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Abstract

With the further implementation of China’s maritime power strategy, the scale of maritime trans-
portation and marine resource exploitation keeps expanding. As a vital carrier of marine economic
activities, ships have drawn growing attention to their navigation safety. Ship rolling motion is a
critical factor affecting navigational safety. In particular, under severe sea conditions, nonlinear
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rolling can induce large-amplitude oscillations and even lead to ship capsizing. This paper conducts
an in-depth investigation into the characteristics of nonlinear ship rolling motion, aiming to provide
theoretical support for the improvement of ship stability. In this study, a rolling motion equation
involving a nonlinear restoring moment and a damping moment is firstly established. The multi-
scale method is then employed to derive the approximate analytical solutions of the governing
equation, so as to reveal the dynamic characteristics of the system under various parameter condi-
tions. On this basis, numerical simulation is adopted to systematically analyze the time-varying law
of the roll angle. By comparing the motion responses under different damping levels, the influence
of damping on ship dynamic stability is comprehensively evaluated. The research findings offer an
important reference for the design of ship anti-rolling devices and the formulation of navigation
control strategies, and possess practical engineering value in ensuring maritime operation safety
and enhancing shipping efficiency.
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Figure 1. Time series curve of roll angle, where @, =1, ¢=0.1, ¢,=0.05, &=-02, f=0.15
B 1. #EEAMERET %, HEf o =1, =01, =005, &=-02, f=015
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Figure 2. Phase portrait of roll angle and angular velocity, where @, =1, ¢ =0.1, &,=0.05, & =-0.2,
f=0.15
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Figure 3. Amplitude-frequency response curve, where @, =1, & =0.08, ¢, =-0.15, f=0.12
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Figure 4. Phase-frequency response curve, where @, =1, ¢ =0.08, & =-0.15, f=0.12
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Figure 5. Amplitude-frequency response curves with different damping coefficient ¢ , where @, =1,
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