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Scope—THis SAE Standard fer\‘\Reliability Centered Maintenance (RCM) is intended for use by any
organization that has or makes use of physical assets or systems that it wishes to manage responsibly.
Purpose—RCM is a speeific process used to identify the policies which must be implemented to manage the
failure modges which could cause the functional failure of any physical asset in a given operating context. This
document i intendeéd-to be used to evaluate any process that purports to be an RCM procgss, in order to
determine Whethér it is a true RCM process. This document supports such an evaluation by specifying the
minimum crliteria that a process must have in order to be an RCM process.
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Definitions

Age—A measure of exposure to stress computed from the moment an item or component enters service when
new or re-enters service after a task designed to restore its initial capability, and can be measured in terms of
calendar time, running time, distance traveled, duty cycles, or units of output or throughput.

Appropriate Task—A task that is both technically feasible and worth doing (applicable and effective).

Conditional Probability of Failure—The probability that a failure will occur in a specific period provided that
the item concerned has survived to the beginning of that period.

Desired Pdrformance—The level of performance desired by the Owner or User of a physical asset or system.
Environmgntal Consequences—A failure mode or multiple failure has environmental)consequences if it
could breagh any corporate, municipal, regional, national, or international environmental standard or regulation
which appli¢s to the physical asset or system under consideration.

Evident Fajlure—A failure mode whose effects become apparent to the ‘operating crew under normal
circumstanges if the failure mode occurs on its own.

Evident Fulnction—A function whose failure on its own becomes apparent to the operating crgw under normal
circumstanges.

Failure Copsequences—The way(s) in which the effects<of a failure mode or a multipl¢ failure matter
(evidence df failure, impact on safety, the environment, operational capability, direct, and indire¢t repair costs).

Failure Effect—What happens when a failure mode accurs.
Failure-Finlding Task—A scheduled task used te determine whether a specific hidden failure has occurred.

Failure Mapagement Policy—A genericterm that encompasses on-condition tasks, schedyled restoration,
scheduled dliscard, failure-finding, run-to<failure, and one-time changes.

Failure Mofle—A single event, whiech causes a functional failure.
Function—What the owner eruser of a physical asset or system wants it to do.

Functional| Failure—A'State in which a physical asset or system is unable to perform a specffic function to a
desired lev¢l of performance.

Hidden FaTure—A failure mode whose effects do not become apparent to the operating crefv under normal
circumstantesAf the failure mode occurs on its own

Hidden Function—A function whose failure on its own does not become apparent to the operating crew under
normal circumstances.

Initial Capability—The level of performance that a physical asset or system is capable of achieving at the
moment it enters service.

Multiple Failure—An event that occurs if a protected function fails while its protective device or protective
system is in a failed state.
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Non-Operational Consequences—A category of failure consequences that do not adversely affect safety,
the environment, or operations, but only require repair or replacement of any item(s) that may be affected by
the failure.

On-Condition Task—A scheduled task used to detect a potential failure.

One-Time Change—Any action taken to change the physical configuration of an asset or system (redesign or
modification), to change the method used by an operator or maintainer to perform a specific task, to change

the operating context of the system, or to change the capability of an operator or maintainer (training)

Operating Context—The circumstances in which a physical asset or system is expected to operate.

Operationg
capability g
operating ¢

Owner—A
failure mod

P-F Intervg
which it de
failure”)

Potential R
in the proceg

Protective
minimize th

| Consequences—A category of failure consequences that adversely affect
f a physical asset or system (output, product quality, customer servicesmilita
hsts in addition to the cost of repair).

person or organization that may either suffer or be held accountablefor the con
e by virtue of ownership of the asset or system.

I—The interval between the point at which a potential failur&becomes detectable
grades into a functional failure (also known as “failure,development period” an
ailure—An identifiable condition that indicates thata functional failure is either abo

ss of occurring.

Device or Protective System—A device, or system which is intended to avoi
e consequences of failure of some other,System.

Primary Function(s)—The function(s) which eonstitute the main reason(s) why a physical as

acquired by

Run-to-Fai
to anticipats

Safety Con
human beirn

Scheduled
interval is e

its owner or user.

ure—A failure management’policy that permits a specific failure mode to occur with
b Or prevent it.

sequences—A failure mode or multiple failure has safety consequences if it coul
g.

ffectively zero).

Scheduled

the operational
y capability, or

sequences of a

hnd the point at
d “lead time to

Lit to occur or is

l, eliminate, or

bet or system is

out any attempt

[ injure or kill a

—Performed at fixed, predetermined intervals, including “continuous monitoring” (where the

Discard—A scheduled task that entails diqr‘arding an item at or bhefore a Spd

regardless of its condition at the time.

cified age limit

Scheduled Restoration—A scheduled task that restores the capability of an item at or before a specified
interval (age limit), regardless of its condition at the time, to a level that provides a tolerable probability of
survival to the end of another specified interval.

Secondary Functions—Functions which a physical asset or system has to fulfill apart from its primary
function(s), such as those needed to fulfill regulatory requirements and those which concern issues such as
protection, control, containment, comfort, appearance, energy efficiency, and structural integrity.

