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ABSTRACT

Newly developed control methodology applied to dynamic system under random
disturbance is investigated and its performance is verified experimentally. Flexible
cantilever beam sticked with piezofilm sensor and piezoceramic actuator is modelled in
physical domain. Dynamic moment equation for the system is derived via Ito’s stochastic
differential equation and F-P-K equation. Also system’s characteristics in stochastic
domain is analyzed simultaneously. LQG controller is designed and used in physical and
stochastic domain as well. It is shown experimentally that randomly excited beam on the
base is controlled effectively by designed LQG controller in physical domain. By
comparing the result with that of LQG contrdller designed in stochastic domain, it is
shown that new control method, what we called
technique, . has better performance than conventional ones as a controller.
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Fig. 2 The schematic of composite beam

FRLSNSSEHAEX/A 9 @ A 3 3, 19998/503



sistE A REFHEE Yerdh

[Mlg(t) + [ Kla(t) = [ Plz(t) + [ BIW(¢) (3)

L
My =0 Af 840 60 ax
L
Ky = EI[ ¢, ¢, d
—_ L
Poo= —pAf ¢
B; = C,‘dg‘qS;(L)

9 A& e ol THFENFY Fog FAHYE
RautAAos £ 4 glon, grN (= A2Y
o ZAHAGFEAN APHA A o8 Fa A,

at) + 2Lw;qt) + wlqt) = p:2(t) + b;V(£) (4)

3.2 =AU A Q| A|AE] YbE A

AR FF: B sHElAE 7N bAFEH
AolYdgL HFo] 00lx, vAA(uncorrelated)
7}9-A1¢H(Gaussian) el 9] WA ZSAA, F Heg
(Brown) %9 nEIHzZ ved F X, =
gde3 72e EAS #E Y (Wiener) #AHLE
7tR g 4714 B.(1) % By(t)E BIHEF &
AAdLg, D9 D= 7zt N5 PSDE el

dB (t) dBV(t)

z(t)—— , My=—75—

E[ldBYt) 1=2zD,at, E[dey(t) 1=2xDyat

(5)

4 EeEwAe 47 99 WA 4 (5)E
Itod) % FE WRYoZ 29 BeH guh olE
4 (@34 2 Wes Agd o oReiun.

ERAAE FHFPoZ KA F WA REAT
F4g ANRTA G,
{41 q2 lil 42} T=>{x1 X9 X3 x4} T (6)
dxl = xadt
dxz = X4dt ;
dvy = {~ fx = 2w + 0 2O + 5V (7

{ a)lxl - 2§a)lx3}dt+ ?1de + bldBV
{- wzxz — 2bwyxy + py 2D + b V(D)
= { a)gxg - 2;(02X4}dt+ p.dB, + b,dBy

F-P-KEAAE ol §ste] $& RRES
Wgez FEAG HIEHPL o Ito
2a3Ae 748%, 1 At F-PK ¥
A AMEE AolFAEFFA I 5

504/82ASTSBEE /A 9 A A 3 F, 19999

Astgh gLl F-P-K #ALE A2d9 [tod
FgrjEA 2 HE PG,

DR — (5P, 0) i (P, D)
°—{( wix) — 2 Lo x3) Pz, 1))

- —{ (— whxy — 2 Lwpx ) Plx, 1)}

"—{ H#D,+ BD)Px, D) (8)

+1
*32 dx3
+1
2 2 ax ax {2”(p1p2Dz
+ b1b,Dy) Px, 1)}

+%Tg—{2n(p2D + biDv) Plx, 1))

F-P-KWA e JelEe F2E FHAE 2%
FFr 0)E 3T A4S AAG G | 4F7F
e 23 Z9 Agd Al2dd dF ge3d 2
SHENESA Y Yy g AL £ AFCY

O(x) = xix}xkx (9)
M = Moy et M ke
— 228w k+ 28w m ; ;44
— W kM sy a1~ OIM -1 (10)
+ 2($3D,+ BD ) k—1)m ; j 42
+ (D, + WD) I~ 1)m 412
+ 27(pr1 92D, + brboD ) kim 4y 1
sHnaEgPAe zt Fels AdH A2 7 AdE

MNBE 2He) Haygd AFHFaAE v do.

