...written by facilitators for facilitators.
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E¥ Decision Logic List - = x
| File I¥ Decision Logic b Language T Window & Help
(4 - X FQab TR LN

JA1012 SAE JA1012 Sample RCM Decision Logic " v
RCM2  Aladon RCM2 Dedsién Diagrama (1999) v v

M4 4 10f3 » B h = a v X+ T

HNotes for the selected decision logic

List of Decision Logics ¢

£T Decision Logic Editor [JA1012] - = x
) File ¢ Edit [ Drawing Mode (3 Zoom (% Default Properties T2 Window & Help
iv G BE X i - B@E B L@ E 0% [ T

AN RGMDses0n wgontnm

SAE 21012 Insued Jan 2002

X: 18150 Y: 18562 JA1012
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& RCM Desktop - [RCM Analysi List]
Analysis © - Fle _J Edit 65 View @ Language B Window & Help
Ris R IENFAA ML BEMBEI 662

Be88mX i+ -v xQatYy B2hidsiknd s &0 &N 2
(Category
ategory JRef [t [Updated status ) I i
@ Category
S Cotegory :
Boatantenance Gen2k (Short) 200 Portable Generator ROMZ 012009 120ct2010 1639 ' Nomal 1218
2w ROMZ  01Wn2009 12 2010 11:25 1 Nomal 11 17
ROMZ 0102009 05 Apr 2012 14:20 1 Nomal 12 18
[ |2 category : ruise shps
Cruise Ships. igh RCM2(full) 17 0ct 2005 07 Aug 2013 15:30 1 Nomal 1 2
EINNCETE R PN o Doors Example [iaterioht oors Exale RCM Avalyss Rz [17 0ct 200512 Sep 201706:04 [complte | @ [ tarna 5] 27 |
Cruse Ships ROMZ  170ct2005 25 dm 2013 13:08 1 Nomal 18 27
|| Cseshos  CorofotrtghtDoors WaterightDoorsEranple RCH s RON2  170ct 2005 01 A 2014 1623 . Nomal 18 27
Cruse sips o ROM2  170ct2005 1132017113 1 Nomal 24 33
| cotegory : Prarma co
hamaCo.  00LTF Factory 01, Toothpaste Fler ROM2  245ep2007 12Jen 2010 12:% 1 Nomal 30 54

R T R )

Comments notes for the selected RCH analysis

Control entre | [ R AnayssList ] | 7 Watertiht Doars Example. | §, Setwp | % AssetTree

plmo | SingeUser  Ultmate  AssetTree

oecsntooetst | B Rz

cors NUM 1118

Ro

Ro
»

]

e e [ s e P P ey e
| Popertes | analysistree | worksheet | Faditate | Tasks | Falwemodes | Questonsandactions | mnabssbary | sonifcantFndngs |
Functions |
et rancon
E] To enable door to be opened or dosed ocal within 20 - 40 Seconds.

ER To mintain accumuator pressure between 50 and 80 bar.
HEE ‘operating door through P the failure.
Functona Falures |
et e
) Incapatble of opera ing door the purp falure.
Faiure Modes |
[oRet = [rare e Towntne. [unt[oecsm I T o—

(D341 Accumlator schrasder valve lesks.

Do Falure-finding Task

Hidden Safe Marginal  Occasional

Ref:
Falure Mode:

Accumulator schvaeder valve leak.
Nitrogen willescape throush failed vaive so pre-cherge pressure s ost
i S0 the accumuiator cannot store any energy. This willnot matter ifit

| Effects: occurs onits own. But, f someone i trapped the wrong side of the.
N door after it was dosed from the bridge in an emergency then the door
carmot be operated. Hand pump could st be used.
Decision: Do Faikure-finding Task
Donntme: Unit:
Repair time: Unit:
Contingency Action: Operate door with hand pump.
Comments:
Severity: Margnal Frequency: Occasional
Critcaty: Critcaity 2 Friority: Priorty 3.

Further Detals:

[ |@382  Acaumuiator bladder failed.
MU Tof2 b Mk — e v XAk

Do Scheduled Discard Task.

