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FOREWORD

Reliability-Centered Maintenance (RCM) was first documented in a report written by 'k.S. Nowlan and
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processes used to
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into numerous application documents, published by a variety of organizations around the worl
documents remain faithful to the basic principles of RCM as expounded by Nowlan and Heap.

However in the deyelopment of some of these documents, key>elements of the RCM process ha
misinterpreted. Dup to the growing popularity of RCM, other:processes have emerged that have be
“‘RCM” by their proponents, but that are not based on Nowlan and Heap at all.
achieve some of the goals of RCM, a few are actively counterproductive, and some are even dangerou

As a result, there has been a growing international demand for a standard that sets out the criteria tha

es. Changes were
ment. Additionally,
t might have been
jed.

H.F. Heap of United
rent state-of-the-art

develop maintenance programs for commercial aircraft. Since then, the RCM procgss has been widely

been incorporated

.  Many of these

e been omitted or
en given the name

While most of th¢se processes may

S.

t any process must

comply with in order to be called “RCM.” SAE JA1011 meets that need. However SAE JA1011 presupposes a high

degree of familiarit
those key concepts

with the concepts and terminology of RCM. This Guide amplifies, and where
and terms, especially those“that are unique to RCM.

Note that this Guidg is not intended to(be*a manual or a procedural guide for performing RCM. Thos
RCM are strongly gncouraged to study the subject in greater detail, and to develop their competency
of experienced RCM practitioners.
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1. SCOPE

SAE JA1012 (A Guide to the Reliability-Centered Maintenance (RCM) Standard”) amplifies and clarifies each of the key
criteria listed in SAE JA1011 (“Evaluation Criteria for RCM Processes”), and summarizes additional issues that must be
addressed in order to apply RCM successfully.

1.1 Organization of the Guide

Sections 5 to 14, 16, and 17 of this Guide reflect the major sections of SAE JA1011. Section 15 explains in more detail
how key elements of the RCM process can be combined to select appropriate policies for managing individual failure
modes and their consequences. Section 18 addresses management and resourcing issues essential to the successful
performance of RCIM:

2. REFERENCES
2.1 Applicable Dgcuments

The following publi¢ations form a part of this specification to the extent specified herein. Unless othefwise indicated, the
latest issue of SAE publications shall apply.

2.1.1  SAE Publicptions

Available from SAE]International, 400 Commonwealth Drive, Warrendalg) PA 15096-0001, Tel: 877-606-7323 (inside USA
and Canada) or 724-776-4970 (outside USA), www.sae.org.

SAE JA1011  Evaluation Criteria for Reliability-Centered Maintehance (RCM) Processes
2.2 Related Publications

The following publi¢ations are provided for information, purposes only and are not a required part of [this SAE Technical
Report.

2.21 U.S. Deparfment of Commerce Publication
Available from NTI§, Port Royal Road, Springfield, VA 22161.

Nowlan, F. Stanley] and Howard R, Heap, “Reliability-Centered Maintenance,” Department of Defensg, Washington, D.C.
1978, Report Number AD-A066579
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222

U.S. Department of Defense Publications

Available from DODSSP, Subscription Services Desk, Building 4/Section D, 700 Robbins Avenue, Philadelphia, PA
19111-5098. MIL standards and handbooks may also be obtained from https://assist.daps.dla.mil/quicksearch/.

MIL-HDBK 2173(AS)

NAVAIR 00-25-403

MIL-P-24534

MIL-STD-1629

MIL-STD-1843

S9081-AB-GIB-010

2.2.3 U.K. Ministi

Available from Religbility-centred Maintenance ImplementationnFeam, Ships Support Agency, Ministry

Room 22, Block K,

NES 45 "Ng

Teq
2.3 Other Publicg

The following publi
part of this docume

Anderson, Ronald
Elsevier Applied Sc|

Blanchard, B.S., D

Support Equipment,” (U.S. Naval Air Systems Command) (NOTE:
replacement, August 2001.)

”Reliability-Centered Maintenance Requirements for Naval Aircraft, Weapons Systems and

canceled without

"Guidelines for the Naval Aviation Reliability-Centered Maintenance Process,” (U.S. Naval Air

Systems Command)

"Planned Maintenance System: Development of Maintenance~ R«
Maintenance Index Pages, and Associated Documentation,” (U'S:”N
Command)

“Procedures for Performing a Failure Mode, Effects and Criticality Analy
Defense, Washington, DC, 1984 (NOTE: Cancelled without replacement,

“Reliability Centered Maintenance for Aircraft, Enginés, and Equipment
Force (NOTE: Cancelled without Replacement, August 1995)

MAINT ”Reliability-Centered Maintenance Handbooek™(U.S. Naval Sea Systems C

y of Defence Publication

-oxhill, Bath, BA1 5AB, United Kingdom.

val Engineering Standard 45, Requirements for the Application of Reliability-Cg

tions

ations were consulted in the course of developing this SAE Technical Report ang
nt.

T. and Neri, Lewis, “Reliability-Centered Maintenance: Management and End
ence, London and New York, 1990

.AVerma and Peterson, E.L., “Maintainability: A Key to Effective Serviceability

Management,” John

pquirement  Cards,
aval Sea Systems

sis,” Department of
August 1998)

" United States Air

ommand)

of Defence (Navy),

ntred Maintenance

hniqgues to HM Ships, Royal Fleet Auxiliaries and other Naval Auxiliary Vessels” (Restricted-
Commercial)

are not a required

ineering Methods,”

and Maintenance

\Nilpy and Sons_New Yaork 1995

“‘Dependability Ma
Electrotechnical Co

nagement Part 3-11: Application guide
mmission, Geneva, Doc. No. 56/651/FDIS

Reliability centred maintena

nce,” International

Jones, Richard B., “Risk-Based Management: A Reliability-Centered Approach,” Gulf Publishing Co., Houston, TX, 1995

MSG-3, Maintenance Program Development Document,” Air Transport Association, Washington, D.C. Revision 2007.1

Moubry, John, “Reli

Smith, Anthony M.,

ability Centered Maintenance,” Industrial Press. Inc. New York City, 1997.

“Reliability Centered Maintenance,” McGraw-Hill, New York. 1993

Zwingelstein, G., “Reliability Centered Maintenance, a practical guide for implementation,” Hermes, Paris. 1996
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3. DEFINITIONS

3.1 AGE

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

3.2 APPROPRIATE TASK

A task that is capable of preventing or mitigating the consequences of failure based on the technical characteristics of that
failure

3.3 CONDITIONAL PROBABILITY OF FAILURE

The probability that|a failure will occur in a specific period provided that the item concerned has survijed to the beginning
of that period.

3.4 DESIRED PHRFORMANCE
The level of perfornjance desired by the owner or user of a physical asset or,system.
3.5 ENVIRONMHENTAL CONSEQUENCES

A classification ass|gned to failure modes, or multiple failures in the.case of hidden failure modes, that could result in a
breach of any industry or government environmental standard or régulation.

3.6 EVIDENT FAJLURE

A failure mode whose effects become apparent to the~operator(s)under normal circumstances if the failure mode occurs
on its own.

3.7 EVIDENT FUNCTION
A function whose fdilure on its own becomes apparent to the operator(s)under normal circumstances.
3.8 FAILURE CONSEQUENCES

A classification of the failure(effects of failure modes into categories based on evidence of failure, impact on safety, the
environment, operational capability, and cost.

3.9 FAILURE EFFECT

What happens when a failure mode occurs.

3.10 FAILURE-FINDING TASK

A scheduled task used to determine whether a specific hidden failure has occurred.
3.11 FAILURE MANAGEMENT POLICY

A generic term that encompasses on-condition tasks, scheduled restoration, scheduled discard, failure-finding, run-to-
failure, and one-time changes.
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3.12 FAILURE MODE

A single event, which causes a functional failure.

3.13 FUNCTION

What the owner or user of a physical asset or system wants it to do.

3.14 FUNCTIONAL FAILURE

A state in which a physical asset or system is unable to perform a specific function to a desired level of performance.

3.15 HIDDEN FAll

A failure mode who
occurs on its own.

3.16 HIDDEN FUN

A function whose fq

3.17 INITIAL CAP

The level of performance that a physical asset or system is capable ofiachieving at the moment it ente

3.18 MULTIPLE F
An event that occur
3.19 NET P-F INT

The minimum inter
failure.

3.20 NON-OPERA
A classification assi

that do not adversg
that may be affecte

3.21 ON-CONDITI

lURE

se effects do not become apparent to the operator(s) under normal circumstance

CTION
ilure on its own does not become apparent to the operator(s). under normal circums

\BILITY

ALURE
5 if a protected function fails while its protective device or protective system is in a f
ERVAL

al likely to elapse between thé discovery of a potential failure and the occurren

TIONAL CONSEQUENCES
gned to failure modes

ly affect_safety, the environment, or operations, but only require repair or replace
i by thefailure.

ON,TASK

5 if the failure mode

tances.

S service.

piled state.

ce of the functional

ment of any item(s)

A periodic or continuous task used to detect a potential failure.

3.22 ONE-TIMEC

HANGE

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

3.23 OPERATING

The circumstances

CONTEXT

in which a physical asset or system is expected to operate.
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3.24 OPERATIONAL CONSEQUENCES

A classification assigned to failure modes that adversely affect the operational capability of a physical asset or system
(output, product quality, customer service, military capability, or operating costs in addition to the cost of repair).

3.25 OWNER

A person or organization that may either suffer or be held accountable for the consequences of a failure mode by virtue of
ownership of the asset or system.

3.26 P-F INTERVAL

The period between the point at which a potential failure becomes detectable and the point at which it degrades into a
functional failure.

3.27 POTENTIAL FAILURE
An identifiable condjtion that indicates that a functional failure is either about to occur©r;is in the process of occurring.
3.28 PROACTIVE|MAINTENANCE

Maintenance undertaken before a failure occurs, in order to prevent the it€m from getting into a faile¢d state (scheduled
restoration, scheduled discard, and on-condition maintenance).

3.29 PROTECTIVE DEVICE OR PROTECTIVE SYSTEM
A device or system jwhich is intended to avoid, eliminate or minimize the consequences of failure of some other system.
3.30 PRIMARY FUNCTION(S)
The function(s) whi¢h constitute the main reason(s),why a physical asset or system is acquired by its owner or user.
3.31 RUN-TO-FAILURE
A failure management policy that permitsta:specific failure mode to occur without any attempt to anticigate or prevent it.
3.32 SAFETY COINSEQUENCES

A classification of fgilure modes, that could injure or kill a human being.

3.33 SCHEDULED DISCGARD

A scheduled task thatentaitsreptacingamitermatorbeforeaspecifredage timit regardtessofitscondition at the time.
3.34 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 acceptable probability of survival to the end of another specified interval.
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3.35 SECONDARY FUNCTIONS

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

3.36 USER

A person or organization that operates and/or maintains an asset or system and may either suffer from or be held

accountable for the

consequences of a failure mode of that system.

4. ACRONYMS

BITE Built-In[Test Equipment

FFI Failure{finding (task) interval

FMEA Failure [Mode and Effects Analysis
mm Millimeters

MMF Mean Tlime Between Multiple Failures
MTBF Mean Tlime Between Failures

MTED MTBF of the Protected Function
MTIVE MTBF of the Protective Function

psi Poundq per Square Inch

RCM Reliability-Centered Maintenance
RPM Revolutions Per Minute

UTIVE Allowed Unavailability of the Protective Function

5. ASSET DEFINI

“RCM is a specific
could cause the fun

In order to identify 4
defined. This enta
detail at which to cg

SAE JA1011 refers
asset/system conce
selecting and defin

TION

ctional failure of any physical asset.in"a given operating context.” (SAE JA1011, 1.

ppropriate failure management,policies for any physical asset or system, the asse
Is selecting the asset/system, defining its boundaries, and identifying the most
rry out the analysis.

to the processes.used to select suitable failure management policies, under the
rned has already-been selected and defined. It does not provide criteria for procq
ng the assets:or systems themselves, because such processes tend to be highl

type of asset/systefn and whereg;, for what, and by whom it is being (or to be) used. However some ¢

this topic is provide

6. FUNCTIONS

 in Section’18 of this Guide.

process used to identify the policies which must be implemented to manage the failure modes which

1)

or system must be
pppropriate level of

bssumption that the
sses to be used for

dependent on the
eneral guidance on

An RCM process that conforms to SAE JA1011 begins by asking the question, “What are the functions and associated
desired standards of performance of the asset in its present operating context (functions)?” This section discusses the
following four key concepts concerning functions that are listed in 5.1 of SAE JA1011:

a.

Operating context

b. Primary and secondary functions

C.

Function statements

d. Performance standards
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6.1 Operating Context

“The operating context of the asset shall be defined.” (SAE JA1011, 5.1.1)
The functions, failure modes, failure consequences, and failure management policies that will be applied to any asset will
depend not only on what the asset is, but also on the exact circumstances under which it is to be used. As a result, these

circumstances need to be clearly defined before attempting to answer the question quoted above.

An operating context statement for a physical asset typically includes a brief overall description of how it is to be used,
where it is to be used, overall performance criteria governing issues such as output, throughput, safety, environmental

integrity, and so on. Specific issues that should be documented in the operating context statement include:

ow processes: whether the asset is operating in a batch (or intermittent)~pro
cess.

