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Workshop Agenda

¥ Goal: Understand SAE-JA1011 Compliant RCM
m = Real-World (personal!) Case Study
o FMEA
o Assess Conseguences
o Use RCM Logic to establish a CBM task

— = NOT a comprehensive introduction to RCM. It
i is an overview of some key RCM concepts.

2. Functional Failures
3. Failure Modes

= You WILL leave understanding what “True”
5. Failure Consequences .
6. Proactive Mai:tenance and Intervals RC M IS .

7. Default Strategies .
25RCM

Copyright The Force, Inc. 2023 All Rights Reserved @~ TRAININGONLINECOM

4. Failure Effects




Reliability Centered
Maintenance (RCM) Overview
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Operating Context Excerpt

2014 Subaru Forester — personal use vehicle. (I drive it almost
exclusively.)

Drive approximately 12,000 miles per year in the Southeastern United
States (almost entirely in Alabama). Longest journey ~ 4 hours from
home.

| do have a “backup” car — 2004 Toyota Corolla.

Scope of analysis is limited to Failure Modes that result in illumination
of the Low Engine Oil Light and the “Low Engine Qil Light system”
itself.

2.5-liter horizontally opposed four-cylinder (boxer) engine, 170
horsepower.

Low Engine OIl Light illuminates in the event that the engine oll
decreases to the lower limit (~1 quart low). SRCM
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Reliability Centered Maintenance

RCM is a zero-based process used
to identify the Failure Management
Strategies that are required to
ensure an asset meets its mission
reguirements in its operational
environment in the most safe and / RCM Process \
cost effective manner. . Functions
. Functional Failures

1
2
3. Failure Modes
4, Failure Effects
5
6

. Failure Consequences
. Proactive Maintenance and Intervals

{Default Strategies j

Qﬂ TRAININGONLINE.COM
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Reliability Centered Maintenance

RCM is a zero-based process used
to identify the Failure Management
Strategies that are required to
ensure an asset meets its mission

reguirements in its operational
environment in the most safe and / RCM Process \
cost effective manner. | L. Functions
2. Functional Failures

3. Failure Modes
4. Failure Effects

" o oge ”
Rellablllty 5. Failure Consequences
6. Proactive Maintenance and Intervals
Include Primary & Secondary Functions {Defa“'t Strategies /

‘ﬂ TRAININGONLINE.COM
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Primary Function: My 2014 Subaru Forester

: Performance Operating
[ERa Verb g Object By Standard(s) * Context

/ RCM Process \

|1.Funcﬁons

2. Functional Failures

3. Failure Modes

4. Fallure Effects

5. Failure Consequences
6.

7.

To get from “Poiat A” to “Point B.”

Proactive Maintenance and Intervals

kDefault Strategies /

‘ﬂ TRAININGONLINE.COM
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Primary Function: My 2014 Subaru Forester

N — Ath‘@
= ——
e - &
" R\“%
¢ R W
7 - 2

: Performance Operating
el | - | Glosee] - Standard(s) * Context

Performance
Standards

Operating Context
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Primary Function: My 2014 Subaru Forester

/i My, ; Performance Operating
- + + + +
1 Wil ClejEe! Standard(s) Context

Transport

Performance
Standards

Operating Context

% TRAININGONLINE.COM
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Primary Function: My 2014 Subaru Forester

To + | Verb | + Object | + Performance N Operating

Standard(s) Context
Transpor
Up to 5 adult passengers and 3 medium-size suitcases

Performance
Standards

Operating Context

% TRAININGONLINE.COM
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Primary Function: My 2014 Subaru Forester

To + | Verb | + Object | + Performance N Operating

Standard(s) Context
Transpor
Up to 5 adult passengers and 3 medium-size suitcases

Performance - Along paved roads and highways
Standards

Operating Context

‘ﬂ TRAININGONLINE.COM
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Primary Function: My 2014 Subaru Forester

To + | Verb | + Object | + Performance N Operating

Standard(s) Context
Transpor
Up to 5 adult passengers and 3 medium-size suitcases

Performance - Along paved roads and highways
Standards - Drive up to 360 miles without stopping

Operating Context

‘ﬂ TRAININGONLINE.COM
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Primary Function: My 2014 Subaru Forester

To + | Verb | + Object | + Performance N Operating

Standard(s) Context
Transpor
Up to 5 adult passengers and 3 medium-size suitcases

Performance - Along paved roads and highways
Standards - Drive up to 360 miles without stopping
- In climates that range from 0° to 115° F (-17° to 46° C)

Operating Context

‘ﬂ TRAININGONLINE.COM
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Primary Function: My 2014 Subaru Forester

To + | Verb | + Object | + Performance N Operating

Standard(s) Context
Transpor
Up to 5 adult passengers and 3 medium-size suitcases

Performance - Along paved roads and highways

Standards - Drive up to 360 miles without stopping

- In climates that range from 0° to 115° F (-17° to 46° C)
- While protecting passengers from the elements

Operating Context

‘ﬂ TRAININGONLINE.COM
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Primary Function: My 2014 Subaru Forester

To + | Verb | + Object | + Performance N Operating

Standard(s) Context
Transpor
Up to 5 adult passengers and 3 medium-size suitcases

Performance Along paved roads and highways

Standards Drive up to 360 miles without stopping

In climates that range from 0° to 115° F (-17° to 46° C)
While protecting passengers from the elements

Operating Context FASR{EbI[(El

To transport up to 5 adult passengers and 3 medium-size suitcases along paved
roads and highways for up to 360 miles without stopping in climates that range
from 0° to 115° F (-17° to 46° C) while protecting passengers from the elements. ‘RCM

Copyright The Force, Inc. 2023 All Rights Reserved




Failure Modes and Effects Analysis (FMEA)

FUNCTION FUNCTIONAL FAILURE FAILURE MODE FAILURE EFFECT

1 |Totransportupto5
adult passengers and 3
medium-size suitcases

along paved roads and
highways for up to 360 ?
miles without stopping in
climates that range from

0°to 115° F (-17° to 46°

C) while protecting

passengers from the
elements.

To transport up to 5 adult passengers and 3 medium-size
suitcases along paved roads and highways for up to 360 miles
without stopping in climates that range from 0° to 115° F (-17°
to 46° C) while protecting passengers from the elements.

Copyright © The Force, Inc. 2017-2023 All Rights Reserved



Failure Modes and Effects Analysis (FMEA)

FUNCTION FUNCTIONAL FAILURE FAILURE MODE FAILURE EFFECT

1 |Totransportupto5
adult passengers and 3
medium-size suitcases
along paved roads and
highways for up to 360
miles without stopping in
climates that range from
0°to 115° F (-17° to 46°
C) while protecting
passengers from the
elements.

— |
ﬁ Continue listing Secondary Functions.

And so on

Copyright © The Force, Inc. 2017-2023 All Rights Reserved



Evident and Hidden Functions

Copyright The Force, Inc. 2023 All Rights Reserved



Classifying Functions: Evident

Evident
Function

____________________________________________________________

~ Failure of the Function |

~ becomes evident to the

. operating crew under
normal conditions.

Qﬂ TRAININGONLINE.COM
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Primary Function: My 2014 Subaru Forester

: Performance Operating
[ERa Verb g Object By Standard(s) * Context

Solect___ EV I d e n t m-size suitcases
Standards )
(0] _ 0] 0]
FUNCLION ceemens

To transport up to 5 adult passengers and 3 medium-size suitcases along paved
roads and highways for up to 360 miles without stopping in climates that range
from 0° to 115° F (-17° to 46° C) while protecting passengers from the elements. ‘RCM

Copyright The Force, Inc. 2023 All Rights Reserved
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Classifying Functions: Hidden

________________________________________________

-  Hidden Functions
Hi N | |
dde — are almost always |
. Protective Devices !

_______________________________________________

Function

.

' Failure of the Function is |
| not evident to the '
operating crew under
normal conditions.

Qﬂ TRAININGONLINE.COM
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Protective Devices
and Hidden Faillures

Protective Device:

Device or System intended to protect
INn the event that another failure occurs.

Copyright The Force, Inc. 2023 All Rights Reserved



Hidden Functions

Home Smoke Detector
To be capable of sounding an

—» Protective Device

audible alarm in the event there is
a fire in the room

Hidden Function

. Eailure of the * """""""""""""""" i

. Failure of the Function is not
~ evident to the operating crew |
~under normal conditions.

No fire 4+  Smoke detector
(normal condition) fails

‘ﬂ TRAININGONLINE.COM
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Hidden Functions

Home Smoke Detector
To be capable of sounding an

—» Protective Device

audible alarm in the event there is
a fire in the room

There IS a fire in the room = 4 Smoke (_Jletector = Multiple Failure
(failure condition) IES

‘ﬂ TRAININGONLINE.COM
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Case Study Ol &
2014 Subaru Forester Low Engine Oil Light

What is the Function?

