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Abstract 
 In this paper, the availability analysis for repair rate of critical aircraft components such 

as aircraft engine, propeller and avionics under Performance based logistics (PBL) have been 

examined. The concept of Performance based logistics (PBL) is employed to enhance the system 

availability. Weibull distribution is used to analyze the system availability. The objective of this 

article is to provide an instrument for normative decision making for contracting military logistic 

services as well as to improve the capacity of repair facilities. Desired availability of critical 

aircraft components can not be achieved without repair.  The numerical illustrations are carried 

out to highlight the effects of repair rate and failure rate for aircraft components by considering 

different parameters of availability, probability density function of repair rate and cumulative 

distribution function of repair rate which validate our results.  
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1. Introduction 
 The two-parameter Weibull distribution is a very popular distribution. It has 

been vastly used since nineteen century for modeling data in reliability, engineering 

studies. It is well-known that the big frailty of the Weibull distribution its inability to 

accommodate non-monotonic failure rate. Reliability testing is usually required in 

product development to evaluate product reliability. Product’s life is becoming longer 

than in previous decades because of the improvement of reliability. Performance based 

logistics PBL is a preferred approach to improve the product's reliability. Performances 

of products are improving to maintain the capital-intensive industries where the systems 

and subsystems are required high availability. This issue is more useful for industries, 

where the defected parts need to be repaired and cannot be scrapped because of their 

high cost and long life time/longevity. The Weibull distribution has been used to model, 

many real life utility for example degradation of mechanical components such as 

pistons, crankshafts of diesel engines as well as breakdown of insulating fluid etc. 



66                                             Journal of Reliability and Statistical Studies, June 2019, Vol. 12(1) 

Therefore, renovated parts inventory are required to support such systems. Since last 

two decades the investigator have considered and developed so many models to work 

out these issues. Andrzejczak [1] explained why stochastic modeling is needed for 

repairable system. Chauhan et al. [4] determined reliability measures of a series system 

with Weibull failure laws. Dhakar et al. [5] considered the failure rate of the functions 

which depend on the number of tool and find for excessive cost with low demand of 

spare parts. Diaz and Fu [6] examined the limited facilities to repair of spare. Kontrec et 

al. [11] considered stochastic approach for determining the rate of repairing for 

components of unrepair aircraft to accomplish the desirable accessiblity. Kiureghian et 

al. [10] derived the steady state availability, mean rate of failure, mean duration of 

downtime  and lower bound reliability of a general system with randomly and 

independently failing repairable components. Krawczyk [12] examined technical 

conditions for operation of aircraft reliability. Kang et al [9] explained by using arena 

simulation for one random occurring simulation and double spreadsheet, out of which 

starting models evaluate the support lifecycle cost and nature wise it’s static and 

another model describes the reliability, time to overhaul and working accessiblity of the 

system. MI-Damcese [13] evaluated reliability and mean time to system failure of 

Series-Parallel system using Weibull distribution. Mustafa et al. [14] discussed 

reliability equivalence factors of a general parallel system with mixture of lifetime. 

Mirzahosseinian and Piplani [15] MOD-METRIC has given good result in simulation. 

Nandal et al. [16] proved that a parallel system is more reliable to use a series system 

having constant failure rate of the components. Sarkar and Biswas [19] considered a 

system consisting of one operating unit, n-1 spares and r repair facilities, as soon as the 

operating unit fails one of the spare if available takes over the operation. Shinde [20] to 

enhance the efficiency and effectiveness of the availability of the system with or 

without provision of spares have been examined. Smith [21] described a process for 

planning and estimating the cost of a reliability improvement program under a 

performance based logistic. Tao and Wen [22] and Wong [24] with the objective to 

reduce the lead time and transportation cost for maintaining the stock level of logistics 

have been extended. Wang et al [23] studied condition based maintenance strategy to 

analyze the spare parts ordering and equipment maintenance policy.  

 

 In this paper, we describe the availability and reliability enhancement under a 

performance based logistic (PBL). The remainder of the article is arranged as follows. 

Reliability analysis for performance based logistic (PBL) is discussed in section 2.In 

section 3, we described notation and assessment model. In section 4, sensitivity analysis 

has  been discussed with the several parameters along with graphical presentation is 

described. Finally, the discussion of the paper is provided in section 5. 

