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ABSTRACT

To predict the radiating noise from the vibrating surface, it is required to know the
velocity distribution of vibrating surface exactly as possible as it can. Although it can be
obtained by finite element method, their accuracy is limited by the uncertainty of preparing
input data such as material properties, damping, excitation, and the actual boundary
conditions. Experimental values are accurate but are seldom available as many as the data
points compared to FEM mesh. Therefore, hybrid method of experiment and finite element
method, called modal expansion technique, is investigated for the preparation of accurate
and detail velocity distribution. The sound radiation of this plate is analyzed by boundary
element method at specified frequencies and for the verification of this scheme, related
experiment is performed. In high frequency range above 2000 Hz, piezo-electric material is
used as an actuator.
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Table 1 Modal parameters of plate

Natural Modal

Mode -
Frequency Damping

1 64.57 Hz 2.92 %
2 81.35 Hz 1.55 %
3 126.0 Hz 095 %
4 164.4 Hz 0.90 %

$ode 3 : 126 VTHZ 0.95%

Mode 4 : 164.41Hz0.90%

Fig. 3 Mode shapes of the plate
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Fig. 4 Finite element model of the plate
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Fig. 5 First mode shape of plate by FEM

Table 2 Comparison of the natural frequencies

Mode By By Relative
number | experiment FEM error
1 64.57 Hz 65.34 Hz +1.19%
2 81.35 Hz 80.30 Hz -1.29%
3 126.0 Hz 123.1 Hz -2.30%
4 164.4 Hz 152.2 Hz -7.42%
TS LEYS HolZn,
AFFel fesdEy AdE AHeEsd

Table 25t 2om, 347k 37tg+s Ahes
7k Zhsie, APA 2 A & & Yok

3. ®uo| XSol oist Aalo| YAt
Jgdez TR YAFHE-S%e 3

% F3 9 (bending wave)s] HFeo] Zolxle F
g4-2 71Hez O olddMe LEE HASHA



B2E B 71HE ol 8% BH T - 25 Y

23t 1 oo e LEE WAEA dd. F
gy wol ol Ae /R FHFIt dAFIHS
2o} 393 22 A4S F3E B A A EE 5
Atk dAFTE oM e EIAFHALS AT E
wALSER] £ g, fERE A AW 53 B
o EAZ /AFFE ZA Hz, & ol
AAR &3 Tol o8N AulE WALSHA €l
Dolu wWAlHE Aele 4 LALA & (radiation
efficiency) & H¥e| Z7| 9} ZAAzA wel ZA
gtz A =, FAYE ZAAA "o £x71 0
A A% AMF AFe F dx3vtn &=A vt

S A= AS dAFHFE Ame BAA
ot Hae FA odsiN FFHM, 1 AL tE
3} Zh

1
fo= £ (120020 (1
< 27[ Eh2

A7ldA c' F7IFAMA %, o' AE

W, vE Ade Torgu, Ex AL 98,
he ool $AE dehach $4 3 me v
o A% 4 (Vg olgstd YAFAEE Fobel
ue gAFs4E °F 4000 Hz ol

-
o
<

2 azdye Bwe g¥nds ARl

st SFAVE FH}AT. FHF dFGolA
L8 71E 2/19] mlolaBE AlFe AzA AF
E2 (cross spectrum)® FH¢PEH oS3 22
@A 4] 3t

I==—— In(Gap) @)

Q71 M, p E719 2= wv ZAFIF, GapEe
Agxs AHEH Arg F vlo]AZE Aol A

glojth.

A25E A7 A8 7t
A7) (exciter) & AbEstA . 7hxE& el A ¥
H a4l 126 Hz2 stgen, 7harlel
HAtolol WA BY) (force transducer)E <A@ st
ARz dEe P& 2t W P% o)
wabsle SERYE ALtstr] A8 F A wlo]
=2

2ES olgdld 2FAVIE FHEIoH, 3
WwHogE olabxy  HaEw(discrete  point
average) T o] &3l9tl. o] W njolaZEL HY

(2]

