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Outline

« Context

 Statistical modal Energy distribution Analysis - SmEdA
 Vibroacoustic Floor - Cavity interaction

* Viscoelastic modeling

* Multilayers modeling

* Modal analysis and distribution

e Conclusion
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CONTEXT - CLIC Project
 City Lightweight & Innovative Cab

* MidFrequency VibroAcoustic modeling of a cab

COMPUTATION TOOL
SmEdA : method linking FEM and energetic model

Validation Application
on RT cab on CLIC cab
ISSUES

« FEM with 6 million structural dofs and 1 million acoustical dofs
« Very high computer resources for a complete analysis
Substructuring technique side by side with impedance rupture hypothesis
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SmEdA - Review

Statistical modal Energy distribution Analysis

Input: Injected power m;,; <(———==) Output: Energy level E

N
[ m;] [“)pnp + 2g=1 WcPpq — Lg=1WcPpq
N
Tin; - Zpi1 wcﬁpq WqMgq t Z -1 a)cﬁpq

Coupling loss factor =  Spatial coupling *  Spectral coupling

ﬂpq = Bw * Bw
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SmEdA - Review

Fluid structure interaction

Structure|SS Fluid SS * ¢, displacement eigenvector of
ructure
(w ¢ ) (wq'nq;¢q) the s‘rr'uc‘rur'e.
Pl * ¢, pressure eigenvector of the
cavity
'BPCI - Lo * By

_ ’729“)1% + ’761“)621
Lo 5

= Spectral coupling
(wp = “)5)2 + (p +1g) (Mpwi + nqw}

[ $ppgdS\” | |
— Spatial couplin
Pw < My,M, ) P P
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Floor Cavity Interaction

Non-coincident mesh

- Interaction
P Projection of the
acoustic pressure on
the structural nodes
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Floor Cavity Interaction

Non-coincident mesh modeling Structure mesh
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Fluid mesh
Zp —Zg Zp —Zg Zc — Zg
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Barycentric coordinate
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Floor Cavity Interaction

Exact acoustic mode shape '

Acoustic mode shape interpolated on
the floor nodes
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Viscoelastic model

by ACOEM

WLF law measured

Al @ 3} L _VvCc
ing

E
1.010

165

MetraviB

[ o
o 4 m
8 "
L 538
. g
; = |
)
1
L---tg
_ -
i
-
1 -
1
1
e =
i a
] fg
-
i | &2
-
]l
| 58
Ll 4
! B
Fo—cfe® g
| &
i [is
Lo--ta
1 —
! 0
o 2
becotd &
i = =
I o =
-3 D
1 —
! =
L 11 8
| - H_._
1 o .
L9 §
m -
Ll
4
ki 8
it prrbrtr—d ]
i [ I =
) (] ]
1 1t ) 1
L Li__ J-_|8
i (] i -
1 [ ] I
1 I ] 1
L} '
.". - llll.ﬂ
1 L] 1 -
1 1 )
1 [ ] 1

8 } Pi-R - o
i i i a
| ] ] . O
-t LAl B =
1 L}

1 1 1 mw
] ] ]
+ Ft-- JI-.MM1
L} [} ]

.m 1 11 i 28
1 L} 1 —H

w 4 Lbd.dl l_ll..m.mnd
1 [ ] |
) (] | g

3 | Bt sz
1 L} [}

m T ] ra==FnR w.
! (I} (I} .w.r
| i i L =
feititiLd L-t3
1 [ [ ] —
1 [ 1 m
: L4 s ly 8
N sy < £
| [ 1 o
s R R L W)

1 )
! o
-3 8
™ N
= ] =
& |14 8
@ = 4 5
b | mw [
M o~ M

L EES_>>F>FD>D



LALe) ) )

Multi-layers modeling™

Equivalent homogenous shell

Hypotheses
« Constant thickness
« Continuous normal and tangent
displacements |
« Continuous normal and shear .
Stress ‘ e

OUTPUT Neq Eeq: Veqs Peq

*Guyader, Cacciolati 2007
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Modal analysis and distribution

Modal analysis = 1/3 octave 1000 Hz
 Clamped floor
 Rigid wall cavity
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Modal analysis and distribution

_ nb mode .
modal density = T modal overlap (%) = 100 * modal density *n, * f;
C

1/3 Octave Band Modal Overlap

1/3 Octave Band Madal Density 4
! ! ! = "
; ; b | —— caity []
: -averaged-modal
12 | coniputed on Nastran with the MSE |
. method |
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Modal analysis and distribution

Modal energy response

Total Modal Energy
0 . L 4 |
@ direct Ao "
e -70 modal
S | (s sum diag . A " L —
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Total Modal Energy Error
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E 4 modal-direct |
e sum diag-direct
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Frequency
Modal Enrgy of one mode
-100
@- direct
< amH modal.
2 ([ sum diag
@
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Fregquency

Direct: coupled modal damping
Modal: uncoupled modal damping

Sum diag: diag(sum(Direct,1))
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Modal analysis and distribution

¢ Dominant coupled modes
E
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2 Floor mode shape
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Mcgdal analysis and]dis‘njibu’rion
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Work in Progress

« Experimenta validation of SmEdA computing
» Backboard- Cavity interaction

e Rain on the roof excitation

* Filling modeling

 Extension to CLIC cabin
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