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Effect of Alternating Magnetic Field on Microstructure and Corrosion Behavior
of Laser-Arc Hybrid Welded 316L Joints
WEN Zhigang’, TIAN Lei', SHEN Nannan!, SONG Fucheng?, TAN Caiwang?

(1. Offshore Oil Engineering (Qingdao) Co., Ltd., Qingdao 266500, China; 2. Shandong Provincial Laboratory of Specia
Welding Technology, Harbin Institute of Technology at Weihai, Weihai 264209, China)

Abstract. With a 6 mm thick 316L stainless steel plate as the object, the magnetic field assisted laser-arc composite
welding study was carried out. By changing the magnetic field intensity, the weld appearance, cross-sectional morphology,
weld microstructure and weld corrosion behavior were analyzed. The results show that the alternating magnetic field increase
the penetration ability of laser-arc hybrid welding, and the penetration state changes from local incomplete penetration to good
penetration. In addition, the microstructure of the weld seam is significantly homogenized. On the one hand, the difference in
Cr element between the austenite in the arc zone and the laser zone is obvioudy reduced, on the other hand, the grain size
difference between the arc zone and laser zone is obviously reduced. The aternating magnetic field improves the corrosion
resistance of the joint weld. It increases the self-corrosion potential and reduces the current density, thus significantly reduces
the density of pitting pitsin the weld. The study indicates that for laser-arc hybrid welding, the introduction of magnetic field is
beneficial for improving the penetration ability and weld uniformity, which improves the formability and corrosion
performance of the weld.
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Tab.1 Chemical composition of 316L stainless steel
and ER316L filler wire (wt%o)

JLE C | Mn P S Cr Ni Mo | Fe
316L |<0.03 <2.0|<0.045 <10|16~18| 10~14| 2~3 | 4v =
ER316L| 0.02 | 1.85 | 0.009 | 0.38 | 18.73| 125 | 221 | v i

12 REHERIES

ARG O FR 4 K IPG YLS-6000 Y6 £F i#0t
e HE UK R 1070nm, G BTN 12mm-
mrad, MIG FAJEER 73K AR AL R350, i Kk i
HLA 350A, MREZI R SRR FH 4G 99.99%
R AR AR R 200 /min, KEFE #7113 Ry 45° 3%
IS . 3 AR B OG- I E A AR
316L AN AT I il i 2 BB AR A R O, AR
OGSk SIS B2 il i 22 P8 (R 11 52 | R KB4 LA
W RS B 3SR Rl i e S P e e A R
i il 5 7 A S8 U R R R 9 A T R A T T R T e
A5 AR 2R MRG58 % R 0,30, 90mT, 4%
TR R R E AN LR 8 R AU RAR R
TR IR T ESEONE gk 2 IR

Bl 1 R g s

Fig.1 Schematic diagram of welding experiment devices
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Tab.2 Welding process parameters
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Fig.2 Schematic diagram of the three-electrode system
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Fig.3 Surface appearance of the hybrid welded joints
under different magnetic field intensities
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Fig.4 Cross-section morphologies of the hybrid weld seams
under different magnetic field intensities
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Fig.5 Typical microstructure of the composite welded seam
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Fig.6 Cr element content of austenite in welds
under different magnetic field intensities
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Fig.7 EBSD images of grains at the center of weld seams
under different magnetic field intensities
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Fig.8 Statistics of grain size at the center of weld seams
under different magnetic field intensities
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Fig.9 Corrosion weight loss rate of welds at room temperature
under different magnetic field intensities
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Fig.10 Electrochemical performance curves of welds
under different magnetic field intensities
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Tab.3 Electrochemical corrosion characteristic parameters
of welds under different magnetic field intensities

FE S omT 30mT 90 mT
19(n/ (A - €MD) -3.8636 -3.9909 -3.9040
EenlV 0.0832 0.1002 0.1134
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Fig.11 Electrochemica corrosion morphology of welds
under different magnetic field intensities
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Fig.12 Development process of weld pits
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