User—A person or organization that operates an asset or system and may either suffer or be held accountable
for the consequences of a failure mode of that system.
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5.3.3

5.3.4
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Acronyms

RCM—Reliability-Centered Maintenance

Reliability-Centered Maintenance (RCM)—Any RCM process shall ensure that all of the following seven
guestions are answered satisfactorily and are answered in the sequence shown as follows:

a. What are the functions and associated desired standards of performance of the asset in its present
operating context (functions)?

Wh

In what ways can it fail to fulfil its functions (functional failures)?

at causes each functional failure (failure modes)?

~ooo0C

Whgt happens when each fallure occurs (failure effects)?
In what way does each failure matter (failure consequences)?
Whit should be done to predict or prevent each failure (proactive tasks and task:interv

g. Whpat should be done if a suitable proactive task cannot be found (default actiohs)?

To answer pach of the previous questions “satisfactorily,” the following information shall be g3
following d4gcisions shall be made. All information and decisions shall be documented in a wa
the information and the decisions fully available to and acceptable to the owner or user of the 3

Functions
The oper

All the fu
functions

All functid
where thi

Performa
owner or

Functional
Failure mo
All failure

The meth
owner or

ting context of the asset shall be defined.

hctions of the asset/system shall be identified (alprimary and secondary functior
of all protective devices).

n statements shall contain a verb, an object, and a performance standard (quantifig
5 can be done).

user of the asset/system in itsi@perating context.

failures—All the failed\states associated with each function shall be identified.
des
modes reasgnably likely to cause each functional failure shall be identified.

od used. to decide what constitutes a “reasonably likely” failure mode shall be ad
userofithe asset.

als)?

thered, and the
ly which makes
sset.

s, including the

din every case

hce standards incorporated in function statements shall be the level of performanc¢ desired by the

ceptable to the

Failure modes shall be identified at a level of causation that makes it possible to identify an appropriate
failure management policy.

Lists of failure modes shall include failure modes that have happened before, failure modes that are currently
being prevented by existing maintenance programs and failure modes that have not yet happened but that

are thoug

ht to be reasonably likely (credible) in the operating context.

Lists of failure modes should include any event or process that is likely to cause a functional failure, including
deterioration, design defects, and human error whether caused by operators or maintainers (unless human
error is being actively addressed by analytical processes apart from RCM).
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5.4 Failure Effects

54.1

54.2

5.5 Failure Copsequence Categories

551

5511

55.1.2

5.5.2

5.6 Failure Ma

5.6.1

5.6.2

5.6.3

5.6.4

Failure effects shall describe what would happen if no specific task is done to anticipate, prevent, or detect
the failure.

Failure effects shall include all the information needed to support the evaluation of the consequences of the
failure, such as:

a. What evidence (if any) that the failure has occurred (in the case of hidden functions, what would
happen if a multiple failure occurred)

® 20T

The cons

The co

Whiat physical damage (if any) is caused by the failure
Whit (if anything) must be done to restore the function of the system after the failure

INg) 10 have an adverse erfect on production or operations

guences of every failure mode shall be formally categorized as follows:

sequence categorization process shall separate hidden failure'modes from eviden

What it does (if anything) to kill or injure someone, or to have an adverse effect on the environment

failure modes.

The consequence categorization process shall clearly distingish events (failure modg¢s and multiple

failures
conseq

The asse
anticipate

The failufe management selection process shall take account of the fact that the condition

some fail
will not ch

All sched
by which

If two or n
effective)

The seled

that have safety and/or environmental conseqguences from those that only
Lences (operational and non-operational consequénces).

ssment of failure consequences shall be carried out as if no specific task is current
, prevent, or detect the failure.

nagement Policy Selection
ire modes will increase wijth~age (or exposure to stress), that the conditional proh
ange with age, and the conditional probability of yet others will decrease with age.

Liled tasks shall be(technically feasible and worth doing (applicable and effective),
this requirement will be satisfied are set out in 5.7.

nore proposed failure management policies are technically feasible and worth doing
the palicy-that is most cost-effective shall be selected.

tion\of failure management policies shall be carried out as if no specific task is currg

have economic

y being done to

al probability of

ability of others

and the means

(applicable and

ntly being done

to anticipa’rp prevent or detect the failure

5.7 Failure Management Policies—Scheduled Tasks

5.7.1

5711

All scheduled tasks shall comply with the following criteria:

In the case of an evident failure mode that has safety or environmental consequences, the task shall
reduce the probability of the failure mode to a level that is tolerable to the owner or user of the asset.



https://saenorm.com/api/?name=409ccf6ba024d13d13ce7fc13847efd2

SAE JA1011 Issued AUG1999

5.7.1.2

5.7.1.3

5714

5.7.2

57.21

5.7.2.2

5.7.2.3

57.2.4

5.7.25

5.7.3

5731

5.7.3.2

5.7.4

5741

5.7.4.2

5.7.4.3

In the case of a hidden failure mode where the associated multiple failure has safety or environmental
consequences, the task shall reduce the probability of the hidden failure mode to an extent which reduces
the probability of the associated multiple failure to a level that is tolerable to the owner or user of the asset.

