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Critical deformation amount of crack initiation for 12 %Cr heat-resistant steel

Xu Yue, Liu Jiansheng
(College of Materials Science and Engineering, Taiyuan University of Science and Technology, Taiyuan 030024, China)

Abstract: For 12%Cr heat-resistant steel, the high-temperature tensile experiments were conducted by thermal simulation test machine
Gleeble-3800D, and the high-temperature tensile true stress-true strain curves at different deformation temperatures and strain rates were
obtained. The results show that the higher the strain rate and the lower the temperature, the greater the tensile strength and yield strength
of material. The microstructure of high-temperature tensile fracture indicates that the higher the temperature and the lower the strain rate,
the better the plasticity of material. By combining the high-temperature tensile experiments and numerical simulation methods, the critical
damage value during the hot forging process of 12%Cr heat-resistant steel was determined, and the critical damage value for crack initia-
tion was further converted into the actual critical deformation amount during the hot forging process. A critical deormation amount model
for the hot forging process of 12% Cr heat-resistant steel under the given deformation temperature and strain rate conditions was estab-
lished, and the upsetting process was verified by 500 N hydraulic press, which provides the relevant theoretical references for the forging
process of ultra-supercritical rotors.
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Table 1 Chemical components of 12%Cr heat-resistant steel ( %, mass fraction)

C Si Mn Cr Ni Mo P

S W \ Al Nb Fe

0.11~0.12 <0.12 0.40~0.60 10~12 0.70~0.90 1.0~1.1 <0.01 <0.008 0.60~0.90 0.15~0.30 <0.01 0.04~0.06 #x&

1.6
M10x1.50-6g V/ ®10% 45
15.25 15.25
121.5
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Fig. 1 High temperature tensile specimen
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Fig. 2 Process flow of high temperature tensile
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Fig. 3 True stress-true strain curves of 12%Cr heat-resistant steel under different deformation temperatures
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Fig. 4 High temperature tensile fracture morphologies of 12%Cr heat-resitant steel under different deformation temperatures at strain rate of 1 s™'
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Fig. 5 High temperature tensile fracture morphologies of 12%Cr heat-resistant steel under different strain rates at deformation temperature of 1000 °C
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Fig. 6  Critical damage values of crack initiation under different

deformation temperatures and strain rates
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Fig. 7 Critical deformation amounts under different deformation conditions
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Fig. 9  Metallographic structures of drum-shaped parts under different deformation amounts
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