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THIS VOLUME provides the first full discussion of reliability-centered
maintenance as a logical discipline for the development of scheduled-

maintenance programs. The objective of such programs is to realize the-

inherent reliability capabilities of the equipment for which they are
designed, and to do so at minimum cost. Each scheduled-maintenance
task in an RCM program is generated for an identifiable and explicit
reason. The consequences of each failure possibility are evaluated, and
the failures are then classified according to the severity of their conse-
quences. Then for all significant items— those whose failure involves
operating safety or has major economic consequences — proposed tasks
are evaluated according to specific criteria of applicability and effective-
ness. The resulting scheduled-maintenance program thus includes all
the tasks necessary to protect safety and operating rehablhty and only
the tasks that will accomplish this objective.

Up to this point the only document describing the use of decision
diagrams for developing maintenance programs has been MSG-2, the
predecessor of RCM analysis. MSG-2 was concerned primarily with the
development of prior-to-service programs and did not cover the use of
operating information to modify the maintenance program after the
equipment enters service or the role of product improvement in equip-
ment development. The chief focus was on the identification of a set of
tasks that would eliminate the cost of unnecessary maintenance without
compromising safety or operating capability. There was no mention of
the problem of establishing task intervals, of consolidating the tasks
into work packages, or of making decisions where the necessary infor-
mation is unavailable. The treatment of structure programs was sketchy,
and zonal and other general inspection programs were not discussed
at all.
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The difficulty that many people experienced in attempting to apply
the concepts of MSG-2 indicated the need for changes and additions
simply to clarify many of the points. It was also abundantly clear, how-
ever, that the scope of the material should be expanded to cover the topics
that had not been discussed in that document. This volume includes a
major expansion of the discussion on the problem of identifying func-
tionally and structurally significant items. The RCM decision diagram
itself is quite different from the one used for MSG-2. Instead of beginning
with the evaluation of proposed maintenance tasks, the decision logic
begins with the factor that determines the maintenance requirements of
each item — the consequences of a functional failure—and then an evalu-
ation of the failure modes that cause it. This new diagram also recog-
nizes the four basic maintenance tasks that mechanics can perform
(instead of three maintenance processes), thereby clarifying the treat-
ment of items with hidden functions. The role of a hidden-function
failure in a sequence of multiple independent failures is stressed, and
it is also shown that the consequences of a possible muitiple failure are
explicitly recognized in the definition of the consequences of the first
failure.

Another important aspect of the RCM decision logic is that it
includes a default strategy for making initial maintenance decisions in
the absence of full information. There is a full discussion of the problem
of assigning task intervals, particularly those for first and repeat on-
condition inspections. The role of age exploration and the use of infor-
mation derived from operating experience, both to modify the initial
maintenance program and to initiate product improvement, is discussed
at length. The content of scheduled-maintenance programs developed
by experienced practitioners of MSG-2 techniques may be quite similar
to the programs resulting from RCM analysis, but the RCM approach is
more rigorous, and there should be much more confidence in its out-
come. The RCM technique can also be learned more quickly and is more
readily applicable to complex equipment other than transport aircraft.

Part One of this volume presents a full explanation of the theory
and principles of reliability-centered maintenance, including a discus-
sion of the failure process, the criteria for each of the four basic tasks,
the use of the decision logic to develop an initial program, and the
age-exploration activities that result in a continuing evolution of this
program after the equipment enters service. Part Two describes the
application of these principles to the analysis of typical items in the
systems, powerplant, and structure division of an airplane; the consid-
erations in packaging the RCM tasks, along with other scheduled tasks,
for actual implementation; and the information systems necessary for
management of the ongoing maintenance program. The concluding
chapter discusses the relationship of scheduled maintenance to operat-
ing safety, the design-maintenance partnership, and the application of



RCM analysis both to in-service fleets and to other types of complex
equipment.

The text is followed by four appendices, Appendix A outlines the
principles of auditing a program-development project and discusses
some of the common problems that arise during analysis. This material
provides an excellent check list for the analyst as well as the auditor and
should be especially useful as a teaching aid for those conducting train-
ing groups in RCM methods. Appendix B is a historical review of the
changes in maintenance thinking in the airline industry. Appendix C is
a discussion of the engineering procedures and techniques used in
actuarial analysis of reliability data. Appendix D, written by Dr. James
L. Dolby, is a discussion of the literature in reliability theory, information
science, decision analysis, and other areas related to RCM analysis and
provides an annotated guide to this literature as well as to the specific
literature on reliability-centered maintenance. Dr. Howard L. Resnikoff
has written an accompanying mathematical treatment of the subject,
titled Mathematical Aspects of Reliability-Centered Maintenance.

