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A Study on the Failure Mechanism of Turbine Blade using X-Ray
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Abstract

The failure analysis on fractured parts is divided into the qualitative method by naked eyes and
metallurgical microscope etc. and the quantitative method by SEM and X-ray diffraction etc. X-ray
fractography can be applied to contaminated surface as well as clean surface and gain the plastic
deformation and the residual stress near the fractured surface. Turbine blade is subject to cyclic
bending force by steam pressure and suffers fatigue damage according to the increasing operating time.
Therefore, to clean up the fracture mechanism of torsion-mounted blade in nuclear plant, the fatigue
and the X-ray diffraction test was performed on the 12%Cr steel for turbine blade and the fractured
parts. The correlation of X-ray parameter and fracture mechanics parameter was determined, and then
the load applied to actual broken turbine blade was predicted. Failure analysis was performed by
contact stress analysis and Goodman diagram of torsion-mounted blade.
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Table 1 Chemical composition of 12% Cr steel.(wt.%)

P S

(@}

Si Mn | Ni Cr | Mo | V
0.2t | 0.50 | 0.55 LO.SS 12.0 1.0 L0.3 0.025 | 0.02

Table 2 The mechanical properties of 12% Cr steel

Yield Tensile | Poisson's . Young's
Temp. . Flongation
€O strength | strength ratio %) modulus
0,
o ,(MPa)| & (MPa) v € E(GPa)
20 670 790 0.29 26.4 203
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Fig. 1 Geometry and dimension of specimen
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Fig. 3 Master curve of residual stress on fatigue

fractured surface of 12% Cr steel
Fig. 2 Schematic illustration of X-ray irradiated area

on fatigue fractured surface of 12% Cr steel
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