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Achieving Reliability from Data
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. . . . . (Initial) RCM Workshop
/" Decisions in maintenance Module 2.6en

" Historical roots of RCM Functions (Q1)
FMEA (Q2-Q4)
Consequences (Q5)

" RCM Failures, Modes, Effects analysis (FMEA) | Policies (Q6-Q7)
RCM Dashboard
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" RCM Functional analysis

" RCM Consequences analysis

RCM Failure Management Policies / \
D Initial RCM Workshop ]
Living RCM

Reliability analysis in 2 dimensions
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Reliability analysis in >2 dimensions
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M DM TestFleet v1.10

hd 1. Function 1

"Hybrid"
structure

(LEVEL of Analysis) v

¥ '

A 2

4 4. To hold back
A # 3. System2

. 1.Compon
¥ . 2.Compon

1. Subsystem1.
- 2. Subsystem1..

3. Subsystem1.

- 1. Subsystem1.

L4 1. Fails to provide smooth ride
- ﬁ 2. System1

1
2

- 1. Component1.2.1
~ @% 2.Component1.2.2
M 1. Function 1.2.2.1

FunctionalFailure1.2.2.1.1

# 1. FailureMode1 Damage1 caused by Cause1
™ 2. Part2 Damage? caused by Cause2

FunctionalFailure1.2.2.1.2

2. Function1.2.2.2

3

the evil creatures from the underworld

2
ent 2.1.4
ent1.2.2

4 1. Function 1.2.2.1
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[1] H L
Hyb rid" structure (LEVEL of Analysis)
v Hydraulic shovel Hitachi EX3600 - RCM G1v3.5” Hydraulic shovel Hitachi EX3600 - RCM G1v3.5
» L¥ 1 Accessories T L 1. Accessories
» 3 2 Engine system ¥ @, 1. Hydraulic system main staircase
» ﬁ. 3. Hydraulic System 1. To allow raising or lowering the main staircase
. v 1. Cannot raise or lower main staircase.
* £* 4 Electrical system A A
1. Fuses ladder circuit Fails open caused by n/a
' ﬁ‘ 5. Structure
A 2. Winng ladder circuit Fails open caused by n/a
i’ ﬁ‘ 6. Monitoring and control system
@ 3. Switch for activating ladder Fails open caused by n/a
- A 4. Safety limit switch Fails closed caused by n/a
eet
# Systam A 5. Solenoid valve for lowering ladder Stuck caused by n/g
Subsystem h 6. Emergency shut off switch Fails open caused by n/a
/. Component
Function
A Functional Failure
Copyright © 2015 LivingReliability All rights reserved. h Failure Mode 4
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COAL PRODUCTION

“ |
Mining l

’ seams are exposed. diq

OCESS

operating 1. Rescue and P
Relocation of Wildlife 2. Deforestation and ﬂ
context An invortory lsmade of themot TOPS©il Removal ‘
wildlife: n An y Is made of the most
the arcas slated for incrable wildlife n
rescund and relocstod  the dated for
:mmrd.mdwu:d m!:::ru:m and reloaated  2f¢  loaded  with  the Overburden . Transportation and
a8 recoptor sites. 1o arcas examined and spproved  Dlasting mixtures in order i Hydraulic  and  Electric 1 of Overburden
a8 rocoplor dites, to fragment the Shovels load the
overburden. overburden  into 240 Overburden Is transported in
tonne and 320tomne | 240tonne  and 320 tonne
trucks wntil the ool trucds 1o dienn aten for fiosl

hose exdsting In the mine surroundings.

Lan'\

22 1 @reen =

12 Coal L_nading
Ihe sursoes of overburden dump sites or ResponSible Mining s Hanli:‘g of(;;al' and

Overburden s tronsportad in 240
tonne and 320 tonne trucks to
dump sites for final disposal.