A book of this nature is the result of many efforts, only a few of
which can be acknowledged here. First of all, we wish to-express our
gratitude to the late W. C. Mentzer, who directed the pioneering studies
of maintenance policy at United Airlines, and to the Federal Aviation
Administration for creating the environment in which this work was
developed over the last twenty years. We also thank Charles S. Smith
and Joseph C. Saia of the Department of Defense, who defined the con-
tent of the present text and counseled us throughout its preparation.
James L. Dolby of San Jose State University, in addition to preparing
the bibliography, contributed his expertise to the text. In particular,
he helped to develop the concept of partitioning to identify significant
items and the concept of default answers as part of the decision logic,
as well as advising us on the actuarial appendix. Nancy Clark edited
our efforts and organized them for clear exposition. Her logical thought
processes resulted in numerous major improvements throughout and
made possible the successful translation of our manuscript to textbook
form.

Much help on specific areas of the text has come from friends and
coworkers in the industry. We especially wish to thank Mel Stone of
Douglas Aircraft for his extensive help with the structure chapter, John
F. McDonald of the Flying Tiger Line for his comments on the theoretical
chapters, and John F. Pirtle of General Electric for his comments on the
powerplant chapter. Of the many others whose contributions influenced
the text in some important respect, we give particular thanks to Thomas
M. Edwards of United Airlines, Thomas D. Matteson of United Airlines,
Ernest Boyer of the Federal Aviation Administration, Captain L. Ebbert
of the U.S. Navy, Edward L. Thomas of the Air Transport Association,
and Robert Gard of the University of Missouri.
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We are also grateful to the many people at United Airlines who pro-
vided us with specific help and assistance. The manuscript itself would
not have materialized without the efforts of Marie Tilson, who cheerfully
typed and retyped the material through many drafts. We also thank
Claudia Tracy, whose artwork made the draft manuscript more readable,
and J. Douglas Burch, whose efforts throughout the project helped bring
it to completion. Finally, we would like to thank the management of
United Airlines for its patience and our wives for their encouragement
over the many long months of authorship and publication.
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a maintenance philosophy

xvi

An operator’s maintenance program has four objectives:

>

To ensure realization of the inherent safety and reliability levels of
the equipment

To restore safety and reliability to their inherent levels when deteri-
oration has occurred

To obtain the information necessary for design improvement of
those items whose inherent reliability proves inadequate

To accomplish these goals at a minimum total cost, including main-
tenance costs and the costs of residual failures

Reliability-centered maintenance is based on the following precepts:

>

A failure is an unsatisfactory condition. There are two types of fail-
ures: functional failures, usually reported by operating crews, and
potential failures, usually discovered by maintenance crews.

The consequences of a functional failure determine the priority of
maintenance effort. These consequences fall into four categories:

> Safety consequences, involving possible loss of the equipment
and its occupants

» Operational consequences, which involve an indirect economic
loss as well as the direct cost of repair

> Nonoperational consequences, which involve only the direct
cost of repair

» Hidden-failure consequences, which involve exposure to a pos-
sible multiple failure as a result of the undetected failure of a
hidden function



Scheduled maintenance is required for any item whose loss of func-
tion or mode of failure could have safety consequences. If preven-
tive tasks cannot reduce the risk of such failures to an acceptable
level, the item must be redesigned to alter its failure consequences.

Scheduled maintenance is required for any item whose functional
failure will not be evident to the operating crew, and therefore
reported for corrective action.

In all other cases the consequences of failure are economic, and
maintenance tasks directed at preventing such failures must be
justified on economic grounds.

All failure consequences, including economic consequences, are
established by the design characteristics of the equipment and can
be altered only by basic changes in the design:

» Safety consequences can in nearly all cases be reduced to eco-
nomic consequences by the use of redundancy.

» Hidden functions can usually be made evident by instrumen-
tation or other design features.

» The feasibility and cost effectiveness of scheduled main-
tenance depend on the inspectability of the item, and the cost
of corrective maintenance depends on its failure modes and
inherent reliability.

The inherent reliability of the equipment is the level of reliability
achieved with an effective maintenance program. This level is estab-
lished by the design of each item and the manufacturing processes
that produced it. Scheduled maintenance can ensure that the in-
herent reliability of each item is achieved, but no form of mainte-

xvii
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nance can yield a level of reliability beyond that inherent in the
design.

A reliability-centered maintenance program includes only those tasks
which satisfy the criteria for both applicability and effectiveness. The
applicability of a task is determined by the characteristics of the item,
and its effectiveness is defined in terms of the consequences the task is
designed to prevent.

