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Microstructures and Properties of Ultra—Narrow-Gap Multi-Pass Welded
Joint of 50 mm Turbine Rotor Steel by Laser Welding with Filler Wire
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Abstract A type of groove targeted on ultra—narrow-gap multi- pass welding is designed and 50 mm thick
30Cr2Ni4dMoV turbine rotor steel is welded by CO, laser welding with filler wire based on the groove. After welding
process, the microstructures of different zones of joint are observed and analyzed. The tensile test, bending test
and measurement of microhardness are conducted to evaluate the properties of joint. The results show that the joint
of 50 mm thick 30Cr2Ni4MoV turbine rotor steel has fine appearance without defect under the optimized parameters
of ultra-narrow-gap multi—pass laser welding with filler wire. The middle zone of weld consists of a mass of
acicular ferrite and a few of granular bainite and it shows good impact toughness. The surface layer of weld consists
of martensite and a few of granular bainite and its impact toughness decreases a little. The fractures occurre on the
base metal of tensile test specimens. The peak value of microhardness is achieved in the coarse grain zone in heat
affected zone (HAZ) of surface layer of weld and the microhardness in weld is much lower than that in HAZ.
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Table 1 Chemical compositions of BM and filler wire (mass fraction, %)

C Si Mn P S Ni Cr Mo v
Base metal 0.28 0.06 0.4 <0.007 <0.007 3.66 1.59 0.43 0.09
Welding wire 0.08 0.60 1.7 <0.015 <0.015 1.50 0.20 0.50 0.03
, 8°
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laser beam ,,i/ ) wire feeder pipe
£/ welding directio
plate /! .
e s B
e, 0
plate
£ mm
g 3
=
P 1 78 (] BRI SRR HeA P2 AR 0 R
Fig.1 Experimental setup of narrow—gap laser welding Fig.2 Groove geometry of workpiece
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Table 2 Welding parameters

Welding Laser power / Welding speed / Wire feed Defocusing Heat input /
sequence kW (mm/min) rate /(m/min) amount /mm (kJ/cm)
1 10 1000 0 0 6
2~10 6.5 300 4.5 +20 13
11 8.5 300 6.5 +20 17
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Fig.3 Macrostructure of welding joint
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Fig.4 Appearance of welding joint
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Fig.5 Microstructure of base metal Fig.6 Microstructure of laser welding center
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Fig.7 Microstructure of weld center by laser welding with filler wire. (a) Middle zone of joint; (b) surface layer of joint
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Fig.8 Microstructure of coarse grain heat affected zone by laser welding with filler wire. (a) Middle zone of joint;

(b) surface layer of joint
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Table 3 Results of tensile test

Specimen thickness /mm Tensile strength /MPa Yield strength / MPa Elongation /% Fracture position
Base metal 875 780 22
Upper 20 886 781 19.5 Base metal
Middle 20 892 783 20 Base metal
Bottom 10 889 782 18.5 Base metal
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Table 4 Results of impact test

Specimen number Test position Impact absorbing energy /J Remark
Base metal 195

A Upper 106.5 Qualified

B Middle 125 Qualified

C Bottom 88.5 Qualified
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Fig.9 Fracture of impact specimen. (a) Middle layer (zone B); (b) upper layer (zone A); (c) bottom layer (zone C)
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Fig.10 Microhardness distribution (1-surface layer of joint, 2—bottom layer of joint; 3-middle zone of joint)
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