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Controlled Upending of Deep Water TLP Tendons

by Hideyuki Suzuki, Member Koichiro Yoshida, Membr

Summary

This paper presents theoretical development and experimental results of controlled installation
technique of deep water TLP tendons. Dynamic response and deformation of a single-piece TLP tendon
is controlled using wing-like appendages which generate drag force. The appendages are unfolded by
servomechanism and drag force is controlled by changing the opening angle. This actuator utilizes free
fall momentum of sinking tendon. Thus the actuator is efficient from viewpoint of consumed energy and
the size of the actuator can be small. The system is suitable for deep water uses.

In the theoretical development LAC/HAC approach is employed to make the system robust against
the nonlinearity and uncertainties in the dynamics of underwater line structure. DVFB is employed for
LAC and significant modes are controlled by HAC. The line structure handled in this paper is almost
neutrally buoyant and a constraint is imposed so that the moment of control forces about supporting
point be zero. Otherwise there is possibility of structure do not sink and the structure can not be
installed. Control parameters were chosen from computer simulations, and experiments were conducted
successfully. The experiments are important to verify the theoretical development and robustness of
control.
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Fig.1 Schematic diagram of upending of single-piece
tendon.
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Fig.2 Coordinate system and definition of deforma-
tion.
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Tablel Principal data of tendon model.

Outer diameter of model (m) 0.038
Inner diameter of model (m) 0.032
Diameter of bar (m) 0.00434
Length (m) 1.920
Mass in air (kg) 1.44
Moment of inertia of section (m?) | 1.75 x 107!
Young’s modulus (N/m?) 3.4 x 10°
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Table2 Principal data for simulation of TLP tendon.

Outer diameter of model (m) 2.0
Length (m) 1000
Weight in water (V) 4.067 x 10°
Moment of inertia of section (m*) 0.0012
Young’s modulus (N/m?) 2.1 x 10"
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calculation of uncontrolled tendon model.
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