To be capable of visually alerting
the driver in the event that the
engine oil level decreases to the low
level limit. (LOW OIL LEVEL Light)



Case Study Ol &
2014 Subaru Forester Low Engine Oil Light

What is the Multiple Failure?

1. OIl In the reservolir falls to the low
level lImit

2. Low Engine OIl Light “system” is
failed.
| ~yRCM



Failure Modes and Effects Analysis (FMEA)

Hidden
\\ .
\;\\\ Function

To be capable of visually alerting the driver in the
event that the engine oll level decreases to the
lower level limit. (LOW OIL LEVEL Light)

2 |To be capable of visually
alerting the driver in the
event that the engine oll
level decreases to the
lower limit (LOW OIL
LEVEL Light)

‘;RQM Copyright & The Force, Inc. 2017-2018 All Rights Reserved
‘ T ]




Reliability Centered Maintenance

RCM is a zero-based process used
to identify the Failure Management
Strategies that are required to
ensure an asset meets its mission

reguirements in its operational
environment in the most safe and / RCM Process \
cost effective manner. 1. Functions
|2. Functional Failures
Failure Modes
Failure Effects

_ _ 5. Failure Consequences
Partial Failure 6. Proactive Maintenance and Intervals
/.

KDefauIt Strategies /

‘ﬂ TRAININGONLINE.COM

3
Total Failure 4
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Failure Modes and Effects Analysis (FMEA)

FUNCTION FUNCTIONAL FAILURE FAILURE MODE FAILURE EFFECT

1 |Totransportupto5
adult passengers and 3
medium-size suitcases
along paved roads and
highways for up to 360
miles without stopping in

climates that range from = .

0° to 115° F (-17° to 46° What is Total Failure?
C) while protecting
passengers from the

elements.
v

) T~

T~

To transport up to 5 adult passengers and 3 medium-size
suitcases along paved roads and highways for up to 360 miles
without stopping in climates that range from 0° to 115° F (-17°
to 46° C) while protecting passengers from the elements.

Copyright © The Force, Inc. 2017-2023 All Rights Reserved



Failure Modes and Effects Analysis (FMEA)

FUNCTION FUNCTIONAL FAILURE FAILURE MODE FAILURE EFFECT

1 |Totransportupto5 A | Completely unable to transport.
adult passengers and 3 T t I  ~ 1 I
medium-size suitcases O a al u re
along paved roads and ~
highways for up to 360
miles without stopping in

climates that range from
0°to 115° F (-17° to 46°

passengers fom the Completely unable to transport.

elements.

Copyright © The Force, Inc. 2017-2023 All Rights Reserved



Failure Modes and Effects Analysis (FMEA)

FUNCTION FUNCTIONAL FAILURE FAILURE MODE FAILURE EFFECT

2 |To be capable of visually
alerting the driver in the
event that the engine oil
level decreases to the

lower limit (LOW OIL
LEVEL Light)

\ What is Total Failure?

To be capable of visually alerting the driver in the
event that the engine oll level decreases to the
lower level limit. (LOW OIL LEVEL Light)

L
%RQM Copyright & The Force, Inc. 2017-2018 All Rights Reserved
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Failure Modes and Effects Analysis (FMEA)

FUNCTION FUNCTIONAL FAILURE FAILURE MODE FAILURE EFFECT

2 |To be capable of visually | A | Incapable of visually alerting
alerting the driver in the the driver in the event that the
event that the engine oil engine oil level decreases to

level decreases to the the lower limit. \\ TOtaI Fai I ”J re

lower limit (LOW OIL

Incapable of visually alerting the driver
In the event that the engine oll level
decreases to the lower limit.

Copyright & The Force, Inc. 2017-2018 All Rights Reserved




Failure Modes and Effects Analysis (FMEA)

FUNCTION FUNCTIONAL FAILURE FAILURE MODE FAILURE EFFECT
2 |To be capable of visually | A | Incapable of visually alerting
alerting the driver in the the driver in the event that the
event that the engine oil engine oil level decreases to
level decreases to the the lower limit.

lower limit (LOW OIL
LEVEL Light)

How else can it fail?

To be capable of visually alerting the driver in the
event that the engine oll level decreases to the
lower level Imit. (LOW OIL LEVEL Light)

Copyright & The Force, Inc. 2017-2018 All Rights Reserved



Failure Modes and Effects Analysis (FMEA)

FUNCTION

FUNCTIONAL FAILURE

FAILURE MODE FAILURE EFFECT

2 | To be capable of visually
alerting the driver in the
event that the engine oil
level decreases to the
lower limit (LOW OIL
LEVEL Light)

Incapable of visually alerting
the driver in the event that the
engine oil level decreases to
the lower limit.

Falsely illuminates the
LOW OIL LEVEL Light.

Falsely illuminates the LOW
OIL LEVEL Light. -~

\

Copyright & The Force, Inc. 2017-2018 All Rights Reserved



Reliability Centered Maintenance

RCM is a zero-based process used to identify
the Failure Management Strategies that are
required to ensure an asset meets its mission
requirements in its operational environment in
the most safe and cost effective manner.

We manage assets at the
Fallure Mode level.

/ RCM Process \

1. Functions

2. Functional Failures

\Ig_ Failure Modes

- We proactively identify what could cause

each Functional Failure, and then use the |

remaining four steps of the RCM process

- to figure out what (if anything at all) we
should do to manage it.

________________________________________________________________________________________

What specifically
causes failure

—-— O . . S e e e e e . .y

Copyright The Force, Inc. 2023 All Rights Reserved



Faillure Modes

N\
\
. RS
\ Destination: _
1 Failure Management Strategies
’| Proactive Maintenance
! and

_ _ Defgyl '
| . geldtegies
/ = Aore ¥

- - T alWe

A properly written Failure Mode puts you on the right road
- and sends you in the right direction.

~
\
LRCM
Copyright The Force, Inc. 2023 All Rights Reserved ‘ LBt e, L],



Potential Products of an RCM Analysis

Maintenance Plan

Proactive

New/Modifications
to Operating
Procedures

N

Updates/Additions
to Technical
Publications

e

to Training
Programs

New/Modifications

T

RCM
Can Yield

|

Equipment
Redesigns

Failure Finding

/‘ tasks

\ Troubleshooting
Procedures

Supply Changes

Copyright The Force, Inc. 2023 All Rights Reserved
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How to Compose Failure Modes

Noun| +| Verb |+ | (as necessary) Operating Context

Intercooler tubes corrode

Brake pads wear

Compressor disc fatigues

Alternator belt deteriorates

Power turbine blade fatigues

‘ﬂ TRAININGONLINE.COM
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How to Compose Failure Modes

Noun| +| Verb |+ | (as necessary) Operating Context

Intercooler tubes corrode due to normal use

Brake pads wear due to normal use

Compressor disc fatigues due to normal use

Alternator belt deteriorates due to normal use

Power turbine blade fatigues due to normal use

‘ﬂ TRAININGONLINE.COM
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How to Compose Failure Modes

Noun| +| Verb |+ | (as necessary) Operating Context

Hydraulic line chafes due to normal equipment vibration

Hydraulic line chafes due to improper routing

Oil filter clogs due to normal use

Oll filter clogs due to gearbox break-in

Foreign object enters aircraft engine air inlet during flight

Foreign objects accumulate in aircraft engine inlet while on the ground,
with engine off

Copyright The Force, Inc. 2023 All Rights Reserved



Why Including Operating Context in Failure Modes Matters

P

—

—_Destination:

Failure Management Strateqies
Proactive Maintenance

and

Defaultitraﬁgi%\

~
\
2RCM
Copyright The Force, Inc. 2023 All Rights Reserved ‘ LBt e, L],



Why Operating Context Matters in Failure Modes

Failure Modes with operating context in italics Failure Management Strategies

Visually inspect hydraulic line every 25 hours
 of operation. Replace line, as required.

Hydraulic line chafes due to normal equipment vibration.

Hydraulic line chafes due to improper routing. | AUIMEE TENTING [PIEEE S0 UET

hydraulic lines are routed properly.

‘ﬂ TRAININGONLINE.COM
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Why Operating Context Matters in Failure Modes

Failure Modes with operating context in italics Failure Management Strategies

Change the oll filter after every 500
» hours of operation. :

QOil filter clogs due to normal use

QOil filter clogs due to gearbox break-in

Qﬂ TRAININGONLINE.COM
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Why Operating Context Matters in Failure Modes

Failure Modes with operating context in italics

Foreign object enters engine air inlet during flight.

Foreign object accumulates in engine inlet while aircraft
Is on the ground with the engine not running.

Failure Management Strategies

- Formulate emergency procedure for
» an in-flight engine failure. :

i Inspect the engine inlet for foreign
: objects prior to engine start. :

Copyright The Force, Inc. 2023 All Rights Reserved



Why Operating Context Matters in Failure Modes

Failure Modes with operating context in italics Failure Management Strategies

. ) ) : Visually inspect hydraulic line every 25 hours
Hydraulic line chafes due to normal equipment vibration. |—= y Insp 4 : y
of operation. Replace line, as required.