Miiet = f f f f_ +mmx{x§x§xidx1dx2dx3dx4 (11)
= Elx{x}x5x4]

2 =2odE W g slol Y FE LS
e A WA =g Aoje YR A &
o o M AAE $H ZUE $RNE A
s Roghe E@sts WA4ezR AFYdd te
3 e 13 ZUE RN 2% EANE B
AL F g 471N D, & A7tE 929 PSDo
, Dyx Aoid¥ 9 PSDeltt.
o 13 BUE WY

Rl

Mo = Mo (12)
My = —w My — 4§a)m01

o 23 EWE WA
7;111 =— wzmm - 4§wmu + my2

7h20 =2m11 (13)
My =—2 Lomy + 2n(p°D,+ 6°Dy)



ZEUBEA Aok B JYA A7

-

1 ERE 3943 2% BEE RS AR
A A (coupled) HOIUR YO E3
FA G4 ¢ HozRY & & Yo =F 4Y
S B 09 WYaFggo sfAYgonT 13 FUE
NN AAAAHAA 022 FEIEdE RS 4
A G F Ao ol A2de 280 1 ¥y B
A 22 A Jdeus, ¥ 2" EA0)7
T 8teh ol"d HEAAYY AFd W FHQY
Heotld A3 Y AFHEFA(mean square
value)ol o8l & & AS Aot 23 EHE WA
Ao zt Ael ANES], 8Tzt A HZEY
AFHFAZA o]E9 Azte] B E W3lo] W3 7}
&o|t},

4. mMoiz| dA

LQG Ay ZAE sty HHF:H B
Aojol2E o]& % RA/FE RAVE HAGY 2
g oy AANAgE FAsE R g AN
ol AtY BAANALEL e o] o 5
A}

(D = Ax(d + Bu(d + Nz(t) (14)
W = Cx(t) + &P
o] W FEiFA LA Z714H x(0) & 7R F
& 2(8) 2 ANFES D7 AZ b AgTela
7t EH, Aoy w(HY EHRZY WHE ¢
Yo gdte ZwYUE (Kalman Filter)ol W& 59
g4 g3 2o

l

2(H) = A% + Bu(d + H[}H—Cx(H]  (15)
g7l He ZRUEAALZ AeiFH2xte) A
ZEANYEL HAHGES MAHA,

=El (x=27(x— 2] (16)
o] T 9 Riccati$F 49 HZRE 424 Ut
P=AP+PAT+LEL"-PCTO"'CP=0 (17)
= PCTo™! (18)
BAAE M 8ol 00 HE A2YE HAG
Aste] AARS: JE e 2o Yot

= ["L Qe+ uTRwat (19)

MNZoA 4B

AAZA A"y 28 A8 523 ¢+ Ao
HAAANAYY w(H= &3 7ol feedback FEHE
yekd £ Qg

wh) = — Gx(d (20)
714 AjAYN G og 7o
G = R 'B'’K (21)

KE &3 712 Riccati #3249 sjjo)c},
KA+ATK+Q—KBR'B'™K=0 (22)

5.

|4

ey * dn

E7E das BE B Ao U HAH
LQG Alej7l9 Aes Zetry] 98 EFAS R
Y8 (impluse) X Fel 7Heizl 799 EFANER
o A WA RZE FAANZ ALl uigd AFA
AL FIysAc AEYFA5E 1 kHzZ HA
FRI, oF AL=HE PN BF T

PP o] 7tsfizl A4 ofol dWlg Aol F3)
3 AFAE Fig. 33 Zes R AF5E 534
AL FAF 5 Utk AA FutRo] 7o)
Aol gol gl o R A WA FEvhe A
o9 AL ® A7l Wil vey: ¥ oA ¥
T o4y Segolatz AztHEc

Bej A ¥ixg RS 33 AP Gl
Bl A WA IFAFFE ZE A AsE &
AEA I o] NIE JAE FEIAC *l"
2o FR 5] BF H"Fo] ALHY B AF
QZHoZ 7 ANPE A 4 UH(Fig. 4.5).

ol dgrixel <ztg A

FE
2gAER SRR

o 1 2 3 4 s 6 7 8 [} 10 11
time [sec]

Fig. 3 1st bending modal response under impulse

disturbance

PRASVSSHAXN/A 9 ¥ A 3 F, 19993/505



0.25
time (sec)

0.3 0.35 0.4 .45 0.5

Fig. 4 Uncontrolled modal response for the first
mode resonance

[s] 0.02 0.04 0 06 0 08 01 0.12 0. 14 0.18 c.18 0.2
time (sec]

Fig. 5 Controlled modal response for the first mode
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Fig. 6 An overview of the experimental setup
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Fig. 10 Modal response via LQG controller in
physical domain
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Fig. 11 Modal response via Heo-LQG controller in
physical domain
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Fig. 12 Comparision of LQG controller with Heo~
LQG controller in transient period
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Fig. 13 Mean square response in transient period
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