
Nonlinear dynamics of an archetypal model
of ships motions in tandem
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Abstract

Large converted tankers operate as floating platforms for the production of oil in off-

shore fields whose depth approaches 2000 m. Their dynamics are influenced by wind,

currents, and waves, and also by the physical characteristics of mooring lines. In addi-

tion to the single-vessel operation mode, a two-ship tandem arrangement is employed

during the transfer of cargo (offloading) from the main production vessel to a shuttle

vessel that takes the oil to other processing plants. It is essential to design the system

in a way that ensures that the dynamical behavior of the vessels during offloading is safe.

Mathematical models that represent the motions of moored ships in the sea can be com-

plex, particularly when detailed modeling of hydro- and aerodynamic effects is required.

In this work a simplified (archetypal) model is developed and explored that includes

wind and current effects, and the elastic interaction between vessels. The model is vali-

dated against time series and bifurcation diagram results of a complete, industrial-

strength model, and also through comparison with experimental data, showing good

agreement. The use of a simplified model produces here a more refined exploration of

dynamical features of the system such as its bifurcational structure and basins of attrac-

tion. The engineering relevance of these results is also evaluated through the use of

basins of attraction.
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1. Introduction

During the past few decades large converted tankers, also called Floating
Production Storage and Offloading units (FPSOs), have been deployed as plat-

forms for the exploitation of offshore oil and gas fields. FPSOs have some

advantages over other floating platforms. First of all, they often have lower ini-

tial costs; a semisubmersible oil platform is more expensive than a converted

tanker. Secondly, the storage capacity of a converted tanker is much larger.

Other reasons can be also pointed out, such as mobility. However, one signif-

icant disadvantage of such system relates to its dynamic behavior. The dynamic

response of an FPSO tanker is that of an ordinary ship, therefore its motions
due to external forces (such as waves, current and wind) can be considerably

larger than those of a semisubmersible platform, particularly when environ-

mental forces act upon the lateral of the vessel. Thus the FPSO has to be kept

in place by a mooring system that connects it to the seabed. Two designs have

been favored in recent times. The DIfferentiated Compliant Anchoring System

(DICAS) is a spread mooring system which by careful choice of pretensions of

mooring lines allows the vessel some freedom to rotate and self-align (partially)

with the direction of resultant forces. Because of its limited ability to self-align,
the FPSO�s design alignment has to be judiciously chosen according to the pre-

dominant direction of incoming current and wind. The other mooring system

often used is the Turret type, in which the FPSO has to be equipped with a re-

volving structure (the turret) that receives both the mooring lines and the risers

(ducts that carry the products from the reservoir to the vessel). This is a more

expensive and sometimes less robust design that has the advantage of allowing

the FPSO total freedom of self-alignment with the weather.

Also significant is the fact that two-ship tandem configurations are employed
during the offloading process, when a shuttle tanker is connected to the FPSO

through an elastic cable (hawser) in order to take the cargo to onshore process-

ing plants. During this process, more complex, dynamic scenarios are observed

[1]. Depending on the external forces, the ships can display undesirable equilib-

rium points and/or motions that bring the vessels into dangerous proximity or

unacceptable relative positioning [2]. This is regarded by operation crews as un-

safe situations, and their prevention should ideally be made at the time of the

system design. Good knowledge of the rich dynamic behavior exhibited by this
system is therefore an essential step in the design process. Such knowledge starts

with suitable mathematical models of the whole system, which take into account

the hydrodynamic, aerodynamic, and elastic effects. However, a comprehensive

investigation of such models is difficult to carry out due to the complexity of the
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