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In recentyears,marinesurveyoperationssuchassurveyoperationsfor underwatercommunication
cablesandtsunamiearlywarningsystemshavebecomeannualactivitiesinvolving researchvesselsin
Indonesia,includingRV. BarunaJaya.Along with theincreasingageof theship,it will befollowed by a
decreasein theperformanceof themachinerysystem.Themachinerysystemis maintainedtomaintain
thedesiredperformancebyshipusers.However,with manymachinerysystemequipmentandlimited
resources,an analysis is needed to prioritize which equipment or componentsneed regular
maintenanceandmonitoringactivity. By classifyingall assetsinto a hierarchicalform andperforming
a risk-basedcriticality analysis,equipmentwill be prioritized basedon the probability of failure and
thelevel of consequence.By determiningtheprobabilityof failureof a componentbasedon historical
dataand referencefailure dataanddeterminingtheconsequencesfor healthsafety(HS), production
(P),Environment(E),andContainment(Cn), therisk would beobtained.Thisanalysisobtainedasmany
as766piecesof equipmentandcomponentsconsistingof 38 rotaryequipment,45staticequipment,
196 piping components,and 487 instruments.The risk analysisobtainedas many as 23 (3%) of
equipmentin H (high),138(18%) in theM (medium)condition,and605(79%)in theL (low) condition.
Thecriticality resultsdeterminedthat161(21%)equipmentin H & L conditionswould becarriedout
plannedmaintenance,and 605 (79%) equipmentin low conditionswould becarriedout unplanned
maintenance.
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1. Introduction

In recentyears,marinesurveyoperationsin Indonesiahavebecomeanannualactivity.Someof theseincludesurveys
of underwatercommunicationcables[1 ] andsurveysof tsunamiearlywarningsystems[2], To supporttheseoperations,a
shipwith specialcapabilitiesis neededto carryout marinesurveyoperations.Oneof theshipsthathavethiscapabilityis a
researchvessel.Indonesiahasseveralresearchvessels,oneof thembeingtheRV. BarunaJayaResearchVessel.BarunaJaya
ResearchVesselconsistsof 5vessels:RV. BarunaJayaI, II, III, IV, andVIII. This researchvesselwasassignedto meettheneeds
of marinesurveyoperationsin Indonesia.Supportingtheship soperation,manymechanicalandelectricalsystemssupport
theship.In general,shipsaresupportedby fuel oil systems,lubricatingoil systems,freshwatercoolingsystems,seawater
coolingsystems,ballastsystems,bilgesystems,fire suppressionsystems,centralair conditioningcoolingsystems,domestic
systems,andso on [3], Eachsystemhasmain equipmentandsupportingcomponentsto carry out its functions,suchas
pumps,compressors,valves,pressureindicators,etc.The functionof thesesystems,equipment,andcomponentswill later
contributeto theship s operation,sotheconditionandperformanceof thesesystems,equipment,andcomponentsmust
bemaintained.However,alongwith theship sage,thedeclinein functionandperformanceis inevitable.Thefrequencyof
occurrenceof damagewill increase,andit will takea lot of repairtimewhichwill requirea lot of effort andmoneyto restore
it to itsstandardcondition.In addition,seriousdamage,especiallytocriticalequipmentsuchastheship'spropulsionsystem,
can also causedamageto othership s componentsdue to vibrationsand abnormalsystems[4], This is necessaryfor
emergencyrepairsto becarriedout immediately,so it is necessaryto preparemoretime,energy,andcoststo restorethe
functionof theoriginal propulsionsystem.

In a marinesurveyoperationconductedby RV. BarunaJaya,someof theequipmentwasalsodamaged.It wasnecessary
to repairandreplacesparepartsat sea.OneexamplewasduringtheIndonesiaTsunamiEarlyWarningSystem(Ina-TEWS)
surveyin October2021,duringthedeploymentof buoysin SundaandBengkulu,andduringthe recoverybuoyon Mount
Anak Krakatau.Duringthe13daysof thevoyage,ninedamagesoccurred.Most of thedamagedid notsignificantlyaffect the
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ship'svoyageandsurveyoperations.Still, someof thedamagerequiredreparationandmaintenance,suchasleaksin the
hydraulic pipe of lifting equipmentand overheatingdue to problemsin the cooling system.Somepotentialsthat cause
damagecanstill occurin theform of minor or majordamagethataffectstheship'svoyageandsurveyoperations.Therefore,
goodmaintenanceis neededto maintaintheperformanceandfunctionof theship'ssystems,equipment,andcomponents
sothattheyaremaintainedaccordingto thedesiredperformanceof shipusers.With theincreasingageof ships,thenumber
of existingequipmentandcomponents,andthe increasingfrequencyof damage,while theavailableresourcesarelimited,
it is necessaryto havea specialstrategyto mapout propermaintenanceto all theseequipmentandcomponents.Oneof
themis by applyingthecritical analysismethodfirst.

Severalapplicationsof criticality analysismethodshavebeenapplied to severalobjects,including thermalpower
plants.At the thermalpower plant,a criticality analysisis carriedout usingoneof the multi-criteria decisionmethods,
namelytheAnalytic HierarchyProcess(AHP), by creatinga hierarchybasedonseverallevels,includingthelevelof objectives
(Ranking of equipment),the level of criteria (Effect on power generation,environment,and safety).Each criterion is
determinedby its valuescalestartingfrom no impact to high impact , thendeterminesthecomparisonmatrixand
the weighting of eachcriterion, convertsthe comparisonmatrix to normal matrix form, determinesthe comparisonof
relative importancebetweenthe assessmentcriteria, The comparisonmatrix is validatedfor consistencyand also the
weightsof differentcriteriaarecalculated.Basedon thisanalysis,ninecritical piecesof equipmentwereranked,andthetop
3 piecesof equipmentwereobtained:Turbine,Generator,andFanID [5], On wind turbineequipment,a criticality analysis
is carriedout usingthecriticality analysismethod,which is improvedby expansionbasedon theEuclideandistancefrom
thefailure vector.Failurevectorsaredefinedto describeequipmentfailures.Thewind turbinefailurevectorcanbeshaped
by variousvariablessuchasthe numberof events,economiclosses,thedifficulty of detection,Effect SeverityRank(ESR),
andsoon.To eliminatethecriticality sensitivityto therangeof variables,thefailurevectoris normalizedbeforecalculating
thecriticality level.Thefailurevectoris weightedto distinguishthedifferentcontributionsof eachvariableto thecriticality.
Basedon therankingof Risk Priority Number(RPN)andCostPriority Number(CRN), thetop3 critical piecesof equipment
obtainedin a row areTower,Gearbox,andRotor Blade[6], Severaloil andgassectorstandardsalsoprovideguidelinesfor
componentcritical analysis,suchasNorsokZ-008.Critical analysisis basedon risk concerningtheNorsokZ-008standard,
previouslycarriedout at a gascentralprocessingplant.From creatinga hierarchyor taxonomyof assets,determiningthe
main function, subfunction,redundancy,assetregister,probability, consequence,risk matrix, and finally, determining
criticality. Fromthisanalysis,28 (4%) of equipmentwasobtainedat thehigh level,192(28%)at themediumlevel, and454
(67%)at thelow level [7],