>

There are four basic types of tasks that mechanics can perform, each
of which is applicable under a unique set of conditions. The first
three tasks are directed at preventing functional failures of the
items to which they are assigned and the fourth is directed at pre-
venting a multiple failure involving that item:

» On-condition inspections of an item to find and correct any
potential failures

» Rework (overhaul) of an item at or before some specified age
limit

» Discard of an item (or one of its parts) at or before some speci-
fied life limit

» Failure-finding inspections of a hidden-function item to find
and correct functional failures that have already occurred but
were not evident to the operating crew

A simple item, one that is subject to only one or a very few failure
modes, frequently shows a decrease in reliability with increasing
operating age. An age limit may be useful in reducing the overall
failure rate of such items, and safe-life limits imposed on a single
part play a crucial role in controlling critical failures.

A complex item, one whose functional failure may result from many
different failure modes, shows little or no decrease in overall
reliability with increasing age unless there is a dominant failure
mode. Age limits imposed on complex components and systems
(including the equipment itself) therefore have little or no effect
on their overall failure rates.

The RCM decision diagram provides alogical tool for determining which
scheduled tasks are either necessary or desirable to protect the safety
and operating capability of the equipment.

»  The resulting set of RCM tasks is based on the following considera-

tions:

» The consequences of each type of functional failure



>

» The visibility of a functional failure to the operating crew
(evidence that a failure has occurred)

» The visibility of reduced resistance to failure (evidence that
a failure is imminent)

» The age-reliability characteristics of each item

» The economic tradeoff between the cost of scheduled main-
tenance and the benefits to be derived from it

A multiple failure, resulting from a sequence of independent fail-
ures, may have consequences that would not be caused by any one
of the individual failures alone. These consequences are taken
into account in the definition of the failure consequences for the
first failure.

A default strategy governs decision making in the absence of full
information or agreement. This strategy provides for conservative
initial decisions, to be revised on the basis of information derived
from operating experience.

A scheduled-maintenance program must be dynamic. Any prior-to-
service program is based on limited information, and the operating
organization must be prepared to collect and respond to real data
throughout the operating life of the equipment.

|

>

Management of the ongoing maintenance program requires an
organized information system for surveillance and analysis of the
performance of each item under actual operating conditions. This
information is needed for two purposes:

» To determine the refinements and modifications to be made in
the initial maintenance program (including the adjustment of
task intervals)

» To determine the needs for product improvement

The information derived from operating experience has the follow-
ing hierarchy of importance:

» Failures that could affect operating safety

» Failures that have operational consequences

» The failure modes of units removed as a result of failures
>

The general condition of unfailed parts in units that have
failed

The general condition of serviceable units inspected as
samples

v
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At the time an initial program is developed information is available
to determine the tasks necessary to protect safety and operating
capability. However, the information required to determine opti-
mum task intervals and the applicability of age limits can be
obtained only from age exploration after the equipment enters
service.

With any new equipment there is always the possibility of un-
anticipated failure modes. The first occurrence of any serious
unanticipated failure immediately sets in motion the following
product-improvement cycle:

> An on-condition task is developed to prevent recurrences
while the item is being redesigned.

> The operating fleet is modified to incorporate the redesigned
part.

> After the modification has proved successful, the special task
is eliminated from the maintenance program.

Product improvement, based on identification of the actual relia-
bility characteristics of each item through age exploration, is part
of the normal development cycle of all complex equipment.
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CHAPTER ONE

reliability-centered maintenance

2

INTRODUCTION

THE TERM reliability-centered maintenance refers to a scheduled-maintenance
program designed to realize the inherent reliability capabilities of equip-
ment. For years maintenance was a craft learned through experience
and rarely examined analytically. As new performance requirements
led to increasingly complex equipment, however, maintenance costs
grew accordingly. By the late 1950s the volume of these costs in the air-
line industry had reached a level that warranted a new look at the entire
concept of preventive maintenance. By that time studies of actual oper-
ating data had also begun to contradict certain basic assumptions of
traditional maintenance practice.

One of the underlying assumptions of maintenance theory has
always been that there is a fundamental cause-and-effect relationship
between scheduled maintenance and operating reliability. This assump-
tion was based on the intuitive belief that because mechanical parts
wear out, the reliability of any equipment is directly related to operating
age. It therefore followed that the more frequently equipment was over-
hauled, the better protected it was against the likelihood of failure. The
only problem was in determining what age limit was necessary to assure
reliable operation.

