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Modeling and intelligent ‘control of vibration of cantilever

embedded with shape memory alloy wires
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composite plate

Keywords Abstract

Shape memory alloy The purpose of this study is controlling the forced vibration of a layered composite cantilever plate embedded with
Composite plate shape memory alloys wires using classical and fuzzy controllers. The governing equations of motion of the
Vibration composite plate including shape memory alloy wires are calculated using the classical laminated plate theory and
Fuzzy controller the Hamilton principle. The Liang formula is also used to model the thermo-mechanical behavior of the shape

Genatic algorithm

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
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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 PI1D.controller
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Table 6 Rules base for the fuzzy controller
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Fig. 6 Vibrational displacement at the end of the composite plate using fuzzy controllers
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Table 8 Overshoot and steady-state vibrational displacement amplitude
of the composite plate using different controllers

RV Olwgs daxels RV bol> ST '
4 ek s RS
Sels (M) el els (m)
0.0143 0.0143 DS a0
753 0.00353 70.6 0.0042 S5 ) 15
COSdIS J
78.1 0.00312 75.03 0.00357 ek
78.7 0.00304 7.7 0.0039 3l s
79.7 0.0029 74.12 0.0037 Syl s
79.86 0.00288 7433 0.00367 J ’MS
Sy sl

O B3 by S all )3 SGi el e S
Gl A gezmes (Jl ol Ll b oS e o 1) o, Slee
El BoaS, &y S0 o) S 48 o Slae
dw 5 IS IR pleie 4y eal Bras 3y Olyess 8 IS
S e s aiis o5 ol a5 1, an S
Ly of anels 513,15 jholaie s Slogi 1) Sexif-SeudlS 28
s Ko PR RS JUSe g 5o adlie dy T
b yge @ Loyl S Jius b aslie o Seii SediS- s

0.005
GA- PID- Controller ~ -=--- GA-Fuzzy Controller
0.004 | ceeeeeeeee GA-Fuzzy PID Controller
&
0.003 ) A ) A )
! ] p p
0.002
_ 0.001
£
S
= 0
-0.001
-0.002
] ] ] p 1 p
-0.003 ¥ ¥ k} v ] L/ g
-0.004
0 2 4 6 8 10 12
Time (sec)

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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