In this criticality analysis,equipmentandcomponentswill be usedon a BarunaJayaresearchvessel s systemto be
determinedasmaintenanceobjects.In papers[5] and[6], rotaryequipmentwith severalsupportingcomponentsis usedas
anobjectof analysis.In theresearchwith theRV. BarunaJaya,all rotaryandstaticequipmentwill beanalyzed,includingthe
supportingcomponentsin piping andinstrument.With a largenumberof equipmentandcomponents,andthefailuredata
of equipmentandcomponentsisalwaysincreasing,it is importantto developaneffectiveandefficientanalysisto prioritize
theequipmentandcomponents.In thepaper[7], objectmaintenanceusesagas-centralprocessingplantwith a risk matrix,
probability,andconsequencecriteriabasedonits company.Theprobabilitywasdeterminedusingreferencebankreliability
data.Thecritical analysisusingthe RV. BarunaJayawill usetheequipmentandcomponentsfrom the RV. BarunaJayaby
determiningthe probability of failure using a combinationof historical data and referencedata banks.Consequence
categorieswill refer to previouspapers,includingconsequencesfor healthsafety,production,environment,etc.,but each
classification'sdescriptionwill correspondto theavailablestandard.This analysiswill refer to the NorsokZ-008standard.
In the scopeof the 2017 edition of the NorsokZ-008 standard,guidelinesfor determiningthe criticality methodcan be
fundamentallyadoptedinto theship/maritimeindustry[8], In thisanalysis,stepswill betakento conductcritical analysis,
suchasdeterminingthehierarchyor taxonomyof assetsandtherisk levelof theseassets.By mappingall machinerysystem
equipmentandcomponentsusinga hierarchyor assettaxonomy,this critical analysiswill becarriedout by mappingthe
probabilityof failure usinghistoricalfailuredataandbankreliability data,thenmappingthelevelof consequencesonsafety,
environmental,production,and containment.Next, determinethe risk accordingto the probability of failure and the
consequencesto getthreecriticality ratings,namelyhigh (H), medium(M), andlow (L).

45

2. Methods

To getthecriticality of theequipmentandcomponentsof theship'smachinerysystem,a flowchart is maderegarding
thestepsor stagesin conductinga criticality analysis.Figure1 showsa flowchart of stepsor stagesin conductingcritical
analysison RV. BarunaJaya s machinerysystem.
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Figure1.Critical analysismethodologyflowchart

2.1. DataCollection

The First stepis determiningthehierarchicalassets.To determinethe hierarchicalassets,it is importantto find each
existingsystem,equipment,andcomponent.So,a designdrawingof eachsystemwith its equipmentandcomponentsis
required.In this case,a Piping and InstrumentDiagram (PID) is neededto determineevery detail of equipmentand
components.Thesecondstepis determiningtheprobabilityof failure.At thestageof determiningtheprobabilityof failure,
historical dataon equipmentfailure during the voyageis neededto determinethe value of the failure frequencyand
estimatedfailure timeof theequipmentandcomponents.However,not all equipmentor componentshavefailed in their
lifetime.So,referencedatais neededfrom a reliability databank,oneof which is theOREDA(OffshoreandOnshoreReliability
Data)Handbook.The Third stepis determiningthe level of consequences.At this stage,The Material SafetyData Sheet
(MSDS)of thefluids containedin thesystemandsomejudgmentswill beusedfor determiningtheconsequencesfor Health
andSafety(HS),Environment(E), Production(P),andContainment(Cn).Thefourthstepisdeterminingthecritical assets.At
thisstage,arisk matrixis neededtoconverttheprobabilityof failureandthelevelof consequencesintoa risk. In thisanalysis,
wewill usetherisk matrix from theNorsokZ-008standard.

The BarunaJayaResearchVesselis a vesselusedto conductmarineresearch.Figure2 showsa pictureof the Baruna
JayaResearchVessel,andTable1showsthespecificationsof theBarunaJayaResearchVesselaccordingto theinitial design.
PID documentscanbeusedasguidelinesfor collectingassetdataasmaintenanceobjects.SomeexistingPID documentswill
beusedasguidelinesfor collectingassetdata,andsomemissingPID documentswill becheckedin thefield to completethe
existingdata.Thiscritical analysiswill belimited tosystemsdirectlyrelatedto theMain Engineor PropulsionSystem.Figures
3 and4 showa pictureof thepropulsionsystemconfigurationandanexampleof a freshwatercoolingsystemPID.Table2
showsa list of PID documentsusedin thisanalysis.

3
A

Figure2. BarunaJayaResearchVessel

Table1.Shipspecifications
VesselName Equipment
Launched
GRT

1995
1219Ton
365TonNRT
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60.40m
55.25m
12.10m
6.5m
4.15m
2 x 1100 HP@850RPM, NiigataSEMTPielstick
5PA5L
1 unit DieselGeneratorBaudouin270HP@1500
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LOA
LBP
Width
Depthat UpperDeck
Draft Mean
Main Engine

Auxiliary Engine
RPM

Main Alternator 2 unit shaftdrivengeneratorLeroySomer@625

KVA
1 unit LeroySomer200KVA @1500rpm
1 unitSchottelSTT170LKT 200HP@1500rpm
CPP4 BladesRenouDardeltypeCPP1504
HSD190.000liters.Oil 11.000liters
90.000liters

SynchronousAlternator
Bow Thruster
PropellerType
FuelTankCapacity
FreshWaterTank
Capacity
ReverseOsmosis
FuelConsumptions
Lifting Equipment

250liters/hour@clearseawater
6752liters/day
1 Unit A FraneGantry10Tons,2 Unit SideGantry
for CTD, 1 Unit Main Crane(0.75t for 12 m and2.5t
for 5 m)_