In the case of aircraft it was also commonly assumed that all reli-
ability problems were directly related to operating safety. Over the
years, however, it was found that many types of failures could not be
prevented no matter how intensive the maintenance activities. More-
over, in a field subject to rapidly expanding technology it was becoming
increasingly difficult to eliminate uncertainty. Equipment designers
were able to cope with this problem, not by preventing failures, but by



preventing such failures from affecting safety. In most aircraft all essen-
tial functions are protected by redundancy features which ensure that,
in the event of a failure, the necessary function will still be available
from some other source. Although fail-safe and “failure-tolerant” de-
sign practices have not entirely eliminated the relationship between
safety and reliability, they have dissociated the two issues sufficiently
that their implications for maintenance have become quite different.

A major question still remained, however, concerning the relation-
ship between scheduled maintenance and reliability. Despite the time-
honored belief that reliability was directly related to the intervals
between scheduled overhauls, searching studies based on actuarial
analysis of failure data suggested that the traditional hard-time policies
were, apart from their expense, ineffective in controlling failure rates.
This was not because the intervals were not short enough, and surely
not because the teardown inspections were not sufficiently thorough.
Rather, it was because, contrary to expectations, for many items the
likelihood of failure did not in fact increase with increasing operating
age. Consequently a maintenance policy based exclusively on some
maximum operating age would, no matter what the age limit, have little
or no effect on the failure rate.

At the same time the FAA, which is responsible for regulating air-
line maintenance practices, was frustrated by experiences showing that
it was not possible for airlines to control the failure rate of certain types
of engines by any feasible changes in scheduled-overhaul policy. As a
result, in 1960 a task force was formed, consisting of representatives
from both the FAA and the airlines, to investigate the capabilities of

CHAPTER | 3



propﬁlsion system first as oﬁly one system at a time can be success-
fully worked out.

This approach was a direct challenge to the traditional concept that
the length of the interval between successive overhauls of an item
was an important factor in its failure rate. The task force developed a
propulsion-system reliability program, and each airline involved in the
task force was then authorized to develop and implement reliability
programs in the area of maintenance in which it was most interested.
During this process a great deal was learned about the conditions that
must obtain for scheduled maintenance to be effective.t It was also found
that in many cases there was no effective form of scheduled maintenance.

11 THE EVOLUTION OF RCM ANALYSIS

development of decision-
diagram techniques

predecessor programs:
MSG-1 and MSG-2

4 INTRODUCTION

At United Airlines an effort was made to coordinate what had been
learned -from these various activities and define a generally appli-
cable approach to the design of maintenance programs. A rudimentary
decision-diagram technique was devised in 1965 and was refined over
the next few years.t This technique was eventually embodied in a docu-

*FAA/Industry Reliability Program, Federal Aviation Agency, November 7, 1961, p. 1.

tHandbook for Maintenance Control by Reliability Methods, FAA Advisory Circular 120-17,
December 31, 1964.

1H. N. Taylor and F. S. Nowlan, Turbine Engine Reliability Program, FAA Maintenance
Symposium on Continued Reliability of Transport-type Aircraft Propulsion Systems,
Washington, D.C., November 17-18, 1965. T. D. Matteson and F. S. Nowlan, Current
Trends in Airline Maintenance Programs, AIAA Commercial Aircraft Design and Opera-
tions Meeting, Los Angeles, June 12-14, 1967. F. S. Nowlan, The Use of Decision Diagrams
for Logical Analysis of Maintenance Programs, United Airlines internal document, August
2, 1967.




































































































































































































































































































































































































































































































































Since no single task has been identified thus far which will pro-
tect against loss of the basic fuel-pump function, there is one further
recourse:

7 1Is a combination of preventive tasks both applicable and effective?

The answer must again be no, since the only task that might possibly
be of benefit is an on-condition inspection of the drive shaft. The out-
come of the analysis, therefore, is that scheduled maintenance cannot
prevent pump failures, and to avoid critical failures the design must

EXHIBIT 7-8 A worksheet showing the results of RCM analysis of
the fuel pump in the Douglas A-4. The references in the first column
are to the functions, functional failures, and failure modes listed in

Exhibit 7.6.

176 APPLICATIONS

SYSTEM DECISION WORKSHEET type of aircraft Douglas A-4

item name Fuel pump

responses to decision-diagram questions

ref, consequences task selection

F FFFM 1 2 3 4 5 6 7 8 9 10 11 12 13 M 15 16

1 A 1 Y Y - NNNN

If airplane must enter service before design is
modified, the following responses would be appro-
priate, although there is no assurance that scheduled
tasks will meet effectiveness criterion.

