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Stable model order reduction of vibro-acoustic
finite element models with poroelastic materials
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Introduction

* Model based virtual sensing
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Introduction

Physics-based model:

« Model based virtual sensing O+ O+ O= O
( ..
Too expensive
[ input ] \ real asset / x
Model order reduction (MOR)
/v Y \ measured(partial field)

A estimated(full field)
predicted(full field) >
> estimated

LState Estimator '
J

pmhysics-bamsed
\__model j
! estimated W=VT-> one-sided MOR

« Stability-preserving MOR?
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Stability-preserving conditions!-2]

« Congruence transform

= 0 and symmetric —— \VA&I = 0 and symmetric

X

« Stability-preservation

Lemma

In a second order system if
= > and =0, = =0,

then this system is stability — preserving under one—sided model order reduction.
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[1,2,3]

Biot's equation in us-ut formulation
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Time-domain porous materials
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Time-domain porous materials
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* Cholesky/LDL decomposition
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Time-domain porous materials
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Numerical experiments

Tab. 1. Coordinates of the geometry points Tab. 2. Properties of the foam

Aluminum plate \ i
+ foam (3mm-+16mm) {\7\ 1 0 0 0 Dens(lty of f_rﬁ)me 16
2 0 0.982 0 !
6
\ F\r Flow resistivity
3 0.778 0.981 0 2 65 000
N ( )
4 0.815 0 0 Shear modulus () 18
Input Outpu't 2 L L s Poisson coefficient 0.3
6 0 0.849 1.082 Porosity 0.99
~_ . 7 0.783 0.848 1.082 Viscous length () 37
8 0815 0 1.15 Thermallength " () 121
'\y‘:f 5 in 0.365 0.528 -0.036 Length ( ) 16
% out 0.269 0483 0.573

Fig.1. Plate-form-cavity system

* Foam: JCA model.
* Frequency range: 20-500 Hz.
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Numerical experiments
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Fig.2. Comparison of the FRFs using the : : :
g P 9 Fig.3. Plate-form-cavity system Fig.4. Poles of the ROM.
COMSOL software and the proposed method.

« COMSOL(Biot’'s model): Frequency-domain model in u-p formulation.

* DOFs: 42159 (frequency-domain model in us-ut formulation)=>96141 (FOM)->137 (ROM).
« Calculate ROM: 540.14s"

10 *Personal laptop: a twelve-core 2.6 GHz processor and 32 GB of RAM.  wecha(trojnic System Dynamics ﬁﬁKE @’-M
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Numerical experiments
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= | ——t » oM o~ Fig.6. Comparison of the FRFs of the frequency-domain model
2 ' ewmark-5 exponenta and the spectrum of the transient response indicated by TD.
0.425 0.43 0.435 0.44 0.445 0.45
Time [s] Tab.3. Computational time for an input with a duration of 5 s.
Fig.5. Transient responses of the FOM and the ROM
Sampling frequency [Hz] Time [s]
0 Enable efficient t ont si ati 44100 Newmark- 48607.3
naple efricient transient simulations. ,
ROM 8192 exponential 0.53
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Conclusions

» Atime-domain model of Biot’s equation is derived.
* The time-domain model satisfies the stability-preserving conditions.

 The reduced order model enable the efficient time-domain simulations of the vibro-acoustic
system with poroelastic materials.
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