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ABSTRACT: The fault mode of steam-induced vibration, unbalance of rotating elements, misalignment of turbine 

shaft, rotor malfunction, oil film instability of bearing etc. are accountable for unreliable and uncertain failure of power 

plant. Experience of operators, maintenance policy execution of maintenance team and using standards codes of good 

practices by designers and manufacturers are reducing the potential failure modes of the system. The work investigate 

the reliability of steam turbines installed in a thermal power plant. Reliability estimation is based on a last five year 

historical failure database of two turbines of 500 MW, both are installed and commissioned at the same time. The 

method of reliability evaluation is based on concepts of system reliability, such as functional tree development, 

application of failure mode and effects analysis (FMEA) to categorize critical components based on a historical failure 

database to improve the system reliability. It is necessary to improve the reliability indices of the power plane by taking 

some measures such as well planned and routine maintenance of equipments as well as training and retraining of 

technical human resources of the major equipment. 
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I. INTRODUCTION 

 

Steam turbine generator set is a key device of the power plant.  For competent power plant, cost-effective 

production and long run performance, it is essential to maintain the power plant should run failure free. Reliability 

analysis have gradually recognized as standard tools for the designing, scheduling of operation and maintenance of any 

system. The reliability of power plant is related to the possibility of giving electricity efficiently and more economical 

with a reasonable quality assurance of continuity [Wang et al., 2002]. A modern power plant system can be divided 

into generation, transmission and distribution functional area. The system can be considered independently or in 

combinations of all three functional areas. This work is limited to the evaluation of the generation reliability. The main 

aim is to development a method to improve the reliability of the steam turbine power plant. In this respect, Reliability 

centered maintenance concepts are utilized as a guideline for ranking the maintenance policy priorities of the critical 

components of steam turbine. 

 

The reliability of the system can be designated through the deterministically approach and/or probabilistic 

approach. Souza et al. (2012) deal with the probabilistic aspect of operational performance of power plant. In the work, 

deterministic approach of reliability analysis of the system is used to deals with understanding how and why a system is 

unsuccessful, and how it can be planned to avoid such failure from happening or re-happening. This includes analysis 

such as review of historical field failure reports, understanding scientific theory behind the failure, the role and degree 

of maintenance policies. Wang and Billinton (2003) reported that the role of a power plant is to provide electricity, 

resourcefully and with a reasonable guarantee of continuity and quality to its consumers. A modern power plant is very 

huge, multifaceted and highly integrated. Gupta and Tewari (2009a, and 2009b), Lakhoua, (2009) suggested that 

electric power plant can be divided into suitably subsystems or functional areas such as generation, transmission and 

distribution. Reliability studies may be carried out separately or in combinations of all three functional areas. This work 

is limited to the estimation of the generation reliability.   
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II. RELIABILITY ESTIMATION OF STEAM TURBINE 

 

The most acknowledged definition of reliability is the capability of an item, product, system, etc., to function 

under selected operating conditions for a specific period or number of cycles. Thus, the reliability is the possibility of a 

system to implement required task for a given period of time without any failure under specified conditions for which it 

is anticipated. The measure for reliability estimation of non-repairable systems is Mean Time to Failure (MTTF) and 

for repairable system is Mean Time between Failure (MTBF). Mathematically, reliability of a component for given 

period t can be represented as:  

R  t =  e−λt                                                                            ………… 1  

Where,   λ (mean time to failure) =
 

Total number of failure
Turbine population

 

Operating periods   years 
                     

The reliability of steam turbine has calculated based last five years historical failure database of two turbines of 500 

MW, both are installed and commissioned at the same time. The reliability calculation is shown in Table 1. Mean time 

between failures (m), mean time to repair (ζ) and reliability is estimated by processing the historical fault data 

available.  

Table 4.1: Calculation of MTBF, MTTR and Reliability for the year 2008-2013 
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𝒎 =

