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Fig.1 Joint probability density of generalized displacement and
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ity of controlled system with A=u=0.35 and ek,=ck,=-0.1, k,=0.1.

The other parameters are the same as those in Fig.1
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The other parameters are the same as those in Fig.1
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STOCHASTIC AVERAGING TECHNIQUE OF STRONGLY
NONLINEAR SYSTEMS WITH FRACTIONAL-ORDER
CONTROLLER UNDER THE WIDE-BAND NOISE EXCITATION *

Liang Xiao

Chen Lincong'

Zhao Yaobing

(College of Civil Engineering , Huaqiao University , Xiamen 361021, China)

Abstract

The stochastic averaging technique is used to study the strongly nonlinear systems with fractional-order

PI'D¥ controller under wide-band noise excitation. Firstly, the generalized harmonic balance technique is applied to de-
couple the fractional order PI"D* control force into the amplitude-dependent equivalent quasi-linear damping force and re-
store force, and the original system is replaced by a controlled equivalent nonlinear system. Then, the averaged Ito dif-
ferential equation for the amplitude is derived by using the stochastic averaging method based on the generalized harmon-
ic function. Finally, the stationary probability density function is obtained from the reduced Fokker-Planck-Kolmogorov
(FPK) equation. As an illustrative example, Duffing-van de Pol oscillator is investigated. Numerical results display that
stochastic averaging method can yield the high precision, and the fractional order PI*I¥ controller can control the system
response effectively. Furthermore, the study finds that the proposed method can work well and the fractional order

PI'D¥ controller still has very good control effect for the change of wide-band noise parameters &, , , , and D..

Key words fractional-ordercontroller,  stochastic averaging method,  wide-band noise,  strongly nonlinear

system, systems, Monte Carlo simulation
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