Hydraulic line chafes due to improper routing. —» Augment LI (e i) S0 Lt e EUle
‘A lines are routed properly.
Proactive
Maintenance Plan

New/Modifications T : .
to Operating Failure Finding
Procedures \ / el e

RCM
AT Can Yield
pdates itions :

to Technical / \. Troubleshooting

Publications | Procedures

New/Modifications _
to Training Equn_went Supply Changes
Programs Redesigns g*; RCM

Copyright The Force, Inc. 2023 All Rights Reserved
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Case Study
2014 Subaru Forester Low Engine Oll Light

ILLINOIS
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What specifically could cause (Failure Modes)
' the engine oil to drop to the low level limit and
illuminate the LOW OIL LEVEL Light?
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What specifically could cause the engine oil to
drop to the low level limit and illuminate the
LOW OIL LEVEL LIGHT? —

@The light could illuminate @The light could illuminate @The light could falsely
because the oil level is low because the oll level is low illuminate due to a faulty
due to “normal due to a leak in the oil circuit (meaning the engine
consumption.” In that system. That's the worst- oil level is normal, but the
case, | have enough oil to case-scenario. Low oll light illuminates anyway). If
make it home without level leads to inadequate that is the case, there is
damaging my engine lubrication which could nothing | can do about it
because | only had another cause serious internal until | bring my car in for
150 miles to go. But, it damage to engine service. But between now
wouldn’t be wise to components and possibly and then, my engine will be
continue driving without leave me stranded on the just fine (assuming | don’t
checking the oil level to side of the road. also have a low oil situation
ensure | avoid any possible In the meantime!)
engine damage.

Copyright The Force, Inc. 2023 All Rights Reserved



Reliability Centered Maintenance

Fallure Effect

A story of what would happen if
nothing were done to predict,
prevent, or manage Iits

assoclated Failure Mode. / RCM Process \

1. Functions
2. Functional Failures
3

. Failure Modes
= Document worst-case-scenario |4. Failure Effects

= Write in enough detail to assess >. Failure Consequences
conseguences 6. Proactive Maintenance and Intervals

{Default Strategies /

Qﬂ TRAININGONLINE.COM

Important Points

Copyright The Force, Inc. 2023 All Rights Reserved



Fallure Effects Include:

» A description of the failure process from the occurrence of the
Failure Mode to the Functional Failure

» Physical evidence that the failure has occurred

» How it adversely affects safety and/or the environment
» How it affects operational capability/mission

» Specific operating restrictions as a result of the failure
» Secondary damage

» What must be done and how long it takes to repair the failure

Qﬂ TRAININGONLINE.COM
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Failure Modes and Effects Analysis (FMEA)

FUNCTION

FUNCTIONAL FAILURE

FAILURE MODE

FAILURE EFFECT

To transport up to 5
adult passengers and 3
medium-size suitcases
along paved roads and
highways for up to 360
miles without stopping in
climates that range from
0°to 115° F (-17° to 46°
C) while protecting
passengers from the
elements.

Completely unable to transport.

Engine consumes oil due
to normal use.

~

1. Engine consumes oil due to
normal use.

Engine oil system leaks.

Copyright © The Force, Inc. 2017-2023 All Rights Reserved




Failure Modes and Effects Analysis (FMEA)

FUNCTION FUNCTIONAL FAILURE FAILURE MODE FAILURE EFFECT

1 |Totransportupto5 A | Completely unable to transport.] 1 | Engine consume
adult passengers and 3 to normal use.

Zlong paved roads and Note: The Failure Mode is recorded
e it g / under “Total Failure” because the

O whie protecting light “imposes operating restrictions
as a result of the failure.”

C) while protecting

nnnnnnnnnn from the

Engine consumes oil due to
normal use.

te

During engine operation, the oil is grgdually consumed by the engine.
The decrease in oil is indicated on the Wipstick. If this goes unnoticed,
eventually the engine oil drops to the poiN that the LOW OIL LEVEL
Light illuminates. The driver pulls over at the nearest service station
and checks the oil. The dipstick indicates that the engine olil is low.
The driver replenishes the oil and continues to the destination but with
some delay. Downtime to repair, up to 30 minutes.




Failure Modes and Effects Analysis (FMEA)

FUNCTION FUNCTIONAL FAILURE FAILURE MODE FAILURE EFFECT

2 | To be capable of visually
alerting the dniver in the

event that the engine oil
level decreases to the
lower limit. (LOW OIL

LEVEL Light) Y\

\

To be capable of visually alerting the driver in the event that the
engine oll level decreases to the lower limit. (LOW OIL LEVEL light)

Copyright © The Force, Inc. 2017-2023 All Rights Reserved



Failure Modes and Effects Analysis (FMEA)

FUNCTION FUNCTIONAL FAILURE FAILURE MODE FAILURE EFFECT
2 | Tobe capable of visually | A | Incapable of visually alerting . o
alerting the driver in the the driver in the event that the ? What specifically causes...?
event that the engine oil engine oil level decreases to \
level decreases to the the lower limit. ~
lower limit. (LOW OIL \
LEVEL Light)
Incapable of visually alerting the driver

In the event that the engine oll level
decreases to the lower limit.

To be capable of visually alerting the driver in
the event that the engine oll level decreases
to the lower limit. (LOW OIL LEVEL light)

Copyright © The Force, Inc. 2017-2023 All Rights Reserved



Failure Modes and Effects Analysis (FMEA)

FUNCTION FUNCTIONAL FAILURE FAILURE MODE FAILURE EFFECT
2 | To be capable of visually | A | Incapable of visually alerting 1 |LOW OIL LEVEL Light
alerting the driver in the the driver in the event that the circuit fails open. .
event that the engine oil engine oil level decreases to LOW O I L L EV E L L I g ht
level decreases to the the lower limit. I
lower limit. (LOW OIL \ : . .
LEVEL Lighy circuit fails open.
. Incapable of visually alerting the driver

In the event that the engine oil level
decreases to the lower limit.

To be capable of visually alerting the driver in
the event that the engine oll level decreases
to the lower limit. (LOW OIL LEVEL light)

Copyright © The Force, Inc. 2017-2023 All Rights Reserved



Failure Modes and Effects Analysis (FMEA)

ELINCTION FUNCTIONAL FAILURE FAILURE MODE FAILURE EFFECT

LOW OIL LEVEL LIGHT 1 |LOW OIL LEVEL Light This Failure Mode only matters in the event
. . . e event that the circuit fails open. that the engine oil level decreases to the
CIrcuit fa| |S Ope n. | decreases to lower limit. The driver is unaware of the low

oil situation and continues to operate the

This Failure Mode only matters in the event that the engine oll level decreases to the
lower limit. The driver is unaware of the low oil situation and continues to operate the
vehicle. The oll level continues to drop. Engine components are not properly
lubricated and start to wear abnormally. Eventually, engine oil pressure decreases
and engine oil temperature increases. The OIL PRESSURE warning light and/or the
CHECK ENGINE light iluminates on the dashboard. Driver must pull over and cannot
get to the desired destination on time. It is likely driver can find a safe place to pull
over and call a tow truck. However, worst case, driver must pull over on a busy
highway or on a dark country road at night. The oil system is repaired, as required.
Any secondary engine damage Is repaired, as required. Worst case, engine must be
replaced. Downtime to repair, 3 days to 1 month at a cost ranging from $1,000 to
$8,000.

Copyright © The Force, Inc. 2017-2023 All Rights Reserved




Reliability Centered Maintenance

RCM is a zero-based process used to identify
the Failure Management Strategies that are
required to ensure an asset meets its mission
requirements in its operational environment in
the most safe and cost effective manner.

/ RCM Process \

Safety 1. Functions
Environmental 2. Functional Failures
: 3. Failure Modes
Operatlonal 4, Failure Effects
Non-Operational |5. Failure Consequences
6. Proactive Maintenance and Intervals

&Default Strategies /

‘ﬂ TRAININGONLINE.COM
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Reliability Centered Maintenance

RCM is a zero-based process used to identify
the Failure Management Strategies that are
required to ensure an asset meets its mission
requirements in its operational environment in
the most safe and cost effective manner.

Figure out how to manage each
Failure Mode K REM Process \

. Functions

l
Proactive Maintenance 2. Functional Failures
= Scheduled Restoration 3. Failure Modes
= Scheduled Replacement 4. Failure Effects
5
6

= Condition Based Maintenance (CBM) . Failure Consequences
. Proactive Maintenance and Intervalsl

Also known as: &Default Strategies /
On-Condition Maintenance

Predictive Maintenance (PdM) %RCM
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EDICION

RCM Decision Diagram (@

I L E

‘ﬂ TRAININGONLINE.COM
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EVIDENT SIDE

RCM Decision Diagram

YES | Without inspection, will the loss of Function caused by this

Failure Mode become Evident during normal situations?

NO

Operational = o
o P no| Operational

Safety N Environ-
No| mental
YES ¥ l YES

No

\ 4

Default
Strategy!

.....................

