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Influence of External Longitudinal Magnetic Field on Weld Joint Morphology and
Microstructure in Laser-Metal Inert Gas Hybrid Welding
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Science and Technology, Wuhan, Hubei 430074, China

Abstract The influences of external longitudinal magnetic field on weld joint forming characteristics, microstructure
and microhardness distribution are investigated in SUS316L austenitic stainless steels by laser-metal inert gas hybrid
welding. The experimental results show that, under the action of external longitudinal magnetic field, the weld joint
reinforcement decreases, the weld width increases, the forming coefficient increases, and the cross section appears
wide and deep. The external magnetic field alters the thermal cycle of the weld joint, which makes the striped
d-ferrite precipitation occur in the heat affected zone and the grain growth is inhibited. The external magnetic field
causes the rotation of the molten pool and the weld joint grains are refined. The uniformity of crystallization is
improved and the microhardness distribution becomes stable. This effect enhances with the increase of the magnetic
induction intensity but weakens with the increase of the weld joint depth.
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Table 1 Chemical compositions of base metal and filler wire (mass fraction, %)

Element C Mn Si S P Cr Ni Mo Fe
Base metal <<0.03 <2.00 <<0.75 <0.030 <{0.045  16.0-18.0 10.0-14.0  2.0-3.0 Bal.
Filler wire <<0.03 1.0-2.5 0.83 <0.020 <<0.030  18.0-20.0 11.0-14.0  2.5-3.0 Bal.
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Fig. 1 Schematic of laser-MIG hybrid welding assisted with external longitudinal magnetic field
# 2 HImYhe 637 B O MIG IR & 1R 1 2 8

Table 2 Parameters of laser-MIG hybrid welding assisted with external longitudinal magnetic field

Laser Welding speed / Focal point

Current /A ) ] D, s/mm B /mT
power /kW (m * min ") distance /mm
2.0 150 1.1 0 2 0,8, 12, 16, 22
\ [ top
middle
bottom

P2 e sk i SR B R =

Fig. 2 Schematic of microhardness test of weld joint
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Fig. 3 Schematic of weld joint morphology
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Table 3 Weld joints and cross-sectional morphologies under different magnetic induction intensities

B /mT Weld joint morphology Cross-sectional morphology of weld joint
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Fig. 4 Influence of external longitudinal magnetic field on weld joint morphology
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Fig. 5 Influence of external longitudinal magnetic field on weld joint forming characteristics.

(a) Forming coefficient; (b) reinforcement coefficient; (c¢) penetration ratio; (d) width waist ratio
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Fig. 6 Microstructure of SUS316L austenitic stainless steel base metal
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Fig. 7 XRD patterns of weld joint under different magnetic induction intensities.

(a) B=0 mT; (b) B=12 mT; (¢) B=22 mT
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Fig. 8 Microstructure of top area of weld joints under different magnetic induction intensities.
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Fig. 9 Microstructure of middle area of weld joints under different magnetic induction intensities.
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Fig. 10 SEM images of HAZ of weld joints under different magnetic induction intensities.

(a) B=0 mT; (b) B=12 mT; (¢c) B=22 mT; (d) partial enlarged view of Fig. 10(c)
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Fig. 11 EDS analysis results. (a) Test area; (b) test point A; (c¢) test point B
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Table 4 EDS analysis results
Point A Point B
Element - - - - - -
Mass fraction /% Atomic fraction /% Mass fraction /% Atomic {raction /%
Si 0.98 1.94 0.65 1.29
Cr 22.44 24.02 18.66 19.95
Mn 1.22 1.24 1.76 1.78
Fe 64.47 64.24 64.87 64.57
Ni 6.08 5.77 11.58 10.97
Mo 4.80 2.79 2.47 1.43
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