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Requirement of Reliability
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• wind farm developers for
making planning decisions

• wind farm operators for
reliability-oriented maintenance
planning



Collaboration 

▮This work has been conducted in
collaboration with Dr. Tom Van Acker, KU
Leuven, Belgium.
▮Special thanks to Dr. Hakan Ergun and
our Professors.
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Research Gap

⦁ Compared to WT failure rates, 
collection system cable failure 
rates are LOWER

⦁ However, due to higher repair 
time it cannot simply be 
neglected.

⦁ The proposed method based 
on Universal Generating 
Function combined with 
continuous time Markov Chain 
model is used to answer this 
question! 
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Model Overview
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1. Wind Speed Model

2. Wind Turbine Model

3. Cable Model



Methodology

1. Calculation of wind turbine power output for the given wind speed data [1],[2]

2. Calculation of optimal number of clusters using the a suitable data clustering
algorithm. (ex. Jenks clustering method)

3. Calculation of power output transitions rates between each state and state
probabilities
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Methodology

4. Add component failure and repair rates of each wind turbine and cable
section to the model [3],[4]

5. Define the network with set of sources (WTs) and edges (cables) with their
state-transitions

6. Use of the Universal Generation Function technique to calculate state
probabilities for different power output states of OWF collection system.
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UGF Technique
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UGF for individual WT and Cable

Structure Function for Two Strings 

Generalized UGF [5] for a radial OWF network

Up StateDown State
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Tool 
Developed in 
Julia Platform 
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Case Study – Anholt Offshore Wind Farm
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PCC

• 400 MW, Offshore Wind Farm located between Djursland and Anholt island in Denmark 

• 111 No of Siemens SWT-3.6-120 wind turbines with a rated power of 3.6 MW

• All wind turbines have a cut-in speed of 3.5 m/s, rated speed of 14.0 m/s, and 
cut-off speed of 25.0 m/s. 

• Total length of 177 km inter-array cable network 



Case Study - GRA
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• Generation Ration Availability (GRA)
is an index used to assess the
availability of OWFs under stochastic
nature of wind speed and
component failures[6]

[6] M. Zhao, Z. Chen and F. Blaabjerg, "Generation Ratio Availability Assessment of Electrical Systems for Offshore Wind Farms," in IEEE Trans. on Energy Convers., pp. 755-763, Sept. 2007

• For a GRc of 95.0 %, the GRA is reduced to 76.3 % (-12.0 %) when considering the collector system reliability.

• The impact of collector system reliability starts from a significantly lower GRc compared to the wind turbine 
reliability: 74.7 % * and 96.4 % **, respectively



Case Study - EENS
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• At least 8 clusters are required to accurately represent the Anholt wind speed data 
• Not including the cable network will result in EENS error of 19.89 GWh/yr (1.0 %) which account for 24.05M$ 

miscalculation over the operating life (20yrs) of the OWF. *

* With a discount rate of 5% and average Danish wholesale electricity price of 36.57 $/MWh 



Case Study – Probability Distribution

16

1) The average power output for a specific cluster is  reduced
2) The output variance within a specific cluster is increased

(a) without cable network (b) with cable network



Case Study – Probability Distribution
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Difference of the probability distributions between the scenario with. cable system reliability and with. cable system reliability.



Conclusions

⦁The proposed method includes reliabilities of
cable sections which has higher repair time

⦁The case studies demonstrate the requirement
to include the cable network reliability in the
reliability analysis of large offshore wind farm.

18



Future Work

A. Observe the impact of wake-effect on
Reliability evaluation of Offshore collection
systems considering the network.

B. Reliability oriented dc-Wind Turbine
topology selection based on mission-profile
and physics-of-failure.
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