S

]

o

11. Coal Loading on 9. Unloading station 7. Crushing and/or
Copyright © 2015 LivingReliabilisy All rights reserved Ships Iml at Puerto Bolfvar  g_Train loading  Stockpiling of Goal
5
Operating context
1. Role of the asset in the organization?
2. What are the implications if the asset is unavailable?
3. What are the different operating phases?
4. What spares stocking policy applies to this asset?
5. Relevant shift arrangements?
6. Safety issues and past incidents?
7. Backup equipment, redundancies and built-in test equipment?
8.
Requirements - hydraulic return and supply
system
The supply and return is responsible for fupplylng .
Actions oo (ght pumps I sotl). Hydraule ol s ppbed
at a flow rate of 4000lpm (8 * 500lpm) and a pressure
. of 300 bars (29.4MPa) to the functions: front
C: e e oo
& i The il i vk must be kapt frea af i presars
and oil should be kept clean meeting an I1SO cleanlines
code of 16/14/11.
Copyright © 2015 LivingReliability All rights reserved. ——
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4 ﬁ- 1. Accessories

» £F 2. Engine system

» £% 3. Hydraulic System
» ¥ 4. Electrical system
» £¥ 5. Structure

» ¥ 6. Monitoring and control system

Fleet
-ﬁ' System
Subsystem
. Component
Function

A Functional Failure

@ Failure Mode

hd Hydraulic shovel Hitachi EX3600 v22.22 ~

Copyright © 2015 LivingReliability All rights reserved.

Hydraulic shovel Hitachi EX3600 v22.22

» ¥ 1. Accessories
» £¥ 2. Engine system
* ¥¥ 3. Hydraulic System

Level of
Analysis

[' & . 1. Suction, supply and return system

» g, 2. Lift system
. 3.Push system
. 4. Bucket system
& 5. Swing system
. 6. Travel system
&. 7.Cooling system
» $¥ 4. Electrical system
4 ‘u* 5. Structure

4 'n‘ 6. Monitoring and control system

f air pressure and oil should be

Requirements - hydraulic return and supply
system

The supply and return is responsible for|supplying

hydraulic oil to the four groups of axial piston pumps
in tandem (eight pumps in total). Hydraulic oil is
supplied at a flow rate of 4000lpm (B * 500lpm) and a
pressure oﬁ 300 bars (29.4MPa) to the functions: front
attachment, swing, and travel. This system also
ensures oil :ontainmeit and mus prevent phrticles
larger than L77 micronis from remaining in the
hydraulic system. The hydraulic oil tank must be

meeting an ISO cleanlines code of|16/14/11.

Functional analysis

n' 2. Hydraulic System

\d

T Q6

1. Suction, supply and return system

Hydraulic System, unfold
Button Start Edit

PN A LN

Suction, supply and return system, Right click, Append, Function
Start typing: "To supply ..." Wait a few seconds. Pick a choice. (hydraulic oil at 300...), Hit Accept.
Repeat 7 and 8 for each new function to be added. (Refer to operational context on previous slide. Hit Save.

Log into https://206.189.168.145:8181/mesh/ GroupN, livingrem1 (N=1,2,3, or 4)
Fleet Administration tab. Name filter: rcm
Hyd .. RCM Gn, Actions: Build knowledge icon

Actions

s * Build Knowledge *%

To contain the hyraulic oil

To indicate the level of oil in the hydraulic oil tank

2

3

4

5

6. Able to release air pressure from hydc-;a.iic tank
, !

8. To direct the flow of hydraulic oil to each of the actuators
9

i’ 1. To supply 4000 Ipm of hydraulic oil at 300 bar (29.4MPa) to front attachment, swing and travel func
. To prevent particles larger than 177 microns to remain in the hydraulic system
. To relieve internal air pressure in the hydraulic tank to 0.5 bar.
. To prevent particles greater than 95 microns to pass into the main valves and actuators.
. To keep the hydraulic system oil at a cleanliness level of ISO 16/14/11

10. To prevent particles larger than 10 microns pass into the hydraulic tank.

11. To prevent particles larger than 5 microns in the oil passing from the main valve into the tank

LivingReliability
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2.6.1 Quiz 1 Initial RCM Workshop
https://forms.gle/rYWWL73tf67D504F6

1. Complex assets may be broken down into convenient systems,
subsystems, and components for RCM analysis. If one wishes to perform
the analysis for a particular component. one should: *

(O 1. List function statements below the branch representing that component

o 2. Skip the functional analysis altogether and list the failure modes for the
compenent

QO 3. both of the above

(O 4. none of the above

2. Each leaf of the RCM knowledge tree represents a failure mode. A
failure mode can be copied and reused elsewhere in the asset hierarchy
or even in another asset’s analysis. True or false? *

QO Tre
Q ralse

Copyright © 2013 LivingReliability All rights reserved.

