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A bit of history
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AutoSEA 1 product launch

Internoise 1991, Sydney Australia
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AutoSEA 2 product launch

EURONOISE 1998 , Munich, Germany 
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AutoSEA 2 product launch

EURONOISE 1998 , Munich, Germany 
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VA One product launch

Internoise 2005 , Rio de Janairo, Brasil 



9www.esi-group.com

Copyright © ESI Group, 2014. All rights reserved. Blanchet, FE/SEA Coupled, 10 years after …. SIAT2015, Pune, India

VA One product launch

Internoise 2005 , Rio de Janairo, Brasil 
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The right combination of methods…

…for the right frequency domain
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The right combination of methods…

…for the right frequency domain
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Wide range of application worldwide
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Space launcher design

ATA Engineering

VA One sensors
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Space launcher design

Lockheed Martin
Photos: NASA & Lockheed Martin
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Antenna design

NASA Glenn Research Center

Two Diffuse Acoustic 
Field Loadings, one on 

each side

Two Semi-infinite Fluids 
(Free field termination)

Virtual sensors at 

experimental locations
giving “point” responses
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Satellite design

Thales Alenia Space, ESI
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Aircraft design

NASA, Boeing, ESI
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Aircraft Composite panel Transmission Loss

ESI
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High speed train design

Alstom, ESI
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Elevator design

Kingdom tower: 

First 1000m high tower 

http://www.skyscrapercenter.com/jeddah/kingdom-tower/2

• Elevators designed by Kone

• Kone is evaluating „FE/SEA 

Coupled“ for structural and 

acoustic excitation

• Also investigating „CFD/VA 

coupling“ for turbulent flow 

excitation due to high speed of 

elevators
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Submarine design

BAE Systems, Rolls Royce, Fraiser nash, Thales
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Full vehicle analysis - Structureborne

Nissan: partitionning structure in FE and SEA
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Dash Transmission Loss

GM, ESI
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Full vehicle analysis

GM: modeling full structure in FE

24
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Wind noise: Coupling CFD with FE/SEA 

German Working Group: Audi, Daimler, Porsche, VW and ESI 

• Time domain CFD pressure fluctuation…

• Converted into modal forces projected onto FE modes of glass…

• Connected to SEA interior cavity

• Fast and accurate prediction of interior SPL



26www.esi-group.com

Copyright © ESI Group, 2014. All rights reserved. Blanchet, FE/SEA Coupled, 10 years after …. SIAT2015, Pune, India

Wind noise: Coupling CFD with BEM and FE/SEA 
for Hyundai Motor Corporation

Progressive aeroacoustics and aero-

vibroacoustics validation programme 

since 2011 

BMT1 – External aerodynamics and side-
window aeroacoustics spectral 
characterization

BMT2 – Sunroof buffeting; effects of 
aerodynamic and interior structure damping

BMT3 – Internal noise transmission; variable 
speed and yaw conditions

BMT4 – Internal noise transmission; variable 
A-pillar, w/wo mirror designs 

Blind prediction
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AVA Methodologies
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• Statistical Energy Analysis (SEA) is a method for studying diffusion of acoustic and 
vibration energy in a system. 

• At high frequencies modes of a system become localized to various subsystems

• Flow of vibrational energy between coupled subsystems proportional to 
difference in modal energies (average energy per mode). 

• By applying principle of conservation of energy can derive a set of power balance 
equations which govern response of a system in a given frequency band:

What is SEA?

Π12E1

N1

Π in,1 

Πdiss,1

Subsystem - 1

E2

N2

Π in,2 

Πdiss,2

Subsystem - 2

Pin = Pout

Pout = Ptransmitted + Pdissipated
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SEA equations for two subsystems

1

2Π in,1

Πdiss,1= ωη1E1

Πcoupling,12 =ωn1η12(E1/n1 – E2/n2) 

Input power 

Damping loss factor

Coupling loss factor

Modal density

Πin,1 = Πdiss,1+ Πcoupling,12

Power balance equation for subsystem 1
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SEA equations for two subsystems

1

2

Π in,2 = 0

Πdiss,2= ωη2E2

Πcoupling,21 =ωn2η21(E2/n2 – E1/n1) 

