Volume 3, Issue 4, 2017, PP 39-43

ISSN 2454-9711 (Online)

DOI: http://dx.doi.org/10.20431/2454-9711.0304005
www.arcjournals.org

International Journal of Modern Studies in Mechanical Engineering (IJIMSME) B E’

Influence of Corrosive-Aggression Medium on the Residual
Resource of Annular Wheel of Steam Turbine under Variable
Loads

Olexandr Andreikiv, Valentyn Skalskyi, Iryna Dolinska

Karpenko Physico-Mechanical Institute of National Academy of Sciences of Ukraine, 5 Naukova Street, Lviv
79601, Ukraine

*Corresponding Author: Olexandr Andreikiv, Karpenko Physico-Mechanical Institute of National
Academy of Sciences of Ukraine, 5 Naukova Street, Lviv 79601, Ukraine

Abstract: A method for determination of the residual resource of annular wheel of steam turbine with a
corrosion-fatigue crack is proposed. The influence of corrosive medium on its residual life-time is estimated.
The corrosive medium decreases the residual durability of the disk more than twice.
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1. INTRODUCTION

It is known [1-4] that corrosive media intensify the fracture of metallic materials under long-term
loads (static or cyclic) and lead to the propagation of corrosion-fatigue cracks. For the determination
of the residual life-time of structural elements under these conditions, it is necessary to have the
corresponding estimation models. The majority of the known models [1-4] are based only on specific
experimental results. By using these results, it is possible to determine the residual recourse only for
some structural elements with certain materials. The influence of corrosive media on the fracture of
power-generating equipment elements is studied insufficiently, in particular a wheels of steam
turbines. In the present work, the estimation model is constructed and accordingly method for
evaluation of influence of corrosive media on the residual life-time of wheels of steam turbines under
the action cyclic load.

2. FORMULATION OF THE ESTIMATION MODEL

Consider a flat disk (annular) of steam turbine with inner and outer radii r, and r,, respectively,
constant thickness, and density p. The disk rotates with an angular velocity o (Fig. 1). Assume that
the disk has a surface crack of length I and is loaded by cyclic tension and is subjected to the action of
corrosive-aggressive medium. The problem is to determine the residual recourse of the disk t=t« (the
number of loading cycles N=N.) for which the crack grows to the critical size I=I. after which the
disk fails. We solve the posed problem by using the energy approach formulated earlier [5]. On the
basis of the mathematical model from [6, 7], the period N=N- of subcritical growth of the crack under
the conditions of fatigue and corrosive-aggressive medium in thin-walled structural elements, will be
determined from equation (1) under the initial and final conditions (2)

di :B(l— R)[KE (1) = Ké&e )PP +nlKE (1) — K ]
dN [Kgc_KIZ(I)]

1)

International Journal of Modern Studies in Mechanical Engineering (IJIMSME) Page | 39



Influence of Corrosive-Aggression Medium on the Residual Resource of Annular Wheel of Steam
Turbine under Variable Loads

N=0, 1(0)=ly; N=N,, I(N,)=1; =K. )

Figl. Annular disk of a steam turbine in corrosive media (¢ is galvanic potential)

Here, K is the stress intensity factor (SIF) near the crack tip, K and K. are critical and threshold
values SIF, B and n are characteristics of kinetics diagram of growth of corrosive-fatigue crack in
materials which experimentally measured [6, 7], R is the stress ratio, I, is initial length of crack, I« is
critical size of crack.

To evaluate the effect of a corrosive medium on the life-time of a disk, we first consider the problem
without the action of the corrosive medium. Then, the disk will be fracture only by the propagation of
the fatigue crack. In this case, in Eq. (1) should be put M =0. Then we obtain an equation for
determining the kinetics of the fatigue crack propagation

di _ BA-RKf (1) -KG)P

3
N [Kic —KZ ()] o
With the following initial and final conditions
N=0, 1(0)=ly; N=N,, I(N,)=k; K,()=Kg. &)

Where Ky, is threshold values SIF when there is no corrosive medium.

By using the results obtained in [8], we represent the unknown quantity K; from relation (1) in the
form

K, =0.25Vmlpw?[B+w)r2 + 1— K2 F(e,n). 5)

Where p is Poisson’s ratio,

1.1215\/18{1+ ‘i/ 1.3333[(2+ )% —~1-1]

F(e,A) =

J1+0.8460¢ L-e)[B+wL+1)2 +(1-p)
) ‘i/ 1.3333(2+ )2 —1-A] }4

[G+p)@L+21)? +(1-p)
A=hrt e=Ih.

As in [8], to simplify the numerical solution, we consider the case A=1. In this case, relation (5) takes
the form

1.1215\1—¢ 0.9052j4 ©
J1+0.8460¢ Y1-¢ )
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3. EVALUATION OF THE ANNULAR DISK RESOURCE

We now determine the residual number of cycles to fracture of a turbine wheel with 12KhMFA steel
[2]. By using the diagrams of growth of fatigue cracks [2], we take the following characteristics of the

material and the parameters of loading: K .. =80MPa+/m K, =12 MPa+/m,

B=32-10"°, h=r, =0.3m, ®=50s" R=0. Thus, in view of relation (6), we reduce Eq. (3)
to the following approximate form:

5 B 2
dl gy g0 (24:10°B-144)

: (7)
dN 6.4-10° —2.4-10°1B
with the following initial and final conditions
N=0, 100)=1,; N=N,, I(N,)=L; K(.)=K ®)
where

4
B=(1- 3.3|)(0.0948 + %) 1+2.81)*"

We find the numerical solution of the estimation model (7), (8) and construct the dependence N, ~ |0
(Fig. 2, curve 1). It is easy to see that the residual number of cycles to fracture of the turbine wheel N«
decreases as the size of the initial fatigue crack |, increases.
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Fig2. Dependence of residual number of cycles to fracture N.. of disk on the initial crack size |0 icurve2ina
corrosion medium, curve 1 without the action of the corrosive medium.

Later we will evaluate the influence of the corrosive medium on the life-time of a disc with a fatigue
crack. To do this, we apply the calculation model (1), (2). Integrating Eq. (1) under conditions (2), we
obtain the following formula for the determination of residual recourse of the annular disk under the
action cyclic load and corrosive medium:

- [KZ — K2
B R)TIKZ() ~ KZOF +nlKZ (1) - K21}
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By using the diagrams of growth of corrosive-fatigue cracks [2], we take the following characteristics
of the material and the parameters of loading: K. =80MPavm, K, =15MPavm,

B=32-10° n,=925 h=r,=0.3m, ®=50s" R=0. For a calculation we will substitute
these characteristics and parameters into formula (9). The integral in (9) is taken numerically. As a
result, we construct the dependence of N,,<~|0 (Fig. 2, curve 2). We see that corrosive medium

decreases the period of subcritical growth of fatigue cracks in the annular disk (the residual resource
of annular disk) more than twice.

4. CONCLUSIONS

The estimation model is constructed for the evaluation of the period of subcritical growth of
corrosive-fatigue cracks in the wheel of steam turbines. The residual resource is computed for the
annular wheel.

Influence of corrosive medium on the durability of disk: corrosive medium decreases the residual
durability of the disk more than twice.
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