[ds: overall quality or customer service expectations, in terms of issues|such as
hction measurements (such as on-time performance expectations in transportation
for manufactured goods), or military preparedness.

standards: what organizational, regional, national, and international environmentg
et.

s: whether any predetermined safety expectations (interms of overall injury and/of
rations: characteristics of the location in which equipment is to be operated (ar
ngle, onshore versus offshore, proximity to:sources of supply of parts and/or labor,

rations: in the case of manufacturing and mining, whether the process of which thg

cess or a flow (or

overall scrap rates,
systems, or rates of

| standards (if any)

fatality rates) apply

ctic versus tropical,

etc.).

equipment forms a

part is to operate 24 hours per day, seven days per week, or at lower intensity. In the case of (tilities, whether the

a. Batch versus f
continuous) pro
b. Quality standar
customer satisf
warranty claims
c. Environmental
apply to the ass
d. Safety standarg
to the asset.
e. Theater of ope
desert versus ju
f. Intensity of ope
equipment ope
management p
g. Redundancy: w
h. Work-in-proces

output or throug

Spares: wheth
subsequent sel

Market demand

ates under peak load or base_load conditions. In the case of military equipment,
licies are designed for peacetime or wartime operations.

hether any redundant or standby capability exists, and if so what form it takes.

5: the extent to which)work-in-process stocks (if any) allow the equipment to stop w
hput.

br any deecisions have been made about the stocking of key spares that mig
pction of failure management policies.

/raw¢material supply: whether cyclic fluctuations in market demand and/or the sup

are likely to imy

whether the failure

ithout affecting total

ht impinge on the

ply of raw materials

inge on the subsequent selection of failure management policies. (Such fluctuati

DNS mMay occur over

the course of a day in the case of an urban transport business, or over the course of a year in the case of a power
station, an amusement park, or a food processing business.)

In the case of very large or very complex systems, it might be sensible to structure the operating context in a hierarchical
fashion, if necessary starting with the mission statement of the entire organization that is using the asset.


https://saenorm.com/api/?name=a136aa8516f67868a161da87c1dbaaa6

SAE JA1012 Revised AUG2011 Page 11 of 62

6.2 List of Functions

“All the functions of the asset/system shall be identified (all primary and secondary functions, including the functions of all
protective devices).” (SAE JA1011, 5.1.2)

The objective of the RCM process is to develop a set of policies that preserve the functions of the asset or system under
consideration to standards of performance that are acceptable to its owner/user. As a result, the RCM process starts by
identifying all the functions of the asset in its operating context.

Functions can be divided into two categories: primary and secondary functions.

6.2.1 Primary Fupctions
The reason why anjy organization acquires any asset or system is to fulfill a specific function’er-fupctions. These are
known as primary flinctions of the asset. For instance, the main reason why someone acquires a car may be “to transport
up to five people at|speeds up to 90 km an hour along suitable roads.”
6.2.2 Secondary Functions

Most assets are expected to perform other functions, in addition to the primary functions. These |are known as their
secondary function$. Secondary functions are usually less obvious than primary functions. But the |oss of a secondary
function can still hgve serious consequences, sometimes more serious than the loss of a primary fupction. As a result,
secondary functiong often need as much if not more attention thansprimary functions, so they tpo must be clearly
identified.
When identifying s€condary functions, care should be taken not to’overlook the following:
a. Environmental integrity

b. Safety/structurgl integrity

c. Control/containment/comfort

d. Appearance
e. Protective deviges and systems
f.  Economy/efficigncy

g. Superfluous

These issues are diseussed in more detail as follows.

6.2.2.1  Environmental Integrity

These functions define the extent to which the asset must comply with the corporate, municipal, regional, national, and
international environmental standards or regulations that apply to that asset. These standards govern such things as the
release of hazardous materials into the environment, and noise.

6.2.2.2 Safety
It is sometimes necessary to write function statements that deal with specific threats to safety that are inherent in the

design or operation of the process (as opposed to safety threats that are a result of a functional failure). For example, the
function of electrical insulation on a domestic appliance is “to prevent users from touching electrically live components.”
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6.2.2.3  Structural Integrity

Many assets have a secondary function of providing support for or a secure mount for another item. For example, while
the primary function of a wall may be to protect people and equipment from the weather, it might also be expected to
support the roof, or to bear the weight of shelves and pictures.

6.2.2.4 Control

In many cases, users not only want assets to fulfill functions to a given standard of performance, but they also want to be
able to regulate the performance. This expectation is summarized in separate function statements. For example, a
function of a cooling system may be to regulate temperature at will between one specific temperature and another.
Indication and feedlpackformmamimportantsubsetof thecontrotTategory of functions:

6.2.2.5 Containment

Systems whose primary function is to store materials must also contain them. Similarly, systems that fransfer materials—
especially fluids—also have a containment function. These functions must be specified as well.

6.2.2.6 Comfort
Owners and users generally expect that their assets or systems will not cause (pain or anxiety to operdtors or maintainers.
These problems shpuld of course be dealt with at the design stage. Howevér deterioration or changing expectations can
lead to unacceptable levels of pain or anxiety. The best way to ensure/that this does not happern is ensure that the
associated function|statements are described precisely and that they fully reflect current standards.
6.2.2.7 Appeararjce

Appearance often ponstitutes an important secondary function. For example, the primary reasoi for painting most
industrial equipment is to protect it from corrosion. However a bright color may be chosen to enhance its visibility for
safety's sake, and this function should also be documented.

6.2.2.8 Protectiof

Protective functiong avoid, eliminate, or minimize the consequences of the failure of some other functign. These functions
are associated with|devices or systems that:

a. Warn operators| of abnormal conditions (warning lights or alarms)
b. Shut down equipment in thetevent of a functional failure (shutdown mechanisms)

c. Eliminate or relleve abnormal conditions caused by a functional failure (relief mechanisms, fire syppression systems,
life preservers)

d. Take over from a function that has failed (redundant structural components, stand-by plant)

e. Prevent dangerous situations from arising in the first place (warning signs, protective covers)

A protective function ensures that the failure of the function being protected is much less serious than it would be without
the protection. The associated devices are incorporated into systems to reduce risk, so their functions should be
documented with special care.

6.2.2.9 Economy/Efficiency

In most organizations, overall cost expectations are expressed in the form of expenditure budgets. However for specific

assets, cost expectations can be addressed directly by secondary function statements concerning such things as energy
consumption rates and the rate of attrition of process materials.
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6.2.2.10 Superfluous Functions

Some systems incorporate items or components that are found to be completely superfluous. This usually happens when
equipment or the way in which it is used has been modified over a period of years, or when new equipment has been

overspecified.

Although such items have no positive function and are often costly to remove, they can in fact fail and thus reduce overall
system reliability. To avoid this, some may require maintenance and so consume resources.

If they are removed, the associated failure modes and costs will also be removed. However, before their removal can be

recommended with

confidence, their functions need to be clearly identified and understood.

6.2.2.11 “Reliabili
There is often a ter|
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FIGURE 1 - FUNCTION OF A PUMP
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6.4 Performance Standards

“Performance standards incorporated in function statements shall be the level of performance desired by the owner or
user of the asset/system in its operating context.” (SAE JA1011, 5.1.4)

Any organized system exposed to the real world will deteriorate—to total disorganization (also known as “chaos” or
“entropy”)—unless steps are taken to deal with whatever process is causing the system to deteriorate.

For example, centrifugal pumps are subject to impeller wear. This happens whether a pump moves acid or lubricating oil,
and whether the impeller is made of titanium or mild steel. The only question is how fast the impeller will wear to the point
that it can no longer pump fluid at the minimum required flow rate.

Once the performgnce of an asset drops below the minimum that is acceptable to the useri~thgt asset has failed.
Conversely, if the gerformance of the asset is maintained above this minimum, it continues to functipn to a level that is
satisfactory to the yser. As used in this Guide, “users” include the owners of the assets, the wusérs of the assets—usually
the operators—and society as a whole. Owners are satisfied if their assets generate a satisfagtory return on the
investment made fo acquire them (usually financial return for commercial operations, ,or other measures for non-
commercial operatipns). Users are satisfied if each asset continues to do whatever-they want it to do to a standard of
performance that they—the users—consider satisfactory. Finally, society as a whol€ is satisfied if assets do not fail in
ways that threaten public safety and the environment.

In essence, this mefans that if we are seeking to cause an asset to continué\to function to a level that is satisfactory to the
user, then the objective of maintenance is to ensure that assets continue to perform above the minimum level that is
acceptable to thos¢ users. |If it were possible to build an asset that ‘could deliver the minimum performance without
deteriorating in any|way, then it would be able to run continuously, with'no need for maintenance.

However, deteriorafion is inevitable, so it must be allowed for.«This means that when any asset is put|into service, it must
be able to deliver more than the minimum standard of performance desired by the user. What the asget is able to deliver
at this point in time|is known as its initial capability. Figure 2 shows the correct relationship between this capability and
desired performancg.
This means that pefformance can be defined in two'ways:

a. Desired performpance (what the user wantsthe asset to do)

b. Built-in capabilify (what it can do)

INITIAL CAPABILITY
(What can it do)

\
Margin for deterioration

Y

PERFORMANCE —>

FIGURE 2 - ALLOWING FOR DETERIORATION
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The margin for deterioration must be large enough to allow for a reasonable amount of use before the component
degrades to functional failure, but not so large that the system is “over-designed” and hence too expensive. In practice,
the margin is adequate in the case of most components, so it is usually possible to develop maintenance programs
accordingly.

However if the desired performance is higher than built-in capability, no amount of maintenance can deliver the desired
performance, in which case the asset is not maintainable.

All this means that, in order to ascertain whether an asset can be maintained, we need to know both kinds of
performance: the built-in capability of the asset, and the minimum performance that the user is prepared to accept in the

context in which the asset is being used.

This minimum performance is the performance standard that must be

incorporated in the
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As a result, in ordgr to avoid misunderstandings about what constitutes “functional failure,” the min
acceptable performance must be clearly understood and accepted by the users and maintainers of

o has a legitimate interest in the behavior of.the asset.

brds must be quantified where possiblé’because quantitative standards are clearg
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appearance. In such cases, special care must be taken to ensure that the qu
epted by users and maintainers-of the asset.
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nat conforms to SAE) JA1011 then asks the question, “In what ways can it fail t
?” In order to answer this question satisfactorily, SAE JA1011, 5.2 states that “
h function shall:bé identified.”

that an asset is failed if it is incapable of doing what its users want it to do. It also
b defided as a function, and that every asset has more than one (and often several
or.each one of these functions to fail, it follows that any asset can suffer from a var|

imum standards of
the asset, together

r and more precise
when dealing with
blitative standard is

b fulfill its functions
all the failed states

explained that what
different functions.
ety of failed states.

For example, the primary function of the pump in Figure 1 was “to pump water from tank X to tank Y at not less than 800
liters per minute,” while a secondary function is “to contain the water in the pump.” It is possible for such a pump to be
capable of pumping the required amount of water (not failed in terms of its primary function) while leaking excessively
(failed in terms of its secondary function). Conversely, it is equally possible for the pump to deteriorate to the point where
it cannot pump the required amount (failed in terms of its primary function) while it still contains the required liquid (not
failed in terms of its secondary function).

For this reason, it is more accurate to define failure in terms of the loss of specific functions, rather than failure of an asset
as a whole. The previous example also shows why the RCM process uses the term “functional failure” to describe failed
states, rather than “failure” on its own. (Note that RCM distinguishes between a functional failure, or failed state, and a
“failure mode,” which is an event that causes a failed state.)

Two further points that need to be considered when defining functional failures are: partial and total failure, and upper and
lower limits.
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7.1 Partial and Total Failure

Functional failures that represent total failure of the function are relatively easy to identify. For example, it is clear that the
pump mentioned in 6.3, will have suffered a functional failure if it fails to pump any water at all (“total failure”). However
the pump will also have suffered a functional failure if it can pump water but the rate at which it does so is less than 800
liters per minute.

The second failed state in this example is known as a “partial failure.” Partial failures need to be identified separately
because they are nearly always caused by different failure modes from total failures, and because the consequences are

also nearly always different.

Bear in mind that
initial capability aft
unacceptable to the
when the performar

7.2 Upper and Ld

The performance s
the asset has faileg
limit needs to be d
consequences ass(
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wer Limits

andards associated with some functions incorporate upper and‘lower limits. The
if it performs above the upper limit or below the lower limit. If'these cases, the

bcumented separately from the breach of the lower limit. (This is because the f§
ciated with exceeding the upper limit are usually different from those associated W

Fimary function of a grinding machine may be listed as: “To grind bearing journal
, to a diameter of 75 mm £ 0.1 mm, with a surface finish of no greater than Ra 0.2.
er

bce in a cycle time longer than 3.03'min

bce in a cycle time less thanh 2:97 min

ds 75.1 mm

bW 74.9 mm

a. It stops altogeth
b. It grinds workpi
c. It grinds workpi
d. Diameter excee
e. Diameter is bel
f.  Surface finish t
8. FAILURE MOD

An RCM process t

o rough (ex€eeds Ra 0.2)

S

deteriorates below
ch the point that is
ure (partial or total)

se limits mean that
breach of the upper
ilure modes and/or
ith going below the

S in a cycle time of
* This machine has

lonal failure (failure

modes)?” This section discusses the following five key concepts concerning failure modes that are listed in 5.3 of SAE

at is meant by “reasonably likely”

JA1011:

a. ldentifying failure modes
b. Establishing wh

c. Levels of causation

d. Sources of information
e. Types of failure modes


https://saenorm.com/api/?name=a136aa8516f67868a161da87c1dbaaa6

SAE JA1012 Revised AUG2011 Page 17 of 62

8.1 Identifying Failure Modes
“All failure modes reasonabily likely to cause each functional failure shall be identified.” (SAE JA1011, 5.3.1)

Section 7 of this Guide mentioned that RCM distinguishes between the failed state of the asset (functional failure) and the
events that cause the failed states (failure modes). Because it is impossible to define causes of failure until we have
established exactly what we mean by “failed,” the RCM process identifies functional failures before failure modes. The
way in which this is usually documented is shown in Figure 3, for the primary function of the pump illustrated in Figure 1.
Figure 3, which lists an asset’s functions, functional failures, and failure modes, shows nearly all elements of a Failure
Mode and Effects Analysis (FMEA). The “effects” of each failure mode are listed in a subsequent step (see Section 9 of
this Guide).