No

\ i

\ i

No

Default
Strategy?

Default
Strategy?

Envwon ~>(
mental |

\ i

Default
Strategy!
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Operatlonal ‘o' Operational |

[YES

\ i

No

\ i

Default
Strategy?

Default
Strategy?
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EVIDENT SIDE

YES

RCM Decision Diagram

Without inspection, will the loss of Function caused by this
Failure Mode become Evident during normal situations?

NO

\ 4
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EVIDENT SIDE

RCM Decision Diagram

YES | Without inspection, will the loss of Function caused by this | NO

Failure Mode become Evident during normal situations?

Non-
Operational

Safety ENVIroN-Ly(operational -
NOo| mental [No NO
YES l—*g YES YES

Safety
Environmental
Operational
Non-Operational

lYES

T g | oo Non- |

/ s (Operatlona i

| Safely i engl ORo oo o Operational
YES 1 ¥ [ YES 1YES YES

RCM Process
1. Functions
2. Functional Failures
3. Failure Modes

4. Failure Effects

5. Failure Consequences

6. Proactive Maintenance and Intervals
7. Default Strategies
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EVIDENT SIDE

YES

RCM Decision Diagram

Without inspection, will the loss of Function caused by this
Failure Mode become Evident during normal situations?

\

A

Default

Strategy?
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EVIDENT SIDE

RCM Decision Diagram

Proactive Tasks Must be Technically Feasible
AND Worth Doing in order to assign them.

\ i

Y

Y

Y

Y

Y

\

\

Default
Strategy!

Default
Strategy?

Default
Strategy?

Y

Default
Strategy!

Default
Strategy?

Default
Strategy?
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RCM INFORMATION WORKSHEET

Apply the RCM Decision Diagram

FUNCTION

FUNCTIONAL FAILURE

FAILURE MODE

FAILURE EFFECT

To transport up to 5

adult passengers and 3 ™
medium-size suitcases
along paved roads and
highways for up to 360
miles without stopping in
climates that range from
0°to 115° F (-17° to 46°
C) while protecting
passengers from the

>

Completely unable to transport

Engine consumes oil due
to normal use.

During engine operation, the oil is gradually
consumed by the engine. The decrease in
oil is indicated on the dipstick. If this goes
unnoticed, eventually the engine oil drops
to the point that the LOW OIL LEVEL Light
illuminates. The driver pulls over at the
nearest service station and checks the oil
The dipstick indicates that the engine oil is
low. The driver replenishes the oil and
continues to destination but with some
delay. Downtime to repair, up to 30
minutes

elements.

/

~

Engine oil system leaks

Without warning, the system develops a
leak. The leak is visually detectable on the
ground. I this goes unnoticed, the oil
quantity gradually decreases. The
decrease in oil is indicated on the dipstick
If that goes unnoticed, eventually the
engine oil drops to the point that the LOW

YES

Without inspection, will the loss of Function caused by this | NO
Failure Mode become Evident during normal situations?

Environ-
mental

Engine consumes oll
due to normal use.

FFREM

RCM INFORMATION WORKSHEET

s, iR 2012010 A RS RV

FUNCTION

FUNCTIONAL FAILURE

FAILURE MODE

FAILURE EFFECT

2 | Tobe capable of visually
alerting the driver in the
event that the engine oil
level decreases o the
lower limit. (LOW OIL
LEVEL Light)

A | Incapable of visually alerfing
the driver in the event that the
«engine oil level decreases to
the lower limit.

1

LOW OIL LEVEL Light
aircuit fails open.

This Failure Mode only matters in the event
that the engine oil level decreases to the
lower limit. The driver is unaware of the low
oil situation and continues to operate the
vehicle. The oil level continues to drop.
Engine components are not property
lubnicated and start fo wear abnomally.
Eventually, engine oil pressure decreases
and engine oil temperature increases. The
OIL PRESSURE warming light and/or the
CHECK ENGINE light illuminates on the
dashboard. Driver finds a safe place fo pull
over and is unable to get to the desired
destination. If there isn't a service station
nearby, the driver needs to call the
emergency sefvice line. Worst case, the
driver must pull over on the highway orin a
remote, unsafe location. Vehicle is fowed to
the nearest Subaru dealership for repair.
The oil system is repaired, as required
Engine damage is repaired. Worst case,
engine must be replaced. Driver must find
altemate means of transportation
Downtime to repair, 3 days to 1 month.

2 | To be capable of visually
alerting the driver in the
event that the engine oil
level decreases fo the
lower limit. (LOW OIL
LEVEL Light)

B | Incapable of visually alerting
the driver in the event that the
engine oil level decreases to
the lower limit

1

Falsely illuminates
the LOW OIL LEVEL

Light.

'While driving, the LOW OIL LEVEL Light
iluminates. The driver thinks that there is a
low cil situation. Driver pulls over at the
nearest service stafion and checks the oil
The dipstick indicates that the engine oil level
is normal. The time it takes to check the oil i
minimal so the driver is able to amive at the
infended destination on fime Driver
schedules vehicle for service at the next
available opportunity. Time to repair, 1 day.

AYRCM

Copyright © The Force, |

01 3 AllRi Reserved

YES % YES

[Re

No

Y
Default
Strategy!
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Non-
Operational

YES
| cBM |
Yes
No
Y
‘ Restoration ‘
No
‘ Replac:ement‘ ‘ Replacement‘
No No
Y Y

Default
Strategy?

Default
Strategy?

Environ-
INOL mental

o Operational

Non-
Operational

YES

Y
Default
Strategy!

IYES

YES
| cem | | cBm |
Yes Yes

No

v

‘ Restoration ‘

No

‘ Replacement ‘

A

No

A

Default
Strategy?

Default
Strategy?




On-Condition Maintenance

An On-Condition task Is performed at a defined interval to
detect a Potential Failure Condition so that maintenance
can be performed before the failure occurs.
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On-Condition Maintenance

How can a Potential Failure Condition be detected?

= Using relatively simple techniques such as monitoring gauges,
measuring brake linings, or feeling for vibration via Human Senses

= Employing more technically involved techniques such as
thermography, frequency analysis, oil analysis, or thermal imaging

= Continuous monitoring with devices installed directly on machinery
(e.g. strain gauge, accelerometer, etc.)

Qﬂ TRAININGONLINE.COM
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Two Criteria to assign a Proactive Maintenance Task

In the context of RCM, in order to assign a
Proactive Maintenance task, two criteria must be satisfied:

1. Technically Feasible
AND
2. Worth Doing

With respect to an On-Condition task, let’'s start with what
makes it Technically Feasible.

Copyright The Force, Inc. 2023 All Rights Reserved



Condition Based Maintenance (CBM)

In order to determine If an On-Condition task Is
technically appropriate, Potential Failure Conditions
must be evaluated.

Copyright The Force, Inc. 2023 All Rights Reserved



Condition Based Maintenance (CBM)

P-F Curve
®
E_d
o
3
5
0
o
'
Time
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Condition Based Maintenance (CBM)

P-F Curve

New
component

Installed
o P: Potential Failure Condition:
-
T
LL
S
O
O
-
£
L
2.
)
m T
Time . F: Failure

— P-F Interval

Qﬂ TRAININGONLINE.COM
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Condition Based Maintenance (CBM)

P-F Curve

New V-Belt
Installed
- P: Potential Failure Condition: Visual evidence of cuts and frays
>
@
LL
=
)
o
C
o
()
0
&)
m T
Time ' F: Failure

— P-F Interval Belt breaks

Qﬂ TRAININGONLINE.COM
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Condition Based Maintenance (CBM)

P-F Curve

New V-Belt
Installed
- P: Potential Failure Condition: Visual evidence of cuts and frays
>
@
LL
=
)
o
C
o
()
0
&)
m T
Time ' F: Failure

— 6 months é Belt breaks

Qﬂ TRAININGONLINE.COM
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Condition Based Maintenance (CBM)

P-F Curve

Belt is inspected just before visual
evidence of wear is visually detectable

New V-Belt

Installed
- P: Potential Failure Condition: Visual evidence of cuts and frays
>
@
LL
=
)
o
C
o
()
0
&)
m T
Time ' F: Failure

— 6 months é Belt breaks

Qﬂ TRAININGONLINE.COM
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Condition Based Maintenance (CBM)

POINT: It doesn’t matter how often the failure occurs.
What matters is how quickly failure occurs once the
Potential Failure Condition is detectable.

P-F Curve

Belt is inspected just before visual
evidence of wear is visually detectable

New V-Belt

Installed
- P: Potential Failure Condition: Visual evidence of cuts and frays
>
'If The visual evidence of wear is detected
o on the next inspection, 3 months later
§ Minimum time remaining to do
S something about it...to take
%) .
5 action to manage the
8:’ consequences of failure...

Time 3months & E: Fajlure

— 6 months Belt breaks

% TRAININGONLINE.COM
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Condition Based Maintenance (CBM)

Scenario 1: Asset taken offline yearly. Can it be
P-F Curve , )
monitored at intervals less than the P-F Interval?

