40 REAVEEEE

b
b

B4 A2 A4S o8

3 e 2 AE Aol Ui AdH A
F25" - AE ol

Experimental Study for Optimal Vibration Control
of Composite Plates Using Integrated System Identification

Keun-Ho Rew”", Jae-Hung Han" and In Lee”

ABSTRACT

The present paper treats experimental investigation for optimal vibration control of composite
plates with a bonded piezo fiim sensor and a piezo ceramic actuator. The plant parameters(A, B,
(), and the Kalman filter gain(Ky) are obtained experimentally using ARMAX with modal trunca-
tion method. Based on these parameters, linear quadratic Gaussian(LLQG) controller is applied to
rectangular and wing-shaped composite plates using DSP board. Butterworth filter is used to pre-
vent spillover phenomenon, and to smoothen the control signal. The experiments show that the
vibration levels of three modes are reduced significantly.
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Table 2. Material properties

Properties HFG | Fui AMP
Gr/Ep | C-82 |LDT,2-028K
E{(GPa) Young's 130 59 -
Ex(GPa) modulus 10.0 59 -
Gi2(GPa) shear 4.85 22 -
Gy(GPa) modulus 329 21 -

Vi2 Poison's ratio | 0.31 0.34 -

plkg/m’) density 1480 | 7400 1780
Fig. 1. Configuration of specimen du(pC/N) | piezoelectric | — | =260 23
dx(pC/N) | strain constant | — ~260 -
Table 1. Specification of specimen{dimension: [mm]) ga(x107m/C) | piezoelectric | -~ —8.7 216
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Number | Wy, Wi | Angle | DyA DyS LyA LyS
[degree] ThA ThS A Aebd(Fuji C-82)3 ¢+d HE(ATM DTI-
PLATEI | 220,06 [[60-600]] 22 n | 20 | 2o 028K)& B34 %o Z9Hq] 27t HAsied B
150,150 8| e | 1S | 20 | o gwkEel 2229 Ao} Al AFA0lE 59
020 | 0028 3171 g8 AR ZFE7E ZY] e 9 (non-
WINGL | 270,10 | BoJoJ, | 21 21 55 | 155 collocated)o] F&3stict. gutd oz 7 7)/2HE7]
120,75.5 19 81 20 125 7F 7] e 9o glew 8lA 494 Al2=(non-
040 | 0.028 minimum phase system)o] o] Al2g 28 2 )
WING2 | 270, 1.0 | [9040s), 1 20 2 25 15.5 o7t ol AT}, 8].
119,745 9| B 0| 125 AYAQ Axule] Ay whie thest 2} WA
040 | 0028 Ay ¢l AF(banded white noise)E ¢4A Ay

T $¢e] 20dBold AoURZR o= & RE=7} Au)
A At FxES UIEIGn E F -,
WINGL, 2& 22 343 A5 A3t e 3
$24 WING1E Audoez 7ol & 73$o)
WING2E 7F4o] 2 7-folth =8 WINGIL =
H(pole)xt dH(zero)o] £x1FE L2 Yy T2 AF
& Zre dlgd] WING2E 93] gis 54 ASS
Zeh E=3, tegoA] Ate meisly Aot
A4 s Faak RE(97]4 39 2o)e] a4 A
47} 120 Hz o] Ex5 3Ith AlHe] 7o)
WAA AA 2747557 AR 7Z$ole DSP RE9)
ANt &7t gekAof sl Fgo] itk

¥H FT2E 2 BAV/FEVY B4XE Table
29} Zth

AlH-e z2) = 1(Graphite/Epoxy prepreg)E o
g dxg H3E oL CEZYolHEldr 17 1
e 71 BT F, tololRr HWr)E o431y
71EE F oZA HEA € ¢ AFAE o 43l

=]

oft ki w

2

o2 B 48 Azel ¢A dECAM AL Hia A
5 Az Ala® Y&8 A3 E Table 3~54 Je
U AZHTs)vlel ol AFAIZITE A28 2d =}
TE 992 Fedq(4a, & M, My, M = 8), 4%9
dlolEl & Al BEVE AT I FuER [5,
619 2ol A B BolAs} FL & e REE &
Asted 33 Alxdlo2 #EE HASL, Aol 49
W= 4 (6)~@®)9 HB& &3t 3t

