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Active Vibration Control of the Enclosed Plate by Intelligent Control Method
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i Abstract |

In this study, vibration control of the enclosed plate which is typical two dimensional structure are performed by
using intelligent control method and piezo ceramic as an actuator attached at the plate. The characteristics of the plate
with piezo ceramic are examined to identify the natural frequencies. Then, the plate is controlled under the sinusoidal
excitation by acoustic source and the reduction level of vibration is examined via frequency response and time sequence.
The control result shows the effect of the intelligent control method as a control scheme compared with that of the

previous filtered-X LMS algorithm.
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Table 1 Decision Table for each rules

ABp Ep Az | vs | sM | ME | BI
NB NS | NS | NS | NS | NS
NM NS | NS | NS | NM | NM
NS NS | NS | NM | N\M | NB
PS NS | NS | NM | PM | PB
PM NS | PS | PS | PM | PM
PB PS | PS | PS | PS | PS

4597t

A Atk A5A o WAL AFatr] st H]
}AA)Ql 841 (Henon map)g o] 48t
o] WAL A (4)of Uehd vl o] d& Evted HE
e of 32 Zeteo] 917 gt

Ho
offt
o

m oft L N
rf
-4
=

z, ()= =z,(t—1) "
z,(t)= 14—z}(t)+03z,(t—1) )

E At e 39 g¥ees 1349 243 =2 O
g # 149 E¥=s2 FAE 4AY RES o83
A teAL A 24 WA AsS Bk oy
S #3428 A2 349 9 nED-u®), x), x®)
() 149 28 w2 454

Fig. 32 ¢t= 459 Aotdt 7|9 o3 934
AzE vetfa Qo

I HAoR BAE BEO] AT 71H o A o
ZAzoln AN & & R0l F ABI AY dAstn
Atk wEtl 2 AFelA At 7]HE ol §3te] 3=
oste] HAE WA AsE HAH3 2dY & & Ao
A% ¢+ otk '

3.1 HEyx ¥ 4wy
2 A7 HPHA F4HEE Fig 49 2. @l A&

G

57

Magnitude (V)

J
-

0 20 40 60 80
Time sequence

100

Fig. 3 Prediction of the Henon mapping problem
( measured, ... estimated)

Actuator

Error
Reference
sensor sensor
Piezo Charge )
Amplifier Amplifier
Power
1 l Amplifier
Low pass Low pass ¥
Filter Filter
Low pass
i i """ T Filter
; LMS :
i} Algorithm [T 1 .
. : Function
: : Generator
: FIR filter :
PC with
TMS320C30

Fig. 4 Experimental set-up for active vibration control
of the enclosed plate

EH 18 4L 590mmx390mmx960mm F7] 9] o} Y AR
olf Ao 77} 0.4mmo]L Z7]7} 590mmx390
mmQl ¢FulE Hof A el gt

FuE FHE YA v Ho HAEH 2uAY 9
3 g4 A7) (B&K type 1054)9F $E7|(B&K type 27
06)E o]§38to &3 7R B3 Fdo= AF Aol
£ 24717 918 2717k 38.1mmx12.7mm¢] H o= A
2y 747)7F &gl glon, 2T = FRAY TH&



LA (B&K type 4374)8 o] &35t9 HZHUY. g 714
A ZIAAE FH SHo| AAste] QAAA o] 99 49
o ggt AEA el AXE HtsHA Hoth

£ ddAe AsA7IH o5t AFA o AHE e
Aol7| el ot Aot wlwate] HF3k7] A8 H3
WA A 714 de A5 Filtered-X LMS 285"
£ o] §3t5ldh

WA, Filtered-X LMS 7|H oA A o] A& = FIR filters
AR oz 7421712 ddnt. Ao TMS320c30 DSP &
7} A3 PCE 0] 8619 29 Filtered-X LMS 218} &9)
A g B39 2dyo] ALE FIR A$E 15030]t}.