1 A1 Y Y - Y

2 A1 N = - —— = =-= == =-NNN










































SYSTEM DECISION WORKSHEET type of aircraft Boeing 747

item name High-frequency communications subsystem

responses to decision-diagram questions

ref. consequences task selection

F FFFM 1 2 3 4 5 6 7 8 9 10 11 12 13 4 15 16

1 A1 Y NY -~~~ - NNN
2 A1 Y NY — -~ -=NNN
3 A1 ¥ NY - - —-—-==NNN

EXHIBIT 7-13 A worksheet showing the results of RCM analysis of
the Boeing 747 high-frequency communications subsystem. The
references are to the functions, functional failures, and failure modes

listed in Exhibit 7.12.
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applicable. We must therefore conclude that this system cannot benefit
from scheduled maintenance. If operating experience shows that its
reliability is inadequate, especially as the result of a dominant failure
mode, design changes directed at the faulty component will be the only
way of overcoming the problem. The results of this analysis are shown
in Exhibit 7.13.

ANALYSIS OF OTHER TYPICAL SYSTEMS ITEMS

The failure of a hidden function cannot, by definition, have a direct
effect on operating safety. In some cases, however, the consequences of
a multiple failure involving the loss of this function can be critical. This
situation is characteristic of emergency equipment, where the demand
for a hidden function arises as the result of some other failure. Two
examples are the powerplant fire-warning system and ejection-seat
pyrotechnic devices. All such items must be protected by some sched-
uled task to ensure that the hidden function will be available if it is
needed.

The powerplant fire-warning system is active whenever an airplane
is in use, but its function is hidden unless it senses a fire. Although
some warning systems include fault indicators, certain failure modes
can result in a loss of function that is not shown by the indicators; con-
sequently this system is always classified as a hidden-function item.
However, the required failure-finding task is not necessarily performed











































































































































































































































































220 Control cabin and staterooms, sta 220 to sta 720

221 Control cabin, left hand
222 Control cabin, right hand ﬁ
223 Compartment aft of control cabin, left hand

224 Compartment aft of control cabin, right hand

225 Staterooms, left hand
226 Staterooms, right hand 4 2

f Major zone 200
Upper half of fuselage

Major zone locations

Major zone 200
Upper half of fuselage

Major zone 500

Major zone 100
Lower half of fuselage

Major zone 300
Empennage

Major zone 400

Power plants and struts

Major zone 800

i Doors (passenger,
& crew, cargo)
Major zone 700

EXHIBIT 10-2 The zone numbering system Landing gear and , @
for the Boeing 747. landing gear door &
(Boeing Aircraft maintenance materials)
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also to accidental damage from the traffic of mechanics and other per-
sonnel in the zones. In the interests of prudence, therefore, a separate
zonal inspection program is needed to complement the program of
RCM tasks.

Although zonal inspections are directed primarily at the installa-
tions in each zone, they also include general inspections of those por-
tions of the internal structure that can be seen with the installations in
place. These inspections are relatively nonspecific checks on the secur-
ity of installed items— to detect loose or missing parts or parts that may
rub against each other—checks for any accidental damage, and a quick
survey for obvious leaks. In some cases the number and location of the
access doors govern the amount of a zone that is inspected. These
inspections do not qualify as on-condition tasks, since they are not
directed at a specific failure mode, except where leaks have been de-
fined as a failure condition for a given item. However, they are very
inexpensive to perform and provide an opportunity to spot early signs
of problems developing in the systems. Thus they are cost-effective if
they result in even a small reduction in repair costs or identify a poten-
tial failure at a time that avoids operational consequences.

In current practice the intervals assigned to zonal inspections are
judgmental, although they are based on a general consideration, zone
by zone, of susceptibility and failure consequences. In this case suscep-
tibility refers to the overall vulnerability of the installations within a
zone to damage, loss of security, and leaks (which we can construe as
the probability of failure for the zone), and failure consequences refers
to the ultimate effect of not detecting and correcting the conditions that
could be discovered by a zonal inspection. These effects include the
consequences of a functional failure (even the absence of emergency
equipment in the event of an emergency), a more advanced potential-
failure stage, or a multiple failure that might have been avoided by the
inspection.

The interval for some zones may be very short. The cockpit of an
airplane, for example, contains many items of emergency equipment,
and since it is subject to heavy traffic by members of the operating
crew, the cabin crew, and the maintenance crew, these items are all
susceptible to damage. The consequences of not having this equipment
in position and serviceable if it is needed are also very serious. These
considerations lead to intervals as short as 20 hours and never longer
than 200 hours (the usual A-check interval) for zonal inspections of
this area. These inspections are often complemented by additional
inspections that are part of the crew duties. At the other end of the scale,
zones that contain no system installations are inspected at D-check
intervals (20,000 hours or more). These inspections are for the sole pur-
pose of looking at the nonsignificant portions of the internal structure
within these zones.



