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Description

[0001] The invention relates to an apparatus suitable
for mooring ships that have a magnetisable hull, embod-
ied with a series of magnets disposed on or at a quayside.
[0002] Such an apparatus is known from the magazine
Delta of 4 July 2002, published by the Delft University of
Technology. In this publication it is proposed to use a
series of switchable magnets for the mooring of ships.
However, the article mentions a few problems that could
arise in connection with the possible influence of the ap-
plied magnetic field on the cargo of the ship and the equip-
ment on board the ship. When the apparatus is used for
mooring a container ship it is, moreover, the question
whether the magnetic field does not form an impediment
to the removal of the containers from the ship.

[0003] The intended purpose of the invention is to pro-
vide an apparatus of the kind referred to in the preamble,
wherein the problems just mentioned do not occur and
with which further advantages can be attained that will
become apparent hereinbelow.

[0004] From DE-OS 1 911 949 which constitutes the
closest prior art an apparatus suitable for mooring ships
according to the preamble of claim 1 is known.

[0005] In afirst aspect, the apparatus according to the
invention is characterised in that there are disposed a
series of magnets possessing multiple poles, which mag-
nets have magnetic cores that are comb-shaped, with
the teeth of the comb forming the magnetic poles, and
that the width of the teeth of the comb approximately
corresponds to an assumed design thickness of a ship’s
hull.

[0006] Such multiple poles may be embodied in vari-
ous ways, for example, as -viewed in cross section- a
repeating pattern of circular poles.

[0007] Surprisingly, it has been shown that with the
use of magnets embodied in accordance with the inven-
tion, itis possible to moor very large ships at the quayside,
while the magnetic field to be applied can stay within the
limits of the magnets themselves and the ship’s hull in
the immediate vicinity of the magnets.

[0008] It is desirable for the magnetic poles to alter-
nately form north and south poles.

[0009] Inordertorealise suchanapparatusthatserves
the intended purpose, the same may suitably be realised
such that the magnets are switchable, and provided with
excitation windings around the teeth of the comb.
[0010] Advantageous is an embodiment wherein the
excitation windings are not alternating current- but direct
current-fed. In this way it is possible to avoid eddy-current
losses and the accompanying generation of heat in the
ship’s hull.

[0011] In afurther aspect of the invention, the appara-
tus is characterised in that the magnets on the quayside
are moveable in the vertical direction. This makes it pos-
sible for the apparatus to be used in harbours that are
subject to tidal movement. The up-and-down movement
of the moored ships can simply be followed by the mag-
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nets.

In a preferred embodiment, the apparatus is character-
ised in that a control system is provided for alternately
switching on and off predetermined groups of magnets,
such that during operation in a predetermined period of
time each magnet is switched off and on at least once,
while the magnets are never switched off all at the same
time. If the magnets are disposed in a fixed arrangement,
this system makes it possible to apply a very high fre-
quency of switching on and off, allowing for the moored
ships’ varying height and allowing the system to be used
in a harbour subject to tidal movement. If the magnets
are moveable in the vertical direction it is further possible
to switch the magnets on and off at a relatively low fre-
quency allowing the tidal movement of the ship to be
followed, while the movement in the vertical direction of
the magnets may be limited.

[0012] Hereinbelow the invention will be further eluci-
dated by way of a non-limiting exemplary embodiment
and with reference to the drawing.

[0013] The drawing shows in:

- Fig. 1 a schematic illustration of a ship moored with
the aid of an apparatus according to the invention;

- Fig. 2 a single magnetic core of a magnet of the ap-
paratus according to the invention, and

- Fig. 3 a schematic cross section of a magnet of an
apparatus according to the invention.

[0014] Similarpartsin the figures are identified by iden-
tical reference numbers.

[0015] Referring first to Fig. 1, showing a schematic
illustration of a ship 1 moored along a quayside 2, at the
water side of the quayside 2. A series of magnets 3 are
disposed keeping the ship moored. Each of the magnets
3 forms a magnetic circuit with the hull 4 of the ship 1.
To this end the ship’s hull 4 needs to be of magnetisable
material. This requirement is usually met, since most
hulls of ships are manufactured in a magnetisable variety
of steel.

[0016] Fig. 2 represents a magnetic core 5 of a single
magnet 3, showing clearly that in the embodiment illus-
trated the same is shaped like a comb. The form of the
magnetic core 5 is such that the teeth 6 of the comb are
provided on arear plate 7. The teeth 6 form the magnetic
poles of the magnet 3 and when the ship 1 is moored,
they are oriented towards the ship’s hull 4. It is also con-
ceivable to arrange these magnetic poles in any other
arbitrarily repeating pattern such as, for example, a re-
peating pattern of - viewed in cross-section - circular
poles.

[0017] The magnetic poles formed by the teeth 6 of
the magnetic core 5 are alternately north and south poles.
In Fig. 3 therefore, some of the teeth 6 carry the letters
N and S to indicate whether a north or a south pole is
concerned. As shownin Fig. 3, the windings 8 for exciting
the magnet are disposed between the teeth 6 of the mag-
netic core 5. The person skilled in the art is quite familiar



3 EP 1 567 411 B1 4

with such electrical windings and they need no further
elucidation.

