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Fast and nonovershooting control for a double-integral system with
step input: nonlinear PD control based on gain-switching

ZHU Bo, WANG Xin-hua, CAI Kai-yuan

(School of Automation Science and Electrical Engineering, BeiHang University, Beijing 100191, China)

Abstract: If a standard PD or a PID controller is used to stabilize a double-integral system with step input, a nonover-
shooting step-response can’t be obtained. A novel nonlinear PD controller with gain-switching is presented to deal with
this problem. The necessary and sufficient condition of the nonovershooting step-response and the methods to reduce the
settling time are given. The designed switching action obeys the following rule: when the amplitude of the tracking error is
larger than a threshold value, a fast PD controller is employed to accelerate the convergence of the tracking error; otherwise,
a strong-damping PD controller is adopted to restrain the overshoot. The cooperation of the two PD controllers reduces
the settling time while rendering a nonovershooting step-response. These theoretical results are confirmed by computer

simulations.
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Fig. 1 The closed-loop system with PID controller
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Fig. 2 The switching law of PD controllers
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Fig.3 The switching function in terms of error
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Table 1 Design parameters and the characteristics of
the closed-loop systems
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Fig. 5 The curves of errors
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Fig. 6 The control signals
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