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ABSTRACT: Thermal power plants are complex systems with many inter-dependence links and several critical 

elements that condition the operation of the whole plant. Failure of critical elements such as feed water pump results in 

a general shut down of the whole unit. Such elements are usually provided with back-up units operating in parallel, 

sized for partial load of the unit. In case of feed water pump failure, the backup unit will ensure the operation of the 

power unit at partial load until both pump units are restored. However, this is not applicable for the steam turbine or 

boiler. Steam turbine and boiler are complex elements with many subsystems critical for the operation of the whole 

unit. Steam turbine and boiler are not usually provided with back up units. The paper reviews the main issues 

encountered in operation and maintenance of steam turbine and boiler in terms of reliability. 
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1.INTRODUCTION  

 
The reliability of a technical system can be 

defined either by a deterministic approach or 

a statistical approach. Given the complexity 

of the thermal power plant systems, the 

number of elements operating in series, the 

failure causes that can occur, the statistical 

approach is preferred. Another reason for the 

preference of the statistical approach is the 

large data volume available for analysis, 

resulting from operation of such equipment 

throughout the world. Reliability of thermal 

equipment has been extensively investigated. 

The scientific literature on the thermal 

equipment reliability is extensive due to the 

high interest for this sensitive issue. Souza et 

al. [1], in a fundamental textbook on thermal 

systems reliability approach the probabilistic 

direction of operational performance of power 

plants. Deterministic approach of thermal 

equipment reliability analysis is used to 

understand the causes of failure and the 

probability of a failure occurrence at a given 

time. The possible approaches to prevent 

failures from occurring are presented. 

The work presents methods of analysis such 

as review of historical field failure reports, 

scientific theory behind the failure, the role 

and complexity of maintenance processes. 

Given the complexity of thermal power 

plants, a systemic approach of reliability 

study was proposed by authors such as Gupta 

and Tewari [2] and Lakhoua [3]. Such 

proposals consider virtual separation of 

functional areas such as coal processing and 

combustion, steam generation, power 

generation, power transmission. 
 

2. RELIABILITY IN DIFFERENT 

CONTEXTS 
 

The generally accepted definition of 

reliability is the property of a technical, 

system, to work under specified operating 

conditions for a specific period or number of 

cycles. To put it differently, the reliability is 

the ability of a system to perform a task for a 

given period of time without any failure, on 

the condition of maintaining the design 

operating conditions for which it is expected. 

  The generally accepted mathematical 

definition of the reliability is the Mean Time 

to Failure MTTF, and Mean Time between 

Failures (MTBF). The mathematical function 

that describes the reliability of a system is 

given by: 
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Where  is defined as the mean time to failure 

and is given by: 

 
MTBF is a ratio of total operating time 

between maintenance per year to the number 

of failure per year. It is the measure of 

arithmetic mean time in which period the 

equipment will execute a specified task before 

an unplanned failure will occur. MTBF is the 

inverse of the failure rate. For a steam turbine, 

the failure criterion of any component is 

failure to generate the nominal power output. 

The reliability analysis is usually performed 

for at least two steam turbines installed in the 

power plant, which underwent the same 

commissioning process and starting to operate 

at the same moment.  

Mean time to failure (MTTF) is the usual 

parameter to describe reliability of a system. 

MTTF is given by: 

 
The Bath-Tub Curve (Figure 1) is commonly 

used for describing the dependence of the 

failure rate of time.  

 
Figure 1. Bath-Tub reliability curve 

 

Bath-Tub curve has three distinct regions: 

early life period, useful life period, and wear 

out period. A curve with negative slope 

between time period t0 to t1 represents the 

early life period of the system. This period is 

characterized by frequent failures cause by 

manufacturing and assembly faults. As the 

element operation progresses in time the 

issues that cause failures are fixed and the rate 

of failure decreases. The early failure mode of 

the steam turbines depends on factors such as: 

 design 

 construction, assembly and manufacturing 

 commissioning 

 operational method 

 shaft misalignment  

 non-uniform radial clearance caused by 

improper installation and maintenance  

 environmental conditions 

The failure rate does not vary significantly 

throughout useful life period of the system 

(from t1 to t2). This effect is presented in 

figure 1 on the graph for time period t1 to t2. 