Safety/Envi Marginal  Occasional

WU lofl P P MR AV XAk W

[+ To prevent large foreign objects from entering the pump.

[@s To be capable of dosing on command from the bricge.

HER To provide, when dosed, a water ight seal (.. <-4in leskage) ata pressure up to 3.5 bar.
] Tolocaly sound a bell whenever the door is between fuly dosed and fuly open

= To be capable of locall hand pumping the door open and dosed from either side i the event of o
W 3of 18 b ok — P
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RCM Desktop Analysis Tree

won e

® N o ou s

RCM Deskiop Watertight Doors Example, Watertight Doors Example RCM Anal)
Function
To enable door to be opened or closed locally within 20 - 40 Seconds.
To maintain accumulator pressure between 50 and 80 bar.

To be capable of operating door through a close-open-close cycle in the event of hydraulic pump failure.

< Functional Failure

Incapable of operating door through a close-open-close cycle in the event of hydraulic pump failure.

~ Failure Mode Downtime  Unit Decision Consequence  Severity Frequency
AL Accumulator schraeder valve leaks. Do Failure-finding Task Hidden Safety/| Marginal Occasional
5 Basic Details:
Ref: 3a1
Failure Mode: Accumulator schraeder valve leaks.
Effects: Nitrogen will escape through failed valve so pre-charge pressure is lost so the accumulator cannot store any energy. This wil nat matter if it occurs on its awn. But, if
someone s trapped the wrong side of the door after it was closed from the bridge in an emergency then the door cannot be operated. Hand pump could still be used.
Decision: Do Failure-finding Task
Downtime: Unit:
Repair time: Unit:
Contingency Action: Operate door with hand pump.
Comments:
Severity: Marginal Frequency: Occasional
Criticality: Criticality 2 Priority: Priority 3
[] Further Details:
3m Accumulator bladder failed. Do Scheduled Discard Task Safety/Environi Marginal Occasional

To prevent large foreign objects from entering the pump.
o be capable of dlosing on command from the bridge.

To provide, when closed, a watertight seal (i.e. <4l/min leakage) at a pressure up to 3.5 bar.

To locally sound a bell whenever the door is between fully closed and fully open

To be capable of locally hand pumping the door open and closed from either side in the event of low hydraulic pressure

To be capable of generating a local alarm in the event of:

%




‘ Photographs || Document Links " Documentation Errors ” Alarms. ” Symptoms || Redesigns ” Spares " Equipment Tags ” Charts ‘
| propertes {| analysisTree | Workshest | Faciate | Tasks | FalureModes | QuestiorsandActions | AnalysisDiary | SignificantFincings |

Reference Title

Watertight Doors Example Watertight Doors Example RCM Analysis

Decision Logic

RCM2

Labour Cost per Man-Hour Version

£50.00 1
Analysis Date Analysis Status
17 Oct 2005 - - | Design Scrutiny is Enabled

‘ Comments ” Group Members " Fadiitator{s) || Boundaries || Assumptions " Glossarvl

Analysis boundaries (what i is included in the lysis - and what is not)

The following equipment is induded in this analysis:

- all watertight doors,

- bridge watertight door panel.

- 24v dc power supply, battery charger and backup batteries.
- watertight ventilation indicators.

2 &
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A RCM Desktop Setup - = X
— File % Record %Window &} Help
‘Begax (4 = v x QY

Lookup Tables ” Criticality Analysis || Users " Company Information ” Database " Preferences || Folder Locations |

Skills “ Equipment States || Redesign Types ” Spares ” Analysis Status " Action Types ” Failure Consequences |

List of possible skills required to perform a maintenance task

| Ref Title
1st Engineer
e Engineer
2nd Engineer / 3rd Party
| |2nd Mate
3rd Party
3rd Party Vibration Analyst
| |ard Party/Contractor
[ |3rd Party/Insurer
B
| |ace, Tech
Beltsman
Berth Manager
Bosun
Box TO
| |Building Services
Chief Engineer
Chief Officer
Cleaner
Competent Person
W 4 200f179 » B kR — v X A ¥ % T
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A RCM Desktop Setup - B X

