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FMEA, FMECA, and RCM —
What's the difference?

James Reyes-Picknell

Founder, President & Principal Consultant
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I » 2016 — awarded PEMAC's prestigious Sergio Guy Award for significant contributions to the profession
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> James Reyes-Picknell

BASc, PEng., CMC, CMRP, CAMA, MMP, CSAM, CBPro

« Mechanical Engineer, University of Toronto, 1977,
» Post grad with RNEC (UK) and TUNS (Dalhousie)

* 45+ year career in Maintenance and Asset Management.
* Hands on roles in Canadian Navy, Esso Chemcials Canada, Saint John Shipbuilding / Naval Systems, IMP Aerospace.
« Consulting since 1995: C&L, PwC (1998), IBM (2002), Conscious Asset (2004)

« Thought-leadership (reliability and maintenance management)
« Magazines and Blog
« "Uptime - Strategies for Excellence in Maintenance Management", 3™ edition, 2015
« “Reliability Centered Maintenance — Re-Engineered: Practical Optimization of the RCM Process with RCM-R®” 2017
« Other books (self-published)
« “Reliability Centered Maintenance: A Key to Maintenance Excellence” 2000, Hong Kong Polytechnical University
* “Uptime Made Easy” 2009
*  “No Surprises” 2016
«  “ISO 55000, What's Not to Like” 2016
* “Paying Your Way” 2020
« Frequent conference speaker and trainer
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What is FMEA? Q) el 1,

» Systematic approach (method) used to identify potential failure
modes, and determine their effects in equipment or system
design

* This enables risk to be evaluated and determining if any
additional controls are needed to address the risk — often by use
of design changes

« Starts with component identification using a Bill of Material

» Usually performed by designers (engineers)
» Often it is a solo-effort
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FMEA Example: ASQC Ot
* Function
» Potential failure mode

111 - Potential effects of failure

» Severity
» Potential cause (s) of failure

» Occurrence rating (probably of failure: 1 (extremely
unlikely — 10 inevitable)

i Y S M * Current process controls

* D =1 to 10 (detection rating)
« 1is certain to be detected, 10 can’t be detected

FMEA often starts with BOM on the left, then « RPRN=Sx0OxD
describes the function of the item Crit=Sx O

.
« Recommended actions

* Responsibility and complete target date

» Action results
* Then new: S, O, D, RPM, Crit
=
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What is FMECA? O s

LOMBIA|

 Similar to FMEA except with the addition of evaluation criticality
— consequences to safety, environment, operations and mission

» Criticality assessment
 Severity of effect + Probability (likelihood) used

* Also looks at detectability — how easy is it to spot and diagnose the
problem

 Enables designers to focus on critical failures and ignore others
* Like FMEA this is usually a solo designer effort
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FMEA from Mil-Std 1629A (1977) ™%~

FAILURE MODE AND EFFECTS ANALYSIS o |D number

 Functional identification number

* Function

* Failure modes and causes
» Mission phase / operational mode

¢« Failure effects
» Local, next higher, end effect

+ Failure detection method
» Compensating provisions

» Severity class

Figure 101.3 Exampie of MEA worksheer format . Remarks
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Criticality Analysis: Mil-Std-1629A (1977) /===~

¢ First 5 columns same as before

» Severity class (same as before)

* Failure probability / failure rate data source
; » Failure effect probability ()

* Failure mode ratio (a)

» Failure rate (A))

* Failure mode Crit#, Cm =B a A}

* Item Crit #, Cr = £ (Cm),

 (for all items in same severity classification C)

Exanple of Ch warkahcer Foraat

¢ Remarks
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Mil Std FMEA can require a lot of

effort

« Ship propulsion diesel engine (16 cyl, 20 MW)
* Approx 6 months to complete analysis
* > 900 failure modes (began with parts list)

« Similar engine analyzed using RCM-R
» 9 days (225 failure mode and causes analyzed)

* Functional approach (not Mil Std) dramatically reduces
duplications

Example from

DSI International
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ftem Faiure

velPump  [Fuel pump fais to pump fuel
Fuel pump fails to pump fuel

Fuel pump fails to pump fuel

FoslVae — Pressurs resricied i vaie
Pressure restricted in valve
Pressure restricted in valve
Valve stuck open or closed
Valve stuck open or closed.
Valve stuck open or closed

