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Astrium Space TransportationMID AND HIGH FREQUENCY VIBROACOUSTIC PREDICTION 

BY ENERGETIC METHODS
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2 - ANALYSIS OF MID AND HIGH FREQUENCY VIBROACOUSTIC  
RESPONSE OF STRUCTURES – METHODOLOGY
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LOW FREQUENCY RANGE HIGH FREQUENCY RANGE

MID FREQUENCY RANGE

ANALYSIS OF THE VIBROACOUSTIC RESPONSE OF STRUCTURE S

Classical Modal Analysis
Boundary Element Method Statistical Energy Analysis SEA
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ANALYSIS OF THE VIBROACOUSTIC RESPONSE OF STRUCTURE S

SEA ANALYSIS

Decomposition of a
structural configuration
into subsystems
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In steady state  :
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Fondamental relation of SEA :

hhhh i,j Coupling Loss Factor CLF
Between subsystems i, j

ANALYSIS OF THE VIBROACOUSTIC RESPONSE OF STRUCTURE S

SEA ANALYSIS
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Matricial equation of energy balance

Total dissipation loss factor of subsystem i
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MAIN DIFFICULTIES :

- PREDICTION OF MID FREQUENCY VIBROACOUSTIC RESPONSE

- ESTIMATE OF HIGH FREQUENCY STRUCTURE-BORNE TRANSMIS SION
FOR COMPLEX COUPLED STRUCTURES
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FLUID/ STRUCTURE INTERACTION

HIGH FREQUENCY RANGE

STATISTICAL ENERGY ANALYSIS
SEA

LOW FREQUENCY RANGE

FINITE ELEMENT METHOD FEM
CLASSICAL MODAL ANALYSIS/BEM

MID FREQUENCY RANGE

FEM/SEA HYBRID METHOD

ANALYSIS OF THE VIBROACOUSTIC RESPONSE OF STRUCTURE S
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FLUID/ STRUCTURE INTERACTION

HIGH FREQUENCY RANGE

STATISTICAL ENERGY ANALYSIS
SEA

LOW FREQUENCY RANGE

FINITE ELEMENT METHOD FEM
CLASSICAL MODAL ANALYSIS/BEM

ANALYSIS OF THE VIBROACOUSTIC RESPONSE OF STRUCTURE S

HIGH FREQUENCY STRUCTURE-BORNE
TRANSMISSION

FEM/SEA HYBRID METHOD
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MAIN DIFFICULTIES :

- PREDICTION OF MID FREQUENCY VIBROACOUSTIC RESPONSE

- ESTIMATE OF HIGH FREQUENCY STRUCTURE-BORNE TRANSMIS SION
FOR COMPLEX COUPLED STRUCTURES

METHODOLOGY :

-��� � DEVELOPMENT OF NUMERICAL POWER INJECTION METHOD PIM FOR THE
ESTIMATE OF HIGH FREQUENCY STRUCTURE-BORNE TRANSMIS SIONS

-��� � DEVELOPMENT OF SEA-LIKE METHOD FOR MID FREQUENCY
VIBROACOUSTIC PREDICTIONS
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Finite Element Modelling

Energetic Model

High Frequency 
Modeling

Mid Frequency 
Modeling

SAME SUBDIVISION INTO SUBSYSTEMS FOR SEA AND SEA-LI KE MODELINGS

ANALYSIS OF MID AND HIGH FREQUENCY VIBROACOUSTIC 
RESPONSE OF STRUCTURES - METHODOLOGY

SEA-Like Model
SEA&

Numerical PIM
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METHODOLOGY FOR THE ANALYSIS OF THE ESTIMATE
OF HIGH FREQUENCY STRUCTURE-BORNE TRANSMISSIONS
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Excitation of subsystems one by one by known forces
and measurerment of the response

EXPERIMENTAL POWER INJECTION METHOD PIM

INDIRECT COUPLING NOT TAKEN INTO ACCOUNT (PROPER SE A MODEL)
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METHODOLOGY FOR THE ANALYSIS OF THE ESTIMATE
OF HIGH FREQUENCY STRUCTURE-BORNE TRANSMISSIONS

NUMERICAL POWER INJECTION METHOD PIM

Excitation of subsystems one by one 
by known forces and estImate of the 
response using the Finite Element
Method FEM
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VIBROACOUSTIC RESPONSE OF STRUCTURES
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SEA-LIKE METHOD

INFLUENCE COEFFICIENT DEPENDENT ON THE DAMPING IN SUBSYSTEMS
INDIRECT COUPLING TAKEN INTO ACCOUNT

INDIRECT COUPLING IS TAKEN INTO ACCOUNT
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VIBROACOUSTIC RESPONSE OF STRUCTURES
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At high frequencies,
the following relation
has to be asymptotically
satisfied:
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SEA - SEA-LIKE METHOD
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NUMERICAL POWER INJECTION METHOD PIM/SEA-LIKE METHO D