Table2. List of PID Document
PID NumberNo SystemName PID Name
645-P-000-T-576MJ-01-A FreshWaterRefrigeration

Diagram
2 SeaWaterCoolingSystem 645-P-000-T-575MM-01- SeaWaterPipingDiagram

FreshWaterCooling
System

1

B
3 FuelOil System 645-P-000-T-335MU-01- FuelOil DistributionPiping

B, 645-P-000-T-335SG- System,FuelOil TransferPiping
System

645-P-000-T-336SL-01-B Lubrification Oil Piping
Diagram

645-P-000-T-335MU-01- Air PipingDiagram

01-C
4 LubricatingOil System

Air CompressedSystem5
B

ME PSAlt PS

CPP Alternator _
Portside — Main Engine

tsidePort
4-Blade

Controllable
Pitch

Propeller

Shaft 31 ME SB
Alt SB J Main Engine

Starboard
Alternator
Starboard—

Figure3.Propulsionsystemconfiguration

> - •

2S
'

v .

Figure4. PID Drawingof FreshwaterCoolingSystem

Historical data is neededto determinethe failure probability of equipmentand components.In 2021,BarunaJaya
ResearchVesselnumberIV conducteda buoydeploymentsurveytwice.Thefirst routeof buoydeploymentis in thesouthern
seaof Malang(Ina-BuoyMLG) andtheSundastrait(Ina-BuoySUN) from Februaryto March.Thesecondis to deploybuoys
in the SundaStrait (Ina-BuoySUN), the westernseaof Bengkulu(Ina-Buoy BKG), and recoverybuoy on Mount of Anak
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Krakatau(Ina-BuoyGAK) duringtheperiodof October.During thesurvey,theshipsufferedseveraldamagesto theengine
system.Figure5and6showsthefrequencyof equipmentfailureondaysduringthevoyage.Table3showshistoricaldamage
dataduringthe 2nd surveyin October2021.Figure7 showssomedocumentationof damagethat hasbeenexperiencedby
shipsduring thesurveyperiodof October2021.Theexampleof assethierarchyto classifyandidentify all equipmentand
components,MSDSto determinetheconsequenceof failure,andrisk matrix to convertprobabilityandconsequencewill be
givenin detail for eachstep.
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FailureFrequency
23Feb-23Mar

3

2 2 2 2
2

I
! i i i i i

i

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0

Figure5. Failurefrequency(February-MarchPeriod)

FailureFrequency
15- 27Oct

3

2
2

I
|

1 1 1 1 1

Mil l I 0 0

Figure6. Failurefrequency(OctoberPeriod)

Table3. Dataon damageto shipmachineryfor thesurveyperiodof October
f Equipment FailureDays Date

to -

1.Valve PumpHP ReverseOsmosis
Unit

1.HeatExchangerFW & SW ME SB

1.MembranRO Unit
2. HP RO Unit Pump

1.Cracksandinelasticsprings

l.FW leakto SW
1.Leakon themembranecover
2. Leaksin thejoint sealof thepiston
bodyandtheHP pumpbodyvalve
1. leakageandpressuredrop.Damage
to thespi housingandimpelleraxles

1 15-Oct-21 1

2 16-Oct-21 1

3 17-Oct-21 2

4 18-Oct-21 1 1.SWdrivenbyME PSPump

5 19-Oct-21
20-Oct-21
21-Oct-21
22-Oct-21
23-Oct-21

0
6 0
7 1 1.Hidrolis CTD Piping 1.Valve notworking
8 0

1.ValveSelenoidAC central

1.ExpansionValveAC central
2. Hosehidrolik A-frame/gantry

1.Valve notworking
1.Decreasedperformance,lessthanthe
maximumvalveopening.
2. Hydraulicoil leakonthenipple

9 1

10 24-Oct-21 2

11 25-Oct-21
26-Oct-21
27-Oct-21

0
12 0
13 0
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j,

m3
Figure7. Malfunctionof theHigh PressureReverseOsmosisUnit pump(Left),
Damageto spi housingandseawatercoolingpumpimpelleraxle(Right)

2.2. Determinationof AssetHierarchyor Taxonomy

The purposeof determiningthis hierarchyor taxonomyis to determinethe numberand typesof equipmentand
componentson the RV. BarunaJaya so that all maintenanceobjectscan be identified. Taxonomy is the systematic
classificationof itemsinto generalgroupsbasedon factorsthat may becommonto someitems(location,use,equipment
subdivision,etc.)[9], Eachexistingsystem,equipment,andcomponentwill beclassifiedaccordingto thehierarchicallevel,
startingfrom thehighestto thelowestlevel.In addition,at thisstageof theassethierarchy,equipmentandcomponentswill
beclassifiedaccordingto their respectivegroupsbasedon thehierarchicallevelcreated.By theexistingstandardson Norsok
Z-008,thisgroupingconsistsof severalsub-levels,includingPlant,System,Main Function,Subfunction,andcomponent/Tag
[8], In thisanalysis,theclassificationof theassethierarchywill usetheselevels.Figure8 belowshowsanexampleof anasset
hierarchybasedon NorsokZ-008.

PLANT Installation

i.tr ri System27-Gas
Export

OtherSystem |SYSTEM OtherSystem
I

I
JtT i r 27xxOthermain ”j

I functionswithin |

___
system I

2701Scrubbing
(2 x 100%)

2702Compression
(2 x 100%)

2703Cooling
(2 x 100%)MAIN FUNCTION

i £ £ £ £ £ £ £ £ r
2701PSD
Shutdown

Process

2701EQSD
Shutdown
Equipment

2701
CONTROL
Controlling

2701
ALARM

Monitoring

2701IND
Local

Indication

2701VALVE
Manual
Shut-off

| 2701xx
I Othersub
I functions

2701PSV
Pressure

Relief

2701PV
Containment
ProdVapour

2701MAIN
Scrubbing

SUB FUNCTION

27-VG01A
27-VG01B

27-PSV006
27-PSV053

27-XV001
27-XY001
27-XV011
27-XY011
27-PST008
27-LST009
27-PST058
27-LST059

...etc.

27-LT005
27-LIC005
27-LV005
27-LY005
27-LT055
27-LIC055
27-LV055
27-LY055
27-PT257
27-PIC257
27-PV257
27-PY257

27-PT013
27-PT063

...etc.

