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Introduction: Fraunhofer ITWM

Mathematics as a key technology
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Introduction: Fraunhofer ITWM

Scientific Exchange and Mathematical Expertise

— TECHNOLOGY  ——————

"Classical" disciplines "Border areas"
e Fluid dynamics
¢ Image processing

* Numerics _ * Neural networks

e Differential equations Mathematical e Inverse problems

e Stochastics Expertise e SPH

e Optimization of ITWM e System and Control theory

e Queueing theory
e Fluid-Structure Interactions
e Facility location planning

MATHEMATICS
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Introduction: Fraunhofer ITWM

Department "Flow and Complex Structures"

e Simulation of porous
material
- Moisture and heat transport
- Filtration and design of filters

e Virtual material design
- Microstructure simulation
- Resistivity, acoustic absorption

e Filling processes
- Simulation of casting processes
-Fiber reinforced plastics
(Injection moulding)

* Flood & risk management
- Municipal sewer systems
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Introduction: Fraunhofer ITWM

Department "Models and Algorithms in Image Processing”

e Surface inspection
- Structured, also coloured sur-
faces (e.g. wood, paper, steel)
e 3D-Image analysis
- Geometric characterization of
3D-structures
-Modelling of microstructures
- 3D-image processing
e Image / video compression
-Wavelet based methods

e Autonomously working
monitoring systems
-Fast signal processing

- Monitoring for railway systems

RQg)
Audi Fraunhofer Institut

Techno- und
Wirtschaftsmathematik

oz sener
peillilcteesa b o b e




Introduction: Problem

Optimization of the microstructure
of non-woven acoustical trim

Objectives:

e Optimal acoustic absorption spectrum
e High mechanical stiffness

e Light weight

e Easily recyclable material

e Low material and manufacturing costs
e Desired haptics/optics of the product

Acoustic trim for the interior of the car: Application:

Headliner made of fleece Interior of.vehicles,
e.g. headliner
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Introduction: Requirements

Upcoming laws of the EU on end-of life vehicles require at least 85% of
an automobile’s weight to be recycled.

However, the acoustic trim of vehicles is currently produced from
composite materials which are difficult to separate.

The goal of the “Integrated Product Policy” (IPP) project at the
Fraunhofer ITWM and its partners Audi, Sandler, and Faurecia is to
develop improved acoustic trim, which is made of single materials, by
using innovative computer simulations.

Parameters used in the simulations are calibrated with acoustic
measurements on real trims.
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Introduction: IPP

Raw material

Integrated Product
Policy (IPP) Shredding Fibers
The entire life cycle of
a product from its
production up

to its recycling is
considered.

Disassembly Fleece

The effects on the

Utilization . :
environment during the Acoustic trim
o phase of the with decor
entire life of the product vehicle

are taken into account and soft-touch

additionally.

Assembly

Closed product life cycle
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Direct and Inverse Simulation

Direct Simulation

Given:

e Averaged geometric properties of
the microstructure

e Geometry of the product
(in an AutoSEA2 model)

Find:

e Absorption spectrum for the interior
of the vehicle

Simulation steps:

e Stochastic geometry of microstructure

e Fluid dynamics in the microstructure

e Acoustic absorption 1D (material)

e Acoustic absorption 3D (product)

Inverse Simulation

Given:

e Desired absorption spectrum

e Desired geometry of the product
(in an AutoSEA2 model)

Find:

e Optimal material and
its microstructure

Solution steps:

e Precomputing a database for varying
material properties by direct simulation

e Find the best fitting materials from the
database (by using interpolation)
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Direct Simulation: Geometrical properties of the microstructure

Anisotropy
e etc.

Micrograph Model of the microstructure
(from the computer simulation)
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Direct Simulation: Geodict

:_':i-ij:.': Geodict.0c alpha Standard Edition

File Make Expert Help

|H@gw-?§%ﬁ¢>€i‘t~\?| |

Diata Wi

Fealized SWF 3d: 10,1995 2 02049 (C Hilirw ke 248 3 GEOd ICt
I # of Fibers 3d : 2305 2d: 215 C ¥ J'
Components  3d : -- Prlities Cz W-harizontal  Z-wertical .
| e generates stochastic
| microstructures
| (as input for computational
| fluid dynamics)
el g interactively
LA ]
=L * generates 3d surface data
ol for microstructures in
e STL and VRML format
e e o
T T e
vt GUI with cross section of the
{ :,f_'f_’fff._.'im” generated microstructure
* Dutput;
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Direct Simulation: Geodict