In the case of an evident failure mode that does not have safety or environmental consequences, the direct
and indirect costs of doing the task shall be less than the direct and indirect costs of the failure mode when
measured over comparable periods of time.

In the case of a hidden failure mode where the associated multiple failure does not have safety or
environmental consequences, the direct and indirect costs of doing the task shall be less than the direct
and indirect costs of the multiple failure plus the cost of repairing the hidden failure mode when measured
over cdmparable periods of time.

ON-COND|TION TASKS—ANyY on-condition task (or predictive or condition-based or copdition fnonitoring task)
that is selected shall satisfy the following additional criteria:

There ghall exist a clearly defined potential failure.

There ghall exist an identifiable P-F interval (or failure development perjod).

The tagk interval shall be less than the shortest likely P-F interval,

It shall pe physically possible to do the task at intervals less\than the P-F interval.
The shortest time between the discovery of a potential failure and the occurrence of the functional failure

(the P-F interval minus the task interval) shall bexdeng enough for predetermined action| to be taken to
avoid, gliminate, or minimize the consequences of the failure mode.

SCHEDULED DISCARD TASKS—ANy scheduled~discard task that is selected shall satisfy the following
additional criteria:

There shall be a clearly defined Apteferably a demonstrable) age at which there is an [increase in the
conditignal probability of the failure-mode under consideration.

A suffidiently large proportion of the occurrences of this failure mode shall occur after thi age to reduce
the probability of prematuré failure to a level that is tolerable to the owner or user of the as§et.

SCHEDULED RESTORANON TASKS—ANY scheduled restoration task that is selected shall satigfy the following
additional criteria:

There shallybe a clearly defined (preferably a demonstrable) age at which there is an [increase in the
conditianalprobability of the failure mode under cansideration

A sulfficiently large proportion of the occurrences of this failure mode shall occur after this age to reduce
the probability of premature failure to a level that is tolerable to the owner or user of the asset.

The task shall restore the resistance to failure (condition) of the component to a level that is tolerable to the
owner or user of the asset.
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FAILURE-FINDING TAsks—AnNy failure-finding task that is selected shall satisfy the following additional criteria
(failure-finding does not apply to evident failure modes):

The basis upon which the task interval is selected shall take into account the need to reduce the probability
of the multiple failure of the associated protected system to a level that is tolerable to the owner or user of

The task shall confirm that all components covered by the failure mode description are functional.

The failure-finding task and associated interval selection process should take into account any probability

task itself might leave the hidden function in a failed state.

be physically possible to do the task at the specified intervals.
nagement Policies—One-Time Changes and Run-to-Failure
F CHANGES

LM process shall endeavor to extract the desired performance of the system a
red and operated by applying appropriate scheduled tasks.

5 where such tasks cannot be found, one-time changeS'to the asset or system ma
to the following criteria.

5es where the failure is hidden, and the associated multiple failure has safety o
pgquences, a one-time change that reduces the-probability of the multiple failure to
owner or user of the asset is compulsory:

bes where the failure mode is evidentiand has safety or environmental consequen

change that reduces the probability of<the failure mode to a level tolerable to the owng

is compulsory.

es where the failure mode-is hidden, and the associated multiple failure does no
bnmental consequences, any one-time change must be cost-effective in the opinion
bf the asset.

es where thesfailure mode is evident and does not have safety or environmental
ne-time change must be cost-effective in the opinion of the owner or user of the as

AILURE=Any run-to-failure policy that is selected shall satisfy the appropriate criteri

D

it is currently

be necessary,

environmental
A level tolerable

ces, a one-time
r or user of the

have safety or
of the owner or

consequences,
bet.

pn as follows:

s where the failure is hidden and there is no appmpriafp scheduled task the ass

failure shall not have safety or environmental consequences.

5.7.5
5.75.1
the asset.
5.7.5.2
5.7.5.3
that the
5.7.5.4 ltshall
5.8 Failure Ma
5.8.1 ONE-TIM
5.8.1.1 The R(
configu
5.8.1.2 Incase
subject
5.8.1.2.1 In ca
cons
to the
5.8.1.2.2 In ca
asset
5.8.1.2.3 In ca
envir
user
5.8.1.24 Inca
any o
5.8.2 RUN-TO-H
5.8.21 In case
5.8.2.2

pciated multiple

In cases where the failure is evident and there is no appropriate scheduled task, the associated failure

mode s

hall not have safety or environmental consequences.

5.9 A Living Program

59.1

This document recognizes that (a) much of the data used in the initial analysis are inherently imprecise, and
that more precise data will become available in time, (b) the way in which the asset is used, together with
associated performance expectations, will also change with time, and (c) maintenance technology continues
to evolve. Thus a periodic review is necessary if the RCM-derived asset management program is to ensure
that the assets continue to fulfill the current functional expectations of their owners and users.
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