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APPLICATION OF RCM PRINCIPLES

IN THE AIR OPERATIONS

Maintenance organizations assist in ensuring that all aircraft, their systems and parts are operated or maintained under controlled
conformity to national and international airworthiness standards. Ensuring that these standards are met involves a vast network of
organizations and personnel. To develop and then to comply with effective standards and procedures for maintenance program is never-ending
process, which is responsible for the coordination and management of all maintenance activities and consequently manufacturing activities
too. The RCM program provides a logical way of determining if preventive maintenance makes sense for a given part, system or the whole
aircraft. The RCM concept completely changes the way in which the preventive maintenance is viewed. It is widely accepted fact that not all

parts benefit from preventive maintenance.

The Background

Within the final twenty years of the last century, aircraft main-
tenance procedures have changed in general, perhaps more than
any other management and technological discipline. The changes
are due to a huge increase in the number and variety of physical
assets (structural systems, equipment), which must be maintained
on any place in the world, much more complex designs, new main-
tenance technologies, and changing policy of maintenance orga-
nization and its responsibilities.

Maintenance practices effectively respond to changing expec-
tations. These include a rapidly growing awareness of the extent to
which equipment failure affects safety and the environment, a grow-
ing awareness of the connection between maintenance and product
quality, and increasing pressure to achieve high unit availability
and to contain costs.

The changes are testing attitudes and skills in all branches of
industry to the limit. Namely in aviation the maintenance people
have to adopt completely new ways of thinking and acting, as engi-
neers and as managers. At the same time the limitations of main-
tenance systems are becoming increasingly apparent, no matter
how much they are computerized.

Reliability Quantification

A reliability-centred maintenance (RCM) program consists of
a set of scheduled tasks generated on the basis of specific reliabil-
ity characteristics of the aircraft they are designed to protect. The
aircraft is composed of a number of systems and subsystems, a vast
number of parts and assemblies. All these items can be expected
to fail at one time or another, but some of the failures have more
serious consequences than others. Certain kinds of failures have
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a direct effect on operating safety, and others affect the opera-
tional capability of the equipment. Operational reliability of an
aircraft has to be defined and authoritatively prescribed with
unique meaning anywhere adopted in the world.

The consequences of a particular failure depend on the design
of the item and the equipment in which it is installed. One of the
key goals of certification process and continued airworthiness
standards in aviation is that each safety-critical structural part has
a reliability of at least 0.999999999 (“nine 9°s”) per flight hour; in
other words, the probability that a particular safety-critical system
will fail is no more than one in a billion for each flight hour. Reg-
ulations seek to achieve this goal through a combination of
requirements for design, analysis, test, inspection, maintenance,
and operation. The development of rulemaking process in recent
decades has been driven by the following factors:

* Increasing performance in air transportation with consequently
increasing density of air traffic operations.

» Continued high level of public and administrative concerns in
air transportation safety.

» The introduction of new technologies, which have advanced the
efficiency of the air transportation system and provided oppor-
tunities to improve safe life of an aircraft.

» Lessons learned from investigations of civil aviation accidents
and incidents.

» Changes in international air transportation regulations and poli-
cies.

Reliability Centred Maintenance in Development Phase

The envisaged operational conditions and real environment of
aircraft operations form crucial factors for maintenance program
development. The impact of failures on the aircraft airworthiness,
and hence their consequences for the operating organization, are
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predicted and established primarily by the aircraft designer. Expe-
riences outgoing from recent similar design conception, predicted
operational load cases with normal operational wear and the results
from tests effectuated with simulated loadings on prototype can
be used in this first step. On this level we are speaking about inher-
ent reliability characteristics.
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failure could affect operating safety or have major economic con-
sequences.
Reliability Centred Maintenance in Operational Phase

The definition of major economic consequences will vary from
one operating organization to another, but in most cases it includes
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Fig. 1 How the RCM goes to real life

Expected impact on effectiveness and economics of aircraft
operations have to be analysed with the key goal to make good and
executable maintenance program. There are a great many items, of
course, whose failure has no significance at the system or the whole
aircraft level. These failures are tolerable, in the sense that the cost
of preventive maintenance would outweigh the benefits to be derived
from it. It is less expensive to leave these items in service until they
fail than it is to try to prevent the failures. Most such failures are
evident to the operating crew at the time they occur and are reported
to the maintenance crew for corrective action.