Belt is inspected just before visual
evidence of wear is visually detectable

New V-Belt
Installed

- P: Potential Failure Condition: Visual evidence of cuts and frays
>
'If The visual evidence of wear is detected
o on the next inspection, 3 months later
g Minimum time remaining to do
S something about it...to take
%) .
5 action to manage the
8:’ consequences of failure...
Time 3months & E: Fajlure

— 6 months Belt breaks

% TRAININGONLINE.COM

Copyright The Force, Inc. 2023 All Rights Reserved



Condition Based Maintenance (CBM)

New V-Belt
Installed

Resistance to Failure

P-F Curve

Scenario 2: Asset taken offline every month. Can it
be monitored at intervals less than the P-F Interval?

Belt is inspected just before visual
evidence of wear is visually detectable

P: Potential Failure Condition: Visual evidence of cuts and frays

The visual evidence of wear is detected Shutdown
on the next inspection, 3 months later

Schedules...

Minimum time remaining to do
something about it...to take
action to manage the
consequences of failure...

Time

6 months

3months & F: Fajlure
Belt breaks

% TRAININGONLINE.COM
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Condition Based Maintenance (CBM)

P-F Curve

Brake Pads
Installed
o P: Potential Failure Condition: Brake pads worn to only 1/16” remaining
-]
'®
LL
=
(D)
o
C
&
(7))}
%)
]
4
Time lF: Failure

— 1 Year Brake drums damaged

‘ﬂ TRAININGONLINE.COM
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The manner in which On-Condition task intervals
are set is awidely misunderstood concept.

Four Key Points:
1. On-Condition maintenance task intervals are NOT based upon MTBF.

2. On-Condition maintenance task intervals are NOT based upon the useful life of a
component.

3. On-Condition maintenance task intervals are NOT based upon the criticality of the
failure.

4. On-Condition maintenance task intervals are based upon...

Qﬂ TRAININGONLINE.COM
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Condition Based Maintenance (CBM)

+* :
P-F Curve I"o How QUICKL Yfailure occurs once the
Potential Failure Condition is detectable.

New
component A

Installed
o P: Potential Failure Condition Achieve maximum
% useful life of
LL components
=
(D)
o
c o
&
2
(00}
]
D: |
‘Tlme ' , P_F F: Functional Failure
Interval

‘ﬂ TRAININGONLINE.COM
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Apply the RCM Decision Diagram

Failure Mode

Engine consumes oil due to normal use.

YES

Failure Effect

During engine operation, the oil is
gradually consumed by the engine.
The decrease in oil is indicated on
the dipstick. If this goes unnoticed,
eventually the engine oil drops to
the point that the LOW OIL LEVEL
Light illuminates (down 2 quarts).
The driver pulls over at the nearest
service station and checks the oill.
The dipstick indicates that the
engine oil is low. The driver
replenishes the oil and continues to
the destination but with some delay.
Downtime to repair, up to 30
minutes.

Without inspection, will the loss of Function caused by this
Failure Mode become Evident during normal situations?

NO

Environ-

mental

No

Y
Default
Strategy!

Operational Non-
o\ P no| Operational
YES YES
| cv | | cBM |
Yes Yes

" | [os?
‘ Restoration‘ ‘ Restoration‘
Yes Yes

* | Cos?

‘ Replacement‘

‘ Replacement‘

Yes

Yes
No No
DS?
Y Y
Default Default
Strategy? Strategy?

Copyright The Force, Inc. 2023 All Rights Reserved

Y
---------------------- - Non-
Environ- —» ; >
Safet no.Operational it Operational
y NO! mental p
YES IYES YES
| cam | | cBM |
Yes Yes
No No
DS? DS?
‘ Restoration‘ ‘ Restoration‘
Yes Yes
No No
Ds? Ds?

No

/
Default
Strategy!

‘ Replacement‘

‘ Replacement‘

Yes

Yes

No No
DS? DS?
Y Y
Default Default
Strategy? Strategy?




Apply the RCM Decision Diagram

Failure Mode

Engine consumes oil due to normal use.

YES

Failure Effect

During engine operation, the oil is
gradually consumed by the engine.
The decrease in oil is indicated on
the dipstick. If this goes unnoticed,
eventually the engine oil drops to
the point that the LOW OIL LEVEL
Light illuminates (down 2 quarts).
The driver pulls over at the nearest
service station and checks the oill.
The dipstick indicates that the
engine oil is low. The driver
replenishes the oil and continues to
the destination but with some delay.
Downtime to repair, up to 30
minutes.

—

Without inspection, will the loss of Function caused by this
Failure Mode become Evident during normal situations?

Operational
NO NO

YES

CBM

Yes
Assign

No
DS?

Eestoration
Yes

DS?

Y
Default
Strategy?
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Apply the RCM Decision Diagram

Failure Mode

Engine consumes oil due to normal use.

YES

Failure Effect

During engine operation, the oil is
gradually consumed by the engine.
The decrease in oil is indicated on
the dipstick. If this goes unnoticed,
eventually the engine oil drops to
the point that the LOW OIL LEVEL
Light illuminates (down 2 quarts).
The driver pulls over at the nearest
service station and checks the oill.
The dipstick indicates that the
engine oil is low. The driver
replenishes the oil and continues to
the destination but with some delay.
Downtime to repair, up to 30
minutes.

Without inspection, will the loss of Function caused by this
Failure Mode become Evident during normal situations?

NO

Environ-

mental

No

Y
Default
Strategy!

Operational Non-
o P no| Operational
YES YES
| cBvM | | cBvM |
Yes Yes

" | [os?
‘ Restoration‘ ‘ Restoration‘
Yes Yes

* | Cos?

‘ Replacement‘

‘ Replacement‘

Yes

Yes
No No
DS?
Y Y
Default Default
Strategy? Strategy?
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Y
---------------------- - Non-
Environ- —» ; >
Safet no.Operational it Operational
y NO! mental p
YES IYES YES
| cam | | cBM |
Yes Yes
No No
DS? DS?
‘ Restoration‘ ‘ Restoration‘
Yes Yes
No No
Ds? Ds?

No

/
Default
Strategy!

‘ Replacement‘

‘ Replacement‘

Yes

Yes

No No
DS? DS?
Y Y
Default Default
Strategy? Strategy?




Failure Mode
Engine consumes oll
due to normal use.

P-F Curve
Oil is
Replaced

) . . .
S Potential Failure Condition
G

LL

S

(¢D)

O

c

S

-]

2

(72

()]

Y

Time . Failure

— P-F Interval ——
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Failure Mode
Engine consumes oll
due to normal use.

P-F Curve
Oil is
Replaced

) . . .
S Potential Failure Condition
G

LL

S

(¢D)

O

c

S

-]

2

(72

()]

Y

Time . Failure

— P-F Interval ——
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Failure Mode
Engine consumes oll
due to normal use.

P-F Curve
Oil is
Replaced
)
= P: QOil level is 75% to the “low level”
T_s
LL
o
)
(&)
c
S
17
)
o)
x
Time Failure

— P-F Interval ——
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Failure Mode
Engine consumes oll
due to normal use.

P-F Curve
Oil is
Replaced
% P: Oil level is 75% to the “low level”
T_U
Lo
S
]
&)
C
©
»
%)
]
o
Time " F: Oil level drops to the “low level”

— P-F Interval ——
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Failure Mode According to my Subaru Forester manual
Engine consumes oll

due to normal use.
BO1175

1) Full level
2)  Low level

3) Approximately 1.1 US gt (1.0 liter, 0.9
Imp qt) from low level to full level

= Subaru manual states that “consuming

| - more than 1 quart per 1,200 miles” is
P-F Curve s 52 &7 abnormal.
Re gg;g = They recommend checking the engine oil

P level at each fuel stop.

&

5 P: Oil level is 75% to the “low level”

'S

Lo

=

o

&)

-

8

7]

‘0

&

e

Time " F: Oil level drops to the “low level”

— P-F Interval ——
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Failure Mode According to my Subaru Forester manual
Engine consumes oll

due to normal use.
- 1] <1200
2 Miles

BO1175

1) Full level
2)  Low level

3) Approximately 1.1 US gt (1.0 liter, 0.9
Imp qt) from low level to full level

= Subaru manual states that “consuming

| — more than 1 quart per 1,200 miles” is
P-F Curve juz : pore har
Re gg;j = They recommend checking the engine oil

P level at each fuel stop.

