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"Mode Selecting Fuzzy Controller; to suppress the response of
flexible system under irregular disturbance
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ABSTRACT
A fuzzy logic controller design technique is proposed to apply for the control of flexible system under irregular

disturbance. The fuzzy rules of
information and modal characteristics of the system. The frequency information of flexible system is picked up from "Mode

™ode Selecting Fuzzy Controller; are constructed using displacement, velocity

Selecting Unity based on Fast-Fourier transform algorithm. Experiment is conducted to verify the proposed theoretical

approach. Piezo ceramic and laser accelerometer are used as actuator and sensor in the experiments respectively
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Table. 1. Experiment Materials Specification

parameter Beam Piezo ceramic unit
Length L 0.28 0.055 m
Width 4 0.055 0.055 m
Thickiiess I3 0.0003 0.000191 m
Density o 2700 7700 kg/m

Young's modulus E 70Giga 50Giga Nim?

Piezoclectric .
strain coefficient 9 -180Pico ml v
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1 1.8751 3.5160 1.0000
2 4.6941 22.0345 6.2669

Galerkin methodt PEESE A 3¢ Yehtls 9
dgle 71EARE W o EES 5oy d4e g9es
Holt}. o]S o]f3ld AujulAdAlS An|RulAAow
Wasr 4 oot AukleA AIE sl 2m=
TAME 31 @) 2t

(0, R) =

[{ZE[ems L)

a9y, a0 | pd 4055 ©
- i, V(D' (x- 0.2L) }Ydx= 0
for i = 1,2

9 2ARE aiFerde ¥k ODEFHS] 2ewd
Aoz Aejshd g3t o] Aeldn

XD+ 280X D+ ix (D= pid(D+ bu()

)]
for i = 1,2.

ol @ p.% 5 27 B Al Yo, ¢
AR AGUESLE Fo TN BlAFol,

3. "ozl dA

3.1 25 ME{ ZX| (Mode Selecting Unit:MS U)

URNES Ao AN A o) ek

Radix-2 FFT 2858 AR [S]

(N2 1 (N2 - 1
X(hy= ﬁ J1(m) Wl + Wy ﬁo £am) Wi )

= F (k) + WiF (k) k=0,1,.,N- 1



ALY & HE

2AMmelM IR AT 0y, wwe B W FFTH
e Fagd ol SFHA (index )= THEIF o] A
old 4 itk

w,/ 271 W,/ 21

A ky= T (11

1

Tz gkel HERE AGaks Fsked FFTHER o iy
3P IstRE9) andRES] Fugge A& FEY 5
et

A o= X (ki) = X (kzna) (12)
Farsii S HEikE YAAIRE wlelErt Wasi |
th g Tk JRE A7) AN B % dolH
7t 879} 2y dolele] o] Hold4E, &, 44
7to] ZAolAFE AoJAl eyl FFHE AHY FH5 AR
o} FEoX A9 T FRE A He Japt B
et olg)d B nasl] fside FUd T
BES 4& T e WA Aoz FEARE A
HE wdE FAl TET 5 Qe sjaAz dAo) o]F
ojzjo} ditt ol AL FXAES 53l Fig.1e] MSFC
9] Alo]EEE HLIBEH o]Fo|H )

\ N ; .
R S S S T S PR FR TR R

Fig.1. MSUY] F3ajA A7kl T2 Ajo) S gu]n

32. HX| HMoj7] MA
Hejeatel eapiskg a
7} 3cAlS] HAAEN AR PAE e, SR s
AR RS} 6] ©]= Fig2, 3, 4, 59 7} Fig 49)

e B3 AR FHAHRE F2F 5 Uk

-1
x-r+1 whean[r ,r
p(x- 1 ]
M4 andp = lp(r- x)+ 1 when x& [r,—r;—l] (13)
0 otherwise

A7IM pe B 7187, 2 Hgo HAelrt

- 200

sHuse APRe 2

20029 T D@ AEH HBAMEXY (BRASESIEE H)

58 5% ds 0% & 02 a¢ a3 ie
Fig. 2. Input fuzzy st 4, (e(k))

s T

2K Jb Qa8 L3 & 0.2 3: 33 GE
Fig. 3. Input fuzzy set 4, ( e(k))

1 s ! E—y p o
%, 8

Y

7

§;‘

EAY

P

Y

4 B8 B8 o4 45 0 €5 84 66 5
Fig. 4. Input fuzzy set 4 ; (A4X ,4.)

§ s : ey % et
1 48 94 dg  ©2 & 02 g A& UE
Fig. 5. Output fuzzy set B (u(k))

control ruled THEe] TARSE zZtn o]

Table 39} 4% 7t}

ejshd

RY: IF e(k) is A, and e(k) is A, and AX .o is 4 4,

THEN u(k) is B, (14)

Table. 3. Control rule basel

e(k
ax mode = P N ; ) P
P P Z
e(k) P zZ N
P Z N N

Table. 4. Control rule base 2

)

X poge =N al

mod e N 7z P
N N N zZ
e(k) zZ N ¥/ P
P Z P P

Table 3% 48 HY¥ TR (Figd)d ma} Aojilsrt
HEEE 2 E 5 gle, oA 7 Rud wE f4d
Bo] Feite] XoloA AfHET. BEs|Add] 9gh 1stR
co} nd2=9 FElE Figod 2t o2zt FHAHRE
ANZro 2 FE57) $8le] MSUZF e7Ew, MSUY] F
e ARTE QUMER] g 7189 Aohir & stRs
Aojwkalal andZ=AofAoll= Table 33 Table 49



Control Rule& 217} 5202 #83le] MSFCH219] &
B3 35 vlasiyich

Eavwe s Ty mons e b 2w ok it

Ist mode 2nd mode
Fig. 6. Modal analysis plot of the flexible beam

R I

linguistic description22 AAE U H49} Rule BaseZ
e Z23e 23] $% 8 WY o2 Mandani
212] max-min compositiong AH&-313t}.

ps =V 1, ) N s 0 N pa,0) N\ peo)] (15)
ZUANSALS 913 Center of Area 21 AASSTLL]

i u, ug(uy)

o im0

U =——n— (16)
g‘-lll‘a(ui)

A7 w = SEHHRAES N o138 gl

*AE

$

A W FARIYS BT B 2AuE I
Az Qstel HANZEe St nmsks BEE
Fasigict.

s P

Real plant 2-mode approximation
Fig. 8. Spectrogram of irregular disturbance response

- 201

J1HQ g A X 2002 5% DA e ABMERY (BIRASISIHE B)

E7E ¢lgh& PSD = 000072) White NoiseZ X433}
AMEEI3E Fig8el AANAH 39S E o 3rd mode
o)1F9] FHFGHL F SHANA mug FE AAFEE,
2-mode TAP} FEES ERIT 4 Ut

Table. 5. Natural frequencies of the system

Real Plant Modeling System
Ist natural frequency 4.34Hz 424Hz
2nd natural frequency 2396Hz 2324Hz
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