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 Abstract  

Using a Markovian approach reliability method, one can estimate the probabilities of a complex system by the probability 

calculation. The Markovian method describes any general system event in a transition diagram form and therefore provides a 

more convenient way handling the system event and estimates its probabilistic Risk. This Thesis presents the Markovian 

approach and applies it to a production line consisting of many sub system. The failure and repair probability of sub system are 

estimated by use of database. Using the Markovian approach, the probability of system availability and critical repair/failure rate 

is estimated. The Markovian approach analysis is used to compute the conditional probability of system availability on the bases 

of failure rate and repair rate. 

Keywords: Availability, Maintainability, Mean time between failures (MTBF), Mean time to repair (MTTR), 

Reliability. 

 

1. Introduction 

Reliability is the ability of an equipment, machine, or system to consistently perform its intended or 

required function or mission, on demand and without degradation or failure. The two terms which are very 

confusing are reliability and validity, but the terms actually describe two completely different concepts, although 

they are often closely inter-related. In simple terms reliability describe the repeatability and validity defines the 

strength of the final result. The reliability is very important for the system and subsystem of any unit. Reliability is 

the ability of an equipment, machine, or system to consistently perform its intended or required function or mission, 

on demand and without degradation or failure. The two terms which are very confusing are reliability and validity, 

but the terms actually describe two completely different concepts, although they are often closely inter-related. In 
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simple terms reliability describe the repeatability and validity defines the strength of the final result. The reliability 

is very important for the system and subsystem of any unit. The maintainability is Characteristic of design and 

installation which determines the probability that a failed equipment, machine, or system can be restored to its 

normal operable state within a given timeframe, using the prescribed practices and procedures. Availability is a 

performance criterion for repairable systems that accounts for both the reliability and maintainability properties of a 

component or system. It is defined as the probability that the system is operating properly when it is requested for 

use. That is, availability is the probability that a system is not failed or undergoing a repair action when it needs to 

be used. The system operates until it fails, then it is repaired and returned to its original operating state. It will fail 

again after some random time of operation, get repaired again, and this process of failure and repair will repeat. This 

is called a renewal process and is defined as a sequence of independent and non-negative random variables. In this 

case, the random variables are the times-to-failure and the times-to-repair/restore. 

The process industry comprises of large complex engineering systems, subsystems arranged in series, 

parallel or a combination of both. For efficient and economical operation of a process plant, each system/subsystem 

should run failure free under the existing operative factory conditions. Thus the importance of maintenance function 

is steadily increasing and is indeed a dominant factor on process industries but it must be viewed in correct 

perspective to ensure that it does not obscure the real objective. The most important objective of Maintenance 

Engineering Department is to ensure that the machines, buildings, equipment are rendering services of the required 

level of productive efficiency and available as and when required. Its prime function is to provide services to the 

production department of process industry. 

The performance requirements of Process industries have been increased considerably in the last few 

decades. Process industries in India are expanding and modernizing at a very fast rate. Understanding the machinery 

and equipment behavior/performance that are coming up with high technology and energy efficient design is very 

essential for proper use thereof. So, performance at all stages of Process industries production is only measure of 

survival through the reduction of cost of production and keeps the economic and technical feasibility/viability. 

Designing the performance evaluating system of the process industries requires the clear understanding of the 

nature/behavior and failure and repair time distributions of its various operating systems. Since a Process industries 

are characterized by several interconnected systems/units/subsystems, each with its own failure and repair time 

distribution. The overall system availability is a complex function of the failure and repair rates/times of the various 

subsystems. It can be effectively used for the performance evaluation of the process industries. The failure rate of a 

system usually depends on time, with the rate varying over the life cycle of the system. The useful measurements of 

the reliability are MTBF and MTTF. Mean time between failures (MTBF) is the predicted elapsed time between 

inherent failures of a system during operation. MTBF can be calculated as the arithmetic mean (average) time 

between failures of a system. The MTBF is typically part of a model that assumes the failed system is immediately 

repaired (MTTR), as a part of a renewal process. Mean time to failure describes the expected time to failure for a 

non-repairable system. For example, assume you tested 4 identical systems starting from time 0 until all of them 
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failed. The first system failed at 12 hours, the second failed at 14 hours, the third failed at 13 hours and the forth 

failed at 10 hours. The MTTF is the average of the three failure times, which is 12.25 hours. 

