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SYNOPSIS
In this paper, an attempt is made to evaluate reliability of failure critical structural elements subjected to loading conditions characteristic for power equipment. An estimated lifetime is one of the most important parameters defining equipment reliability. The paper shows complexity of the lifetime evaluation in such conditions. Practical solutions made in the investigation are based on the experimental data, obtained in low-cycle fatigue strength and fracture mechanics tests. The lifetime is considered both at the stage of crack initiation and at the stage of crack propagation. Safety factors related to both of these stages are investigated and recommendations related to lifetime calculation are formulated.

INTRODUCTION

Some power equipment elements (steam and gas turbines, pipelines, nuclear reactors, etc.) belong to failure-critical units because of great loses that result in case of non-expected shut down of the equipment. Continuous increase of the equipment reliability requires the service life and operation time of the power equipment elements to be determined more accurately. One of most important parameters defining equipment reliability is an estimated lifetime. If a fracture relates to human health hazards or great property damage, the estimated life is calculated taking into account only the time to crack initiation. Examples of such parts are steam turbine rotors, disks, and other rapidly rotating parts. Stationary parts, such as steam turbine casings, can operate with a crack. 
The estimated lifetime is a guaranteed time of safe machine or part operation. It is determined by use of actual operation time, expressed in time units or number of loading cycles, divided by safety factor. The utilization of safety factors in engineering design is a very common practice (Krishnamachari, 2002). Safety factor is a factor of ignorance and is sized proportional to the fear of the unknown. It covers the design against the gap between real life and the idealized models of analysis (Marcarenhas, 2004). The choice of safety factor should reflect the material behavior, economy of use, service conditions and the design, analysis and processing method. Thus, the safety factor may be differently sized for different products, materials, as well as failure modes specific to the materials (Sander, 2003). Changes of operation regimes (start, stop, change of capacity) are related to transient temperatures, which, combined with operational loads, develop complex loading conditions, that result low cycle fatigue and creep rupture of the components. The objective of this paper is to show the complexity of the estimated lifetime evaluation in such conditions, as well as to discuss some solutions, based on the experimental data.  

RESULTS

For some parts, the stage of crack propagation is to be included into estimated lifetime. In this case, the full estimated lifetime consists of two summands: lifetime at the stage of crack initiation and lifetime at the stage of crack propagation. If the part has an initial defect and it is assumed like the crack, the first summand is considered as equal to zero. When the part is subjected to static and cyclic stress, the safety factor 
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 value must be higher because the possible fatigue and creep interaction should be taken into account. Figure 1 shows scatter band of experimental data obtained in our tests. Points represent total damage calculated for casing cast steel, stainless steel and rotor steel. 
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Fig. 1 Total accumulated damage versus applied relative load 
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: 1-casing steel; 
2 – stainless steel; 3 – rotor steel; 4 – rotor steel at complex loading cycle.

When the part contains initial flaws, the estimated lifetime is calculated by use of additionally included crack length safety factor, which is chosen taking into account crack growth regularities and fracture mechanics assumptions.

CONCLUSIONS

Different safety factors should be used at the crack initiation stage and at the crack growth stage. At complicated loading regimes combining low cycle fatigue and creep rupture mechanisms the value of safety factor is predetermined by fatigue and creep interaction: if the interaction takes place, safety factor should be increased. At the crack propagation stage, safety factors could be used for lifetime evaluation, as fracture criteria, assuming start of the catastrophic crack growth.
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