., Qigihar 161000, China; 2. Wuhan National Laboratory for Optoelectronics, Hua-
zhong University of Science and Technology, Wuhan 430074, China)

Abstract: In order to study the influence of hybrid heat sources on welding characteristics of T4003 ferrite stainless steel,
the effect of parameters on the morphology and microstructure of laser-arc hybrid weld joints was investigated, and the range of the
parameters were optimized. In addition, the impact toughness and enhancing mechanism of weld metal and heat affected zone at
-40 °C were analyzed emphatically. The results show that the comprehensive mechanical properties of the joint under the
optimization parameter are excellent: The tensile fracture occurred in the base material and the tensile strength is 530 MPa, and
no crack is found in the 180° transverse bending tests. The average impact absorbed energy of weld metal (50 J) is slightly higher
than that of conventional arc welding, and the average impact absorbed energy of heat affected zone is about three times of arc
welding(32 J). The reason is that the low heat input of laser-arc hybrid welding refines the coarse grain in heat affected zone.
Besides, the impact fracture morphology shows that the final fracture zone of weld metal mainly consists of dimples with no
ductile-brittle transition, while the heat affected zone exhibited obvious ductile-brittle transition with quasi-cleavage morphology in
the central expansion zone. This study can promote the application of laser-arc hybrid welding in ferritic stainless steel.
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Table 1 Chemical compositions of base metal and filler metals( mass fraction)

element
material
C Si Mn P Cr S Ni Ti Fe
T4003 0.00012 0. 00420 0.01680 0.00012 0. 11470 — 0. 00880 0.00120 balance
ER308LSi-G 0.00016 0. 00830 0. 02250 0.00014 0.23170 0.00010 — — balance

o BHETZSHNER 2 s,
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Table 2 Welding parameters

process parameters values
laser power /kW 4.5,5.0,5.5
wire feeding speed/(m + min™!) 3.5,5.0,6.5
defocusing amount/mm +3,0,-3
welding speed/(m + min™") 1.6

shielding gas Ar+CO,(¢(C€0,)=0.2)
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Fig.2 Effects of welding parameters on top surface root morphologies
a—effect of laser power when v; =5 m/min, Af=0 mm b—effect of wire
feeding speed when P=5 kW ,Af=0 mm c—effect of laser defocused dis-
tance when P=5 kW ,v;=5 m/min
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Fig.3 Microstructure of welded joint with optimized parameters
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