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Active Control of Vibration of Rotating FG Conical Shell via Piezoelectric Patches
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Abstract

In this paper, control of forced vibration amplitude of a rotating FG conical shell are studied using FG
piezoelectric patches. Four piezoelectric patches are placed inner and outer of the shell. In order to obtain
the system dynamic equations, the energy method and the classical plate theory are used and simply
supported boundary conditions are considered. Each system variable is considered as an expression by
separation of variables with variable-time coefficients. Subsequently by substitution the considered
responses in the energy functions and finally using the Lagrange equation, governing equation of the
system are obtained. Natural frequencies are compared with the result of previously researches in cases of
non-rotating and rotating shell. Also to control vibration, velocity feedback is used so that sensor voltage,
which is dependent on the surface, thickness, and location of each sensor, is calculated and it is used in
the actuator voltage. In the following section, control of the system is done for first mode and then
convergent system. Results show, Closed-loop system well dampens amplitude of forced vibrations, in
both cases.

Keywords: Rotating Conical Shell; FGM Shell; Piezoelectric Patches; Active Control of Vibration.
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5500 : : ; Geometric parameters:
e reference [10]

500 =@ = present ! a«=30°,h/a=001,L/a=6
m=1,0=0,hy/h =025
hs/h=025,N=0,P =0

4000 shell:

3500 kg

E; =380 (GPa), pr = 3800 (F) ,v=0.33

3000

First natural frequency (rad/s)

2500 : . r Piezoelectric:
0 5 10 15 20

non-homogeneous index of shell (P)
& ol 2 e dlginl Jol (b (w8 58 duany Lo - ¥ S0
Y] gz o b S pisUlg 5 49Y 90 of pod

Q11 = 139 (GPa),Q,, = 77.8 (GPa)

kg
Q6 = 30.6 (GPa) , p; = 7800 (ﬁ)

U, Magnitude

+1.127e+400
+1.033e+00
+9.393e-01
+8.454e-01
+7.515e-01
+6.575e-01
+5.636e-01
+4.697e-01
- +3.757e-01
+2.818e-01
- +1.87%e-01
+9.393e-02
-~ +0.000e+00

X ODB: Job-4365.0db Abaqus/Standard 3DEXPERIENCE R2016x HotFix 2

‘{, Step: Step-1
Y Mode  143: Value = 5.21075E407 Freq = 1148.9 (cycles/time)
z Primary Var: U, Maanitude

m=1,1n=1 g0 JSi -F JSi

U, Magnitude

+1.123e+00
+1.029e+00
+9.358e-01
+8.422e-01
+7.486e-01
+6.551e-01
+5.615e-01
+4.679e-01
+3.743e-01
+2.807e-01
+1.872e-01
+9.358e-02
+0.000e+00

X ODB: Job-4365.0db  Abaqus/Standard 3DEXPERIENCE R2016x HotFix 2

f‘ Step: Step-1
Y Mode 66: Value = 1.96329E+07 Freq = 705.20 (cycles/time)
4 Primary Var: U, Maanitude

m=1,n=2 g0 JSK&-0 J&
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U, Magnitude
+1.132e+00
+1.038e+00

- 49.433e-01
+8.490e-01

- +7.547e-01

+6.603e-01

+5.660e-01
+4.717e-01
+3.773e-01
+2.830e-01
+1.887e-01
+9.433e-02
+0.000e+00

i

ODB: Job-4365.0db Abaqus/Standard 3DEXPERIENCE R2016x HotFix 2

Y 4
<‘ Step: Step-1
Mode 30: Value = 8.29422E+06 Freq = 458.36 (cycles/time)
z Primary Var: U. Maanitude

m=1,n=3 g0 J&-F J&

U, Magnitude

+1.13%e+00
+1.044e+00
~ +9.48%-01
+8.540e-01
+7.591e-01
+6.642e-01
+5.693e-01
+4.745e-01
+3.796e-01
- +2.847e-01
+1.898e-01
- +9.48%-02
+0.000e+00

ODB: Job-4365.0db Abaqus/Standard 3DEXPERIENCE R2016x HotFix 2
F y Step: Step-1

Mode 13: Value = 4.09767E+06 Freq = 322.17 (cycles/time)
7 Primary Var: U, Maanitude

m=1,n=45s J<&H-Y <&
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Open-loop response, v(t) for point A
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Open-loop response, w(t) for point A
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<10 Closed-loop response, w(t) for piont A
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<10 Open-loop response w(t) for point A
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u 10 Closed-loop response u(t) for point A
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<10 Open-loop response u(t) for point A
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<10 Closed-loop response w(t) for point A
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