Alzg] 28 g AoA] AFAIZE TsE A ojstaxlst
© Fxzt B viEr|Ey A7 geod 3x 2T
9] Aojrt BrlsslA whde] AlA®] A¥HA] TsE
YE A Feod Aojslse EzEY & ZEE
283 Hu Zee FG3E JiEoR Pol Woly
Azl 2 Aol Hojd Bal ohgl, Aol
Feo AsA Hol Aol Bod F= ok
wtA Tse A = F719] o 0.3 W2 #e Fd
AFst 53 GedA Ao A3E F=HA wse
Ro] B} A4-A3 dhelth



F25 - @AF - 04

HEHARHEEE

FFT Analyzer
HP 3566A

DsP
dSPACH

PVDF

Gr/Ep Wing, Plate ]
]

u | “Vibration isolator
DAEIL Systems

I e
d hd High Voltage

Amplifier
{Apptied Eloctronic Lab)

Fig. 2. Configuration of overall system

o) - e |

U
L:E}"{_Qbsemf {yerepye
! WPl . - 5 |
| i (] ue_out
L NTRL Saturation

xe CNT vl
Gain  Pass gt DA2
-Ke fiter 4.0 .

GOFF

Fig. 3 Control program for DSP board

E3A Hue] WA 489 AXe 4L Fig 29
2o dg 3@ AzE d Agedd sisle] Alx
el A5E YA FA7IQ HH HBM A&
o] wAsled AetF FE718 Falo] 1x10°[V/C)
v $E 9 FEFO ke ez WgEch e
ez vy A&E Fig. 39 2422 74 Ao
4 Z2agd] o3 FE s 44 DSP ER=
(dSPACE DS1102)& %3t tixg A&z Wiy
1, o] AEE o83t Alo] Y AZW)R ALt o]
Rt} o]y Fig. 39] Aoj4 Zaazhe g =233y
(MATLAB® Real-Time Workshop)el] <lg] 7]A
o2 slfo] DSP RE=o) A3K(loading)= o] AAl7te
2 Aol 9 A3(w)E Adlstd Eoh

olu] Ao} o] &AM control spilloven) & ¥A]8}7]
At FnEF [10]14 M8 e gt A
%3} Hel(low pass filter)E Fig. 3olM e} 2& 91
o AX gt dukd o2 Butterworth X535+ 3 I
HE AFoA $4¢ 548 AWz, tE 79
e &) vlg] Aol Aoz A gctn 43
A sk Aatg Aol g2 DSP Rz Butter-
worth BEE B3l 2dsiA] @2 & FusE

Ze Brgo oyt wAg ojn #&7]9} A oj7]
4 Table 3~59 Q= AAE Al T, wjc} A4t
=911, Butterworth el 4R A7 Ty ult} A4k
HA old AEy 53 gyE 49F X E v
ohz}l Aojrioa U ojikald AlF(discretized
signahE F=@ EAASE 98x dng &
715 ASEE wa2d 43 sk (T, > Ty).

Ao 2 A Ao 9 d3(we 1A T
ZNE B3lo 40v] FEE Fo s 4R A
9ol 7iEled FEE A} ol Fig. 39 £z
oA A g Zo] A Aie A Rele
Aoz 7HAsle #EVNE & AEE o431
3ty =3 Saturation £&& 14 FENE B3
8}7} 98 Aojz, CNTRL Switch 222 4 (8)9]
e CoF Fie 15 E oL

Z3 g 4k Fig, 20049 2o] 4 o
Fuke Aol el WY o A5(d)F FPAA ol
2 Aoy A% Aol f4F Aze ¢ F nA
FE71E Belo A Al W, b 7]l
g &4 AN3(y)E FFT 247](HP 3566A)E o]&
gt Y(jo)D(jw)ol thsled 4 (8)9] C, 3h& WalA
A7PAA Aol EHE BRslYch

4. A4 A

#2719 4 A U 97 ov FnFEd
[4]1A gt H o, £ Aforle Aggeln &5
7] 2 Aojrle A%s Hridte 4¥e sk
Table 3~5% &N A8 B84 A28 23y
S olg3le] Zt Al disjA Alx" AES S
A3o|tt.