While the intervals for zonal inspections are based on general
assessments, rather than a comprehensive analysis of specific data, it
is sometimes helpful to rate each zone for susceptibility and conse-
quences and then assign class numbers, much like the rating scheme
used to establish intervals for structurally significant items (see Section
9.2). The considerations in rating a zone for susceptibility to trouble
would include: '

» The number and complexity of installed items in the zone

» The susceptibility of individual items to deterioration of one kind
or another (damage due to corrosion, heat, or vibration, for exam-
ple, will usually depend on the location of the zone)

» The traffic in the zone that might cause damage, including the
relative frequency of access for on-condition tasks and the replace-
ment or repair of failed items

As with structural items, a scale of 1 to 4 is used to rate suscepti-
bility and consequences separately for the zone in question:

susceptibility consequences rating
High Serious 1
Moderate Moderate 2
Low Minor 3
None None . 4

In this case none means that there are no system installations in the
zone. Such zones are still given a rating, however, since the zonal
inspection program is the vehicle that ensures general inspections of
nonsignificant internal structural items. (Structurally significant items
are covered by the basic structure program, as described in Chapter 9.)
The ratings for both factors are, of necessity, a matter of experience and
judgment. Although consequences are taken into account, the evalua-
tion is a very broad one and is not based on detailed examination of the
reliability characteristics of each item, as is the case in developing a set
of RCM tasks.

The lower of the two ratings is the class number for the zone and
determines the relative frequency of zonal inspections: the lower the
class number, the shorter the inspection interval for that zone. The
intervals themselves depend on further subjective considerations of de-
sign characteristics, operating environment, and the flight hours logged
during a given operating period.

The zonal inspection program is usually developed by a separate
working group, and the results must be integrated with the scheduled
tasks developed by the systems and structure groups to eliminate gaps
and overlaps between the two programs.
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Check for signs of damage on
Nose to wing root

Wing root, engine, wing tip

Wing trailing edge and wheelwells
Aft fuselage . ;
Empennage ~_./

(S B A S

EXHIBIT 10-3 Diagram for a walkaround check on the Douglas
DC-10, performed before or after each flight. (Douglas Aircraft

maintenance materials)
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WALKAROUND INSPECTIONS

Walkaround inspections are general visual inspections performed at
the ground level to detect any obvious external damage. This may be
accidental damage caused by contact with other aircraft, ground equip-
ment, buildings, or debris thrown up from the runway, or it may be
loose fittings or leaks from the various fluid lines. These checks are
performed by the maintenance crew before each departure from a main-
tenance station and often incorporate simple on-condition tasks, such
as a check of the brake wear indicators and specific checks of the struc-
tural areas expected to show external evidence of internal structural
damage. There may also be independent preflight inspections by a
member of the operating crew. In some military operations walkaround
checks are performed both before and after each flight.

Walkaround inspections not only detect failures with minor con-
sequences, but often provide the first indication of an impending en-
gine or structural failure. A simple diagram like that in Exhibit 10.3 is
usually included in the maintenance manual to identify the portions of
the airplane where damage is most likely to be found.



GENERAL EXTERNAL INSPECTIONS

General inspections of the external structure are similar to the inspec-
tions performed during walkarounds, except that they include those
portions of the structure that cannot be seen from the ground. Inspec-
tion of the vertical tail and the upper surfaces of the wings and fuselage
requires the use of scaffolding that is part of the hangar dock. Conse-
quently these inspections are performed at intervals corresponding to
those of work packages that require hangar facilities.

SERVICING AND LUBRICATION TASKS

The scheduled-maintenance program also includes the periodic servic-
ing and lubrication tasks assigned to various items on the airplane. Ser-
vicing includes such tasks as checking fluid reservoirs and pressures
and replenishing or adjusting them as necessary, replacing filters,
adding nitrogen to tires and landing-gear struts, and so on. Each of
these tasks could be generated by RCM analysis (see Section 3.6), and
sometimes they are. More often, however, the tasks are simply scheduled
as recommended by the aircraft, powerplant, or system manufacturer,
since their cost is so low in relation to the obvious benefits that deeper
analysis is not warranted.

All servicing and lubrication tasks tend to involve the replace-
ment of consumables, where it is expected that the need will be time-
related. Although such tasks are usually assigned conservatively short
intervals, the tasks themselves are so inexpensive that effort is rarely
spent on age exploration to find the most economical interval.

TESTING OF RARELY USED FUNCTIONS

Much of the scheduled-maintenance program hinges on the fact that
the operating crew will detect and report all evident functional failures.
In some situations, however, an evident function may be utilized infre-
quently or not used at all during certain deployment of the aircraft. Such
functions are not hidden in the strict sense of the word, since a failure
would be evident during the normal performance of crew duties. Rather,
they are hidden only when they are not being used. Under these cir-
cumstances the scheduled-maintenance program is a convenient vehi-
cle for periodic tests to ensure their continued availability.

