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@ A single point mooring tower structure with rigid arm.

6D The invention provides a permanent single point moor- .
ing structure in which the vessel (1) is moored to a single
point mooring tower structure (4) via a rigid arm assembly
(11, 12). The vessel (1) and rigid arm assembly (11, 12) are
free to rotate about the vertical axis (9) of the tower struc-
ture (4). The rigid arm assembly (11, 12) is connected to the
vessel by a hinge arrangement (13, 14, 15, 16) and to the
turntable (8) of the tower structure by two tension members
(23, 24). The rigid arm assembly (23, 24) is ballasted at the
™ towerend (19, 20). These ballast weights (21, 22) provide a
< stable pendulum in combination with the tension members
(23, 24). The weight of the rigid arm (11, 12) and its ballast
‘D (21, 22), and the loading on the tension members (23, 24)
combine to produce a restoring force and moment which
I~ prevent the vessel (1) from moving away or from riding up to
the tower structure (4), or jack-knifing of the assembly when
the vessel (1) is affected by any combination of wind, waves
and current.
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A single point mooring tower structure with rigid arm.

The invention relates to a single point mooring structure
for a vessel floating on the surface of a body of water and
permanently to be moored to it. The single point mooring is
a tower structure fixedly installed on the floor of the
body of water, while the vessel is coupled to the tower

by a rigid arm assembly which serves to hold the vessel
away from the tower. This assembly is at one end pivotably
hinged'around a horizontal axis affixed to the bow of the
vessel, and at the other end it is coupled to the tower
structure in such a manner that the vessel is free to swing
about the vertical axis of the structure by means of a |
turntable on top of the tower structure and two suspension
members fixed to the rigid arm assembly. Normally,
permanently moored vessels are fitted via a rigid arm

to a buoy or a similar elastic point to allow for the
independent motions of the vessel in the waves. It is,
however, impossible to connect a vessel firmly to a tower

structure by a rigid arm as this will result in extremely
high forces.

It is the general objective of the present invention to

provide a novel structure for anchoring a vessel on the
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surface of a body of water to the floor of that body of
water, which allows the maximum of freedom of motion between
the tower structure and the vessel, and provides a sufficient
restoring force and moment to restrict the horizontal
displacement of the vessel and rigid arm in relation to the
Eower in all directions without ény driving means and which
will prevent collision between vessel and tower under any
combination of wind, waves and current. This is achieved
through the provision of a tower structure fixed to the
floor of said body of water, the vessel to be connected

to said tower by means of a rigid arm assembly which is
connected at its vesselend in an "in principle" horizontally
pivotable manner to the vessel, said tower structure having
a turntable rotatable around a vertical axis and the rigid
arm assembly being connected to said turntable by means of
pivotable tension members which are attached to the tower-
ends of the rigid arm assembly, the tension members being
separated by a certain distance and the rigid arm assembly
and/or the tension members being tensioned by means of
ballast to provide an all-directional restoring force on

the mooring system.

Since the tension members located at each side of the

tower structure are pivotably connected to the turntable

of the tower structure, the weight of the rigid arm
assembly, including the ballast weights, providesa restoring
force and a restoring moment when the vessel moves towards,
away or out-of-line with the tower's central point. The
restoring force is proportional to the weight of the rigid
arm inclusive of its ballast weight, the sine of the

angle of inclination from the vertical of the tension
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members, and the length of the tension members. The value
of the restoring moment is also proportional to the
distance between the two tension members. The restoring
moment can be altered by changing the length of the
'vertical' pivotable tension members, or by changing the
weight of the rigid arm using ballast, depending on the
demands imposed by the dimensions of the mooring arrange-

ment, the expected weather and storm conditions, etc.

Preferably the rigid arm assembly consists of two triangular
structures, each pivotally coupled with its basis to the
vessel and with its apex to both a tension member and a
ballast weight.

Additional improvements on the shear force levels in the
rigid arm assembly can be obtained if the hinge axis of the
two triangles forming the rigid arm assembly are slightly
inclined towards each other, depending on the width of the

vessel bow in relation to the diameter of the rigid structure.

The invention will be elucidated on the hand of the
drawings.

Fig. 1 is a perspective view of a preferred embodiment of
the mooring structure according to the invention;

Fig. 2 is a side view of part of said structure;

Fig. 3 is a plan view of part of said structure.

The figures show a vessel 1 floating upon a body of water
2, the surface of which is denoted by reference numeral 3.
The vessel 1 is moored to a single point mooring structure

comprising a tower structure 4 having a foundation
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structure 5 anchored by means of one or more anchor piles 6
to the floor 7 of the water 2. The tower carries a turntable
8 which is free to rotate about its vertical axis 9. The
mooring structure uses a rigid arm assembly 10 comprising
two triangular structures 11, 12 each with their basis 1lla,
12a respectively by means of hinges 13, 14 on the one hand
and 15, 16 on the other hand connected to a supporting '
structure 17 carried by the bow 18 of the vessel 1. The

‘axes of the hinges 1I, 12 and 13, 14 are in principle

horizontal.

The apexes 19, 20 of the structures 11, 12 respectively
are connected to ballast weights 21, 22 and to tension
members 23, 24 which are with their other ends 25, 26
connected to the turntable 8. These tension members can be
chains but the figures show an embodiment in which they
are tubular members and their interconnections comprise
hinges of which only the hinges for tension member 14 are
shown and denoted with reference numerals 27, 28, 29.
Hinges 27 and 29 have horizontal, mutually parallel axes,
the axe of hinge 27 is also horizontal but perpendicular
to the other two.

The described arrangement allows for all movements of the
vessel with respect to the tower structure and produces a
restoring force and moment preventing the vessel from moving
away or from riding up to the tower structure or from jack-
knifing. The shearforce levels in the rigid arm assembly can
be lowered by inclining the axes of the hinges 13, 14 on the
one hand and 15, 16 on the other hand slightly towards each
other, depending on the width of the vessel.

It is observed that the reference numerals in the claims are
not intended to restrict the scope thereof, but are only
denoted for clarification.
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Claims:

1. Structure for mooring a vessel (1) floating on the sur-
face of a body of water (2), comprising a tower structure (4)
fixed to the floor (7) of said body of water (2), the vessel
(1) to be connected to said tower (4) by means of a rigid arm
assembly (11, 12) which is connected at its vesselend in an
"in principle" horizontally pivotable manner (13, 14, 15, 16)
to the vessel (1), said tower structure (4) having a turntable
(8) rotatable around a vertical axis (9) and the rigid arm
assembly (11, 12) being connected to said turntable (8) by
means of pivotable tension members (23, 24) which are attached
to the towerends (19, 20) of the rigid arm assembly (11, 12),
the tension members (23, 24) being separated by a certain
distance and the rigid arm assembly (11, 12) and/or the tension
members (23, 24) being tensioned by means of ballast (21, 22)
to provide an all-directional restoring force on the mooring
system.

2. Structure according to claim 1, characterized in that
the rigid arm assembly consists of two triangular structures
(11, 12), each pivotally coupled with its basis (1lla, 12a) to
the vessel and with its apex (19, 20) to both a tension

member and a ballast weight.

3. Structure according to claim 2, characterized in that
the hinge axis of the two triangles (lla, 12a) forming the
rigid arm assembly are slightly inclined towards each other,
depending on the width of the vessel bow in relation to the
diameter of the rigid structure.
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