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The reliability of a product or component can also be expressed as the average length of 
time elapsed before the product or component fails, known as the mean time between failures 
(MTBF). For example, a car transmission may have a mean time of 5,000 hours between fail-
ures. MTBF can also be calculated if the failure rate of the product or component is known 
by taking the reciprocal of the failure rate. If your lawn mower fails five times in 200 hours of 
operation, then the failure rate of the lawn mower is 5/200 = 0.025, and its MTBF = 1/0.025 
= 40 hours.

When companies design a new product, a manufacturer can specify a desired MTBF as a 
quantifiable objective against which the actual reliability of the product or component achieved 
can be compared. Manufacturers of new products can develop MTBF measures through intensive 
product testing, based on actual past experience of similar products, or MTBF can be estimated 
by analyzing known factors that cause product failures. As reliability is an important dimension 
of product quality that determines the success of the product in the marketplace, companies 
should set reliability goals. With such goals in place, production efficiency can be achieved by 
reducing equipment failures and waste, as well as the ability of the production system to operate 
at an optimum level.

4S.2 Availability and Maintainability 
A concept that is different from, but closely related to, reliability, as well as one that is important to 
both costumers and designers, is availability of the system or equipment. Availability is the percentage 
of the time that the system or equipment is operating properly when it is needed for use. This defini-
tion of availability implies it is the fraction (or proportion) of the time that the equipment or system 
has not failed or is undergoing repairs. Note that when the system or equipment has availability, it 
does not necessarily mean that it also has high reliability. Reliability only considers the time it takes 
for a component, piece of equipment, or system to fail while it is operating, but it does not take into 
account any downtime associated with the repairs the system may need. That is, reliability does not 
take into consideration the time it would take to complete the repairs and bring the equipment or 
system back to working condition, and hence, make it available for use. If the equipment or system 
has been properly maintained, then it would take less time to repair and the availability of the equip-
ment or system for use would be high. Therefore, availability is not only related to reliability, but it 
is also a function of maintainability. Maintainability is the ease with which the equipment or system 
can be repaired or serviced. For example, cars that use simple components that are easily replaced 
would be considered highly maintainable. On the other hand, a luxury automobile containing many 
complicated or highly interdependent systems would take a long time to service and have low main-
tainability. Table 4S.1 shows the relationship among the three concepts of reliability, maintainability, 
and availability.3

We can see from Table 4S.1 that to increase the availability of the equipment or system for use, 
either reliability and maintainability have to be constant or reliability has to increase with constant 
maintainability. We can also develop a quantitative measure for availability from MTBF, the metric 
for reliability, and mean time to repair (MTTR), which is a quantitative metric for maintainability, as 
follows:

Availability = MTBF
MTBF MTTR+

TABLE 4S.1: Relationships Among Reliability, Maintainability, and Availability

RELIABILITY MAINTAINABILITY AVAILABILITY

Constant Decreases Decreases

Constant Increases Increases

Increases Constant Increases

Decreases Constant Decreases

Distinguish among 
the concepts 
of reliability, 
maintainability, and 
availability.

4S.2

Mean time between 
failures (MTBF): the 
reliability of a product or 
component expressed 
as the average length of 
time elapsed before the 
product or component 
fails

Availability: the 
percentage of the time 
that the system or 
equipment is operating 
properly when it is 
needed for use

Maintainability: the 
ease with which an 
equipment or system can 
be repaired or serviced

Mean time to repair 
(MTTR): a quantitative 
metric for maintainability Used with permission from ReliaSoft. Retrieved from http://www.reliasoft.com