This continued availability is especially important for multiple-
role equipment subject to sudden changes in operational use. One
obvious example is an airplane all of whose scheduled flights fall in the
daylight hours. In this case it is necessary to include tests of the landing
lights, cockpit lights, and other items used for nighttime operation in
the maintenance program, since actual use of these functions by the
operating crew will not constitute an adequate failure-reporting system.
The inverse of this situation—the extension of crew duties to cover
tests of certain hidden-function items — usually applies in any operating
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context; hence it is taken into account during RCM analysis (tests by the
operating crew make the failure evident). However, the need for inspec-
tion tasks to cover rarely used functions depends on the actual use of
the equipment, and such tasks must ordinarily be added to the program
on an individual basis by each operating organization. Where the air-
planes in a fleet are used under different sets of operating conditions,
these tasks may be required for some members of the fleet, but not for
others.

EVENT-ORIENTED INSPECTIONS

There are special inspections that are not scheduled in the ordinary
sense, but must be performed after the occurrence of certain unusual
events. Typical examples are hard-landing and rough-air inspections
of the structure and overtemperature and overspeed inspections of
engines. These are all on-condition inspections of the specific sig-
nificant items which are most likely to be damaged by the unusually
severe loading conditions.

10:2 PACKAGING THE MAINTENANCE WORKLOAD

letter-check intervals
maintenance-package contents
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All the task intervals we have discussed so far have been based on the
individual requirements of each item under consideration. The control
of these individual tasks is greatly simplified by grouping the tasks into
work packages that can be applied to the entire aircraft, to an installed
engine, or to a removable assembly. In many cases the study groups
developing each segment of the program will have anticipated the pack-
aging procedure; thus individual tasks may be specified for an inter-
val that corresponds to the preflight walkaround or to the A-check or
D-check interval. In some cases a maximum interval is specified in
hours or flight cycles as well, and the grouping of tasks must ensure that
each task will be performed at some time within this limit.

Generally speaking, the tasks that have the shortest intervals are
servicing tasks and simple inspections such as the walkaround checks,
which do not require specialized training, equipment, or facilities.
Thus the smaller maintenance packages are generally called service
checks. A #1 service check may be a group of tasks that can be per-
formed at every stop at a maintenance station, and a heavier #2 service
check, amounting to 2 or 3 manhours of scheduled work, may be per-
formed during every long layover if the airplane has flown more than
20 hours since the preceding #2 service. The major work packages,
called letter checks, are performed at successively longer intervals (see
Exhibit 4.11 in Chapter 4). Each letter check incorporates all the work
covered by the preceding checks, plus the tasks assigned at that letter-
check interval. Thus each one requires an increasing amount of man-
power, technical skills, and specialized equipment.



Although the intervals for letter-check packages are customarily
expressed in terms of operating hours, some organizations may prefer
to convert them to calendar time based on average daily use of the
equipment. Packages would then be designed to include tasks to be
performed once a day, once a week, once a month, and so on. Similarly,
the operator of a small fleet—say, two airplanes—may not want to be
faced with a very heavy intermittent workload of two C checks a year,
each requiring an expenditure of perhaps 2,000 manhours. He may
prefer instead to distribute the C-check tasks among the more frequent
checks, with a different group of C-check tasks performed at every A
and B check. It is also possible to work out nightly packages with equal-
ized work content by distributing the A and B packages as well. In this
case, although the workload will be relatively constant, the actual tasks
to be performed will vary greatly from night to night, making control
of their accomplishment more difficult.

Even when the letter-check packages are not broken up in this way,
their content will not necessarily be the same each time they are per-
formed. For example, a task that has a long interval but is not time-
consuming may be assigned to one of the more frequent letter checks
but scheduled only for every second or every fourth such check. Con-
versely, a group of tasks that are especially time-consuming may be
distributed among successive letter checks of the same designation, or
there may be items that are monitored independently and scheduled
for the time of the nearest check regardless of its designation. Conse-
quently the actual tasks performed will often differ greatly for the same
letter check from one visit of the airplane to the next.

Usually the objective in packaging is to consolidate the work into
as few check intervals as possible without unduly compromising the
desired task intervals. Some maintenance organizations attempt to
make the interval for each higher check a multiple of the lower checks.
This has the advantage of simplicity, but the necessity of maintaining
the geometric relationship penalizes workload scheduling. One method
of relating each check to the next higher check is illustrated in Exhibit
10.4. In this case the intervals are arranged to overlap as follows:

» The#2 service check includes a #1 service check and therefore
zero-times the #1 check.

» The A check includes a #2 service check and zero-times it.

