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A Study on the X-Ray Fractography of Turbine Blade under Fatigue Load

Soon Hyeok Hong*, Dong Woo Lee’, Seok Swoo Choﬁ, and Won Sik Joo
ABSTRACT

Turbine blade is subject to cyclic bending force by steam pressure. Stress analysis by fractography is already
established technology as means for seeking cause of fracture and has been widely employed. In the X-ray
fretography, plastic deformation and residual stress near the fracture surface can be determined and information of
internal structure of material can be obtained. Therefore, to find a fracture mechanism of torsion-mounted blade in
nuclear power plant, based on the information from the fracture surface obtained by fatisue test, the correlation of
X-ray parameter and fracture mechanics parameter was determined and then the stress intensity factor to actual

broken turbine blade was predicted.
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Table 1 General properties at third stage of low
pressure turbine

Steam condition Number of blade
Inlet Outlet 3 stage
RPM
operating pressure operating pressurc | Rotary Fixed
lemp, Temp. N :
R (MPa) () (MPa) wing wing
1800 252 0.827 33.3 0.0051 143 3642
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Fig. 1 Crack initiation and growth position at third
stage of LP turbine
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Table 2 Chemical composition of 12% Cr steel.(wt.%)

c Si |Mn | Ni | Cr | Mo | V P p

021050 |055]|055|120| 1.0 | 0.3 [0.025] 0.02
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Table 3 The mechanical properties of 12% Cr steel

i ; . , Young's
Temp. Yield Tensile | poisson's Elongation
strength strength ratio modulus
°C &A%

(O Py | o (MPa) v %) E(GPa)

20 670 790 0.29 26.4 203

252 596 745 0.288 10.8 202
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Fig. 2 Geometry and dimension of specimen
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Fig. 3 Schematic representation of load component for

turbine blade root and CT specimen
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Table 4 X-ray diffraction condition of 12% Cr steel
Test condition Parallel-beam method
Diffraction angle 156.40°
Characteristic X-ray Cr-K,
Diffraction plane (211)
Filter v
Tube voltage 30 kV
Tube current 8 mA
Irradiated area ¢ 2 mm
Soller slit 1°
Time constant 5 sec
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Fig. 4 Schematic illustration of X-ray irradiated area
on fatigue fractured surface of 12% Cr steel
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range and crack growth rate
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Fig. 7 Relationship between residual stress and stress
intensity factor range on fatigue fractured surface.
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fatigue fractured surface for 12% Cr steel
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Fig. 9 Relationship between plastic zone depth and
maximum stress intensity factor to yield strength
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