FHozRE o 5 cmEAAX -2 HA

Measured data: Acceleration

[
=3

Acceleration {m/s* 2]

o
«

n
(=3 o

Fig. 6 Acceleration distribution on the plate

Measured Sound Pressure Level : [Mic A]
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Fig. 7 Measured sound pressure level by
plate at 126 Hz
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Measured Sound Pressure Leve!l : [Mic A}

Fig. 8 Measured SPL by an exciter at 126Hz
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Fig. 9 Measured sound intensity at 126 Hz
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Fig. 10 Measured acceleration data on
the plate at 126Hz
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Table 3 Comparison of measurements and
BEM results

Mazx. | Min. Sound |Radiation
SPL | SPL power | efficiency
(dB] | [dB] (W] (o]

BEM 85.4 | 54.6 |2.77x10™ |4.55x10™

Experiment| 86.1 | 53.4 |3.96x10°{6.51x10™
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in shaker excitation case

660 /522 20S3EEX/A 8 A A 4 3, 19984

B AF - 4AF HA¥H 2= AL o] &3 A
8484 ARE sty Btk FZe #HFH 9
AE & 500 Hz, 1kHz, 2kHzol thsld S8t
=® 1kHz, 2kHze A $ode SEA7 SFHA
FRAE SAILAE F0]7] 98 12mm & 9]
M (spacer) & AH&3tth

Fig. 14 7FA712 H#$ 500 Hz2 711& o
B 9 5emelld FFE 81F-7t2, A=z #zt
94-of SFA7 IS BAgFEo ¥ S Anrd
SYAVIe FE HIY FAY FAA S #%E
AN Fge] 7hed FolM & #E VAL ¢
F gth °o] ASd= 9A] &FE SFA I 7}
A7 A Tyt dadol ¢ }‘?ln° 719& 3
A& Zotrr] s “é‘ﬂr-‘—} 7WR71& -‘:v'-ﬂOP"'
22 AA A SEAIE SH I ‘11
e dddez vf FAe AS & F 9\15}. Fig.
15 7R F847t 1kHzE
ed, o 2% 772 5H
43s & #g 7P7‘]tr A ¢ F Yok =3
FvR e F cly
Re& & 4 Utk Fig. 162 7HHA71 8 AM&s}
#E 2 kHz o8tz 71¥ o Hge HAIEES
veldch, 288 A9 EW, 1 kHzolA 71279
A& BAESHE AALLE sfAZATe A
o ea7t 493 AZE & F oy JRIVE
e 2AseE SFACIE BRFSE 5 AL 9
28 & 23 LS & Ut E AEES
Futg gold] wel A FEI Je B
< Helch

S ) £
o
ol
o
rir
o
oft
=
)
N
)

5.2 2tX X 2(piezo-electric material)= 0|28t
ool XE - &2 A

2 AddA dFdolHZ AMLE dAA=e

Fig. 17 %v°] BimorphF®Z =] vt +2& 4

Ry ot BB B3} S (composite material) 7}

Eol7t 9, 2 KA ofAAe FHAEIF A

SERIES TYPE

@ Polarity

Fig. 17 Series type Bimorph piezo-electric
material



2= 3 7ML o8¢ BH AT - &5 Y

log (o

0.0%

0.001

0.0001

0 126 500 1000 2000 3000 3500 4000 5000
frequency [He]

Fig. 18 Radiation efficiency versus in piezo-
material excitation case

Az5Ho] e Feolt FAL o] (+), oA
Hol (-)2 Hol gtk &% Hste]l dHAMEY F
Aurasl Ege wgow Fd AS KU
AAMBE AFAF S A Hu ol 4AAR
E FEAEE A @9 viE 9§ Hele] ¢
AAqge FATT wgdgez steAe B¢
Ao JAAMEE FEUF S A Ha olAFY
dRARE AP S A "ot oy =
dAARA ZF7E HEIAB GAARE dFeo]
o] AL A At

