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Abstract: A novel partial active constrained layer damping ( ACLD) structure was proposed to reduce the vi-
bration of thin-walled open cylindrical shells. Based on the Sanders thin-shell theory and the Lagrange equation,
the dynamic model for open cylindrical shells with the partial ACLD structure was established. According to the
system state space form, an adaptive feedback controller was developed based on the normalized least mean
square (NLMS) adaptive filter algorithm and the linear quadratic programming algorithm (LQR) to study the
effects of control parameters on the open cylindrical shell midpoint dynamic characteristics and the control volt-
age. The numerical results demonstrate that, the NLMS feedback control method can ensure the effectiveness of
the vibration attenuation of the open cylindrical shell under different control voltage frequencies, different filter
orders and different adaptive step sizes. Increasing the adaptive step size and the filtering order can effectively
improve the damping decrement but raise the control voltage overshoot, while increasing the filtering order and

the frequency control voltage can reduce noise and disturbance to obtain better damping effects.
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u(x,y,z,t) =uy(x,y,z) +zB.(x,y,t), (la)
v(x,y,2,t) =vo(x,y,z) +2B (x,y,1), (1b)
w(x,y,z,t) =wy(x,y,z), (1e)
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Fig. 1 The model for the open cylindrical shell with local constrained layer damping
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Fig. 2 The torsional deformation of each layer
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Table 1  The material properties of each layer
material parameter value parameter value
E, /GPa 68 p,/(kg/m?) 2 800
base layer
v, 0.32
' ) E, /GPa 0.08 p, /(kg/m*) 1270
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¢y /(N/m?) 1.32x10"! ces 7/ (N/m?) 3x101°
¢y /(N/m?) 7.1x10% 53 /(N/m?) 7.3x10'
ci3 /(N/m?) 7.3%10%° css /(N/m?) 2.6x10%°
piezoelectric layer ¢ /(N/m?) 2.6x10'° p,/( kg/m*) 7 500
ey /(C/m?) -4.1 & 804.6
e33 /(C/m?) 14.4 &n 804.6
s /(C/m?) 10.5 &y 659.7
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Fig. 3 Frequency domain characteristics of the cylinder shell midpoint under different excitation voltages
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Fig. 5 The influence of adaptive step size s on the dynamic characteristics of the control system
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Fig. 6 The influence of filter order N on the dynamic characteristics of the control system
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Fig. 7 The influence of control voltage frequency F, on the dynamic characteristics of the control system
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