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ABSTRACT

Predictive maintenance has the potential to improve the reliability of production and service
provisioning. However, there is little knowledge about the proper implementation of predictive
maintenanceinresearchandpractice.Therefore,weconductedamulti-casestudyandinvestigated
underlyingconditionsandtechnologicalaspectsforimplementingapredictivemaintenancesystem
andwhereitleadsto.Wefoundthatpredictivemaintenanceinitiativesaretriggeredbysevereimpacts
offailuresonrevenueandprofit.Furthermore,successfulpredictivemaintenanceinitiativesrequire
thatpre-conditionsarefulfilled:Datamustbeavailableandaccessible.Veryimportantisalsothe
supportbythemanagement.Weidentifiedfourfactorsimportantfortheimplementationofpredictive
maintenance.TheintegrationofdataishighlyfacilitatedbyCloud-basedmechanisms.Thedetection
ofeventsisenabledbyadvancedanalytics.Theexecutionofpredictivemaintenanceoperationsis
supportedbydata-drivenprocessautomationandvisualization.
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1. INTRodUCTIoN

Thebestrunningenterprisesarerunningenterprises.Themanufacturingofgoodsandtheprovisioning
ofserviceswithoutinterruptionsisimportanttocreaterevenueandincrease(Stenströmetal.,2016).
Therefore,enterprisesusemaintenancetominimizeoravoiddowntime(Stenströmetal.,2016).

The impact of maintenance strategies on firm performance has already been analyzed by
Swanson (Swanson, 2001). Two basic strategies can be differentiated. Reactive and proactive
strategies(Bateman,1995;Stenströmetal.,2016).Reactiveoralsorun-to-failureapproachestryto
optimizethereactiontofailuresofplantsaccordingtoMobley(2002).Thisreactive(orcorrective)
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maintenanceiscomposedofpost-hocactivities,executedafterawarningorerroroccurred(Tsang
etal.,2006;Nadjetal.,2016).Areactiveapproachtomaintenanceimpliesthatanenterprisemust
keeppersonnelavailableandmaintainasparepartsinventoryforreactingtofailures.Eveniftheparts
inventorycanbereducedbycooperatingwithequipmentvendorsthatprovideimmediatedelivery,
thevendorsdemandpremiumsforquickreaction times.Asmanyfailuresrequiredeepskills for
handling,asignificanttrainingeffortisnecessary.Furthermore,thestaffavailablemustbeableto
copeevenwithmultipleconcurrentfailures.Additionally,thefailuresmayhappenatunfavourable
timesthuscreatehighovertimelabourcost.Mobley(2002)andStenströmetal.(2016)estimatethat
reactivemaintenanceoperationsareapproximatelythreetimesmoreexpensivethanscheduledones.
Also,Swanson(2001)foundthatreactivestrategieshaveanegativeimpactonfirmperformance.
Evenafteraquickrepairthemanufacturingofproductsandthedeliveryofservicesareinterrupted
resultinginlostrevenueandprofit.Furthermore,contractualpenaltiesmayalsobecomeduebecause
productionandavailabilitytargetsarenotmet.

Ontheotherhand,Swanson(2001)andStenströmetal.(2016)showedthatproactivestrategies
inmaintenancehaveasignificantpositiveimpactonperformance.Theycanbedifferentiatedinto
preventiveandpredictive strategies (Bateman,1995).Preventiveapproacheshaveabreadth first
approach.Theyapplymaintenanceactionstoallparts.Onthecontrary,predictivestrategiesfollow
adepth-firstapproach.Theytrytoidentifythosepartsmostlikelytofailandfixthembeforefailure.

Thefirstpredictivemaintenancemanagementapproachesweretime-driven(Mobley,2002).They
usemodelssuchasbathtubcurvesandstatisticaltrenddatatodeterminetheschedulemaintenance
tasks.Furthermore,theobservationsofemployeeswereusedtodetectindicatorsofafuturefailure,
e.g.vibrationsofmachinery(Mobley,2002).Thenewpotentialcreatedbydigitaltechnologieswas
alreadyidentifiedbydifferentauthors(Kusiaketal.,2009;DingandKamaruddin,2015).Newer
predictivemaintenanceapproachesschedulemaintenanceactivitiesonas-neededbasisbyobtaining
andanalysingtheactualoperatingconditions(Kusiaketal.,2009).Forthispurpose,anewtypeof
informationsystem,so-calledpredictivemaintenancesystemsweredesigned(Canitoetal.,2017;
Chiuetal.,2017;Fernandesetal.,2018).Theyusetheactualoperationconditionofplantequipment
tooptimizetotalplantoperation.

To implement predictive maintenance information systems, enterprises must first identify
thealternativesandevaluatethem.Thisisverychallengingbecauseamaintenancesystemcanbe
developedandconductedindifferentways.However,thereisonlysparseresearchandrareempirical
insightsonthedevelopmentandimplementationofpredictivemaintenancesystems,asshownbyour
literaturereview.WeconductedaliteraturereviewinleadingdatabasessuchasAiSel,SpringerLink,
IEEExploreandSciencedirect,etc.,regardingtherecommendationssuggestedinliterature(Webster
and Watson, 2002). We did not find appropriate insights about a proper implementation of a
predictiveinformationmaintenancesystem.Nevertheless,withoutawell-foundedinvestigationthe
understandingofthecurrentimplementation,theidentificationofchallengesandmainaspectsaswell
astheevaluationofusedapproachesandtechnologiescannotbeensured.Further,itisnotpossible
todevelopandadvancethissubjectaswellasintegratethemwithintheenterpriseresourceplanning
worldoftheorganization.Thisisunfavourableforresearchandpracticeaswell.Althoughobviously
implementationprojectsinthistopicareimportantforresearch(e.g.Mobley,2002;Tsangetal.,2006;
HashemianandBean,2011)andpractice(e.g.Columbus,2016)aswell.

We contribute to close this gap in research by investigating predictive maintenance and its
currentimportance.Therefore,ourresearchpaperfocusesonthefollowingresearchquestion:“What
aretheunderlyingconditionsandtechnologicalaspectsforimplementingapredictivemaintenance
informationsystemandwheredoesitleadto?”

Foransweringourresearchquestion,weapplyacasestudyresearchmethodologyregarding
theguidelinesoftherelatedscientificliterature(EisenhardtandGraebner,2007;Yin,2017).Our
paperisstructuredasfollows:Thefoundationsofpredictivemaintenanceandtherelatedaspectsare
definedinthefollowingbackgroundsection.Sectionthreedescribestheusedcasestudyresearch
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