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Based on RCM, FMEA, FMECA(Qualitative) & RCA Principles using ‘MIMAPS Asset Maintenance Strategy Workbook’ (MS Excel)

Introduction

O Presentation outlines asset maintenance strategy development using ‘MMAPS Asset Maintenance Strategy’ workbook, ‘3. Maint Strategy
Development’ worksheet based on RCM, FMEA, FMECA(Qualitative) & RCA principles.

O Workbook comprises the following worksheets:

>
>
>
>
>

>

‘1. Review Process Flow Chart’

‘2. Functional Failure Mitigation Logic'’
‘3. Maint Strategy Development’.

‘4. Recommended Maint Actions’

‘5. MMAPS Risk Hazard Matrix’

‘6. Associated Dropdown Lists’

O Analysis worksheet’s features include;

>

>
>

>
>

O 00000 0D0

Multiple embedded Word files and worksheet cell explanatory notes re RCM / FMEA theory and worksheet usage. Embedded files are opened
by double clicking respective icons.

Automatic shading of active rows and columns on selection to reduce entry errors.

Outline grouping of worksheet columns with second tier data (on which top tier data columns depend) to keep worksheet size manageable in
terms of data entry and report printing etc.

Frequent use of cell dropdown lists to reduce effort and improve effectiveness. Columns with dropdown lists are shaded light green.
Frequent use of cell formulae to reduce effort and improve effectiveness. Columns with dropdown lists are shaded light blue.

Slide 3 is a flow chart outlining the principal steps involved in asset maintenance strategy development.

Slide 4 is a flow chart outlining functional failure mitigation decision logic.

Slide 5 is an image of ‘3. Maint Strategy Development’ worksheet with all outline groups closed.

Slides 6 & 7 show images of the various ‘3. Maint Strategy Development’ worksheet outline groups expanded.
Slide 8 is an image of ‘4. Recommended Maintenance Actions’ worksheet.

Slide 9 is an example of an embedded note in ‘3. Maint Strategy Development’ worksheet.

Slide 10 is an image of ‘6. Associated Dropdown Lists’ worksheet.
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Asset maintenance strategy required

Confirm project scope

Assess & document plant area(s) & asset
IDs, types, OEE, criticality & description

Assess & document asset history, useful
life, operating context, regulatory
requirements, protection, function,
functional failures

Assess & document asset failure modes,
failure effects / consequences, risks &
associated costs

Develop appropriate asset maintenance
actions to reduce / eliminate failure modes,
effects, consequences

Determine asset maintenance action costs
& assess risk reduction of proposed
maintenance actions

Develop implementation plan & final
report. Obtain management approval for
proposed maintenance actions

Asset maintenance strategy complete

Confirm project scope re assets to be assessed and assessment methodology
« Clarify corporate needs and expectations

« Collect required asset information

» Define regulatory requirements

Plant asset data

Plant area code, parent asset tag #, child asset tag #, asset type, asset target availability %, asset target performance%,
asset target quality %, asset target OEE, asset description

Plant asset history and operational data
Document date asset installed, asset running hours to date, asset expected remaining useful life, asset operating
context, regulatory requirements, asset protection, asset function, asset functional failures.

Plant asset failure modes, effects and consequences

a) Determine asset failure mode causes, asset failure mode mechanisms, RCA records, asset failure criteria, asset
failure intervals, asset P-F intervals, asset failure effects / consequences (including details of occurrence/ timing,
evidence, safety effects, environmental effects, operational effects and corrective action), asset failure costs, asset
failure risks.

b) Undertake appropriate root cause analysis (RCA) and Weibull analysis as required

Plant asset maintenance actions

Develop asset maintenance actions, asset maintenance action types and asset maintenance action intervals with due
consideration of worksheet ‘2. Functional Failure Mitigation Decision Logic’ (MMAPS Maintenance Strategy Development
workbook). Proactive maintenance options include condition monitoring (vibration, ultrasonics, thermography, lube oil,
corrosion, thickness, cracking, electrical etc.), lubrication, preventive maintenance / inspections and regulatory
inspections etc.