𝟏

𝝀
 𝛙𝐢 𝛇 =

𝛙𝐢

𝚽𝐧

 𝛍 =  
𝟏

𝛇
 t 

𝑹 𝒕 

= 𝑒−𝜆𝑡  

Turbine 1 
2008 

6 8219.18 0.00073 1369.86 89 14.833 0.0674 272 0.820 

Turbine 2 21 6325.30 0.00332 301.20 59 2.809 0.356 232 0.463 

Turbine 1 
2009 

16 8421.05 0.00190 526.31 37 2.312 0.432 96 0.833 

Turbine 2 23 7840.91 0.00293 340.91 79 3.435 0.291 247 0.485 

Turbine 1 
2011 

5 8025.68 0.000623 1605.14 42 8.400 0.119 278 0.841 

Turbine 2 24 6266.31 0.00383 261.09 61 2.542 0.393 172 0.517 

Turbine 1 
2012 

7 7760.53 0.000902 1108.64 46 6.571 0.152 162 0.864 

Turbine 2 12 7352.55 0.00163 612.71 56 4.667 0.214 308 0.605 

Turbine 1 
2013 

9 8333.34 0.00108 925.93 41 4.555 0.219 115 0.883 

Turbine 2 14 8139.53 0.00172 581.39 53 3.785 0.264 283 0.614 
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Mean time between failures (m) 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 (average) time, in which period the equipment will execute a 

specified task before an unplanned failure will take place. Thus it is the reciprocal of the failure rate 

𝜆 =
𝛷𝑛

𝛽𝑡
                                                                              ……………  (2) 

𝑚 =
1

𝜆
                                                                               …………… 3  

Where, λ = Expected no of failure, Φn = no of failures per year, βt = total operating time between maintenance in the 

year.  

Mean time to repair (ζ) is a ratio of total outage hours per year to number of failures per year. It is an inverse 

of expected repair rate. Hence, mean time to repair is quantified the average outage hours; the equipment can bring 

back to normal operating condition when it does fail.  

ζ =
ψ

i

Φn

  =
1

μ
                                                                        ………… 4  

Where, ψi = total outage hours per year, Φn= number of failures per year and μ = expected repair rate. 

It is assumed that failed system is immediately repaired, when we calculate the mean time between failures 

(MTBF). As a result, mean time to repair (MTTR) or repair rate is zero, in actual system this is impossible; thus, 

MTBF is considered as the sum of the MTTF and MTTR. In compare to MTBF, mean time to failure (MTTF) is a 

measure of average time to failures with the modeling hypothesis that the failed system cannot be repaired. The MTTF 

is basically the reciprocal of the failure rate.  

 

Reliability R(t) is regarded as the capability of an equipment to execute its required function reasonably under 

given conditions during a stated period of time [Ireson et al. (1996), and Smith and Hinchcliffe (2004)]. Thus, 

reliability is a probability that the equipment is operating without failure in the specific time t. 

𝑅 𝑡 = 𝑒 
−𝑡
𝑚

                                                                        ……… . (5) 

Therefore,  𝑅 𝑡 = 𝑒−𝜆𝑡 = exp(−𝜆𝑡)                                                         ……… (6) 

Where, t = specified period of failure-free operation. 

The investigation shows that steam turbine-2 has maximum failure rate and minimum reliability in comparison 

to turbine-1. Reliability of the steam turbine can be enhanced considerably by reviewing maintenance practices. 

Routine preventive maintenance should be given additional attention to improve the performance of power plant.  

 

III. RELIABILITY ANALYSIS OF STEAM TURBINE 

 

The failure criterion of any component of steam turbine is incapability of generating the nominal power 

output.  The reliability analysis is executed for two steam turbines installed in the power plant, submitted to same 

commissioning process and starting to function at the same time. Time to failure data has used for reliability analysis of 

a system. Mean time to failure (MTTF) is mostly used parameter to characterize reliability of a system. The mean time 

to failure is given by: 

𝑀𝑇𝑇𝐹 =  𝑅 𝑡 𝑑𝑡                                                          ……… (7)
∞

0

 

Where, R (t) = reliability at time t, and t = time period (hours)  

In the reliability analysis the Bath-Tub Curve (Figure 1) is broadly used for time dependent failure rate of 

components. Bath-Tub curve has three distinct regions: early life period, useful life period, and wear out period. A 

decreasing curve between time period t0 to t1 of the bath-tub curve represents the early life period (also known as infant 

mortality period) of the system.  

 

Random failures are represented by the exponential probability function for expressing reliability phenomena. 

