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Abstract: Welding research on thick low carbon steel plate of S355J2W + N was done by using laser-
MAG hybrid and MAG welding. Microstructure and mechanical properties of the joints were ana-
lyzed. The results show that the hybrid and MAG welded joint is composed of welding seam zone, o-
ver-heated zone, annealed zone and local annealed zone. The cross-section of hybrid welded joint
shows a goblet appearance and the wire accumulation and width of HAZ are significantly reduced com-
pared with MAG welding. The Widmanstaten structure in over heated zone increases a little bit due to
fast cooling speed in hybrid welding. The hardness is higher than that of MAG welding. There is no
significant difference in the tensile strength and bending property between hybrid welded joint and

MAG welded joint. The tensile strength and bending property of hybrid welded joints and MAG wel-

ded joints both meet production standards.
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Fig. 1 Microstructure of the base metal
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Table 1 Main chemical compositions of base
metal (mass fraction/ %)
C Si Mn P S Cr Cu

0.16  0.50 0.50-1.50 <0.03 0.03 0.40-0.80 0.25-0.55
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Table 2 Parameters for laser-MAG hybrid welding

Laser Welding Welding Welding Defocusing Gas

Layer power/ current/ voltage/  speed/ amount/ flow/
w A \Y (memin 1) mm (Lemin™ 1)
1st 6.0 240 21 1.2
2nd 2.0 270 24 0.4 —2 18-20
3rd 2.0 270 24 0.4

®3 MAGRIZSH
Table 3 Parameters for MAG welding

Welding Welding Welding speed/  Gas flow/
Layer

current/A voltage/V (memin~ ') (Lemin 1)
1st 150-170 18-19 0.20
2nd 240-250 27-28 0. 40

18-22

3rd 240-250 27-28 0. 35
4th 260-270 30-31 0. 30
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Fig. 2 Cross-section picture of joints

(a)MAG welding; (b)laser-MAG hybrid welding
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Fig. 3 Upper layer microstructure of welding seam

(a)laser-MAG hybrid welding; (b) MAG welding
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Fig. 4 Root layer microstructure of welding seam
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(a)optical picture of laser-MAG hybrid welding joint;

(b)SEM picture of laser-MAG hybrid welding joint; (¢)optical picture of MAG welding
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Fig.5 Microstructure of overheated zone
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(a)laser-MAG hybrid welding; (b) MAG welding
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Fig. 6 Microstructure of annealed zone (a)laser-MAG hybrid welding; (b) MAG welding
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Fig. 7 Microstructure of local annealed zone (a)laser-MAG hybrid welding; (b) MAG welding
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Fig. 8 Microhardness distribution curves of joints
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(a)laser-MAG hybrid welding; (b) MAG welding
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Fracture site and morphology of laser-MAG welded joints

Fig. 9
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Table 4 Tensile test data of joints

. Tensile Yield strength/ Elongation/

Welding

strength/MPa MPa %
method - - -

Single Average Single Average Single Average

Laser-MAG  500. 5 380.4 30.0

hybrid 498. 1 502. 6 379.0 380.9 28.8 28.8
welding ~ 509.1 383. 2 27.5

499. 2 375.5 28.2
MAG o

505. 6 503.2 375.0 376.9 29.5 28.5
welding

504.8 380. 3 27.7
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Table 5 Impact test data of welding joint
Welding Diameter of Distance of Bending Crack
method roller/mm roller/mm angle/(®) length/mm
Laser-MAG 180 Free of crack
hybrid 30 70 180 2.4
welding 180 Free of crack
MAG 180 Free of crack
. 30 70 180 0.6
welding 180 Free of crack
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Fig. 10 Crack formed in the joint after side bend test
(a)laser-MAG hybrid welding; (b) MAG welding
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