Plant asset maintenance actions
Determine asset maintenance action costs and cost savings and assess risk reduction of proposed maintenance actions

Plant asset maintenance action approval and implementation
Develop implementation plan, compile final report and obtain management approval for proposed maintenance actions.
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FUNCTIONAL FAILURE MITIGATION DECISION LOGIC

Functional failure requires
appropriate, technically
feasible, mitigation action(s)

Evident Is a functional failure
or failed state evident

Economic/
Operational

Safety/ Are adverse effects of an
Environmental evident failure,

safety/environmental or

economic/ operational?

Evident safety or environmental
consequences
Analyse task options listed below
and select appropriate, technically
feasible task or combination of
tasks to eliminate or reduce risk:
Service or lube tasks
On-condition tasks
Scheduled restoration tasks
Scheduled discard tasks
One-time change such as
redesign, process or procedure One-time change such as
change (may be only option to redesign, process or procedure
reduce risk sufficiently) change

Evident economic or operational
consequences
Analyse task options listed below
and select appropriate, technically
feasible task or combination of
tasks to eliminate or reduce risk:
Service or lube tasks
On-condition tasks
Scheduled restoration tasks
Scheduled discard tasks
Run to failure

Failure management strategy:
Eliminate or reduce risk of evident
failure to an acceptable level

Failure management strategy:
Reduce maintenance cost over
time to less than overall cost of
failure economic/operational
consequences and failure
correction

Hidden

Safety/
Environmenta

Hidden safety or environmental
consequences

Analyse task options listed below
and select appropriate, technically
feasible task or combination of
tasks to eliminate or reduce risk:

Service or lube tasks

On-condition tasks

Scheduled restoration tasks

Scheduled discard tasks

Failure-finding tasks

One-time change such as

redesign, process or procedure

change (may be only option to

reduce risk sufficiently)
Failure management strategy:
Eliminate or reduce risk of hidden
failure coupled with any second
failure or other contributing event
to an acceptable level

Functional failure has
appropriate, technically feasible,

Are adverse

effects of a hidden failure
coupled with a second
failure or other event,

safety/ environmental or

economic/
operational?
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Economic/
Operational

Hidden economic or operational
consequences
Analyse task options listed below
and select appropriate, technically
feasible task or combination of
tasks to eliminate or reduce risk:
Service or lube tasks
On-condition tasks
Scheduled restoration tasks
Scheduled discard tasks
Failure-finding tasks
Run to failure
One-time change such as
redesign, process or procedure
change
Failure management strategy:
Reduce maintenance cost over
time to less than overall cost of
multiple failure economic/
operational consequences and
failure correction

