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Outline

ÁIntroduction to model reduction

ÁModel reduction for acoustics

ÁCase study: loudspeaker sound field 

1



9th International Conference on Theoretical and Computational Acoustics, Dresden, 20092

Model Order Reduction

ÁRelatively new technology

ÁSolid mathematical background:

ÁApproximation of large scale 

dynamic systems

ÁDynamic simulation:

ÁHarmonic or transient simulation

ÁIndustry application level:

ÁLinear dynamic systems only
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From Finite Elements to System Simulation

ÁElectrothermal Simulation with IGBTs.
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Model Reduction as Projection

ÁProjection onto low-

dimensional subspace

ÁHow to find 
subspace?

ÁMode 
superposition is 
not the best way 
to do it.
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Implicit Moment Matching

ÁPadé approximation

ÁMatching first moments for the 

transfer function

ÁImplicit Moment Matching:

Ávia Krylov Subspace
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MOR for ANSYS: http://ModelReduction.com

FULL files

Linear Dynamic 

System, ODEsCxy

BuKxxExM ###
MOR Algorithm

Small dimensional

matrices

Current version 2.5

ANSYS Model

Simulink,

Simplorer, 

VHDL-AMS 

http://modelreduction.com/
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HDD actuator and suspension system

ÁProf J. S. Han. 

Transactions of the 

KSME, A, Vol. 31, 

No. 5, pp. 541-549, 

2007.
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Model Reduction as Fast Solver

ÁSimulation of the reduced 

model is a few seconds.

ÁArnoldi Process is fast:

ÁTransient and harmonic 

response analysis for the cost 

comparable with that of a 

static solution.

ÁIt is advantageous to use 

MOR even the reduced model 

is used only once:

ÁDesign,

ÁGeometry optimization.
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Finite Element Discretization for Acoustic with FSI

ÁFLUID29/FLUID30 in ANSYS

ÁThe element size should be smaller than wavelength 

ÁHigh dimensional models

ÁUnsymmetric matrices

ÁNot proportional damping: 

Second Order Arnoldi

(SOAR)
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Thesis
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Adhesive Bonded Joint Benchmark

ÁMechanical Structure - SHELL181

ÁAdhesive ïSOLID45

ÁFluid ïFLUID30

ÁSingle excitation point

ÁGlobal and local damping
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Comparison



9th International Conference on Theoretical and Computational Acoustics, Dresden, 200913

Timing

ÁProblem in ANSYS

Á37988 elements, 38712 nodes, 62581 free DoFs

ÁFull solution in ANSYS for 200 frequencies

Á16695 s ï4.6 hours ï83 s per frequency 

ÁProportional to the number of frequencies

ÁMOR for ANSYS

ÁReading ANSYS files ï3 s

ÁModel reduction ï170 s

ÁProportional to the number of vectors

ÁSimulation of the reduced model

Á4 s
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Fluid Structure Interaction at Acoustic Level

By courtesy of Voith Siemens Hydro Power Generation 

GmbH & Co. KG
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Loudspeaker ïCalculation Scheme
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Tymphany Speaker - Modeling

ÁImport of geometry data into ANSYS Workbench

ÁGeometry repair and export to ANSYS classic for further 

processing with NACS interface


