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Abstract: Corrosion pitting is responsible for the initiatioh fatigue cracks in alloy steel used in
steam turbines. In the paper the criteria for mtnh of allowed stress range of cyclic loadingl wil
be given.
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1 Introduction

Knowledge of corrosion pitting is basic for the lmation and propagation of fatigue cracks in stdlely
of steam turbine blades [1]. For quantifying pigtimduced corrosion fatigue, various models havenbe
proposed to characterize the corrosion fatiguekanacleation.
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Fig. 1: Fatigue Crack Growth Rate (FCGR) Fig. Zajawa Diagram (90°C Air at R=0.05, 0.5)
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Fig. 3: Schematic lllustration of Pit Geometry Fig. 4: True Geometry (steam 650°C,6700 hrs)

2 Fracture Mechanics and Kitagawa- Takahashi Diagram

To evaluate the influence of corrosion pits onmgiz, linear elastic fracture mechanics is used.
It has been observed, that most pits have roughdgraielliptical shape with the width at the
surface, 2c, and the pit depth, a (Fig.3). Invesibgps show that the pits can be treated as semi-
circular surface cracks with a geometry describ@olva. With this approximation and that the pit
size is small in terms of crack behavior, the striegensity factor of pitddK , FCGR diagram
(Fig.1) and finally a Kitagawa- Takahashi (K-T) giiam (Fig.2) can be created for 403/410 12% Cr
martensitic steel [3]. The K-T diagram correlatést@-crack fatigue data. The data can be obtained
for specific values of R (ratio of minimum to maxim stress for combined steady and cyclic
stress). As a result, K-T diagrams can be use@geessment of the fatigue limit and life-time of
corroded parts of steam turbines.

A key parameter referred to frequently in this paigeR, which is the ratio of minimum to maximum
stress in a combined steady and cyclic stress@mwient, as shown in Equation 2.
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Where:

om is the steady (mean) stress, and
ca IS the cyclic (alternating) stress.
Note that the stress rangko{ is equal to 2x the cyclic stress amplitude.



The description of true pit geometry has been ghblil by author earlier [2[he max. and min.
depths of pits and their densities have been fdéondreas shown at Fig.2. Table 1 comprises thanpeters
of corrosion evaluated for part of turbine packifijJ23 (alloy X22CrMoV12-1).

A FCGR line can be drawn through the crack growabadThis characteristic shape is consistent with
data for many materials. The three-component s$trdiige is defined as follows:

Region 1: This is the slow growth portion of the curve. Tatgue crack threshold\K), corresponds to
the stress intensity factor range, below which ksaio not propagate.

Region 2: This is the power law growth region (also knowrttees"“Paris” region).

Region 3: Rapid unstable crack growth just prior to failure.

AK =Y Ao+/7c

where:

AK is the cyclic stress intensity factor, M¥a,
Ao is the cyclic stress range, MPa,

c is the instantaneous crack size, meters and
Y is a geometry factor (for this case Y = 0.65).

The values shown are for illustrative purposesamanstrate Region 1 behavior.

During this research, the concern has been toifgahte conditions so that the risk of initiatingceack
(Region 1) is quantified. The left portion of Fighhows that for a small value of cyclic stressnisity factor
(AK < AK4), there would be no growth of an incipient fatigirack. When the cyclic stress intensity factor
is maintained below the threshold value, then akevéall not initiate or grow.

Table 1 Parameters of pitting determined experiaint

Depth [um]

Area P,?lt(; of [mzmli ! Density [%)ilde M ax Min M ean Deviaﬁbn
1 6 1.5567 3.85 79.00 35.39 13.06 25.95 6.997
2 31 3.9507 7.85 66.74 36.39 5.65 21.58 7.825
3 17 0.7627 22.29 12.09 29.05 5.80 19.73 5.802
4 15 0.8248 18.19 33.35 30.00 14.52 20.78 5.079
5 18 0.8534 21.09 28.19 28.08 7.40 19.05 5.113
6 3 2.8381 1.06 99.22 32.88 29.19 30.81 1.540
7 42 5.3321 7.88 64.00 39.71 4.35 21.91 8.932
8 29 2.4345 11.91 41.68 36.76 9.67 22.65 7.453

As a result, from Kitagawa- Takahashi diagram we-der area 4 and R= 0.5 - stress range is 280,MPa
what is 47% of material yield strength. This stremsge can be understood as limit for stressesadiby
loading in steam turbine. Allowed stress range bélldifferent, as the K-T diagram is valid actualhly for
90°C air.



3. Conclusion

In the presented paper the prediction of allowedsstrange of cyclic loading with consideration of
cracks due to corrosion — fatigue in steam turbia€es is described. The prediction is based ocrigéisn
of true pit geometry. The method follows the Kitaiga Takahashi diagram.
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