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

Turbine blade is subject to force of three type ; torsional force by torsion-mount, centrifugal force
by rotation of rotor and cyclic bending force by steam pressure. Cyclic bending force of them is main
factor on fatigue fracture. In the X-ray diffraction method, the change in the values related to plastic
deformation and residual stress near the fracture surface mat be determined, and information of internal
structure of material can be obtained. Therefore, to find a fracture mechanism of torsion-mounted blade
in nuclear plant, based on the information from the fracture surface obtained by fatigue test, the
correlation of X-ray parameter and fracture mechanics parameter was determined, and then the load
applied to actual broken turbine blade parts was predicted. Failure analysis is performed by finite
clement method and Goodman diagram on torsion-mounted blade.
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Table 1 Chemical composition of 12% Cr steel.(wt.%)

C | S Mo Ni | Ct Mo V P S
- I — ) T i T T

021 | 050 | 055 | 0.55 1120 | 10 | 03 0025 002
_ H I i —_— - L ) S

Table 2 The mechanical properties of 12% Cr steel

‘ Yield | Tensile iPoisson’s . | Young's
Tfrcm' | strength | strength | .o E""g:;’“{ modulus
R IR R N T
2 60 | 790 | 029 | %4 23
250 | 596 | 745 | 0288 | 108 | 202
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Fig. 1 Geometry and dimension of specimen
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Table 3 X-ray diffraction condition of 12% Cr steel

Test condition Parallel-beam method

4

Diffraction angle 156.40°

Characteristic X-ray Cr-K,

Diffraction plane (211)
Filter \%

Tube voltage 30 kV

Tube current 8 mA

Irradiated area 2 mm
Soller slit 1°

Time constant 5 sec

Incident X-ray
Perpendicular line
.' . t-0 differaction plane
Diffracted X-ray
X

X-ray irradiated area
¢ 2mn)

Fig. 2 Schematic illustration of X-ray irradiated area
on fatigue fractured surface of 12% Cr steel
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Fig. 11 Distribution of von Mises stress in turbine
blade under centrifugal force and torsional
force

Fig. 12 Distribution of von Mises stress in turbine
blade under normal working condition
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Fig. 13 Goodman diagram for 12 % Cr steel
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