Some items, however, have functions whose failure will not be
evident to the operating crew. Although the loss of a hidden func-
tion has no direct consequences, any uncorrected failure exposes
the aircraft to the consequences of a possible multiple failure as
a result of some later second failure. For this reason items with
hidden functions require special treatment in a scheduled mainte-
nance program with preventive maintenance intervention.

The development of a maintenance program has to reduce the
potential reliability problem by a quick, approximate, but conserv-
ative identification of a set of significant items - those items whose

any failure that impairs the operational capability of the equipment
or results in unusually high repair costs. At the same time all items
with hidden functions must be identified, since they will be sub-
jected to detailed analysis along with the significant items.

Once the aircraft is introduced into the service, the operational
phase of maintenance program starts. The aircraft operator is
obliged to develop credible system for collecting and reporting each
accident and incident relevant to operational reliability. Structured
database has to give responses helping in quantifying probability
of repeated occurrences of registered events. Registered events rel-
evant to operational reliability are failures, malfunctions or other
types of faulty operation. The analysis itself is based on evaluation
of the consequences for each type of malfunctions to which the
item could be exposed. The logic used to organize this problem
investigation and reporting, leads to categories of failure conse-
quences:
 Safety consequences, which involve possible danger to the equip-

ment and its occupants. Limits for random characteristics are
standardised in aviation.
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o Operational consequences, which involve an indirect economic
loss in addition to the cost of repair. Preventive maintenance
actions have essential effect on operational costs in aviation.

e No operational consequences, which involve no economic loss
other than the cost of repair applying RCM theory to aircraft.
These failures have to be registered too, because potential future
incident can be signalised.

Operational Reliability Dataflow

In the case of commercial aircraft continuous evolution of the
design requirements promulgated by airworthiness authorities and
the feedback of hardware information to designers by operating
organizations have led to increasing capability for safe and reliable
operation. Thus most modem aircraft enter service with design
features for certain systems and items that allow easy identification
of potential failures. Similarly, various parts of the airplane are
designed for easy access when inspection is necessary or for easy
removal and replacement of vulnerable items. A host of instruments
and other indicators provide for monitoring of systems operation,
and in nearly all cases essential functions are protected by some
form of redundancy or by backup devices that reduce the conse-
quences of failure to a less serious level.

Civil Aviation Authority

Aircraft Operator

Aircraft Manufacturer |(—>|

Fig. 2. Operational reliability data feedback

Complex equipment of the older generations of aircraft that
has not benefited from such design practices will have different
and less favourable reliability characteristics, therefore, less capa-
bility for reliable operation is envisaged. Since preventive mainte-
nance is limited by the inherent characteristics of the equipment,
in many cases RCM analysis can do little more than recommend
the design changes that would make effective maintenance feasi-
ble.

The role of civil aviation authorities is to work with the oper-
ators and manufacturers of aircraft and engines to define and
implement a proactive process that includes the following key ele-
ments:

» Data collection.

« Database management.

« Risk analysis.

« Risk management/action.
« Monitoring effectiveness.

Specific tasks should follow the process of RCM development:
« Manufacturers, with the advice and consent of operators and
the appropriate civil aviation authority (CAA), should define

data requirements and processes for sharing data. Comprehen-
sive flight operations quality assurance systems should be used
as a starting point.

» Operators should provide required data, as agreed upon.

» Manufacturers should solicit data from additional sources, such
as International Civil Aviation Organization and others, to
augment the operational database.

» Manufacturers, with oversight from the CAA and the assistance
of operators, as required, should collect, organize, and analyze
data to identify potential safety problems.

» Manufacturers should recommend corrective action for poten-
tial safety problems and seek consensus by operators. The CAA
should make sure that actions proposed by manufacturers and
operators will be effective, making regulatory changes and man-
dating compliance as appropriate.

» Manufacturers and operators, with oversight from the CAA,
should monitor the effectiveness of corrective action and the
safety management process.

The principles of reliability-centred maintenance still apply,
and the decision questions are the same. The answers to these
questions, however, must reflect the design characteristics of the
aircraft.

Summary of RCM Principles

The complexity of modem aircraft generation makes it impos-
sible to predict with any degree of accuracy when each part or each
assembly is likely to fail. For this reason it is generally more pro-
ductive to focus on those reliability characteristics that can be deter-
mined from the available information than to attempt to estimate
failure behaviour that will not be known until the aircraft enters into
the service. When developing an initial program, therefore, only
a modest attempt is made to anticipate the operating reliability of
every item. Instead, the governing factor in RCM analysis is the
impact of a functional failure at the system level, and tasks are
directed at a fairly small number of significant items - those whose
failure might have safety or major economic consequences.

