Maintainability function:
· If T is a random variable representing the repair time, then maintainability is defined as:

                                                                 M(t) = Pr(T<= t)
· If the repair time is exponentially distributed with the parameter µ, then the repair-density function is 

                                                        g(t) = µe- µ t

and therefore 

                                  Pr(T<= t) = [image: image2.png]


 
                                                  = 1 - [image: image4.png]e




· Thus the maintainability equation is 

                                                M(t)  = 1 - [image: image6.png]e




· The expected value of repair-time is called the mean time to repair (MTTR) and is given by
                                                   MTTR  = [image: image8.png]fo t
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Availability function:

· The availability function can be computed using the familiar Markov model. It is assumed that the failure and repair rates are constants.
· The Markov graph for the availability of single component with repair is shown 
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· 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 + ∆t) is equal to λ ∆t. On the other hand, if the component is in state 1 (failed state), then the probability that the component will enter into state 0 is equal to μ ∆t.

· From the Markov graph, it  can be seen that the probability that the component  will be in state 0 at time t + ∆t is 

P0(t, t + ∆t) = P0(t)(1 – λ ∆t) + P1(t) μ ∆t
Similarly, the probability that the component will be in state 1 at time (t + ∆t) is

P1(t, t + ∆t) = P1(t)(1 – μ ∆t) + P0(t) λ ∆t          

· The above equation can be rewritten as follows:
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  = - P0(t)λ + P1(t)μ
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  =  P0(t)λ - P1(t)μ
· The resultant differential equations are:
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 = - P0(t)λ + P1(t)μ
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 = P0(t)λ - P1(t)μ
At time t=0, P0(0) = 1 and P1(t) = 0
· The solution of this set of two differential equations yields
P0(t) = [image: image23.png]Y
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P1(t) = [image: image29.png]Y
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· As per the definition of availability,
                               A(t) = P0(t) = [image: image35.png]Y
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· As time becomes large, the availability function reaches some steady state value. The steady state or long term availability of single component is 

                                A = A(∞) = [image: image41.png]Y




· The equation can be modified as 

[image: image42.png]< 147ru
=<




· Here, 1/λ is the mean time between failures (MTBF). It may be noted that this has been defined as the mean time to failure (MTTF) in the case of non-repairable components.

· 1/µ is the mean repair time or mean time to repair (MTTR).

Definitions of MTTR, MTBF and MTTF:
MTTR:
· The average time that a device will take to recover from any failure. 

·  Examples of such devices range from self-resetting fuses (where the MTTR would be very short, probably seconds), up to whole systems which have to be repaired or replaced.
· Also known as Mean Time To Repair, Restore, Respond Or Replace.
· The average time taken to put a defective component or system back in working order. 
· The time taken to restore the system back to normalcy includes the period of diagnosis of the problem as well as its rectification.

MTBF:
· 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 definition of MTBF depends on the definition of what is considered a system failure.
· It is given by θ = T/R

Where, θ = MTBF, T = total time and R = number of failures .
MTTF:

· It is a mean time until a design's or component's first failure, or disruption in the operation of the product, process, procedure, or design. 
· Average time between failures with the modeling assumption that the failed system is not repaird 

· It is given by λ = T/N.
Where, λ = MTTF, T = total time and N = Number of units under test. 

