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The essence of preventive maintenance (PM) is to achieve the highest possible level of facility
availability at the lowest cost. Reliability-centered maintenance (RCM) can be used to develop
effective PM programs. Availability is the instantaneous probability that a system or component will be
available to perform its intended mission or function when called upon to do so at any point in time. RCM
is a logical, structured framework for determining the optimum mix of applicable and effective
maintenance activities needed to sustain the operational reliability of systems and equipment while
ensuring their safe and economical operation and support.

Operational availability (Ao) can be expressed mathematically using parameters related to the
reliability and maintainability characteristics of the item as well as the support system.

Inherent availability (Ai) relates only to maintenance required to correct design failures and
ignores the effects of support failures. It can also be represented mathematically as:

The reliability-centered maintenance concept
Prior to the development of the reliability-centered maintenance methodology, it was widely
believed that everything had a "right" time for some form of preventive maintenance (PM), usually
replacement or overhaul. However, in far too many instances, PM seemed to have no beneficial effects.
Indeed, in many cases, PM actually made things worse by providing more opportunity for maintenanceinduced failures.
When the airline companies in the United States observed that PM did not always reduce the probability
of failure and that some items did not seem to benefit in any way from PM, they formed a task force with
the Federal Aviation Administration (FAA) to study the subject of preventive maintenance. The results of
the study confirmed that PM was effective only for items having a certain pattern of failures. The study
also concluded that PM should be required only when required to assure safe operation. Otherwise, the
decision to do or not do PM should be based on economics.
Implementing RCM
Define the System
 Identify and document the boundaries of the analysis
 Identify and document equipment included in the analysis
 Identify and document the indenture level the analysis is intended to extend to
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Define Ground Rules and Assumptions
 Identify and document ground rules and assumptions used to conduct the analysis
Construct Equipment Tree
 Construct equipment block diagrams to indicate equipment configuration, down to the lowest
indenture level intended to be covered by the analysis
Conduct FMECA
 Analyze failure modes, effects and criticality
Assign Maintenance Focus Levels
 Classify maintenance focus levels based on criticality rankings
Apply RCM Decision Logic
 Apply RCM logic trees for items, especially those identified as being critical
Identify Maintenance Tasks
 Identify maintenance tasks to be performed on the given item
Package Maintenance Program
 Develop a maintenance tasking schedule for the analyzed equipment
Data analysis
Data is the lifeblood of RCM. Data provides the basis for determining the failure characteristics of items.
It is also used to evaluate the effectiveness of specific PM tasks used on past systems. Economic data
provides the basis for determining whether PM is more economical than running an item to failure (only
done when safety is not affected).
Sources for RCM analysis

RCM as a component of design
It is essential to incorporate RCM into the conceptual stages of the design and development of a new
system to develop a maintenance program. Applying the four Ws to the design process will reduce life
cycle cost, increase assets reliability and availability. The four Ws are:

1.
2.
3.
4.

What can fail?
Why does it fail?
When will it fail?
And, what are the consequences of failure?

Only a small percentage of items can benefit from PM, see figure below. Knowing the underlying
distribution of times to failure is essential in determining if PM is applicable.

Applicability of age limit depending on failure pattern
Studies on civil aircraft showed that 4% of the items conform to the bathtub pattern, 2% to the wear out
pattern, 5% to the gradual rise without any distinct wear out pattern, 7% to an initial increase and level off
pattern, 14% to uniform constant failure pattern and no fewer than 68% to infant mortality pattern.
However, the distribution of these patterns in aircraft is not necessarily the same as in industry, but as
equipment grows more complex, more and more items conform to the uniform constant failure and infant
mortality patterns.
Moubray2 notes that these findings contradict the belief that there is always a connection between
reliability and operating age - the belief which led to the idea that the more often an item is overhauled;
the less likely it is to fail. In practice, this is hardly ever true. Unless there is a dominant age-related
failure mode, fixed interval overhauls or replacements do little or nothing to improve the reliability of
complex items.
Conclusion
The bathtub curve approach to maintenance is still prevalent in many maintenance operations. This
mystical faith that many organization continue to place in the relationship between age and failure is
unfortunate and wasteful. According to Moubray, in practice, this faith has two serious drawbacks, it
leads to the belief that if we don't have any hard evidence at all about the existence of an age-related
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failure-mode, it is wise to overhaul the item anyway from time to time "just-in-case" such a failure mode
does exist. This ignores the fact that overhauls are extraordinarily invasive undertakings that massively
upset stable systems. As such, they are highly likely to induce infant mortality, and so cause the very
failures which they seek to prevent.
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