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!"342!#4� )N ORDER TO IMPROVE THE NUMERICAL PREDICTION ROBUSTNESS OF THE VEHICLE MODELS� ONE INTRODUCES A
MODEL OF RANDOM UNCERTAINTIES WITH THE NON
PARAMETRIC APPROACH� 3UCH AN APPROACH TAKES INTO ACCOUNT DATA
ERRORS AS WELL AS MODEL ERRORS� 4HIS PAPER DEALS WITH CLASSICAL LOW FREQUENCY VIBROACOUSTIC MODELLING SUCH AS
USED FOR BOOMING NOISE PREDICTION� 7E ARE ESPECIALLY INTERESTED IN VIBROACOUSTIC COUPLING UNCERTAINTIES WHICH
ARE RELEVANT TO MODEL ERRORS� )NTRODUCING TWO DIFFERENT mUID
STRUCTURE INTERFACE MESHES� TWO ESTIMATIONS OF
ACOUSTIC ENERGY ARE COMPUTED� !PPLYING RANDOM UNCERTAINTIES ON THE COUPLING INTERFACE� THE RESULTS SHOW THAT
THE NON
PARAMETRIC APPROACH OF VIBROACOUSTIC COUPLING UNCERTAINTIES IS ABLE TO MODEL THIS CLASS OF UNCERTAINTIES�

� ).42/$5#4)/.

)N AUTOMOTIVE INDUSTRY� NUMERICAL SIMULATION IS INTEN

SIVELY USED TO PREDICT THE DYNAMICAL BEHAVIOR OF VE

HICLES� #OMPUTATIONAL MEANS CAPACITY HAS INCREASED
IN THE LAST LAST YEARS� ALLOWING MODELS MORE AND MORE
DETAILED TO BE RUN� BUT THERE IS STILL A NEED FOR DESIGN
TOOLS THAT ARE ABLE TO PROVIDE ROBUSTNESS OF THE MODELS�
(ENCE� TO IMPROVE THE ROBUSTNESS OF THE MODELS� ONE
HAS TO INTRODUCE UNCERTAINTIES IN NUMERICAL COMPUTA

TIONS� 5NCERTAINTIES CAN BE CLASSIlED INTO TWO CLASSES�

��	 $ATA UNCERTAINTIES WHICH CONCERN THE PARAME

TERS OF THE MECHANICAL MODEL SUCH AS THE GEOMETRI

CAL PARAMETERS� THE PARAMETERS ALLOWING THE BOUND

ARY CONDITIONS TO BE PRESCRIBED� THE CONSTITUTIVE EQUA

TIONS� ETC�

��	 -ODEL UNCERTAINTIES WHICH ARE INTRODUCED DUR

ING THE CONSTRUCTION OF THE MODEL� THE CONSTRUCTED
MODEL CANNOT EXACTLY REPRESENT A STRUCTURE AS COMPLEX
AS A CAR BODY FOR INSTANCE� DUE TO THE INTRODUCTION OF
APPROXIMATIONS AND SIMPLIlCATIONS WHICH MAKE THE
MODELING PRACTICABLE� 4HIS CLASS OF UNCERTAINTIES IS
NOT RELEVANT TO THE PARAMETRIC APPROACH BECAUSE� BY
DElNITION� THE MODEL UNCERTAINTIES CANNOT BE TAKEN
INTO ACCOUNT BY THE PARAMETERS OF THE MODEL UNDER
CONSIDERATION�

&OR A CLASSICAL LOW
FREQUENCY VIBROACOUSTIC MODEL
OF A CAR� UNCERTAINTIES MAY AFFECT THE STRUCTURAL PART�
THE ACOUSTIC CAVITY� OR THE COUPLING INTERFACE� 4HIS PA