mitigation action(s) defined




ASSET MAINTENANCE STRATEGY DEVELOPMENT WORKBOOK
WORKSHEET ‘3. MAINTENANCE STRATEGY DEVELOPMENT’ - OUTLINE GROUPS CLOSED

Slide 5 of 10

1 + + + + + I‘ + Overlap kI
B < r*
A B 9] D E I [JY z AA AB ACACAEAF AO | AP AQ AY AZ ||BL BMBNBCCB CcC
Columns F:H ASSET AVAILABILITY, Columns K:X ASSET OPERATIONAL Columns AG:AN FAILURE Columns AR:AX FAILURE Columns BA:BK FAILURE ‘Columns BP:CA FAILURE
1 MMAPS PERFORMANCE, QUALITY AND FUNCTIONAL INFO AND WEIBULL DATA EFFECTS & CONSEQUENCES| | COST ANALYSIS RISK ANALYSIS
2 MAINTENANCE STRATEGY WORKSHEET
3 |Based on RCM, FMEA, FMECA(Qualitative) and RCA Principles
4 Client: Column cell drop down list | Embedded cell notes W
- Conditional Formattin,
5 | Dare: 301012024 Print A3 landscape, all groups closed Column cell formuia calc. c,;.,,,,,,,gk,ma,w- /
6 PLANT AREA, ASSET ID, TYPE, OEE, CRITICALITY, DESCRIPTION FAILURE MODES = FAILURE EFFECTS / CONSEQUENCES RISK ]
7 = = .
= 2
E = £
21 -5
_E | |23|54
= Zz|Z|= o E = c
= SleZEz| 23|80
w S e|=|E| o c gn o
o & S EI R R 5
° >la o SIE|8|le| 2 |E 8 2
& =|= » £L|5/2| 2 I & M=
5 [] tolE 2| 5 L & 8 e
I = s|IELF| L s % g Annual | Overall E g ]
i > | o [5]|= o EElgt|BE |23 - ; a8 Els|e
Plant Parent Child = e Y o S|Ele|5| B = ® a Failure | Failure 8 ﬁ o<
- s = |2 L = = =
Area Asset Asset a B |52 Failure Mode Cause 3 Failure Mode Mechanism 5 o B = 23 E g Failure Effect/ Consequence Cost Cost = 815 2 = Maintenance Action
8 Code Tag # Tag # Asset Name | Description 2 s é bl Description I Description 0| § I| d & o Summary Description ($) ($) 3 8 I|a|= Description
9 - - - - - - [N - N~ = B ~W-N-N-l- - - - - 2 B ERaae -
10 0% ] o8 -
11 0% $ -8
12 0% 5 -1%
e Overlap | + + +
BCCB cC CD CECF CH Cl cJ CK | CLCNCUCVCVICXDK
£ ‘Columns BP:CA FAILURE Column CG OEM | ‘Columns CN:CT MAINT !Columns
RISK ANALYSIS INTERVAL 0OST ANALYSIS |CY:D] MAIN
RISK
NALYSIS
- gy p MAINTENANCE ACTIONS RISK
. =y —
= All outline groups closed ' £
i E
- [
= Image overlap marked with red arrows 5| 2 _
= 8 £z e
g5 3 S 3
a El= P S | @
dlc o %o 82| @ T T 2% K]
|2 g £2 Eg| £ | Action | Action | Action | 5 | & Elz|E
= = =
Sl& 'E 8'; =gl § Annual | Overall | Annual g o s E =
0| = - .- o O
2lE Maintenance Action 2 =8 El2| = Cost Cost | Saving |2 |BE| =z [2(<|8
=|® o © O ® T o 3|ln |o|2|c
o|= Description < < =|E = ($) ($) %) < O\ O|T|a
$ -8 -8 -
5 -1 % -9
3 -8 -8




ASSET MAINTENANCE STRATEGY DEVELOPMENT WORKBOOK

Slide 6 of 10

WORKSHEET ‘3. MAINT STRATEGY DEVELOPMENT’ - OUTLINE GROUPS - SLIDE 1/2

F G H K L M N o P Q R S T u VW X ACARAIAJAKALAM, AN BPBCBRBSBTBUBVBVBXBYBZCA
ABILITY, Columns K Columns K:X ASSET OPERATIONAL Columns AG:AN FAILURE Columns AR:AX FAILURE Columns BA:BK FAILURE Columns BP:CA FAILURE ‘Columns AG:AN FAILURE 'Columns BP:CA FAILURE ]
QUALTTY|  |AND FUNCTI  AND FUNCTIONAL INFO AND WEIBULL DATA EFFECTS & ( ES| |COST ANALYSIS RISK ANALYSIS /AND WEIBULL DATA RISK ANALYSIS

Col AG-AH-AI- -BQ-BR-BS-BT-

Col F-G-H Col K-L-M-N-O-P-Q-R-S-T-U-V-W-X Group R Col BP-BQ-BR-BS-BT

BIoED -AK-AL-AM- BU-BV-BX-BY-BZ-CA
\
AN Group Group
ZRIPTION ASSETHISTORY, USEFUL LIFE, OPERATING CONTEXT, REGULATORY REQUIREMENTS, FUNCTION, FUNCTIONAL FAILURE @ RISK
= = = = Failure Data | Weibull 2P"
o = L= .
g |2 | I e 3
0 = = o
< $ g ololonlo|S|2 %gaggg =8
= 5 @ = oo oo S8 SIES|2|5|2 =2
= | = 2= 3 (<o | (2§ HEIEREEBEEREHEE

z < 3 = 2 |a a LLLL‘%E -‘E‘o"’.ﬁ_—sﬂégom.{

z| 2|z 5| 2 |£ s |% ® S|8|3(S|5|e g£le @97 8|S |@ ]

£ s |& 2| % |5 =k 5 > 1> > > & |S A A O Y O =)

