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Agenda

› Introduction

› Modelling of CVOR

› Validation 

› Simulation Examples



CNS Systems (Communication, Navigation, Surveillance)
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CNS Installations in Switzerland
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Why do Wind Turbines interfere with CNS-Systems?
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Wind Energy Competence Center (CNS)
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Electromagnetic Simulation Tools

OUNPPM 

(OHIO University Navaid

Performance Prediction Model)

- PO, Standardized Source Model

FEKO (Altair)

Full 3D Modelling

- MoM, MLFMM

- PO, GO

- UTD
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Conventional VOR
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AM Field Components of VOR
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CVOR Antenna
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Antenna Model Currents
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Greving G., Würth H., 

“A new VOR-antenna in slot technology”, 

13th EUMW, Nürnberg Sept 1983, pp. 

395-400



AM Signal Generation
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Verification with Cylinder Scatterer 
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FEKO Ohio Tool (OUNPPM)

Cylindrical Scatterer: Distance 500m North, Radius 4m, Height 100m



Radiation Pattern including Scatterer
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Cylindrical Scatterer, FEKO vs. OUNPPM
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Drone Flight Inspection
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Tipper Wagon Scatterer (Kipper)



FEKO Model of Tipper Wagon Simulation
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Orbit Radius 180m Height 40m
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Radial 255 Distance 50 - 300m Height 40m
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Crane Simulation

› Distance to VOR: 1175m

› Radial 99,2

› Height of crane 39 m

› Wherefrom 20m are masked by airport building

Illuminated by 

VOR



Bearing Angle Error caused by crane

Raw Data 

(unfiltered)



Additional Error due to crane 



Simulation of Wind Turbines
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FEKO Ohio Tool (OUNPPM)

Distance 3100m South, Hub Height 165m



WT Simulation FEKO vs OHIO Tool
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WT Location

Dist: 3150m



Different Orientations of Wind Turbines
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WT Location

Dist: 3150m



Radial, different heights 
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5 Wind Turbines
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Distance 3100 - 5200m , Bearing 185° - 195°, Hub Height 165m



Orbit Simulations 1WT vs 5WT
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Radial , different heights (5 WT)
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Conclusion

› CVOR Model implementation has been presented

› Simulation approach has been compared with Ohio Tool

› Validation with Measurement has been shown

› Simulation studies with Wind Turbines and Crane have been 

presented
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