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Existence of Fixed Point in the Frequency Response of Deepsea Riser and its Influence on the Design

by Hideyuki Suzuki, Member Koichiro Yoshida, Member

Summary

The 4000 m class deepsea drilling vessel will be realized in Japan in near future. The drilling vessel
is equipped with deepsea riser, and this paper discusses longitudinal dynamic response of the deepsea
riser in hung-off condition. This paper shows that there exist fixed points in the frequency response
of strain of hung-off deepsea risers. A fixed point is a point in a frequency response which does not
change irrespective of the change of some governing parameters of the dynamic system. The fixed
point is originally found in the discreet mass-spring system, and this paper shows that the fixed point
exist also for a continuum system, riser & BOP system. The fixed points are shown to exist in the
frequency response of axial strain with respect to the damping of riser and also the damping of BOP.
Considering the position of fixed points in the frequency response, it can be concluded that the increase
of damping does not always improve the dynamic response of hung-off riser. When the external
exciting frequency, namely heave motion of vessel, is lower than the fixed point, strain at riser top is
increased with increase of damping. On the other hand, if the riser is excited at the frequency larger
than the fixed point, response is significantly improved.
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Fig.1 Schematic diagram of hung-off riser.
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Table1l Principal parameters of riser for comparative

calculations.
Length (m) 4000
Outer Diameter (in) 21
Inner Diameter (in) 19.5
Axial rigidity (N) 6.23x10°
Mass per unit length (kg/m) 500
Mass of B.O.P. (kg) 130000

Young's modulus = 2.06x1011 (N/mz)
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Table 2 Riser damping for comparative calculations.

CASE1 | CASE2 | CASE3 | CASE4
Damping per unit length (Ns/m?) 1 250 500 1000
Damping of BOP (Ns/m) 1.0e4 1.0e4 1.0e4 1.0e4

Table3 BOP damping for comparative calculations.

CASES | CASE6 | CASE7 | CASES8
Damping per unit length (Ns/m2) 1 1 1 1
Damping of BOP (Ns/m) 1.0e4 5.0e5 1.0e6 2.0e6
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Fig.2 Frequency response of riser bottom displace-
ment with changing riser damping.
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Fig.3 Frequency response of riser bottom displace-
ment with changing BOP damping.
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Fig.4 Fixed points in frequency response of riser top
strain with respect to riser damping.
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Fig.5 Fixed points in frequency response of riser top
strain with respect to BOP damping.
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[ Design of Riser Dynamics ]
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Fig.6 Design of dynamic response of riser.
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