27-LG004
27-PI007
27-FI012
27-LG054
27-LG057
27-FI062

27-00IPV
27-002PV
27-004PL
27-005PL
27-HY001
27-HY011

4"-PV-27037
4"-PV-27072
8"-PV-27036

TAG NUMBER

Figure8.An exampleof anassethierarchybasedon NorsokZ-008[8]

2.3. Determinationof ProbabilityRating

The purposeof determiningthe probability rating is to determinethe level of probability of failure of equipmentor
componentin an RV. BarunaJaya.Probability is the possibility that risk will appearin a certainperiod.Historical datais
usuallyusedto determinetheprobabilityof failure[10], The probabilityof failure is a necessaryparameterin determining
risk [11].Thefailureof thisassetwill provideinformationabouthowreliablethecomponentis or howlikely thecomponent
will fail. Processinghistoricaldatafrom the failure of theequipmentcomponentduringoperationcanobtainthe possible
period of this componentfailure. However,of all the existingcomponents,not all of them havefailed. So, to predict the
possiblefailuretimeof thesecomponents,it is necessaryto usereferencesfrom otherdata.Oneusesa failuredatahandbook
suchasOREDA (OffshoreandOnshoreReliability Data)Handbook.OREDA is acollectionof dataon thereliability of floating
buildingcomponentscollectedandprocessedfrom variouscompanies[12],

2.3.1. Determinationbasedon MeanTime BetweenFailure
TheMTBF formulacanbeusedtodeterminethefailuretimeof componentsbasedon historicaldata.MTBF is a measure

of equipmentreliability andthestandardof any maintenanceand repairwork performed.Oneof thegoalsof performing
maintenanceon equipmentor componentsis sothattheequipmentor componentscanoperatefor a long time.Thiscanbe
seenfrom theMTBF value[13], Thus,thehighertheMTBF value,theequipmentor componenthasa longeroperatingtime
beforedamageoccurs.Meanwhile,if theMTBF valueis low, theequipmenthasa low operatingtime until damageoccurs.
Thefailure rate( ) andMTBF areformulatedasfollows [14]:
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(1)

Where is thefailure rate.
TheMeanTime BetweenFailures(MTBF) canbecalculatedusingtheformula:

MTBF = - (2)

WhereMTBF is theMeanTime BetweenFailuresand is thefailure rate.

2.3.2. DeterminationbasedonOREDA
Determiningtheprobabilityof failuretimeusingreferencedatawill usethefailure ratedatafrom theOREDA handbook

data.Thefollowing is anexampleof a calculationusingOREDA data[7]:

Table4.FailureModeandFailureRateselection
MeanFailureRate(106
hours)_

FailureModes

Abnormalinstrumentreading
Externalleakage- Processmedium 7.14
Externalleakage- Utility medium 9.75
Total

4.18

21.33

Fromthedataabove,it canbedeterminedthatthefailure rateperyearfrom theLPSeparatoris asfollows:

FRLPSeparator x 8760hours (3)

FRLPSeparator
FRLPSeparator --x 8760hours

= 0.18peryear

Fromthefailure ratedataobtained,thevalueof theMTBF canbedeterminedasfollows:

(4)MTBF =

MTBF --
MTBF = 5.35years

After determiningthe probability of failure time is obtained,the nextstepis to classify it into theprobability rating.
Table5showstheclassificationof theprobabilityof failure.

Table5. Probabilityrating
Nilai Indikator Description MTBF (Year)

Probable MeanTimeBetweenFailure0 -F4
Frequencyof failure/year> 1 1

F3 MeanTimeBetweenFailure1 -Possible

Unlikely
Frequencyof failure/year0.3- 1 3

MeanTimeBetweenFailure3-F2
Frequencyof failure/year0.1- 0.3 10

MeanTimeBetweenFailure>FI Rare
Frequencyof failure/year< 0.1 10

2.4. Determinationof ConsequenceRating

The purposeof determiningtheconsequenceratingis to determinethelevel of consequencescausedby thefailure of
equipmentandcomponentsin theRV. BarunaJaya.NorsokZ-008definesaconsequenceastheresultof anevent.Theremay
beoneor moreconsequencesof anevent.Consequencescanrangefrom positiveto negative.However,theconsequences
arealwaysnegativefor thesafetyaspect.Consequencescanbeexpressedqualitativelyor quantitatively.Consequencesare
categorizedinto five categories:consequenceson health& safety,Environment,Production,Containment,andCost[8], In
thisanalysis,a consequenceassessmentwill becarriedoutaccordingto thecategoryanddescriptionof NorsokZ-008,which
includesHealth& Safety,Environment,Production,andContainment.Tables6. 7, 8, and9 showtheconsequenceratings
usedto determinethelevel of consequencesof equipmentor componentswhentheyfail.
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Table6. ConsequenceRatingsof HealthandSafety
Nilai Indikator Description

Critical Potentialfor seriouspersonnelinjuries,Rendercritical safety
systemsinoperable.
Potentialfor injuriesrequiringmedicaltreatment,Limited effecton
safetysystems
No potentialfor injuries,No effectson safety_

C3

C2 Serious

MinorCl

Table7, ConsequenceRatingsof Environment
Nilai Indikator Description

Critical
Serious
Minor

Potentialfor largepollution.> 1 year
Potentialfor moderatepollution.Onemonth 1 year
No potentialfor pollution) < 1 month_

C3
C2
Cl

Table8. ConsequenceRatingsof Production
Nilai Indikator Description

Critical
Serious
Minor

Immediateandsignificantlossof production
Delayedeffecton productionor reducedproduction
No productionloss_

C3
C2
Cl

Table9.ConsequenceRatingsof Containment
Nilai Indikator Description

Flammablemediaaboveflashpoint,Highly toxic media,Extremely
high pressure/temperaturemedia
Flammablemediabelowflashpoint,Moderatelytoxic media,High
pressure/temperaturemedia(>100bar/80°C)
Non-FlammableMedia,Nontoxicmedia,Natural/normalpressure/
temperaturemedia_

C3 Critical

C2 Serious

MinorCl

Severalappropriatemethodscanbe usedto determinetheconsequencesaccordingto the rating.In this analysis,the
level of consequencesis determinedusingthefluid's MSDSdataor MaterialSafetyDataSheet.Therefore,thefluid of each
systemmustbeidentifiedfirst.Theuseof MSDSin thisanalysisis to determinethelevelof consequencesfor Health& Safety,
Environment,andcontainment.Figure9 is anexampleof anMSDSfrom a B30 fuel producer.Meanwhile,theconsequences
of theestimatedlossof productionwill beassessedusingjudgmentby analyzingtheeffect of equipmentor components
whentheyfail thesystem.