3. It would be inappropriate to simplify the analysis and reduce the listof o7
functions by: *

1. Representing some functions deep down in the asset as failure modes of a higher
level function.

O 2. Including multiple performance standards in a single function statement as long as
itis clear and concise.

Q 3. Omitting some secondary functions
QO 4. allof the above

(O 5. None of the above

4. The operating context * 0 points

(O 1. should be documented before the analysis begins
(O 2 should be referred to during the analysis.

O 3. should include relevant information such as whether and to what extent the asset is
backed up in case of its failure

(O 4. should mention the various operating phases of the asset
o 5. should explain the role of the asset in the organization.
Q 6.allof the above.

QO 7.none of the above.

5. ltr ary to include quantitat such as range and 0 peims

acccuracy in functions that involve a measurement because: *

(O 1. RCM style always demands quantitative standards of some kind

o) 2. We are thinking ahead 1o question 2, the failed state, where the range of the
measurement function can drift and accuracy can widen.

(O 3.both of the above

(O 4 none of the above.

Session start
1 pr—
Username: * |Groupi| Fleet {’j

Administration

Password: *

Name &

Lwlr{’j Language: English | Spanish [rem

Hydraulic shovel Htachi EX3600 - RCM G1

Hydraulic shovel Hitachi EX3600- LRCM G1

= % 3 Hyaraulic System

6 o

1. Suction, supply and, = -
» &2 2 Linsystd ®
©% 3 Push system

a
©2 4 Bucket system
s

Swing system

Copyright © 2015 LivingReliability All rights reserved.

3 Actions

@5 1. Suction, supply

of 2 Lnsystem 7
@5 3. Push system
@7 4 Bucket system
©% 5 Swing system
0?, 6. Travel system
@5 7. Cooling system
4. Electrical system

5. Structure

6. Monitoring and control system

4 » * 1. Accessories
» £ 2 Engine system
~ £ 3. Hydraulic System

Hydraulic shovel Hitachi EX3600 - RCM G1 v10.0

sKnowledge
[ start Edi

v Hydraulic shov

G .
1. Suction, su| and return system
@ LE g4 v $F 1. Access:

» @, 2. Lift system
@, 3. Push system
. 4 Bucketsystem

&Y & Quina cuctam

Append new function

Function: To supply

To supply hot water at a rate of up to 60 liters/minute immediately upstream of

To supply hot water with a temperature between 50C and 55C to all taps within
capability.

To supply hydraulic oil at 300 bar (Group3)

To supply hydraulic oil at 300 bar low rate of 4000 Ipm to front attachment
To supply oil to bearings and gbx at a minimum of 25 psi on start-up

To supply water to the hot water tap in the sink with sufficient pressure to clear
minute

To supply water to the shower with suficient pressure/flow rate to be comfortat

Append new function

Funetion:

To supply hydraulic oil at 300 bar at a flow rate of 4000 Ipm to front attachm

D Acctp!@ @ cancel

10
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Functions

n' 2. Hydraulic System Multiple standar,
¥ @, 1. Suction, supply and retumn system /
i’ 1. To supply 4000 Ipm of hydraulic oil at 300 bar (29.4MPa) to front attachment, swing and travel func

To prevent particles larger than 177 microns to remain in the hydraulic system

> pbsolute

2
3. To contain the hyraulic oil standard
4. To indicate the level of oil in the hydraulic oil tank \
5. To relieve internal air pressure in the hydraulic tank to 0.5 bar What's missing?
6. Able to release air pressure from hydc‘;:'o.iic tank ——————> What’s missing?
U

7. To prevent particles greater than 95 microns to pass into the main valves and actuators.
8. To direct the flow of hydraulic oil to each of the actuators

/y Quantitative standard
9. To keep the hydraulic system oil at a cleanliness level of ISO 16/14/11

10. To prevent particles larger than 10 microns pass into the hydraulic tank.

11. To prevent particles larger than 5 microns in the oil passing from the main valve into the tank

11

F .I 1. Button Start Edit
allures 2. To supply hydraulic oil at 300 ..., Right click, Append,
- . . . Functional Failure

HYUI'aUIIC shovel Hitachi EX3600 v1 _i 3. Start typing words ifor example: "oil" Wait a few seconds for
the choices. Pick a choice. (Does not provide hydraulic oil),

ﬁ' 1. Drive train Hit Accept.

