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Transmitted Noise Reduction of Piezoelectric Smart Panels using
Passive/Active Method in Wide Range Frequency

Joong Kuen Lee* and Woo Chul Park*”
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Abstract In this paper, the transmitted noise reduction performance ol piezoelectric smart pancls is
experimentally studicd. The proposed piezoelectric smart pancls arc comprised of plate structure on which
piezoelectric sensor/actuators are bonded and sound absorbing material is provided. It is a combination of
passive and active approaches utilizing a passive effect al high [requencics and an active effect at low
ficquencies, To prove the concept of piczoelectric smart panels, an acoustic measurement cxperiment is
performed. An acoustic tunnel is desiened and its acoustic characteristics are tested. Below 800Hz. the tunncl
exhibits a plane wave guide characteristics. When an absorbing material is bonded on a single plate, a
remarkable transmitted noise reduction in mid frequency range is observed cxcept the first resonance
[requency. By cnabling the active control ol single smart pancl with negative feedback control. about 10dB
noise reducltion is achieved at the resonance frequencies. The double smart panel got 4dB at the first
resonance frequency and has more potential to reduce the lransmitted noise in a wide range frequeney.
Piezoelectric smart panels incorporating passive absorbing material and active piezoelectric deviecs is a
promising technology for noise reduction in a wide range [requency.

Key Words : Piezoelectric smarl panels, Sound absorbing material, Wide range noise reduction.
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Absorbing Material  Piezoelectric Actuator
Piezoelectric Sensor

Aluminum plate

a) Smart panel

Rellected Sound

h) Double smart panel

Figure 1. Schematic diagram of proposed piezoelectic
smart panels.
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Figure 2. Schematic diagram of expcrimental apparatus.
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Dynamic signal
Analyzer

b) The experimental apparatus
Figure 3. Photograph of the smart panel and experimental

apparatus.
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Figure 4. Effcct of the ancchoic terminator.
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Figure 5. Measured sound pressure level at each section.
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Figure 6. Transmitted sound pressure of smarl panels.

$r15E EFAE olFAUe Adde ddsn
Figwe 691 eh) A3t 2o AWA 3UFH5E =
e Tue 99leld $ET BW £ Te &
3% BUT + AWk )R ALE FT/I2E o
Azsl dAE s HE ol 8Fo M FEARE |
g ¥EA7Y SNE FEEE B AL S A8E
®el Zlolth

4.2. 5SS W 23t 28HLYS

EEEEIE
Aslahn ol

™ 18l

W&ol HMALR =

=

A L] (1) BEda Qejit)
AEe ATAF7] YEldE FA FaMe dF

ok 4ol

8
Aol /h 4

B AFdAE AdEs AuA 3AFHe] B
$H B F57E olgde AE FARED

A7) QHRE g s $3 AT5 mm, 205

mm)c’ﬂ -r"i‘r"]?\'iﬂ 2+ ]— g A% E"“’J Zeg

R
IS

45719 Ao} JEL 7] A5E AL diiL
AR AFA O] 23 FHE S8} A7HEHAT: A
=AY A 2y BrdA 2PHd3 7 e
414 ~S—%‘, 27719 A%, 5719 4 AgE A
of Wl WeliATh Figure 7, 98 224 54
el tﬂuL 44 A3z WA T3 FagelA wel

iloﬂ A ERY AEE FReR §

4 =t} ¢F 11 dB, 10 dBe] 2ol L&A £F

e B
2 2 g

of FAE FLAT R A vTH F

B a0

B 15
F 44 10
% 2 s
2 5 1
7 ] 2
g 0 g ao._
2 2 g.ns.
g 4 10

6 15|

Aciudior Vol {9

U

[ Y T . § 20 om ey ey
aon 001 902 043 oM 80s 006 UD7 008 O 010 oo ol Qo a3

Time (sec)
a) Sound pressure

Figure 7. Active control results of single panel ar 86 Hz

Passive |

T
fimo (soc)
b) Sensor signal

son OB DB DRd O poL om 907 0O O 0
00s 0 010 Time (sat)
c) Actuator signal
-—— Pazve
— Active -
| SR

— Active

Sensor Valts ()

Sound pressure {Pay

Actualer vell (W)
=) =
—

018

T T
1] o oma
Time (sec)

a) Sound pressure

e

Figure 8. Active control results of single panel at 260 Hz.

Ub&

Time (566)
1) Sensor signal

77

ol 003 00 3
Time (sec)

c) Actuator signal

T T
u@ om 00s



A7 e 4TENREA A 2 F A2 & 2001

Passwe

—=ae Active

]

¥
h

K

Seund Rressure (Fa)

Sarisor hits (V)

Aclualor Volls (V)

|
f
!

& T T T T -
Qo0 001 002 003 004 Q05 005 OQF OOF 200 D0
Time (s8c)

a) Sound pressure

000 a0 oDz uby 0bd 06 0b5 607 008 0B 0o

Tiro {zec)

h) Sensor signal

Figure 9. Active control resulis of smart panel at 84 Hz.

