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Tab. 1 Chemical compositions of P92 steel, IN617 alloy matrix, and ERNiCrMo-3 filler wg/%

. P92 P92 IN617 IN617 ERNiCrMo-3 ERNiCrMo-34# ERNiCrMo-31#
o WA SOy RS 4 SRSy SEA ALY FURE LRy B> BHE SNy

C <0.1 0.093 0.05~0.15 0.06 =<0.1 0.01 0.02

Si <05 0.21 =1 0.001 <0.5 0.09 0.04
Mn 0.3~0.6 0.41 =1 0.07 <0.5 0.37 0.05

Cr 8.5~9.5 8.60 20~24 22.30 20~23 20.67 21.80
Mo 0.3~0.6 0.45 8~10 9.11 8~10 9.23 8.80

w 1.5~2 1.98 — 0.05 — — 0.08

Ti <0.01 0.001 <0.6 0.33 <0.40 0.12 0.29

Ni <04 0.31 =445 52.96 =58 64.89 58.38
Nb 0.04~0.09 0.05 — 0.02 3.15~4.15 3.96 3.02

\Y% 0.15~0.25 0.18 — 0.11 — — 0.03

Co — — 10~15 11.40 — — 1.25

Al <0.02 0.001 0.8~1.5 1.46 <0.40 0.08 0.38

Cu — — <05 0.02 <0.5 0.01 0.02

B 0.001~0.006 0.002 <0.006 — — — —

N 0.03~0.07 0.06 — — — — —

Fe A 87.63 <3 2.110 <5 0.36 5.82

=<0.01 0.004 <0.015 0.005 <0.015 0.001 0.004
P <0.02 0.02 — 0.002 <0.02 0.02 0.004
Crg, 9.39 32.08 32.26 32.75
Nig, 5.11 54.73 65.44 59.06
TZHA EJAHZS LAVEN LASEN LRESZS

1#: Nig=w (Ni) +0.5w (Mn) +30w (C) +30w (N) ; Cr,=w (Cr) +w (Mo) +1.5w (Si) +0.5w (Nb) +2w (Ti)

(ay

el v

(ab) VRV MIEANST;  (c-d) HEMAEARIN;  (ef) JREEAR
Bl EEMERREREE

Fig. | Schematic diagrams of the substrate grooves and weld seams
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Fig. 2 Macroscopic morphology of simulated welded turbine rotor components and joints
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Fig. 3 Schematic diagram of welding joint
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Fig. 4 Welding structure, sampling method, and sample size
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Research and Application of Key Technologies for Heterogeneous Welding
in Steam Turbines

SONG Zhi-jun', YAN Zheng-jun', ZHANG Lei', ZHANG Qiang’, ZHANG Da’
(1. Guoneng Zhongwei Thermal Power Co., Ltd., Zhongwei 755099, Ningxia, China; 2. Harbin Turbine Co., Ltd., Harbin 150090,
Heilongjiang, China; 3.School of Materials Science and Engineering, Jiamusi University, Jiamusi 154000, Heilongjiang, China)

Abstract:

For components such as rotors in 620 °C and higher-grade ultra-supercritical steam turbines, heterogeneous
welding is primarily employed for connections. However, due to differences in the chemical compositions
between dissimilar metals, there are significant variations in welding performances, which can lead to
defects like cracks. Given the critical role of steam turbines in coal-fired power units, heterogeneous welding
technology has become one of the key factors constraining the rapid development of coal-fired steam
turbine units. As China accelerates its transition from traditional industrialization to a green and ecologically
sustainable development model, improving the energy conversion efficiency of steam turbine units has
emerged as one of the most important approaches. Particularly, rapid advancements in heterogeneous
welding technology have ushered in new development opportunities for the promotion and application of
ultra-supercritical steam turbine units in China. This paper provides an overview of the welding technology
and current status of dissimilar components in steam turbines, analyzing the advantages, disadvantages,
applications, and development trends of heterogeneous welding. By summarizing and prospecting the
heterogeneous welding technologies for key advanced high-temperature components of steam turbines, it
deepens the understanding of structural evolution and performance variation rules in dissimilar materials,
thereby promoting the development of heterogeneous welding techniques for steam turbine components.
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