
• Measurements at wind turbines of the type Vensys 77 with a hub height of 100 m, 

one with a steel tower, the other with a wooden tower

• Each measurement was taken over a span of 13 days with the same 2 Hz 

geophones [2]

• The geophones were placed directly next to the foundation of the turbine tower on the 

surface

• Data are evaluated by computing power spectral densities and identifying spectral 

speaks caused by the respective wind turbine

• Question: Do the eigenfrequencies differ for the two materials?

• Identification of wind turbine effects via FEM simulations in Ansys Mechanical [3]
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• Rotor frequency at about 0.08 – 0.33 Hz or 5 – 20 RPM below ET’s detection 

range

• Tower eigenmodes are more relevant at 0.1 – 10 Hz and above

Eigenmodes of Wind Turbines

Modal analysis with the Finite Element Method 

Wind Turbine Seismic Noise in the EMR

Modal analysis is a fundamental method in structural dynamics for determining the

natural frequencies and modes of a mechanical system. It shows how and at

which frequencies a component or structure naturally vibrates - without any external

excitation. Modal analysis uses the finite element method (FEM) as a tool to

calculate the vibration properties of complex structures.
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In order to reduce the seismic impact of wind turbines, different mitigation strategies and 

techniques are investigated.

• Reduce excitation, dampen oscillation 

• Decrease coupling to the ground, alter seismic wave propagation

• Criteria for mitigation techniques are cost, efficiency and applicability

• Availability and other interests are also considered

• Firstly, investigation of the different tower construction designs

• Tubular tower, hybrid tower and girder masts

• Different forms

• Materials such as concrete, steel and wood

→ Tower construction design alters eigenmodes and eigenfrequencies of the tower

Mitigation Techniques
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• Seismic measurements 

performed by Shani-Kadmiel et 

al. in the Euregio Meuse-Rhine 

(EMR) in 2021 [1]

• ~ 400 geophones deployed west 

of the Aachen wind park

• Modelling of the geology and 

Newtonian Noise estimate

• Power spectral density depend-

ency on the distance to the Aachen 

wind park [1]

• Spectral peaks are visible inde-

pendent of distance

• The amplitude decreases with

distance → Peaks correspond to

wind turbine tower eigenmodes

3.  Excitation of tower eigenmodes

4.  Vibrations propagate into the ground

1.  Wind pressure on the tower

2.  Rotor blades periodically shield the tower

→ No significant difference in the eigenfrequencies for the two tower materials

Steps in a FEM:

1.Define material properties
2.Select and assign geometries and elements
3.Meshing
4.Apply boundary conditions (supports)
5.Insert loads
6.Select result form
7.Check the model and repeat the steps if 

necessary
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Measures to Reduce Disturbances

• Pitch control
→ Adjusting the angle of the turbine blades

• Active and Passive Vibration Damping
→ Tuned Mass Dampers (TMD)

• Different Tower Construction Designs
→ Girder masts, wooden tower

• Extending the Foundation
→ Increasing size and mass
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