3.COMPOSITION/INFORMATION
ChemicalName

Hydrocarbons,dieselfraction
Distillate,C8-C26branchedandstraight

Kerosene,C8-C16branchedandstraightalkanes 848301-66-6
FAME

Concentration(%)
60-70

CAS. No
68334-30-5

848301-67-7 <30
<10
30

4. FIRSTAID MEASURESON ACCIDENT

StepDescription:
> Eyecontact : If youreyesexperienceirritation or redness,

rinseyoureyeswith cleanwater.If these
symptomspersist,contactyourdoctor.

Removecontaminatedclothingandshoes,and
rinseall contaminatedbodypartswith running

water.
If theskinsurfaceis injured,wearcleanclothes
andseekmedicalattention.

If thesurfaceof theskin is not injured,cleanthe
skin usingsoapandwateror handsanitizer.

If irritation or rednessoccurs,seekmedical
attention.

Washcontaminatedclothingbeforereuse.
If theproductis injectedintotheskinorother
bodyparts,contacta doctorimmediately

>SkinContact

Figure9. MSDSexampleof B30

2.5. Determinationof Criticality Level

The purposeof determiningthecritical level is to determinethepriority level of theequipmentor componentsin the
RV. BarunaJayabasedonthelevelof risk.Risk resultsfrom themultiplicationbetweentheprobabilityof failureandthelevel
of consequences[11], So,from eachratingclassificationof thefailure rateandthelevel of consequences,it will form a risk
matrix.Severalreferencesaccordingto standards,suchasAPI, ABS, Norsok,etc.,canbeusedto determinethis level of risk.
Theinstitution risk matrix will be moreaccuratebecausetheacceptablerisk areais thecompany'sability to managerisk.
However,theInstitution risk matrixwasnot yet availableduringthis analysis.Becausetheinstitutiondoesnot yet havea
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risk matrix, this analysiswill referencethe risk matrix on the existingstandard.In the 2017versionof the Norsok Z-008
standard,thecriticality is determinedby theredundancyandconsequenceof theequipment[8], while in the2011version
of theNorsokZ-008,thereis a risk matrix that includestheparametersof probabilityandconsequence.In this analysis,the
risk matrixwill referencethe2011versionof theNorsokZ-008risk matrix.Figure10 is a referenceto therisk matrix taken
from the2011 versionof theNorsokZ-008.

52

M H HF4£
3 M M HF3

L M HF2o
CL, L L MFI

Cl C2 C3

Consequence

Figure10.Risk matrixbasdon NorsokZ-0082011[11]

2.6. Determinationof MaintenanceStrategy

After the maintenanceof objectsbasedon critical categoriesis obtained,the next step is determiningthe right
maintenancestrategybasedon thecritical level. In general,from thepoint of view of maintenancework, it is categorizedin
2 (two) ways:PlannedMaintenanceandUnplannedMaintenance.Plannedmaintenanceis anactionor maintenanceactivity
whose implementation has been planned. Unplanned maintenanceis an action or maintenanceactivity whose
implementationis not planned[15],

PlannedMaintenance2.6.1.
PlannedMaintenanceis classifiedinto two types:
a)Preventive maintenance.Definedasa scheduledmaintenancesystemof anequipment/componentdesignedto increase

machinereliability andanticipateunplannedmaintenanceactivities.Preventivemaintenanceis divided into:
Time-basedmaintenance.This maintenanceactivity is basedona periodincludingdaily inspection,service,cleaning,
andsoon.
Condition-basedmaintenance.This maintenanceactivity usesequipmentto diagnosechangesin the condition of
equipmentor assetsandto predicttheinitial determinationof maintenancetime intervals.

b)Predictive maintenance.It is definedas a measurementthat can detectsystemdegradationso that the causecan be
eliminatedor controlleddependingon thephysicalconditionof thecomponent.Theresultsareindicativeof currentand
futurefunctionalcapabilities.

2.6.2. UnplannedMaintenance
UnplannedMaintenanceis classifiedinto two types.
a)Corrective maintenance.Definedasa maintenanceactivity carriedout to repairandimprovethemachine'sconditionso

that it reachesthestandardsetfor themachine.
b)Breakdown maintenance.It is definedasa maintenanceactivity whoseimplementationwaits until theequipmentis

damagedandrepaired.This methodis carriedout if thefailureeffectis insignificantto operationsor production.
Basedon this maintenancestrategy,equipmentandcomponentsincludedin the high or medium-criticalcategorywill be
carriedoutasplannedmaintenance.In contrast,equipmentandcomponentsincludedin thelow-levelcritical categorywill
becarriedoutasanunplannedmaintenancestrategy.

3. ResultsandDiscussion

3.1. AssetHierarchy

To get thecritical level of all assets,all assetsmust first be identified into a hierarchyand registeredtheassets.This
hierarchyclassificationwill startfrom the Plant,System,SubFunction,andComponentTag levels.In addition,assetdata
collectionor registrationwill becarriedout by providinga codeaccordingto its level.Thecodewill standin theorderof
System,Equipment,SubFunction,andComponent.Table10showstheship ssystemto beanalyzedandits code.Figure11
is a hierarchyof a freshwatercooling systemand its code.Table 11 showsthe freshwatercooling system s level 5
(Componenttag).Fromtheclassificationaccordingto thehierarchythathasbeenmade,thetotalnumberof existingassets
from 6 systemsis 766consistingof 38 rotaryequipment,45staticequipment,196 piping equipment,and487 instrument
equipment.Figure12showsthe total assets,includingequipmentandcomponentsof themachinerysystem,accordingto
thescopesystemin table9.

