DOI: 10.22068/jstc.2018.28554

374 -363 o 96 il 4 ojlais 4 sla

o

Rcuels SR 5y el g s
H“)”w 69l 5] ro}l.c
g http://jstc.iust.ac.ir

Sraw b gl Hlo oSy (2059005 §y9 wlblad,l Webgd JyoS 9 il

Jloalisl> LT

-:z:—2°‘9_‘~>‘5};o~ (S M0 d0x0 ‘lgs'fl'?“‘ A KY I | LO-H')

2958 ookl Sl5T olZzils 938 9ty « Sy 5lSa g D)l wlis I8 -1

958 (el ol5T oKl (32958 Ay (Sl cwdige yLobiwl -2

kheirikhah@gjiau.ac.ir <1498-523 i, Gsoio (93 *

odus

dlio wleMb!

SS9, a5 oyloakibl> ST lapmm (slo,Khoe b e 058 1Sy 2 50malS Y aiz 555 SO (6 bzl Slikes | callie oyl 5o
Spaw Jolis a5 Y iz 5 5eelS (5,5 Olalad )l oSl SYoles il shaie ol 4y 05 so J S dtus jlow Sjgas 9 558 9
s (Seile = )l 58, pizman Sad e glyiil Getkead ol g o sys SewdlS (55555 51 oolil b ciaul loaladl> 5LIT
Giss 45 ol Sim alyd g b s (b s o s 99,5 on 5l Jte S S8 51 oolital b oaliils L1
Gl g ilu o 2o 5l Sl alols mls 00 5 o dnlio o585 @l b g anslxe G5 sk o pulS )3 g &l 50, - b,
e sl Ko b diey e w5l (Slogs 55l b Co 55 Slilas )| el J S Sz s 010 (a8ly diged b o] g3
Sl als halS Gy S 5 g (65 ST J S gy aw 3100,5 e oolaiwl wilonss ate 3y (59, p AT loaladl> 5UT
5 aclsd o SLdS 0aisS 1S o cmlpo sile dige 4 Sy oSl ) eolatul b ol (o sl oo eslaiul 5y ol>
JrsS als a5 s oo lis alols s 0gd ge axlo y ojle Slile )l als (rals Bus cyz 3B uS S sl
“G S S oS ST m nl 0 5 wesee 85 6 pSada jsbar ) G sl plraly ael sad b leeass

95/11/13 :cdl o
96/01/08 : s 53

:oB5lguals
ol L1
S5 Gs
il )|

s oS J 5

lylo 1y o Slas 1 s SIS

Modeling and intelligent control of vibration of cantilever composite plate
embedded with shape memory alloy wires
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The purpose of this study is controlling the forced vibration of a layered composite cantilever plate embedded with
shape memory alloys wires using classical and fuzzy controllers. The governing equations of motion of the
composite plate including shape memory alloy wires are calculated using the classical laminated plate theory and
the Hamilton principle. The Liang formula is also used to model the thermo-mechanical behavior of the shape
memory alloys wire actuators. Then, the free vibration solution for the layered composite plate is calculated using
semi-analytical Rayleigh-Ritz method and then is compared with experimental method. Comparison between the
obtained natural frequencies of the composite plate and those of published experimental results confirms the
accuracy of the purposed modeling and solution. Finally, three controlling system are designed to reduce the
amplitude of vibrational displacement of the structure against forced vibrational excitations including PID
controller, Fuzzy controller and PID-Fuzzy controller. Finally, the genetic algorithm is used to optimize the gain
coefficients of the classic controller and the rules and parameters of the fuzzy controller to reduce the vibrational
displacement amplitude of the plate. The obtained results show that the all designed controllers can reduce the
steady-state vibrational displacement amplitude of the plate significantly, but the PID-Fuzzy controller has the best
performance.
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Fig. 1 A schematic of composite plate embedded with SMA wires
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Table 4 Characteristics of composite plate and SMA wire [13, 19]

E, = 42GPa ,E, = 15GPa, p, = 1702, v,, = 0.3,
length = 0.185m, width = 0.04m, Thickness = &9
0.005m, b, = 0.005m, b, = 0.035m, a, = 0.03m, 59l

a, =0.15m
r, =5em, L, =0.12m, m, = 0.002669¢~3 ,
C, =322J/kg°C, hy = 70, T,, = 23°C, R = 1770,
Ag = 68°C,Af = 78°C,Cy = 10.3e%,0,; = —0.055e°
0 = 20.6e®
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Table 2 Convergence study of displacement amplitude at the end of the
composite plate
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(mm)
14.126 100 10
14.243 400 20
14.293 900 30
14.301 1600 40
14.303 2500 50
14.303 5625 75
14.303 10000 100
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Table 3 Displacement amplitude at the end of the composite plate
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Table 5 Values of K, K; & K, coefficients used in the PID controller

Ka K; Ky o9
320 320 340 s g oo
318.099 244.785 982.303 S5 @.’l.ugi”
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Fig. 2 Block diagram of the control system
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Fig. 3 Vibrational displacement at the end of the composite plate using PID controller
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Table 6 Rules base for the fuzzy controller
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Fig. 4 Membership functions of input and output variables of fuzzy
controller

G3B oaiiS JRS (2 5 (59959 Sl i Cugae oy 4SS0
Slixe 44 aio gl a5 Cuils azgi ol p3¥ (yiled acgomme Lo sy
ol 00y Lo i 050 CaBge I SYL @ ComBge lade a5 col
Coto sllas 5 il GEalS b pew lod (a8 sl Jlesl 5L ol plo
wBloo Lo s 90 Cundae 5l eI Cosdge Jlaie oS Cuul (pl slne 4

