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Abstract
130733
This thesis presents static equilibrium analysis of three-dimensional steady-state behavior of an
extensible marine cable in cylindrical coordinates. The forces acting on the cable are the effective
tension, the effective weight, and hydrodynamic drag forces. The cable problem can be classified as
a two-point boundary-value problem. The boundary conditions are transformed into a set of
nonlinear governing equations about the initial values, then the shooting method is employed to
solve the three-dimensional cable equations with the fourth-order Runge-Kutta method. In the
procedure, eight first-order differential equations which are three equilibrium equations, three
geometric cable segment relations equations, one strain definition equation, and one effective
tension equation, are solved. Numerical results for the case of specified top tension and a specified
cable unstrained length are in very good agreement with those reported in literature. The interesting

features of neutrally buoyant marine cables are also highlighted.

Keywords :  Three-Dimensional Marine Cables / Cylindrical Coordinates / Shooting Method /
Runge-Kutta Method / Nonlinear Governing Equations / Neutrally Buoyant Marine
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Boundary condition
Catenary marine cables
Closed-form solution
Critical state

Critical tension
Cylindrical coordinates
Differential equation
Dimensionless

Drag force

Effective tension
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Equilibrium equation

General marine cables

Geometry of element equation

Horizontal uniformly drag force

Hydrostatic pressure
Inclined cable

Initial value problem

v d °
szanadnnuazmge

I

=1 ad ' é ]
SNIVITLUUIAT I
anwans
A
oulvveun
a 9 Blg @ o @
wtalanzianmelmimiinnsgivesa ey
o d’d 1]
Masuntglnuuuiuou
An122IN90
=KX a
1159A9IN0A
NAANITINTZUON
v d
AUMIOYWUS
9 ]
15nuqw
159010
= a a
s9nglszanswa
v
ninlszansna
aumIauga
wdaldanzauuuna 1y
v
AUNIITVIANAVDITUAIUYDY
~
(3901nAIN lunuas 1y
¥y
wsaanhann

P AUYIUAINT AL

TaymveuwaiEudu

Neutrally buoyant marine cables walansiauuuasinuaosn’
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Nonlinear differential equation = aunIg aqwummu"lm‘mﬁ’u
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Nonlinear finite element method

Nonlinear governing equation = ’dl!miﬂiEJ‘lJﬂQlJﬂiUuHmUlell'l%uﬁu
Numerical method = 52oIBFIAAAY
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Ordinary differential equation = IDMIPIDYNUB AU

Runge-Kutta method = 52llUT5FA9-AAN
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Shooting method = s2ilouIBsoui
Stable equilibrium state = angaugauUUIAININ

Strain definition = HIANUATIA



Strained arc-length

Tolerance

Top end

Towed cable

Two-point boundary value problem
Unstable equilibrium state
Unstrained arc-length

Variational method
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