Figure 3 also shows that at the very least, a description of a failure mode should consist of acneup and a verb. The
description should ¢ontain enough detail for it to be possible to select an appropriate failure management policy, but not
so much detail that pxcessive amounts of time are wasted on the analysis process itself.

In particular, the vgrbs used to describe failure modes should be chosen with care, beCause they stfongly influence the
subsequent failure nanagement policy selection process. For instance, verbs such as.“fails” or “breaks” or “malfunctions”
should be used spafingly, because they give little or no indication as to what might be.an appropriate way of managing the
failure mode. The|use of more specific verbs makes it possible to select from‘the full range of failure management
options.

For example, failure mode 1A4 in Figure 3 might have been phrasedsy‘eoupling fails.” However sych a phrase would
provide no clue as fo what might be done to anticipate or prevent the failure mode. If we say “coupling bolts come loose”
or “coupling hub shears due to fatigue,” then it becomes much easier 10 identify a possible proactive tagk.

ASSE[T: Pumping System
FUNCTION FUNCTIONAL FAILURE FAILURE MODE
(Loss of Function) (Cause of Failure)
1 | Tfansfer water from A | Unable to transfer any water | 1 Bearing seizes
tank X totank Y at at all
npt less than 800
lifers/minute
2 Motor burns out
3 Impeller comes adrift
4 Coupling hub shears due to fafigue
5 Inlet valve jams closed
6 Impeller jammed by foreign objgct ...
etc
B | Transfers less than 800 1 Impeller worn
liters/minute
2 Partially blocked suction line ..} etc

FIGURE 3 - FAILURE MODES OF A PUMP

For valves, switches, and similar devices, the failure mode description should indicate whether the loss of function is
caused by the item failing in the open or closed position. “Valve jams closed” says more than “valve jams.” Furthermore,
the purpose of identifying failure modes is to identify the cause of the functional failure so that a way may be found to
anticipate or prevent it. As a result, it may sometimes be necessary to take this one step further, such as: “valve jams
closed due to rust on lead screw.” In this context, the use of the word “rust” suggests that it may be appropriate to focus
failure management efforts on detecting or controlling rust.


https://saenorm.com/api/?name=a136aa8516f67868a161da87c1dbaaa6

SAE JA1012 Revised AUG2011 Page 18 of 62

8.2 Establishing What Is Meant By "Reasonably Likely”

“The method used to decide what constitutes a ‘reasonably likely’ failure mode shall be acceptable to the owner or user of
the asset.” (SAE JA1011, 5.3.2)

Section 8.1 mentioned that all failure modes reasonably likely to cause each functional failure shall be identified.
“Reasonable likelihood” means just that: a likelihood that meets the test of reasonableness, when applied by trained and
knowledgeable people. (A term often used instead of “reasonable” in this context is the term “credible.”) If people who
are trained to use RCM, and who are knowledgeable about the asset in its operating context, agree that the probability
that a specific failure mode could occur is sufficiently high to warrant further analysis, then that failure mode should be

listed.

In practice, it is sonetimes very difficult to decide whether a failure mode should or should not-be
related to both probability of occurrence and the level of detail used to describe failure modes!\ Too
and/or too little det3il, leads to superficial and sometimes dangerous analysis. Too many failure: mod
detail, causes the eptire RCM process to take much longer than it needs to. In extreme cases; this ca
to take two or even|three times longer than necessary (a phenomenon known as “analysis paralysis”
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The extent to which failure modes can be described at different levels of detail is illustrated in Figure 4, which is based on
the pump whose functions and functional failures were described in Figure 3. Figure 4 lists some of the failure modes that
might cause the functional failure “unable to transfer any water at all.” In this example, these failure modes are
considered in seven levels of detail, beginning with the failure of the pump set as a whole.

The first point to emerge from this example is the connection between the level of detail and the number of failure modes
listed. The example shows that the further one “drills down” in an FMEA, the larger the number of failure modes that can
be listed. For example, there are 3 failure modes listed for the pump at level 3 in Figure 4, but 20 at level 6.

One other point that arises from Figure 4 is “root causes.” It is discussed as follows.
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FIGURE 4 - FAILURE MODES AT DIFFERENT LEVELS OF DETAIL


https://saenorm.com/api/?name=a136aa8516f67868a161da87c1dbaaa6

SAE JA1012 Revised AUG2011 Page 20 of 62

8.3.1 Root Causes

The term “root cause” is often used in connection with the analysis of failures. It implies that it is possible to arrive at a
final and absolute level of causation, if only one drills down far enough. In fact, this is not only very difficult to do but it is
also usually unnecessary.

For instance, in Figure the failure mode “impeller nut comes adrift” is listed at level 3, which in turn is caused by “impeller
nut cracked” at level 4. If we were to go down one level further, this might have been caused by “impeller nut
overtightened” (level 5), which might have been caused in turn by “assembly error” (level 6). The assembly error might
have occurred because the “technician was distracted” (level 7). He might have been distracted because his “child was

ill” (level 8). This failure mode might have occurred because the “child ate bad food in restaurant” (level 9).

Clearly, this proce
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ocess to identify failure modes at a level of causation that makes it possible*to idg
policy. This level will vary for different failure modes. Some failure modes might
and the rest at other levels.

he failure modes shown in Figure 4 might not be considered reasonably likely ir
bvelop Figure 4. In that case, there would be no reason to listthem at all. Cony
shown in Figure 4 but that are considered to be reasonablylikely in that context m
the failure modes listed in Figure 4 only apply to the furdetional failure, “unable to t

formation about Failure Modes

des shall include failure modes that have happened before, failure modes that
ng maintenance programs and failure!modes that have not yet happened but thg
edible) in the operating context.” (SAE JA1011, 5.3.4)

have occurred before on the same or similar assets are the most obvious candid
bdes, unless something has been changed in such a way that the failure mode

tion about these failure modes include people who know the asset well (ope
or other users of the.same equipment), technical history records, and data banks.

are the subject ef Jexisting proactive maintenance routines should also be incorp
way to ensure-fhat none of these failure modes has been overlooked is to study e
cal or very similar assets and ask, “what failure mode would occur if this task w
chedules:should only be reviewed as a final check after the rest of the RCM
to reduce the possibility of perpetuating the status quo.

lure modes should include failure modes that have not yet occurred but that are c

th the organization
5 why SAE JA1011
ntify an appropriate
be identified at level

a context different
ersely, other failure
ght be added to the
ansfer water at all.”

how failure modes that would cause other functionalfailures, such as loss of cofitainment or loss of

are currently being
t are thought to be

btes for inclusion in
cannot occur again.
rators, maintainers,

orated in the list of
Kisting maintenance
as not performed?”
analysis has been

pnsidered to be real

Finally, the list of fa

possibilities in the context under consideration.

Identifying and deciding how to deal with failure m

odes that have not

happened yet is an essential feature of proactive management in general, and of risk management in particular. It is also
one of the most challenging aspects of the RCM prospect, because it calls for a high degree of judgment applied by
skilled and knowledgeable people.
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8.5 Types of Failure Modes

“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).” (SAE JA1011, 5.3.5)

Deterioration occurs when the capability of an asset is above desired performance to begin with, but then drops below the
desired performance after the asset is put into service. It covers all forms of “wear and tear,” such as fatigue, corrosion,
abrasion, erosion, evaporation, degradation (especially of insulation, lubricants, etc.), and so on. These failure modes
should of course be included in a list of failure modes wherever they are thought to be reasonably likely, at the level of

detail that is most appropriate as discussed in 8.3.

In some cases, the
of functional requir
existing equipment
processes are unlil
failure managemen

Many functional fai
stress. In practice
such human errors
the following categg
a. Incorrect opera
a machine is o
engine that is g

design of an asset or the configuration of a system might render it incapable pf fl.ifilling the full range

ements in the context in which it is expected to operate. If such deficiencies
or if in the case of new equipment it is thought that existing design and, constr
ely to detect and rectify such deficiencies, these failure modes should [be listed
policies can be identified later in the analysis.

ures are caused when the stress applied to an asset increases beyond its abil
these stress increases are often applied by human beings.~The literature on th
n a wide variety of ways. However in the world of physical"assets these errors us
ries:

ion. This usually takes two forms. The first is sustained, often deliberate, overloa
perated at performance levels that approach or exceed its initial capability, suc
ersistently operated at excessively high RPM; causing it to fail prematurely). Thg

usually unintenfional, overloading (for instance, if an assetis simply operated incorrectly, such as

into reverse wh

Incorrect assen
incorrectly)

c. External damag

If such increases in
not already being d
so that appropriate

9. FAILURE EFFE
An RCM process th

effects)?” This sec
JA1011:

le it is moving forward, damaging the gearbox).

nbly (for instance, if a mechanic leaves a tool behind in a gearbox or an electri

e (for instance, if the casing of a pump is smashed by a forklift truck)

applied stress are thought to be reasonably likely in the context under considera
palt with by a separaté analytical process), they should also be incorporated in the
failure management policies can be identified.

CTS

at conforms to SAE JA1011 then asks the question, “What happens when each f3
tion\discusses the following two key concepts concerning failure effects that are

re known to affect
iction management
so that appropriate

ty to withstand the
e subject classifies
ually fall into one of

ding (for instance, if
N as an automobile

second is sudden,
a vehicle that is put

Cian wires a switch

ion (and if they are
ist of failure modes,

ilure occurs (failure
isted in 5.4 of SAE

a.

b.

Basic assumptions

Information needed
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9.1 Basic Assumptions
“Failure effects shall describe what would happen if no specific task is done to anticipate, prevent or detect the failure”
(SAE JA1011,5.4.1)

A failure effect statement describes what would happen if a failure mode were to occur. Note that RCM makes a clear
distinction between a failure effect (what happens) and a failure consequence (how, and how much, the failure mode
matters).

As explained in Section 10 of this Guide, failure effects statements are used to assess the consequences of each failure
mode. They also provid

e the basic information needed to decide what failure management policies must be implemented
to avoid, eliminate T i : ‘

The main failure mpnagement policy options include proactive maintenance tasks (on-condition, sclpeduled restoration,
and scheduled discprd), together with associated frequencies. If we wish to identify these tasks ‘corre¢tly, it is essential to
assume that no propctive maintenance is being carried out, when identifying the failure modes and associated effects. In
other words, in ordér to start from a true zero base, it is essential to assume that the failure‘mode dogs in fact cause the

associated functionjal failure. Failure modes need to be described, and failure effect statements heed to be written,

accordingly.

9.2 Information Needed

“Failure effects shall include all the information needed to support the evaluation of the consequencegq 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

b. What it does (iffanything) to kill or injure someone, or.tg-have an adverse effect on the environmen

c. What it does (iffanything) to have an adverse effeet on production or operations

d. What physical damage (if any) is caused by the failure

e. What (if anything) must be done to restore the function of the system after the failure”

(SAE JA1011, 5.4.9)

9.21 Evidence T

A failure effect stat

occurred on its owrl.

nat Failure-fHfas Occurred

ement/should describe whether there is any evidence that the failure mode undg
if's0, it should describe what form this evidence takes. For instance, it should 1

r consideration has
hention whether the

behavior of the equ

pmpn’r r‘hnngpe nnfir*pnhly as a result of the failure maode (wnrning Iigh’m, alarms

change in speed or

noise levels, etc.). It should also describe whether the failure mode is accompanied (or preceded) by obvious physical
effects such as loud noises, fire, smoke, escaping steam, unusual smells, or pools of liquid on the floor.

When dealing with protection, failure effect descriptions should state briefly what would happen if the protected function
were to fail while the protection was in a failed state.
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9.2.2 Threat to Safety or Environment

If there is a possibility that someone could get injured or killed as a direct result of the failure mode, or an environmental
standard or regulation could be breached, the failure effect should describe how this could happen. A selected list of

examples includes:

Increased risk of fire or explosion

The escape of hazardous chemicals

a.
b.

c. Electrocution
d. Vehicle accider
e. Ingress of dirt in
f.

When listing these

environment.” Sim
process.
9.2.3 Effect Upor

Failure effect desci
following issues shq

Downtime: Ho
the moment it
conservative (b
situation, for ing

a.

Speed of opera

Quality: Wheth
precision of gu
performance, €
scrap rates, cal

Other systems:
failure mode.