 

2. Reliability Planning Process for performance based logistics (PBL) 
 In 1998, Lockheed Martin gave the idea of Performance based logistics (PBL) 

to American army for better improvement of fighter plane as well as also used in 

private concerns.  User and supplier implement the PBL contract with their mutual 

concern. Objective of PBL reliability performance require helping at every stage.  

Requirement of process in each step has been depicted in figure 1, to annihilate the 

contract on lower cost and improve the delivery system between user and supplier. The 

reliability of the product must be applied from origin to destination of the level for 

getting future prospects. Supplier must be assured for improving the system reliability.  
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Figure 1: Reliability Planning Process Flow 

 

3. Notation and Model for assessment of expected time to repair 
 We assume the following nomenclature  

u   Failure rate and 

  Repair rate 

   Scale Parameter for Weibull random 

K  Shape parameter 

T   Failure time 

R   Repair time 

Y  Uniform distribution 

A  Availability 

p(µ)  Probability density function of repair rate 

f ( )  Cumulative distribution function of repair rate 

MTBF  Mean time between failure 

MTTR  Mean time to repair 

λ0   Annual repair rate of Aircraft Engine 

λ1  Annual repair rate of Aircraft Propeller 

λ2   Annual repair rate of Avionics 

 

 We considered that the system is in operative mode at the certain period else it 

is in non operative mode. In this state failure time T and repair time R and after 

repairing the  system are returned in working mode and renewal cycle of this period 

T+R. It is also considered that after fettling the system act as new one. Weibull 

distribution is used to evaluate the failure time. When mean time between failure 

(MTBF) then the aim of the system is to optimize the performance of repair rate. In this 

system, steady state availability is applied for availability measurement as: 
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        (1) 

Renewal process is applied to evaluate the limit of probability:  

       (2) 

Which describe one renewal cycle. This can also written as: 

        (3) 

Failed component  required repair and its expected value is described by MTBF as: 

       (4) 

 Since we assumed that the failure time has Weibull distribution with 

probability density function. The Weibull distribution is one of the most commonly 

applied distributions in reliability evaluation due to of its ability to take on various 

forms by adjusting its parameters. The two parameter Weibull distribution is defined as 

 

    

,  

The previous equation is 

      (5) 

After simplification of equation (5), we have 

       (6) 

The repair rate can be noticed as a reciprocal value of MTTR. Therefore, we introduce 

the changes in order to simplify further evaluation: 

       (7) 

         

By (7), it can be written as  

        (8) 
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Availability can now be expressed using (3) as 

        (9) 

  Equation (9) can be used to obtain the repair rate for availability, particularly 

when MTBF is given. It is observed that MTTR is a probabilistic approach and it’s PDF 

characteristic can be obtained with certain predefined availability parameters. However 

it is observed that   repair rate is stochastic process, which is more effective to 

analyze the repair process for system. 

Due to complication of process for estimating the failure rate of component’s 

with time also a probabilistic approach of the observed process, the parameter λ   

considered as a random variable that goes down the random variable described with the 

Weibull model.  When , decelerate  changes of variable . It can be discussed 

with the probabilistic approach with exponential distribution as: 

      (10) 

where  

Since the aim of this paper is to obtain the repair rate for desired level of 

availability when MTBF is known and we have already expressed Weibull random 

variable  in (8), then the following transformation is usable: 

      (11) 

where  = Jacobian transformation of random variable  is defined as 

      (12) 

putting (12) in (11), we get 

     (13) 

Now, based on (9) the repair rate  can be presented as  with PDF function: 

      (14) 

       (15) 
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According to last, PDF function of repair rate can be stated as: 

   (16) 

PDF property provides exact modeling of repair rate process, which can be 

obtained by generating exact repair rate sample values with respect to availability and 

MTBF. In such a way, simulation of repair rate of system performance is served by 

dynamical prediction  through generating samples.  

Now, consider cumulative distribution function (CDF) of repair rate as: 

   (17) 

With the use of inverse sampling  , the inverse CDF is  

and repair rate samples  can be expressed as: 

     (18) 

where  y is uniformly distributed in [0, 1]and replacing , equation (18) can be 

rewritten as: 

  

where y is uniformly distributed in interval [0, 1]. 

Through equation (16), we can determine the expected repair rate of 

component  in relation to the preferred level of availability as: 

      (19) 

After interchanging (16) into (19) the last expression is reduced to: 

      (20) 

This measure characterizes MTTR random process is stated as the function of 

availability and MTBF.  

