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ABSTRACT

%1%, Modal Density(X2

Vehicle simulation models for noise and vibration prediction have been developed so far generally

in two schemes. One is FE models generally used for problems below 200 Hz such as booming

noise, and the other is SEA models for high frequencies of more than 1kHz, representatively related

to sound packages. There have been many researches to develop a simulation model for 200~1000 Hz,

so-called mid-frequency region, and this paper shows one practical result that covers the trimmed
body of a sedan vehicle. The simulation model is developed based on an FE model, and then FE

elements at some areas are substituted with SEA elements to reduce DOFs.

SEA panels are de-

scribed by modal density, radiation efficiency, stiffness and damping characteristics that are found

from some numerical assessments.

Sound packages are modeled similarly as a conventional SEA

model. The results obtained from the hybrid model were compared to experimental results. Predicted

pressure and vibrational velocity generally show a good agreement. The developed simulation model

and related technology are successfully being used in vehicle development process.
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Ve nf.V6 el 4t

& ANEE gAAT,

F, AeY AH, 8% *‘LH%XP %
il

Fig. 8—0—

o
it

Ao
ofN
o>
N ok
& do

E

o

por)

o

fil

M
ol
o o
mlO = o,
w2 A
T P

=
g]r: Dt'ﬂ‘q d%%
A&

%T(p/F)é Ag-r

m g
>,
ol
ol
ol
3
o
N
X
™
k)
flo 4

ol
e °r
o 1
T =
-
Ho —~
Jm

o
tE
' O

N
fo
ol
ofN
m
tjo
X
%
i
ofo |
U
w o W

° oft
e
[o
ol
tlo
s
o,
=1
o
=
=
ol
ol
2
P
i
Bz

29l 2 Figs. 10~12<>ﬂ Leh
i3

A9 3 (Re{v/F}), XNsadat &
s L}EHHE}. A== 100~1200Hz77}x1
ANgdztet & s AS & F Utk

AZ gz oot 280 Hz o)A tidolA] A



Ji Woo Yoo et al.; Development of FE-SEA Hybrid Model for the Prediction of Vehicle Structure-borne Noise at Mid-frequencies

—= Experiment
= Hybrid model

<Re(V/F)>, dB re 1m/s/N

118

© N @ W o ¥ N N o
< o0
I

S © M o N © ©
1/1208%center fr%que‘ﬁcy ﬂ-lz) ©

N <t
>
~ o

1122
1335

Fig. 10 Equivalent power input (Re{v/F}) at engine
mount RH point (z-direction): solid line, ex-
periment; dashed line, hybrid model

e oo 4%
C sy TR \ and N 'y .
::f\""‘:"‘\‘f il % J:\ CRs
KA

<IV/FI>, dB re 1m/s/N

—=— Experiment

--e- Hybrid model

@ ©® 2@ N~ ©® v o ¥ I~ N o N~ ¥ %
d = I W O ®m ® m o KN © W O ¥
b= &

1122
1335

™ 1/1208 center frequency Hz) |

11 FRF (v/F) at dash panel for engine mount
RH excitation: solid line, experiment; dashed
line, hybrid model

Fig.

.
/: Yo\l
v

| ilOdB

—= Experiment

<|P/F|>, dB re 2e-5Pa/N

--e- Hybrid model

281

& 3886 8 2 S5 R E I I A
n 3% g 29588239 q
1/120B center frequency (Hz) -
Fig. 12 FRF (p/F) at driver’s ear cavity for engine

mount RH excitation: solid line, experiment;
dashed line, hybrid model

1%
i)
=)

il

i)
&
ﬁL
rle
o
tlo
e
n
32
i
ot
=
olo
o

BE ool ) Hm ARG A3}, 9% Gl
A ggel Aot W AL FAsI ol
W B PaEo] THHe] AL, HAEA
dao] = R¥o| Ujd SEA B L EHS ®