Exposure to sharp edges or moving machinery

ts or derailments

to food or pharmaceutical products

effects, care should be taken not to say that the failure mode “has‘safety conseque
ply state what happens, and leave the evaluation of the consedquences to the nex

Production or Operations

iptions should indicate how production or opérations is affected (if at all), and
uld be considered.

v much time the asset would be out of service owing to this failure mode, from the
is fully operational again. In order\t0“ensure that the failure management pro
Ut not too conservative), it should-be assumed that the failure mode occurs in a
tance, late at night in a factory, orf mobile equipment is in a more remote location

fion: Whether the equipmén{*has to slow down as a result of the failure mode and
er the failure mode_affects the quality with which the function is performed, such
dance or control-systems, product quality parameters, and even customer serv
tc.). The failure effect statement should also indicate whether the failure mode
ses a missiofiabort, or incurs significant contractual financial penalties.

Whether-other equipment or processes have to stop, slow down, or are othery

nces” or “affects the
t stage of the RCM

for how long. The

moment it fails until
jram is reasonably
‘typical worst case”
than usual.

f so by how much
as the accuracy or

ice issues (on-time
increases reject or

ise affected by the

Overall operatin
energy consum

9.2.4 Secondary

acosts: \Whether the failure mode causes anv other increases in operating cost
~J J L ~J

such as increased

ption or excessive attrition of process materials

Damage

If the failure mode under consideration causes significant damage to other components or systems, the effects of this

secondary damage

should also be recorded.

9.2.5 Corrective Action Required

The failure effects description should include a brief description of the action that is required to correct the failure mode
after it has occurred.
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10. FAILURE CONSEQUENCE CATEGORIES

10.1 Consequence Categories

“The consequences of every failure mode shall be formally categorized...” (SAE JA1011, 5.5.1)

After each reasonably likely failure mode and its effects have been identified at an appropriate level of detail, the next step
in the RCM process is to assess the consequences of each failure mode. The primary source of information used to
assess failure consequences is the description of the failure effects.

Some failure modes affect output, product quality or customer service. Others threaten safety or the environment. Some

increase operating
all six of these are
organization to the

If any of these fail
also affects the org

The nature and se
precise impact in e
context of the asset

This combination o
associated with it.

mode, or at least to
only has minor cor
corrected each time

This means that th
suggests that the w
as it is about avoidi
The remainder of t
decide whether any
two stages. The fir
10.1.1 Hidden and

“The consequence
JA1011, 5.5.1.1)

Some failure mode

s. Still others may appear to have no effect at all if they occur on their ownjQ

isk of much more serious failure modes.

e modes are not anticipated or prevented, the time and effort that need to be sp
nization, because repairing them consumes resources that might be‘better used e

erity of these effects govern the way in which each failure mode is viewed by th
hch case—in other words, the extent to which each failure mode matters—depen
the performance standards that apply to each function, and)the physical effects off

f context, standards and effects means that every faildre mode has a specific s¢
If the consequences are very serious, then considerable efforts will be made tg
anticipate it in time to reduce or eliminate the cohsequences. On the other hand
sequences, it is possible that no proactive aetion will be taken and the failure o
it occurs.

e consequences of failure modes are’more important than their technical cha

in four, five or even
ut may expose the

ent correcting them
sewhere.

P organization. The
s on the operating
each failure mode.

bt of consequences
prevent the failure
, if the failure mode
node will simply be

acteristics. It also

hole idea of failure management is.not so much about anticipating or preventing failure modes per se

hg or reducing their consequences.

nis section considers the criteria used to evaluate the consequences of failure m
form of failure management is worth doing. These consequences are divided inf
bt stage separates hidden failures from evident failures.
Evident Failures

categorization process shall separate hidden failure modes from evident faily

5 oceur in such a way that nobody knows that the item is in a failed state unless,
event) also occurs, These are known as hidden failures, A hidden failure is a

pdes, and hence to
o four categories in

re modes.” (SAE

or until, some other
ailure mode whose

failure (or abnorma

effects do not become apparent to the operating crew under normal circumstances if the failure mode occurs on its own.
Conversely, an evident failure is a failure mode whose effects become apparent to the operating crew under normal
circumstances if the failure mode occurs on its own.

The RCM approach to the evaluation of failure consequences begins by separating hidden failures from evident failures.
Hidden failures can account for up to half the failure modes that could affect modern, complex equipment, so they need to
be handled with special care. The following paragraphs explain the relationship between hidden failures and protection,
and introduce the concept of a “multiple failure.”
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Hidden Failures and Protection: 6.2.2.8 of this Guide mentioned that the function of any protection is to ensure that the
consequences of the failure of the protected function are much less serious than they would be if there were no
protection. So any protective function is in fact part of a system with at least two components:

a. The protective function
b. The protected function

The existence of such systems creates two sets of failure possibilities, depending on whether the failure of the protection
is evident or not. The implications of each set are considered in the following paragraphs, starting with devices whose

failure is evident.
10.1.1.1 Evident F

In this context, an

become apparent t¢ the operating crew under normal circumstances. The existence of such/failure n

possible scenarios

The first possibility
normally.

The second possib

intended function and, depending on the nature of the protection, the cansequences of failure of the pr|

reduced or eliminat

The third possibility
loss of the protecti
protective function

providing alternative protection until the failed protective function is restored, as illustrated in Figure 5.

that the consequen
categories, as discU

ailures of Protective Functions
“evident” failure of a protective function is where the effects of the failure mod
n any period, as follows.

s that neither the protective function nor the protected function.fails. In this case ¢

lity is that the protected function fails before the protection. In this case the protg
bd.

is that the protective function fails before thegprotected function. Because this fail
bn would become apparent. In this situation, the chance of the protected funct

is in a failed state can be almost eliminated, either by shutting down the prote

Ces of an evident failure of a protective function usually fall into the “operational”
ssed as in 10.1.2.

2: Protected function is shut down or other protection

Ti
% provided while protective device is under repair. This
reduces probability of multiple failure to near zero.
Protected Protected v
function function made 1 41 protected function fails here,
safe Wh_'le I protective device acts to reduce

Protecfive F:;:‘t’ie;:;’se | o eliminate consequences

r T
device 1: Failure of “fail- | under repair | 3: Protective device

safe” device is reinstated: situation
evident immediately back to normal

e on their own will
nodes creates three

verything proceeds

ction carries out its
btected function are

ure is “evident,” the
on failing while the
cted function or by
This in turn means
br “non-operational”

FIGURE S - EVIDENT FAILURE OF AFROTECTIVE FUNC TTON
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10.1.1.2 Protective Functions Whose Failure Is Not Evident
Hidden failures can be identified by asking the following question:

Will any of the effects of this failure mode become evident to the operating crew under normal circumstances if the failure
mode occurs on its own?

If the answer to this question is no, the failure mode is hidden. If the answer is yes, it is evident. Note that in this context,
“on its own” means that nothing else has failed. Note also that we assume at this point in the analysis that no attempts are
being made to check whether the associated function is still working. This is because such checks are a form of
scheduled maintenance, and the whole purpose of the analysis is to find out whether such maintenance is necessary.

If such a failure mo’Ee occurs, the fact that the protection is unable to fulfil its intended function will nit become apparent
under normal circumstances. The existence of such failure modes creates four possible scenarios in any period, two of
which also applied|to evident failures of protective functions. The first is where neither function fails, in which case
everything proceed$ normally as before.

The second possibllity is that the protected function fails at a time when the protection is still functionjal. In this case the
protection also carijies out its intended function, so the consequences of the failure. of the protected function are again
reduced or eliminated altogether.

The third possibility is that the protection fails while the protected functien is still working. In this case, the loss of
protection has no direct consequences. In fact no-one even knows thattheprotection is in a failed stafe.

The fourth possibilify during any one cycle is that the protection fails, then the protected function fails while the protection
is in a failed state. [This situation is known as a multiple failure. (Fhis is a real possibility simply becayse the failure of the
protection is not evident, so no-one would be aware of the n€ed to take corrective—or alternative—action to avoid the
multiple failure.)

The sequence of eVents leading to a multiple failure is,summarized in Figure 6.

Time 2: No action taken to shut down the protected
> function or to provide other protection
Protected Protected 1 .. .
function function operating :f e

fails here, the result is

without protection 1 a multiple failure

. because no-one

Pro?ectlve X knows that the

device 1:Failure of non-fail- | protective device
safe device is not | has failed

evident to operators

FIGURE 6 - HIDDEN FAILURE OF A PROTECTIVE FUNCTION
10.1.2 Safety, Environmental, Operational, and Non-Operational Consequences
The consequence categorization process shall clearly distinguish events (failure modes and multiple failures) that have
safety and/or environmental consequences from those that only have economic consequences (operational and non-

operational consequences).” (SAE JA1011, 5.5.1.2)

NOTE: Throughout this section, “failure” refers to a failure mode or a multiple failure.
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10.1.2.1

Safety consequences

A failure has safety consequences if there is an intolerable probability that it could kill or injure a human being. The
distinction between a “tolerable” and an “intolerable” probability is discussed in more detail in 12.1.3 of this Guide.

10.1.2.2 Environmental Consequences

At another level, “safety” refers to the safety or well-being of society in general.

Such failures tend to be classed as

“environmental” issues. Society's expectations take the form of municipal, regional and national environmental standards.

Some organizations also have their own even more stringent corporate standards.

As a result, a failure has

environmental consequences if there is an intolerable probability that it could breach any known environmental standard

or regulation.

10.1.2.3 Operational Consequences

The primary functio
to support revenue-
capability of the org
availability of altern
the cost of repairing
any failure manage

a. They affect totd

b. They affect pro

c. They affect cus

d. They increase ¢

In non-profit enterg
primary function, sq
even a war, failures
necessary to deplo
can be very expens

For this reason, if g
on the operational ¢

Because these con
more extreme case

h of most equipment in commerce and industry is usually connected with.the need

anization. The magnitude of these effects depends on how heavily‘the equipmer

ptives. However, in nearly all cases the costs of these effects are greater—often

the failures, and these costs need to be taken into account when assessing the g

ment policy. In general, failures affect operations in four ways:

output or throughput.

juct quality.

omer service (and may incur financial penalties).

perating costs in addition to the directcost of repair.

rises like military undertakings, many failures also affect the ability of the orga

metimes with devastating results. While it may be difficult to cost out the results
that affect operational capability still have economic implications. If they occur
(say) 60 battle tanks, instead of 50, or six aircraft carriers instead of five. Redun

ve.

onsequencestof failure.

sequences-tend to be economic in nature, they are usually evaluated in economic
5 (such as losing a war), the “cost” may have to be evaluated on a qualitative basis

economic effect of Tny faiture that has operational consequences depends on two factors:

to earn revenue or

earning activities. Failures that affect the primary functions of these @ssets affect the revenue-earning

t is utilized and the
much greater—than
ost-effectiveness of

nization to fulfil its
pf losing a battle or
oo often, it may be
dancy on this scale

n evident failure ‘does not pose a threat to safety or the environment, the RCM piocess focuses next

terms. However, in
. In practice, overall

a.
the failure (and

any secondary damage)

b. How often it happens

10.1.2.4 Non-Operational Consequences

How much the failure costs each time it occurs, in terms of its effect on operational capability plus the cost of repairing

The consequences of an evident failure that has no direct adverse effect on safety, the environment or operational
capability are classified as non-operational. The only consequences associated with these failures are the direct costs of
repairing the failure itself and any secondary damage, so these consequences are also economic.
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10.1.3 RCM and Safety Legislation/Regulations

A question often arises concerning the relationship between RCM and tasks specified by regulatory authorities
(environmental legislation is dealt with directly).

Most regulations governing safety merely demand that users are able to demonstrate that they are doing whatever is
prudent to ensure that their assets are safe. This has led to rapidly increasing emphasis on the concept of an audit trail,
which basically requires users of assets to be able to produce documentary evidence that there is a rational, defensible
basis for their maintenance programs. In the vast majority of cases, RCM wholly satisfies this type of requirement.

However, some regulations demand that specific tasks should be done on specific types of equipment at specific

intervals. It quite of
these cases, the R
continue doing the
authority.

10.2 Assessing F3

“The assessment o
prevent, or detect th

For reasons explaimed in 9.1 of this Guide, it is essential to assume that-n¢ proactive maintenance

when identifying fai
11. FAILURE MAN
11.1 The Relations

“The failure manag
modes will increassd
and the conditional

One of the most im
age (or exposure tg
an item gets older,

Patterns Aand B b
called a “wear-out 2
Pattern D shows lo
a constant or very
(random failure). R
probability of failure]

CM-derived task is a superior failure management policy. However, in sueh
ask specified by the regulations and to discuss the suggested change with the-ap

ilure Consequences

f failure consequences shall be carried out as if no specific task'is currently being
e failure.” (SAE JA1011, 5.5.2)

ure consequences.