2. Markovian Approach 

Markov process is named after the Russian mathematician ANDREY MARKOV. Markov analysis 

provides a method of analyzing the reliability and availability of sub-systems representing components with strong 

interdependencies. The availability of a single repairable system can be computed using familiar Markov Model. It 

is assumed that the failure rate and repair rates are constants. The repair starts as soon as the component fails. α is 

failure rate and β is repair rate. The following assumptions are taken: 

1. At any given time the system is either in operating state or in the failed state. 

2. Failure rate and repair rate are constant. 

3. A repaired sub system is as good as new. 

4. Standby sub systems are of the same nature and capacity as the active sub system. 

Repair facilities are always available. 

If state 0 denotes that no failure has occurred and state 1 denotes that one failure has occurred. If the component has 

not failed at time t, then the probability that the component will fail in the time interval (t, t+dt) is equal to αdt. On 

the other hand, if the component is in state 1, then the probability that the component will enter into state 0 is equal 

to βdt. 

The probability that the component will be in state 0 at time t+dt is 

P0(t+dt) =P0(t)(1-αdt)+P1(t) βdt                  (1) 

Similarly, the probability that the component will be in state 1 at time t+dt is  

P1(t+dt) =P1(t)(1-βdt)+P0(t) αdt                  (2) 

The above equations can be rewritten as: 

{P0(t+dt)- P0(t)}/dt =-P0(t), α+P1(t) β    (3) 

{P1(t+dt)- P1(t)}/dt =P0(t), α- P1(t)- β    (4) 

The resultant differential equations are: 

dP0(t)/dt =P0'(t) = P0(t) α- P0(t) β  

dP1(t)/dt =P1'(t) = P0(t) α- P1(t) β 
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At time   t=0 

P0(0)= 1   And  P1(t)= 0 

 

2.1 The Markovian approach for system Reliability Assessment 

The simple independent unit network of Fig. 1 is used to obtain system availability by applying Markov method. 

 

 

Fig. 1 Block diagram for a simple series system 

 

2.2 Nomenclature for Outer Dia. Grinding Machine 

1.                            Indicate the system in operating condition. 

2.                            Indicates the system in fail condition. 

3.                            Indicates the system in reduced capacity state. 

4. A, B, C indicate the subsystems are working at full capacity. 

5. C  indicates that the subsystem is working at reduced capacity. 

6. a,b,c indicates that all subsystems are in failed state. 

7. In transition Dia. α =a and ß=i 

8. α1 Failure Rate of subsystem A 

9. α2 Failure Rate of subsystem B 

10. α3 Failure Rate of subsystem C 

11.   ß1 Repair Rate of subsystem A 

12.   ß2 Repair Rate of subsystem B 

13.   ß3 Repair Rate of subsystem C 

14. d/dt indicates derivative w.r.t.’t’. 

15. P0 (t) denotes the probability that at time t all units are working. 

16. P1(t) denotes the probability that at time t the system is in reduced capacity state due to failure of subsystem 

C. 

17. P2(t) denotes the probability that at time t the system is in failed state due to failure of subsystem C. 

18. P3(t) denotes the probability that at time t the system is in failed state due to failure of subsystem A. 

19. P4(t) denotes the probability that at time t the system is in failed state due to failure of subsystem B. 

20. P5(t) denotes the probability that at time t the system is in failed state due to failure of subsystem A. and 

subsystem C working within reduced capacity. 

           A            B            C 
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21. P6(t) denotes the probability that at time t the system is in failed state due to failure of subsystem B. and 

subsystem C working within reduced capacity. 

