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RELIABILITY ANALYSIS OF STOCHASTIC DYNAMICAL SYSTEMS
WITH FRACTIONAL ORDER PID CONTROLLER”

Li Wei'" Zhang Meiting' Zhao Junfeng® Huang Dongmei'
(1.School of Mathematics and Statistics, Xidian University, Xi'an 710071, China)
(2.Department of Applied Mathematics, School of Natural and Applied Sciences , Northwestern Polytechnical University ,
Xi'an 710072, China)

Abstract With the widely application of viscoelastic material in engineering structures, fractional calculus that
characterizes its feature of hereditary and long-run memory associating with stochastic engineering systems be-
comes the hot issue. Specially, fractional PID controller is more attractive in theory and application. In this pa-
per, fractional order PID (FOPID) control on reliability of stochastic dynamical systems subjected to Gaussian
white-noise excitation is investigated. FOPID controller is mathematically approximated based on the characteris-
tics of slow-varying process and the properties of generalized integral. After that, stochastic averaging method of
energy envelope is applied to determine Backward Kolmogorov ( BK) equation associated with conditional reliabil-
ity function and Generalized Pontryagin (GP) equation associated with statistical moments of first-passage time.
The numerical results illustrate that both the smaller fractional order o and greater fractional value in PID con-
troller can obtain better reliable results, besides, these results are in very agreement with the simulations from

Monte-Carlo method, which verifies the correction and efficiency of our proposed methods.
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