AGEMENT POLICY SELECTION

hip Between Age and Failure

ement selection process shall take acgount of the fact that the conditional probal

probability of yet others will decrease with age.” (SAE JA1011, 5.6.1)

portant factors that affectsthe selection of any failure management policy is the r
stress) and failure. There are six sets of ways in which the conditional probability

hs shown in Figure 7:

bth display a paint-at which there is a rapid increase in the conditional probability o

rone”). PattefniC shows a steady increase in the probability of failure, but no dis

v conditional probability of failure when the item is new or just out of the shop, ther

S5lowly increasing level, while pattern E shows a constant conditional probability ¢
attern Fstarts with high infant mortality, dropping to a constant or very slowly de

rval, and in most of
cases, it is wise to
propriate regulatory

done to anticipate,

s being carried out

ility of some failure

with age (or exposure to stress),~that the conditional probability of others will npt change with age,

blationship between
of failure varies as

f failure (sometimes
inct wear-out zone.
a rapid increase to
f failure at all ages
Creasing conditional

In general, age-related failure patterns apply to items that are very simple, or to complex items that suffer from a dominant
failure mode. In practice, they are commonly associated with direct wear (most often where equipment comes into direct
contact with the product), fatigue, corrosion, oxidation and evaporation.
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L

11.2 Technically F
“All scheduled tasks

Any scheduled tas

[

FIGURE 7 - SIX PATTERNS OF FAILURE
pasible and Worth Doing
shall be technically feasible and worth deing (applicable and effective) ... “ (SAE J

is only worth doing if it reduces(avoids, eliminates or minimizes) the consequ

mode to an extent that justifies the direct and indirect.costs of doing the task. (Note that in this conte

devices constitute g
intervals—by the m
of scheduled task.
also be considered

If an appropriate sg
owner or user of thg

Of course, it also h
Whether or not any
and of the failure n

“scheduled task,” albeit one that is being done automatically—either continuously
pnitoring device. Therefore they should be subjected to the same selection criteri

when assessing their.cost-effectiveness.)

heduled task cannot be found, and if the consequences of the failure mode are n
asset, then_soeme other way must be found to deal with the failure consequences.

hs to be teehnically possible for any failure management policy to influence the fa

node’under consideration. The criteria governing technical feasibility are discuss
14/ of this Guide.

Sections 12 through

Note too that such devices themselves require design, installation and mainten

such{palicy is technically feasible (or applicable) depends on the technical charact

A\1011, 5.6.2)

bnces of the failure
t built-in monitoring
pr at predetermined
h as any other form
ance, which should

bt acceptable to the

flure consequences.
bristics of the policy

Td in more detail in

11.3 Cost Effectiveness

“If two or more proposed failure management policies are technically feasible and worth doing (applicable and effective),
the policy that is most cost-effective shall be selected.” (SAE JA1011, 5.6.3)

Given the number of failure management policy options (especially predictive maintenance or condition-monitoring
techniques) that are currently available, it is often tempting to select a policy purely on the basis of technical sophistication

rather than on the

basis of cost-effectiveness.

When more than one failure management policy option is technically

appropriate, correctly-applied RCM always strives to select the policy that deals satisfactorily with the consequences of
the failure mode in the most economical fashion, rather than always selecting the policy with the greatest technical

sophistication.
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11.4 Failure Management Policy Selection

“The selection of failure management policies shall be carried out as if no specific task is currently being done to
anticipate, prevent or detect the failure.” (SAE JA1011, 5.6.4)

Again, for reasons explained in 9.1 of this Guide, it is essential to assume that no proactive maintenance is being carried
out when selecting failure management policies.

12. FAILURE CONSEQUENCE MANAGEMENT

12.1 Evident Failure Modes with Safety or Environmental Consequences

“In the case of an
probability of the fai

Much as most peoq
fact an element of r

To answer this ques

Risk assessment cq
The second asks h
of the degree of risk

For example, cons
probability that this
figures, the risk ass

Now consider a se
occuris 1in 100 00

In these examples,
these examples do
is a separate questi

(The terms “probah
average, correspor
interchangeable wh

evident failure mode that has safety or environmental consequences, the~tas
ure mode to a level that is tolerable to the owner or user of the asset.” (SAE'JA10

le would like to live in an environment where there is no possibility at all.of death

tion, the question of risk must be considered in more detail.

nsists of three elements. The first asks what could happen_if the event under cons
bw likely it is for the event to occur at all. The combination of these two elements

ider a failure mode that could result in death™or injury to 10 people (what cg
failure mode could occur is 1 in 1000 in any ane year (how likely it is to occur). O
bciated with this failure mode is:

10 x (1in 1000) = casualty per 100 years

cond failure mode that could cause 1000 casualties, but the probability that this
D in any one year. The risk associated with this failure mode is:

1000 x (1in 100 000) = 1 casualty per 100 years

the risk is the same’although the figures upon which it is based are quite differ
not indicate whether the risk is tolerable—they merely quantify it. Whether or not
pn which is déalt with later.

ility” (1in~10 chance of a failure mode in any one period) and “failure rate" (on
ding<io*a Mean Time Between Failures (MTBF) of 10 periods) are often u
en-applied to random failures. Strictly speaking, this is not true. However, if the M

sk in everything we do. In other words, “zero” is unattainable. So what is‘attainablg?

k shall reduce the
11,5.7.1.1)

or injury, there is in
?

ideration did occur.
provides a measure

. The third—and often the most contentious elements—dasks whether this risk is tol¢rable.

uld happen). The
n the basis of these

failure mode could

ent. Note also that

the risk is tolerable

e in 10 periods on
sed as if they are
TBF is greater than

about four periods,

hedifference is so small that it can nnnrly nlwnyc he ignnrpd )

The following paragraphs consider each of the three elements of risk in more detail.
12.1.1 What Could Happen if the Failure Mode Occurred?

Exactly what happens if and when each failure mode occurs should be recorded as part of the list of failure effects. In
other words, the failure effect statement should record whether any one occurrence of the failure mode (say) has a one in
ten chance of killing one person or is likely to kill up to 10 people or is likely to cause an operator to lose a limb. In order
to be reasonably conservative, note that failure effect statements should reflect the “typical worst case scenario” (but not
the extreme worst case, because this would be excessively conservative). If in doubt, the people performing the analysis
should ask themselves, if the worst comes to the worst, what viewpoint will be defensible before whatever authority is
ultimately likely to hold them and their superiors accountable.
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12.1.2 How Likely is the Failure Mode to Occur?

Section 8.1 of this Guide mentioned that only failure modes that are reasonably likely to occur in the context in question
should be recorded in the FMEA. As a result, if the FMEA has been prepared on a realistic basis, the mere fact that the
failure mode has been listed suggests that there is a finite probability that it could occur. Ideally this probability should be
quantified, either as part of the failure effect statement or in a separate database, so that the risk can also be quantified.
(Note that, in practice, accurate historical failure data are often unavailable, especially in the case of new equipment that
incorporates substantial amounts of new technology. In these cases, the assessment must be based on intelligent
estimates by people who clearly understand the equipment and the context in which it is being used.)

12.1.3 Is the Risk Tolerable?

As mentioned previ

busly, risk is measured by multiplying probability by severity. It is usually expresss

basis (although it can be expressed in terms of events per a given number of cycles or operating.hou

makes sense in the

Beliefs about what

context in question). Deciding what is tolerable is another matter entirely;

s a tolerable level of risk of death or injury vary widely from individual to’individuz

group. Many factors
or she has over th

influence these beliefs. The two most dominant are the degree af\control that any
situation and the benefit that people believe they will derive from exposing the

This in turn influenges the extent to which they might choose to expose themselves to the risk. This
translated into a degree of risk that might be tolerated by the whole population((all the workers on a site, all the citizens of
a town or even the ¢ntire population of a country).

In other words, if |

d on an annualized
rs or whatever else

| and from group to
individual thinks he
mselves to the risk.
view then has to be

lerate a probability of 1 in 100 000 (10™°) of being.Killed at work in any one year @and | have 1000 co-

workers who all share the same view, then we all accept that oncaverage one person on our site W
every 100 years—ahd that person may be me, and it may happen-this year.

Bear in mind that any quantification of risk in this fashions€an only ever be a rough approximation

tolerable probability
probability that one
any event at work
someone.

For example, conti
killed in any one ysg
carried out on the s
could kill one persg
kill ten people mus
must be reduced to
as probabilistic or q

Although the issueg
Additional factors tH

of 107 is never more than an approximation. With this in mind, the next stef
individual and his or her co-workers-are prepared to tolerate that any one of then
into a tolerable probability for 'each single event (failure mode or multiple fai

uing the logic of the previous example, the probability that any one of my 1000
ar is 1 in 100 (assuming that everyone on the site faces roughly the same hazar
ite embody (say) 10 000 events that could kill someone, then the average probab
h must be reducéd’to 107 in any one year. This means that the probability of an g
be reduced to\10~’, while the probability of an event that has a 1 in 10 chance ¢
10°7°. (Thettechniques used to move up and down hierarchies of probability in this
Lantitative.risk assessments.)

discussed above usually dominate decisions about the tolerability of risk, they are
at_help decide what is tolerable include individual values, industry values, how m

ill be killed at work

. In other words, a

is to translate the
n might be killed by
ure) that could Kill

co-workers will be
is). If the activities
lity that each event
vent that is likely to
f killing one person
fashion are known

not the only issues.
Lich is known about

the real effects and consequences of each failure mode, the value placed on human life by different cultural groups,
religious values, and the age and marital status of the individual.
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12.1.4 Who Should Evaluate Risks?

The very diversity of the factors discussed previously mean that at this point in time, it is often impossible for any one
person—or even one organization—to decide what is “tolerable” on behalf of all the people exposed to a particular risk.
Furthermore, at present few organizations use a formal methodology for determining what constitutes a tolerable risk. In
the absence of such a methodology, what is tolerable can be determined by a group representing:

People who are likely to have a clear understanding of the failure mechanism, the failure effects (especially the nature

of any hazards), the likelihood of the failure mode occurring and what possible measures can be taken to anticipate or

a.
prevent it.

b. People who hay

1. The likely V

the case of

2. Those who
breached (s

However if an orgd
involved, then thes
failure modes with g

12.1.5 Safety and

If there is an intole
we must try to redy
drops to a tolerable
management policy

Note that when de
consider the cost @
introducing a suitab
risk is reduced to a

12.2 Hidden Failun
“In the case of a hig
task shall reduce th

multiple failure to a

As explained previg
This means that the

ictims (operators or maintainers in the case of direct safety hazards, and the com
environmental hazards),

have to deal with the consequences if someone is injured or killed 6f if-an enviro
uch as management).

nization has already established levels of risk that are considered to be tolerab
e levels can be used when assessing whether any failuré)management policy i
afety or environmental consequences.

FFailure Management

able risk that a failure mode could affect safety or the environment, the RCM prg
ce the probability of the failure mode, or its\consequences, or both, to the extent
level. This suggests that, for failure modes that have safety or environmental conj
is only worth applying if it reduces the.risk of the failure mode to a tolerably low lev

aling with evident failure modes\that have safety or environmental consequend
f the failure mode. If the risk;is intolerable, then it must be reduced to a tolera
le proactive task (or tasks); or by changing the design or operation of the asset in
folerable level.

e Modes with Safety or Environmental Consequences
den failure mode where the associated multiple failure has safety or environmenta

e probability. 6f the hidden failure mode to an extent which reduces the probabili
evel thatis‘tolerable to the owner or user of the asset.” (SAE JA1011, 5.7.1.2)

reg fegitimate view o thetoterabitity or otherwise of therisks—Thismightinmclude g presentatives of:

munity in general in

hmental standard is

e by all the parties
5 worth applying to

cess stipulates that
that the overall risk
equences, a failure
el.

es, RCM does not
ble level, either by
such a way that the

consequences, the
y of the associated

uslyya multiple failure only occurs if the protected function fails while the protectio¥

is in a failed state.
tected function will

fail while the protection is in a failed state during the same period. This can be calculated as follows in Equation 1:

Probability of a
multiple failure

Probability of failure of
the protected function

Average unavailability
of the protection

X

(Eq. 1)
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For multiple failures that have safety or environmental consequences, the tolerable probability should be determined as
described in 12.1.3 and 12.1.4. The probability of failure (or failure rate) of the protected function is usually a given. So if
these two variables are known, the allowed unavailability of the protective function can be expressed as follows in
Equation 2:

Tolerable probability of a multiple failure
Probability of failure of the protected function

Allowed unavailability
of the protection

(Eq. 2)

So a crucial element of the performance required from any protection that can suffer from a hidden failure mode is the
maximum unavailability that can be allowed if the probability of the associated multiple failure is not to exceed the

tolerable level. Thig

a. If not already d
tolerate for the
b.
sometimes kno
c. Finally, determi

probability of th

Note that it is usual
the unavailability o
possible to reduce
policies. (Zero is of

12.3 Evident Failu
“In the case of an ¢

costs of doing the
comparable periods

Section 10.1.2.3 and 10.1.2.4 described .the key elements of the economic consequences of a fa

sections also sh
consequences, and

If failure consequer

magnitude of the consequences:that might occur, but also by how often the consequences are likely

the total cost to the

unavailability Is determined in the following three stages:
btermined as described in 12.1.3 and 12.1.4, establish what probability the organiz
multiple failure.
vn as the “demand rate”).

he the unavailability (also known as “fractional dead time”) of the protection that re
e multiple failure.

y possible to vary both the probability of unanticipated failure of the protected func
f the protective function by adopting suitable failure management policies. As

course an unattainable ideal.)
e Modes with Economic Consequences
vident failure mode that does not have safety or environmental consequences, th

task shall be less than the. direct and indirect costs of the failure mode wh
of time.” (SAE JA1011, 5.7.4.3)

bw that economic.ednsequences comprise operational consequences af
that they are assessed on the assumption that no scheduled task is being perform
ces are economic, the total cost to the organization over a period of time is affeq

organijzation of carrying out any scheduled task is also affected by the total cost o

by how often it is dq
itself, plus the fact
be necessary to c
average.

bne. I this context, the total cost of doing the task should take into account the cqg
hat.on

ation is prepared to

Then determing the probability that the protected function will fail in the period. undér consid¢ration (this is also

sults in the tolerable

ion and (especially)
a result, it is also

the probability of the multiple failure to almost/any desired level within reason by adopting such

b direct and indirect
en measured over

lure mode. These
d non-operational
bd.

ted not only by the
to occur. Similarly,
[ doing the task and
st of doing the task
-or instance, it may

jur or five years on

Consequently, in order to assess the economic viability of any task, it is necessary to compare the total cost of the failure
mode over a given period with the total cost of the failure management policy over an equal period. (In most cases, these
costs are compared by reducing them to an annualized basis.)

