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Abstract This study investigates the effects of an external alternating electromagnetic field on the joint formation,
ferrite-austenite microstructure, mechanical properties, and corrosion resistance of SUS3161 austenite stainless
steel narrow-gap laser hot-wire feeding welded joint. The experimental results show that the controlled melting of
the filler wire in a transverse direction is achieved by the alternating electromagnetic field. The joints with wider
width, shallower penetration and highly symmetric weld are obtained, in addition, non-fusion and pore defects in
the joints are also suppressed. The external alternating electromagnetic field introduces vibration energy into the
weld pool, thereby changing the original natural convection mode of the weld pool and promoting a high-temperature
liquid metal flow from the weld center to the groove sidewall. The stirring effect of the molten pool makes the
temperature uniform, decreases the temperature gradient of the molten pool, inhibits the growth of coarser austenite
columnar crystals, and increases the grain orientation diversity. The electromagnetic field-assisted welds have small
grain size and dendritic spacing as well as a complex dendrite morphology. In summary, the joint tensile and
electrochemical corrosion tests show that the electromagnetic field-assisted SUS316L stainless steel narrow-gap
welded joint has good mechanical properties and corrosion resistance.
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Table 1 Main chemical composition of SUS316L base metal and ER316L filler metal

Mass fraction /%

Material
C Mn P S Si Cr Ni Mo Fe
Base metal 0.02 1.58 0.02 — 0.45 16. 74 12. 89 2.05 Bal.
Filler wire 0.02 1. 89 0.02 0. 0.76 18.7 12.2 2.3 Bal.
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Fig. 1 Schematic of electromagnetic assisted laser hot wire narrow-gap welding process
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Table 2 Narrow-gap laser welding variables

Sample Wobble amplitude /mm Wobble frequency /Hz AC hot-wire frequency /Hz
a _ _

b.c.d 0.5, 1.0, 2.0 100

e.f.g 2.0 20, 50, 150 —

h,i,j 2.0 100 20, 50, 70
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Fig. 3 Cross-sectional morphologies of laser hot wire narrow-gap weld and molten pool morphologies. (a) Conventional laser

welding (CLW); (b) laser-beam wobble welding (LWW); (c) electromagnetic assisted laser beam wobble welding (EMLWW)
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Fig. 4 Temperature distribution of single narrow-gap welding. (a) Positions of thermocouples;

(b) temperature curves of thermocouple 1; (c¢) temperature curves of thermocouple 2
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(c¢) weld fusion zone; (d) overlapped weld zone; (e)(f) weld center and its enlarged picture
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(a) CLW; (b) LWW; (¢) EMLWW
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Table 3 Electrochemical corrosion results of

narrow-gap welded joints

Welded joint Welded joint Welded joint

Parameter obtained obtained obtained
by CLW by LWW by EMLWW
E../V —0.477 —0.339 —0.33
Ion/A 3.06X10 ° 7.78X10 " 1.63x10 ’
R./Q 14.03 6.252 16.51
(Error) (0.72138) (0. 6239) (0.6109)
R,/Q 10979 64529 1108100
(Error /%) (0.73974) (1.5824) (3.6837)
CPE, value /F 2.66X107" 5.47X107° 1.12X107°
(Error/ %) (0.99846)  (0.56919) (0. 44526)
CPE, value /F 0. 8706 0. 90844 0.90228
(Error /%) (0.19487)  (0.12716)  (0.095097)
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Fig. 11 Impedance spectroscopy of narrow-gap welded joints. (a) Nyquist figure; (b) Bode figure
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