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A Stochastic Analysis in Fatigue Strength of Degraded
Steam Turbine Blade Steel
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Abstract

In this study, the Reliability of degraded steam turbine blade was evaluated using the limited
fatigue data. The statistical estimation of limited fatigue data implies that some unknown uncertainties
which may be involved in fatigue reliability analysis. Therefore, an appropriate distribution in the
fatigue strength was determined by the characteristic distribution - linear correlation coefficient, fatigue
physics, error parameter. 3-parameter Weibull distribution is the most appropriate distribution to
assume for infinite region. The load applied on the blade is mainly tensile. The maximum Von-Mises
stress is 219.4 MPa at the steady state service condition. The failure probability(F,) derived from the
strength-stress interference model using Monte carlo simulation under variable service condition is
0.25% at the 99.99% confidence level
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Fig. 1 Configuration of fatigue specimen

Table 1 Chemical composition (wt %)
Material| C | Si [Mn| P S | Cr Mo |Ni|V
Test
e 0.21} 0.3 10.42]0.023/0.001[11.77] 0.92
mat.
SUH
616B 025104 0.82}0.016 0.005{11.40{ 0.9
Table 2 Mechanical properties
Yield | Tensile Grain
. Elongation | Hardness |
Material |strength | strength size
(%) (HB)
(MPa) | (MPa) (No.)
Test mat.| 778 993 20.1 304 5~6
SUH
616B 794 1013 15 - 59
ol AFEL AAA(raw materia)S Ao =
AReH wHAA Belolmel eae sy
BAYE Hrhe ol A v, D3k A(degraded material)ol)
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B A7 A AMEE As8E RCEoEA MG
< 7]E ¥l (low pressure steam turbine, LP turbine)2]
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155

Root Airfol L - direction
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Rotor diameter : 230, Disc diameter : 2200

Length from rotor to blade root ( /, } : 1250 . Length from rotor to blade airfoil ( /, ) : 2390

Fig. 2 Schematic representation of tensile and high cycle

fatigue specimen extracted from LP turbine blade
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| Possible assumed distributions on the limited data_|

Determination of assumed distribution parameter ]
T
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Table 3 Service condition for LP steam turbine of last

stage
12Cr steet density ( o) kg/mm” 7.70E-6
o1 (water : kg/mm3) 9.83E-07
Angular velocity of Rotor 1800 rpm
Av (mm/s) 10005.96
dp (kPa) 101.6
vo (mm/s) 900000
Number of blade, B 145
350
- o cennfugal stress
300k bending stress. x
g beading stress, y
;‘? 250k @, Von-Mises stress
2
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g
w
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Fig. 4 Von-Mises stress for LP steam turbine of last
stage
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Table 4 The correlation coefficients of three  distribution
and relevant critical values at given significance levels for

stress amplitude data

3R 2R.5 Log- | Significance | Critical
Weibull Weibull normal level value
0.9855 0.9853 0.9653 0.01 0.8343

Table 5 The coefficients of skewness for stress amplitude
data

32 Z-Weibull
0.10638

25 4-Weibull
-0.64854

Log-normal
0.00723

Table 6 The failure probability differences at minimum and
sub-minimum stress o¢; and ¢, of the three distribution

for stress amplitude data

3E A -Weibull 2R 4-Weibull Log-normal
dp dp dp dp dp dp
-0.1185 | -0.1117 | -0.00218 {0.00813 | 0.00859 | 0.0134
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Fig. 6 Comparison of probability density function

between fatigue strength and applied stress
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