Landing Gear Landing gear fails on ground

Landing gear fais on landing.
Landing gear fails to retract

Control falure prevents startup
of system

Mission
Phases

Landing
Startup

In Flight

Landing

In Fight

Startup

Landing

In Fiight

Startup

Startup
Landing

In Flight

Startup

Root Failure Mode Causes

Mechanical Faiure
Electrical Failure
Mechanical Falure
Electrical Failure
Mechanical Faiure
Electrical Failure

Valve Obstructed

Mechanical Faiure due to
damaged or worn components
Mechanical Faiure due to
damaged o worn components
Valve Obstructed

Mechanical Faiure due to
damaged or worn components
Valve Obstructed

Mechanical Faiure due to
damaged or worn components
Electrical Failure

Mechanical Faiure due to
damaged or worn components
Electrical Faiure

Mechanical Faiure due to
damaged or worn components
Electrical Faiure

Mechanical Faiure
Mechanical Fakure

Mechanical Faiure
Electrical Failure

Power Supply Falure
Discrete Output Buffer Falure
Discrete Output Failure
Controler Faied

Local
Engine shuts down during
landing.
Engine fais to start

Engine shuts down during
fight

Engine shuts down during
landing

Falure Effects
Next Higher
Loss of engne during landing.

Vehicle fails to start

Loss of engine during fight. Pioticontrol
adustment to addiional operating engine to
keep vehicle running.

Loss of engine during landing

Erratic engine operation in fight Engine operates erraticall during fight

Engine fais to start
Engine shuts down during
landing

Engine shuts down during
fight

Engine fails to start

Landing gear falure on ground
Unabie to extend landing gear.

Unabie to automatically retract
landing gear.

Loss of control power during
startup
Engine fais to start

Compensating
Provisions.
Compensated for by
muttple engines and

End

Loss of engine during landing
Vehicle fals to start

Loss of engine during fight.
Pilot/control adjustment to additional
operating engine to keep vehicle
Loss of engine during landing Compensated for by
muttiple engines and
end-of-flight

Engine operates erraticaly during

with power
between engine
Vehicle fails to start.

Loss of engine during landing.

Loss of engine during fight. Pioticontrol
adustment to addtional operating engine to
keep vehicle running.
Vehicle fails to start

Landing gear fails on ground
Landing gear fais to extend during landing.
Piot attempts to manually extend gear.

Landing gear fais to retract during fight
Drag on vehical performance during
operation of vehical in flight

Vehicie fais to start

fight. Pilot with power
adjustments between engine
Vehicie fais to start

Loss of engine during landing Compensated for by
muttiple engines and
end-of-fight

Loss of engine during fight

Piloticontrol adjustment to additional

operating engine to keep vehicle

Vehicle fais to start

Landing gear fais on ground
Landing gear fais to extend during
landing. Piot attempts to manually
extend gear

Landing gear fais to retract during
fight. Drag on vehical performance
during operation of vehicalin fight
Vehicle fals to start

Severty
Class
MINOR
MNOR

CATASTROPHIC
MINOR
CRITICAL
MINOR
MINOR
CATASTROPHIC
MINOR

MINOR
CATASTROPHIC

MARGNAL

MINOR
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What is RCM?

* A method (approach) for determining failure management
strategies
* Maintenance and operator tasks, changes (various) including design
* Allows run-to-failure (where consequences are tolerable)

» Emphasis is on dealing with the failure consequences, not
necessarily the failures

* Begins with defining system / equipment functions
» P&IDs and BOMs are useful in this process
» Often one function involves multiple parts
» Each part may be involved in more than one function

* RCM is a team effort involving maintainers and operators

nnnnnnn
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Criticality and RCM O i

» The RCM standard, SAE JA-1011 does not require
criticality to be used Relbily Ceered

Maintenance - Reengineered

» Criticality is usually assessed across an operational site
to determine which equipment / systems warrant
RCM’s rigor

« Criticality can also be assessed at the level of failure
modes and their causes:

* Enables analysis team to ignore less critical failures,
 Can also help to focus discussion on the most critical
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RCM-R® FMEA worksheet

