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Abstract

In this paper, dynamic response analysis of a heave compensation system is performed for offshore drilling operations based on
multibody dynamics. With this simulation, the efficiency of the heave compensation system can be virtually confirmed before it is
applied to drilling operations.

The heave compensation system installed on a semi-submersible platform consists of a passive and an active heave compensator.
The passive and active heave compensator are composed of several bodies that are connected to each other with various types of
joints. Therefore, to carry out the dynamic response analysis, the dynamics kernel was developed based on mutibody dynamics. To
construct the equations of motion of the multibody system and to determine the unknown accelerations and constraint forces, the
recursive Newton-Euler formulation was adapted. Functions of the developed dynamics kernel were verified by comparing them with
other commercial dynamics kernels. The hydrostatic force with nonlinear effects, the linearized hydrodynamic force, and the
pneumatic and hydraulic control forces were considered as the external forces that act on the platform of the semi-submersible rig
and the heave compensation system.

The dynamic simulation of the heave compensation system of the semi-submersible rig, which is available for drilling operations
with a 3,600m water depth, was carried out. From the results of the simulation, the efficiency of the heave compensation system
were evaluated before they were applied to the offshore drilling operations. Moreover, the calculated constraint forces could serve as
reference data for the design of the mechanical system.
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Fig. 1 Offshore drilling rig and hoisting system
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Fig. 2 Two links connected with revolute joint
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Fig. 3 Multibody system which consists of 4 rigid
bodies and 4 joints
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a, =2, +a,(q) (12)
8, =a, +a,(q) (13)
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Fig. 4 Test model for verification of developed
dynamics kernel - 2 links
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Fig. 5 Comparison of dynamic simulation results for
2-link test model - (a) angle: (b) angular velocity
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Fig. 7 Comparison of dynamic simulation results for
3-link test model
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