Πin,2 = Πdiss,2+ Πcoupling,21

Power balance equation for subsystem 2
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1

2

System with millions of nodal dofs has one energy dof per subsystem

SEA equations for two subsystems
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The SEA equations

Πdiss,1= ωη1E1

Πdiss,2= ωη2E2Π in,1

Πcoupling,12 =ωn1η12(E1/n1 – E2/n2) 
Πcoupling,21 =ωn2η21(E2/n2 – E1/n1) 
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• Observations:

‣ Small matrix (k x k for k subsystems)

‣ Using Ni the matrix is symmetric

‣ Usually well-conditioned

‣ No information on natural frequencies and modes shapes

‣ Resolving only updates small parts, solves quickly

[ ] PE =ηω

SEA equations for k subsystems

Matrix of coupling and

damping loss factors

Vector of unknown 

subsystem energies

Vector of

power 

excitation



















=























×


































 +−








 +−

−−






 +

∑

∑

∑

≠

≠

≠

Nin

in

N

N

i
NiNNNN

i
i

NN
i

i

P

P

n
E

n
E

nn

nn

nnn

,

1,
1

1

1
11

1
2222112

1221
1

1111

....

....

....

....

........

................

........

....

ηηη

ηηη

ηηηη

ω



33www.esi-group.com

Copyright © ESI Group, 2014. All rights reserved. Blanchet, FE/SEA Coupled, 10 years after …. SIAT2015, Pune, India

33

Wavefields: Flexural,Shear & Extensional

Structural Subsystem Energy:

Definition of a SEA Subsystem

E1= <V2>sp m

Mean square vibration

Panel mass

E2= <P2>sp V /(ρc2)
Mean square pressure

Cavity volume

Fluid properties

Subsystem: A group of similar modes (e.g. flexural, in-plane, acoustical) in some section 

of the system that are capable of storing, transmitting or dissipating significant amount 

of energy.

Acoustic Subsystem Energy:

Wavefields: Pressure
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|v/F |

fl
Lower Band

Limit

ffu
Upper Band

Limit

fc
Band Center
Frequency

Frequency Bandwidth

∆f = fu − fl
Modal

Bandwidth
fiηi

δf
Modal

Spacing

ffN ∆=  in modes ofnumber )(

)(2
)(

)( ωπn
f

fN
fn =

∆
=

Modes in Band

Modal Density

Energy storage:
Modes in Band and Modal Density
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Modes representation

FEM: 
Modes are represented by eigen values and eigen vectors

SEA
Modes are represented by modal density

Frequency

Source Cavity
F Panel

Source Cavity
F Panel

Source Cavity
F Panel

19 Hz 127 Hz 586 Hz
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Introduction to FE/SEA Coupled

Each SEA subsystem represented in terms of superposition of 

a direct field and a reverberant field.

Direct field

Component of response 

associated with direct field 

radiation from connections -

deterministic

Reverberant field

Component of response associated 

with reflections from boundaries of 

subsystem and blocked 

connections – statistical
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Introduction to FE/SEA Coupled

Direct vs reverberant field

37

=

direct field 
impedance

reverberant 
loading

FE Frames

SEA panels
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Total response is sum of response to FE external excitation AND reverberant 

loading from each SEA subsystem

Full frequency analysis Sff

Sxx,0

Sff,rev

Sff,rev

Sff,rev

Dynamic stiffness of SEA subsystem

where

Response due to FE external excitation

Pin3

Pin2

Pin1

FE SEA
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Evolution of the use of „FE/SEA Coupled“

In the automotive industry

• Structure in FE and SEA 

• Cavity/NCT in SEA

• Model building slow (weeks)

• Computation fast (~4 hours)

• VA Expert needed

• Structure in FE only

• Cavity/NCT in SEA

• Model building fast (days)

• Computation slower (~16 hours)

• Junior engineer needed
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Conclusion

• FE/SEA Coupled has been validated in various industries

• It is widely used on a day to day basis at numerous customers

• It reduces computation time

• It opens up new possibilities where FE was quite limited

• Automation of model building process is under way

• Possible today to create Fully-Coupled Multi-Domain models 
which include several methods

• Promising future ahead…
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