 

2.3 Performance modeling of system 

 

(d/dt +α1+ α2+ α3)P0(t) = β1P3(t)+ β2P4(t)+ β3P1(t)   … (1)                                                                                                                        

(d/dt +α1+ α2+ α3+ β3)P1(t) = β1P5(t)+ β2P6(t)+ β3P2(t)+α3P0(t) … (2)                

(d/dt +β3)P2(t) =  α3P1(t)    … (3)          

(d/dt +β1)P3(t) =  α1P0(t)    … (4) 

(d/dt +β2)P4(t) =  α2P0(t)    … (5) 

(d/dt +β1)P5(t) =  α1P1(t)    … (6) 

(d/dt +β2)P6(t) =  α2P1(t)    … (7) 

With initial conditions at time t =0 

Pi(t) =1     for  i=0 

        =0    for   i≠0 

 

2.4 Steady state availability of Outer Dia. Grinding Machine 

 

By putting d/dt =0 at t→∞ in equations (1 to 7), the steady state probabilities are given as:- 

P2 = α3/ β3 P1      … (8)        

P3 = α1/ β1 P0      … (9)      

P4 = α2/ β2 P0      … (10) 

P5 = α1/ β2 P1      … (11) 

P6 = α2/ β2 P1      … (12)   

P0 = β1P3+ β2P4+β3P1/ (α1+ α2+ α3)                                      … (13) 

P1 = β1P5+ β2P6+α3P0+ β3P2 / (α1+ α2+ α3+β3)                     … (14)     

 

Put the values of P3, P4,P1 in equation no. 13 and find the value of P0. 

P0 = β1P3+ β2P4+β3P1/ (α1+ α2+ α3)                            

P0 = {(α1+ α2+ α3) P0 + β3P1}/A 

(A-C) P0 = β5P1 

P0= β3P1/ (A-C) 

P0=EP1       … (15) 

 

Put the values of P5, P6, P2, P0, in equation no. 14 and find the value of P1. 

P1 = β1P5+ β2P6+α3P0+ β3P2 / (α1+ α2+ α3+β3)               

P1 = {(α1+ α2+ α3) P1 + α3P0}/B 
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(B-A) P1= α3 P0 

P1= α5 P0/ (B-A) 

P1=FP0       … (16) 

The probability of full working/reduced state determined by using normalizing conditions i.e. sun of the 

probabilities of all working states and failed states is equal to 1. 

 

Σ Pi =1 

i=0 

P0+ P1+ P2+ P3+ P4+ P5+ P6=1 

P0 (1+FG+H) =1 

P0=1/ (1+FG+H) 

P1=F/ (1+FG+H) 

Where A= (α1+ α2+ α3) 

            B = (α1+ α2+ α3+β3)     

            C= (α1+ α2) 

             E= β3/ (A-C) 

            G= (1+α1/β1+ α2/ + α3 /β3) 

                   H=(α1/β1+α2/β2)                                                                                                                                               

Availability = Sum of probability of working state/ reduced state 

              A0 = P0 + P1 

             A0=1/ (1+FG+H) + F/ (1+FG+H) 

              A0= P0 (1+F)                                                                       …. (17) 

 

     Example Markov model transition parameters for a system  

  Parameter                            Assumed Value   

  α1                                                            0.0147     /hr                                     

        β1                                                            0.300     /hr 

        α2                                                             0.000043 /hr          

        β2                                                             0.0200       /hr 

        α3                                                             0.008       /hr 

        β3                                                              0.0700    /hr      

 

Using the transition parameters in equation 17 we get A0 (Availability) = 0.8938 
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4. Conclusion/Results 

The Fundamental technique for performing a Markov method has been explained. This method can easily 
be applied to any system that contain sub system with a known failure and repair rate. The result of the analysis can 
be used to provide economic justification for reliability improvement. Markov method is more flexibility than any 
other techniques and describes dynamic transitions among different states. If the system becomes more complex, It 
is fallible and time-consuming to create Markov models manually. 
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