A B

N cot
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c D E F G H I J K L ™M N
R15D0 Reactor System and Fi Critica ELE AGE How detected? H
Pirzmal Non- exT DS Secondary damage & rep: SJE
Hidde INS FAB Safety impacts o
MAT MGT  Production / operational impacts M
MEC MIS  Damage & repair
MIS 0&M Envirionmental impacts
Function [component [Functional Failure Failure Modes FM Causes Effects [Type
#  Description a# [Description Type [# Description Type [A# Description Type |Description
B s
5/To enable charging of solid, Inletports, (A [Fails to enable charging Critica 1|Valves stuck shut MEC A Cotter pin is broken (glass |AGE |Valve cannot be opened/closed. Maintenance called to o
gas ingredients nozzles, valves) - vibration induced correct and “fix” inserted to get operations through the
valves, and batch. Valve replaced later.
manway safery impact: nil
Environmental impact: nil
Quality/production impact: minor delay
H A 1 B |Cowerpin is broken (glass | O&M |Valve cannot be opened/closed. Maintenance callsd o |0
\valves) - overtightened in correct and "fix" inserted to get operations through the
order to pass a batch. Valve replaced later.
pressure/vacuum test Safety impact: nil
Environmental impact: nil
Quality/production impact: minor delay
5 A 2|Glass valve broken MEC [A (Overtightening under (0&M [If valve is tightened under vacuum, it will be extra tight [s/E
vacuum/pressure when under other pressures and can be broken
Maintenance may nat be able to correct if batch is in
process, until batch finished
Safety impact: if glass shatters under pressure there is risk
to personnel from flying glass
Environmental impact: nil
Quality/production impact: minr delay, could introduce
ination into batch, deviation likely needed
H A 2 B |Improper securing of (0&M |Charging hose vibrates and overstresses the glass leading |S/E
charging hoses o breakage. Liquid on floor / loss of comainment. Repair
time up to 2 hours
Safety impact: product exposure, vapor exposure, shattered
enEn | a . B
e
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A B C D EFCHI ) K L M N [e] P Q
L
1 d 0|No effect No effect < S5k No impact > Annual Audible alarm
)
2 f 1|First aid/minor ill Minor Internal (cont{$5k to $20K 1h to 1shift Semi-annual to annuVisual alarm
P
3 d 2|Lost time/reversible [Minor External (offsi{ $20k to 550k 1 shift to 1 day Quarterly to semi-an|Operator spots
)
4 ] 3|Perm disability Reportable $50k to $100K 1dto2d Monthly to quarterhyMtc/Eng'r
<
5 d 4|Death Bus Stop/ Fine > $100k >2d Daily to monthly SME/Contractor
8 [ Safety & Health Environ Mte Cost Operations Like-h. Detectability
fi
fi
F FF | FM | C € Crit Score
1
2
9 Type 4 3 3 X 1
1
i
B
1 A 1 D| b
1
I
I
U
13 M 0 0 0 3 5]
il
d
_

T

EDiCION
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RCM-R® Decision Logic

S

r

8. ¢ Existe alguna tarea
D que valga la pena
realizar?

?

s
|

7. iLafallaes H?

e

6. (Es evidente el
fracaso con
consecuencias P o M,
cuando correr hacia el
fracaso es la opcion mas
econémica?

Tarea R

1. ¢ Existe una
consecuencia S, Eo P
significativa?

Nc

v

9. ¢ Existe alguna tarea
C, ToD que sea
técnicamente factible y
que valge la pena
realizar?

]

5. ¢ Existe una
combinacion Cy T para
que una consecuencia S
reduzca los riesgos a un

nivel tolerable

Nc

RCM-R® Decisions

2. (Existe unatarea C, T
o D que los operadores
puedan realizar para
llevar los riesgos/costos
aun nvel tolerable?

Nc

v

3. ¢ Existe una tarea C
que reduzca los riesgos
o costos a un nivel
tolerable y que valga a
pena realizar?

Nc

}

4. ;Existe una tarea T
que reduzca los riesgos
0 costos a un nivel
tolerable y que valga a
pena realizar?

O

Consecuencias

zZumwnI

Tareas

Oculto
Seguridad
Ambiental
Produccion
Mantenimiento

fracaso

O

CONG
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Operador (Co T)
Condicién
Tiempo (uso)
C+T
Redisefo
Detectiva
Correr hacia el

