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Table 1 ~ Calculation model parameters

parameter value
riser length L /m 100
elastic modulus E /Pa 2.1 x 10!

outside diameter D, /m 0.325

inside diameter d /m 0.305

material density p, /(kg/m?) 7 850

seawater density p,, /(kg/m*) 1025
internal fluid density p; / ( kg/m?) 900
top tension coeffcient fmp 1.3
structural damping C /(N+s/m) 0.05
additional mass coeffcient C, 1.0
structural static lift coefficient C 0.3
resistance coefficient C) 1.2
Strouhal number Sr 0.2
coupling coefficient A 12
coupling coefficient & 0.3
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Fig. 2 Effects of velocity on response amplitude characteristics
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Fig. 3 The Lyapunov exponent spectrum of the system
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Fig. 4 Velocity effects on response frequency characteristics
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Bifurcation Analysis of Dual-Mode
Dynamics for Marine Risers

SUN Yunqging, WU Zhigiang, ZHANG Guoqi, WANG Yuancen
( Department of Mechawics, Tiangin University, Tinajin 300350, P.R.China)

Abstract: To study the vortex-induced vibration ( VIV) of top tension risers ( TTRs) under
shear flow, the non-linear dynamic model of VIV for TTRs was constructed, in which the riser
was simplified as an Euler-Bernoulli beam model and the van der Pol wake oscillator was used
to describe the effect of fluid. Based on the 2nd-order Galerkin modal discretization model, the
harmonic balance method, the Poincaré mapping method and the Lyapunov exponential method
were used to reveal the system response characteristics. The results show that periodic respon-
ses and quasi-periodic responses occur alternately with the increase of the flow velocity, and
the periodic response region corresponds to the vortex-induced resonance region. The approxi-
mate periodic solution obtained with the harmonic balance method can predict the amplitude
and frequency of the periodic solution in the vortex-induced resonance region, and the main
frequency components of the quasi-periodic solution in the non-vortex-induced resonance re-

gion.

Key words: vortex-induced vibration; wake oscillator; harmonic balance method; Poincaré
map; Lyapunov exponential method; multimode
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