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Abstract

Turbine blade is subject to force of three types: the torsional force by torsional mount, the centrifugal
force by the rotation of rotor and the cyclic bending force by steam pressure. The cyclic bending force
was a main factor on fatigue strength. SEM fractography in root of turbine blade showed micro-crack
width was not dependent on stress intensity factor range. Especially, fatigue striation did not exist on
SEM photograph in root of turbine blade. To clear out the fracture mechanism of turbine blade,
nanofractography was needed on 3-dimensional crack initiation and crack growth with high
magnification. Fatigue striation partially existed on AFM photograph in root of turbine blade. Therefore,
to find a fracture mechanism of the torsion-mounted blade in nuclear power plant, the relation between
stress intensity factor range and surface roughness measured by AFM was estimated, and then the load
amplitude 4P applied to turbine blade was predicted exactly by root mean square roughness.
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Fig. 1 Crack initiation and growth position at third
stage of LP turbine
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Table 1 Chemical composition of 12% Cr steel(wt.%)

C Si |Mn} Ni | Cr| Mo | V p S

0.21]10.50|0.55{0.55[12.0} 1.0 | 0.3 10.025/0.02
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Table 2 Mechanical properties of 12% Cr steel

Yield Tensile .| Young's
T(%%I))' strength | strength Elo?g(agl;) n modulus
g, (MPa) | ¢,(MPa) ! E (GPa)
20 670 790 26.4 203
252 596 745 10.8 202
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Fig. 2 Geometry and dimension of CT specimen
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Fig. 3 Relationship between stress intensity factor
range and crack growth rate
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(a)a =105 um

(c)a=245m {d)a = 30,5 mm
Fig. 6 SEM fractographs of fatigue fractured turbine

blade(a ' distance from center of pin hole)
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Fig. 7 AFM fractographs of fatigue fractured surface at
4E=15MPa/m
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Fig. 8 Relationship between stress intensity factor range and root mean square roughness
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