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Microstructure and Thermal Fatigue Mechanism of K403
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Abstract: To speed up the verification of the reliability of the K403 alloy high pressure guide vane manufactured by the
new process, a thermal shock test was used to simulate the actual service environment of the blade. The microstructure of
the blade before and after thermal shock and the initiation and propagation mechanism of thermal fatigue cracks were also
analysed. The results show that the secondary dendrite spacing increases significantly, the y-matrix becomes wider, and the
v' phase content decreases from 53% to 45.1%. Fatigue cracks not only originate from the stress concentration part of the
blade surface, but also form the source of cracks when the large carbides inside the blade body are ruptured due to the
action of cold and heat cycles. The fatigue crack growth rate gradually slows down due to the release of thermal stress in
the early stage of the thermal shock test, and the ' strengthening phase tends to decrease in the middle and late stages of
the thermal shock test, which reduces the resistance to crack growth and accelerates the crack growth rate.
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Fig.1 Metallographic inspection photo of the aluminized layer
of the K403 alloy high pressure turbine guide-vane
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Fig.2 Automatic cycle curve of gas temperature during test
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Tab.1 Chemical composition of the K403 alloy high pressure turbine guide—vane

TR C Cr W Mo Ti Co Al B
it w/% 0.16 11.07 5.05 4.35 2.69 5.38 5.49 0.015

TLHE S P Si Ce Zr Mn Fe Sn
o w/% 0.001 6 0.003 2 0.074 0.001 4 0.048 0.024 0.094 <0.000 5
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Fig.3 Metallographic structure of the K403 alloy high pressure turbine guide-vane before and after thermal shock: (a) before thermal
shock, (b) after 781 thermal cycles
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Fig.4 Phase composition and morphology of the K403 alloy high pressure turbine guide-vane before and after thermal shock:
(a~b) before thermal shock, (c~d) after 781 thermal cycles
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Fig.5 Surface cracks in the K403 alloy high pressure turbine guide-vane during thermal shock: (a) crack location, (b) after 200 thermal
cycles, (c) after 300 thermal cycles, (d) after 781 thermal cycles
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Fig.6 Longitudinal crack morphology of K403 alloy high pressure guide-vanes: (a) full view, (b) crack tip
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Fig.7 Fitting curves of thermal fatigue test results: (a) relationship between crack length and thermal cycles, (b) relationship between
crack growth rate and thermal cycles
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