PER IS ESPECIALLY DEDICATED TO THE SPECIlC CASE OF COU


PLING INTERFACE UNCERTAINTIES� #ONSIDERING DIFFERENT IN

TERFACE MESHES WILL LEAD TO DIFFERENT COMPUTATIONS OF
A GIVEN ACOUSTIC QUANTITY� (OW CAN WE TAKE INTO AC

COUNT THESE ERRORS� AND IN A MORE GENERAL WAY� HOW
CAN WE ACCOUNT FOR EFFECTS THAT LIE AT THE COUPLING IN

TERFACE�

2ECENTLY� A NEW APPROACH CALLED THE NON

PARAMETRIC APPROACH HAS BEEN INTRODUCED TO MODEL
RANDOM UNCERTAINTIES ;3OIZE #� ������ ����� ����	=�
4HIS APPROACH� ALLOWING THE DIRECT CONSTRUCTION OF A
PROBABILISTIC MODEL OF A MATRIX MODEL �MODAL REDUC

TION	 OF THE STRUCTURE� DOES NOT REQUIRE IDENTIFYING THE
NUMEROUS UNCERTAIN PARAMETERS AS USUALLY DONE FOR
PARAMETRIC APPROACH BUT IS GOVERNED BY A SINGLE UN

CERTAINTY PARAMETER�

!N IMPLEMENTATION OF THE NONPARAMETRIC APPROACH
IN THE CASE OF ACOUSTIC ENERGY PREDICTION FOR AN IN

DUSTRIAL MODEL OF VEHICLE IS PRESENTED IN THIS PAPER�
4HIS INCLUDES THE ADAPTATION OF THE NONPARAMETRIC AP

PROACH TO VIBROACOUSTIC PROBLEMS� 3INCE� WE ARE INTER

ESTED IN VIBROACOUSTIC COUPLING ERRORS USING THE NON

PARAMETRIC APPROACH OF UNCERTAINTIES� WE INTRODUCE
COUPLING UNCERTAINTIES BY USING TWO DIFFERENT INTER

FACE MESHES LEADING TO TWO COMPUTATIONS OF ACOUSTIC
ENERGY� &INALLY� RANDOM ACOUSTIC ENERGY IS COMPUTED�
AND ITS CONlDENCE REGION IS NUMERICALLY CONSTRUCTED�
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��� &INITE ELEMENT DISCRETIZATION

4HE lNITE ELEMENT METHOD ;:IENKIEWICZ /�#� AND
AL� �����	= IS USED TO SOLVE NUMERICALLY THE CLASSI

CAL EQUATIONS OF A STRUCTURAL
ACOUSTIC BOUNDARY VALUE
PROBLEM� 7E CONSIDER A lNITE
ELEMENT MESH OF THE
STRUCTURE AND OF THE INTERNAL mUID � ,ET

BE THE COMPLEX VECTOR OF THE DE

GREES OF FREEDOM �$/&	 OF THE STRUCTURE CORRESPOND

ING TO THE lNITE ELEMENT DISCRETIZATION OF THE DISPLACE

MENT lELD � ,ET BE THE COMPLEX
VECTOR OF THE $/& OF THE mUID CORRESPONDING TO
THE lNITE ELEMENT DISCRETIZATION OF THE PRESSURE lELD
� 4HEREFORE� THE lNITE ELEMENT DISCRETIZATION OF THE

BOUNDARY VALUE PROBLEM IN TERMS OF AND ;/HAYON
2� AND AL� �����	= YIELDS THE FOLLOWING MATRIX EQUA

TION

��	

WHERE IS THE DYNAMICAL STIFFNESS MATRIX OF
THE STRUCTURE WHICH IS A SYMMETRIC COMPLEX
MATRIX SUCH THAT

IN WHICH � � ARE THE MASS� DAMP

ING AND STIFFNESS MATRICES OF THE STRUCTURE IN VACUO�
-ATRIX IS A POSITIVE
DElNITE SYMMETRIC

REAL MATRIX� AND ARE SEMIPOSITIVE

DElNITE SYMMETRIC REAL MATRICES� )N %Q� ��	�

IS THE DYNAMICAL STIFFNESS MATRIX OF THE
ACOUSTIC mUID WHICH IS A SYMMETRIC COM

PLEX MATRIX SUCH THAT

IN WHICH � � ARE THE MASS� DAMP

ING AND STIFFNESS MATRICES OF THE CAVITY WITH lXED COU

PLING INTERFACE� -ATRIX IS A POSITIVE
DElNITE
SYMMETRIC REAL MATRIX� AND
ARE SEMIPOSITIVE
DElNITE SYMMETRIC REAL
MATRICES�

-ATRIX IS THE VIBROACOUSTIC COUPLING MATRIX
WHICH IS A REAL MATRIX� 4HE VIBROACOUSTIC
COUPLING MATRIX RESULTS FROM THE DISCRETIZATION OF THE
SESQUILINEAR FORM �
WHICH ACCOUNTS FOR THE CONTINUITY OF THE PRESSURE
AND DISPLACEMENT lELDS AT THE mUID STRUCTURE INTERFACE
�WHERE DENOTES THE mUID
STRUCTURE INTERFACE 	�

)NTRODUCING THE CHANGE OF VARIABLE �

%Q� ��	 CAN BE REWRITTEN AS THE FOLLOWING SYMMETRIC
MATRIX EQUATION�

��	

��� 2EDUCED MATRIX MODEL OF THE STRUCTURAL
ACOUSTIC
SYSTEM

4HE STRUCTURAL MODES IN VACUO AND THE ACOUSTIC MODES
OF THE CAVITY WITH lXED COUPLING INTERFACE ARE CALCU

LATED BY SOLVING THE TWO GENERALIZED EIGENVALUE PROB

LEMS�

��	

��	

4HE EIGENVECTORS VERIFY THE USUAL ORTHOGONAL PROP

ERTIES ;"ATHE +�*� AND AL� �����	� $AUTRAY 2� AND AL�
�����	=� 4HE STRUCTURE IN VACUO HAS SIX RIGID BODY
MODES CORRESPONDING TO A ZERO EIGENVALUE AND
STRUCTURAL MODES� 3INCE WE ARE ONLY INTERESTED IN THE
ELASTIC DEFORMATION OF THE STRUCTURE� THE STRUCTURAL DIS

PLACEMENT IS WRITTEN AS

��	

IN WHICH IS THE REAL MATRIX WHOSE
COLUMNS ARE CONSTITUTED OF THE STRUCTURAL MODES AS

SOCIATED WITH THE lRST POSITIVE EIGENVALUES �THE
lRST STRUCTURAL EIGENFREQUENCIES	� 4HE INTERNAL ACOUS

TIC CAVITY HAS ONE CONSTANT PRESSURE MODE AND
ACOUSTIC MODES� 4HE INTERNAL ACOUSTIC PRESSURE IS WRIT

TEN AS

��	

IN WHICH IS THE REAL MATRIX WHOSE
COLUMNS ARE CONSTITUTED ��	 OF THE CONSTANT PRESSURE
MODE ASSOCIATED WITH ZERO EIGENVALUE AND ��	 OF THE
ACOUSTIC MODES ASSOCIATED WITH THE POSITIVE EIGENVAL

UES �THE lRST ACOUSTICAL EIGENFREQUENCIES	� )T
SHOULD BE NOTED THAT THE CONSTANT PRESSURE MODE IS
KEPT IN ORDER TO MODEL THE QUASI
STATIC VARIATION OF THE
INTERNAL mUID PRESSURE INDUCED BY THE DEFORMATION OF
THE COUPLING INTERFACE ;/HAYON 2� AND AL� �����	=�

5SING %QS� ��	 AND ��	� THE PROJECTION OF %Q� ��	
YIELDS THE MEAN REDUCED MATRIX MODEL OF THE
STRUCTURAL
ACOUSTIC SYSTEM�

��	
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7E CONSIDER ONLY UNCERTAINTIES ON THE VIBROACOUSTIC
COUPLING MATRIX� 4HESE UNCERTAINTIES ARE INDUCED BY
MODEL ERRORS ASSOCIATED WITH INCOMPATIBLE GEOMETRIES
OF THE STRUCTURAL PART AND ACOUSTIC CAVITY� $UE TO THE
PRESENCE OF MODEL ERRORS� THE USUAL PARAMETRIC PROBA

