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INTRODUCTION: 

Majority of equipments in nuclear power stations are not un-repairable, but repaired after failures 
or maintained periodically and then returned to running. Along with aging or fatigue causes, 
duration between failures may be variable such as lager or shorter. Failure rate of single device 
have the following characteristics, see Fig 1 and Fig 2. The objective function of the model is 
life-cost function where the dependent variable is replacement period T, with the constraints of 
failure rate or availability.

 
Fig. 1 Failure rates under different maintenance 

 
Fig. 2 Actual failure rate in nuclear plants operating duration 

METHOD:  

Equipments failure occurrences are consistent with non-homogeneous Poisson process (NHPP), 
in which their failure rates are variable. We chose Weibull process to simplify the actual 
circumstances to obtain the optimal life cycle management plans approximately. In application we 
need to estimate parameters of Weibull process with existing data. Before that, trend test is 
necessary. Total time test (TTT) is an alternative. Trend test can determine whether the failure rate 
changes along operating time and whether the devices operated under imperfect or minimal repair. 
Parameters of Weibull process λ, β can be estimated by maximum likelihood estimation method. 
LCM model is designed to found an optimizing model for those aging equipments under minimal 
repair or imperfect maintenance with maximum 
economic or availability as objective function. The 
purpose is to establish the optimal replacement 
strategies. Periodical replacement is the most regular 
choice and so LCM model aims to calculate the optimal 
replacement periodical duration. 

RESULT: 

The life cycle cost analysis diagram of some equipment 
in NPPs is shown as followed , the lowest cost could be 
found. 

CONCLUSIONS: 

This reliability-centered life cycle management based 
on Weibull process avoids the difficulties of setting recovery factors smartly. With a new 
mathematical method the model solves the problem of life cycle determination for those aging 
equipments under minimal repair and imperfect maintenance, to obtain the optimal replacement 
plan in actual plant situations. 


