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Evaluation of Corrosion Fatigue Characteristics of 12Cr Steel Using
Backward Radiated Ultrasound
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Abstract The corrosion-fatigue characteristics of the 12Cr steel, which is widely used in fossil power plants as
a turbine blade material, are evaluated nondestructively by use of the Rayleigh surface wave. In this study,
the frequency dependency of the Rayleigh surface wave is investigated indirectly by measuring the angular
dependency of the backward radiation of the incident ultrasonic wave in the aged specimens, and then
compared to the corrosion-fatigue characteristics. The width of the backward radiation profile decreases as
the increase of the aging temperature, which seems to result from the increase of the effective degrading
layer thickness. This parameter also shows an inversely proportionality to the exponent, m, in the Paris law
which predicts the crack size increasement due to fatigue. The result observed in this study demonstrates
high potential of the backward radiated ultrasound as a tool for the nondestructive evaluation of the

corrosion—fatigue characteristics of the aged materials.
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Table 1 Chemical composition of 12Cr alloy steel

Element| C | Si {Mn| P | S | Al | Cr|Mo| Al |Cu

Content(%6)|0.16|0.34|0.46{0.016]0.003| 0.18| 11.910.09]0.006| 0.06
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Fig. 1 Ultrasonic backscattering by corner effect and
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Table 2 Fatigue test condition

Conditions Contents
Load ratiol R= Pin/Pumax) 0.1
Loading Load range( 4P ) Constant
condition Maximum 10ad( Py ) 7848N
Loading speed(f) 0.5Hz
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[ frequency,

A : proportional constant

g * incidence angle of beam center

D(8) : directivity of ultrasonic beam

T . frequency characteristics of transducer

O  angular dispersion function

Cf d) : conversion function from forward to backward
leaky wave where d is the scatter size
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Fig. 2 Angular dependence of ultrasonic backscattering
by comer effect involving the backward
radiation of 90°C specimen
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Fig. 3 Relationship between da/dN and 4K in
distilled water
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Table 3 Experimental estimation of C, m in Pari's
law, As, va and 46

Temperature (C) 25 60 Q0
Cin Par's law | 936 x1072 (800 %10 (300 x107 %
m in Paris law 223 3.55 449
As(dB) 1224 11.07 742
Va(mys) 28232 27966 26288
—
4 6 (degree) 1.07 0.89 073
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Fig. 4 Comparison of normalized backward radiation
profile for 25°C, 60°C and 90°C specimens
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