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Rule-1 
FailureMode(?x) ^ hasHappened(?x, true) ^ Device(?y) ^ 
happenedAt(?x, ?y) ^ FailureMode(?z) ^ theEndFffectIs(?z, 
?x) ^ FailureMode(?a) ^ theHighEffectIs(?z, 
?a)?theDirectFailureCauseIs(?x, ?a) ^ hasHappened(?a, true)
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1

2

2

Services: diagnosis and prognosis

Taxonomies and ontologies



Black Swan Losses

• Loss Distribution

– Tail events are rare 
– very little data

– Typically strong 
model assumptions

Hybrid & Context Driven Services



Virtual wind assets



Hybrid 
maintenance modelling
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Steps of hybrid and VC2nd step of hybrid and VC3rd step of hybrid and VC

FMEA subsystem 1
Complex asset Improved 

physical 
model 

Virtualised 
asset for O&M 

purposes
FUSION OF ACQUIRED 

DATA AND GENERATED 
DATA

HYBRID VIRTUAL 
COMMISIONING

CBM Services:
• Diagnosis
• Prognosis

Faults 

Detect-able

Detection

Through sensors, Models etc

Isolate-able
Isolation

Information fusion from sensors, Models etc.

Track-able

Tracking/Trending

Processed PHM data

Prediction/Prognosis

Based on tracking/trending, & lifing 
models 

Predictable
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CMMS

IMPROVED FRACAS FOR BETTER MAINTAINABILITY
AND SUPPORTABILITY

New failures
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Application of wind farm 
virtual commisioning

Virtual 
commissioning 

services

Virtual assets

O&M information 

Data loop

Service/Repair Shop

Design feedback 
loop



Work Orders/ CMMS

Data driven methods

Physics of 

failure

RUL 

estimation

O&M deicision 
making

Most restrictive 

state condition 

asessment

Most restrictive 

RUL estimation

Pavement degradation, track 

geometry, ballast aging etc..

Condition indicators from 

infrasttucture: ON LINE+ OFF LINE

Symbolic description, and 

experience based information

Decisions
on maintenance

End user 
decisions

on new services

Wind assets

Context

Diagnosis

Diagnosis and Prognosis, enablers for new business models
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Prescriptive O&M, one step ahead of 
prediction
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