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Stability analysis of nonlinear real-time hybrid
simulation based on Bouc-Wen model
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(1. School of Civil and Hydraulic Engineering, Hefei University of Technology, Hefei 230009, China; 2. Anhui Key Laboratory of Civil
Engineering Structures and Materials, Hefei 230009, China)

Abstract: The inevitable actuator response delay in real-time hybrid simulation(RTHS) will affect the
stability of the test system. In order to study the stability of complex test systems with both nonlinear
components and actuator delays, this paper adopts piecewise linear method to approximately simplify
the nonlinear model to the superposition of multiple linear states, establishes the motion equation of
the test system based on T-S fuzzy model theory, and analyzes its approximate stability through Lya-
punov stability theory. The stability criterion of linear matrix inequality(LMI) form is obtained. Nu-
merical analysis and experimental results verify that the simplified model is highly approximate to the
original model under external load input, indicating that the approximate method has good computa-
tional accuracy. For the Bouc-Wen model with stiffness softening characteristics, the maximum stiff-
ness determines the stability of the test system. When the time delay of the test system is less than
the critical time delay and is in the asymptotically stable state, the dynamic response of the structure
gradually converges. When the time delay of the test system is greater than the critical time delay and

is in the unstable state, the system can still maintain the energy balance through the yielding energy
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dissipation. In linear systems, energy accumulates continuously, resulting in an infinite increase in the

response of the test system, which is the biggest difference between linear and nonlinear test systems.

Key words: real-time hybrid simulation ( RTHS); nonlinearity; Bouc-Wen model; T-S fuzzy

model; stability
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