Table10.thescopeof thesystemto beanalyzed
No SystemName SystemID

PropulsionSystem
FreshWaterCooling
System
SeaWaterCoolingSystem

1 PPS
2 FCS

3 SCS
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4 FuelOil System
5 LubricatingOil System
6 Air CompressedSystem
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FOS
LOS
ACS

BarunajayaIV

Level1

f I I I i
FreshWaterCooling

System
(FCS)

OtherSystem Fuel OilSystem LubricationSystem OtherSystem

Level 2
OtherEquipment OtherEquipment OtherEquipmentOtherEquipment

f i I 1
FW CoolingPumpdriven

by ME Starboard
(FCS-HEcTd)

HeatExchanger
Starboard

(FCS-HEcTd)

FW CoolingPumpdriven
by ME Portside
(FCS-HEcBD)

OtherEquipment OtherEquipment

J ; iLevel 3 -ÿ OtherSubfunctionOtherSubfunction OtherSubfunction OtherSubfunction

1£ £
Other

(FCS-HEcBD-OTH)
Controlling

(FCS-HEcBd-CTR)
Local Indicator

(FCS-HEcBd-LCI)
Containment

{FCS-HEcBd-CNT)
Level4

Figure11.Thehierarchyof thefreshwatercoolingsystem

Table11.DetailedcomponentTag(level5) onthefreshwatercoolingsystem
SubFunctionID
(Level 4)_

SubFunction ComponentTag(Level 5) ComponentName
Name

ME FreshWaterOutetSB
ME FreshWaterCoolerAlimentation

FCS-HEcBd-CNT
FCS-HEcBd-CNT

Containment
Containment

FCS-HEcBd-CNT-412
FCS-HEcBd-CNT-414

SB
Controlling Valve IsolationFreshWater

Exchanger
Thermometer
Thermometer
Flexibleon HE Piping_

FCS-HEcBd-CTR FCS-HEcBd-CTR-VO404-1

Local Indicator
Local Indicator
Others

FCS-HEcBd-LCI
FCS-HEcBd-LCI
FCS-HEcBD-OTH

FCS-HEcBd-LCI-Th408-l
FCS-HEcBd-LCI-Th408-2
FCS-HEcBD-0TH-F1412-3

Typeof AssetEquipment& Component

I
Figure12.Total assetsby typeof equipmentor components

3.2. ProbabilityRating

After all equipmentandcomponentsareidentified,theprobability ratingof failure mustbedeterminedto gettherisk
of equipmentor components.This risk measurementwill determinethecritical level of theRV. Barunajaya smaintenance
object.Theequipment'sMTBF valuein eachsystem'sscopeis analyzedfrom thefailure dataobtainedduringtwo voyages.
Theoveralloperatingtime is takenfor two voyages.TheFirst voyageis 25days(Feb-Marperiod),andthesecondis13days
(Oct period).So,thetotaloperationis38daysor 54720minutes.Table12 belowshowstheMTBF valuefrom failuredatafor
two voyages,obtained9 dataon equipmentfailure accordingto thescopeof theanalysis.To obtainfailure dataon other
equipment,it is determinedusing the failure referencedata from OREDA. Table 13 showsan exampleof 9 piecesof
equipmentfrom a total of 757piecesof equipmentthatdo not havehistoricalfailure data.TheMTBF calculationis carried
out usingOREDA data.



Kapal:JurnalIlmu PengetahuandanTeknologiKelautan,20(1) (2023):44-59 54

Table12.MTBF calculationfrom failuredata
No Equipment Frequency Time to

of failure repair
_(minutes)

Uptim FailureRate MTBF MTBF
(minutes) (minute (year)e

A
1 Main EnginePS(PPS-AlBd)
2 Main EngineSB(PPS-AlTd)
3 TubeHeatExchangerGB PS(SCS-R3)
4 FW PumpDriven by ME PS(FCS-FPBd) 2
5 FW PumpDriven by ME SB (FCS-FPTd) 1
6 FreshWaterPipingFW (FCS-HEcBd

CNT-412)
7 SWPumpDriven by ME SB (SCS-SPTd) 2
8 HeatExchanger(CentalCooler)FW

SW PS(FCS-HEcBd)
9 HeatExchanger(CentalCooler)FW

SWSB
_(FCS-HEcTd)_

2 60 54660
48960
54690
54600
54660

3.65898E-05 27330
2.04248E-05 48960
1.82849E-05 54690
3.663E-05 27300
1.82949E-05 54660

1.82849E-05 54690

3.67107E-05 27240

1.82849E-05 54690

0.0520
0,0932
0,1041
0,0519
0,1040

0,1041

0,0518

0,1041

1 5760
1 30

120
60

1 30 54690

240 54480

1 30 54690

1 30 54690 1.82849E-05 54690 0,1041

Table13.Exampleof calculatingMTBF from OREDA data
FailureModeSelected Failure

Rate1
Failure Total
Rate2 Failure

Rate

No Equipment MTBF
(year)

1 FeedPumpFO Portside
(FOS-A7Bd)

1. ExternalLeakage- Process
Medium
2.Vibration
1. ExternalLeakage- Process
Medium
2.Vibration
1. ExternalLeakage- Process
Medium
2.Vibration
1. ExternalLeakage- Process
Medium
2.Vibration
1. ExternalLeakage- Process
Medium
2.Vibration
1. ExternalLeakage- Process
Medium
2.Vibration
1. ExternalLeakage- Process
Medium
2.Vibration
1.Structuraldeficiency
2. Low output

1.Structuraldeficiency
2. Low output

66,25 7,18 0,64 1,55

2 FeedPumpFOStarboard
(FOS-A7Td) 66,25 7,18 0,64 1,55

3 FuelOil TransferPump
(FOS-M1) 66,25 7,18 0,64 1,55

4 LubricatingOil PumpPortside
(LOS-A9Bd) 66,25 7,18 0,64 1,55

5 LubricatingOil Pump
Starboard
(LOS-A9Td)

6 ThrustBlock LubricatingOil
PumpPortside(LOS-Q13Bd)

66,25 7,18 0,64 1,55

66,25 7,18 0,64 1,55

7 ThrustBlock LubricatingOil
PumpStarboard(LOS-Q13Td) 66,25 7,18 0,64 1,55

8 Main Air Compressor
(ACS-Kl)

9 EmergencyMain Air
Compressor
(ACS-K2)_

4,8 202,49 1,82 0,55

4,8 202,49 1,82 0,55

Fromthecalculationabove,it is thenmappedaccordingtoTable5 to gettheprobabilityof failure.Thefollowing Table
14 is anexampleof theprobabilityof failure of theequipmentthat hasbeencalculatedMTBF in Tables12 and13. Fromthe
totalof 766existingequipmentandcomponents,basedontheprobabilityof failureF4(Probable),F3(Possible),F2(Unlikely),
andFI (Rare),it is obtainedthat11 (1%) equipmentor componentsareat theF4 level,18 (2%) areat theF3 level,148(20%)
areat the F2 level, and 589 (77%) areat the FI level. Figure13 showsa graphof the equipmentbasedon mappingthe
probabilityof failureaccordingto F4, F3, F2,andFI.

