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Dynamics Analysis of Quadratic Damping
Mathieu Oscillator with Fractional —Order Derivative

Guo Jianbin', Shen Yongjun''*

(1. School of Mechanical Engineering, Shijiazhuang Tiedao University, Shijiazhuang 050043, China;
2.State Key Laboratory of Mechanical Behavior and System Safety of Traffic Engineering Structures,
Shijiazhuang Tiedao University, Shijiazhuang 050043, China)

Abstract: In this research, the primary resonance of quadratic damping Mathieu oscillator with frac-
tional-order derivative under forced excitation was studied. Firstly, the method of multiple scales was
used to seek the approximate analytical solution of the primary resonance and its accuracy was verified
by numerical method. Moreover, the amplitude-frequency response equation was established, first
method based on Lyapunov was used to quantitatively calculate the stability condition of the steady-state
response, and the amplitude-frequency responses of the system were analyzed. Finally, the effects of
fractional differential term on the amplitude-frequency curves of the system were investigated by numer-
ical simulation. It is found that the fractional differential term has dual regulation functions on the re-
sponse amplitude and vibration frequency of the system, which is applicable to optimize the system.
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