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Abstract In this study, we investigate the effects of longitudinal magnetic field on the welded joint formation
characteristics, ferrite/austenite microstructures, and fatigue crack propagation in the laser-MIG welding of 316L
austenitic stainless steels. The experimental results indicate that the upper hybrid layer exhibits shallower
penetration and larger width, whereas the lower hybrid layer exhibits a better symmetry with the addition of the
magnetic field. Further, the melting area of the two hybrid layers and the remelted area between the two hybrid
layers remain almost constant. The agitation of the solid-liquid front of the molten pool is promoted by the addition
of the magnetic field, resulting in different fusion line shape characteristics. Furthermore, the addition of the
magnetic field changes the growth direction of the microstrucuture near the fusion line, improves the thermal cycle of
the base metal near the fusion line, reduces the width of the heat-affected zone, and restrains the coarsening of the grains.
The magnetic field can promote the transition of cellular grains to the dendrites in the interlayer, change the ferrite dendritic
morphology, and refine the interlayer and intralayer austenite structures. The fatigue crack growth resistance increases
owing to the refinement of the microstructure, reducing the crack sensitivity of the joint.
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Table 1 Chemical compositions of base metal and filler wire

Mass fraction /%

Material

Fe Ni Mo Cr Si C Mn P+S
Base metal Bal 11.41 1.77 17.47 0.48 0.03 1.4 0.06
Filler wire Bal 12.49 2.18 19.59 0.80 <<0.03 2.27 <0.050
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Fig. 1 Schematics of longitudinal magnetic field-assisted narrow gap laser-MIG multi-layer welding process.
(a) Welding process; (b) groove size of stainless steel plate; (c) spatial position of laser and wire
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Table 2 Welding variables

Laser Welding speed / Welding

Defocusing Magnetic induction

Dia/mm
No power /kW (memin ') current /A distance /mm intensity /mT
1 3.2 1.0 — — 0 —
2 1.0 0.72 150 2 0 0,6,12,18,24
3 1.0 0.72 150 2 0 0,6,12,18,24
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Fig. 3 Surficial morphology of welded joints prepared at different magnetic induction intensities
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Fig. 4 Cross-sectional morphology of welds prepared at different magnetic induction intensities.
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Fig. 6 Effects of magnetic induction intensity on cross-sectional formation parameters of weld.

(a) Formation parameters for upper hybrid welds; (b) area parameters for upper and lower hybrid welds
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(a) Statistical graph; (b) curve graph
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