T

EDiCION

A m o
2 38 2 155 Evident |1 s 2] 3 & [ & 7
BREZE Funcion Functional Filere [Failurz gk Casa e e |58 |ercac : 26er Joor ecis |10 |Tesk ldescrive tastin detail) Freg s [Who  [RoManamsisE
ee| o2 rcasi e ez
b T o il ©  [w o [Theck
NENED iquidznd | Fats - ——— orpinis boten fgass |5 is i alraadypart of scartup chec
lguidana |Fait Coctar pin s bken g ol [ v s | A o |isisaeRoyparcr startup chects
5 ingrestonts )
OEREED Cotterpinisbrokenlgiass |5 Moty pressurefracuum test procesdure to se soap
\ahvs| -overtigheanedin ol « | v e b e B A o anyglass alve i e-tighcaned
crtrenpass
B NED = m einforce the rules that ekt tigheen
i sE| v | v I v u g o |Feimerezthen i
P — Ives under pressurs o
BROEEES mprezersacunng s cnargng |2 Reintercatne nesdtn
hoses se| v | v L " W x 0K [secursthem praperly. May
o 0 sscurs property.
5 a2 o [ s valveclampe loosa. |28 0 Bk |wch
e se| v | r nofr W c ax
s [afs |2 [ems 5 1 Batch [Operator
of v | r no [ v c ox
B — 0 Baxch | Operator
[t =i o v | v nofr v c ax e
B T [Vaive parsaliyopen | Operstor errar B o v [ v CH TR v P o
6 [A[t [+ [ [roprovdetorbutcnsampiing p— rator als o g
[T providefo batch samgiing Cartsampi [Progged Operacor fik o hushaube ol v | v s | B -
ith itrogen
& |a|r |2 [sue ury i toothickforhetube. |5 esded toforecast sy prablems when
Sureyistoothick for the tube ol v | v e e L E E o =ded 0 forecast sy problems wh
cizmater scaling up fom R&D 10 procucr
s a2 [+ [m g
o v | v LI " v i ax
lborzom of g tube
BN [piprute vahe stuckshut. | Wechanical wear inside vave |5
[iprube vahve stckshut. | Mechenice! e of v | r I v n ox
I E x . =" 20vaverais oo 5
[Ta merthe reactor emomment Faistoinert [Povas20vaweraisto | Controlsigratioss tbax) of « |« v |n ke k -
O D et g T Doy [Mech  [lsthersanim
— o v | nofr v c ax s thereaeine
menzinz s
T A e [ e zctuatar failed g
Pl of v | r o e v g ox
T A = [ I g
el v [ W o M o | o
1520j6sied
I Y El E =T Loose ot Vibeation induced 3 o v [ v N TR v F o
E O ENEN D Incomectiy sghtenee B o v [ v O Fn P 3
7 [afs o [mec [Trermalcicing B o v [ v CH T v F 3
EI Y E E [openatves i B o v [ v CH T v P ax
TR [s |2 [ [Faitur ol Mind nocom sk 15 5 stop for manza nercio i pr<2artup checklss and| Explore 2005 ¢
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> Comparison aadiL
* Similarities
* All 3 methods focus on failure modes and their effects
* When presented in tabular formats, they all look similar
* All analyze equipment and / or systems
O

Comparison - differences

* FMEA and FMECA used at design stage — RCM at any stage of life cycle

* FMEA and FMECA usually performed by engineers — RCM performed
by teams of operators and maintainers

* FMEA ignores criticality

* FMECA uses criticality

* RCM uses criticality in two way

* FMEA and FMECA have no decision logic — engineer has full discretion
* RCM includes a decision logic

* FMEA and FMECA usually begin with BOM may start with functions

* RCM begins with Functions (BOM may be used to help)
* FMEA and FMECA - functionality is often duplicated
* RCM functionality is not duplicated — analyses are shorter (by half or less)
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O Should you use a BoM or Functional approach? Q) s 1,

 Consider your objective
« If you want to beef-up design — use FMEA or FMECA and start with
parts
* If you want a failure management program — use RCM and a functional
approach

* If you have an FMEA or FMECA created using BOM, using it as
a start point for RCM is possible, but not recommended - start
over for RCM

» Component / part based approaches do not follow a logical functional
sequence and can be confusing
» Volume of work can be multiple times the effort when compared with
J functional approach

20

Summa ry O

* FMEA - design tool, usually based on parts (BoM) and very detailed.
» Engineering tool for design

* FMECA - similar to FMEA, includes criticality.
» Engineering tool for design in complex systems

« RCM - a method to determine failure management policies.
* RCM includes FMEA or FMECA.
» Can be based on BoM, but most efficient if based on functions.
* Operational focus is on failure consequence management.
» Design changes are a “last resort”.
» Team based

J

21
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O Questions and Discussion Oy
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Thank you!
James Reyes-Picknell @
james@consciousasset.com N\
23
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