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Table 1 Chemical composition of 12Cr12Mo martensitic stainless steel (/%)

C Si Mn P S

Ni Cr Mo Cu Fe

0.10-0.15 0.5 0.30-0.50 0.04 0.03

0.30-0.60

11.50-13.00  0.30-0.60 0.3 Bal

£2 DRATEIN 12Cr12Mo S8

Table 2 Mechanical properties of 12Cr12Mo martensitic stainless steel

Ultimate tensile strength/MPa Yield strength/MPa

Elongation/%

Reduction of area/% Hardness, HV/MPa

725 550

18 60 2303

®3 ZRFAAREIZSH

Table 3 Welding parameters of the experiment

Accelerating Welding Welding Scanning Scanning Scanning
voltage/kV beam/mA speed/mm-min”’ current/mA waveform radius/mm frequency/Hz
80 95 200 Roundness 0.4 200
REM BRI AL R J5 2 Sk AT h A ke, Sk
7 a b 1 mm/min, SR HT3 B ERE T RS TIEE, 4y
- ‘ S R3 —B.2e i (O W2 LA -
s 2
7 \ E 8 2 KIS
— 0
L3 2.1 FESISHER MBS
P 2 D9 H T RO AN R R T 44 B 4L 41

B 1 kPR os B R AR R
Fig.1  Section diagram of joint (a) and dimensions of tensile

specimen (b)
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Fig.2 Microstructures of the welded joint
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Fig.3 IPF maps of fusion zone in welded joint: (a) upside, (b) central, and (c) bottom; (d) base metal
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Fig.4 Statistics results of average grain size at fusion zone
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Fig.5 Distribution of grain boundaries at fusion zone: (a) upside, (b) central, and (c) bottom; (d) base metal
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Fig.8
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Fig.7 IPF maps of heat affected zone in welded joint: (a) upside, (b) central, and (c) bottom; (d) base metal
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Statistics results of average grain size at heat affected zone
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Fig.9 Distribution of grain boundaries at heat affected zone: (a) upside, (b) central, and (c) bottom; (d) base metal
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Fig.11 Hardness distribution of the joint in each area
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Fig.12 Macromorphologies after fracture (a) and tensile curves (b) of tensile specimens
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Fig.13 Mechanical properties of joint at different layers in the

direction of penetration
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Fig.14  Fracture morphologies of joint at different layers in the direction of penetration: (a—c) first layer, (d—f) fourth layer, and (g—i) seventh layer
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Non-uniform Microstructure and Properties of Electron Beam Welded Joint in Large
Thickness 12Cr12Mo Stainless Steel

Tu Wenbin', Zhong Guohao', Wang Shanlin', Ke Limingl’z, Chen Yuhua', Xu Muzhongz, Yu Peitongz, Wei Mingwei1
(1. Jiangxi Provincial Key Laboratory of Aviation Component Forming and Connection,
Nanchang Hangkong University, Nanchang 330063, China)
(2. Paton Welding Technology Research Institute, Hangzhou 315032, China)
(3. Hangzhou Turbine Power Group Co., Ltd, Hangzhou 310022, China)

Abstract: 12Cr12Mo stainless steel is an important material for static blade ring of steam turbine. The heterogeneous microstructure and
properties of welded joints of thick 12Cr12Mo stainless steel often occur. In this experiment, 12Cr12Mo butt joint of thick plate was prepared by
electronic welding. The microstructure and mechanical properties of the joint were studied. The results show that the inhomogeneity of
microstructure and mechanical properties along with thickness are found. The fusion zone is mainly quenched martensite, the heat affected zone is
the mixed microstructure of martensite and tempered sorbite, and the microstructure of base material is tempered sorbite. The fraction of high
angle grain boundary of the fusion zone and heat affected zone decreases with the increase in the penetration depth while the grain size of the
fusion zone decreases with the increase in the penetration depth. The grain size of the heat affected zone at different thickness position is similar.
However, the grain sizes of the heat affected zone are smaller than those of the fusion zone and the base metal. The tensile strength and hardness
increase gradually as the penetration depth increases while the elongation decreases continuously. The fracture location of the layered tensile
specimens appears in the fusion zone, and the fracture dimple becomes smaller and shallower with the increase in penetration depth. The
difference of microstructure evolution caused by heat input and cooling rate along with thickness of the weld is the main reason for the
inhomogeneity of microstructure and mechanical properties.

Key words: 12Cr12Mo steel; electron beam welding; microstructure; mechanical properties
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