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Partners:

M3NVH - design and analysis of the NVH 

behavior of lightweight panel and material systems 

using advanced CAE tools

material characterization 

for visco-elastic add-on damping layers 

through inverse methods
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M3NVH project goals and overview

main goal: designing lightweight systems with better 

NVH properties

3 important ingredients needed:

1. accurate numerical models to properly represent 

the underlying physics

2. good input data to numerical models, a.o. material 

properties etc.

3. making simulations efficient to be able to address 

material systems of industrial complexity
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main goal: designing lightweight systems with better 

NVH properties

Thin Metallic Plates with Viscoelastic Add-on

Composite Panels 

Flat metallic plates with 

homogenous viscoelastic 

add-on treatment

FRP panel

ñSimpleò treatments ñComplexò treatments 

Curved metallic plates with 

partial viscoelastic add-on 

treatment

FRP panel + viscoelastic 

treatment

+

Application of 

accumulated insight from 

WP1 and WP2

Industrial standardization

M3NVH project goals and overview
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hybrid approaches 

for material characterization

M3 program:

multi-level numerical models

system-level macroscopic performance evaluations

ñin-situò operational material performance

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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experimental approach : DMA testing

Å coupon testing

Å (T-f dependent) E-modulus / loss factor:

representative for eventual stiffness and damping performance ?

hybrid approaches 

for material characterization

https://en.wikipedia.org/wiki/File:DMA_-_Double_frequency-temperature_sweep.png
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hybrid experimental-numerical approach

Å material integrated in system/component

Å vibro-acoustic response data due to dynamic excitation

hybrid approaches 
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hybrid experimental-numerical approach

Oberst beam

KU Leuven 

Soundbox

TME 

tram setup

Å material integrated in system/component

Å vibro-acoustic response data due to dynamic excitation
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hybrid experimental-numerical approach
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hybrid experimental-numerical approach

Å material integrated in system/component

Å vibro-acoustic response data due to dynamic excitation

Å representative numerical system model including material model

Prony series 

(Generalised Maxwell)
Fractional Derivative
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hybrid experimental-numerical approach

Å material integrated in system/component

Å vibro-acoustic response data due to dynamic excitation

Å representative numerical system model including material model

Å ñinvertingòsystem model for unknown material (model) parameters

two approaches

hybrid approaches 

for material characterization

model based

frequency domain 

optimisation

model based

time domain 

Kalman filtering
1 2
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hybrid experimental-numerical approach

Å material integrated in system/component

Å vibro-acoustic response data due to dynamic excitation

Å representative numerical system model including material model

Å ñinvertingòsystem model for unknown material (model) parameters

model based

frequency domain 

optimisation

model based

time domain 

Kalman filtering

two approaches

common model challenges

Å representative

Å computationally efficient 

Å for many parameter values 

hybrid approaches 

for material characterization

1 2
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hybrid experimental-numerical approach
model based frequency domain optimisation

find the ñbestò material properties 

= those material paramters 

that minimise the error     

between measured and 

calculated FRF

ὊὙὊȟ ὊὙὊȟ

ὊὙὊȟ

L. Rouleau,B. Pluymers, W. Desmet, Characterisationof viscoelasticlayersin sandwichlightweightpanelsthroughinversetechniques. NOVEM2015- Noise

andvibration,emergingtechnologies. NOVEM2015. Dubrovnik,Croatia,13-15April 2015.

Numerical model

Compute FRF

Calculate cost function

Convergence?

Compute updated parameters

YES

NO

Experiments

Final estim.

hybrid approaches 

for material characterization

1
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hybrid experimental-numerical approach
model based frequency domain optimisation

Matrix-Free MOR approach for fast numerical FRF calculations

Bare CLD

# Full 

DOF
6482 38601

# 

Iterations
27 11

# freqs

(red.)
54 22

# freqs 

(full)
999 999

speed-

up
18.5x 45.5x

also visit us at the postersession !

CLD

S. Jonckheere, X. Li, W. Desmet, A matrix-free Model Order Reductionschemefor vibro-acousticproblemswith complexdampingtreatments.

Proceedingsof theInternationalConferenceonNoiseandVibrationEngineering. Leuven(Belgium),19-21 September2016. Leuven(Belgium).

bare

hybrid approaches 

for material characterization

1
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hybrid experimental-numerical approach
model based frequency domain optimisation ïexample 1

clamped beam setup

300 x 25 x 3 mm beam

one side treated with 

ΞNitto Legetolex material 

(CLD treatment)

hammer excitation

4
3

2
1

digital counterpart model

beam model 

Ξ (updated from bare   

measurements)

viscoelastic solids

point force excitation

4
3

2

1

hybrid approaches 

for material characterization
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hybrid experimental-numerical approach
model based frequency domain optimisation ïexample 1

Point 1

Aluminium beam with Legetolex CLD: 

model updating (run 1-2-3-4)

similar estimation for storage modulus/loss factor within considered frequency range

with extrapolation mistakes due to viscoelastic model template

hybrid approaches 

for material characterization
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hybrid experimental-numerical approach
model based frequency domain optimisation ïexample 2

similar estimation for storage modulus/loss factor within considered frequency range

with extrapolation mistakes due to viscoelastic model template

DMA Optim1 Optim2

CLD (Nitto legetolex) treated panel on TME set-up

hybrid approaches 

for material characterization

1