FIh 44 2o AN,
BolF%ol, 250 Hz ol3 el A AP-AEeolH
Aok wAyHE AL & F Atk ol SEA 8
7 mEEmst e AFs gl 15
dehiEd A7 988 melFEth o] @At
SEA 28 U4l FE R9g T0)2 AHgahel sldel
e LR

e R

to P &Y [

Y T g9s Axte] flE) ¢4 FE BE
(full FE model)©] °F 109 AL Aakrzke] 225
= Ao v&E], 9AE FlolHIE mEe 6A7F §
TORE HFH o FHe ANS & F vk 17
u, BEE B el Agte] dgsne Aw
5} & T BEY ARE 9ol atET

o n_J{E‘;
HE
p
Y
o b -
T
A (m
4z ot

(2

R T
rx fUodo [

[|AE

FE¢ SEA A 4l
&2 gl el Algez

Fa9i

(1) °1F A3 wELwg S S 2l T
23 B4 Y5 e dgs90m, A
o3l BEALS FE3 A 8Ete] 1 ATAS 3HAFA]

(2) A el A8 F<1 200 Hz °lat o=
97} 1 kHz o)) ——x}% AlEeold e ‘l‘7]'
atof, FabeAleh 4] SAS wkdstE 200 Hz~
1kHz W9 F=x7]<d
o FrsHA =ik

o] 7]&/ES S3iA

Trans. Korean Soc. Noise Vib. Eng., 24(8) : 606~612, 2014 | 611



Ji Woo Yoo et al.; Development of FE-SEA Hybrid Model for the Prediction of Vehicle Structure-borne Noise at Mid-frequencies

AR o ATE g8 we do RS 9%
A glo] Was FA NV 7ML BEol 3
A 598 gAE wE

References

(1) Moeller, M. J., Thomas, R. S., Maruvada, H.,
Chandra, N. S. and Zebrowski, M., 2001, An
Assessment of a FEA NVH CAE Body Model for
Design Capability, SAE-2001-01-1401.

(2) Chae, K.-S. Jeong, J.-H., Park, C.-M. and Yoo, J.
W., 2007, of High
Frequency Road Noise of a Sedan,
SAE-2007-01-2307.

(3) Charpentier, A., Sreedhar, P., Cordioli, J. and
Fukui, K., 2008, Modeling Process and Validation of
Hybrid FE-SEA Method to Structure-borne Noise Paths
in a Trimmed Automotive Vehicle, SAE 2008-36-0574.

(@) Yoo, J. W.,, Chae, K.-S. and Cho, J. H., 2012,
Study on the Characteristics of a Dash System Based

Prediction and Improvement
Mid-size

on Test and Simulation for Vehicle Noise Reduction,
Transactions of the Korean Society for Noise and
Vibration Engineering, Vol. 22, No. 11, pp. 1071~1077.
(5) Lyon, R. J. and Delong, R. G., 1995, Theory and
Application of Statistical Energy Analysis, 2nd edition,
p- 35, p. 40, p. 119, p. 154.
(6) Onsay, T., Akanda, A. and Goetchius, G., 1999,

Vibro-acoustic Behavior of Bead-stiffened Flat Panels:

612 | Trans. Korean Soc. Noise Vib. Eng., 24(8) : 606~612, 2014

FEA, SEA, and Experimental Analysis, SAE-1999-
01-1698.

(7) Maidanik, G., 1962, Response of ribbed panels to
Reverberant Fields, The Journal of the
Acoustical Society of America, Vol. 34, pp. 809~826.

(8) Mace, B. R. and Shorter, P. J., 2000, Energy
Flow Models from Finite Element Analysis, Journal of

Sound and Vibration, Vol. 233, No. 3, pp. 369~389.

Acoustic

Ji Woo Yoo studied at the ISVR,
United
Kingdom, where he received his
Ph.D. degree, in 2005. His research

interests are vibro-acoustics, hy-

Southampton  University,

brid approaches combining numer-
ical methods, and mid- and high

frequency problems of automotive vehicles.

Ki-Sang Chae received his Ph.D.
degree in Mechanical Engineering
from KAIST in 2000. He joined
CAE  department
Motor Group, and has worked for
vehicle NVH

cially for development and appli-

i of  Hyundai
=
G

cation of high frequency simulation such as SEA.

A

simulation, espe-

Jong-Yun Lim received M.S. de-
gree from KAIST in 1990. He is
currently a vibro-acoustic technical
manager at ESI Korea. His re-
search interests are vibro-acoustic
simulation using FEA, BEA, SEA
& hybrid method.






