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Library off Analysis & Simulation TTeols

Finite Element Method (FEM)

Boundary-Element Method (BEM)

Inverse Boundary Element Method (1BEM)

Statistical Energy Analysis (SEA)

Hybrid FEM / SEA Analyses

Coupled FEM /" BEM Analyses
-..Acoustic_Raytracing

Poro-elastic Models (PEM)
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Beundary Element Method

Typical applications
Body interior cavities & interior trim
Powertrains—=exterior radiation
Tires.—exterior-radiation

Typical frequency range — 10-to 500 Hz

Advantages
Easierto-model-=-only-surface-geometries

Disadvantages

Bestitor solids only

Generally-requires-prior-knowiedge
of surface yelocities

Selution times as léngthy as
finite~element-analysis

[High computing pewer needed

! El E ! Image courtesy of ESI Group

Image-courtesy-of LMS




Inverse Boundary Element Method

Typical applications

Powertrains — surface velocities
Tires-—surface-velocities

Typical frequency range — 10 to 500 Hz

Images courtesy of U. of Kentucky

Requires input’of.sound._pressures
at-measured.-field_points

Advantages
Easier to model — only surface geometries

Disadvantages

Best.for.solids.only.

Solution times as lengthy as
figite element analy/sis

High-computing-pewer-needed
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Hybrd FEM 7 SEA Methed

Typical applications

Complete vehicle models

Typical-frequency range— 1.0-to-10k Hz
Advantages

Neary-full-frequency range

Disadvantages

Emernging=technelegy-—
Not.much.experience.yet
with' this teghnology
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Coupled EEMI 7 BEV

Typical applications
Complete vehicle models
. Structure modeled by FEM
Interior-cavities and/or-exterior spaces modeled by BEM

Typical frequency range = 10 to 200 Hz

Adyvantages
Easier to model interior cavities

Disadvantages

l=0Rg=Selutign=ties—-Rouis
to days

High computing pewer needed
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Acoustic Raytracing Method

Typical applications
Body_interior_cavities

Typical-frequency range— 20-to-10k Hz

Advantages

Relatively-fast selution-times
Moderate computer requirements

Usefull for audio design & speaker
placements

Disadvantages

Does not usually factor diffraction
effects int@ predicted respofse

Sound-ABsorption effects only
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Pore-elastic Material Modeling

- Typical applications

Flat, single or multilayer material'models

- —Typical-frequency range— 100-to 10k Hz
- _Advantages

Selves-very-guickly-(secends)
Minimal computer needs

Can easily simulate many
material conibinations

Canjinverselcalculate
material“parameters

-/ Disadvantages

i

@niyflat materialsyat
present can be m@deled

Verification and Simulation

Images courtesy of ESI"Group

4 ) e



Ul Venicle Miodels - Frequency Ranges
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Viaterial Models - Freguency Ranges
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Program Developmenit Process

Concept & Planning

—s Design & Development

Voice of the

Validation

Customer :
Production

Tools:

Approx. SEA SEA

Hybrid FEM / BEM / SEA
Approx. EEM / SEA

['BEM /' Hybrid SEA

% Hylrd EEM Y/ BEM/"SEA

FEM / Poro-elast. Mat’l







Summary - Design Tools fer Acoustics

- Overall'advantages

Virtual protetyping-/ Simultaneous_engineering
- Improved-initial concept development
-_Acoustic feedback during design_process
- Fewer acoustic surprises at prototype vehicle
- Improved.cost-& weight control./ optimization
- ~“Shorter development time / fewer dev. vehicles

+—~Modeling-Trends

Improyed analytical te@ols / hyprid agproaches
Impraved intégrationjwithin engineering proGesses
Improved hardware & grid cormputingypower

Improved software interfaces / usability

Optimizatioy strategies are beigg adopted
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