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Influence of Laser with Same Line Energy on the Microstructure and
Properties of welded
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Abstract High-strength steel E36 and stainless steel 304 are welded by laser welding with the same line energy.
Microstructure and fracture morphology of welded joint are investigated by means of optical microscopy (OM),
scanning electron microscopy (SEM) and X-ray diffraction (XRD), and the mechanical properties of the weld are
evaluated by micro—hardness and tensile strength testing. The results show that both heat input and laser power
density play a crucial role in macro—morphology of welded joint. Welding speed has a significant impact on micro
grain morphology. Weld zone is made up of martensite and some carbide particles. There are mainly austenites and
a bit 8 —ferrites on the 304 fusion zone while lath—shaped martensite, bainite and ferrites are produced on the heat
affected zone of E36. When the laser power is 1 kW, micro—hardness of the welding seam is lower than that of the
others, and the tensile specimen break occurs at the seam, while the other specimens occur at the side of E36.
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Table 1 Chemical composition of the E36 high strength steel (mass fraction, %)

C Si Mn P S Als Nb+Ni Ceq
<0. 15 <0. 40 0.10~1.50 <0.015 <0.010 =0. 015 <0. 35 <0. 38

#2304 B ARG L7 o (B 7 5L, %)

Table 2 Chemical composition of the austenitic stainless steel 304 (mass fraction, %)

C Si Mn Cr Ni S P
<0.07 <1.0 <2.0 <17.0~19.0 <8.0~11.0 <0.03 <0.035
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Fig.1 Macrography of the welding seam. (a) 1 kW; (b) 2 kW; (c) 3 kW; (d) 4 kW
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Table 3 Relationship between weld shaping and heat input and power density in laser welding

Samples Heat input J /(W/mm) Power density I /(W/mm?) Ws/mm W, /mm Wy /mm H /mm
1 57.1 3.2x10" 1.89 0.64 0 1.60
2 57.1 6.4x10" 1.11 0.65 0.80 3
3 57.1 9.6x10* 1.15 0.55 0.52 3
4 57.1 12.8x10* 1.14 0.55 0.53 3
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Fig.2 Microstructure of the welding seam. (a) 1 kW; (b) 2 kW; (c) 3 kW; (d) 4 kW
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Fig.3 Microstructure of the welding seam. (a) 1 kW; (b) 2 kW; (c) 3 kW; (d) 4 kW
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Fig.4 Microstructure of the welding seam. (a) Microstructure of welding seam; (b) X-ray diffraction of welding seam;

(c¢) microstructure of 304 heat affect zone; (d) microstructure of E36 heat affect zone
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Fig.5 Microhardness distribution of laser weld along transverse direction
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Table 4 Tensile test of welding sample

No Heat input J /(W/mm) Power density I /(W/mm®) Tensile strength /MPa Crack place
1 57.1 3.2x10* 248.8 Welding seam
2 57.1 6.4x10" 628.1 E36 base
3 57.1 9.6x10" 629.2 E36 base
4 57.1 12.8x10" 628.9 E36 base
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Fig.6 Fracture morphology. (a) E36 base metal; (b) macroscopic seam of welding seam; (c) microcosmic seam of welding seam
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