4. Repeat 2 and 3 for each new failure to be added.

v ﬁ' 2. Hydraulic System 5. Hit the Save button.

&. 1. Suction, supply and return system

-

1. To supply hydraulic oil at 300 bar (4000 rpm) to front attachment, swing and travel functions.

A 1 Supp"es no oil > Total failure
A 2. Supplies less than 4000 Ipm
> Partial failures related to flow
A 3. Supplies more than 4000 Ipm
A 4. Supplies at less than 300 bar o
‘> Partial failure related to pressure
& 5. Supplies at more than 300 bar
2. To contain the hyraulic oil

’ .
A 1. Does not contain
T Absolute (total or partial)

Copyright © 2015 LivingReliability All rights reserved. 12
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Hydraulic shovel Hitachi EX3600 v1.33
FE_1. Drive train
¥ $% 2 Hydraulic System

¥ . 1 Suction, supply and return system
»

-

2. To contain the hyraulic oil

e A 1. Does not contain

2

3

4

5. Oil tank Cracked caused by External force

6. Qil subtank Cracked caused by External force
7
8
9

>I222222222

Suction hose Broken caused by Crystallization

. Suction hose Broken caused by Over pressure

Failure modes

. Oil level sensor Leaks caused by Crystallization

1. To supply hydraulic oil at 300 bar (4000 rpm) to front attachment, swing and travel functions.

1. Suction hoses, tubes, couplings on main pumps Leak caused by n/a

. Suction hoses, tubes, couplings on main pumps Broken caused by External force

1. Button Start Edit

2. Fails to contain oil, Right click, Append,
Failure Mode

3. Start typing words in Part: "oil level" Wait a

. Oil temperature sensor Seals crystallized caused by External force few seconds for the choices. Pick a choice.

(Oil level sensor), Hit Accept.

. Oil temperature sensor Leaks caused by Incormrectly installed 4. Repeat similar actions for Damage and

Cause.
5. Continue with Effects, Consequences, and
Mitigation tasks. (See next slide)

1N Nl laval cancar | aalee aae nd we Incarrarthe inctallad
13
5. Oil tank Cracked caused by External force Effects, Consequences, Mitigation tasks
6. Oil subtank Cracked caused by External force Faflure Mode
7. Ol temperature sensor Seals crystallized caused by Extemnal force o joyer sensor Leaks caused by Crystalization
8. Oil temperature sensor Leaks caused by Incorrectly installed (From RCMCostj:
. . Effects
9. Oil level sensor Leg¥ss caused by Crystallization
Oil appears on outside surface of the tank. Drops eventually fall. If the oil level
N : in the tank reaches 281 gln sound and light alarm in the control panel. The
10 O"’ "eve’ sensor Leaks caused by ’ncorrECﬂy ’nsra”ed engine slows to ts minimum speed. 800 RPM. The equipment is stopped. If
Summary: the tank loses all the oil the main pumps are damaged. Time to change seal
/. and add oil and place into op 4 hours. (The y of the lube truck
11 nghl g!ass Bmken caused by Ex{ema’ fome affects the downtime of the equipment.} This failure mode is considered
unlikely
12. Sight glass Broken caused by Extemnal force Comective
Task:
12. Sight glass Seals crystallized caused by n/a Skills:  Inspector
1. Add text for Effects. Est. Downtime(h]: 4
2.  Enter text for Corrective task Consequence
3. Select a skill Operational
4. Enter Estimated downtime peratio
5. Select a consequence Mitigation Tasks
6. Tab — Mitigation Tasks
7. Hit+ Type i Description Interval Skills Time
8. Type: Select Inspect seal on
9. Description: Enter text hydraulic oil level
10. Interval: Enter number and unit Condition based ;lez::;:g:m" 3000 h Inspector 3
11. Skill: Select schedule change
12. Time: Enter duration of task. | of element
13. Save, Accept
14
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2.6.1 Quiz 2 Initial RCM Workshop
https://forms.gle/yaC98tL6pFZ1aSZSA

1. To avoid the technician having to parse unnecessary menu items in the failure
catalogs when documenting the work order the failure mode should scmetimes:

~

O 1. use “fails” in segment 2 of the failure mode if the mechanism (object damage) is
not relevant in view of the conseguences of failure

O 2. use "n/a" in segment three if the cause is not relavant given the conseguences
(severity and probability) of failure

(O 3. both of the above.