&

5 P: Oil level is 75% to the “low level”

'S

Ll

S

o

&)

-

L

7]

‘0

D

o

Time " F: Oil level drops to the “low level”

— P-F Interval ——
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Failure Mode According to my Subaru Forester manual
Engine consumes oll

due to normal use.
- 1] <1200
2 Miles

BO1175

1) Full level
2)  Low level

3) Approximately 1.1 US gt (1.0 liter, 0.9
Imp qt) from low level to full level

= Subaru manual states that “consuming

more than 1 quart per 1,200 miles” is
P-F Curve abnormal.
Re lgg;j = They recommend checking the engine oll

P level at each fuel stop.

o

5 P: Oil level is 75% to the “low level”

'S

L

=

o

&)

-

L

7]

‘0

&

e

Time " F: Oil level drops to the “low level”

— P-F Interval ——
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Failure Mode According to my Subaru Forester manual
Engine consumes oll

due to normal use.
- 1] <1200
2 Miles

BO1175

1) Full level
2)  Low level

3) Approximately 1.1 US gt (1.0 liter, 0.9
Imp qt) from low level to full level

= Subaru manual states that “consuming

more than 1 quart per 1,200 miles” is
P-F Curve abnormal.
Re lgg;j = They recommend checking the engine oll

P level at each fuel stop.

o

5 P: Oil level is 75% to the “low level”

'S

L

=

o

&)

-

L

7]

‘0

&

e

Time 900 miles | F: Oil level drops to the “low level”

— P-F Interval ——
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6 inspected, is it possible to detect evidence of
impending failure? What is it? What is the P-F
Interval? Is it reasonably consistent? Is it
practical to monitor the item at intervals less than

Failure Mode
Engine consumes oll
due to normal use.

the P-F interval? Is it long enough to manage the

consequences of failure?
» Is the task cost effective? (Task cost vs. 9)

\ operational consequences ~+ repair costs) oC

uonIpuo)-uQ

NO TO YES TO

ANY ALLI | Assign On- Default
Condition Task Strategy?

300 jy 300 , 300 , 300

P-F Curve
Oil is
Replaced

o
= P: Oil level is 75% to the “low level”
T_G
LL
S
]
&
C
@
»
‘»
]
e
Time 900 miles | F: Oil level drops to the “low level”

— P-F Interval ——

According to my Subaru Forester manual

' <1200
_— :UM Miles

BO1175

1) Full level

2)  Low level

3) Approximately 1.1 US gt (1.0 liter, 0.9
Imp qt) from low level to full level

= Subaru manual states that “consuming
more than 1 quart per 1,200 miles” is
abnormal.

= They recommend checking the engine oll
level at each fuel stop.
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6 inspected, is it possible to detect evidence of
impending failure? What is it? What is the P-F
Interval? Is it reasonably consistent? Is it
practical to monitor the item at intervals less than
the P-F interval? Is it long enough to manage the
consequences of failure?

» Is the task cost effective? (Task cost vs. 9)

\ operational consequences ~+ repair costs) oC

Failure Mode According to my Subaru Forester manual
Engine consumes oll

due to normal use.
- ]] <1200
2 Miles

NO TO YES TO BO1175

ANY ALL Assign On- Default 1) Full level
2)  Low level
Condition Task Strategy? 3) Approximately 1.1 US gt (1.0 liter, 0.9

Imp qt) from low level to full level

uonIpuo)-uQ

300 ; 300 , 300 , 300 » Subaru manual states that “consuming
more than 1 quart per 1,200 miles” is
P-F Curve abnormal.
Oil is : : :
Replaced They recommend checking the engine oil

level at each fuel stop.

q) . . 11 7

5 P: QOil level is 75% to the “low level How far can | go on one tank of fuel?
'IfLTs 16 gallons of fuel x 30 mpg = 480 miles
=

b)

&)

C

@

1%

‘0

)

e

Time 900 miles ' F: Qil level drops to the “low level”

— P-F Interval ——
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6 inspected, is it possible to detect evidence of
impending failure? What is it? What is the P-F
Interval? Is it reasonably consistent? Is it
practical to monitor the item at intervals less than
the P-F interval? Is it long enough to manage the
consequences of failure?

» Is the task cost effective? (Task cost vs. 9)

\ operational consequences ~+ repair costs) oC

Failure Mode According to my Subaru Forester manual
Engine consumes oll

due to normal use.
1
] <L200
2 Miles
NO TO YES TO BO1175
ANY ALL Assign On- Default 1) Full level
2)  Low level
Condition Task Strategy? 3) Approximately 1.1 US gt (1.0 liter, 0.9

Imp qt) from low level to full level
300 ; 300 , 300 , 300
miles| miles| miles | mile
P-F Curve s nclmielmelo

= Subaru manual states that “consuming
more than 1 quart per 1,200 miles” is
Qil is
Replaced

uonIpuo)-uQ

abnormal.

= They recommend checking the engine oll
level at each fuel stop.

P: Oil level is 75% to the “low level” How far can | go on one tank of fuel?
16 gallons of fuel x 30 mpg = 480 miles

If | check the oil every time | stop for gas, that would
be about every 400 miles and that IS practical.

Resistance to Failure

Time 900 miles ' F: Qil level drops to the “low level”
— P-F Interval !
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Apply the RCM Decision Diagram

Failure Mode

Engine consumes oil due to normal use.

6 inspected, is it possible to detect evidence of
impending failure? What is it? What is the P-F
Interval? Is it reasonably consistent? Is it
practical to monitor the item at intervals less than
the P-F interval? Is it long enough to manage the
consequences of failure?
» Is the task cost effective? (Task cost vs.
\ operational consequences + repair costs) neo

NO TO YES TO

ANY ALL

Assign On-

Without inspection, will the loss of Function caused by this
Failure Mode become Evident during normal situations?

NO

uonIpuo)-uQ

el

Condition Task )

Task:

At every fuel stop, check the

Default
Strategy?

engine oll level using the
dipstick. Replenish the
reservoir, as required.

Copyright The Force, Inc. 2023 All Rights Reserved

: Y
[ f Environ- . Non- | /=7 ; T Non-
Operational . Environ- —»- i o )
Safety Nno| mental P Operational Safety — mental Nox,QPerat’O”?{fNo Operational
YES \f/ ves  lves M lves  ves YES IYES YES
@ CEM Must answer “YES” to ALL cam | | cem |
Yes Yes‘ Yes Yes
- Assign guestions to assign a task.
. os? o5t
Eestoration ‘ Restoration‘ ‘ Restoration‘ Eestoration ‘ Restoration‘ ‘ Restoration‘
Yes Yes Yes Yes
No No DS? No DS? No No DS? No
‘ Replacement‘ ‘ Replacement‘ @ ‘ Replacement‘ ‘ Replacement‘
Yes Yes Yes Yes
No No No No No
DS? DS? DS?
y y y y y
ault Default Default Default Default Default
tegy! Strategy? Strategy? Strategy! Strategy? Strategy?




Reliability Centered Maintenance

RCM is a zero-based process used to identify
the Failure Management Strategies that are
required to ensure an asset meets its mission
requirements in its operational environment in
the most safe and cost effective manner.

Figure out how to manage each
Failure Mode K REM Process \

1. Functions

2. Functional Failures

3. Failure Modes

4., Failure Effects

5. Failure Consequences

6. Proactive Maintenance and Intervals

QDefault Strategies | /

‘ﬂ TRAININGONLINE.COM

Copyright The Force, Inc. 2023 All Rights Reserved



Potential Products of an RCM Analysis

Maintenance Plan

Proactive

New/Modifications
to Operating
Procedures

N

Updates/Additions
to Technical
Publications

e

to Training
Programs

New/Modifications

T

RCM
Can Yield

|

Equipment
Redesigns

Failure Finding

/‘ tasks

\ Troubleshooting
Procedures

Supply Changes
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RCM INFORMATION WORKSHEET

Apply the RCM Decision Diagram

FUNCTION

FUNCTIONAL FAILURE

FAILURE MODE

FAILURE EFFECT

To transport up o §

medium-size suitcases
along paved roads and
highways for up to 360
miles without stopping in
climates that range from
0°to 115° F (-17° to 46°
C) while protecting
passengers from the
elements.

adult passengers and 3 ™

>

Completely unable to transport. | 1

Engine consumes oil due
to normal use.

During engine operation, the oil is gradually
consumed by the engine. The decrease in
oil is indicated on the dipstick. If this goes
unnoticed, eventually the engine oil drops
to the point that the LOW OIL LEVEL Light
illuminates. The driver pulls over at the
nearest service station and checks the oil
The dipstick indicates that the engine oil is
low. The driver replenishes the oil and
continues to destination but with some
delay. Downtime to repair, up to 30
minutes

~

Engine oil system leaks

Without warning, the system develops a
leak. The leak is visually detectable on the
ground. If this goes unnoticed, the oil
quantity gradually decreases. The
decrease in oil is indicated on the dipstick.
If that goes unnoticed, eventually the
engine oil drops to the point that the LOW
OIL LEVEL Light illuminates. The driver
pulls over at the nearest service station and
checks the oil. The dipstick indicates that
the engine oil is low. The driver
replenishes the oil and continues to the
destination. Most likely, the leak is small
and the driver is able to reach the
destination with minimal delay. However,
worst case, the leak is so extensive that the
driver cannot complete the journey and
must have the vehicle towed to the nearest
Subaru dealership for repair. Downtime to
repair, 1 day to 1 week.