~ File %, Record B Window &% Help
Be&&X i+ =/ XQAFW ISP 2

Lookup Tablesé || Criticality Analysis "@" Company Information " Database " Preferences " Folder Locations |

Skills || Equipment States | Redesian Types " Spares " Analysis Status " Action Types " Failure Consequences |

List of possible redesign types - used to ise redesi ded in RCM an

#

Type |Descri|:|ﬁon
A one-off change that must be made to eliminate or mitigate safety

e

Compulsory Redesign

or environmental consequences

| |Equipment Modification Physical one-off change to the equipment

Training of equipment maintainer to eliminate a failure mode or

Bleantancl g mitigate its conseguences

Change to an operating procedure to eliminate a failure mode or
mitigate its consequences

Training of equipment operah:u%ho eliminate a failure mode or mitigate
its consequences

Operating Procedure

Operator Training
Change to purchasing procedure(s) to eliminate a failure mode or to
|| mitigate its conseguences

| |Spare Parts Change to inventory of spare parts, usually to reduce downtime
_Tools Change to list of standard tools

Purchasing Procedure

MM 4 10f8 P Mk — o v X %% T
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RCM Desktop Backup and Restore x

prrm——————

This wizard will make a backup copy of your RCM Desktop databank files

s

Choose a location for your backup files

=d lap RCM Desktop will create the following folders in the above location:

\RCHM Desktop
\Backups
\ RCMDesktop
\ 2018-Mar-22 11.04

Cancel << Back Next >3

'$($# S




RCM Desktop Backup and Restore x

Backup Now | A ic Back React

Please locate your backup files
=:\RCM Desktop\Backups) \2016-Mowv-22 14,33

RCM Desktop will restore the datat using the backup files in the above location.

%ﬂap

*¥% YOU WILL LOSE ANY CHANGES MADE SINCE THE BACKUP WAS CREATED ***

Press Next >> to continue

Cancel

Next >>
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)8 A $
8 $ F & #*
o e e s
=} Cruise Ship Company C5C
[ Ship 001 €SC-5001
I—;\"iaterﬁghtDnnrs

|+FPharmaceutical Company International

Wo#H 4 Fofils » W+ — & v 3 A % %

Operating Context
Hydraulically-operated watertight doors are fitted at 19 locations in compartments below the water line. These areas are out of bounds to the ¢

The main purpase of the doors is to provide watertight integrity by desing or staying dosed should there be a threat to ship stability or buoyan
should not be & hazard to personnel (gither due to entrapment on the wrong side or being caught in a dosing door).

All doors should be kept dosed when at sea and can be operated locally from both sides. All doors can be dosed remotely from the bridge. The
regulations (apart from the requirement for a loss of power alarm).

Company policy states that if a door develops a fault whilst the ship is in port, the ship is not permitted to set sail until the fault is repaired. Rep
finandal penalties. How much a failure delays departure wil depend on how far ahead of departure the failure occurs. Each case will be differer
analysis, it is assumed that faiures with a downtime of 3 hours or less will NOT delay the ship and that each hour of downtime abowve 3 hours or
delay departure by 2 hours). Delayed departure is assumed to cost £1,000 per hour.

Whilst at sea all doors are kept cosed.

Each door has an electric bell which sounds as a warning whenever the door is not fully dosed and not fully open. Crew are not permitted to pa
The open/dosed status of each door is displayed on the bridge watertight doors panel.

If a door is left open for more than 1 hour it sends a signal to the bridge where an alarm sounds.

When a crew member needs to pass through a door, it is opened by holding the nearside open/dose lever in the open position until the door ha
the crew member must then also move the farside open/dose lever to the open pasition. They then walk through the door whilst holding both le

the door by halding the open/dose lever in the dose position until the door has fully dosed. If any load needs to be carried through the doarw:
and anather to carry the load.

) ;
) $ "$ " & $ &

*




3" " $6 &'

5 " 2 8% ) &

Equipment State:
Task Type: Failure-finding
[=] Details:
Isolate Q01 breaker to prevent pump starting.
Dr.lain accumulator hydraulic pressure to 50 bar using accumulato
valve,
Full Description: Whilst accumulator pressure is at 50 bar, move door position fully

minimum of 3 times.
If door does not open/dose fopen check nitrogen pre-charge pre
Remove isolation of Q01 breaker and allow system to charge.