AsA ] 7o E ggof o] §H 9As 2 9
5 2H%, 3959 3502 P en 4 59 kB
+ 3,19, 1o}, g ad U5 Holge

A712Y YA Y AN Y AT 22T &
AAA A 2HA S HeFo 2 T35 o 28F9
golg & 7HA71 29 o A8 oA 4PYAUTE o ottt

3, Ao 4 Faes FHE A9AZ WY A
QAAA AN Bare] Fatg EAE EAsto] 71 7|
o7} & 1A} 2=¢] 80Hz%} 332 E2Q] 135HzE Ao =
AAstch Alof A2 80Hz9 135Hz9 FHTE A4
Aol o8 HHE 7tA% F Filtered-X LMS ¢ 28 &3
Aol WA 747t o] g3t 3t

=
[+
Lz
\_“I“l
7t

3.2 M3Za Y ¥
3.2.1 80Hz 7}ZIA|
Fig. 5& 3%&

Ho #Za
80Hz Adstz Y7HA AZS 0 &4

NS HoIJ Y

Filtered—X LMS

Fon
[
K4
£
c
°
s
g
3
[
Q
Q
<

Time(s)
Fig. 5 Time trace of emor sensor when excited by 80Hz
sinusoidal input

Aol

AMA A 25E AFGqH Yebfa gk 2P A
o & 9l%0] Filtered-X LM FuYEG o] 4 Aol
ojuf A5A o7 At Aopdd BE FHHOE HF
9 AFE Aojste A =EFE & & Ut
a1y A& 7h(settling time)S B 13}o] 29 Filtered
X LMS7} 14.2%, 25 A9 7]o] 6822 & AT oA
A A5A o WAl 28 oj4 LS & £ YTt

Fig. 6(a), (b)= SOHz A& &7} AA] QMM &

I AAGMY A3 E Fup MG A3 2474 Yy
ot 2ok S99 74T ghe ISO 16839 A3l 7)&
e 10%ms°2 8hgih.

Fig. 6()0] A 7} a0l 80Hzo] i8] LA %]
o)A F Aou4 & oF 40dBo] Y HFA Y 45
B Age & & otk BHY 13 2EY AL oA
A YA Wzt A & AR JAHY ofd wat £

AojaA] n% s Ao ARE 4§ 5 Aorh
o8 Fig. 6(b)= ZIAA YA 9 Ao 475 e
150

—Ho &

120 = Filtered-X LMS
5 — XsHHIY
Z 9
5
g 60
@

Q

&30

<

100 200 300 400
Frequency(Hz)
(a) error sensor position
150
—Ro®

120 ~~= Filtered—X LMS
5 —XSHIY
290
fomy
Q
S
5 60
D P
Q
£30

<

400

100

200 300
Frequency(Hz)
(b) reference sensor position
Fig. 6 Frequency response of sensors when excited by
80Hz sinusoidal input

58



=3 7IAIEE=EF Vol.14 No.4 2005. 8.

W 9t Filtered-X LMS 7|89} A< o 20dBY] A%
A% BNE 98 4 AU A5A 7MY BS F 30

dBY AFAZ B3} dehde

3.2.2 135Hz 7}%IAl ®of Zz

Fig. 7& 135Hz9 A¥n2 FHE 7H2A] QARAA Y
AT g Ao A detd 2ot 284 & £ U
o] 7129 Filtered-X LMS 7] el &gt Aof #4]9] A4
A zke]l Aol whek AFo] A&AoR FAaHAT A7
Folu A& A7t gol dolA & anE el £t
St gt AgA 71M gt Aol vay azpAe
2 Aol AoEE & 4 Aot AR A A3
9 10% Y2 F4ste} AL oF 11.227} 229t °f
A2 B EA BEoM= QA XA g M
Z3ol g7 @7 gEd Roew wddr.

Fig. 8(a), (b)x= 135Hz A ezt SE7HAA 22 A 9 3
TAAY A5E Futg EAE Aatolt) Fig. 8@olA ¢
7 %ol SAAA YA A Filtered-X LMS 7] 9] 7%
oF 10dB H=9| AFo] AZEHAT A5A] 71H9 53¢
ol o 25dB2 @A o $¢ AFAF AnE ey
olth. ©%0] Fig. 8b)ol Al vhed uheh zo] AmMA 93|
o) A& Filtered-X LMS 7149 % AFA7 a8 d&
& AR A5A o 71 Aol o 20dBY WFA
# a%E 9% & AN 1Y 80Hz 14 ZE9 Ao
Adbo] wd 135HzY F¢ole F A7y BE A5AT
a7 ga A4 Yeuy o2 14 E A9 94
4 &g 7HA7] Age e dAE 4P