If the cost of doing the task over this period is less than the total cost of the failure mode, then the task is worth doing. If
not, then the task is not appropriate and some other failure management policy needs to be considered.

Note that if there is a reasonable degree of certainty that the conditional probability of the failure mode occurring will
increase with age, then the period used for comparison should be long enough to encompass both the early life and the
period of increased failure probability when assessing whether the scheduled task is worth doing.
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Note also that if the remaining useful life of the asset is significantly shorter than the mean time between occurrences of
the failure mode (especially in the case of age-related failures), then it may be appropriate to take this into account when
assessing the economic viability of a scheduled task.

12.4 Hidden Failure Modes with Economic Consequences

“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 mode plus the cost of repairing the hidden failure mode when measured over comparable periods of time.” (SAE
JA1011,5.7.1.4)

Multiple failures t
management also g
total cost of mana
management policy
financial risk can bg

money. Failure
osts money. As a result, it is usually possible to identify a failure management-policy that reduces the
ping the hidden failure to a minimum. In such cases, the first step is to\detérmine what failure
leads to the minimum total cost on an annualized basis, then ascertain whether th{s (albeit minimized)
tolerated by the owners/users of the asset.

13. FAILURE MANAGEMENT POLICIES—SCHEDULED TASKS

13.1 On-Condition| Tasks

“Any on-condition task (or predictive or condition-based or condition monitoring task) that is selected shall satisfy the
following additional [criteria:

a. There shall exidt a clearly defined potential failure.

b. There shall exigt an identifiable P-F interval (or failure development period).

c. The task interval shall be less than the shortest likely,P=F interval.

d. It shall be physically possible to do the task at.intervals less than the P-F interval.

e. The shortest tihe between the discovery(of'the potential failure and the occurrence of the functignal failure (the P-F

interval minus
minimize the cd

he task interval) shall be Tong enough for predetermined action to be taken to
nsequences of the failure mode.” (SAE JA1011, 5.7.2)

avoid, eliminate or

13.1.1 Potential Failures and the P-F-Curve

Most failure modes| do not oeclir absolutely instantaneously. In such cases, it is often possible to detect that the items

concerned are in tHe final stages of deterioration before they reach the failed state. This evidence o
known as a “potent|al failure,” which is defined as “an identifiable condition that indicates that a functi

f imminent failure is
bnal failure is either
le to take action to

about to occur or ig jn_the process of occurring.” If this condition can be detected, it may be possik
prevent the item from faili i i

Figure 8 illustrates what happens in the final stages of the failure process. It is called the P-F curve, because it shows how
a failure starts, deteriorates to the point at which it can be detected (“P”) and then, if it is not detected and corrected,
continues to deteriorate—usually at an accelerating rate—until it reaches the point of functional failure (“F”).

If a potential failure is detected between point P and point F in Figure 8, this is the point at which it may be possible to
take action to prevent the functional failure and/or to avoid its consequences. (Whether or not it is possible to take
meaningful action depends on how quickly the functional failure occurs, as discussed later.) Tasks designed to detect
potential failures are known as on-condition tasks.
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Point where failure starts to occur

(not necessarrily related to age) Point where we can find

out that it is failing
("potential failure”)

Point where it
it has failed
(functional
failure)

/

F
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Condition

Time —>

On-condition tasks
continue to meet

consideration is un
trying to predict wh
based maintenance

condition of the iten).)

13.1.2 The P-F Int

In addition to the pd

that elapse betwegn the point at which a potential failure occurs>—in other words, the point at

identifiable—and th
the P-F interval.

The P-F interval gpverns how eften on-condition tasks must be done. In order to detect the poten

becomes a function

FIGURE 8 - THE P-F CURVE
are so called because the items that are inspected are left in service on\the
specified performance standards—in other words, on the condition that the f
ikely to occur before the next check. This is also known as predictive maintenan

(because the need for corrective or consequence-avoiding actionyis based on an

erval
tential failure itself, it is also necessary to consider the ‘@mount of time (or the num

e point where it deteriorates into a functional failure. As shown in Figure 9, this i

P-F
P~ Interval >

Condition —

F

Time —>

FIGURE 9 - THE P-F INTERVAL

al failurethe interval between checks must be less than the P-F interval. It is alg

condition that they

ailure mode under

e (because we are

ether—and possibly when—the item is going to fail on the basis of,its present behavior) or condition-

assessment of the

per of stress cycles)

which it becomes

hterval is known as

tial failure before it
o essential that the

potential failure condition is:sufficiently clear for it to be certain that a person who is trained to pefform the check will

detect the potential
will be sufficiently Ig

failure’/if and when it occurs (or at least, that the likelihood that the potential failure

user of the asset).

will not be detected

w-t0 reduce the probability of an unanticipated failure mode to a level that is tolerarble to the owner or

The P-F interval is also known as the warning period, the lead time to functional failure or the failure development period.
It can be measured in any units that provide an indication of exposure to stress (running time, units of output, stop-start
cycles, etc). For different failure modes, it varies from fractions of a second to several decades.

Note that if an on-condition task is done at intervals that are longer than the P-F interval, there is a chance that the
potential failure will be missed altogether. On the other hand, if the task is done at too small a fraction of the P-F interval,
resources will be wasted on the checking process.
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In practice task intervals should always be selected that are shorter than the shortest likely P-F interval. In most cases, it
is sufficient to select a task interval equal to half of this P-F interval. However it is sometimes appropriate to select task
intervals that are some other fraction of the P-F interval. This may be governed by the net P-F interval required (as
discussed as follows), or it may be because the user of the asset has relevant historical data that dictate that a different
fraction is appropriate.

13.1.3 The Net P-F Interval
The net P-F interval is the minimum interval likely to elapse between the discovery of a potential failure and the

occurrence of the functional failure. This is illustrated in Figure 10, which shows a failure process with a P-F interval of
nine months. The figure shows that if the item is checked monthly, the net P-F interval is eight months. On the other

hand, if it is checke
amount of time ava
condition task has t

The net P-F interva
the consequences
longer than the peri
sensible action to b
widely. In some ca
minutes (to shut dg
major shutdown). |
a. It is possible tg
corrective actio

b. Fewer on-condi

For this reason a g
that give the longes

JI dt b;)\ LLLLJ! It;liy il ItCI Vdib, ti 1c Ilct P'F ;I ItCI Vdi VVlJl.lil.JI IUC t;llﬁl: LLLL®J| Iti 15. SU ;II t;ll: ﬁlb
lable to do something about the potential failure is five months longer than inthe
D be done six times more often.

Inspection interval: < P-F interval:
1 month 9 months
Net P-F
I 11| |- interval >
8 months
°
Time ——>

FIGURE 10 - NET P-F INTERVAL

| governs the length of the period available-to take whatever action is needed to
bf the failure mode. For an on-conditionitask to be technically feasible, the net R
bd required to avoid or reduce the consequences of failure mode. If the net P-F int
e taken, then the on-condition taskyis not technically feasible. In practice, the pe
ses, it may be a matter of hours (say until the end of an operating cycle or the en
wn a machine or evacuate.a‘building). In other cases, it can be weeks or even
h general, longer P-F intervals are desirable for two reasons:

do whatever is neCessary to avoid the consequences of the failure mode (inc
n) in @ more considered and hence more controlled fashion.

tion inspections*are required.

eat deal-of energy is being devoted to finding potential failure conditions and on-g
t possible P-F intervals. However, it is possible to make use of very short P-F inter

t case the minimum
second, but the on-

reduce or eliminate
-F interval must be
erval is too short for
riod required varies
i of a shift) or even
months (say until a

uding planning the

ondition techniques
vals in some cases.
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13.1.4 The Relationship Between P-F Interval and Age
13.1.4.1 P-F Intervals and Random Failures

When applying these principles for the first time, people often have difficulty in distinguishing between the “life” of a
component and the P-F interval. This leads them to base on-condition task frequencies on the real or imagined “life” of
the item. If it exists at all, this life is usually many times greater than the P-F interval, so the task achieves little or nothing.
In reality, we measure the life of a component forward from the moment it enters service. The P-F interval is measured
back from the functional failure, so the two concepts are often completely unrelated. The distinction is important because
failure modes that are not related to age (in other words, random failures) are as likely to be preceded by a warning as
those that are not.

For example, Figure 11 depicts a component that conforms to a random failure pattern (pattem E). One of the
components failed pfter five years, a second after six months and a third after two years. In each fase, the functional
failure was preceded by a potential failure with a P-F interval of four months.

Potential failure Inspections
. detected at least done at -
Failures occuron 2 months before 2 monthly ) z Ir?]’fnrzﬁsl
a random basis functional failure intervals
| / ‘ / | x ‘ \ l |
a2 AFs R Wi |
0 1 2 3 4 5

Age (years) —>»

FIGURE 11 - RANDOM FAILURES AND THE P-F INTERVAL

Figure 11 shows that in order to detect the potential failure, we need to do an inspection task every twp months. Because
the failure modes pccur on a random basis, we don't know when the next one is going to happen, so the cycle of
inspections must bggin as soon as thejtem is put into service. In other words, the timing of the inspegtions has nothing to
do with the age or life of the componént.

However this does |not mean that‘on-condition tasks apply only to items that fail on a random basis| They can also be
applied to items thaf suffer agesrelated failure modes, as discussed below.

13.1.4.2 P-F Interyalsiand Age-Related Failure Modes

If an item deteriorates in a more or Iess linear fashion over its entire lite, It stands 10 reason that the final stages of
deterioration will also be more or less linear. This is likely to be true of age-related failure modes.

For example, consider tire wear. The surface of a tire is likely to wear in a more or less linear fashion until the tread depth
reaches the legal minimum. If this minimum is (say) 2 mm, it is possible to specify a depth of tread greater than 2 mm that
provides adequate warning that functional failure is imminent. This is of course the potential failure level.

If the potential failure is set at (say) 3 mm, then the P-F interval is the distance the tire could be expected to travel while its
tread depth wears down from 3 to 2 mm, as illustrated in Figure 12.
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Figure 12 also suggests that if the tire enters service with a tread depth of (say) 12'mm, it should be

the P-F interval bag
last at least 50 000
rate of 1 mm for eV
would call for the dn

Not only will this tas
km in this case—fof

In general, linear d
intrinsically age-rel3

13.1.5 P-F Interva

The P-F curves illu

constant. In fact, this is not the case—some, actually vary over a wide range of values, as shown in

cases a task interva
degree of certainty
with this minimum

on-condition task is

On the other hand,

the task should be abandoned in favor of some other way of dealing with the failure mode.

Tread depth when new
=12 mm < Q,\'/}b . P-F
a2 ,77’67/ interval
o© Sor at least
§ S3r 5000 km
Potential failure = p| ‘
=3 mm |
T
0 10 20 30 40 50
- Operating Age —>
=== (X TO00 Km)

FIGURE 12 - A LIINEAR P-F CURVE

ed on the total distance usually covered before the tire has.to\be retreaded. For
km before they have to be retreaded, it is reasonable to, cénclude that the tread W
ery 5000 km traveled. This amounts to a P-F interval-0f 5000 km. The associatg
ver to: “Check tread depth every 2500 km and reportitires whose tread depth is les

k ensure that wear is detected before it exceeds\the legal limit, but it also allows p
the vehicle operators to plan to remove the tite before it reaches the limit.

eterioration between “P” and “F” is onlytlikely to be encountered where the failu
ted.

