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Dynamic analyses and experiments of deep sea umbilical cable laying system
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Abstract; The deep-sea umbilical cable laying system is a rigid-flexible coupling multi-body system composed of rigid mechanical device
and flexible umbilical cable. In order to study dynamic properties of the system and solve problems of the cable tension and laying speed
control under wave disturbance, a rigid finite element method was adopted to discretize and transform flexible umbilical cable and a phys-
ical model for the deep-sea umbilical cable laying system was presented as well. Based on the proposed physical model, a dynamic model
for the deep-sea umbilical cable laying system was built with the second order lLagrange equation in the joint coordinate system. Static
balance solving was performed and initial values of the system parameters were obtained. Compared with an ideal disturbance-free opera-
tion status, the influence of motion disturbance of a real operating vessel on cable tension and laying speed when the system was in a
constant tension mode was analyzed. In terms of relatively severe heaving disturbance, the cable tension and laying speed accommodation
performance exerted by variable tension compensation of the tensioning system was studied and the results indicated that variable tension
compensation can effectively reduce the fluctuation of cable tension and laying speed induced by an operating vessel and prevent the um-
bilical cable from snapping or buckling. This conclusion by theoretical analysis was validated through a prototype test.
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Fig.1 Deep sea umbilical cable laying system

KI5 B 5 56 LB A
WAL A B W RS 2R R G R NI A R
TG 7 AT LA K I AT 4 HE AT 88 WAL £ AT AT B B Ak
2 (K 2,

I R R

fEAETR

RS A

Ji T A
HE O 5% A0+ B 6 T AR B AL, i
BRER A ¢ BB T
B2 RARESSERIEDH

Fig.2 Kinematic chain of deep sea umbilical cable laying system
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Fig.3 Cable configuration under static balance
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Fig.4 Cable tension distribution under static balance
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