4. Sensitivity Analysis 
 To validate our approach, we consider the data from [9,15] due to lack of 

reliability in civil aviation an unmanned aerial vehicle (UAV) is not utilized such 

phenomena is highlighted. Wherein UAV exists four air buses, two base monitor 

stations, interchangeable mission pay loads, data link, unmanned stations and an self 

activating landing sub system have been examined. [12] high level probability of failure 
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phenomena has studied. In this regard, we assumed the critical repairable parts such as 

aircraft’s engine, propeller and avionics have been examined the MTBF.  

 

Flying time per aircraft is 120 hours per month; it means 1440 hrs per year. 

 

 Consider the MTBF for avionics, propeller and engine are 800, 600 400 flight hours 

respectively with corresponding time 1440 hrs.    

For the avionics MTBFa  = 800/1440 

For the propeller MTBFp = 600/1440 

For the engine MTBFe = 400/1440 

Numerical illustrations are obtained to evaluate the annually probabilistic approach of repair 

time and availability of the system are shown in tables of this process. 

 

 
 
 
 
 

 

 

 

 

 

 

 

Figure 2: PDF of engine repair rate VS repair       Table 1: PDF of engine repair rate 
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Figure 3: PDF of aircraft’s avionics repair rate        Table 2: PDF of aircraft’s avionics 

 VS repair rate     repair rate 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4: PDF of aircraft’s propeller repair        Table 3: PDF of aircraft’s propeller 

 rate VS repair rate                   repair rate 
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Figure 5: Aircraft’s engine repair rate            Table 4: Annual Level of aircraft’s      

                VS Uniform distribution                         engine repair rate in relation 

       to availability    

 

 

 
 
 

 

 
 

 

 
 

 

 
 

 

 
 

 

 
 

 

 
 

  

Figure 6: Aircraft’s propeller repair rate    Table 5: Annual Level of Aircraft’s  

VS Uniform distribution         propeller repair rate  

                       in relation to availability 
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Figure 7: Avionics repair rate      Table 6: Annual Level of Avionics 

VS Uniform distribution                                        repair rate in  relation to              

                        availability 

 
 

 

 

 

 

 

 

 

 

 

Figure 8: CDF of aircraft engine repair rate                   Table 7: Cumulative Distribution   

                  function VS failure rate                                                   of aircraft engine repair  

                                                                                                              rate and  failure rate 
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Figure 9: CDF of aircraft propeller repair Table 8: Cumulative Distribution 

   rate  VS failure rate   function of aircraft propeller          

      repair rate and failure rate 
 

 

 

 

 

 

 
 

 

 

 

 

 

Figure 10: CDF of  avionics repair rate       Table 9: Cumulative Distribution 

       VS failure rate                     function of avionics repair 

                                                   rate and failure rate 
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Fig.11: Repair rate of component                   Table 10: Repair rate of component 

              and availability             and availability 

 

 

 To validate our data, we analyze the probability density function for varying 

repair rate with respect to availability of engine in fig. 1, aircraft avionics in fig.2, and 

aircraft propeller in fig. 3 have shown. In fig. 1, 2, 3 it has been observed that repair 

rate is increasing corresponding to PDF function there after it is decreasing. Fig. 4, 5 

and 6  depict the value of uniform distribution is in increasing order with respect to 

repair rate by taking the different intervals in between [0,1] for annual repair rate of 

aircraft’s engine, aircraft propeller and  avionics respectively. Cumulative distribution 

function of aircraft engine, aircraft propeller and aircraft avionics corresponding to 

failure rate is appeared in decreasing manner, which are demonstrated in fig. 7, 8, 9 

respectively. Wherein, we achieve better results of cumulative distribution function vs 

failure rate.  Finally in fig. 10, we described the value of repair rate of component and 

availability is depicted in ascending fashion. 

 

5. Discussion 
 In this investigation, we obtained repair rate and failure rate of critical air craft 

components by using Weibull distribution and Jacobian transformation. Mathematical 

model is employed to enhance the performance based logistic (PBL) of availability, 

MTBF and MTTR. We determined the expected repair rate for better selection and 

more reliable results. Numerical illustrations have been determined to optimize the 

repair rate and failure rate of the critical air craft components for the system availability 

and to improve the performance based logistic (PBL). Further, this paper can be 

extended to achieve the desire level of performance of system availability.   
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