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Stability analysis of servo motor drive systems with time-varying delay
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(1. Changchun Institute of Optics, Fine Mechanics and Physics, Chinese Academy of Sciences,Changchun 130033, China;
2. School of Mechanical Engineering, Dalian University of Technology,Dalian 116024, China)

Abstract: Aiming at the problems of insufficient consideration of time delay in the modeling process of servo motor
drive system, lack of analysis given in the premise of system stability in the calibration of control gain, and relatively
high conservatism of system stability criterion, this paper proposes a time delay related stability criterion with lower
conservatism. Firstly, the time-varying delay is considered in the inertia structure model and the state space equations
of the time-delayed closed-loop systems are established by designing the corresponding controllers, and then the
Lyapunov generalized functional analysis method is used in combination with the techniques of free weight matrix, time
delay splitting and integral inequality to reduce the conservatism of the stability criterion. The applicable time delay
range of the controller gain for system stability guaranteed by this stability criterion is derived by running the
MATLAB program, and it is concluded that this paper’s criterion improves the upper bound of the maximum time
delay for system stability by 46. 33% , which verifies that this paper’s criterion has a lower conservatism. The stability
analysis of this paper provides theoretical reference for the analysis and control of more complex servo motor drive
systems.
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Fig. 1 Sketch of the dynamics model of the dual-inertia

servo drive systems
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Fig. 2 Block diagram of delay servo drive closed loop systems
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Table 1 The relationship between / ., and control gain for stable time-delay closed-loop systems
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Fig. 3 Simulink block diagram for stability validation of Fig.4 Stability verification curves for time-delay
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