B Geodict1.02 Developer Edition
File Make Expert Help

IFEEEEFEXEE Y,

— |nput Parameter

Desired SYF - (0, 1] |n1—
Arisotropy: [0, inf] I'I—
Gamma [0, 05] |n—
Phi: 15 . 0] C
Thetar [0, 2] IU—

e 2 g — p——
wr [ g — p———
Nz [ E — p——
SoaleDeviefion [0

Fhadii:
I NN NN N

Weights :
|D.5 |U.5 |u |u |U

Cutting Plane :
3d: 01001 2d: 0.08302 X HA TS
3d: 101 2d: 24 cy
- 2d: - 12 H-harizantal -vertical

Switch
(e =] [0 =
= |mput & Output W 2D

Input parameters for the
microstructure
e solid volume fraction
e anisotropy model and
directions
e up to 5 different fiber radii
with weighting factors
e fiber length and cross section
e overlapping or non-
overlapping
objects
e resolution in x-, y-, z-
direction

GUI with 3D view on the generated
microstructure
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Direct Simulation: Geodict

Examples of microstructures generated by Geodict
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Direct Simulation: Fluid Flow

g A

Free flow throgh thin fleece of
cylindrical fibers

Input: Stochastic geometry model of
the microstructure from Geodict
(and further material parameters)
Solution of the (Navier-)Stokes equations

Algorithm: Lattice Boltzmann Method (LBM)

Software: PARPAC (Fraunhofer ITWM)

Result: Flow Resistivity
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Direct Simulation: Fluid Flow

Geschwindigkeit (m/és)

12

10 H

'6' MNavier=Stokes 100 v;t’rrl2
== Stokes 100 g/m”

-~ Stokes 122 gim"

== Stokes 75 gim"

= Messung 100 \g.l’rﬂ2
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= Messung 75 g.fmz
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Druckdifferenz (Pa)
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Comparison between
Stokes/Navier-Stokes
computations and
measurements
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Direct Simulation: Akudict

125 160 200 250 315 400 500 630 800 10001250 1600 200025005150 4000 |

Menu | Graph drucken |

D aten speichen | e R R e PR T
[atem| mEartieren |

Flachengewicht
ima:

Akudict is a tool

for the prediction of
that acoustical
absorption, which is
measured in the
impedance tube,

for non-wovens.

] ] [raten Fisieren
b atenalgewicht
lg/mm?] |1 arn

[ Wliesdicke optimisren
Wiesdicke
[rrn] : I1 o

i Stomungswiderstand

Drruick- Geschwin-
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.
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Direct Simulation: Akudict
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Direct Simulation: Alphadict
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Measurements in the
Alpha Cabin are used
to calibrate the absorption
of the acoustical trim
5 in the diffusive field.
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An simple SEA model
of the Alpha Cabin was
implemented.

L -

L_.-
— >

i

H:'I
;t.

L P T=T | ittt | e [V e mreeveiam | [

viiesEEoEE

Fr.aunhlrzn‘erInsﬁItlut

Techno- und
Wirtschaftsmathematik




Direct Simulation: Alphadict

VP3/E9/311 1000 15mm

1':“) T T T T T T
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_ [}
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5 0 _,,-f"' TR Black Measurements:
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Direct Simulation: AutoSEA2
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The influence of the
acoustical trim part on the
acoustical absorption

of the passenger cabin

is modeled by SEA.

A fixed number of acoustic
experiments is considered.
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Inverse Simulation

The computational effort for the direct simulation (especially for the fluid flow
simulation) is very high.

The solution of the inverse problem requires several direct simulations.

Therefore, we compute a database, which contains for varying material parameters
the corresponding absorption spectra in the vehicle, in previous.

By using this database, the solution of the inverse simulation is computed in
few seconds.
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Inverse Simulation: Material Database

<} Database

Data Input Data Display
Product Name

SAVE

EXIT ‘

Polyester Density (kgfcm™3)

Area Weight (g/m~2)

—

No. of Flow Resistivity Measurements

]

No. of KUNDT Measurements [~

Th [mm] AW 200 250 35 400

Th : Thickness AW : Area Weight (g/m”2)

500 630 800 1000 1250 1600 2000 2500 3150 4000 5000 6300 2000 10000

2
sg, ¢ ¢ 0 0 fr ¢ 0 1 ¢ ¢ 1 & & & 1 [ [ &
No. of ALPHA Measurements [5 - Th : Thickness AW : Area Weight (g/m”2)

