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Influences of Temperature Changes on Global Dynamical

Characteristics of Suspended Cables”

Wu Xiangiang Zhao Yaobing" Guo Zhirui Chen Lincong

(College of Civil Engineering, Huaqiao University, Xiamen 361021, China)

Abstract The suspended cable is a type pf commonly used tension structure in engineering structures. It
has high flexibility and light damping, and it is prone to large vibrations under various excitations and/or
support motions, which endangers the safety of the cable structures. The previous studies have shown
that the vibration characteristics of the dynamic system are very sensitive to temperature changes. There-
fore, this paper considers both the parametric resonances caused by the support motions and the two-to-
one internal resonances, and then it systematically explores the influences of temperature changes on the
suspended cable’s dynamic behaviors from the perspective of global bifurcations. Firstly, the tension
variation coefficient is introduced, and the nonlinear differential equations of the in-plane motion of the
suspended cable subjected to parametric excitation in thermal environments is established. The Galerkin
method is used for discretization, and the multiple scales method is adopted to obtain the average equa-
tion of the nonlinear system in rectangular coordinates. Based on the coordinate transformation, the av-

erage equation is simplified into a normal form. The energy phase method is used to explore the multi-
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pulse chaotic dynamical behavior of the suspended cable when the temperature is changed. Through the
zero-point condition of the energy-difference function and the range of attraction of the center point under
the disturbance system, the excitation amplitude, damping coefficient and detuning parameters of the
system are explored, and the Lyapunov exponents of the four-dimensional system are calculated. Numer-
ical examples show that: temperature changes affect the generation of system’s Shilnikov-type multi-
pulse orbits. The multi-pulse orbits may disappear considering temperature effects, and it causes the sys-

tem’s chaotic motions transform into periodic motions. The dynamical system may exhibit distinct vibra-

tion behaviors in thermal environments.
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chaos
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Fig.1 Parametric excitation model of suspended cables
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Table 1 Parameters of suspended cables considering temperature changes

AT/CO) logA? wi/m wsy/m 71 Y2 Vs Y4
0 5.081 2.000 4.025 100421 — 3283786 —3325905 1679014
—40 4.988 1.965 3.971 100024 — 2369095 —2410619 1221176
40 5.192 2.033 4.110 103469 — 2627149 —2670119 1351414

®2 ZREBETHZWE Lyapunov IHE MK S| FRE

Table 2 Lyapunov exponents and attractors types considering temperature changes

AT/CC) Y1 Y2 V3 Y1 Attractors types
0 0.00046 —0.00465 —0.00537 —0.01044 Periodic
—40 0.07520 0.00023 —0.00986 —0.08557 Chaotic
40 0.00016 —0.00450 —0.00535 —0.01032 Periodic
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