» The B check includes the next A check due and zero-times all the
A-check tasks performed.

» The C check includes the next B check due and zero-times all the
B-check tasks performed.

» The D check includes the next C check due and zero-times all the
C-check tasks performed.
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EXHIBIT 10-4 One method of relating letter-check intervals.

Note that the time scale is different for each line, and each check is
scheduled to include the lower-level work package due at that
interval. The C check is a special case; the tasks scheduled for this
interval are split into four different phase-check packages, to be
performed at successive B checks. Thus the equivalent of the first C
check has been completed by the B, check, and so on. The D check,
scheduled at 20,000 hours, zero-times all phase-check tasks
performed through the By, check, but not those tasks scheduled

for the B,, check.

#1/#2 check
#1 #1 #1

#1

L . | |
0

Flight hours

#2/A check

#2

20

A /B check
A, A, A A A A A,

N I N S O

150

0 500 1,000

Flight hours
B/C check @ @

B, B, B; B, B, B¢ B, By B, By

N N O

1,500

2,000

C checks accomplished as phase checks

0 5,000 10,000 15,000 20,000
Flight hours
B/C check/D check .
B, B, By, By By,
L | L | f
0 5,000 10,000 15,000 20,000
Flight hours



Alternatively, the C check might be divided into four smaller pack-
ages, with one of these packages assigned to each B check. The check
that combines B- and C-check tasks is often called a phase check. Whereas
a full C check would take the airplane out of service for 24 hours, it
may be possible to accomplish a phase check in an elapsed time of 10
or 12 hours. When the C-check tasks are distributed in this way, the
D-check includes the next phase check and zero times the tasks in that
phase check. : :

The first step in assembling the tasks for each letter-check package
is to establish the desired lettef-check intervals. In an initial program
these intervals, like the task intervals themselves, are highly conserva-
tive. The next step is to adjust the intervals for individual tasks to cor-
respond to the closest letter-check interval. Whenever possible, poor
fits should be accommodated by adjusting the task interval upward;
otherwise the task must be scheduled at the next lower check or
multiple of that check. As an example, the initial interval assigned to a
corrosion-control task for the internal fuselage lower skin of the Boeing
747 was 9,000 hours. The inspection is essential to protect the bilge areas
of the plane from corrosion, but this interval would have necessitated a
separate visit to the maintenance base for a single task. Since the inter-
val represented a conservative value in the first place, some flexibility

was considered allowable, and it was decided that the interval could

safely be extended to 11,000 hours, which coincided with a group of
tasks scheduled for a midperiod visit at half the D-check interval.

Exhibit 10.5 shows a partial list of the scheduled tasks included in
each letter check for the Boeing 747. Note that this program employed
phase checks in place of a C-check work package. When phase checks
are used there is no real C check, in the sense of a group of tasks all of
which are to be performed at the same time. It is helpful to refer to a
phantom C check, however, to develop the content of the phase-check
packages, and the tasks of the phantom C check have the desired inter-
val if they are performed at every fourth phase check.

Exhibit 10.6 shows sample tasks from a somewhat different pack-
aging scheme for the McDonnell F4]. This program was designed for a
military context, but it includes several of the packaging features found
in its commercial counterpart. For example, the work package designated
as the maintenance check is actually spread out over six lower-level
phase checks, much like the series of phase checks performed at the
B-check interval on the Boeing 747. '

Both the task intervals and the package intervals in an initial pro-
gram are subject to age exploration. Usually the intervals for individual
tasks are increased by extending the package intervals, as discussed in
Section 4.6. When a maximum interval is identified for a specific task,
the task will either be assigned to a different letter-check package or,
if it is a task that controls the rest of the package, the check interval will
be frozen.

SECTION 10-2 287




























































































































































































































































































































































































































































































































































































































































	Exit
	CD Contents Page
	Preface
	Chapter 1. RCM: A Maintenance Discipline
	Chapter 2. The Nature of Failure
	Chapter 3. The Four Basic Maintenance Tasks
	Chapter 4. Developing the Initial Program
	Chapter 5. Evolution of the RCM Program
	Chapter 6 . Applying RCM Theory to Aircraft
	Chapter 7. RCM Analysis of Systems
	Chapter 8. RCM Analysis of Powerplants
	Chapter 9 . RCM Analysis of Structures
	Chapter 10 . Completing the Maintenance Program
	Chapter 11. The Use of Operating Information 
	Chapter 12. The Role of Scheduled Maintenance
	Appendix A. Auditing RCM Program Development
	Appendix B. The History of RCM Programs
	Appendix C: Actuarial Analysis
	Appendix D. Bibliography
	Glossary
	Index
	Executive Summary
	_________________
	Find Key Words