The failure modes in the starting of the operational life of steam turbine are not generally random therefore it cannot be 

represented by an exponential reliability distribution. The early failure mode of the steam turbine depends upon 

designing, manufacturing, commissioning, operational method, misalignment between cylinder and rotor, uneven radial 

clearance caused by improper installation and maintenance and even on environmental conditions. 

http://www.ijirset.com/


      

        ISSN: 2319-8753                                                                                                                                     

International Journal of Innovative Research in Science, 

Engineering and Technology 

(An ISO 3297: 2007 Certified Organization) 

     Vol. 3, Issue 7, July 2014 

Copyright to IJIRSET                                                                www.ijirset.com                                                                14918 

    

 
Figure 1: Bath-Tub Curve 

 

The failure rate remains constant will remain constant during the useful life period of any system but failures 

will take place randomly. This is shown on the graph for time period t1 to t2. Erroneous utilization, human errors, and 

unsatisfactory design margins may be some of the source for failure in this period of life. These failures can be 

abridged by incorporating redundancy in the system. During wear out period (between t2 to t3) the possibility of failure 

rate has increases. In this period the failures takes place due to aging, misalignment, creep, friction, finite  life of 

components and fewer preventive maintenance. These failures can be decreased by implementation of successful 

preventive maintenance policies and replacement of damaged components. When the aging effect (time related failures) 

and early failure are presented then the reliability of steam turbine is commonly estimated by Weibull probability 

distribution.  

 

The reliability distributions are evaluated based on failure database. In case of wear-out or fatigue failures of 

the system, the Weibull distribution parameters (Weibull distribution shape parameter and Weibull distribution 

characteristic life) are characterized as follows: 

𝑅 𝑡 = 𝑒
− 

𝑡
𝜂
 
𝛽

                                                                             …… . . (8) 
Where, R(t)= reliability at time t, t = time period (hours), β = Weibull distribution shape parameter, η = Weibull 

distribution characteristic life (hours)   

 

From time to failure data, The Weibull
++

 [Reliasoft, 2003] software has used for parametric assessment of 

steam turbine reliability analysis. Turbine 1 presented 43 failures that caused equipment unavailability in the analysis 

period. Most of them were related excessive vibration on the bearings, sensor calibration problems, control room 

problem, misalignment, uneven radial clearance caused by improper installation and maintenance etc. Turbine 2 

presented 94 failures in last five operational years. These failures are related to poor stability of high-pressure cylinder 

bearing, operating parameters changed, calibration problems 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 etc.   

 
Figure 2: Turbines 1 and 2 Reliability Distribution 
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The reliability distribution curve for turbine 1 and 2 are presented in Figure 2. The reliability distribution 

curves provide evidence of adherence of the reliability distribution to the historical failure data. The Weibull 

distribution parameters are given in Table 2. The Weibull shape parameter (β) of the steam turbine 2 is smaller than the 

steam turbine 1. The reliability distributions with shape parameters of both turbines are less than one. Whenever, shape 

parameter (β) value lies between 0 and 1, the reliability distribution has a declining failure rate. This indicates that the 

turbine 1 is closer to the period of random failures. Some minor differences in the assembly and set up processes cause 

a huge number of failures in the last five years of operation of turbine 2. Once the turbine has failed, a remedial 

maintenance procedure is executed to bring back the equipment to normal operating condition 

 
Figure 3: Turbines 1 and 2 Maintainability Distribution. 

 

The repair rate is also a random variable since it is dependent on the nature of failure, ability to analyze the 

root cause of failure and expert human resources to carry out the repair procedure. The possibility 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 can be given as follows: 

𝑀 𝑡 = ∅ 
ln 𝑡 − 𝜇

𝜎
                                                                    …… . . (9) 

Where: M (t) = maintainability at time t, µ = lognormal distribution mean value, σ = lognormal distribution standard 

deviation, Φ = standard normal distribution cumulative function 

 

The maintainability probability distribution curve for steam turbines 1 and 2 are presented in Figure 3. The 

analysis of the failure database shows that turbine 2 has a mean time to repair greater than turbine 1. The steam turbine 

availability can be estimated after the reliability and maintainability parameters calculation. In the case of a steam 

turbine in a power plant, availability is assessed the time period; a system can generate the nominal power output. Mean 

time to failure and mean time to repair are two parameters which controlled the availability of steam turbine.   

 

Table 2: Weibull Distribution Parameters for Reliability and Lognormal Distribution for Maintainability of 

steam turbines 

System 

Weibull Distribution Parameters Lognormal Distribution Parameters 

Shape parameter 

(β) 

Characteristic life in 

hours (η ) 
Mean value (µ) 

standard deviation 

(σ) 

Turbine 1 0.62 914.26 1.47 1.19 

Turbine 2 0.47 468.26 1.78 1.67 
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IV. METHOD DEVELOPMENT FOR RELIABILITY IMPROVEMENT OF STEAM TURBINE 

 

The reliability of the steam turbine can improve by using the RCM concepts. Reliability Centered maintenance 

concepts are used as a guideline for ranking the maintenance policy priorities for the critical components. It has 

considered the new maintenance methods, which reduced the corrective maintenance and repair time [Souza et al. 