d714 A, B, Ce 7283 ¢A& #7138 7] ¢
#AHE PP Eolx, Kee #57] ol 5, KeE Alojr] 9]
E ot}

Fig. 4= WING19] 1~3 ¥l# 1% A542 717
< 3tn 3 HA A9 4AE(UnCNTRL, 44)E
AT F, C, #kol 0.2 F& w9 Aol 3% A&
(CNTRL, 4 £°] gle A4)9} ojnf #5771 3%
A Z(Estimated, 4 &0°] Sl FA)E AFsA vz
£ 95l F Ay 29E 2o 2= A
Fig. 4d.a~4.colr BE7|7F 733 A3} AojA &
A Az ¥EA ke AlAAe] e HE A



W4 HE2% 19984

A A2E B S o] 8Y B34 Hae 44 A% Aol g 494 47 45

Table 3. System parameters of PLATE1

.

PLATEI s b A N /‘\ yrentaL ;
050 0 0 00 P e e
09551 0 0 0 0 N 2 B B B g [ o B g i o
0 02430 09631 0 0 E o '\, /’ﬁ, \/ \\' / — /i - \\v /
0 09631 02430 0 0 - :: : TN T Y
0 0 0 -0.1916 0949 UM Tl T T
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00275 -00052 00083 00150 -0.0087 '
04614 0.1558 05036 0.1005 03827 SO A VI F N A NS4 W W e T =
05864 0.1636 -00154 00665 15188 5 [! \\‘ \ /\ / \X / \ //\
-13583 35884 101639 46300 -7.9837 “ KA T T T A A TR
500 500 [ 3.0 msec 0.25 msec Y Y RYE YR IR
I VAV IV VALY YA LV
Table 4. System parameters of WING1 ol e S e teer o o
WING]I (b) 2nd mode excitation
09788 02002 0 0 0 0
02002 0978 0 00 0 s L ] 7
0 06006 07971 0 0 - J’u‘\ ‘M i\& HHH1 ’ \k mw 5
C TN e o R S i WY AN
00002065 09753 S L Y BV AV IR YRR N ARV ALY
0 0 0 09753 02065 PV Y, U VoV
00615 -0.0081 00155 00218 -0.0864 -0.0097 QRTI
0.0310 -0.1192 00650 -0.0867 00527 0.0727 (c) 3rd mode excitation
4883 5.6785 24903 00802 -1.7034 26827 L ' o
Fig. 4. Time domain control result of WING1 under sinusoidal
37786 -10102 36147 60524 -40049 -5.0291 excitation
10 15 15 }F|20mseci B | 02msec
3 &3 3z 4 sl +49E ¢+ Uz,
Table 5. System parameters of WING2 EE vjAolAe 24 Az vlasiRd Ao A%
WING2 Holdg & 4 ek
02330 0 0 0 0 AFst B3 e F847 Ao Aol nAe
09705 0 0 0 0 AEE IAsly] 34 Butterworth AFa 3 g
0 02311 09709 0 0 B9 AFE upte] JHRA FEAe] ddE sk
0 0979 02311 0 0 Fig. 5& Fig. 69 153 A¥REL Jehi 13
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0 0 0 0719 06274 A5 Fu4(cutoff frequency)E [Hz] @98 EA|
20,0004 00045 00057 00078 -0.0045 g Zlolth Fig. 5(b)ollA ¢l Zo] 13 & AMg-sa
-0.4408 00150 02449 03387 0.133 AolS A S WBEo 258 Hz 229 694 &
27717 08957 07920 05075 07138 zd Ao quiA7}t §3s0] e ASL A
09906 -3.5812 92397 16.0398 4.0304 ' 97t BAEd .
08 3.0 msec 0.25 msec Znz Ay FEE A4t & A Hobd muicd

e Ao 7187171 20 dB/Dec 4 EeolX2E 2
F3ol] oIt 2w A7} gobAn] o7t A HA,
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Fig. 5. Effect of the low pass filter order on the residual modes Fig. 7 Control result of WING1
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