Non-conform utilization, human errors, and 

unsatisfactory design margins may be some of 

the source for failure in this period of life. 

Towards the end of the life (t2 and later) the 

failure rate increases significantly. During this 

specific period the failures occur due to 

causes such as: 

 misalignment caused by uneven wear out 

 friction,  

 finite life of components 

 improper preventive maintenance  
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Application of an adequate maintenance 

actions plans and replacement of damaged 

components can extend significantly the life 

span of the turbine. Considering the aging 

effect the reliability of steam turbine is 

commonly estimated by Weibull probability 

distribution: 

 
with the following notations: 

 at the time moment t 

 Weilbull distribution shape parameter 

 Weilbull distribution characteristic life 

span 

Dewangan et al [4] performed a parametric 

assessment by means of the reliability 

analysis software tool Reliasoft. Two steam 

turbines were considered in the analysis, with 

results presented in figure 2. 

 
Figure 2. Turbines 1 and 2 failure rate versus time compared to theoretical Weilbull curves [4] 

 

Experimental data collected throughout the 

analysis interval showed that Turbine 1 

underwent 43 failures resulting in 

unavailability. The vast majority the failures 

were related to the following factors: 

 excessive vibration of the shaft – bearing 

system 

 sensor failures 

 DCS issues 

 misalignment 

 uneven radial clearance caused by 

improper installation and maintenance etc.  

94 failures occurred in the case of turbine 2 

during the analysis interval. The factors that 

caused failures in this case are the following: 

 bearings – shaft assembly issues 

 deviations of the operating parameters 

from the prescriptions 

 calibration issues of pressure gauges 

 steam distribution mechanism 

 uneven radial clearance 

 sealing system problem 

 piping system 

 speed and eccentricity sensor calibration 

problem 

 steam flow control system problem 

The restoration rate depends on the following 

factors: 

 nature of failure 

 failure analysis 

 availability of human resources to carry 

out the repair procedure 

The probability that equipment will be 

repaired in a specified period of time is 

characterized by maintainability and 

represented by a lognormal distribution. The 

maintainability of a system is given by the 

following equation: 
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Where: 

 maintainability value at time moment t 

 lognormal distribution mean value. 

Lognormal distribution PDF is given by: 

 
 lognormal distribution standard deviation 

 standard normal distribution cumulative 

function: 

 
The functional elements of the system and the 

inter-connections between them are 

represented in the diagram in figure 3. Lewis 

[5] developed a procedure denoted FMECA 

(Failure Mode and Effective Criticality 

Analysis) to assess the component failure 

effect on the turbine operation The FMECA 

analysis was performed for each component 

listed in the end of a given branch of the 

functional tree (figure 3). Six main functional 

sub-systems can be defined as follows: 

 High and medium pressure section 

 Sealing system 

 Housing system 

 Coupling  

 Blade system 

 Low pressure system 

These sub-systems have been defined based 

on the importance in the operation of the 

turbine. It can be notices that all six sub-

systems are critical, in the sense that failure of 

any system results in total failure of the 

turbine. Each of the six main sub-systems 

consists of several other elements, not 

represented in figure 3. 
 

 

 
Figure 3. Functional elements and subsystems of a steam turbine [4]
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CONCLUSIONS 

 

Reliability is a critical issue in power 

equipment since failure of such equipment 

causes critical issues, damage and possibly 

loss of life and property to the consumers. 

The turbine is a complex thermo-mechanical 

equipment with lots of critical inter-connected 

elements with different values of the 

reliability value. There are a significant 

number of turbine elements that condition the 

operability of the turbine. Failure of one 

single element can result in failure of the 

turbine. For example, failure of the 

lubrication system requires shut-down of the 

turbine. It is therefore important to analyze 

thoroughly the mutual influences between 

turbine elements and the individual failure 

rates. 
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