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Abstract

This paper investigates a ship rolling dynamics model with both random excitation and time-delay
feedback control. First, the critical conditions for the occurrence of Hopf bifurcations are analyzed.
Second, using central manifold theory and the maximum Lyapunov exponent, the local stability of
the system and the conditions for the occurrence of random D-bifurcation are investigated. The
global stability of the system is discussed based on singular boundary theory. Finally, numerical
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simulations reveal the mechanisms by which noise intensity and time-delay coefficients influence
the system’s dynamic behavior, validating the theoretical results.
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Figure 1. When noise intensity & =0.434, b =1.97 < 2 : (a) Joint probability density function of the ship
u

4
roll model; (b) Cross-section of figure (a); (c) Steady probability density function

1 IRFEIBAE 60434, 1-197<2: (a) FRAGHEBHEINEABIREERYE; () BQENEE

u,

; (c) FPRRREE R HE
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Figure 2. When noise intensity &= 0.452,i =2.00: (a) Joint probability density function of the ship roll
u

4
model; (b) Cross-section of figure (a); (c) Steady probability density function

2. ﬂs‘é%‘a’irgé:o.452,:‘4=2.oo : () MRAREIEREMIEXSMRBERHE; (b) E(MEEE; (o)

4

Figure 3. When noise intensity 5:0.513,i= 2.19>2: (a) Joint probability density function of the ship
u

4
roll model; (b) Cross-section of figure (a); (c) Steady probability density function

3. MRFESERE S5 = 0.513,5—1 =219>2:(a) ARARMEIEIEENRK SR ZERHE; (b) E(HBEE;
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Figure 4. When time delay coefficient 5, = 0.998,3—1 =1.93< 2 : (a) Joint probability density function of the
ship roll model; (b) Cross-section of figure (a); (c) SAteady probability density function
H4Nﬁ%ﬁﬂzawﬁ%ﬂﬂRZJQ%%ﬁ%ﬁﬂ%ﬁé%%%&@ﬁﬁﬂnE@WQEE;

() FRERERERKE

%10

Figure 5. When time delay coefficient £, =1.0012,ﬂ: 2.00: (a) Joint probability density function of the
u

4
ship roll model; (b) Cross-section of figure (a); (c) Steady probability density function

ESJW%%&@;LwQ%:Zm:m)%m&%ﬁﬂ%%ﬁﬁg%ﬁﬁﬁﬂ;@)E@WQEE;
4
() FREIREERKE

%108

DOI: 10.12677/aam.2025.1410449 388


https://doi.org/10.12677/aam.2025.1410449

%
pall
i

p(R)

o =2 N » & o o N
— T x

©

Figure 6. When time delay coefficient S, =1.013,i =2.09 > 2 : (a) Joint probability density function of the
u

4
ship roll model; (b) Cross-section of figure (a); (c) Steady probability density function
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