Table14.Valueof thefailure probabilityof someequipment
No Equipment Equipment MTBF

(yearMTBF Probabilit
(year) y Rating

Probabilit
y Rating)

1 Main EnginePS
(PPS-AlBd)

2 Main EngineSB
(PPS-AlTd)

3 TubeHeatExchangerGB PS
(SCS-R3)

0,0520 F4 FeedPumpFO Portside
(FOS-A7Bd)
FeedPumpFOStarboard
(FOS-A7Td)
FuelOil TransferPump
(FOS-M1)

1,55 F3

0,0932 F4 1,55 F3

0,1041 F4 1,55 F3
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F4 LubricatingOil PumpPortside 1,55

(L0S-A9Bd)
LubricatingOil PumpStarboard 1,55
(L0S-A9Td)

F4 ThrustBlock LubricatingOil
PumpPortside(L0S-Q13Bd)

0,0518 F4 ThrustBlock LubricatingOil
PumpStarboard(L0S-Q13Td)
Main Air Compressor
(ACS-K1)

F4 EmergencyMain Air Compressor 0,55
(ACS-K2)

55
4 FW PumpDriven by ME PS

(FCS-FPBd)
5 FW PumpDriven by ME SB

(FCS-FPTd)
6 FreshWaterPipingFW (FCS- 0,1041

HEcBd-CNT-412)
7 SWPumpDriven by ME SB

(SCS-SPTd)
HeatExchanger(CentalCooler) 0,1041
FW SW PS(FCS-HEcBd)

9 HeatExchanger(CentalCooler) 0,1041
FW SWSB (FCS-HEcTd)_

0,0519 F3

0,1040 F4 F3

1,55 F3

1,55 F3

8 F4 0,55 F4

F4

Figure13.Probabilityratingchart

From thegraphin Figure13, the resultsareobtainedfrom severallevelsof probability of failure from a total of 766
piecesof equipmentand components.Institutionswill tolerateequipmentand componentswith categoriesbelow F2
(unlikely) on thisgraph.So level FI, F2, andF3 will get moreattentionwhenit is assignedto themaintenanceobjectat RV.
BarunaJaya.Becauseat that level, theprobabilityof equipmentandcomponentfailure is includedin thehigh andmedium
categories.At theFI level, theprobabilityof equipmentandcomponentfailure will beconsideredafterward.The resultsof
this probability level of failure will becombinedagainwith theresultsof the level of consequencesto considerhow severe
theimpactwill be if theequipmentor componentfails.And from thiscombination,thelevel of criticality basedon risk will
beobtained.

3.3. ConsequenceRating

The consequencerating of failure must be determinedto get the risk of equipmentor components.This risk
measurementwill determinethecritical level of the RV. BarunaJaya s maintenanceobject.The fluid datain thesystem
needsto beknown in advanceto makeit easierto conducta consequence-levelanalysis.Thefollowing Table15showsthe
estimationof thefluid containedwithin thescopeof thesystembeinganalyzed.Fromthefluid estimation,look for thefluid's
characteristicsin theMaterialSafetyDataSheet(MSDS)data.Thefollowing Table16 is anexampleof thecharacteristicsof
the B30 fuel fluid. After obtainingfluid characteristicdata,the nextstepis to mapthe possibleconsequencesaccordingto
Tables6, 7, 8, and9. The following Table17 resultsfrom mappingfrom the PortsideFO FeedPumpequipmentwith the
highestconsequencevalue,namelytheC3value.

Table15.Estimationof thefluid containedin thesystem
Estimationof Fluida insidethesystemNo SystemName

1 PropulsionSystem B30, LO40,LO30,FreshWater,SeaWater,
Air

FreshWaterCoolingSystem
SeaWaterCoolingSystem
FuelOil System
LubricatingOil System
Air CompressedSystem

FreshWater
SeaWater

2
3
4 B30

ShellGardenia405
Air6

Table16.B30 fuel fluid characteristics
Fluid Name Healthand

Safety
Flammability PollutionComposition Toxicity

BiodieselB30 Hydrocarbons,
fraction

Aspiration
hazard,skin

Flammableliquid Acutetoxicology Seepageinto the
showednoacute groundwill causeandvapor
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corrosion/irritati (Flashpoint125F effect through
on,acutetoxicity, or 52 C)
inhalation,
carcinogenesis

diesel,Distilled, C8-
C2h6forkedand
straight
Kerosene,C8-C16
branchedand
straightalkanes,
FAME

groundwateror
breathingwhen aquifer
testedusingmist, contamination.

Table17.Determinationof consequencelevel of FO PortsideFeedPump
HealthandSafety PollutionEquipment Containment Production
(C2)Potentialfor
injuriesrequiring
medicaltreatment,
Limited effecton
safetysystems

(C2)Potentialfor (C3) Immediate
andsignificant
lossof
production

FeedPumpFO
Portside
(F0S-A7Bd)

(C2) Flammable
mediabelow
flashpoint,
Moderatelytoxic
media,High
pressure/tempera
turemedia(>100
bar/80°C)_

moderate
pollution.

Of the total 766existingequipmentandcomponents,overall basedon the C3 (Critical), C2 (Serious),andCl (Minor)
levels,31 (4%) equipmentor componentswereat theC3 level,459(60%)wereat theC2 level,and276(36%)wereat theCl
level.Figure14belowis a graphof theequipmentbasedon themappingof consequenceslevelsaccordingto C3,C2,andCl

I
Figure14.Consequenceratingchart

The graph in Figure 14 showsthe resultsof severalfailure consequencesfrom 766 equipmentand components.
Institutionswill tolerateequipmentandcomponentsundercategoryC2 (serious)on this chart.So, levelsC3 and C2 will
receive more attentionwhen used as maintenanceobjects in RV. BarunaJaya.Becauseat that level, equipmentand
componentfailureconsequencesareincludedin thehighandmediumcategories.At levelCl, theconsequencesof thefailure
of equipmentandcomponentswill beconsideredafterward.The resultsof this failure consequencelevel will becombined
againwith the resultsof the probability level to considerhow often the equipmentor componentfails. And from this
combination,thecriticality level basedon risk will beobtained.

