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Modeling of Cable
1. Background
2. Formulation
3. Element reference frame
4. Advantages of new ERF . X

Spherical buoy VA

Modeling of Spherical Buoy with Cable
1. Geometrical modeling
2. Formulations of loads Current
3. Spherical buoy with cables

Marine cable
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To consider the influence of the

dynamics of cables on the “Shape” ---static
system of floating structures
with mooring cables, the cable “Environment”

modeling is established based
on a new element frame
through which not only the
cable modeling is competent to
model the situations where the

Modes of action of loads

singular problems are generated
. A new Element frame by the Euler angles and Frenet
1. Deal with singular problems frame, ~ but  also  the
.. hydrodynamic loads acting on
2. Express loads efficiently cables are expressed efficiently. “Loads” ---dynamics
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FORMULATION OF CABLE
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FORMULATION OF CABLE

Loads Relate ERF
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CABLE MODELING—ERF &

Parameters Magnitude | Unit Parameters Magnitude | Unit
Diameter 0.03 m X-directional wave amplitude 1.2 m
Density 7800 kg/m3 X-directional wave period 8 S
Elastic modulus 2.0el1 N/m Velocity of current [0; 1; 0] m/s
Damping coefficient 1.0e4 Ns/m Density of fluid 1025 kg/m?3
Normal drag coefficient 1 Stiffness coefficient 8.70e7 N/m
Tangential drag coefficient 0.01 Damping coefficient 3.30e6 Ns/m
Added mass coefficient 1 E[ﬁg?t C;; | T750 N
Position of 1%t node [10; 0; -10] m New ERF .
Position of 11t node [0; 0; -20] m S N
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CABLE MODELING—ERF
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Therefore, the following characteristics of the Euler angles can be concluded from above results:
(1) rotation angles of one element are only related to the direction of the z-axis that indicates the orientation of the said element;
(2) the RTM of one element is merely identified by the orientation of the said element.
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Therefore, characteristics of the Frenet frame are:

(1) the components of the RTM change to ensure that the z-axis is tangential to the cable and that the x-axis is normal to the cable;
(2) the ERF for one element is defined by the said element and two adjacent elements together; and

(3) the normal vector is easily undefined when the second derivative of the spline function of the cable becomes very small.
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CABLE MODELING—ERF
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The new ERF is generated on a basis of the following assumptions:
(1) the vector of the relative velocity is non-zeros; and
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(2) the vector of the relative velocity is non-collinear with the vector of the element orientation.
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CABLE MODELING—SINGULARITY &
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CABLE MODELING—SINGULARITY
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CABLE MODELING-—DRAG FORCE
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ABLE MODELING-—DRAG FORCE
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Shandong University



SPHERICAL BUOY
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have obvious
motions of the system.

The size of the spherical buoy is
small, so the dynamics of the cable
influence on the

15/24

o

Nonlinear elevation
of the surface wave

Spherical buoy
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Current
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Marine cable

Nonlinear
+~  spherical surface

Efficient modeling is preferred !

Assumptions

Closed curve is co-plane.
Morison equation is valid.

Rotational motions of the buoy are ignored.
All the loads acting on the 1%t node of the cable.

Closed curve
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SPHERICAL BUOY &
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expressed on the 15t node of the
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circle 4 Hydrodynamic Loads
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The cross-section is determined by three
points, a, b and c, which locate on the
edge of an assumed concentric circle.
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SPHERICAL BUOY &

Cable Property Parameters | Magnitude Unit Ocean State Parameters Magnitude Unit
Diameter 0.03 m X-directional wave amplitude 0.7 m
Density 1570 kg/m?3 Y-directional wave amplitude 6.4 m
Elastic modulus 2.38e9 N/m X-directional wave period 1.2 S
Damping coefficient 1.0e4 Ns/m Y-directional wave period 8 S
Normal drag coefficient 1 \elocity of current [1;0; O] m/s
Tangential drag coefficient 0.01 Density of fluid 1025 kg/m3
Added mass coefficient 0.5 Stiffness of seabed 87 MN/m
: Position of 1%t node [10; O; -10] m Damping of seabed 33 MN ¢ s/m
Position of 11t node [0; 0; -30] m
Spherical Buoy Parameters | Magnitude Unit Parameters ProteusDS NM Code
Radius 1 m Simulation time 20s 20s
Mass 500 kg Integrator RK 4 RK 4
Radius of the concentric circle 0.8 m Step size le-4 le-4
Drag coefficient 1 Real time 2655 s 1699 s
Added mass coefficient 1 Rate 1 64 %
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Zhu Xiang Qian, Yoo Wan Suk* Numerical modeling of a spherical buoy moored by a cable in three
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SPHERICAL BUOY &

v 3 Spherical Buoy Ocean State Parameters Magnitude Unit
X-directional wave amplitude 0.7 m
Y-directional wave amplitude 1.2 m
X-directional wave period 6.4 S
Y-directional wave period 8 S
Cable Property Parameters | Magnitude Unit
Diameter 0.03 m
Density 3570 kg/m3
Elastic modulus 2.38e9 N/m
Damping coefficient 1.0e4 Ns/m
Normal drag coefficient 1
60 £, Tangential drag coefficient 0.01
Added mass coefficient 0.5
Position of the top node [0; 0; 0] m
Bottom node of cable A [-30; 0; -20] m
Bottom node of cable B [30; 0; -20] m
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SPHERICAL BUOY
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SPHERICAL BUOY
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The Roll and Pitch motions of
the buoy is ignored in the
numerical modeling. It assume
the ligature between the center of
the buoy and the node IS
vertical upward during the
simulation. While, the buoy has
the rotational motions in
ProteusDS, so the buoy can
avoid the wave crest by a short
time. This phenomenon enable a
time delay to exist in the motion
of the buoy.

All the loads acting on the buoy,
including the Hydrostatic and
Hydrodynamic loads, expressed
on the bottom of the buoy, which
is the 1%t node of the cable in the
NM Code. The hydrodynamic
loads obtained by the proposed
modeling are smaller than those
obtained by the Polygonal mesh.
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SPHERICAL BUOY @
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Zhu Xiang Qian, Yoo Wan Suk® Dynamic Analysis of a Floating Spherical Buoy Fastened by Mooring Cables;

Ocean Engineering;: 121, p462-471.2016;
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Summary

By means of the relative velocity, a new element reference frame is constructed for
modeling marine cable.

« The hydrodynamic loads are expressed efficiently, but also many singular problems can be
overcome easily.

« By means of the special coordinate, a analytical method is proposed to characterize the
hydrodynamics acting on the spherical buoy.

» The relationships between the motions of the system and propagating waves are studied,
and the simulation results are verified by commercial software ProteusDS.
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