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Abstract - Mean Time Between Failures (MTBF) is a commonly used metric to indicate the 

reliability of a reparable item. For items with an increasing failure rate (wear-out failure), 

periodic maintenance is often performed to improve their operational reliability or increase the 

operational MTBF. This short communication develops a very simple but highly accurate 

approximation of MTBF for items subjected to periodic maintenance, upon which engineers 

can easily do a quick calculation and perform design-for-reliability analyses. 
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1.   Introduction 
If designed and utilized properly, an item (equipment or component) typically fails as a result 

of certain wear-out mechanism(s), of which its inherent failure rate increases with age. When 

the inherent reliability of such item is not adequate for the intended operational life, 

preventive maintenance (PM) can be applied to improve the operational reliability. A common 

PM design is to perform replacement periodically or at regular intervals, called preventive 

maintenance by age replacement [1]. 

A metric commonly used to indicate the reliability of a reparable item is its Mean Time 

Between Failures (MTBF). If no maintenance is performed (i.e., replaced only upon failing), 

the MTBF is same as the item’s inherent Mean Time To Failure. Preventive maintenance 

activities will reduce the failure frequency and hence increase the MTBF. A mathematical 

equation, describing the MTBF of an item that has “preventive maintenance by age 

replacement” performed at a regular interval, pT , is well known in reliability society [1, 2], 
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where R(t) is the inherent reliability of an item, i.e, the reliability without preventive 

maintenance. However, the exact analytical solution of MTBF or solution to (1) can be 

cumbersome for most commonly-used time-to-failure distributions because of complexity of 

the integration. It cannot be easily carried out without the help of software tools that perform 

integration, and quite often these tools are not in a direct reach of engineers’ hands. Therefore, 

a much simple approximation is preferred for practitioners to do a quick analysis. This short 
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communication provides such an approximation that is greatly simplified without an 

appreciable sacrifice in accuracy.  

The proposed approximation provides an effective way to calculate the MTBF without 

using any mathematical software tool, and also makes design analyses much easier [3]. 

2.   MTBF Approximation 

It is known that inherent Time To Failure for most wear-out failures can be “best” modeled by 

a Weibull distribution with a shape parameter greater than 1.0. The operational MTBF in (1) 

then becomes 
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where β and η are the shape and scale parameters of the inherent Weibull distribution. 

Equation (2) now becomes difficult to solve, which makes this formula inconvenient in 

engineering practice. 

Obviously, the operational MTBF depends on three variables, β, η and pT . Practically, 

pT  is selected to be much less than the item’s inherent characteristic life or η.  

Having numerically studied the behavior of (2) over the practical parameter space (1< β < 

16 and pT < η), it is observed that 

a) ( )MTBFln  has a liner relationship with β as shown in Figure 1; 

b) ( )MTBFln  has a liner relationship with ( )pTηln  as shown in Figure 2. 

 
Fig. 1: MTBF vs. ββββ Fig. 2: MTBF vs. ( )pTηln  

It is then found that the following formula well represents the solution to (2). In the entire 

practical parameter domain, MTBFA = Approximate MTBF. 
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3.   Error Evaluation 

Since (3) is only an approximation, it is important to understand the error between the exact 

and approximate MTBF. Usually the error is measured by the so-called relative error (%) [4],   
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The relative error of approximation in (3) has been investigated throughout entire variable 

space. It is found that 

� The relative error depends upon both ηpT  ratio and β value; 

� As the ratio ηpT  increases, the approximation error increases as well; 

� When β = 1.0, the approximation error is 0 for all ηpT  ratios; as β goes to infinity, 

the approximation error goes to 0 for all ηpT  ratios less than 1; 

� The formula in (3) is a very reliable approximation, even beyond practical parameter 

range  

o relative error less than 1% for all 51<ηTp  and 1< β <16; 

o relative error less than 2% for all 31<ηTp  and 1< β <16; 

o relative error less than 5% for all 21<ηTp  and 1< β <16; 

o relative error less than 10% for all 43<ηTp  and 1< β <16. 

� Approximation always underestimates the MTBF; i.e., AMTBF  is a little less than 

exact MTBF or is a conservative estimate that is preferred in engineering. 

4.   Conclusions 
The derived formula in (3) provides a very good approximation of the operational MTBF for 

repairable items, which has a Weibull lifetime distribution with β>1, subjected to maintenance 

at interval pT . This approximation yields a conservative estimate of the MTBF with an error 

less than 5% for the parameter range of 21<ηTp  and 1< β <16. For most real applications, 

it will create no more than 0.5% error. 
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