BILISTIC APPROACH WHICH IS PERFECTLY ADAPTED FOR MOD

ELING DATA ERRORS� CANNOT BE USED FOR MODELLING MODEL
ERRORS� 3UCH A NON
PARAMETRIC PROBABILISTIC METHOD
HAS BEEN PROPOSED IN ;3OIZE #� ������ ����� ����	=
AND IS USED BELOW�

&ROM THIS POINT� THE STRUCTURAL
ACOUSTIC SYSTEM WILL
BE NAMED MEAN STRUCTURAL
ACOUSTIC SYSTEM IN OPPOSI

TION TO THE STOCHASTIC STRUCTURAL
ACOUSTIC SYSTEM DE

SCRIBED BELOW� 4HE lRST STEP� IN ORDER TO USE THE NON

PARAMETRIC APPROACH� IS TO FACTORIZE THE MEAN REDUCED
COUPLING MATRIX�

��� &ACTORIZATION OF THE REDUCED VIBROACOUSTIC COU

PLING MATRIX OF THE MEAN STRUCTURAL
ACOUSTIC
SYSTEM

&OR MOST OF VIBROACOUSTIC PROBLEMS� COUPLING MA

TRIX IS RECTANGULAR DUE TO DIFFERENT MODAL DENSITIES
FOR THE STRUCTURAL AND ACOUSTIC PARTS IN A GIVEN FRE

QUENCY BAND� 4HE FOLLOWING FACTORIZATION METHOD FOR
RECTANGULAR MATRICES HAS BEEN PROPOSED IN ;3OIZE #�
�����	=�

,ET � BE THE SET OF ALL THE REAL MA

TRICES� ,ET BE A RECTANGULAR MATRIX IN FOR
WHICH ITS NULL SPACE IS REDUCED TO �� 4HEN� CAN BE
WRITTEN AS

��	

IN WHICH THE RECTANGULAR MATRIX AND THE
SYMMETRIC SQUARE MATRIX ARE SUCH THAT BE

LONGS TO AND BELONGS TO SUCH
THAT �

&OR A GIVEN RECTANGULAR MATRIX BELONGING TO
� LET BE THE POSITIVE
DElNITE SQUARE MA


TRIX SUCH THAT

��	

3INCE BELONGS TO � MATRIX IS DI

AGONALIZABLE AND CAN BE WRITTEN AS

���	

IN WHICH IS THE DIAGONAL MATRIX OF THE POSI

TIVE EIGENVALUES OF MATRIX AND WHERE IS THE
ORTHOGONAL MATRIX OF THE CORRESPONDING EIGENVECTORS�

#ONSEQUENTLY� IS THE MATRIX OF SINGULAR VALUES
OF MATRIX AND WE DElNE MATRIX BY

���	

���	

3INCE BELONGS TO IT CAN BE WRITTEN AS

���	

4HE NON
PARAMETRIC PROBABILISTIC APPROACH OF VI

BROACOUSTIC COUPLING UNCERTAINTIES CONSISTS IN SUBSTI

TUTING THE GENERALIZED MATRIX BY THE RAN

DOM MATRIX � WHICH IS 
VALUED RANDOM
VARIABLE WRITTEN AS

���	

WHERE � IS A 
VALUED RANDOM VARIABLE�

��� 3TOCHASTIC PROCESS IMPLEMENTATION

4HE BASIC AVAILABLE INFORMATION IN ORDER TO BUILD A
STOCHASTIC PROCESS� IS CONSTITUTED OF THE MEAN VIBROA

COUSTIC COUPLING MATRIX�

4HE PROBABILITY DISTRIBUTION ON THE SET IS
EXPLICITLY CONSTRUCTED IN ;3OIZE #� ������ ����	=� 4HE
FOLLOWING ALGEBRAIC REPRESENTATION OF A RANDOM MATRIX

� ALLOWS AN EASY CONSTRUCTION OF ITS REALIZATIONS�
7E THEN HAVE

IN WHICH IS A RANDOM UPPER TRIANGULAR
REAL MATRIX WHOSE RANDOM ELEMENTS ARE INDEPENDENT
RANDOM VARIABLES DElNED AS FOLLOWS�

��	 FOR � THE REAL
VALUED RANDOM VARIABLE
IS WRITTEN AS IN WHICH

AND WHERE IS A REAL
VALUED 'AUS

SIAN RANDOM VARIABLE WITH ZERO MEAN AND VARIANCE
EQUAL TO �� IS THE UNCERTAINTY PARAMETER THAT CON

TROLS THE ACTUAL MATRIX VARIANCE �

��	 FOR � THE POSITIVE
VALUED RANDOM VARIABLE
IS WRITTEN AS IN WHICH

IS DElNED ABOVE AND WHERE IS A POSITIVE
VALUED
GAMMA RANDOM VARIABLE WHOSE PROBABILITY DENSITY
FUNCTION WITH RESPECT TO IS WRITTEN AS

"Y CONSTRUCTION� THE MATRIX HAS A MEAN VALUE
EQUAL TO THE IDENTITY MATRIX � �

0ROCEEDINGS฀%52/$9.฀�����฀฀3TRUCTURAL฀$YNAMICS



AND ITS STANDARD DEVIATION IS CONTROLLED BY THE PARAM

ETER DElNED AS

WHERE AND WHERE IS THE &ROBENIUS
NORM�

#ONSEQUENTLY� THE MEAN REDUCED VIBROACOUSTIC
COUPLING MATRIX MAY BE CHANGED INTO A RANDOM

REAL MATRIX � 7ITH SUCH A NON
PARAMETRIC
PROBABILISTIC MODEL� %Q� ��	 IS REPLACED BY THE FOLLOW

ING RANDOM MATRIX EQUATION�

���	

WHERE� FOR lXED � AND ARE COMPLEX
RANDOM VECTORS� &OR EACH REALIZATION OF THE STOCHASTIC
PROCESS� %Q����	 IS SOLVED FOR EVERY �

��� #ONlDENCE REGION OF THE RANDOM VIBROACOUSTIC
FREQUENCY RESPONSE

-ANAGING RESULTS OF A RANDOM PROCESS IS AN IMPORTANT
ISSUE� 7E CHOOSE TO USE CONlDENCE INTERVAL IN ORDER TO
BE COMPATIBLE WITH ANY DISTRIBUTION LAW OF THE RESULTS�

,ET BE THE MODULUS OF AN
OBSERVED VIBROACOUSTIC FREQUENCY RESPONSE �EITHER THE
MODULUS OF THE FREQUENCY RESPONSE IN DISPLACEMENT
AT A GIVEN POINT IN THE STRUCTURE OR THE MODULUS OF
THE FREQUENCY RESPONSE IN PRESSURE AT A GIVEN POINT
IN THE INTERNAL ACOUSTIC CAVITY	� 4HE CONlDENCE REGION
ASSOCIATED WITH THE PROBABILITY LEVEL FOR THE RAN

DOM FUNCTION IS CONSTRUCTED BY USING
THE QUANTILES� &OR lXED IN � LET BE THE CU

MULATIVE DISTRIBUTION FUNCTION � CONTINUOUS FROM THE
RIGHT	 OF RANDOM VARIABLE WHICH IS SUCH THAT

� &OR � THE 
TH
QUANTILE OR FRACTILE OF IS DElNED AS

INF ���	

4HEN THE UPPER ENVELOPE AND THE LOWER EN

VELOPE OF THE CONlDENCE REGION ARE DElNED BY

���	

4HE ESTIMATION OF AND IS PERFORMED
BY USING THE SAMPLE QUANTILES ;3ERmING 2�*� �����	=�
,ET BE THE

INDEPENDENT REALIZATIONS OF RANDOM VARIABLE �
,ET BE THE ORDER STATISTICS ASSO

CIATED WITH � 4HEREFORE� ONE HAS THE
FOLLOWING ESTIMATION

lX ���	

lX ���	

IN WHICH lX� 	 IS THE INTEGER PART OF THE REAL NUM

BER �

� !00,)#!4)/. 4/ 4(% 6)"2/!#/534)#
2%30/.3% /& ! 42)--%$ "/$9

��� -EAN MODEL OF THE TRIMMED BODY

4HE MEAN MODEL IS CONSTITUTED OF A TRIMMED BODY
AS CURRENTLY BUILT BY 03! ENGINEERS ;3OL !� AND AL�
�����	=� 7E ARE INTERESTED IN STUDYING ACOUSTIC ENERGY
IN THE LOW
FREQUENCY BAND � FOR AP