= £ = ® g = € ol|= olo o o oo o | J|E L s|nsle e Dele

2 g | £ 5l 3 |8 | & S g F fIEIEEEE AREEEHHEMMEE

5 | € = 5| &2 & e |o o 2= 5|5(5|5|5(5 s|a|a|Ble|e|s|s|d|B|c|e

> o S o - - o © o|o|o|T|B|D ZSIZ|g|E|S|S|lele|s|3|8|e

< o g ° = ] 2 |£ = =E vlo ool ol )= 2285 KK s s

ERRN & £ 8 2 % 2 2|8 g|g|e|g 8|8 25 8 EIE8|S 22|88

=] =3 o Date s| E 27 2 | & Associated Protection Systems | £ EE 3|212|12|12|3|s 22|15 (5|5|5|8|8|5|=(a|a

] ] © D 3 X H 2 q . q 5 S . . 3|35 - - e ®|®|w|®|®|w @ P o ewle|lc|o(o2|2 /3 (3|00

= = ) Installed | £ [ w = w o Operating Context Desription Regulatgory Requirements & Devices [y Function Description g g Functional Failure Description W | (w | (w|m w oo (w|wwiwao|o |0 0|

0
0
0
AS AT AU AV AW BA BB BC BD BE BG BH Bl BJ BK
:AX FAILURE! Columns BA:BK FAILURE Columns BP:CA FAILURE Column CG OEM Columns CN:CT MAINT [Columns BA:BK FAIL“REI Columns BP:CA FATLURE Column CG OEM
NSEQUENCES| | COST ANALYSIS RISK ANALYSIS INTERVAL COST ANALYSIS, \LYSIS RISK ANALYSIS INTERVAL
Col AR-AS-AT-AU-AV-AW-AX Group Col BA-BB-BC-BD-BE-BF-BG-BH-BI-BJ-BK Group
FAILURE EFFECTS / CONSEQUENCES FAILURE EFFECTS / CONSEQUENCES COST ANALYSIS
[
[
E =
IS ©
= |E
= 2 c
= = - .2 =
§ 2EZfE g
= E == = Outage 8 _| Failure | Failure Failure
= 'g - E Y Cost Outage ;,' :E'-’ Labour | Labour | Failure Misc
Failure Occurrence / Timing / Failure Effects on Operations &/ | Failure Damage & Consequential g i ‘gg .g 'E @| Rate Cost |2 £ Rate Cost | Materials | Costs
0 ]

Frequency Failure Evidence Failure Effects on Safety Failure Effects on Environment or Production Damage Failure Corrective Action < T L|06 L ($Hn ($) L = ($Hr) ($) Cost ($) ($)
$ - $ -8 -1$ -
$ - 3 -8 -1$ -
$ - 3 -8 -9 -




MMAPS ASSET MAINTENANCE STRATEGY DEVELOPMENT WORKBOOK Slide 7 of 10
WORKSHEET ‘3. MAINT STRATEGY DEVELOPMENT’ - OUTLINE GROUPS - SLIDE 2/2

CG CN CO CP ca CR CS CT CYCZDADBDCDCDEDFDCDHDIDJ
Column €4 mns
INTERVAL 3 mamnT
LysIs
Col CY-CZ-DA-DB-DC-
Col CG Col CN-CO-CP-CQ-CR-CS-CT Grou
Q P DD-DE-DF-DG-DH-DI-DJ
Group
Group
NCE AC" MAINTENANCE ACTIONS COSTANALYSIS RISK
—
2
£
= —- HEEBE £ 3 £ g
= [ o282 |E oo (£
=1 I £ 87322 |2|€|8|5|=
s 5 S|£||x|o|Tw|d|5|c(n|D
£ = AP E :
2 = _ EE A A A A A A E R e
E Outage 3 Action QQEEEEIM.‘;-‘;EE
S Cost 2 Action | Action Misc 2122 EE|§|5 2l 5|5
E Hourly | Outage _:I Labour | Labour |Materials| Other o|w|5 § g_ g_ g g > E E
= Rate Cost |2 | Rate Cost Cost | Costs HEEEERHEEEEE
& ($IHr) $) | < | ($Hn $) 8) (s) &8 |6|E|0 |0 a8
$ $ -8 $
$ $ -1 % $
$ $ -1% $




a;nPkEWw N =

0w ~

[N
L =)

