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Overview
Lecture on Numerical Simulation on Coupled Field Problems

Fluid-Structure-Acoustics
Piezoelectricity
Magnetomechanics
MHD and Porous Media (Marco Discacciati)

Workshop on (together with B. Kaltenbacher)
Direct and Inverse Problems in Piezoelectricity

Computation of thin (flat) structures (D. Braess)
Mechanical structures
Piezoelectric structures

Perfectly matched layers (PMLs) (J. Schöberl)
Splitting approach
Analytic continuation approach
Time domain approach

Further cooperations



Computation of thin (flat) Structures (I)

Reissner-Mindlin-formulation

Appropriate mixed formulation



Computation of thin (flat) Structures (II)

Instead of mixed formulation, solve 

Arnold & Brezzi

Chapell & Stenberg

Computes mean value 
over each element



Computation of thin (flat) Structures (III)

3D formulation 



Computation of thin (flat) Structures (IV)

Plate: 2a x 2b, a= 20mm, b=10mm, t=0.2mm



Computation of thin (flat) Structures (V)

Plate: R=,20mm  t=0.2mm 



Computation of thin (flat) Structures (VI)

Plate with piezoelectric layer: a=20mm, b=10mm, 
t1,2=0.1mm



Computation of thin (flat) Structures (VII)

Plate with piezoelectric layer 
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Fine grid (quad-BK)
Coarse grid quad-BK
Coarse grid quad



Perefectly Matched Layer (I)

Idea of Berenger: Splitting of physical quantities

PDE: linear acoustics

Splitted formulation 



Perfectly Matched Layer (II)

Analytic continuation of solution (Teixeira, Chew)

Acoustic PDE (Helmholtz) 



Perfectly Matched Layer (III)
Reflection coefficient

Choice of damping factor (                 )
Constant

Quadratic distance weighting

Inverse distance weighting



Perfectly Matched Layer (IV)
2D plane wave: grid 1 PML-layer

acoustic-domain

Discretization: linear FE



Perfectly Matched Layer (V)
2D plane wave: grid 2 PML-layer

acoustic-domain

Discretization: linear FE



Perfectly Matched Layer (VI)
Error plots

Grid 1

Grid 2



Perfectly Matched Layer (VII)
3D example:



Perfectly Matched Layer (VIII)
Time domain ansatz:

Convolution:



Further Cooperations (I)
G. Of:

Paper on Fast Boundary Element Methods for Electrostatic 
Field Computations

FE/BE for Maxwell (eddy current case)
Magnetic vector potential in solid parts (FE)

Magnetic scalar potential in air-regions (BE)

We follow ideas of M. Kuhn and O. Steinbach

M. Liebmann
Explicit time integration algorithm for acoustic wave equation



Further Cooperations (II)
J. Kraus:

Test of his AMG for large mechanical problems

Adapt his AMG for Maxwell (edge element discretization)

M. Nader:

Control of flexible structures by piezoelectric patches