RCM INFORMATION WORKSHEET

Copyright © The Force, Inc. 2017-2023 All Rights Re:

ed

cusr-2010 A gt RV

oy s

YES

Without inspection, will the loss of Function caused by this | NO

Failure Mode become Evident during normal situations?

Environ-
mental

FUNCTION

FUNCTIONAL FAILURE

FAILURE MODE

FAILURE EFFECT

2 | Tobe capable of visually
alerting the driver in the
event that the engine oil
level decreases o the
lower limit. (LOW OIL
LEVEL Light)

A | Incapable of visually alerfing 1
the driver in the event that the
«engine oil level decreases to

LOW OIL LEVEL Light
aircuit fails open.

at the engine ol level decreases to the

th Failure Mode only matiers in the event
jower limit. The driver is unaware of the low

the lower limit.

oil situation and continues to operate the
vehicle. The oil level continues to drop.
Engine components are not property
lubnicated and start fo wear abnomally.
Eventually, engine oil pressure decreases
and engine oil temperature increases. The
OIL PRESSURE warming light and/or the
CHECK ENGINE light illuminates on the
dashboard. Driver finds a safe place fo pull
over and is unable to get to the desired
destination. If there isn't a service station
nearby, the driver needs to call the
emergency sefvice line. Worst case, the
driver must pull over on the highway orin a
remote, unsafe location. Vehicle is towed to
the nearest Subaru dealership for repair.
The oil system is repaired, as required
Engine damage is repaired. Worst case,
engine must be replaced. Driver must find
altemate means of transportation
Downtime to repair, 3 days to 1 month.

2 | To be capable of visually
alerting the driver in the
event that the engine oil
level decreases fo the
lower limit. (LOW OIL
LEVEL Light)

B | Incapable of visually alerting 1
the driver in the event that the
engine oil level decreases to
the lower limit

Falsely illuminates
the LOW OIL LEVEL

Light.

'While driving, the LOW OIL LEVEL Light
iluminates. The driver thinks that there is a
low cil situation. Driver pulls over at the
nearest service stafion and checks the oil
The dipstick indicates that the engine oil level
is normal. The time it takes to check the oil i
minimal so the driver is able to amive at the
infended destination on fime Driver
schedules vehicle for service at the next
available opportunity. Time to repair, 1 day.

AYRCM
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YES % YES

A

Default
Strategy!
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Non-

YES

CBM

No

Yes

v

‘ Replac:ement‘

No

A

A

Default
Strategy?

Default
Strategy?

Environ-
INOL mental

o Operational

Non-
Operational

YES

Y
Default
Strategy!

YES

| cBM |

Yes

No

v

‘ Restoration ‘

No

‘Re

‘Re

A

No

A

Default
Strategy?

Default
Strategy?




Apply the RCM Decision Diagram

To be capable of visually alerting the
driver in the event that the engine
oll level decreases to the lower limit.
(LOW OIL LEVEL light)

ION WORKSHEET
F FUNCTI AILURE /
2 | Tobe capable of visually | A | Incapable of y alerting 1 | LOW OIL LEVEL Light atters in they
alert he the driver in circuit fails open. at the e s
even oil engine ail le reases to jower limi
e the lower lim oil situati ate

lower limit. (LOW OIL ch

LEVEL Light)
i

Incapable of visually alerting |
the driver in the event that the |
engine oil level decreases to
the lower limit.

Copyright © The Force, Inc. 2017-2023 All Ri

This Failure Mode only matters in the event that the engine ol
level decreases beyond the lower limit. The driver is unaware
of the low oll situation and continues to operate the vehicle.
The oil level continues to drop. Engine components are not
properly lubricated and start to wear abnormally. Eventually,
engine oil pressure decreases and engine oil temperature
iIncreases. The OIL PRESSURE warning light and/or the
CHECK ENGINE light illuminates on the dashboard. Driver
must pull over and cannot get to the desired destination on

time. It is likely that the driver can find a safe place to pull over
and call a tow truck. However, worst case, driver must pull
over on a busy highway or on a dark country road at night. The
oll system is repaired, as required. Any secondary engine
damage is repaired, as required. Worst case, engine must be
replaced. Downtime to repair, 3 days to 1 month at a cost
ranging from $1,000 to $8,000.

N
LOW OIL LEVEL LIGHT circuit fails open.
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Apply the RCM Decision Diagram

Failure Mode

LOW OIL LEVEL LIGHT circuit fails open.

YES

Failure Effect

This Failure Mode only matters in the event that
the engine oil level decreases to the lower limit.
The driver is unaware of the low oil situation
and continues to operate the vehicle. The oil
level continues to drop. Engine components
are not properly lubricated and start to wear
abnormally. Eventually, engine oil pressure
decreases and engine oil temperature
increases. The OIL PRESSURE warning light
and/or the CHECK ENGINE light illuminates on
the dashboard. Driver must pull over and
cannot get to the desired destination on time. It
is likely driver can find a safe place to pull over
and call a tow truck. However, worst case,
driver must pull over on a busy highway or on a
dark country road at night. The oil system is
repaired, as required. Any secondary engine
damage is repaired, as required. Worst case,
engine must be replaced. Downtime to repair, 3
days to 1 month at a cost ranging from $1,000
to $8,000.

—

Without inspection, will the loss of Function caused by this | NO
Failure Mode become Evident during normal situations?

N 0\“Qperatfoncfa)g",.,\,o

IYES

Default
Strategy?
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Reliability Centered Maintenance

Steps 1-4: FMEA

Faillure Modes and
Effects Analysis

RCM Process \

. Functions

. Functional Failures Steps 1-5: FMECA
Failure Modes Failure Modes, Effects,
Failure Effects and Criticality Analysis

N~ o gald w N R

Failure Consequences

. Proactive Maintenance and Intervals
. Default Strategies

L
ayRCM
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Augment Failure Data with a Facilitated Working Group

RCM Analysis Working Group

Need the people
managers say ‘I
can't afford to lose
them for a week.”

“Work of art
watching

: ” Systems Engineer
alignment. y :

@) oem

i" Planner

Operator ‘I.

Maintainer "i

FACILITATOR
\
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EDICION

Thank You!

Download Session Workbook:

RCMTrainingOnline.com/Chile2023

in NancyReganRCM

>

RCM Training Online

NancyRegan @RCMTrainingOnline.com
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\\ GOAL: Proactive Maintenance Plan e

Destination:

\
| Failure Management Strateqies
’| Proactive Maintenance

and

-ﬁ-DW

A properly written Failure Mode puts you on the
- =-=<_ right road and sends you in the right direction.

-\ ﬁ



How detailed should Failure Modes be written?

What specifically e il GOAL:
: iesel engine fails
causes the diesel Proactive Maintenance Plan

engine to fail?

Engine oll Engine oll Cooling fan drive
deteriorates due diminishes due belt wears due
to normal use to normal use to normal use

Starter motor
fails

l l _ Visually inspect l
Check engine cooling fan drive
Change the : -
endine oil ever oil level prior to belt every 500 No scheduled
96 o y use. Replenish, operating hours. maintenance
) as required. Rl g

required.




How detailed should Failure Modes be written?

GOAL:

Starter Proactive Maintenance Plan

motor fails

Armature \

Electrical : .
) iInsulation
connections breaks . es wear
loosen

Starter motor
fails

dag

l

No scheduled
maintenance




Condition Based Maintenance (CBM)

Structure
IS hew

Resistance to Failure

P-F Curve

P,: Crack detectable using ultrasonic inspection
P,: Crack detectable using radiographic x-ray

P,: Crack detectable using eddy current
P,: Crack detectable using dye penetrant

R Ps: Crack detectable with the human eye

Time

L

' F: Structure fails

P-F Interval

There can be more than one Potential Failure Condition



Condition Based Maintenance (CBM)

P-F Curve There can be more than one “Failure.”

