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Abstract The 14 mm thick EH36 high strength steels are welded by the fiber-laser-MAG hybrid welding process.
The effects of laser power, welding speed and welding current on the weld formation are investigated and the
microstructures and perfomances of welded joint under the optimal process parameters are analyzed. The results
show that the weld penetration increases and the weld width is basically unchanged with the increase of laser power.
With the increase of welding speed, the weld width decreases and with the increase of welding current, the weld
width is basically unchanged. Under the optimal welding process parameters, the weld formation is good and there
are no welding defects. The microstructures of the heated affected zone and weld zone are mainly composed of lath
martensite. The hardness of weld metal is greater than that of the base metal. The fracture position of the tensile
specimen is within the base metal. There are no cracks on the tensile surface after the transverse bending test. The
fracture morphology of weld impact specimen is quasi cleavage fracture.
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Table 1 Chemical compositions of EH36 steel and GHS50NS welding wire (mass fraction, %)

Material C Si Mn P S Al Nb Ti Ni Fe
EH36 0.10 0.37 1.47 0.02 0.001 0.023 0.031 0.012 0.13 Bal.
GHS50NS 0.08 0.81 1.24 0.005 0.001 - - 0.46 Bal.
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Fig. 1 Microstructure of EH36 base metal
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Table 2 Process parameters of fiber-laser-MAG

hybrid welding

Welding parameter Value
Laser power /kW 7
Welding speed /(me*s ') 0.02
Wire feeding speed /(memin ') 9.5
Arc current /A 298
Welding voltage /V 27.4
Heat source distance /mm 3
Weld torch angle /(%) 60
Dry extension of welding wire /mm 22
Defocusing /mm 0
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Fig. 2 Effect of laser power on weld
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Fig. 3 Effect of welding speed on weld width
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Fig. 4 Effect of welding current on weld width
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Fig. 5 Weld morphology under fiber-laser-MAG hybrid welding. (a) Front side; (b) back side; (c) cross section
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Fig. 6 Metallographic microstructures of welds under fiber-laser-MAG hybrid welding. (a) Arc action zone;

(b) laser action zone; (¢) HAZ overheated zone in arc action zone; (d) HAZ overheated zone in laser action zone
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Fig. 7 Hardness distribution curves of welded joint
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Table 3 Tensile test results of welded joints at room temperature

Number Tensile strength /MPa Yield strength /MPa  Elongation /%  Fracture position Temperature /°C
1 572.7 425.54 20.79 Base metal 23
2 565.3 417.40 20.90 Base metal 23
3 570.2 423.82 21.31 Base metal 23

e |

P8 i iy 2L
Fig. 8 Tensile fracture specimens
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Fig. 9 Transverse bending specimens. (a) Macrography of bending; (b) bending morphology of weld
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