Rain on the roof excitation

��� �
¥¥¥¥

-¥-¥-¥-¥====

--------====
i

iii )xx()tt(fF dddd

(((( )))) (((( )))) (((( ))))'yy'xx;'yy,'xxC --------====-------- ddddddddwwww

Excitation : Rain on the Roof

Correlation function

CLF AND IEC ARE PROVIDED BY FE COMPUTATIONS BY EXCI TING THE FE MODEL

METHODOLOGY FOR EXCITING THE STRUCTURE
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NUMERICAL POWER INJECTION METHOD PIM/SEA-LIKE METHO D

Main difficulties :

- How to determine the number
of point loads required to excite 
all modes?

� Influence circle method:
Each point load influences a circle
of radius rrrr inf :

D
s

inf
rrrr

wwww

pppp
rrrr ====

-How to distribute the loads?
-Optimised Latin Hypercuvbe OLH scheme, which leads to an optimal
repartition of loads on subsystems

r

METHODOLOGY FOR EXCITING THE STRUCTURE
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SEA MATRIX

SEA-Like MATRIX

CLF

IEC

METHODOLOGY FOR EXCITING THE STRUCTURE

Power input provided
by ‘rain on the roof’
excitation
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VEB divided into 5 subsystems

Excited Subsystems:
5 excited subsystems

Number of loads:
30 nodes per subsystem

Type of Loads:
Rain on the roof. Spacially 
and temporally decorrelated

ARIANE 5 VEHICLE EQUIPMENT BAY VEB

APPLICATION TO AN INDUSTRIAL CASE
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Rain on the roof excitation

Computation in time domain. Dirac Excitation
Dt = 0.1 ms, F = 1KN

Time domain

Frequency domain

Computation duration: 40ms
(Explicit code: RADIOSS)

Computation time : 5 hours 
per excitation case

ARIANE 5 VEHICLE EQUIPMENT BAY VEB

APPLICATION TO AN INDUSTRIAL CASE
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ARIANE 5 VEHICLE EQUIPMENT BAY VEB

APPLICATION TO AN INDUSTRIAL CASE

CLF between subsystems 3 and 4
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INVESTIGATION ON EQUIVALENT CORRELATION FUNCTIONS A S FOLLOWS:

)().().(C);,(C hhhhddddzzzzddddwwwwwwwwhhhhzzzz ====

EQUIVALENCE PERFORMED IN THE WAVENUMBER SPACE

EQUIVALENT CORRELATION FUNCTION AVERAGED 
IN THE WAVENUMBER SPACE
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wwww
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--------====

AN EXAMPLE : LAUNCH VEHICLES ARE SUBJECTED TO LIFT-O FF 
AND AERODYNAMIC NOISE

HOW TO ACCOUNT FOR THESE EXCITATIONS?

METHODOLOGY OF ESTIMATING THE RESPONSE TO REAL 
EXCITATIONS IN THE MID FREQUENCY
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Astrium Space Transportation
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SEA-Like MATRIX

CORRECTION BY THE EQUIVALENT FUNCTION TO OBTAIN THE  RESPONSE 
TO THE REAL EXCITATION

EQUIVALENT FUNCTION

METHODOLOGY OF ESTIMATING THE RESPONSE TO REAL 
EXCITATIONS IN THE MID FREQUENCY
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Rain on the roof excitation

��� �
¥¥¥¥

-¥-¥-¥-¥====

--------====
i

iii )xx()tt(fF dddd

(((( )))) (((( )))) (((( ))))'yy'xx;'yy,'xxC --------====-------- ddddddddwwww

Excitation : Rain on the Roof

Correlation function

IN REAL LIFE, EXCITATIONS ARE NOT ‘RAIN ON THE ROOF ’ ONES

CLF AND IEC ARE PROVIDED BY FE COMPUTATIONS BY EXCI TING THE FE MODEL

METHODOLOGY OF ESTIMATING THE RESPONSE TO REAL 
EXCITATIONS IN THE MID FREQUENCY
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Astrium Space Transportation CONCLUSION

A METHODOLOGY FOR PREDICTING MID AND HIGH FREQUENCY
STRUCTURE-BORNE TRANSMISSIONS, BASED ON HYBRID METH OD
HAVE BEEN DEVELOPED

SATISFACTORY RESULTS OBTAINED FOR INDUSTRIAL CASE

NEXT STEP: TO DEVELOP A METHODOLOGY FOR PREDICTING 
MID FREQUENCY FLUID/STRUCTURE INTERACTION