Th(mm) AW 200 250 315 400 500 630 800 1000 1250 1600 2000 2500 3150 4000 5000 6300 8000 10000
e+ kb j
2
’ -]

Starting Thickness

Step Size

Griginal Thickness

No. of Softtouch Layers |1~

Thickness[mm] Flow Resistivity

No. of Dekor Layers

Thickness[mm] Flow Resistivity

2]

No. of Bending Stiffness i -

Thickness[mm] Bending Stiffness  Price [Euro/mm™2] Matenial

1 | U

| 1 | | |

2| | | |

S| | | |
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The predicted values
for (a) the flow
resistivity,

(b) the absorption
in the impedance
tube and (c) the
absorption in the
Alpha-cabin can be
completed (and also
compared) with
measured data.

GUI for the
material
database




Inverse Simulation: Optimization Database

Input Form for Data Base of Acoustic Absorptions

File Marne: IIdata_base. inp

Data Base Marme: Bbsorption001. db . .
B The Absorption spectrum is

AutaSEAZ File: I_EalphaKabineDhneWand.vaE precomputed for va rylng

Start Frequency: 100 _|| materlal pal’ameters

(design variables) and

End Freaener (w0 =] for fixed experiments.

Mo, of Design Variables: |2_

Design Variables: I.Egiesigﬁibers I_EdesignTreatmentL WWW and Matlab Interfaces
i i are used for SEA-Simulations.
Start End Mo of Walues onlog Scale

Design Variable 1 IE,_SUUU. 0 |_§zuuuuu. 0 I_E_lu o

Design Variable 2 |_§_1.n I_?zu_u I_E_m 0

Design Variable 3 | | |_§_10 0

Design Variable 4 | | |_§_10 0

‘ Write Input File for Data Basel

WWW interface for the generation of the optimization database
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Inverse Simulation: Constraint Minimization Problem

I Restsict Data EXIT |
e i I . . — Input form for the
o ] design of acoustic trim
e | ya | parts (e.g. headliner):
0E |- / -

e e e[ f‘” s § 1. Objective function:

0l - i Desired absorption
[T e Thickness c-l__ nar —/-/ ]

ol / . spectrum

0.1 - .
|—1 ‘= Fit o= I—g, .
B = T B - T T T S T B " S =7 =T 2 ConStra|ntS:
| 0125 | 1.208333 |u21553s |u32|231 |um:lrs |ua39515 | DG5S | 0.A1586 | 0LALSA3 ||:|Bs-12.n | N EFTERR | 085753 Welg h.t
I
Modifp Dosmed Absorption . .
| Bending stiffness,
etc.
¥} Tope Thicknae [mim] AT Euimm*Z BS/m"2
e FIEErE P RE 20 =
0505 \F5_8_2 ] 1474 .
S —— . - GUI for _the sqlt_ltlc_)n o_f the
DR VP S Is T Constraint Minimization
Plol Alyeorption RET=3 WFE_a_311 10 6L

= Problem (CMP)
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Inverse Simulation: Constraint Minimization Problem

r Restrict Data EXIT

IT(- Aiea Weight {-I 1

l-ic- Hamil, SHilmass 'l:'l-—l

Maodily Desired Ahssrpticn |

—— Desired | 7
Hhers

1 1 - L n m——

B00 &30 @00 000 1250 G060 200 2500 Fi50 4000 5000 Ga00

| [ | .20 | 0,275 |ux1z:¢7 | L3076 | [EEz=1 | BTS2 | [T | 084543 ID.B!;le-F | L977EAR | CEEsTE:

The table at the bottom
right side shows the best
fitting materials with
their absorption spectra
plotted in red color.

The desired spectrum is
Plotted in black.

| Q Typa T hisck vz | mam)] LY Eunod/m™2 BS m™2
Plot Desied Absoiption
| 0430523 VPS_S_2 ] | 147+ | = .
| 0.HE 05 “Fa_58_zas (5 | 1091 | SOIUtlon_ Of the . .
| 0 PR i | i | Constraint Minimization
[T=3E] [N 55 1076
Pl Absarptian. i 0131126 YFI_E_3T1 0 1064 - PrOblem (CMP)
r-;,.il—% |
F-ATr. Wil il I o
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Summary

Simulation of the
microstructure

. . . Simulation of the material
Fluid flow simulation )
absorption

ey L] o

Extracting parameters « Searching for optimal Simulation of the
from micrograph fleece acoustical trim
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