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main goal: designing lightweight systems with better
NVH properties

3 Important ingredients needed:

. accurate numerical models to properly represent
the underlying physics

. good input data to numerical models, a.o. material
properties etc.

. making simulations efficient to be able to address
material systems of industrial complexity
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M3NVH project goals and ¢ ,

main goal: designing lightweight systems|with better
NVH properties

Thin Metallic Plates with Viscoelastic Add-on

Composite Panels
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M3NVH project & B, SIMC

Clusters for Growth

main goal: designing lightweight systems with better
NVH properties

Thin Metallic Plates with Viscoelastic Add-on

Composite Panels
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M3NVH project go & B, sim©

Clusters for Growth

main goal: designing lightweight systems with better
NVH properties

ARSI mpl eo t
I
I

Flat metallic plates with
homogenous viscoelastic

add-on treatment Plates with Viscoelastic Add-on
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M3NVH project goals ‘; & B v

Clusters for Growth

main goal: designing lightweight systems with better
NVH properties

| mpl eo ACompl exo

Flat metallic plates with Curved metallic plates with
homogenous viscoelastic partial viscoelastic add-on

add-on treatment treatment iStiC Add-On

FRP panel FRP panel + viscoelastic
treatment
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M3NVH project goals a1 0 C & B siMmY

Clusters for Growth

main goal: designing lightweight systems with better
NVH properties

Flat metallic plates with Curved metallic plates with Application of
homogenous viscoelastic partial viscoelastic add-on accumulated insight from
add-on treatment treatment WP1 and WP2

FRP panel + viscoelastic
treatment
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Outline

Ahybrid approaches for
modelling/characterization of viscoelastic
add-on materials
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hybrid approaches
) Meress.o,, SIM

for material characteriza -

M3 program:
multi-level numerical models
system-level macroscopic performance evaluations
Aksni t UO oOoper atperformaande mat er i al

M3NVH project:
focus on NVH performance

this presentation:

representative and efficient material models
for proper system-level NVH performance evaluation

material model parameter identification (for visco-elastic material systems
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hybrid approaches
. i i &\ omione. .. SIM
for material characterizatior oo o

7 () = E*(@)e' )

d(t)

A coupon testing
A (T-f dependent) E-modulus / loss factor:
representative for eventual stiffness and damping performance ?
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https://en.wikipedia.org/wiki/File:DMA_-_Double_frequency-temperature_sweep.png

hybrid approaches
i J. - & B, SIM©
for material characterizati i

hybrid experimental-numerical approach

A material integrated in system/component
A vibro-acoustic response data due to dynamic excitation
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hybrid approaches
. i &\ omione. .. SIM
for material characterize oo o

hybrid experimental-numerical approach

A material integrated in system/component
A vibro-acoustic response data due to dynamic excitation

Oberst beam
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hybrid approaches
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for material characterization R

hybrid experimental-numerical approach

A material integrated in system/component
A vibro-acoustic response data due to dynamic excitation
A representative numerical system model including material model
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hybrid approaches
for material characterize

7\ Ranoers Q
& ENTREPRENEURSHIP S I M

Clusters for Growth

hybrid experimental-numerical approach

A material integrated in system/component
A vibro-acoustic response data due to dynamic excitation
A representative numerlcal system model including material model
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= Expenmental data
~ Fractonal decative model
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=  Experdmental data
Generalized Maxwel model |

Stoage modulus [MPa)

Stomge moduus [MPa)

10
Frequency [Hz]

Prony series
(Generalised Maxwell)
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hybrid approaches I
for material characterization
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hybrid experimental-numerical approach

A material integrated in system/component

A vibro-acoustic response data due to dynamic excitation

A representative numerical system model including material model

A fii n v egydtemmgdel for unknown material (model) parameters
two approaches

model based model based
@ frequency domain time domain
optimisation Kalman filtering
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hybrid approaches I
for material characterization
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Clusters for Growth

hybrid experimental-numerical approach

A material integrated in system/component

A vibro-acoustic response data due to dynamic excitation

A representative numerical system model including material model

A fii n v egydtemmgdel for unknown material (model) parameters
two approaches

model based model based
@ frequency domain time domain
optimisation Kalman filtering

common model challenges

A representative
A computationally efficient
A for many parameter values
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hybrid approaches
for material characterization

hybrid experimental-numerical approach @

model based frequency domain optimisation
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find the nNnbesto
\ = those material paramters

that minimise the error
S — Eperiments between measured and
calculated FRF

Numerical model

Calculate cost function

Convergence? H “O!Y "q “O!Y "q H

oY Q

Compute updated parameters

L. RouleauB. Pluymers W. Desmet Characterisationf viscoelastidayersin sandwichlightweight panelsthroughinversetechniquesNOVEM2015- Noise
andvibration,emergingechnologiesNOVEMZOlS Dubrovnik,Croatia,13-15 April 2015
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hybrid approaches
. i &\ omione. .. SIM
for material characterize oo o

hybrid experimental-numerical approach
model based frequency domain optimisation

Matrix-Free MOR approach for fast numerical FRF calculations
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speed-

S. JonckheereX. Li, W. Desmet A matrix-free Model Order Reductionschemefor vibro-acousticproblemswith complex dampingtreatments
Proceedingsf the InternationalConferencen NoiseandVibration EngineeringLeuven(Belgium),19-21 Septembe2016 Leuven(Belgium).
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also visit us at thposter session !
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hybrid approaches
for material characterize
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hybrid experimental-numerical approach
model based frequency domain optimisation T example 1

clamped beam setup
300 x 25 x 3 mm beam
one side treated with
= Nitto Legetolex material
(CLD treatment)
hammer excitation

digital counterpart model
beam model

=  (updated from bare
measurements)

viscoelastic solids
point force excitation
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hybrid approaches .
: : : &\ omione. .. SIM
for material characterizatior oo o

hybrid experimental-numerical approach
model based frequency domain optimisation T example 1

Oberst Beam (optimised) Inverse characterlsatlon results
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Aluminium beam with Legetolex CLD:
model updating (run-2-3-4)

similar estimation for storage modulus/loss factor within considered frequency range
with extrapolation mistakes due to viscoelastic model template
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hybrid experimental-numerical approach
model based frequency domain optimisation T example 2

Optim1 Optim2

Constrained cases (new)
T

Loss Factor [-]
- N

o

CLD (Nitto legetolex) treated panel on TME -sgt I

Frequency [HZz]

similar estimation for storage modulus/loss factor within considered frequency range
with extrapolation mistakes due to viscoelastic model template

Mizcro (:5" i,
Model SIEMENS “ . AL
Mt

NITTO DENKO_TOYOTA  UNYERSTET