(O 4. none of the above.

Copyright © 2015 LivingReliability All rights reserved. 15
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RCM Process Dashboard

1. www.glikcloud.com, Log in with Groupxxn and Password

2. Murray Wiseman

3. RCM Dashboard

4. RCM Progress

5. Table RCM Analyses: Select an asset that has been analyzed (GG Lube and Hydraulic

oil System)
Gro | Username | Password 6. Notice a filter has appeared in the black bar above the sheet.
up 7. Read the answer to Question 1 in the table (42).
8. Dropdown list at top right: Select Failure Mode Detail
1 Groupxxl | liviNGrem1 9. Hit Equipment Type filter at left side of sheet.
.. 10. Deselect "GG Lube and Hydraulic oil System" and select "Power Gas Sysem". Hit v'.
2 Groupxx2 liviNGrem1 11. In Pie Chart place cursor over Hidden. Read number of hidden failures for Qestion 2.
3 Groupxx3 liviNGrem1 12. Dropdown list at top right: Select "Mitigation Task Detail"
13. Fleet_NAME filter: Deselect "Power Gas System" and Select "Gas Generator". Hit v'.
4 Groupxx4 liviNGrem1 14. In the "Tasks Grouped by Frequency" barchart hover over the first bar (to see that the

oil System?

gas generator has 77 yearly tasks). Select it and note 2 more filters added. Hit v'.

15. In the Tasks grouped by Skill barchart hover over the second (orange) bar (to see that
it is mechanic). Select it. Hit v'.

16. See the 31 tasks in the Mitigating tasks table to answer Question 3.

Dashboard exercise questions:

1. How many failure modes have been listed for the GG Lube and Hydraulic

2. How many hidden failures are there in the Power Gas System?
3. Display the yearly tasks for the mechanic on the Gas Generator

Copyright © 2015 LivingReliability All rights reserved. 16

16
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Dashboards RCM

Welcome! Let's get you logged in.

Usermame*
Grougnact]

Password®
P

OG IN

T've lost my usemameipassword Regrster

~ Basa sheets (6)

4
i =

1(4.5%)

ll{-]

RCH Progrons Failure Mode

8(0.6%)

Heating System

Inboard compressor

GG Gaz Aftercooler Inaudit

Cloud apps by Murray Wiseman

Qlik@ | 3ense

€8M + Agedata Predict

samole

—
Fire Hydrant System
o -

G GG Lube and Hydraulic Oil System

GG Gas Aftercooier
GG Lubeand Hydraulic Oil System h

Heating System

21(95.5%) (

6(0.6%)

~

S

©
®

Dashboard

3

o) o)

e Analytics

RCM Dazhboard {?

5 mmmummb
<« = 0O &

= v | @ RCMDashboard

FLEET_NAMI

6 l@

& | httpsy//us.glike

(]

R o

* x= L oe

N~ || ReMprogress @ » | < | >

Copyright © 2015 LivingReliability All rights reserved.

o Selecti

RCM Progresa

Failure Mode Detail @

17

Miti
Det

17

9

Equipment Type ™
A%

v | @ RCMDashboard 13

2 FLEET_NAME
o

Mitigating Tasks

RCM

Position Q Faiture Moge

1111 Starter mounted on jet Faile caused by n/a

rotor biades Faile caused bynfa

Coating Disbondment caused by n/a.

rotar blades Fails caused by nfa

Centre/Rear bearing seal Faila caused by n/a
Bell Mouth Losa of seal caused oy n/a

Bleed valves Fails caused by Stiction of actuator

Starting bleed valves (3) Fails caused by Damaged
tubing supplying HP3 air

4411 Starting bleed valves (3) Fails caused by Damaged
tubing supplying HP3 air

2411 Davis Valve Fails caused by n/a

2311 Daviz Valve Fails caused by n/a

2411 Davis Valve Fails caused by n/a

25311 Intake System Losa of seal caused by nfa

11412 Casing Damaged or cracked caused by external

Consequence

Nomroperational

Operational
Norroperational
Operational
Hidden
Operational
Operational
Operational

Operational

Operationsl
Operational
Operational
Operational

Nor-operational

Q Maintenance Type
Condition Based

Time (age) Based
Condition Based
Condition Based
Condition Based
Condition Based
Condition Based
Condition Based

Condition Based

Failure Detection
Time (age) Based
Time (age) Based
Condition Based

Condition Based

d4...o e
E——

Q' Mitigation Task 1 6 A Mitigation Sl
Ol analyzie v Mechanic
interval???