XSmO

s, 1110700 X LMS

“’*\‘; 6

Es

s . i

8-3

364

< 70 5 10 15 20
Time(s)

Fig. 7 Time trace of enor sensor when excited by 135
Hz sinusoidal input

59

— XM A
....... ~ Filtered-X LMS
—XSHHIIY

0 100 200 300 400
Frequency(Hz)
(a) error sensor position
150
ROl N
120 =~ Filtered-X LMS
—XNsHNWNY

Acceleration{dB)
3

[+
S

360 400

200
Frequency{Hz)
(b) eference sensor position

0 100

Fig. 8 Frequency response of sensors when excited by
135Hz sinusoidal input

4, 3 E
2 AN e Adnte ofF 4 W YA Y B
o Filtered-x LMS &2 %3} 2 5A0 7]H& o] &3}
i 2% oen 2o 22

AAT 55 AEAANE 3
o]
s

& % a9

W 74

384
339
@ AR oIz Azt AT ASH7EE o
$3to] §.9 W AF3 AF Aot ARAoR 4
43 2 9= A7), Aol AL8S FHT 4 Aol
B gt st S Aol B2 A
A5 ol AEAZ 3t W BHAZ A )
9] Filiered X LMS 7|¥5th 948 45 Uehy
2 o 4 99

£ 40 d3tel A% 2TZ HEALE
o2 2R AA $AS AAe |8 7
.

Q@

~

(€]

Rutd

1A ZE 0|99 R0 g Ao A5E FEA7N7I



>

M

- O|Ef ¥

945tol b2l QAAA D 7S o1& e Aol
Hoze gyol a75nl AW Ao ¥ AFA FZFE
293 Aoz AZ9.

o
e

Ho

ik

(1) Oh, I. E, Lee, T. Y., Kim, H. S. and Shin, J., 1993,
“The Active Noise Control in Harmonic Enclosed
Sound Fields ( 1),” Journal of KSME, Vol. 17, No.
5, pp-1054 ~1065.

(2) Baz, A. and Pho, S., 1988, “Performance of an active
control system with piezoelectric actuators,” Journal
of Sound & Vibration, Vol.5, No. 2, pp. 327~343.

(3) Hong, S. Y., 1993, Active vibration control of adap-
tive flexible structures using piezo- electric smart
sensors and actuators, Ph.D thesis of the Pennsy-
lvania State University.

(4) Shin, J., Kim, H. S., and Oh, J. E., 1994, “Active
Control of Sound in a Duct System by Back Propa-
gation Algorithm,” Journal of KSME, Vol. 18, No.
9, pp. 1065~2271.

(5 Han, S. H,, 2002, “Intelligent Control Design of
Mobile robot using Neural-Fuzzy Control Method,”

60

Transaction of the Korean Society of Machine Tool
Engineers, Vol. 11, No. 4, pp. 62~67.

(6) Lee, I. W, Park, W. S., Kim, D. H,, Hahn, S. H,,
Seo, S. N., 2001, “Learning Rule of Neuro-Controller
for Structural Control,” Journal of Korean Society
of Civil Engineer, Vol. 21, No .5, pp. 657 ~663.

(7) Shin, J., Park, S. H., and Oh, J. E., 1997, “Active
Vibration Control of the Flexible Cantilever Beam
by Intelligent Control Technique,” Journal of KSAE,
Vol. 5, No. 2, pp. 205~212.

(8) Park, S. H., 2000, 1998, Active Control of Radiated
Sound from Flexible Plate of Rectangular Enclosure
using Multi-Channel Active Control Scheme, Ph.D
thesis of Hanyang University, pp. 50~86.

(9) Simpson, P. K., 1990, Artificial Neural Systems,
Pergamon Press, pp. 112~120

(10) Lauterborn, W. and Parlitz, U., 1988, “Method of
Chaos Physics and Their Application to Acoustics,”
Journal of the Acoustic Society of America, Vol. 84,
No. 6, pp. 1975~1993.

(11) Widrow, B. J. and Stearns, S. D., 1985, Adaptive
Signal Processing, Prentice-Hall, pp. 251 ~274.



