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Introduction
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Source: Hofmann. 2011 [1]

Decision support tools
Variety of tools
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Source: MAS-ZIH, adopted from Dinwoodie 2015 [2] 

Decision support tools
@Fraunhofer IWES

 MAS-ZIH –
Multi-Agent Simulation as 
support for a reliability 
oriented maintenance of 
offshore wind farms

 Offshore-TIMES - Offshore 
Transport, Inspection and 
Maintenance Software
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Reliability model
Requirements

Stakeholder Workshop

Source: Offshore-TIMES

Source: Dinwoodie 2015 [2]
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Reliability model
Requirements

Cluster Parameter 

Time Age of  component  

Time 

Stress Full load hours 

Shear modus 

Deviat ions 

Environment AMB temperature 

Wind speed 

Wave height  

Wake ef fect  

Maintenance Crane/non-crane components 

Rate/degree/ef fort  of  maintenance 

Human factor 

 

Have the use-case of the simulation in mind. 
For strategic purposes the focus should be on the main components. 

Influencing parameters 

Level of detail 

Stakeholder Workshop
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Reliability model
Approach

Share of failure 
categories

Mathematical 
description

Failure 
consequence

Component reliability

Turbine reliability
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Failure categories
Time

 Early failures

 Aging failures

𝑓 𝑡 =

0 𝑡 < 0

𝛽
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Failure categories
Stress

 Early failures

 Aging failures

 Fatigue failures
𝑓 𝐸 =

0 𝐸 < 0

𝛽

𝜂

𝐸

𝜂

𝛽−1

𝑒
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Failure categories
Environment

 Early failures

 Aging failures

 Fatigue failures

 Overload failures

λ𝑜𝑣𝑒𝑟𝑙𝑜𝑎𝑑 𝑣𝑤𝑖𝑛𝑑 = 

 

0 𝑣 < 𝑣𝑤𝑖𝑛𝑑
𝑚 ∗ 𝑣 − 𝑣𝑤𝑖𝑛𝑑 𝑣𝑚𝑖𝑛 < 𝑣 < 𝑣𝑚𝑎𝑥

0 𝑣 > 𝑣𝑚𝑎𝑥



© Fraunhofer IWES 13

Failure categories
Environment

 Early failures

 Aging failures

 Fatigue failures

 Overload failures

 System-specific failures
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Failure categories
Other

 Early failures

 Aging failures

 Fatigue failures

 Overload failures

 System-specific failures

 Random failures
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Parameter estimation
Failure statistics

Database Wind Turbine Component Cause Further Breakdown (e.g. 
repair/exchange)

Number of failures

Downtime

Time of 
occurrence

Operational data

Additional events

Cost information

MTBF

MTTR

λ(t)

λ(t, x)

n,  
λ(t, x)

C(λ, n), 
IH-strategy

WMEP

Wind-Pool
(starting
point)

WInD-Pool
(final 
completion)

CREW

PI and
60-database

Windstats Ger, 
VTT, LWK

RCM

Benchmarking

Reliability
Analyses

O&M 
optimization

SPARTA
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Parameter estimation
Approach

i Failure category Share of total failures

(%)

1 Random 15%

2 Early 5%

3 Aging 15%

4 Fatigue 55%

5 Overload 10%

1. Determine the total number of 
failures for the simulation period

2. Weighting of failure categories
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Parameter estimation
Approach

Input:  𝜆𝑒𝑚𝑝,𝑚 = 0.5
Output: λ𝑠𝑖𝑚,𝑚

1. Determine the total number of 
failures for the simulation period

2. Weighting of failure categories
3. Initialize parameters
4. Calculate deviation
5. Optimize Simulation parameter

esim,𝑚 =  𝜆𝑒𝑚𝑝,𝑚 −  𝜆𝑚

𝑒𝑠𝑖𝑚,𝑚 = 0
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Simulation results
Component reliability
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Simulation results
Validation

Developed 
model

Model with constant 
failure rate

Empirical Reference Case
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Simulation results
Overload failures
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Simulation results
Overload failures
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Simulation results
Lightning strikes
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Conclusion

 Modelling the failure behaviour of wind turbines is an essential part of 

offshore simulation software 

 failure model based on a reliability-block-diagram has been proposed

 incorporates different failure categories

 essential for better including preventive maintenance strategies

 include increased failure rates at higher wind speed and seasonal 

effects on failures due to lightning or icing

 Failure statistics using a systematic approach of gathering reliability 

information are indispensable
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