These items, along with all hidden-function items, are subjected
to intensive study, first to classify them according to their failure
consequences and then to determine whether there is some form
of maintenance protection against these consequences.

The first step in this process is to organize the problem by par-
titioning the aircraft into object categories according to areas of
engineering expertise. Within each of these areas the aircraft is
further partitioned in decreasing order of complexity to identify
significant items (those whose failure may have serious conse-
quences for the aircraft as a whole), items with hidden functions
(those whose failure will not be evident and might therefore go
undetected), and non-significant items (those whose failure has no
impact on operating capability). As this last group encompasses
many thousands of items on an aircraft, this procedure focuses the
problem of analysis on those items whose functions must be pro-
tected to ensure safe and reliable operation.
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The next step is a detailed analysis of the failure consequences
in each case. Each function of the item under consideration is
examined to determine whether its failure will be evident to the
operating crew; if not, a scheduled-maintenance task is required to
find and correct hidden failures. Each failure mode of the item is
then examined to determine whether it has safety or other serious
consequences. If safety is involved, scheduled maintenance is
required to avoid the risk of a critical failure. If there is no direct
threat to safety, but a second failure in a chain of events would
have safety consequences, then the first failure must be corrected
at once and therefore has operational consequences. In this case
the consequences are economic, but they include the cost of oper-
ating capability lost as well as the cost of repair.

Whereas the criterion for task effectiveness depends on the
failure consequences the task is intended to prevent, the applica-
bility of each form of preventive maintenance depends on the
failure characteristics of the item itself. For an on-condition task
to be applicable there must be a definable potential failure condi-
tion and a reasonably predictable age interval between the point
of potential failure and the point of functional failure. For a sched-
uled rework task to be applicable the reliability of the item must
in fact be related to operating age; the age-reliability relationship
must show an increase in the conditional probability of failure at
some identifiable age (wear out) and most units of the item must
survive to that age. The applicability of discard tasks also depends
on the age reliability relationship, except that for safe life items the
life limit is set at some fraction of the average age at failure. Failure
finding tasks are applicable to all hidden function items not covered
by other tasks.
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Development of RCM

The process of developing an RCM program consists of deter-
mining which of these scheduled tasks, if any, are both applicable
and effective for a given item. The fact that failure consequences
govern the entire decision process makes it possible to use a struc-
tured decision diagram approach, both to establish maintenance
requirements and to evaluate proposed tasks. The binary form of
a decision diagram allows a clear focus of engineering judgment
on each issue. It also provides the basic structure for a default strat-
egy - the course of action to be taken if there is insufficient infor-
mation to answer the question or if the study group is unable to
reach a consensus. Thus if there is any uncertainty about whether
a particular failure might have safety consequences, the default
answer will be yes; similarly, if there is no basis for determining
whether a proposed task will prove applicable, the answer, at least
in an initial maintenance program, will be yes for on-condition
tasks and no for rework tasks.

It is important to realize that the decision structure itself is
specifically designed for the need to make decisions even with
minimal information. For example, if the default strategy demands
redesign and this is not feasible in the given timetable, then one
alternative is to seek out more information in order to resolve the
problem. However, this is the exception rather than the rule. In
most cases the default path leads to no scheduled maintenance,
and the correction, if any, comes naturally as real and applicable
data come into being as a result of actual use of the aircraft in
service.

Functional failure is evident for operator
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Fig. 3 Decision making
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Decision Logic

The decision logic also plays the important role of specifying
its own information requirements. The first questions assure us
that all failures will be detected and that any failures that might
affect safety or operating capability will receive first priority. The
remaining steps provide for the selection of all applicable and effec-
tive tasks, but only those tasks that meet the criteria are included.
Again, real data from operating experience will provide the basis
for adjusting default decisions made in the absence of informa-
tion. Thus a prior-to-service program consists primarily of on-con-
dition and sample inspections, failure finding inspections for hidden
function items, and a few safe life discard tasks. As information is
gathered to evaluate age reliability relationships and actual oper-
ating costs, rework and discard tasks are gradually added to the
program where they are justified.
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The net result of this careful bounding of the decision process
is a scheduled maintenance program that is based at every stage
on the known reliability characteristics of the aircraft in the oper-
ating context in which it is used. In short, reliability-centred main-
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maintenance - the problem of how to maintain the systems in
a safe and economic fashion until we have accumulated enough
information to know how to do it.
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maintenance tasks. It identifies which tasks are most applicable,
which are ineffective and provides a framework for developing an
optimal preventive maintenance program.
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