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Narrow-gap laser-TIG hybrid welding process and mechanical
properties of 0Cr13NiSMo stainless steel

DING Zhen, ZOU lJipeng, XU Fujia, ZHANG Yan, YANG Yicheng, QI Wanli, ZHANG Yunshu
(Harbin Welding Institute Limited Company, Harbin, 150028, China)

Abstract: To address the issues of insufficient impact toughness of the weld metal and low welding efficiency of the traditional arc
welding in Pelton turbine runners, a narrow-gap laser-TIG hybrid welding process was proposed in this paper. The influence of
process parameters on the weld formation quality in narrow-gap grooves was investigated through a single-factor controlled variable
method, and the microstructure and mechanical properties were analyzed. The results indicate that the weld exhibits good formation
without defects when the laser power is 3000 W; the welding current is 320 A; the welding speed is 0.2 m/min; the wire feeding
speed is 5 m/min; the oscillation angle is 10°, and the deposition efficiency is 2.7 kg/h. By using these optimized welding process
parameters, high-quality welding is achieved on a 50 mm-thick super martensitic stainless steel mock-up. Different regions of the
weld exhibit distinct microstructural characteristics due to the variations in thermal cycles, and the middle region forms a uniform
and fine equiaxed grain structure after experiencing multiple thermal cycles and tempering effects. The microhardness of the weld

fluctuates in the range of 303 ~ 320 HV10; the yield strength reaches 937 MPa + 58 MPa, while retaining good plasticity. The
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overall impact toughness of the weld is excellent, and the impact absorbed energy at 0 °C is 303 J = 21 J. In summary, the narrow-

gap laser-TIG hybrid welding technology can significantly improve the welding quality and efficiency of the runner, providing a

new technical path and practical guidance for the welding operations of large-scale runners.

Highlights: (1) The narrow-gap welding of 50 mm-thick 0Cr13NiSMo super martensitic stainless steel was achieved by using the

laser-TIG hybrid welding.

(2) The strength and impact toughness of the 0Cr13Ni5SMo stainless steel welded joints were improved.

Key words: turbine runner; super martensitic stainless steel; laser-TIG hybrid welding; narrow-gap welding; impact toughness
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Table 1 Chemical composition of base metal and welding wire
KL C Si Mn S P Cr Ni Mo Fe
0Cr13NiSMo 0.02 0.43 0.61 0.0050 0.003 7 13.4 5.03 0.52 Rt
HS13/5LI5 %4 0.016 0.46 0.54 0.008 3 0.0019 12.3 4.51 0.48 i
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Schematic diagram of laser-TIG narrow-gap
hybrid welding process. (a) laser-TIG narrow-gap
hybrid welding device; (b) spatial layout diagram
of laser-TIG hybrid welding
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Fig. 3 Classification of weld morphology. (a) convex
weld; (b) concave weld
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Fig. 4 Surface formation and cross-sectional morpho-
logy of welds under different welding currents. (a)
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Fig. 5 Influence of welding current on the cross-

sectional dimensions and forming coefficient of
welds
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Fig. 6 Surface formation and cross-sectional morpho-
logy of welds under different welding currents
different welding speeds. (a) 0.1 m/min; (b) 0.2
m/min; (c) 0.3 m/min; (d) 0.4 m/min; (e) 0.5 m/min
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Fig. 9 Influence of swing angle on weld cross-sectional
dimensions and forming coefficient
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Fig. 10 Surface forming and cross-sectional morpho-
logy of the weld seam under different wire
feeding speeds. (a) 3 m/min; (b) 3.5 m/min; (c)
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m/min; (g) 6 m/min; (h) 6.5 m/min; (i) 7 m/min

P11 Dy 3k 22 30 R o AR S AT RO B e 2R 8
P18 582 M AV T P S < s 494 2 ek 45 T 8 o 7 R,
H5 98 T F G r s DX A R S e b U sl
iy, JE VRS E I HAR 25 Rk 223 LT, i

A 22 3 FR 5 BRI L G BE [E i R, B 1 R R,
BRHREA R ICEREROE. LR a IR R B
TV, 222 4 ~ 5 m/min P HEBALIE i
SIEICR, AR T BAR T 2K,

| eSS e KTWMED
161 o pseriiRyg  mm REE1HTE REOVIH

0
40 45 50 55 60 65
JELZHE v /(m min')

3.0 35

B 11 XLEEIIREEHER T REE RN
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sectional dimensions and forming coefficient
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Fig. 14 Microstructure of the bottom of the weld seam.
(a) observation position; (b) fusion line area; (c)
above the fusion line; (d) below the fusion line
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Fig. 15 Microstructure of the middle part of the weld
seam. (a) observation position; (b) fusion line
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fusion line
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