Consistency

strated so far in this sectionof the Guide indicate that the P-F interval for any g
| must be selected that'is less than the shortest of the likely P-F intervals. This er
pf detecting the potential failure before it becomes a functional failure. If the net P-H
nterval is long .enough for action to be taken to deal with the consequences of th

technically feasible.

f the P-F.interval is very inconsistent, then it is not possible to establish a meaning

possible to predict
nstance, if the tires
ears at a maximum
d on-condition task
s than 3 mm.”

lenty of time—2500

re mechanisms are

ven failure mode is
Figure 13. In these
sures a reasonable
interval associated
e failure mode, the

ul task interval, and
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Condition —3»

F

Time ——> F,

13.1.6 Categories

The four major cate

FIGURE 13 - INCONSISTENT P-F INTERVALS
of On-Condition Technique
gories of on-condition techniques are as follows:
ed on variations in product quality. In many cases, the emergence of a defect in

directly related to a failure mode in the machine itself. Many 0f these defects em
y evidence of potential failures.

are another solirce of information about equipment condition. The ‘effects can be monitored by

a. Techniques bas
by a machine is
so provide time

b. Primary effects
gauge, by a cor

c. Techniques basg

d. Condition moni

equipment (wh
condition monit

Many failure modeg
category of on-cong
different types and
avoid unnecessary

a. Consider all the
range of on-corj
b. Apply the RCM

effective way of

hputer as part of a process control system, or by achart recorder.
ed on the human senses (look, listen, feel;xand smell).

oring techniques. These are techniques to detect potential failures that involve th
ch is sometimes built into the asset that is being monitored). These technid
bring to distinguish them from othertypes of on-condition maintenance.

s are preceded by more than one—often several—different potential failures,
ition task might be appropriate. Each of these will have a different P-F interval, g
evels of skill. This_ means that no single category of tasks will always be more cq
bias in task selection, it is essential to:

detectable phenomena that are reasonably likely to precede each failure mode, {
dition tasks that could be used to detect those warnings.

task<selection criteria rigorously to determine which (if any) of the tasks is likely t
anticipating the failure mode under consideration.

an article produced
erge gradually, and

monitoring techniques. Primary effects (speed, flowrate, pressure, temperature, power, current, etc.)

a person reading a

b use of specialized

ues are known as

so more than one
nd each will require
st-effective. So, to

bgether with the full

p be the most cost-

Note that any built-in devices designed to ascertain whether a failure mode is in the process of occurring or about to occur
should satisfy the same criteria for technical feasibility and worth doing as any on-condition maintenance. Note also that
when such devices are added to a system they constitute an additional function or functions, with additional failure modes,
and should be analyzed accordingly.
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13.2 Scheduled Restoration and Scheduled Discard Tasks

“Any scheduled discard task that is selected shall satisfy the following additional criteria:

a.

probability of the failure mode under consideration.

There shall be a clearly defined (preferably a demonstrable) age at which there is an increase in the conditional

A sufficiently 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.” (SAE JA1011, 5.7.3)

“Any scheduled restoration task that is selected shall satisfy the following additional criteria:

a. There shall be
probability of th
b.
of premature fa
c. The task shall 1

user of the asse

Scheduled restorat
considers their com

Scheduled restorat
(age limit), regardlg
another specified

remanufacturing a g

Scheduled discard
the time. This is d
resistance to failure

If the failure mode

a clearly defined (preferably a demonstrable) age at which there is an increas
e failure mode under consideration.

A sufficiently lafge proportion of the occurrences of this failure mode shall occur after this,age to re

lure to a level that is tolerable to the owner or user of the asset.

t” (SAE JA1011, 5.7.4)

on and scheduled discard tasks have a number of features in common, so thig
mon features first, then reviews the differences.

on entails taking periodic action to restore thekcapability of an item at or before
ss of its condition at the time, to a level that(provides a tolerable probability of st
nterval (which need not be the same as\the initial interval). This action ug
ingle component or overhauling an entirg;assembly

means discarding an item or compenent at or before a specified age limit, regardle
one on the understanding that replacing the old component with a new one will

under consideration conforms to Pattern A or B, it is possible to identify the age

begins. The scheduiled restoration or scheduled discard task must be done at intervals less than this &

the frequency of &
component shows 4§

scheduled restoration or scheduled discard task is governed by the age at
rapid increase, in-the conditional probability of failure.

In the case of Patt

rn C, morecomplex analytical techniques are required. These techniques are b

this Guide. Note thpt two types of life-limits apply to scheduled restoration and scheduled discard tas
life limits and econgmic-life limits.

13.2.1 Safe-Life Li

its

b in the conditional

duce the probability

estore the resistance to failure (condition) of the component to a‘level that is tolerable to the owner or

part of this Guide

a specified interval
rvival to the end of
ually entails either

5s of its condition at
restore the original

at which wear-out
ge. In other words,
which the item or

eyond the scope of
s. These are safe-

Safe-life limits only apply to failure modes that have safety or environmental consequences, so the associated tasks must
reduce the probability of a failure mode occurring before the life limit to a tolerable level. (A method of deciding what is
tolerable was discussed in 12.1.3 of this Guide. In practice, probabilities as low as 10" and sometimes even 107 are
often used in this context.) This requirement means that safe-life limits cannot apply to any failure mode that has a
significant probability of occurring when the item enters service.

Ideally, safe-life limits should be determined before a new item is put into service. They should be established by testing
a statistically adequate sample of items in a simulated operating environment to determine what life is actually achieved.
Some industries apply a conservative fraction of this life (typically a third or a quarter) as the safe-life limit, as illustrated in
Figure 14.
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FIGURE 14 - SAFE LIFE LIMITS

13.2.2 Economic-Life Limits

Operating experien
economic grounds.
item, rather than a
large majority of the

13.3 Failure-findin

“Any failure-finding

evident failure modegs):

a. The basis upor
multiple failure
b. The task shall g
c. The failure-find
itself might leav
d. It shall be physi

13.3.1 Multiple Fa

As mentioned in 10
phenomenon was
multiple failure can

ce sometimes suggests that the scheduled restoration or scheduled discard of an
This is known as an economic-life limit. It is based on the actual age-reliability
fraction of the age at which there is an increase in the conditional probability of fg
items must survive to the economic-life limit for the task to be justifiable on econor
) Tasks
task that is selected shall satisfy the following additional‘criteria (failure-findingd
which the task interval is selected shall take into<account the need to reduce tH
bf the associated protected system to a level that is'tolerable to the owner or user g

onfirm that all components covered by the faildre mode description are functional.

g task and associated interval selection-process should take into account any pro
e the hidden function in a failed state.

cally possible to do the task atthe'specified intervals.” (SAE JA1011, 5.7.5)
lures and Failure-finding
1.1.2, a multiple faildre* occurs if a protected function fails while the protection is in

llustrated in Figure~6. Equation 1, repeated below as Equation 3, shows how
be calculated.

Probability of a
multiple failure

Probability of failure of
the protected function

Average unavailability
of the protection

X

tem is desirable on

relationship of the
ilure. A sufficiently
nic grounds.

does not apply to

e probability of the

f the asset.

pability that the task

a failed state. This
the probability of a

(Eq. 3)

This led to the con

clusion that the probabllity of a multple taillure can be reduced by reducing the

protection—in other words, by increasing its availability.

unavailability of the

The best way to do this is to prevent the protective function from getting into a failed state by applying some sort of
proactive maintenance. However, few proactive tasks satisfy the criteria for technical feasibility when applied to hidden
failures. Nonetheless, although proactive maintenance is often inappropriate, it is still essential to do something to reduce
the probability of the multiple failure to the required level. This can be done by checking periodically whether the hidden
failure has occurred. Such checks are known as failure-finding tasks.
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13.3.2 Technical Aspects of Failure-Finding

The objective of failure-finding is to ascertain whether a hidden failure mode or combination of hidden failure modes has
rendered a protective function incapable of providing the required protection if it is called upon to do so. (This is why
failure-finding tasks are also known as functional checks.) The following paragraphs consider some of the key issues in
this area.
13.3.2.1 Check the Protective Function in Its Entirety

A failure-finding task must be sure of detecting all the hidden failure modes at which it is directed. This is especially true
of complex devices, such as those made up of sensors, electrical circuits, and actuators. ldeally, this should be done by

simulating the cong
failure-finding inter

13.3.2.2 Do NotD

Dismantling anything always creates the possibility that it will be put back together‘incorrectly. If

protective device th
know it has been Ig
checking the functig

This having been s
properly. In these

are returned to serv
13.3.2.3 It Must be

In a very small but
are:

a. Where it is imp
result of though
b. When the funct

discs). In most]
one or two cag
protection until
13.3.2.4 Minimize

It should be possib

ittors—thre—sensor-should—detect,amdctheckingwhetherthe—actuator givesthe i
al should be established accordingly.

sturb

at could suffer from hidden failures, the fact that the failure modes,are hidden me
ns of protective devices without disconnecting or otherwise disturbing them.
aid, some devices simply have to be dismantled or removed altogether to check
tases, great care must be taken to do the task in suctina way that the devices will
ice.

Physically Possible to Check the Function
still significant number of cases, it is impossible to carry out a failure-finding task
pssible to gain access to the protective device in order to check its function (this
tless design), and
on of the device cannot be checked without destroying it (as in the case of fusible
such cases, other teghnologies are available (such as circuit breakers instead of
es the only options Jare to find some other way of managing the risks associ

something better'comes along, or to abandon the processes concerned.

Risk While-th€ Task is Being Done

protective device h

s-tobe disabled in order to carry out a failure-finding task, or if such a device is ch
be in a failed statel@ﬂmmummmmmmmm_mmmmminmmm

original protection is restored.

13.3.2.5 The Frequency must be Practical

pht response. The

this happens to a
Ans that no one will

ft in a failed state until the next check (or until it is needed). Forthis reason, always look for ways of

if they are working

still work when they

of any sort. These

is almost always a

devices and rupture
uses). However, in
ed with untestable

e to €arry out a failure-finding task without significantly increasing the risk of the fnultiple failure. If a

ecked and found to

shut down until the

It must be practical to do the failure-finding task at the required intervals. This is discussed in 13.3.3. However, before we
can decide whether a required interval is practical, we need to determine what interval is actually “required.”
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13.3.3 Failure-Finding Task Intervals

13.3.3.1 Failure-Fi

nding Intervals, Availability, and Reliability

Not one but two variables—availability and reliability—are used to set failure-finding intervals. It can be shown that if there
is a linear correlation between the unavailability, the failure-finding interval and the reliability of the protective function as
given by its MTBF, as follows in Equation 4:

Failure-finding interval
MTBF of the protective function

Unavailability = 0.5 x

(Eq. 4)

It can also be sho
function conforms t

13.3.3.2 Excluding
The “unavailability”

finding task is bein
found to be failed.

a. The unavailabi
relative to the
mathematical g

b. Both the failurg

conditions. Th
while the interv
protection until
(controlled) inte

In the RCM decisio
doing. If thereis a
question “Does the
13.3.3.3 Calculatin

If we use the abbre
function, Equation 4

This means that in

that this linear relationship is valid for all unavailabilities of less than 5%, provide
an exponential survival distribution.’

Task Time and Repair Time

of the protective function in Equation 4 does not include any unavailability incurr
) performed, nor does it include any unavailability caused by the_heed to restorg
[his is so for two reasons:

ity required to carry out the failure-finding task and to’ effect any repairs is like]
unrevealed unavailability between tasks, to the extent that it will usually be A
rounds.

-finding task and any repairs that might be _needed should be carried out und
pse conditions should greatly reduce—if not“completely eliminate—the chance
ention is under way. This entails either shutting down the protected system or g
the system has been fully restored. ~If this is done properly, the unavailability
rvention can be ignored in any assessments of the probability of a multiple failure.

 process, the latter point is covered by the criteria for assessing whether a failure-
significant increase in the likelinood of a multiple failure while the task is under wa
task reduce the probability.of a multiple failure to a tolerable level” will be “no.”

g FFI Using Availability and Reliability Only

viation “FFI” to ‘describe the failure-finding interval and “MTIVE” to describe the MT]
can be rearfanged to give the Equation 5:

FFI = 2x Unavailability x Mtive

prder to determine the failure-finding interval for a single protective function, it is ne

1 that the protective

pd while the failure-

the function if it is

y to be very small
egligible on purely

er tightly controlled
bf a multiple failure
rranging alternative

resulting from the

inding task is worth
/, the answer to the

BF of the protective

(Eq. 5)

Cessary to ascertain

its mean time between failures and the desired availability of the function (from which it is possible to compute the
unavailability to be used in the formula). For those who are uncomfortable with mathematical formulae, Equation 5 can

be used to develop

a simple table, as shown in Figure 15:

' See Cox and Tait or Andrews and Moss.
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Availability we require for the protective 99.99% | 99.95% | 99.9% | 99.5% | 99% | 98% | 959
function . : . e ? ° ?
Failure-finding interval (as a % of the MTBF) | 0.02% 0.1% 0.2% 1% 2% 4% | 10%

13.3.3.4 Rigorous

FIGURE 15 - FAILURE-FINDING INTERVAL, AVAILABILITY, AND RELIABILITY

Methods for Calculating FFI

A single formula for determining failure-finding intervals that incorporates all the variables considered so far can be

developed by combining Equations 1

defined as follows:

a. A probability o
1 000 000 years.

b. If the demand
the protected f
years. If this is
also known as

c. Mg is the me

d. UTIVE is the allo

If the previous expr

This can be rearran

Su bSt|tUt|ng Urve fr

This formula allows

and 5, as explained in the following paragraphs. To do so. mo

a multiple failure of 1 in 1 000 000 in one year implies a mean time between
If this is called My, the probability of a multiple failure occurring in any\one year

te of the protected function is (say) once in 200 years, this corresponds to a pro
nction of 1 in 200 in any one year, or a mean time between fajlures of the prote
called Mrgp, the probability of failure of the protected functiondn any one year wil
e demand rate.

n time between failures of the protective function and€Fkt is the failure-finding task

ved unavailability of the protective function.

bssions are substituted, Equation becomes:
T/"Myg = (&/M1ep) < Urve
ged as follows in Equation 7:

Mrep
Mr

UTIVE -

bm Equation 7 jnto.Equation 5 gives Equation 8:

(2 XMy yg X Mrgp)

FFI=
Mg

re terms need to be
multiple failures of
is 1/MM|:.

bability of failure for
tted function of 200
be 1/MTED- This is

interval.

