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Operational Availability of a Power Distribution 
System with Environmental Effects under 

Preemptive Repeat Repair Policy 
                                       Sapna Jain and Ajay Kumar Singhal 

 
ABSTRACT : This paper deals with operational availability of a three state power distribution system consisting of two subsystems with environmental 
effects under preemptive repeat repair policy. A mathematical model for a power distribution system under service restrictions has been developed for 
exponential failures and general repairs. Supplementary variable technique has been employed to obtain various state probabilities and then the 
operational availability is obtained by the inversion process. The study state behavior, reliability, and MTTF have also been analyzed by some graphical 
illustrations to explain the practical utility of the model. 
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INTRODUCTION 
We have analyzed the operational availability of a power 
distribution system under the environmental effects and 
divided the complete power distribution system [23, 28] 
into two subsystems A and B as shown in fig.1 in which A 
consists of M identical power plants in parallel redundancy 
such that M-1 components are redundant components. B 
consist of N components as transmission substations, High 
voltage transmission lines, power substation,transformer, 
power plants and transformer drum in series such that a 
failure in any component brings about the complete 
breakdown of the system whereas a failure of ),2( Mj <≥

components of subsystem A causes the system to work in 
reduced efficiency state. 

 

 
 

As well M-power plants is j-out of-M: G system 
(More than 1+− jM  power plants must fail for A to fail) 
also the distribution system can fail due to environmental 
failure (like lightening) from the normal efficiency state the 
life times of active units depend on each other in having 
simultaneous failure of all the operating units and repair 
times are distributed quite generally. A failed unit is 
repaired at a single service channel. 

The author has initiated the study of the 
operational availability of a power distribution system with 
environmental effects under preemptive repeat repair 
policy. In this policy, the component of subsystem A which 
has been removed from repair policy, due to the priority 
given to the repair of a component of subsystem B, when 
taken up again for repair, the repair already carried out on 
the component of subsystem A goes waste. In other words 
the repairs of the components of subsystem A, when restart 
is considered as a fresh failure All the assumptions are 
same as in the state transition diagram of the system with 
repair and failure rates under preemptive repeat repair 
policy is shown in fig.2.   
 
 

 
 
 
 
 
                                                         

 
 

II.FORMULATION OF MATHEMATICAL MODEL 
The model under consideration is exhibited in fig. 

1. The flow of states of the system under consideration has 
been depicted in fig. 2. The probabilities given above are 
mutually exclusive and provide the complete Markovion 
characteristics of the process. Therefore, using continuity 
arguments and elementary probability considerations one 
obtains the following forward difference differential 
equations governing the stochastic behavior of the complex 
system which is discrete in space and continuous in time: 
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Fig.2  STATE TRANSITION DIAGRAM 
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Boundary Conditions 
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Initial Condition 

1)0( =kP  as NMK ,=  otherwise 0      ……….. (12) 
 
These difference differential equations are solved by 
Laplace Transform Technique [ref 9] by using initial and 
boundary conditions obtained by state transition diagram 
[fig(2),ref 11] and then the Laplace Transform of 
operational availability [ref 5] is obtained. We can write it 
as 
 2.3.Evaluation of Laplace transform of up and down state 
 probabilities 
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Ergodic behavior   
Using  abel’s lemma in Laplace transform, viz;  
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When repair follow exponential time distribution i.e. setting 
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Reliability analysis 
The Laplace transform of the reliability function when all repairs 
 are zero of the system is given by 
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MTTF analysis  
Mean time to failure is given by  
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Numerical Computations  
Inserting 01.,02.,3.0,2,4 ==′=== υλλjM and ,1=== δφη  
when all repair rates are equal then we get the following  
relations:- 
  
 Reliability function 
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Operational availability  
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Graphical Representation 

 
                Fig (3): reliability vs. time 

 
                Fig (4): MTTF vs. failure       
 
 

  
          Fig (5): operational availability Vs. time                                                           
 

V.CONCLUSION  
It is evident from Fig. 3 that the reliability of a power 
distribution system approaches zero as t ∞→ . This should 
be obvious, since as t gets larger, we should expect more 
failures and the probability of restoring all of them in t or 
less time obviously approaches to zero. This curve 
represents the percentage of system which should be 
available after t years of operation. Therefore, any 
equipment which is available for use after an extended 
period of time is the direct result of maintainability or the 
ability to repair or maintain.  
 
Fig. (4) represents the operational availability of the power 
distribution system w.r.t. time and it reveals that the 
operational availability of the system decreases w.r.t. time 
and ultimately after a sufficient long interval of time. It 
becomes steady to the value .668965. 
 
Fig (5) depicts that MTTF decreases w.r.t. failure rate λ′ for 
different no. of power plants. 
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