PLIED UNITARY FORCES ��� LOADED STRUCTURAL $/&	� 4HE
lNITE ELEMENT MODEL OF THE STRUCTURE HAS ������ $/&�
4HE lNITE ELEMENT MODEL OF THE INTERNAL ACOUSTIC CAV

ITY HAS ���� $/& CORRESPONDING TO ����� ACOUSTIC
mUID lNITE ELEMENTS� )T SHOULD BE NOTED THAT THE TWO
MESHES ARE INCOMPATIBLE ON THE mUID
STRUCTURE COU

PLING INTERFACE WHICH IS A CAUSE OF UNCERTAINTY�

&IG� � DISPLAYS TWO INTERFACE MESHES CORRESPOND

ING TO TWO COMPUTATIONS OF THE ACOUSTIC ENERGY� /N
&IG� �� THE UPPER LEFT MESH IS A ROUGH INTERFACE MESH�
CONSTRUCTED BY A SPATIAL SAMPLING OF COUPLED PANELS
OF THE MEAN STRUCTURAL MODEL� 4HE UPPER RIGHT MESH IS
A DETAILED INTERFACE MESH CORRESPONDING� FOR MOST OF
THE COUPLED PANELS� TO THE MEAN STRUCTURAL MODEL�

&IG� � DISPLAYS THE GRAPH OF ACOUSTIC ENERGIES WITH

&IGURE �� &LUID
STRUCTURE INTERFACE MESHES �UPPER RIGHT AND UPPER
LEFT	� &INITE ELEMENT MODEL OF THE INTERNAL CAVITY �LOWER	

RESPECT TO THE FREQUENCY CORRESPONDING TO THE PREVIOUS
INTERFACE MESHES� 4HE HORIZONTAL AXIS IS THE FREQUENCY
AXIS IN (ERTZ� THE VERTICAL AXIS IS �
4HE THICK SOLID LINE IS RELATIVE TO THE DETAILED mUID

STRUCTURE INTERFACE MESH� THE THICK DASHED LINE IS RELA

TIVE TO THE ROUGH mUID
STRUCTURE INTERFACE MESH� &ROM
THIS POINT� WE WILL ASSOCIATE THE ROUGH INTERFACE MESH
WITH THE MEAN MODEL AND THE DETAILED ONE WITH A NU

MERICAL REALIZATION 
AN EXPERIMENT
� 4HE vDISTANCEv
BETWEEN THE TWO GRAPHES MAY BE CONSIDERED AS A
MODEL ERROR� 7E USE THE -ONTE
#ARLO SIMULATION TO

¹฀����฀-ILLPRESS�฀2OTTERDAM�฀)3".฀��฀����฀���฀�
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&IGURE �� 'RAPH OF !COUSTIC %NERGY WITH RESPECT TO THE FRE

QUENCY� MEAN MODEL PREDICTION �THICK DASHED LINE	� NUMERICAL
REALIZATION �THICK SOLID LINE		 
 � GRADUATION � �D" 


COMPUTE THE STOCHASTIC SOLUTION OF %Q� ���	� 4O ENSURE
THE CONVERGENCE OF THE STOCHASTIC SOLUTION� WE NEED TO
STUDY THE MEAN SQUARE CONVERGENCE OF THE STOCHASTIC
GENERALIZED COORDINATES�

��� #ONVERGENCE STUDY OF THE -ONTE
#ARLO 3IMULA

TION

4HE RANDOM %Q� ���	 IS SOLVED BY USING THE -ONTE
#ARLO NUMERICAL SIMULATION PERFORMED WITH A NUM

BER OF REALIZATIONS AND WITH A GIVEN VALUE OF �
4HE RANDOM DISPLACEMENT lELD OF THE STRUCTURE AND
THE RANDOM PRESSURE lELD INSIDE THE INTERNAL ACOUSTIC
CAVITY ARE THEN COMPUTED BY USING THE EQUATIONS �SEE
%QS� ��	 AND ��		�

4HE CONVERGENCE OF THE RANDOM SOLUTION IS AN

ALYZED IN STUDYING THE GRAPH OF THE FUNCTION
CONV DElNED BY

CONV

IN WHICH EXPONENT IS EITHER FOR THE STRUCTURE OR
FOR THE mUID AND WHERE

ARE THE REALIZATIONS OF THE VECTOR
VALUED RANDOM
VARIABLE �4HIS CONVERGENCE INDICATOR MAY BE
SEEN AS THE ENERGY OF EITHER THE STRUCTURAL PART EITHER
THE INTERNAL ACOUSTIC CAVITY�

&IG� � DISPLAYS THE GRAPH OF THE FUNCTION
CONV FOR THE INTERNAL ACOUSTIC CAVITY� )T CAN BE
DEDUCED THAT A REASONABLE MEAN
SQUARE CONVERGENCE
OF THE RANDOM STRUCTURAL 
ACOUSTIC SYSTEM IS REACHED

��� ��� ��� ��� ��� ��� ��� ��� ��� ����

���

���

�

���

���

���

���

���

���
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&IGURE �� 'RAPH OF FUNCTION CONV RELATED TO THE CON

VERGENCE OF THE RANDOM ACOUSTIC GENERALIZED COORDINATES� (ORI

ZONTAL AXIS� � 6ERTICAL AXIS� CONV � CORRESPONDING
TO A MODAL TRUNCATION OF ���� (Z� ��� (Z	 � 	� ���� (Z� ���
(Z	 � 	� ���� (Z� ��� (Z	 � 	� ���� (Z� ��� (Z	 � 	

FOR REALIZATIONS� STRUCTURAL MODES CORRE

SPONDING TO A MODAL TRUNCATION OF ��� (Z AND
ACOUSTIC MODES CORRESPONDING TO A MODAL TRUNCATION
OF ��� (Z�

��� 2ANDOM ACOUSTIC ENERGY OF THE STRUCTURAL

ACOUSTIC SYSTEM WITH VIBROACOUSTIC COUPLING UN

CERTAINTIES

)N ORDER TO TAKE COUPLING INTERFACE ERROR INTO ACCOUNT�
A -ONTE
#ARLO SIMULATION IS CARRIED OUT WITH A
VALUE SUCH THAT THE CONlDENCE REGION COMPUTED FROM
THE MEAN MODEL INCLUDES THE NUMERICAL REALIZATION�
4HE CONlDENCE REGION OF THE RANDOM ACOUSTIC ENERGY
WAS CONSTRUCTED WITH THE FOLLOWING VALUES OF THE PA

RAMETERS� NUMBER OF REALIZATIONS FOR THE -ONTE #ARLO
NUMERICAL SIMULATION � STRUCTURAL MODES
CORRESPONDING TO A MODAL TRUNCATION OF ��� (Z AND
ACOUSTIC MODES CORRESPONDING TO A MODAL TRUNCATION
OF ��� (Z� 1UANTILES ARE USED TO CONSTRUCT THE CON

lDENCE REGIONS WITH AN ASSOCIATED CONlDENCE LEVEL

;3ERmING 2�*� �����	=�
&IG� � IS RELATIVE TO THE CONlDENCE REGION PREDIC


TION OF THE RANDOM ACOUSTIC ENERGY� 4HE THICK DASHED
LINE IS THE GRAPH OF THE RESPONSE OF THE MEAN MODEL�
THE THIN SOLID LINE IS THE MEAN VALUE OF THE RANDOM FRE

QUENCY RESPONSE FUNCTION AND THE GREY REGION IS THE
CONlDENCE REGION FOR A PROBABILITY LEVEL �
4HE THICK SOLID LINE IS THE GRAPH OF THE RESPONSE OF THE
NUMERICAL REALIZATION�

5SUALLY� EFFECTS OF UNCERTAINTIES INCREASE WITH THE
FREQUENCY ;3OIZE #� ������ ����� ����	� $URAND AND
AL� ������ ����	=� THIS IS NOT THE CASE WITH THIS TYPE
OF UNCERTAINTY� WE CAN NOTICE A WIDE CONlDENCE RE
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&IGURE �� #ONlDENCE REGION ASSOCIATED TO � OF THE RAN

DOM ACOUSTIC ENERGY FOR UNCERTAINTIES�
MEAN MODEL PREDICTION �THICK DASHED LINE	� MEAN RESPONSE OF
THE STOCHASTIC MODEL �THIN SOLID LINE	� CONlDENCE REGION �GREY
REGION	� NUMERICAL REALIZATION �THICK SOLID LINE	 
 � GRADUATION �
�D" 


GION AT THE LOW FREQUENCIES WITH A DECREASING WIDTH
AT HIGHER FREQUENCIES� 4HIS WOULD MEAN THAT VIBROA

COUSTIC COUPLING TERMS ARE THE MOST SENSITIVE AT LOWER
FREQUENCIES� ! VERY INTERESTING POINT CONCERNS THE FRE

QUENCY RANGE AROUND �� (Z�

#ONCERNING THE NUMERICAL REALIZATION �THICK SOLID
LINE	 �


 4HE ACOUSTIC PEAK AT THE FREQUENCY
VALUE �� (Z
IS MAINLY DUE TO A GLOBAL STRUCTURAL MODE COUPLED WITH
THE ACOUSTIC CONSTANT PRESSURE MODE�

#ONCERNING THE MEAN MODEL �THICK DASHED LINE	 �

 !T THIS FREQUENCY� THE COUPLING INTERFACE DEFOR


MATION DOES NOT INDUCE INTERNAL PRESSURE VARIATION FOR
THE MEAN MODEL RESPONSE�
/N &IG� �� WE CAN SEE THAT THE PREDICTED CONlDENCE RE

GION ACCOUNTS FOR THE COUPLING EFFECT AT THE FREQUENCY

VALUE ��(Z� IT IS REMARKABLE THAT NON
PARAMETRIC AP

PROACH OF VIBROACOUSTIC UNCERTAINTIES CAN TAKE INTO AC

COUNT EFFECTS THAT WERE� APPARENTLY� ABSENT FROM THE
MEAN MODEL PREDICTION�

� #/.#,53)/.

7E HAVE PRESENTED AN APPROACH THAT ALLOWS THE RAN

DOM UNCERTAINTIES TO BE MODELLED EVEN FOR INDUSTRIAL
CAR MODELS� PARTICULARLY MODEL UNCERTAINTIES WHICH
ARE THE MAIN CAUSE OF PREDICTION FAILURES� 4HIS PAPER IS
DEDICATED TO VIBROACOUSTIC COUPLING UNCERTAINTIES WITH
AN APPROACH BASED ON DIFFERENT mUID
STRUCTURE INTER

FACE MESH SIZES� FROM A ROUGH ONE TO A RElNE ONE� 4HE
RESULTS HIGHLIGHT THE EFFECTS OF SUCH MODEL ERRORS� 4HE
STOCHASTIC RESPONSE OF THE PROPOSED MODEL PRESENTS A

GOOD BEHAVIOR � THE EMERGENCE OF THE ACOUSTIC RESO

NANCE AT THE FREQUENCY
VALUE ��(Z WHICH WAS� APPAR

ENTLY ABSENT FROM THE MEAN MODEL� IS WELL PREDICTED
BY THE CONlDENCE REGION� 7E CAN ADD THAT THE NON

PARAMETRIC APPROACH IS EASILY PRACTICABLE� AND PRO

VIDES A REALISTIC ORDER OF MAGNITUDE OF THE RANDOM RE

SPONSES� )T SHOULD BE NOTED THAT� WITH THIS METHOD� ALL
THE REALIZATIONS OF THE -ONTE
#ARLO SIMULATION MODEL
PERFECTLY A MATHEMATICAL
MECHANICAL MODEL�
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