2 A ARgE PHAE= FUJI CERAMICS
CO., LTD9 ZIT20X100R-S C82 °ltv}. <A A
B B FYEEY ol Fo A ZAIE o| &3}
o ZAndtA B2, 4382 3kHz 3.5kHz,
4kHz, 5kHzol disld st 99 814 g 71
T X3 A SPAVIE SHEAT FBA7SH
Al BEFE A90&W Wi (swept measurement) S
ARRStg e, Az e 28 53] &Y ;e A
£y dsta ALY, o] Afd= ¢HAETL
e dAge] AVE HAs] fE ¢HARE
PR B2zl F, #H gl SFAVNE &
Aeto] Bted ddAST 4439 AVle ¢
g2 oF 30dB, SFA7IZ oF 10008 oAkl
ol 2 By, A¥d3E s, FA7F 3mm
9l Hae dAFHSF ZHA 4kHzollA FALEE
o] #43 Eolxle ML B # den, 1 Er
gL FHFdME A WALE O] WolXn NS
< ¢ F Utk dAFHFEYG ¥ FopdA A
o o g me g g AALL AMFS
Az 2 433t S ¢ F Ao 28y ¢
AFs ol Fugor AALLNgT AH

2 AGE 918 Holed, Qs ¥ A oA

QAFAE ol4e] 2F FedolNe BB ¥F
oz ol ATV EEE 2R AT
£ %® Holq ARz dgEn UL B5e g
e 24¢ + 9ed /9% ol Fig. 188
Foh4d] WE W@e] AL E BAFET

6. =

B gRdMe F2EY SFHEAE 4S5
A& ne g olale #WHE o83yt o WP
BA8AH A o] HaF SERFAZXAE T¢E]
3 dddolelg} Fa LS B3 T} JAFRE
g Zo] o]&dte WHo2M RE FZEo] RYA
< B2the o289 TASI ok o] Wle] &
Aol oM EEAAZAL Bt=g WHE §o
AL Aoy Fushtel] o] FRE0] A1
Je dgolvt sF=d, a8ln o8 7R
AA BAxAC] EFH ] o] FU FEF #&E Al
Fode Aol &4 AWAS A AA
A¥ e Yygsigon, dAFHFEY R Fogd
A Ao Q3 g B B o ZAA-L 3
Age Az & dX3ln dS ¢ F At 2
AU dAFHS ojde] FufoM HA LA
I Agge 43T AE Holdl, A B AR
oA JAFTHF o) nFd JFdMe FHe
& ugko g ol A AL JEELE F3E 7}
AnE B Yol Az AgdEn e 359 ¢
Adslg 23 4 gled 717 Reloh, =3¢ 3
Fug H@g AT 98 AHee gAAEe

B Fu HYolA ARFoolE 2] q¥E FE
3] Pt

x 7|

2 a7E VIR 5Ar|2ATHAY
= 97aRen, A% e BasRL.

(1) T. C. Lim. G. C. Steyer, 1992, “Hybrid
Experimental-Analytical Simulation of
Structure-Borne Noise and Vibration Problems
in Automotive Systems”, SAE, Paper No.

920408.

(2) O. von Estorff. A. Homm, and F. Bartels,
HIASRNESZEEX/A] 8 A A 4 3, 19983/ 661



a8 5.

o] ¥ =

1991, “Numerical and Experimental Study of
Noise Generated by a Vibrating Plate”,
International Conference on Spacecraft
Structure and Mechanical Testing.

(3) C. Burroughs, G. Carroll, and J. Cuschieri,
1994, “Evaluation of Structure-Borne Noise
Prediction Techniques”, Noise-con. 94.

(4) NIT. 1997, "SYSNOISE Rev 5.3 User's
Manual”.

(5) Hewlett Packard, 1990, “ HP 3566A/3567A
Operating Reference”.

662 /3122 SRESEE X /A 8 A A 4 F, 19989

(6) LMS, 1994, “LMS CADA-PC User Manual".

(7) SDRC, 1993, "I-DEAS Master Series 1,
Student Guide”.

(8) UAIL 1994, “UAI/NASTRAN User's Guide".

(9) L. Cremer, M. Heckl, 1996. " Structure-
Borne Sound”, Academic Press.

(10) B&K, 1988, “Intensity Measurements”.

(11) B&K, 1993, "3 A-AE".

(12) S.d.Yang, A.J. Ellison, 1985, “ Machinery
Noise Measurement ", Clarendon Press.