3.4. Criticality Level

Risk determinationis doneby mappingthelevel of failureandconsequencesinto therisk matrix.Usingtherisk matrix
accordingto Figure10, thedataon theprobabilityof failureandthelevel of consequencesobtainedarethendeterminedby
therisk valueof theequipment.Of the766equipmentandcomponentsanalyzed,23(3%)werefoundin H (high),138(18%)
in M (medium),and605(79%)in L (low). Figure15 belowis a graphof equipmentcriticality basedon H (High), M (Medium),
andL (Low) levels.Table18shows23equipmentandcomponentswith a high critical level.Table19showsthenumberof
equipmentandcomponentsin eachsystemaccordingto their criticality level. In Pareto s theory,a plant is supportedby
approximately20%of critical equipment.
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Figure15.Critical levelchart

From thegraphin Figure14, the resultsareobtainedfrom the criticality level of 766 equipmentandcomponents.
Institutionswill tolerateequipmentandcomponentswith a critical levelundercategoryM (Medium)onthechart.So,H and
M levelswill begiven moreattentionwhenusedasmaintenanceobjectsin RVs. BarunaJaya.Becauseat that level, failures
andconsequencesof equipmentandcomponentsareincludedin thehighandmediumcategories.At theCl level,thecritical
level of equipmentandcomponentswill beconsideredlater.Basedon theParetoprinciple,equipmentwith critical levelsH
andM fall into thecritical category.Table20showsthenumberof critical percentages,asmuchas21%,basedon Pareto.

Table18, equipmentandcomponentswith a critical level of High (H)
No Item Name P C R No Item Name P C R

Main EnginePortside
(PPS-AlBd)

2 Main EngineStarboard
(PPS-AlTd)

3 Gearbox
(PPS-Gb)

4 ControllablePitchPropeller
(PPS-CPP)

5 FeedPumpFO Portside
(FOS-A7Bd)

6 FeedPumpFOStarboard
(FOS-A7Td)

7 FuelOil TransferPump
(FOS-M1)

8 LubricatingOil PumpPortside
(LOS-A9Bd)

F4 C3 H 13 ThrustBlock LubricatingOil
PumpPortside(LOS-Q13Bd)

F4 C3 H 14 ThrustBlock LubricatingOil
PumpStarboard(LOS-Q13Td)

F3 C3 H 15 FleatExchangerPortside
(FCS-HecBd)

H 16 HeatExchangerStarboard
(FCS-HecTd)

F3 C3 H 17 FW CoolingPumpis drivenby
ME Portside(FCS-FPBd)

H 18 FW CoolingPumpis drivenby
ME Starboard(FCS-FPTd)

H 19 SWCoolingPumpis drivenby
ME Starboard(SCS-SPTd)

F3 C3 H 20 TubeHeatExchangerGB
Portside
(SCS-R3)

21 Main Air Compressor
(ACS-K1)

22 EmergencyMain Air
Compressor
(ACS-K2)

23 EmergencyAir Compressor
(ACS-K13)

1 F3 C3 H

F3 C3 H

F4 C2 H

F3 C3 F4 C2 H

F4 C3 H

F3 C3 F4 C3 H

F3 C3 F4 C3 H

F4 C2 H

9 LubricatingOil PumpStarboard F3 C3 H
(LOS-A9Td)

10 ReductionGearLubricatingOil F3 C3 H
PumpPortside(LOS-B3Bd)

F4 C3 H

F4 C3 H

11 EngineLubricatingOil Standby F3 C3 H
PumpStarboard(LOS-NlTd)

12 ReductionGearLubricatingOil F3 C3 H
_Standby Pump(LOS-N2)_

F4 C3 H

Table19.Thenumberof equipmentin eachsystemaccordingto thelevel of criticality
No SystemName H M L

PropulsionSystem
FreshWaterCooling
System
SeaWaterCoolingSystem
FuelOil System
LubricatingOil System
Air CompressedSystem

4 0 0
5 5 38

1
2

3 1 4 197
3 30 152
7 50 140
3 49 78

4
5
6



 

 

 

 

“ ”

“

” –

“

” –

“ ”

–

“

”

–

“

” –

Kapal:JurnalIlmu PengetahuandanTeknologiKelautan,20(1) (2023):44-59 58

Table20.criticality to paretoconversion
Category Jumlah Presentas Pareto

e
H 23 3%

21%M 138 18%
L 605 79% 79%

3.5. MaintenanceStrategy

From thecriticality level obtainedfrom 766equipmentandcomponentsanalyzed,23 (3%) of equipmentin H (high)
condition and 138 (18%) in M (medium)condition will be carried out plannedmaintenancewhich includesPreventive
maintenance(Time basedmaintenance/Condition-basedmaintenance)andPredictivemaintenance.Meanwhile,605(79%)
of equipmentin L (low) condition will be carried out unplannedmaintenance,including correctivemaintenanceand
breakdownmaintenance.

4. Conclusion

Thisresearchaimstodeterminethemaintenanceobjectof theRV. BarunaJayais basedonitscritical level.By classifying
all assetsinto a hierarchicalform andperforminga risk-basedcriticality analysis,equipmentwill beprioritized basedon its
risk from theprobabilityof failureandthe level of consequence.From theanalysisthat hasbeencarriedout on theBaruna
JayaResearchvesselwith the scopeof the propulsionsystem(PPS),freshwatercooling system(FCS), seawatercooling
system(SCS), fuel system(FOS), lubrication system(LOS), and systemcompressedair (AVS) obtainedequipmentand
componentswith a total of 766with 38 rotarytypeequipment,45statictypes,196piping type,and487instrumenttype.
Fromdeterminingthefailure rateof equipmentor components,11 (1%) of equipmentor componentsareat theF4 level,18
(2%)areattheF3 level,148(20%)areat theF2 level,and589(77%)areat theF2 level.FI level.Meanwhile,from determining
thelevel of consequences,31 (4%) of equipmentor componentsareat theC3 level,459 (60%)areat theC2 level,and276
(36%) areat the Cl level. So from 766 equipmentand componentsthat werecarriedout criticality analysis,23 (3%) of
equipmentwasfound in H (high),138(18%) in M (medium),and605(79%) in L (low) conditions.From thecriticality level
obtained,equipmentthatis in H (high)andM (medium)conditionswill becarriedout plannedmaintenancewhichincludes
Preventivemaintenance(Time basedmaintenance/Condition-basedmaintenance)andPredictivemaintenance.Meanwhile,
equipmentin L (low) condition will be subjectedto unplannedmaintenance,including corrective and breakdown
maintenance.

After all themethodologiesandresultsareobtained,it canbedevelopedfor furtherresearchin theobjectmaintenance
database.Thedatabasecanbedevelopedinto a DSS(DecisionSupportSystem)softwarewith input in theform of real-time
componentfailure records.This failure datawill continueto changewith ageand maintenanceactivitiescarriedout on
equipmentor componentsso that the criticality level of an equipmentor componentcan also changeaccordingto its
probability level.
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