(2009)]. The reliability estimation of steam turbines are based on RCM based system reliability concepts. This method 

is applied to investigate of two similar heavy-duty steam turbine of 500 MW each.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4: Flowchart for System Reliability Evaluation 

The system reliability concept comprises development of functional tree, use of failure mode and effects 

analysis (FMEA) and maintenance recommendations. A flowchart (Figure 4) is used to illustrate the most important 

steps of system reliability analysis method. The first step of method is preparation of steam turbine functional tree that 

allows the organization of the functional links between the equipment subsystems. The functional tree for the steam 

turbine is divided into six main systems: high and medium pressure section, low pressure section, housing system, 

sealing section, coupling, blade system. Each main system further divided into subsection as shown in Figure 5.  
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Figure 5:  Functional Tree of Steam Turbine. 

The identification of the most critical components of steam turbine during operation is taking into 

consideration in the second step. The failure mode and effect analysis (FMEA) is always based on a table which 

contains mainly four columns. In the first column the component under study is listed and in second column the 

physical modes of failure are given. The potential causes of failure modes of each components of the functional tree are 

describe in third column. Finally, the last column lists the effects of each failure mode are categorized according to the 

criticality scale, which states the degradation degree in the turbine operation. Lewis (1987) has proposed FMECA 

(Failure Mode and Effective criticality Analysis) approach to evaluate 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. For present analysis criticality index is classified into three main severity levels: marginal, critical and catastrophic 

For the definition of the system degradation, the FMECA analysis uses a numerical code, usually ranking from 1 to 10. 

Higher the number, criticality of the component is higher  
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In third step, based on the results of the FMEA analysis, the RCM concepts can be used to recommend 

maintenance tasks to those components that have a criticality index greater than 6. The failure of those components can 

cause severe degradation in the steam turbine performance. This maintenance policy is emphasized on the use of 

predictive or preventive maintenance, inspection and overhaul maintenance tasks. The main aim of this maintenance 

policy is the decrease of unpredicted failures during normal operation of the component [Smith and Hinchcliffe, 2004]. 

The RCM methodology is explained by conserve the operating functions; categorize failure modes that can defeat the 

functions and selection of main monitoring systems which assess the critical component degradation which permit the 

maintenance actions prior to the incident of functional failure. The equipment availability can be improved by 

condition-based maintenance policy. 

 
Figure 6: Turbine 2 Reliability Distribution after Maintenance Procedure Improvement 

 

The next step involves a reliability analysis based on the time to failure data recorded during the steam turbine 

operation. The reliability of the steam turbine is estimated based on the failure data. The steam turbine availability is 

evaluated with considering the time to repair data and the preventive maintenance tasks related with the system. As 

Table-3 represents that the reliability parameters and maintainability probability distributions parameters of steam 

turbine are improved using the RCM concepts of maintenance. 

 
Figure 7: Turbine 2 Maintainability Distribution after Maintenance Procedure Improvement 

Figure 6 presents the reliability distribution before and after maintenance procedure. The estimated mean time 

to failure of turbine 2 improved to 1952.34 hours. After the use of a condition based maintenance policy for critical 

steam turbine components, the shape parameter (β) of the Weibull distribution for turbine 2 is improve to very close to 

one, which indicates that the equipment is now presenting random failure.  

 

As well as the lognormal distribution of maintainability shows that there is reduction of lognormal distribution 

parameters, which indicate that the failure of the steam turbine 2 is reduced. The planned maintenance tasks will reduce 

the number of unplanned or emergency trips of the steam turbine. The availability of steam turbine 2 has increased in 
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one operational year which is very close to the turbine 1. Figure 7 represents the maintainability distribution before and 

after maintenance procedure. 

Table 3: Reliability and Maintainability Distribution Parameters for Turbine-2 after Maintenance Procedure 

Modification 

System 

Weibull Distribution Parameters Lognormal Distribution Parameters 

Shape parameter 

(β) 

Characteristic life in 

hours (η ) 
Mean value (µ) 

standard deviation 

(σ) 

Turbine 2 0.95 1952.34 1.4 0.86 

 

V. CONCLUSION 

 

The reliability characteristics of any heavy duty steam turbine depends upon the various factor such as on-site 

installation process, skill of operators, training of maintenance team, environmental variables and steam quality. The 

proposed method can defines quantitatively the system reliability and availability. The system reliability can be 

examined through using of time to failure and time to repair database. The investigation is based on the last five year 

operational database. The enrichment of historical database with additional failure and repair data during future 

operational years will permit more reliable estimation of the turbines reliability. Training and retraining of technical 

human resources on the major equipment, well planning and more regular scheduled maintenance can improve the 

reliability indices of the plant.  