Safety Precautions:
Materials Req'd:
Tools Reqg'd:

8 $ & 8 " "ol

& ( &&
| Detailz || Responses || Taszk(z) " Redesign || Alarms ” Symptoms || Equipmen '

Symptom: Door fails to open
When?:  Always happens

Symptom: Pump runs continuously
When?:  Always happens

o4 4 0of2 » Mt — & v X A % % T

| Details || Responses || Task(z) || Redesign || .ﬁ.larrr\ns || Symptoms " Equipmen

L

Alarm:  Low accumulator pressure alarm
When?: Always happens

M 4 4 1of1 F B Mk — & & X A % % T

] 144 Hydraulic relief valve failed open. 1
W4 30f5 F Bk — & o %X " % % F

5 $ $ n Cup:; f;om.?aﬂl, paste into 3A2

| Effects
Times
2 " Contingency Action
& $ 8 | Dedsion Logic Responses
n n FFI Calculation
23 ) & ¥ Maintenance Tasks
$ | Comments
+| Redesigns
& ! | Symptoms
V| Alarms
Eqguipment Tags
| Criticality
) Spares
All the above items

oK | Cancel |
b .
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| Photographs | Documentlinks | DocumentatonErrors | Alarms | Symptoms | Redesigns | Spares | EquipmentTags | Charts |
| Properties | AnalysisTree | Worksheet | Facitate | Tasks | FaiureModes | QuestinsandActions | AnlyssDiary | significantFindings |
[+ Diary Date notes ]
Day 1 (09:30 - 16:15): TW, PB, NG, BT, GJ, TG
basosja007 Set boundaries and Operating Context,

Completed Functions and Functional Failures.
\Wrate 9 Faiure Modes (and ther Effects)
Day 2 (09:30 - 16:15): TW, PB, NG, BT, G, TG
T Covered Consequentes, Froactive Tasks and Default Tacks from the 3 day course
P Took yesterday's 3 Failr Modes down the decision dagram
Completed 23 Failire Modes, which produced 2 number of tasks and 3 recesins
Day 3 (09:30 - 16:15): TW, PB, NG (50%), BT, G1, TG
pofosf2007 Continued with Failure Modes

Day 4 (09:30 - 16: 15): TW, PB, NG (75%), BT, GJ, TG

| [rosi00 Continued with Failre Modes
Day 5 (09:30 - 16:15): TW, PB, NG (0%), BT, GJ, TG
B8/09/2007 Finished last few Failre Modes.

Listed alarms from machine manual for adding to Failure Modes later

Fadiitator: Added more to Operating Context. Reviewed symptoms and Siams for @l falure modes.
Printed and issued Audit Report to CA

WO 4 Gofs » ik — 4 v XA kHT
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| Properties " Analysis Tree H Worksheet H Fadilitate H Tasks ” Failure Modes ” Questions and Actions H Analysis Diary ” Significant Findings |

| Photographs ” Document Links H Documentation Errors " Alarms " Symptoms ” Redesigns H Spares ” Equipment Tags H Charts |
| Document Reference [Title
Watertight Doars
| Date Reportzd Date Fixed Details |
09/06/2000 Page 10-17. Two diagrams of limit switch contacts.

? The diagram contacts are drawn NC when they are actually NO

»|12/08 2009 Page 1-5: Manual lists alarm as "General Alarm” - itis labelled "Low Ol Alarm” on control

panel
W4 20f2 b MR =4 X Wk R
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| Photographs H Document Links H Documentation Errors || Alarms " Symptoms H Redesigns H Spares " Equipment Tags || Charts ‘

| Properties | analysisTree | worksheet | Fadiitate | Tasks | Faire Modes H Questions and Actions || Analysis Diary | Significant Findings |

Drag  column header here to group by that column

Reference |Date created [pateDue  [complete  [Titie [assigned T |Details |Resporse |
Group unsure but
aq. P Get further views on Service Engineer
G L I 3 PF interval R should be able to
dlarify