[0018] The magnets 3 shown in Fig. 1 are preferably
arranged on the quayside 2 so as to be moveable in the
vertical direction. It is further preferred for the magnets
3 to be coupled to a control system (not shown) for switch-
ing predetermined groups of magnets alternately on and
off, such that during operation in a predetermined period
of time each magnet 3 is switched on and off at least
once while, however, the magnets 3 are never switched
off all at the same time. This is a simple manner of pro-
viding the possibility for the moored ship to follow the
tidal movements in the harbour, while the magnets 3 sub-
stantially maintain a vertical position on the quayside 2.
If a possibility of vertical movement is provided for the
magnets 3, the frequency of switching the magnets 3 on
and off may be chosen to be relatively low. However, if
the magnets 3 disposed on the quayside are fixed without
possibility of vertical movement, the frequency of switch-
ing the magnets 3 on and off should be relatively high.
[0019] The protective scope merited by the invention
is determined exclusively by the appended claims without
being limited in any way by the preceding discussion.
Said discussion of the invention merely serves to eluci-
date the appended claims.

Claims

1. An apparatus suitable for mooring ships that have a
magnetisable hull, embodied with magnets disposed
on or at a quayside, with a pole oriented away from
the quayside, characterised in that there are dis-
posed a series of magnets (3) possessing multiple
poles, that the magnets have magnetic cores (5) that
are comb-shaped, with the teeth (6) of the comb
forming the magnetic poles, and that the width of the
teeth of the comb approximately corresponds to an
assumed design thickness of a ship’s hull (4).

2. An apparatus according to claim 1, characterised
in that the magnetic poles alternately form north and
south poles.

3. An apparatus according to one of the claims 1-2,
characterised in that the magnets are switchable,
and provided with excitation windings (8) around the
teeth of the comb.

4. An apparatus according to claim 3, characterised
in that the excitation windings are direct current-fed.

5. An apparatus according to one of the claims 1-4,
characterised in that the magnets on the quayside
are moveable in the vertical direction.

6. An apparatus according to one of the preceding
claims, characterised in that a control system is
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provided for alternately switching on and off prede-
termined groups of magnets, such that during oper-
ation in a predetermined period of time each magnet
is switched off and on at least once, while the mag-
nets are never switched off all at the same time.

Patentanspriiche

1. Eine Vorrichtung, die dazu geeignet ist, Schiffe zu
vertauen, die einen magnetisierbaren Rumpfaufwei-
sen, der mit auf oder an einer Kaiseite angeordneten
Magneten verkdrpert ist, wobei ein Pol von der Kai-
seite weg orientiert ist, dadurch gekennzeichnet,
dass eine Serie von Magneten (3) angeordnet ist,
die mehrere Pole besitzen, dass die Magneten Ma-
gnetkerne (5) aufweisen, die kammférmig sind, wo-
bei die Zéhne (6) des Kammes die Magnetpole bil-
den, und dass die Breite der Zdhne des Kammes
etwa einer angenommenen Entwurfsdicke des
Rumpfes (4) eines Schiffes entspricht.

2. Eine Vorrichtung gemaR Anspruch 1, dadurch ge-
kennzeichnet, dass die Magnetpole wechselweise
Nord- und Sidpole bilden.

3. Eine Vorrichtung gemaR einem der Anspriiche 1 bis
2, dadurch gekennzeichnet, dass die Magneten
umschaltbar sind und mit Anregungswicklungen (8)
um die Zéhne des Kammes herum versehen sind.

4. Eine Vorrichtung gemaf Anspruch 3, dadurch ge-
kennzeichnet, dass die Anregungswicklungen
nicht direkt stromgespeist sind.

5. Eine Vorrichtung gemaf einem der Anspriiche 1 bis
4, dadurch gekennzeichnet, dass die Magneten
auf der Kaiseite in der vertikalen Richtung bewegbar
sind.

6. Eine Vorrichtung gemafR einem der vorhergehenden
Anspriche, dadurch gekennzeichnet, dass ein
Steuersystem zum wechselweisen Ein- und Aus-
schalten vorbestimmter Gruppen von Magneten vor-
gesehen ist, derart, dass wahrend des Betriebs in
einem vorbestimmten Zeitraum jeder Magnet zumin-
dest einmal aus- und eingeschaltet wird, wobei die
Magneten niemals alle gleichzeitig ausgeschaltet
werden.

Revendications

1. Dispositif approprié pour amarrer les bateaux qui ont
une coque magnétisable, réalisé avec des aimants
disposés sur ou a un bord du quai, avec un péle
orienté coté opposé au bord du quai, caractérisé
en ce que sont disposés une série d’aimants (3)
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possédant des pdles multiples, en ce que les
aimants ont des noyaux magnétiques (5) qui sonten
forme de peigne, avec les dents (6) du peigne for-
mant les pbéles magnétiques, et en ce que la largeur
des dents du peigne correspondent approximative- 5
ment a une épaisseur théorique supposée de la co-
que d’'un bateau (4).

Dispositif selon la revendication 1, caractérisé en
ce que les pbles magnétiques forment alternative- 70
ment des pdles nord et sud.

Dispositif selon 'une quelconque des revendications

1-2, caractérisé en ce que les aimants sont com-
mutables, et équipés d’enroulement d’excitation (8) 75
autour des dents du peigne.

Dispositif selon la revendication 3, caractérisé en
ce que les enroulements d’excitation sont alimentés
en courant continu. 20

Dispositif selon 'une quelconque des revendications
1 a4, caractérisé en ce que les aimants sur le bord
du quai sont mobiles dans la direction verticale.

25
Dispositif selon 'une quelconque des revendications
précédentes, caractérisé en ce qu’un systéme de
commande est fourni pour activer et désactiver al-
ternativement des  groupes  prédéterminés
d’aimants, de sorte que pendant le fonctionnement 30
dans un laps de temps prédéterminé, chaque aimant
soit désactivé et activé au moins une fois, tandis que
les aimants ne sontjamais désactivés tous en méme
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FIG. 3
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