Component

installed P: Corrosion is visually detectable

o F,: More than 5 pits (corrosion control no possible; component must be replaced)
>

;_‘,_E — 3 months -

o P-F, Interval;

o) ' |

(&)

c

=

0

0

&)

nd

Time | . F,: Component fails
2 years j
P-F, Interval



Proactive Maintenance

: : ndition B
Preventive Maintenance C.O ditio ased
. Maintenance (CBM)
=  Scheduled Restoration

= Scheduled Replacement P-F Curve

New V-belt installed

P: Visual evidence of wear on belt
How QUICKLY
Failure Occurs

F: Belt breaks

Wear-Out Region

Conditional Useful Life
Probability of
: Constant Failure Probability
Failure

Age

Resistance to Failure

Time i 6 months —:

P-F Interval:

a%



Failure | Function Functional Failure  Failure Mode | Failure Effect
Mode

1A1 1. To provide A. Unable to 1. Main drive Over time, this causes metal to metgl contact which
. . . causes abnormal wear on the coupling teeth.
cpmpressed air that is pI‘OVIde _ shaft _ Eventually, vibration levels increase. May cause
oil free, <95F, at a compressed air. (coupling the excessive stress on the shaft, motor bearing(s), and
minimum of 3,500 motor to the the pullgear bearings. Vibration levels mcregse.and
) are indicated on the system tab of the graphic display.
SCFM, 100 psig output compressor) Eventually, vibration levels increase such that the high
pressure, with a lubrication vibrgtion a||al‘m system (frr]orTNellznc))/ onbe ?cf thhe stagﬁs)
.- S . produces alarm text on the tab of the graphic
minimum of 5 psig rise dissipates. display and illuminates the TROUBLE INDICATION
to surge to make up light. If the text and the light go unnoticed, eventually,
this compressor's the vibration in.one or more qf the stages increases
. . .. such that the high vibration trip system produces alarm
pOt‘tIOﬂ of mamtammg text on the INFO tab, shuts down the compressor
10,500 SCFM and 90 motor, energizes the prelube pump, and illuminates

: the PRELUBE PUMP RUNNING light. (The

PSIg header pliEEElle to TROUBLE INDICATION light remains illuminated.)

the plant. The inlet valve closes, and the bypass valve opens
unloading the compressor. The graphic display
indicates that the compressor is down. Possible
internal damage to the motor, shaft, and/or the
bullgear bearing. This causes low instrument air to the
plant. It takes 2 days to replace the coupling but it
could take weeks if the motor, shaft, and/or bullgear
are damaged. Production stops for up to 2 days while
an alternate means of producing instrument air is put
in place.



Main drive shaft lubrication dissipates

Over time, this causes metal to metal contact which causes abnormal wear on the
coupling teeth. Eventually, vibration levels increase. May cause excessive stress on

the shaft, motor bearing(s), and the bullgear bearings.




Main drive shaft lubrication dissipates

Vibration levels increase and
are indicated on the system tab of the graphic display. Eventually, vibration levels
Increase such that the high vibration alarm system (from any one of the stages)
produces alarm text on the INFO tab of the graphic display and illuminates the
TROUBLE INDICATION light.




Main drive shaft lubrication dissipates

If the text and the light go unnoticed, eventually, the
vibration in one or more of the stages increases such that the high vibration trip
system produces alarm text on the INFO tab, shuts down the compressor motor,

energizes the prelube pump, and illuminates the PRELUBE PUMP RUNNING light.
(The TROUBLE INDICATION light remains illuminated.)




Main drive shaft lubrication dissipates

The inlet valve closes, and
the bypass valve opens unloading the compressor. The graphic display indicates that
the compressor is down. Possible internal damage to the motor, shaft, and/or the
bullgear bearing. This causes low instrument air to the plant.




Main drive shaft lubrication dissipates

It takes 2 days to
replace the coupling but it could take weeks if the motor, shaft, and/or bullgear are
damaged. Production stops for up to 2 days while an alternate means of producing
iInstrument air is put in place at a cost of $200,000.




Failure Modes and Effects Analysis (FMEA)

FUNCTION FUNCTIONAL FAILURE

FAILURE MODE

FAILURE EFFECT

1 |Totransportupto5 A
adult passengers and 3
medium-size suitcases
along paved roads and
highways for up to 360
miles without stopping in
climates that range from
0°to 115° F (-17° to 46°
C) while protecting
passengers from the
elements.

Completely unable to transport. | 1

Engine consumes oil due
to normal use.

During engine operation, the oil is gradually
consumed by the engine. The decrease in
oil is indicated on the dipstick. If this goes
unnoticed, eventually the engine oil drops
to the point that the LOW OIL LEVEL Light
illuminates. The driver pulls over at the
nearest service station and checks the oil.
The dipstick indicates that the engine oil is
low. The driver replenishes the oil and
continues to destination but with some
delay. Downtime to repair, up to 30
minutes.

Engine oil system leaks.

Engine oll system leaks.

Without warning, the system develops a
leak. The leak is visually detectable on the
ground. If this goes unnoticed, the oil
guantity gradually decreases. The
decrease in oil is indicated on the dipstick.
If that goes unnoticed, eventually the
engine oil drops to the point that the LOW
OIL LEVEL Light illuminates. The driver
pulls over at the nearest service station and
checks the oil. The dipstick indicates that
the engine oil is low. The driver
replenishes the oil and continues to the
destination. Most likely, the leak is small
and the driver is able to reach the
destination with minimal delay. However,
worst case, the leak is so extensive that the
driver cannot complete the journey and
must have the vehicle towed to the nearest
Subaru dealership for repair. Downtime to
repair, 1 day to 1 week.
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Failure Modes and Effects Analysis (FMEA)

Engine oil system leaks.

Without warning, the system develops a leak. The leak is visually

C
O

etectable on the ground.)

C

If the visual leak goes unnoticed, the oil

uantity gradually decreases. The decrease in oil is indicated on the
Ipstick. If this goes unnoticed, eventually the engine oil drops to the

point that the LOW OIL LEVEL Light illuminates. The driver pulls over at

C

estination but with some ¢

C

river IS able to reach the d

the nearest service station and checks the oil. The dipstick indicates that
the engine oil is low. The d

river replenishes the oil and continues to the
elay. Most likely, the leak is small and the
estination with minimal delay. However, worst

case, the leak is so extensive that the driver cannot complete the journey.
Driver is stuck on the side of the road waiting for a tow truck. Worst case,
this iIs at night on the highway or on a two-lane, dark country road.
Downtime to repair, up to two weeks, up to $2,000.
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Failure Modes and Effects Analysis (FMEA)

FUNCTION FUNCTIONAL FAILURE FAILURE MODE FAILURE EFFECT
2 | Tobe capable of visually | A | Incapable of visually alerting
alerting the driver in the the driver in the event that the
event that the engine oil engine oil level decreases to
level decreases to the the lower limit.
lower limit. (LOW OIL
LEVEL Light)

To be capable of visually alerting the driver in

the event that the engine oll level decreases
to the lower Iimit. (LOW OIL LEVEL light)

What is another Functional Failure?
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Failure Modes and Effects Analysis (FMEA)

FUNCTION FUNCTIONAL FAILURE FAILURE MODE FAILURE EFFECT
2 | Tobe capable of visually | A | Incapable of visually alerting
alerting the driver in the the driver in the event that the
event that the engine oil engine oil level decreases to
level decreases to the the lower limit.
lower limit. (LOW OIL
LEVEL Light)

To be capable of visually alerting the driver in

the event that the engine oll level decreases
to the lower Iimit. (LOW OIL LEVEL light)

B | Falsely illuminates the LOW

OIL LEVEL Light. 4/ Falsely Hluminates the
LOW OIL LEVEL Light.
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Failure Modes and Effects Analysis (FMEA)

FUNCTION

FUNCTIONAL FAILURE

FAILURE MODE

FAILURE EFFECT

2 | To be capable of visually
alerting the dniver in the

event that the engine oil
level decreases to the
lower limit. (LOW OIL
LEVEL Light)

Incapable of visually alerting
the driver in the event that the
engine oil level decreases to
the lower limit.

Falsely illuminates the
LOW OIL LEVEL Light.

U

Falsely illuminates the LOW
OIL LEVEL Light.

What specifically ca
it to falsely illuminat

uses
e?

Copyright © The Force, Inc. 2017-2023 All Rights Reserved



Failure Modes and Effects Analysis (FMEA)

FUNCTION FUNCTIONAL FAILURE FAILURE MODE FAILURE EFFECT
2 | Tobe capable of visually | A | Incapable of visually alerting
alerting the driver in the the driver in the event that the
event that the engine oil engine oil level decreases to
level decreases to the the lower limit.
lower limit. (LOW OIL
LEVEL Light)

Falsely illuminates the
LOW OIL LEVEL Light.

|
® | Fatsely uminates the LOW | 1 | it s cosed. LOW OIL LEVEL Light
circuit fails closed.
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Failure Modes and Effects Analysis (FMEA)

FUNCTION FUNCTIONAL FAILURE FAILURE MODE FAILURE EFFECT

2 | To be capable o
alerting the dnvg

event that the ey
level decreases
lower limit. (LOW
LEVEL Light)

While driving, the LOW OIL LEVEL Light illuminates. The driver thinks that
there is a low oll situation. Driver pulls over at the nearest service station
and checks the oil. The dipstick indicates that the engine oil level is normal.
The time it takes to check the oil is minimal so the driver is able to arrive at
the intended destination with minimal delay. Driver schedules the vehicle
for service at the next available opportunity. Time to repair, up to one day.

Falsely illuminates the LOW OIL LEVEL Light
LOW OIL LEVEL Light. || circuit fails closed.

B | Falsely illuminates the LOW]| 1 LOW OIL LEVEL Light While driving, the LOW OIL LEVEL Light
OIL LEVEL Light. circuit fails closed. illuminates. The driver thinks that there is a
low oil situation. Driver pulls over at the
nearest service station and checks the oil.
The dipstick indicates that the engine oil level
is normal. The time it takes to check the oil i
minimal so the driver is able to amive at the
intended destination on time. Dnver
schedules vehicle for service at the next
available opportunity. Time to repair, 1 day.
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