9US 9 pole dy puis

cjerols s,

—E
<



olgA (5 pd S dexe 5 (e wlsbuwll Lowis e IS )8 pauSs S o1elS (59 wlibles )l Sioub 50 J )i 5 (s )ludawe

0.02

0.015

0.01

0.005

no (m)

-0.005

-0.01

-0.015

-0.02

Time (sec)

Fig. 6 Vibrational displacement at the end of the composite plate using fuzzy controllers
S5 slad S b (ajseals )9 bl almlr 6 JSS
639y9 Olye 4) ballas ggazme 5 (o5 Flie (639)9 Slye ) s Ol ss
@l ol plpse was J8 ol o bl gl wiliee (S 1S
S 53 S S5l 0aniS SRS 5 5 Bt —genlis eSS 59 Al
3 IS olad s ol bl 35 e (536 oS S
oo A USL g vslgd Jouz (2 9)3 5 599)9 Sesas @l 9 Shes o350 05
Al ool el 1) o5l 5 o)l wlals )l g sleals by S b oles
alen 58 gie - ol J S 50 coliiul 8)50 (puiled a5 s axgs o o : : A : : : :

. & 1 s Lo . -1 08 06 04 02 0 02 04 06 08 1
Glae SISl J S 50 coliinl 0y90 (uilgd (Jg 09 waly> 6 Jgoo Input Variable "E(t)"

ol T Js» T T z 7 P

@S Judxi g (w2 -5 )
Ol g ead Ay s J S o Slae dislio g oy A iS5 cpl o
Ao GinelS Gy el plbmlr T JSS 0gh e asloy g
c = 1 1 1 1

et w0 e Gl ) s (g9, p 0dd Al S 4w Jleel 1 08 06 04 02 0 02 04 06 08
Input Variable "dE(t)"

A Sllag amls eimen 5 3y sl abuls Slas 8 Jsax

) N T T I T T T I‘H T T o T
00l gy Slo S S L S e e o) 5o 55 el b '
S5 B SedST J S gl e oye a5 johailes aslei oo anslie

azgr Wb adl o)l 5y Sl Sllug auls ials jo ) o Sles oy yige 0.5
—5gS A dwd  polie g ollae 0 Sles gl)lo o ) S gadS a5 cls
2 25 Sy bl ollegs (2alS )3 e glaJ s Bl o5 e

loaladls =LUT el £ Ll el . | -l 0 0.1 02 0.3 cl_4 05 06 07 0.8 09 1
* e )ﬂ& &= e R eatalts J#]é el )3 Output Variable "output”
Dydge o iS5 Slae ;5 Codgazs el a5 £l 95 C glos o Fig. 5 Optimized membership functions of input and output
variables of fuzzy controller
. . . aiiS S zays 5 639ys Lo o0d Al Cupas mly 5SS
Loz ggoze (999 b (5518 (IS ild T Jgur "
[}

9US 9 pgle Ay jui

A Table 7 Fuzzy control rules with the total error input ) B

Y E(t) 10) 325 i« N SG  anli — (318 ouiss s -3-4
NB L e - . ..

3 M " 2 45 0,5 ooliiul gy iz 5l plgioe 0arST J5S onl (2 sl

al- PB H el (63959 4w b (538 00isS S SO 5l ooliiwl b o] sl o o, 5

3 (omliS (53959 Olyie @) U Jalis (5316 008 S @ (5999 (221

('Y

! Overshoot

-1
<
—



olgA s o BMpIoxo 5 (plxe wloludl Lows

e IS )8 pauSs S o1elS (59 wlibles )l Sioub 50 J )i 5 (s )ludawe

o J s Lo, ey Sy jskate 4 0gd e oo &g 5.8 lade L il
oy O S5 5 by a5 b LS 59 ol S S (538
ol g i S 55 ol L8, 555 s sanlive a5 jshailen el o
St 213y KIS 5 b delin s il sl 5 gl ol
B o0 E) S5
Gl 3l o 95 C lagees slos gLsl um vt o L3I 3L a5 jshailon
09b Jloel pon & @I g dwgny Ojg0 @ Glyz ST ed il b o,
5 Sl Dope 4 by ST Ll oY 2y 5.8 sga s 3l
oo U el Lo adg 7 Lo yas asalo b by gl Jlas! pp 4y slalas)
4 ST 5 58w la S alple ey gldl v 4 o
el 1, <y 5.8 pam e 25T ol S Ly Ll 55 Ui
sl Sl (63,5 S b oSS aige IS 85 o 5 a5 e
0,Sles oo gaig0 (nl Mlei oo Jlasl 1) ey 7 sgax 3Ly iSTas b
| el 4> 4 1 Shae (e, 51 S5l 5 oad ol sla S
5y ke 21 oSl 0925 b 45 55 a8 il e sl LS|
5.8) (56 sl 5 51 it (S 79SS LS 5 asliial 50
ol 5o eolitul 0550 535 o il oy Slogs o 4 Jg el (2
Gy 15 S50 1 1y (2 L e ol (53 (sl 5 ) o

oS Jlasl 51 ol (559 Jlanly blags asels 5 ol 251> 8 Jga
Table 8 Overshoot and steady-state vibrational displacement amplitude
of the composite plate using different controllers
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Fig. 7 Vibrational displacement of the composite plate using optimized controllers
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Fig. 8 Comparison of the generated control signal for optimized controllers
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Fig. 9 Comparison of the control signal generated of the composite plate using fuzzy controllers
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