E3

oM 20f2 b= A XA kR
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| Documentation Errors || Alarms " Symptoms " Redesigns || Spares || Equipment Tags " Charts |
| Properties | analysisTree | Worksheet |  Faciitate | Tasks | Failure Modes |
| QuestonsandActons | AnalysisDiary || SignficantFindings | Photographs | DoaumentLinks |
| Title Details

The system as reviewed is such that if the 24V badkup battery ¢

¥ |Battery Charge Warning warning. So, if the 24V charging supply also failed then there wi
|| dosing valves. Any open doors will immediately dose without a

M4 4 1ofl P B b — 2 v XA %% F
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Renumbering: Watertight Doors Example RCM Analysis x

Renumber Entire Analysis: Watertight Doors Example

Options for renumbering whole analysis
[C] do not change any function numbers (1, 2, 3, etc) h
| do not change any functional failure references (A, B, C, etc)

' do not change any failure mode numbers (1, 2, 3, etc)

Ok | | Cancel

$&
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1A Door fails to open at all.

1A1  Door handle retaining grub screw failed.

?E.‘ Search and Replace: Watertight Doors Example - B X
Lock in {Failure Modes Selected Fields
Selected Text ¥| All Text Fields
¥| Failure Mode
@ Selected Fields (see right) V| Effects
@ Current Record Only ¥| Contingency Action
Al 4 | Comments
records
| Existing Spares Policy
| Recommended Spares Palicy
Entire Analysis V| Spares Comments | Justification
Search For
DJT - Whole Wards Only
¥ Replace With
Downtime]| - Match Case
| Cancel ‘ | Next >
& RCM Desktop - [RCM Analysis Watertight Doors Example (Watertight Doors Eample RCM Analysis)) - = x
1 e—— Functions al¥
To enable door to be opened or closed locally within 20 - 40 Seconds.
rOe=vie Functional Failures

a @ Failure Modes

fF The rotational force applied to the door handle is transmitted to its shaft through a grub screw.

Tm There have been several instances where the grub screw's grip on the shaft has failed. This

]| on means the door cannot be opened which has resulted in personnel being unable to get out. In an
iRes eemregency (fire or flood). This could lead to serious injury or death. D/T variable depending on
but typically 90 minutes.
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= H3 YN S3 VN 03 ¥ N3
) " 3 % ( &
5 " 2
A %" )" 1 !
%)L & $ "
MTBF and FFI Calculator x
——
FF1 | Reliability | Spreadsheet | Notepad |
Failre-finding Interval (FFT) Formus —
2. Risk-based calculation for n parallel redundant devices -|@|
Multile Failure: What are you prepared to tolerate? (Mmf)
1E006  Years - © Mean Time Between Multiple Failures

011416 Failures per Milion Hours (fpmh)

Reliability of the Protective Device (Mtive)

38 |Years ~ @ Mean Time Between Failures (MTBF)
1 Failures per Milion Hours (fpmh)
Reliabiity of the Protected Function (Mted)
14080 Years ~ @ Mean Time Between Failures (MTEF)
0.0081076 Failures per Milion Hours (fpmh)

Additional Information Required for the Calculation

1| Number of parallel redundant protective devices ()

Calculate FFI R | 1.0701 Years - Clear FFI
Resulting Availability: 98.6%
6A1 ‘ Append Calculation to the Notepad i F;LE:'E = Clear FEIIOES’:E and Close

# $# $




Enter New Analysis Reference X

Existing Reference is:
Watertight Doors Example

Flease enter a new (unigue) Reference for the Analysis:
Copy of Watertight Doors
(25 characters maximum)

Options

Enter the Analysis Category (optional):

(50 characters maximum)

Reference of Copied Maintenance Tasks

0 Leave them unchangefé
Clear them all

Reset them to & unique sequential number

| Copy Task Groups to the new Analysis

Ok | | Cancel

2# "

2
i File g Edit = Analysis T Window &3 Help
BeBAmX i+ -v xQatY B hEs s kxd s R

togroupb Jumn
tegory_[Ref e [becsion Logic/pate_[Updated Status]VersionLocked| Checkout State Fens| s [Fs Tasks [Redesio
[ atertioht Doors Exampe [watertight Doors Example RCM Analysis [Rav2 170ct 005 2ivar 0z 1408| — |1 | W Nomal| 18] 27| 52| 26}
© Export RCM Analysis: Watertight Doors Example. x
Savein: [ B8 X «merE-
Name : Date modified Type
i No items match your search.

