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Abstract The 2.8 mm thick 800 MPa grade hot-rolled high strength steel plates are welded with fiber laser. The
fully-penetration laser welded joints are obtained by adjusting the laser power. The microstructures of laser weld
joints are observed, and the microhardness, tensile properties and impact toughness of the laser welded joints are
tested. The relationship between microstructure and mechanical properties of laser welded joints is studied. The
results show that there was no softening zone in the welded joint, the tensile strength of the welded joint can reach
that of the base metal, and the impact energy of the welded joint can reach 85.6% of the base metal.
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Table 1 Chemical composition of experimental steel

Element C Si Mn

Ti

P Mo Nb Al N Fe

Mass fraction /% 0.08 0.14 1.80

0.01

0.01 0.10 0.06 0.04 0.003 Bal.

# 2 WA e g

Table 2 Mechanical properties of experimental steel

Property Yield strength /MPa

Tensile strength /MPa

Elongation /% Hardness /HV

Value 775.0

847.0

17.7 295.0

5

0 um

B 1 e B, () %f% SEM; (b T IXjk k&

Fig. 1 Microstructure of experimental steel. (a) SEM morphology with low magnification;

(b) enlarged microstructure of I area
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Table 3 Welding parameters of experimental steel

Laser Welding speed / Heat inputs / Protective

power /kW  (memin™ ") (Jemm™1) gas
2.5 30.0
3.5 42.0
50 99.9% Ar
4.0 48.0
4.5 48.0
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Fig. 5 Macro morphology of welded joints obtained at different heat inputs.
(a) 30.0 J/mm; (b) 42.0 J/mm; (c¢) 48.0 J/mm; (d) 54.0 J/mm
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Fig. 6 Microstructures of welded joint obtained at heat input of 42.0 J/mm. (a) Low magnification of WS;
(b) high magnification of WS; (¢) CGHAZ; (d) FGHAZ
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(a) Near MGHAZ; (b) enlarged image of 1I area
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Fig. 8 Microhardness distributions of full-penetration weld joints obtained at different heat inputs.

(a) 42.0 J/mm; (b) 48.0 J/mm; (c¢) 54.0 J/mm
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Table 4 Tensile properties of welded joints

Heat inputs /(Jemm ')

Yield strength /MPa

Tensile strength /MPa

Elongation /%

Fracture position

30.0 686.0 690.0 1.4 WS
42.0 808.0 854.0 11.4 BM
48.0 767.0 845.0 10.0 BM
54.0 786.0 842.0 15.0 BM
(aj base metal . 900 F (b)
fracture — & L e
g 800 = A\ \\
30.0 J-mm-! fracture % (00 \)
§ 600 - "
42.0J-mm! = fracture % sool/ 0Imm A
2 400} " 54.0J-mmt base metal
48.0 J-mm ! ¥ fracture £ 48.0J-mm
$ 300
54.0 J-mm fractyr l bso 200
e w”l’iwwlmmvﬂ e 9 :u ‘I‘; :z : 3 u ’ ” é 100

0 L L L L L L L L L L L L
0 24 6 8 101214 16 1820 22 24
Engineering strain /%

P9 Ca) AR 4 Sk For A oA BT 285 Y IR 5 (o) AR o Y A B - A 7 A48 it 2%

Fig. 9 (a) Images of tensile samples of welded joint after fracture; (b) engineering stress-engineering
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Fig. 10 SEM images of tensile fracture of full-penetration weld joints obtained at different heat inputs and base metal
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Table 5 Impact energy and fracture position of weld

seam obtained at different heat inputs

Heat input /

Impact energy /] Fracture position
(Jemm ")

30.0 10.7
42.0 21.6
Weld seam
48.0 18.8
54.0 18.6
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Fig. 11 Impact fracture morphology of weld seam obtained at different heat input and base metal
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Fig. 12 Impact fracture morphology of weld seam obtained at different heat inputs and base metal.

(a) 30.0 J/mm; (b) enlarged image of III area; (c) 42.0 J/mm;(d) 48.0 J/mm; (e) 54.0 J/mm; (f) base metal
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