ASSET MAINTENANCE STRATEGY DEVELOPMENT WORKBOOK Slide 8 of 10
WORKSHEET ‘4. RECOMMENDED MAINTENANCE ACTIONS’
A B C D E F G H [ J K L M N O P
MMAPS [aruume cost | [reson cost | |
RECOMMENDED MAINTENANCE ACTIONS
Based on RCM, FMEA, FMECA(Qualitative) and RCA Principles

Client: Date: 30/10/2024
® ®
— Annual | Overall [ Action | Action | Action [
Plant Parent Child _O_ Failure | Failure _5_ Annual | Annual | Overall _g_
Area Asset Asset Asset 5 Failure Mode Cause Cost Cost |z |2 Maintenance Action Cost Saving Cost |z | g
Code Tag # Tag # Description = Description ($) ($) & o Description (%) ($) ($) & o

0%

1

1

0%




MMAPS

LabourRate

ASSET MAINTENANCE STRATEGY DEVELOPMENT WORKBOOK

WORKSHEET ‘6. ASSOCIATED DROPDOWN LISTS’

MAINTENANCE STRATEGY

DROP DOWN LISTS

Slide 9 of 10

DutageRate

Tesor Severity /
No Interval AssetCriticality fC¥enf Specified Consequences Detectability
N 40 [ 40 Hr wWeek unacceptable 1 In=zignificant 1 Detectable 1
I a0 |40 Hrf'w Fartnight Froduction ar service lost completely for < 1day or safety or environmental impact tolerable (2 Pild 2| [Probably detectable 2
160 |40 Hrfw Manth Froduction or service reduced by » 502 for > 1day or safety or environmental risk. high 3 Moderate 3| [Possibly detectable 3
320 |40 Hriw' 2-Month Froduction or service reduced by » 502 for <1day or safety or environmental risk, medium 4 Significant 4| |Undetectable 4
420 (40 Hrdw' 3-Month Production or service reduced by <503 for = 1day or safety or environmental risk, low =3 Catastrophic 5
E40 |40 Hriw 4-Month Froduction or service reduced by <502 for <1day or safety or environmental risk, wvery low E
360 (40 Hriw B-Month low 7 Liklihood { Maintenance Type [RCM)
2080 |40 HrW Year Lo 1| [Service or lube tasks SLT
Hz0 |40 Hrfw 13-Manth Flant Area Low-fedium 2| | On-zondition tasks ocT
HED |40 HrfW 2-Year Medium 3| |Sched restaration tasks SRT
E240 | 40 Hriw' 3-'ear Medium-High 4| | Sched discard tasks 50T
320 |40 Hriw 4-Y'ear High 5| | Run-to-failure RTF
10400 | 40 Hriw' &B-"'ear Failure-finding tazks FFT
20800 | 40 Hriw 10-5ear Function Type | |One-time change oTC
168 |24 Hi'D Week. Frimary F
336 | 24 Hr'D Fortnight Secondary 5
720 |24 Hr'D Month [300] Maintenance Type
1440 24 HrfD 2-Manth (200 Service or lube =18
2160 | 24 Hr'D 3-Month [(300) Freventive 1 Pm
2880 | 24 HriD 4-month [300) Inspection INEP
4320 | 24 HifD 6-Manth [200] Fredictive Fdra
A7ED | 24 HriD Year [3660] Condition Manitoring ChM
12080 | 24 HifD 13-Manth Corrective CHM
1r620 | 24 HifD 2-Year [3660] Fix on Fail FOF
ZE280 | 24 HifD 3-Year [3660] Modification r00
J6040 | 24 HriD 4-'ear [3650) Asset Type Fedeszign RED
43800 | 24 HifD 5-Year [3650]
S7ED0 | 24 HriD 10-Year [3650] FPrincipal Risk Effect
Safety =1
Environmental E
Economic/Operational EOQ
Installed Condition
e ]
Uszed u
Fefurbished Fully RF
Fiefurbished Fartly RF




ASSET MAINTENANCE STRATEGY DEVELOPMENT WORKBOOK

Slide 10 of 10

EXAMPLES OF EMBEDDED NOTES IN WORKSHEET ‘3. MAINTENANCE STRATEGY DEVELOPMENT’

Maintenance Strategy Workbook
Maintenance Strategy Worksheet
RCM, FMEA, FMECA(Qualitative) and RCA Principles Section Notes

Based on principles presented in ‘SAE JA1012 2002 — A Guide to the Religbility-Centred Maintenance (RCM) Standard”
and ‘RCM3: Risk Based Reliability Centred Maintenance - Basson’

RCM, FMEA, FMECA({Qualitative) and RCA Principles
This maintenance strategy worksheet is based on RCM, FMEA, FMECA(Qualitative) and RCA principles.

