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Abstract By the multi-pass fiber laser welding technique with filler wire based on the ultra-narrow-gap grooves, the
50 mm thick SA508Gr. 3Cl. 2 nuclear power steel is welded, and the microstructures and properties of joints are
tested and analyzed. The results show that there are no macro defects inside the welded joints. After heat
treatment, the central organization of the welds in the middle of joints mainly consists of upper bainite and acicular
lower bainite, the coarse grain area in the heat affected zone near the base material consists of high-temperature
tempered martensite, and the microhardness of this area is 280 HV. The tensile fracture position of welding joints is
located in the base material, which indicates that the tensile strength of joints is good. The impact toughness of the
welds in the top, middle and bottom area of joints are smaller than that of the base material, but the fracture
morphology of the impact specimen extracted from the welds has certain characteristics of toughness fracture.
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Table 1 Chemical compositions of base material (mass fraction, %)

Composition C Cr Ni Mo \% Mn Si Al N Fe
Value 0.20 0.13 0.89 0.51 0.001 1.47 0.17 0.039 0.014 Bal.

2 HME IR

Table 2 Mechanical properties of base material

Property Yicld strength /MPa Tensile strength /MPa Elongation /%
Value 624 743 18.6
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Fig. 1 Groove geometry of workpiece
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Fig. 2 Measurement position of microhardness and Fig. 3 Dimensions of tensile sample

sampling position of impact sample
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Fig. 4 Macromorphology of welding joint
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Fig. 5 Weld pass morphologies in autogenous laser welding. (a) Macromorphology; (b) partially enlarged

view of position 1" in Fig. 5(a); (c) partially enlarged view of position 2’ in Fig.5 (a)
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Fig. 6 Regional division of multi-layer welding joint
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Fig. 7 Middle weld pass morphologies in laser welding with filler wire. (a) Macromorphology; (b) partially enlarged
view of position A’ in Fig. 7(a); (c) partially enlarged view of position B’ in Fig. 7(a);
(d) partially enlarged view of position C'in Fig.7 (a); (e) partially enlarged view of position D' in Fig. 7(a);
(f) partially enlarged view of position E in Fig. 7(a)
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Fig. 8 Top weld pass morphologies in laser welding with filler wire. (a) Macromorphology; (b) partially enlarged

view of position 4 in Fig. 8(a); (c) partially enlarged view of position 5 in Fig. 8(a);
(d) partially enlarged view of position 6 in Fig. 8(a); (e) partially enlarged view of position 7 in Fig. 8(a);
() partially enlarged view of position 8 in Fig. 8(a)
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Fig. 9 Microhardness distributions of joint
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Table 3 Results of tensile test

Tensile sample No. Yield strength /MPa Tensile strength /MPa Tensile fracture position
1 562 684 Base material
2 564 687 Base material
Average 563 686
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Table 4 Results of impact test

Position Absorbed energy /] Lateral expansion /mm Fiber fracture rate /%
Base material 123 1.89 64

3/4 joint 106 1.53 62

1/2 joint 62 0.88 47

1/4 joint 72 1.07 60
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Fig. 10 Fracture morphologies of impact specimen. (a) Macromorphology of base material; (b) partially enlarged
view of position 9 in Fig. 10(a); (c) partially enlarged view of position 10 in Fig. 10(a);
(d) macromorphology of middle welding joint; (e) partially enlarged view of position 11 in Fig. 10(d);
(f) partially enlarged view of position 12 in Fig. 10(d)
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