(Eq. 6)

(Eq. 7)

(Eq. 8)

afailure-finding interval to be determined in one step for a single, independent profective function.
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13.3.3.4.1 Multiple Failure Modes of a Single Protective Function

Throughout this section, all the failure possibilities that could cause any protective function to fail have been grouped
together as one single failure mode (“stand-by pump fails”). The vast majority of protective functions can be treated in this
way, because all the failure modes that could cause a protective function to fail are checked when the function of the
device as a whole is checked.

However, it is sometimes appropriate to carry out a detailed FMEA of the protective function in order to identify individual
failure modes, each of which on its own might cause the protective device or system to be unable to provide the required

protection. This is usually done under not one but two sets of circumstances:

a. When some of
scheduled disc
condition or sc
applied to the r

b. When the prote

or wherever) ag
In these circumstari
are the object of the
based on the MTBH
13.3.3.4.2 Method
The techniques for|
functions. The mg
economic conseque

13.3.3.5 The Prac

The methods descr

with the following inpplications:

a. A very short fail

1. Sometimes

for a major
2. The task co

In these cases,

rd tasks, but others are neither predictable nor preventable. In these cases|
eduled restoration/discard task should be applied to the failure modes that qualify
maining failure modes.

ctive device is new and the only failure data that are available (from(data banks, ¢
ply to parts of the device but not to the device as a whole.

ces, Equation 8 should be modified to accommodate the combination of individug
s of each failure mode.

s of Calculating Failure-Finding Intervals for Other:Types of Protective Functions
setting failure-finding intervals described previously are risk-based approaches
nces are beyond the scope of this Guide:

icality of Failure-Finding Task Intervals

bed so far for calculating failure-finding intervals sometimes produce very short or

ure-finding task interval has two main implications:

the interval is simply far too short to be practical. An example would be a failure-fi
tem of a process plant to be shut down every few days.

uld causehabituation (which might happen if a fire alarm is tested too often).

the ‘proposed task must be rejected and some other way found to reduce the proba3

duled restoration or
he appropriate on-
, and failure-finding

bmponent suppliers

| failure modes that

failure-finding task, by determining a composite mean time petween failures of th¢ protective function

to single protective

nagement of multiple protective functions<and the management of multiple failyres that have only

very long intervals,

hding task that calls

bility of the multiple

failure to a toler

Able level

b. A very long failure-finding task interval also has two main implications:

1.

For intervals that are substantially longer than the projected remaining useful life of the asset: Such intervals

suggest that there is no need to do a scheduled failure-finding task at all (though it is still necessary to ascertain
during commissioning that the devices have been installed correctly).

For intervals that are longer than the maximum planning horizon of existing maintenance planning systems, but

are shorter than the projected remaining useful life of the asset: In these cases, care should be taken not to
reduce the associated intervals simply to accommodate the limitations of existing planning systems, if only
because failure-finding tasks can sometimes induce the failure modes that they are meant to detect.
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Note that a failure-finding task interval can emerge that exceeds the average interval between failures of the protected
function. As the amount by which the failure-finding interval exceeds the failure interval increases, the value of failure-
finding diminishes rapidly, until a point is reached where it has little or no effect on the probability of the multiple
failure. If any of the above formulae yield an interval at or beyond this point, some other way must be found to reduce
the probability of the multiple failure to the tolerable level.

13.4 Combination of Tasks
If a failure mode or a multiple failure could affect safety or the environment and no scheduled task can be found that on its

own reduces the risk of failure to a tolerably low level, it is sometimes possible that a combination of tasks (usually from
two different task categories, such as an on-condition task and a scheduled discard task), might reduce the risk of the

failure mode to the

When considering
feasibility criteria

level. However it
should be taken nof

14. FAILURE MAN
14.1 One-Time Ch

“The RCM process
operated by applyin

“In cases where su
following criteria:

a. In cases where
one-time chang
asset is compul

b. In cases where
reduces the pro

c. In cases where
consequences,

d. In cases where|

change must bg

Earlier sections of

a
task. Care must a’!}

UiUldIUic icvci.

such combinations, care must be taken to ensure that each task on its own will
propriate to that kind of task, and that each task is carried out at the frequency
o be taken to ensure that the two tasks combined will in fact reduce the consequ
ust be stressed that situations in which combinations of tasks are necessary are
to employ such combinations indiscriminately.

AGEMENT POLICIES—ONE-TIME CHANGES AND RUN-TO=FAILURE

anges

shall endeavor to extract the desired performance*of the system as it is curre
g appropriate scheduled tasks.” (SAE JA1011,56.8.1.1)

Ch tasks cannot be found, one-time changes.to the asset or system may be neceg

e that reduces the probability of\the multiple failure to a level tolerable to the o
Sory.
bability of the failure mode to a level tolerable to the owner or user of the asset is ¢

the failure modetis’ hidden, and the associated multiple failure does not have safg
any one-timesehange must be cost-effective in the opinion of the owner or user of {

the failure-mode is evident and does not have safety or environmental consequg
costteffective in the opinion of the owner or user of the asset.” (SAE JA1011, 5.8

his’Guide stressed that the initial capability (or inherent reliability) of any asset i

batisfy the technical
appropriate for that
bnces to a tolerable
very rare, and care

htly configured and

sary, subject to the

the failure is hidden, and the assaciated multiple failure has safety or environmental consequences, a

wner or user of the

the failure mode is evident and has safety or environmental consequences, a one-time change that

bmpulsory.

ty or environmental
he asset.

nces, any one-time
1.2)

5 established by its

design and by how it is made, and that maintenance cannot yield reliability beyond that inherent in the design. This led to
two conclusions.

Firstly, if the initial capability of an asset is greater than the desired performance, maintenance can help achieve the
desired performance. Most equipment is adequately specified, designed, and built, so it is usually possible to develop a
satisfactory maintenance program, as described previously. In other words, in most cases, RCM helps us to extract the
desired performance from the asset as it is currently configured.
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Secondly, if desired performance exceeds initial capability, then no amount of maintenance can deliver the desired

performance.

In these cases “better” maintenance cannot solve the problem, so it is necessary to look beyond

maintenance for the solutions. In most cases, this entails changing the capability of one of three elements of the system:

A change to the physical configuration of the asset (what is normally referred to as a “redesign” or “modification”).

This is any action that should result in a change to a drawing or a parts list. It includes changing the specification of a
component, adding a new item, replacing an entire machine with one of a different make or type, or relocating a
machine. (Note that if any such changes are made, the RCM process will need to be applied in full to the new design

re that it continues to function as intended.)

A change to a process or procedure that affects the operation of the asset.

a.
in order to ensu

b.

c. A change to the

training the per
The term “one-time
to any specific syst
outline the specific

14.1.1 Safety or E

If a failure mode co

reduce the risk of failure to a tolerable level, something must be changed, simply because we are

safety or environme
one of two objective

a.
either by repla
anticipate the f3

b. To change the

conseqguences.
added, its main

Safety or environm
by abandoning a d

regarded as intolerable, RCM obliges_us either to prevent the failure mode from occurring, or to ma

The alternative is
acceptable in most

To reduce the probability of an unanticipated failure mode eccurring to a level that is tolerable.

capability of one of the people involved in operating or maintaining the equipment
son concerned as a method of dealing with a specific failure mode).

change” is used in this Guide to refer to these interventions because they-are usu
bbjectives of one-time changes for each of the main categories of failure conseque
nvironmental Consequences

uld affect safety or the environment and no scheduled-fask or combination of task
ntal hazard that cannot be adequately prevented.:In‘these cases, redesign is usu
S:

Ling the affected component with one that is stronger or more reliable, or by m
ilure mode.

item or the process in such a“way that the failure mode no longer has safet

enance requirements must also be analyzed.

bntal consequences ean also be reduced by eliminating hazardous materials from
angerous processlaltogether. In essence, if the level of risk associated with

o accept conditions that are known to be unsafe or environmentally unsound.
ndustries,

bm, as opposed to scheduled tasks that are performed at regular interyals. The f:t

(this usually entails

hlly made only once
llowing paragraphs
ces.

S can be found that
now dealing with a
blly undertaken with

This is usually done

aking it possible to

y or environmental

This is most often done by.installing a suitable protective device. Remember that if such a device is

a process, or even
ny failure mode is
e the process safe.

This is no longer
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14.1.2 Hidden Failures

In the case of hidden failures, the risk of a multiple failure can be reduced by making any of the following one-time

changes:

a.

Make the hidden failure evident by adding another device: Certain hidden failures can be made evident by adding

another device (such as “Built-In Test Equipment,” or BITE), that draws the attention of the operator to the hidden
failure. Special care is needed in this area, because the failures of extra functions installed for this purpose also tend
to be hidden. If too many layers of protection are added, it becomes increasingly difficult—if not impossible—to define
sensible failure-finding tasks. A more effective approach is to substitute an evident function for the hidden function, as
explained in the next paragraph.

a device or sysfem whose failure is genuinely evident for one whose failure is not evident.

b. Substitute a prg
c. Substitute a mq
words, one thg
objectives:
1.
the level of
2.
resource re
3. Toreduce't
d. Duplicate the h
give the desire
even triplicating
be subjected to
e.
f. Reduce the de

protection, champge the physical configuration of the system and/or the capability of the operator o

a way that the s
14.1.3 Operationa

For some failure m
policy may be to ch

To reduce the probability of the multiple failure without changing the fajlure-finding task inten

To increas¢ the interval between tasks without changing the/probability of the multiple fai

Make it possibl¢ to perform a scheduled task-(for instance by improving access to the protective de

tective function whose failure is evident for the hidden function: In most cases-this

re reliable (but still hidden) device for the existing protective device: A'more relia
t has a higher mean time between failures) will enable the orgahization to ag

protection.

quirements.

he probability of the multiple failure and increase task intervals.
dden function: If it is not possible to find“a single protective device that has a hig
I level of protection, it is still possiblesto achieve any of the above three objective

) the hidden function. However, bear in mind that the function of all these device
analysis in order to identify an appropriate failure management policy.

mand rate of the pretected function: Depending on the failure modes that lead
ystem is likely fo'require the protection less often.
and Non-Qperational Consequences

pdes<with operational or non-operational consequences, the most cost-effective
hnge’the system to reduce total costs. To achieve this, the changes could seek to:

means substituting

ble device (in other
hieve one of three

als. This increases

ure. This reduces

h enough MTBF to

s by duplicating (or
5 would still need to

vice or system).

to the demand for
[ maintainer in such

ailure-management

a.

element of the system more robust or more reliable.

Reduce the number of times the failure mode occurs, or possibly eliminate it altogether, again by making some

b. Reduce or eliminate the consequences of the failure mode (for example, by providing a stand-by capability).

C.

Make a scheduled task cost-effective (for instance, by making a component more accessible).

Note that in this case, modifications must be cost-justified, whereas they are compulsory if there is no other way to reduce
the risk of failures that have safety or environmental consequences to a tolerable level.
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14.2 Run To Failure

“Any run-to-failure policy that is selected shall satisfy the appropriate criterion as follows:

a.
not have safety

or environmental consequences.

have safety or environmental consequences.” (SAE JA1011, 5.8.2)

In cases where the failure is hidden and there is no appropriate scheduled task, the associated multiple failure shall

In cases where the failure is evident and there is no appropriate scheduled task, the associated failure mode shall not

In the case of some failures that are evident and that do not affect safety or the environment, or that are hidden and the

multiple failure doe
be to allow the failu
if:

a. A suitable schq

safety or envirg
b. A cost-effective
15. FAILURE MAN

15.1 Two Approac

The last three ques
appropriate failure
used to select faill
approach.

The rigorous appro
each failure mode i
rigorous approach

consequences of each failure mode. It should also be borne in mind that the use of decision diagram

element of sub-opti

ot affect safety ortheenvironment, the most tosteffective faiture Tmamagement
r'es to occur and then take appropriate steps to repair them. In other words, “runto

duled task cannot be found for a hidden failure, and the associated multiple fa
hmental consequences, and

proactive task cannot be found for failures with operational or non-operational cons
AGEMENT POLICY SELECTION

hes

tions in the RCM process, discussed in Sections’10 through 14 of this Guide, er

management policies for each failure mode identified in the FMEA. Two distinct
re management policies. The first is a ‘rigorous approach and the second is

bch is more thorough and produces a fully cost-optimized failure management pg
h the FMEA. Decision diagrams afe popular because they are quicker and cheap|
However any decision .diagram approach must fully address the safety

mization to the failure management policy selection process, from the cost point of

Note that when ap

lead to a temptatipn to start relying excessively on “default logic,” in which decisions are ma3

comprehensive dat

lying either approach, most decisions have to be made in the absence of comp

are not readily available. However the application of such logic can lead to

policy might simply
failure” is only valid

lure does not have

equences.

tail the selection of
approaches can be
B decision diagram

licy for dealing with
er to apply than the
and environmental
5 does introduce an
iew.

ete data. This can
de automatically if
ncorrect decisions,

especially in the asgessment,ofConsequences. In practice the view should be taken that, if the possilble repercussions of

too much uncertainty cannot.be tolerated, then action should be taken to change the consequences o

rather than rely up

“default” decisions.

F the failure mode—
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