—— Passive — Passhe
— Artive 08 — Adive
o= Nl
RIEERRRRNN T \ i ]
10 24- l ‘ l ‘ =
£ e | 2
% F o g
004 T 00 5
% o] €
& oo § o IR g
SRR RRRERRRREEREEEE ARRE
20 7]
oho oh T Aok o ok oh ol oE o oW ohi 0% b oh of obs aw o om 3w
Tims (58¢) Time (sat)
a) Sound pressure b) Sensor signal
Figure 10. Active control of smart panel 175 Hz

------ Passive |
L —helive

L

Saund Prassure (Pa)

[ T I N

EHTRE TS
Time (sec)

a) Sound pressure

-
aoroaar o ony LTI

Figure 11. Active control results of double

Figure 11& #7]%& 2% o)Ex5ade] 48234 fate] A TS AU L2FAGIEE
2 e vk ® A TASDE g4 gyl Mg i Hrrst7] feke] g, FEA07 B2y Add
Aol HAT, 24 oF 4dB AL rddch vT 3 FIES e olFAEd i 49e TR
ZAF o 132 Hzol A &3 8 233 Figure 1200 Yeh A 2 ddsde] F5A4E8 HE3E Arud s
Aem, 54 S ¢ 12dBY &% BAT Hirh ¢ TFH GHA F4E LEATATE 49T 5 9
st o] YA FHEE AT B FRFFpAME Avk 2 AR gHd AlA A Fagol A
e 2% A% T3 YEE HAY F+ givk Zefr Akl ZA A @skeh A A A

& A7) st @A @A FT7E

b & & Faa] $ELEAAT +RdG9T A gFL A

719 Aol AAE Fol52 Hsted FF 719 917t 3

& dyelde Lo Fap JHoA 2F AE o Aol Td ERdA FHEA o A 33

Sensor Valls (V)

00z Ay ne1 gk ooE bOT 006 0@ 00
Time (sec)

1) Sensor signal

o T
am oot

smart panel at §4 Hz.

78

AR ]
%’ir/\/\f\;’\,’ﬂ\ \’ \\/\
Etn
=RAARARAN

AAD

\

: J \/ Y \J

180+

-00 T e o Tt tos s et e
006 00t 00 003 DG4 OO5 DGR 007 U8 009 0w
Time (sec)

c) Actuator sigmal

=}

&

3
8
h

=
T

i
=1

I
&
e ——

a0 oD ooz 003 ofa bEE 00 007 0 019 o1p
Tire (50c)
¢) Actuator signal

J T T T ey T T T
0m 0o oo 003 Q04 005 00 AGT 008 009 910
Tima (sec)

¢) Actuator signal



Sound Pressure Level (dB)

|

Actuztor Vit (v

Db(\ ool 00x 003 om oes 065 207 Obﬂ QN3 a4
Tirme (sac)

a) Sound pressure

Time (sec)

Figure 12, Active control results of double smart panel at 132 Hz.

e

>,
ol 7]

ol

ofl iz
Jo, S &
M okl

M ¥

o, rd Pr oo
o 2 HS ol 2 o de e X
jo o
N

dn olr roopo

k1

maA R okl T mEel
AT 2ABER o B
CEE R

7+ I
do] Ade

gy

~i
4
¥

k>
o

e

49

)
h )

O
wi,
L

n
S
il
1o}
o,
.

1=

=

i

i1 N i I,
e buo A dle

._.
S

=3

e

L

T

>

ol

o oA
-
B
i o
s s}
e
R

o3

wal

1] R. L. Clark and CR. Fuller, “Experiments on
active conirol of struclurally radiated sound
using multiple piezoceramic actuators,” J. Acost
Soc. Am., 91 (6), pp.3313~3320, 1992,

2] R. L. Clark and C. R. Fuller, “Optimal Placement
of Piezoelectric Actuators and  Polyvinylidene

79

h) Sensor signal

204 T T T T T T T
0u0 01 002 003 DB 005 Q06 007 003 QU8 O
Time (s0c)

¢) Actuator signal

=

Fluoride Frror Sensors in Active Structural
Acoustic Control Approaches,” J. Acoust Soc.
Am, 92 (3), pp.1521 ~1533, 1992,

[3] V. V. Varadan, J. Kim, and V. K. Varadan,
“Optimal Placement of Piezoelectric Actualors for
Aclive Noise Control,” AIAA J.. 35 (3), pp. 526~
b33, 1997.

[4] B. T. Wang, E. K. Dimitriadis, and C. R. Fuller,
“Active Control of Structurally Radialed Noise
Using Multiple Piczoelectric  Actuators,”  in
Proceedings of AIAA SDM Conference, AIAA
Paper 90-1172-CP, Long Beach, CA, 19%0.

(5] L. H Bell and DH Bell, Industrial Noise
Control, Marcel Dekker Inc., 1994, New York.
(6] B. Im, J. Kim, and J. Lee,

Suppression of Smart Panels Including Piezoe -
lectric Device and Absorbing Materials” SP/E,
Mathematics and control in smart structures,

Jol. 3668, pp. H24~529, 2000.

[7] ]. D. Irwin and E. R. Graf, “Industrial noise and
vibration control,” Irentice-Hall, 1979, New Jersey.

[8] L. L. Beranek and G. A. Work, “Sound Trans-
mission through Multiple Structures Containing
Flexible Blankets,” J. Acoust. Soc Am., 21(4),
pp. 419427, 1949,

“Active Noise