Mech boroscope. Mechanic
Mech boroacope. Mechanic
Inspect and change filter f required. Anaual? Mechanic
Bi-annual PM visual inspection Mechanic
Mechanic
@] Open znapehot library Mechanic
Mechanic
2 Expont
Mechanic
Annual Mech visual inspection Mechanic
Annual Mech rebuild Mechanic
Annual Mech rebuild Mechanic
Annual Mech PM Visual Inspection, Rapidlosaof  Mechanic
compreseor efficiency.
Annual Mech PM visual inspaction Mechanic

11

MitgationTask g

Detail

Time
e
1y e
yr e
yr e
1yr [
yr e
yr e
1y e
1y e
iy [
yr e
1y e
1y 2

18
1yr 8

18
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RCM

Analyses: 16
1(6,3%)

RCM Completed

0 (0,6%)

RCM project status

14 (87,5%)

RCM Implemented

0 (0,0%)

Progress vs. Targets

Failure Modes per Hour

RCM Completed vs. Schedule

Failure Modes

of RCM analyses es-

(= of Foilure Modes completed) / (=

128.0%

oax’ 2000%

alure Modes estimated)

RCM Analyses RCM Analyses
Equipment Type Q Status  # Functions # Functional Failures # Failure Modes W #Functions.
Backup Generator Inaudit 1 3 17 2 Functional Failures

Gas Generator &

Comprezsed Air Syatem Inaudit 4 13 27 i, W = Failure Modes
ESD aystem Inaudit 20 22 37
Fire Hydrant System Inaudit 8 s 38
Gas Generator In 8 87 114 £SO aystem

progress -

GG Enclosure Inaudit 3 5 2 Y
GG Gas Aftercaoier Inaudit 2 3 B '

66 Lube and Hydraulic Oil Systam Inaudit 14 25 .

GG Lube and Hydraulic O System
Heating System Inaudit 4 5 42 [
'
Intake Plenum Inaudit 3 3 10
Totales - 82 127 243
Copyright © 2015 LivingReliability All rights reserved. 19
Equipment Typs » Failure mode grouped by consequences Expected ive vs miti time by (nrfyr)
Measures
Hesih, Safety. § Emvirormrerss o
W Corrective
System » = Backup Generator
e Gostons .
Subsystem r o L
Compressed Air System
®
Companent . L
0
€S0 system -
L . e 13 200
Failure Mode Q  Effects Q  Consequence Q  Corrective Task Q  Corrective Task Skill Q  Mitigation Task Q@ Mitigation Task Skill a
Glycol expansion tank (V-1706) Fails Biadder rupture or leakage. Bladder rup-  Health, Safety, & Environmental Troubleshact. Replace Mechanic "Chack with ASME code forboiler 3nd  Contractor
caused by nfa tures are indicated when foaming occurs pressore vessels
out the refief tank, and the over-all
Cireutation pumps (P-17824/8) fa Cemman failures include mechaniea Operational Troubleshoot. repair, repiace Meenanic Vieual inspection and reading inetjoutiet  Plant Operator
caused by n/a seals, internal Siter plugs, bearing failure, pressure gauges. Listen/Look for leakage
couplings, impeer wear, leakage. The or noise
Cireulation pumps (P-1702A/E) fa Cemmon failures include mechanical Troubleshoot. repair, replace Mechanic Semi-annual glycol analysis for cleanl  Mechanic
caused by n/a seals, internal Siter plugs, bearing failure, and seal particulates. Report is pro
coupings. impelier wear, leakage. The vided by contractor. and filed
Circulation pumps (P-1782A/B) fa Common failu de mechanical Operational Troubleshoot.repair, replace Mechanic Vibration check ** verify frequencyand  Plant Operator
caused by nfa saals, internal fiter plugs, bearing failure, baseline indicators™
couplings. impelier wear.leakage. The
DP transmitter 63 152 (Airto Je)Falls  If tranamitter fails completely then an Opantionst Troubleshoot. repsir Controls tachnician Tech PM calibration Controls technician
caused by nfa atarm goes off and ahut downs the unit
Reading higher than actual - nulance
20

Copyright © 2015 LivingReliability All rights reserved.
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Equipment Type

System

Mitigation detail

» Tasks grouped by Mitigating Type

Subsystem

Component

Tasks grouped by Frequency

« I

Lunits | 4

Copyright © 2015 LivingReliabil

e Soheduis Mamtarancs \
sarx

143
Eshurs Deaztian

Tasks grouped by Skill

Macn=Cp-Tecn| §

Mesvremezt_| 3

a3

-le

y All rights reserved.