Desktop

Ubrares

Tspe

MWL 10FL b B pk = s

Comments/notes for the selected!
Thisis an example RCM analysis andsh  Network

>
Fienae: [ Seromon SINON-PC 2012 ¥r21 172125~ Seve
Soveastpe:  [RCH Deakton Expon Fes (o) 7] Carcel
Export RCM Analysis to disk
5 n n
Import Wizsrd x
TImport RCM Analysis Time left to start importing: 03:46 |
Analysis being imported Existing analysis
Arnayss Reference VersionNrber Anayss Reference VersionNrber
WatertghtDoors Exampe 1 Watertight Doors Example 1
Anlyss Tite Anayss Tite
Watertht Doors Examle RCH Anslyss Watertight Doors Example RCM Analysis
Anayss Date Oste Lt Edted Anayss Date Oste Lt Edted
1702005 21Mar 2018 © 14194 1702005 21Mar 2018 © 14194
Checeout tate Checkout Secuence o Checeout tate Checkaut Seaence No
Normal o Normal o
Functions Funcions Faiures Functions Funcions Faiures
5
Faiure Modes Tess Faiure Modes Tess
2 » )
Redesgns Redesigns
7
e ryng o mporthes one n i databse.
lesse select one oftheaptons belo:
You now have ree optons:
Overurte
Keen for
Do not mport the analyss
Choose an option above, then click on "Next >>" to continue
G || <<mac | tedrs




5

5 " 2 $ 8

2 #

) n & 8 2

Gl H)
&
Il#ll & $
# +
2 $ & $&
$ &

[1a1]1A2]1A3] “r k-
lAS|1B]|1B1]1B2|
T2a]2a1[2A2] 3 To be
144 | 2A5] 286 | 2A7 |
Ao 28281 [282]3] ¢ " L+
11342 |4[4A4A1]| 34 Incapi
[5A1]5A2]5A3]6]
ither door hand pump failed. bk =

=l 1 3A Accun
y{sazfgoaloal|
iM=0]10a]1041] |[#R[¥] .
o111 [11Al11AL] e Nitre

806 89.481.:5

)




71.:58/ 852/0

87.3 818 51,6

|$
& $3 $

80- 2/2<1.:5 :4.< 207:5020
& & 7

GH G?H 3




118421
8 #

2
G3 && $H




) 8

#*

%

&H




mv

$ &

&&




(

A4 -4

&

$ 9




"7




% %

5 8
2 $ 9 "
2 #
! 3 4
9 " 2 3%
" 8

+$ ' ($
9 $ 3 "

8 4

& & & & (
3
. $
" & #
2# A4 -4 "
# ("
$ $

&

& $ "

# $ $ %

& 2 8"




&( & ! g "

%

$$



$

4& # $
4& 2

$%



# $$"% &"

$$"% &"

$&



$3




# T

$(



& (
% # $
& (
F$ "$ $ " )
(
$ &
)
$)
&
$
9
$
$(($5
$
) *
I
! "y $ %
$ & " & ((
(( "
+ $&
$ 3 &
$ $KLS5 :
$
" $
. 3 $ .
$ $
e .
$ $

$)



%

( 3 &$
W2 3 4
& ( (
6
& && &
& " &
&
& & "
&M & E " #$
2 ( &
$ %
&
# &
$
5 &
$
$ "$0 7
&
$ & $& (
) " (%
! " $0
& 7 $ "
( &
! #
&
&
& 6
|
5
( N $ $
" 1$ N $ $
¥ &
) $
$ll
$ &
| & " 5
$ 3




$+



%

%,



.53

- .535

%



The Ultimate RCM Software...

=

...written by facilitators for facilitators.
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