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Engineering Vibroacoustic problems



Biomechanics 



Wind turbines

Impact hammer Vibratory device



Wind turbines acoustic and elastic wave propagation



Vibration Wave propagation

Discrete systems
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Infinite or semi - infinite domains
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Numerical Methods - Vibroacoustics



FEM
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capability of the Eskdalemuir Seismic array. Figure 4 show the results of monitoring a 
turbine tower at Crystal Rig, near Longformacus in Southern Scotland. The 
monitoring was used to determine the fundamental modes of vibration of a NORDEX 
N80 machine, along with a structural interpretation based on subsequent modelling 
results. A Tuned Mass Damper (TMD) system was designed to reduce the power in 
the two second bending moments. It is effective at damping both the 4.1 Hz mode 
related to the 2nd bending mode A and the 4.6 Hz mode related to the 2nd bending 
mode B both of which are particularly problematic for nuclear test monitoring at 
Eskdalemuir. 

 

Figure 4.   Frequency response based on FFT and 
eigenfrequency analysis of vibrations measured at the base 
of Tower 5 at Crystal Rig on a Nordex N80 wind turbine. 
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BEM



FEM or BEM? 

• Knowing the advantages and disadvantages of each method makes it

possible to choose the most appropriate tool for each task.

• P. K. Banerjee: "Changes in the geometric configurations are very

easy to incorporate on a surface mesh. Additionally, most of today's

analysis problems are so complex that engineers would love to have

two vastly different analysis tools ( FEM and BEM) to produce similar

answers."
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Acoustic waves



ACOUSTIC WAVE PHENOMENA

Propagation
Radiation

ScatteringFluid 1 Fluid 2

Fluid 3

Key property: Acoustic Impedance Z

Z = ρ c (plane waves)

Examples: Zsolid >> Zfluid , Zfluid >> Zgas

Reflection - Transmission

Source

Solid layer

Fluid 4
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Sensor
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Mathematical modelling

Density ρ Particle Velocity v

Pressure p

Continuity equation 

Euler’s equationConstitutive Equation

P Bs=

Β: bulk modulus
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• Small amplitude disturbances 

• v << c

• s << 1  

• Adiabatic conditions



ELASTIC WAVES

Bulk waves



ELASTIC WAVES

Surface waves



Mathematical modelling

Displacement u Strain ε

Stress σ

Kinematic (Strain-displacement)

Equation of motion Constitutive Equation

Linear elasticity assumptions
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Equations in the time domain
Elastodynamics

Acoustics
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Frequency domain solutions

2( , ) ( ) ( , ) ( , ) 0       + +   + =u x u x u x

2 ( , t) ( ) ( , t) ( , t)    + +   =u x u x u x

( , t) ( , ) i te =u x u x



Equations in the frequency domain

Elastodynamics

Acoustics
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Coupling acoustic domains
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BEM in acoustics and fluid structure interaction
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INTERIOR ACOUSTICS MULTIPLE SCATTERING
BEM