Expected corrective vs mitigating time by failure mode (hr/yr)

Failure Mode
Totals

Generator Fails

ad by n/a

Transformer Fails caused by nfa

Cooler Fans Fails caused by n/a

Cnoler | ow | evel Switch Faila raused hv nfa

Mitigating Tasks

RCMPo- @

sition Failure Mode

5211 Silencer/ exnaust Fails
caused by na

111 Magnetic chip detector
Fails caused by n/a

3113 CO2 cylinders fails (leaks)
caused by nfa

2112 Fire waterindicator alarm

Faile caused by nfa

Room Combustion Air Dampener Faila to open caused by nfa

Generator Engine / Turbocharger does not run caused by nfa

Q

Consequence

Heaith, Safety,

mental

Environ-

Non-operational

Health, Safety, & Environ-

Heaith, Safety, & Enviran-
mental

Mainte-
nance Type

Condition Based

Condition Based

Time (age) Based

Failure Detection

Q

Q Mitigation Corrective
18756.733333333 hfyr 9.32874 hiyr
enfyr
hiyr
hyr
hiyr
Snfyr hiyr
140y niyr
12k hier
Fre-
Mitigation ~ Q quenc
Mitigation Task Skill Time
yearly inspection ofex-  Contractor 1yr °
haust
Yearly inapection forany  Mechanic 1yr 1
bearing failures by check-
g the metal datector
Weight the CO2 cylindera  Contractor mth a
and check the discharge
valves
Weekly operating inspec-  Controls technician 1wk °
tion test opening valve.
water pressure drops 3
21

21

Equipment Type

System

(

Criticality analysis

.~ Criticality by Failure Mode

Subsystem

Component

Failure Mode a

Pole mounted fuse Faila caused by nfa
Insulator Fails caused by n/a

Pole mounted load break switch Fails caused
Bynfa

Piping Faila caused by nfa

Huff & Putf shop air (compreased air) Fails
2= == e

Failure Mode Risks

—— -

Effects

Ifthe pole mounted fuse fails then we will not
be able to supply power to the transformers.
The generators will start immaediately. T

Iftheinsulator fails then we will not be able
to supply power to the transformere. The
generators will start immediately. There is

Ifthe pole mounted load break switch fails
than we will not be able ts supply powr to
the transformers. The generators will st
Ifpiping fails. losa of containment_ Potential
fire hazard. Below grade leaks are not easily
dentified. **Confirm with Bob Wellingto

Patential reasons to be unable to remove de-

Consequence

Operational -

Operationa! -

Operationa! -

Operational -

Qparationa:

Enviromental Risk

Safety Risk

ulﬂ‘_ ?

Marginal

Negligibie
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Operational Risk

Cost Risk

Maintenance Task

ubleshoot and replace
Troubleshoot and replace
Troubleshoot and replace

Vieual inapection for leakage (Operator
rounds)

compresscr air dryer maintenance, manual

L Risk Category

Cost
Enviremental

Operational

22

22

LivingReliability

6/7/2021

11



02.6enlnitialRecmWrkShop

2.6.1 Quiz 3 Initial RCM Workshop
https://forms.gle/cpprQT4HDZmUo6bv6e

The RCM dashboards: *

o 1. Assist in RCM project management with indicators such RCM analysis in progress,
in audit, and completed.

(O 2 usefilters, such as equipment, consequence type, skills, frequency.

O 3. Display KPIs such as “Failure modes per hour”, compliance with schedule, and
knowledge feedback by month.

O 4. Allow risk versus cost comparison for each scheduled task (assuming criticality
analysis was performed.)

o 5. Allow the creation of maintenance schedules for conversion and upload to the EAM
system.

O s.allof the above

(O 7.none of the above
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