RCM (Reliability Centred Maintenance) is a process used to determine minimum, safe levels of maintenance,
engineering and other related risk management strategies required to optimise an asset's safety and environmental
integrity and cost-effective operational capability in its operating context over its life cycle, in accordance with the
asset operator's functional and operational expectations.

RCM requires the consideration of eight questions regarding each asset or system under review:

1. What is the operating context of the asset or system (i.e. operating conditions and how used)?

2. What are the functions and associated performance standards of the asset or system in its present operating
context?

3. What are the ways in which the asset or system may fail to fulfil its functions (i.e. functional failures or failed
states)?

What are the causes of each functional failure or failed state (i.e. failure modes)?
What are the effects and consequences of each functional failure when it occurs?
What are the risks and risk levels associated with each functional failure?

What can be done proactively to reduce intolerable risks to tolerable levels?

o~ o

What can be done to reduce or manage risks in a cost-effective manner?

FMEA (Failure Modes and Effects Analysis) is a process used to:

1. Identify and fully understand potential failure modes, failure causes and failure effects for assets, processes, and
systems.

2. Assess risks associated with identified failure modes, failure causes and failure effects and prioritise issues for
mitigative or corrective action.

3. Identify, define, and implement mitigative or corrective actions and thereby reduce asset, process and system
risks to tolerable levels.

FMECA Failure Modes, Effects and Criticality Analysis) is an extension of FMEA by including criticality analysis
whereby failure mode probability/ likelihood and severity are assessed enabling failure modes to be ranked
according to their respective criticality.

to identify appropriate solutions. This involves defining the problem, understanding the process, identifying possible
causes, collecting data (evidence), analysing data (evidence), identifying possible solutions, selecting solutions,
implementing solutions, evaluating effects, and institutionalising change.

MMAPS
Maintenance Strategy Workbook
Maintenance Strategy Worksheet
Target OEE Column Notes

OEE or "overall equipment effectiveness’ is a single measure of an asset's availability to produce, performance re
output or production rate and quality of output or production.

Availability is the ratio of Actual Production Time to Potential Production Time.

l.e., Availability = Actual Production Time / Potential or Possible Production Time

Performance is the ratio of Actual Output to Theoretical Output.
l.e., Performance = Actual Output / Theoretical Output

Quality is the ratio of good or compliant output or production to total good or compliant output or production.

l.e., Quality = Good (Compliant) Output / Total Output

OEE = Awvailability ratio x Performance ratio x Quality ratio

100% OEE means only good (compliant) product is manufactured, as fast as possible, with no stop or down time

85% OEE is considered world class

Maintenance Strategy Workbook
Maintenance Strategy Worksheet
Functional Failure Column Notes

Functional Failure (or Failed State)
{based on "SAE JA1012 2002 — A Guide to the Reliability-Centred Maintenance (RCM) Standard”)

A functional failure is a state in which a physical asset or system is unable to perform a specific function to a desired
level of performance. All failed states associated with each function should be identified.

Every asset has more than one function, each of which could fail in isolation so any asset can suffer from a variety of
failed states. For this reason, it is more accurate to define failure in terms of the loss of specific functions, rather
than failure of a complete asset.

Functional failures may be total or partial. A function performing at less than the desired minimum performance
standard is a partial failure. E.g., a pump may pump nothing at all which is a total failure or at less than the desired
rate which is a partial failure.

Performance standards associated with some functions incorporate upper and lower limits and an asset has failed if
it performs above the upper limit or below the lower limit. In these cases, the breach of the upper limit needs to be
documented separately to breach of the lower limit because failure modes and / or consequences associated with
exceeding the upper limit are usually different from those associated with a breach below the lower limit. E.g.,
machining tolerances.l
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