 

REFERENCES 

 
1. Baumik, S. (2002), Failure of Turbine Rotor Blisk of an Aircraft Engine, Engineering Failure Analysis, Vol. 9, pp 287-301. 
2. Black & Veatch (1996), Power Plant Engineering, Chapman & Hall, An International Thomson Publishing Company, New York.  

3. Chang J., Yun Y., Choi, C. and Kim,J. (2003), Failure Analysis of Gas Turbine Buckets, Engineering Failure Analysis, Vol.10, pp 559-567.  

4. De Souza G.F.M. (2012), Thermal Power Plant Performance Analysis, Springer Series in Reliability Engineering, Springer-Verlag London 
Limited, ISBN 978-1-4471-2308-8. 

5. Dewangan D. N., Jha M., Qureshi M. F. and Banjare Y. P. (2012), Real-Time Fault Diagnostic and Rectification System for Bearing Vibration 

of Steam Turbine by Using Adaptive Neuro-Fuzzy Inference System and Genetic Algorithm - A Novel Approach,  AMSE journal, Advance in 
modeling, B-Signal processing and Pattern recognition, Vol. 55, no.1, pp 1-21. 

6. Eti M., Ogaji S. and Probert S. (2007), Integrating reliability, availability, maintainability and supportability with risk analysis for improved 

operation of the Afam thermal power-station, Applied Energy, Vol.84, pp 202-201.  
7. Gupta S.A. and Tewari C.P.C.  (2009), Simulation Model for Coal Crushing System of a Typical Thermal Power Plant, Int. J. Eng. Technology, 

Vol.1, no.2, pp 156 – 163.  

8. Gupta S.A. and Tewari C.P.C.  (2009), Simulation Modeling and Analysis of a Complex System of a Thermal Power Plant, J. Ind. Eng. 
Management, Vol.2, no.2, pp 387– 406. 

9. Ireson W.G., Coombs C.F., Moss R.Y.  (1996), Handbook of Reliability Engineering and Management, Mcgraw-Hall Professional, New York. 
10. Novotny J., (2008), The Steam Turbine 200 MW Reliability, Diploma work: ZCU Plzen, 

11. Lakhoua M.N. (2009), Application of Functional Analysis on a SCADA System of a Thermal Power Plant, Advances in Electrical and 

Computer Engineering,Vol.9, no.2, pp 90 – 98. 
12. Lewis E. (1987), Introduction to Reliability Engineering, John Wiley & Sons, New York. 

13. Tanner M.A. (1996), Tools for Statistical Inference, 3rd ed., Springer Verlag: New York. 

14. Moubray, J. (1997), Reliability-Centered Maintenance, Industrial Press Inc, New York.  

15. North American Electric Reliability Council (2006), Generating Availability Report, available at www.nerc.com/~filez/gar.html. 

16. Reliasoft Corporation (2003), User’s Guide, ReliaSoft’s Weibull++ Version 6, ReliaSoft Corporation, Tucson. 

17. Smith A and Hinchcliffe G. (2004), Reliability-Centered Maintenance: A Gateway to World Class Maintenance, Elsevier Butterworth-
Heinemann, New York, pp. 67-89. 

18. Wang P, Billinton R, Goel L (2002), Unreliability Cost Assessment of an Electric Power System using Reliability Network Equivalent 

Approaches, IEEE Trans. on Power Systems, Vol.17, no.3, pp 549 – 556. 
19. Wang P. and Billinton R. (2003), Reliability Assessment of a Restructured Power System using Reliability Network Equivalent Techniques, 

IEEE Proc. Gener. Transm. and Distribution, Vol.150, no.5, pp 555 – 560.  

20. Wang P., Billinton R. and  Goel L. (2002), Unreliability Cost Assessment of an Electric Power System using Reliability Network Equivalent 
Approaches, IEEE Trans. on Power System, Vol.17, no.3, pp 549 – 556. 

http://www.ijirset.com/
http://www.nerc.com/~filez/gar.html

