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Description

The present invention relates to catamarans.

In general, ships or boats capable of navigating or sailing at high speeds are planing or semi-planing
boats, hydrofoils, surface-effect ships or the like which are relatively small and have a low displacement.
Due to their shape such high speed ships or boats are subject to substantial water or wave making
resistance at low speeds and tend to be influenced by high waves. Because of their requirement of being
light, they are not suitable as large ships or vessels. Large vessels are heavy and cannot navigate at high
speeds.

Displacement type catamarans are known to have a high degree of navigation stability largely
uninfluenced even by a beam sea.

Figures 1 and 2 are a schematic side view and a schematic front view, respectively of a conventional
catamaran which includes a frame 2 which interconnects twin hulls 1a and 1b and which rises gradually to
some extent towards the bow. If the frame 2 were to rise too high this would reduce the strength of the hull
structure.

In order to improve the service rate, that is to say the proportion of time when the catamaran can safely
be used notwithstanding the presence of waves, of a catamaran, the height above the water line of the
interconnecting frame 2 must be increased over the whole length between the bow and stern.

However, in the displacement type catamaran described above, the twin hulls 1a and 1b are almost
submerged in the water so as to effect a large displacement (i.e. buoyancy) when sailing at low speed.
Even if the propulsive power of the catamaran were increased fo increase the sailing speed, a considerable
resistance would be produced near its last hump and mutual interference of the waves would be produced
between the hulls 1a and 1b so that the wave making resistance would increase, thereby rendering high
speed impossible. The "last hump" is the point where the wave making resistance becomes a maximum
due to the interference of waves produced at the bow and at the stern whilst the vessel is navigating. It is
generated where the Froude number is about 0.5.

Furthermore, increasing the height above the water line of the interconnecting frame 2 to increase the
service rate of the catamaran will result in an increase of the overall height H, shown in Figure 2, and thus
an increase in the weight of the hulls. On the other hand, in order to produce a high speed navigation
capability, the catamaran must be of lightweight construction. No solution at all to such contradictory
problems has been proposed.

The inventors have therefore conducted extensive studies and experiments with a view to increasing the
service rate of a catamaran without substantially increasing its weight and found out that the range of
positions at which waves are produced by the hulls along their length during navigation can be specifically
defined and consequently if the height above the water line of the interconnecting frame is increased only
within that range, the service or navigability rate can be increased without increasing the size and weight of
the catamaran. More specifically, the inventors conducted experiments using catamaran models in a tank in
order to investigate the height of the waves made by the twin hulls of the model and obtained the
experimental data shown in Figure 3. The graph shown in this Figure plots the height of the waves
produced against their position expressed as a fraction of the length of the catamaran from stern to bow.
This graph indicates that the maximum height of the waves produced on the interconnecting frame 2 along
the centre line of the model is about 18cm as indicated by line I; the maximum height of the waves
produced on the inside surfaces of the twin hulls is about 10cm as indicated by line Il. Furthermore, it was
found that the highest waves along the centre line of the model and on the inside surfaces of the twin hulls
are produced within a certain range toward the bow, that is to say between points which are 6/10 to 8/10 of
the way along the length of the catamaran towards the bow. The inventors have realised that since waves
wash over the catamaran when the waves made by it and the natural waves are greater than the spacing
between the twin hulls, increasing the height above the water line of the interconnecting frame 2 in the
above-mentioned range of 6/10 to 8/10 of the way along the length of the catamaran towards its bow can
eliminate the washing over by the waves and thus increase the service rate.

It is therefore a primary object of the present invention to provide a catamaran with decreased
displacement, which would otherwise be an impediment to an increase of the navigation speed, and with
reduced wave making resistance over a wide range of speeds.

A further object of the present invention is to provide a catamaran with increased service or navigability
rate whose weight is not substantially increased.

US-A-4498409 describes a conventional catamaran, and the preamble of Claim 1 recites features
disclosed in this document.
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FR-A-2514718 describes a catamaran with an interconnecting frame the majority of which is higher
above the water level than it is at the bow.

According to the present invention a catamaran of the type including a main body supported on twin
hulls is characterised in that the length L of the catamaran along the waterline in metres and its
displacement volume m? are related by the formula

LV® = 11 to 15.

It is found that when this relationship is satisfied the wave making resistance of the catamaran is
minimised over a wide range of speeds, that is to say from low speed to high speed. The length of the
catamaran is measured in metres and the displacement volume is measured in m3. Of course, one cubic
metre of water weighs 1000kg, or one metric tonne.

In the preferred embodiment of the present invention the catamaran includes twin hulls which extend
parallel to one another and are interconnected by a connecting frame, and a predetermined portion of the
connecting frame, offset from the geometrical longitudinal centre of the hulls towards the bow, is of
increased height above the water line compared to the remainder of the frame fore and aft of the increased
height portion. The predetermined portion preferably lies entirely between 6/10 and 8/10 of the way along
the length of the catamaran hulls towards the bow.

In the predetermined portion, the central portion may be higher above the water line than its edges, that
is to say than the height of the inside portions of the hulls.

Thus only that portion of the connecting frame at which the waves made by the hulls are of maximum
height is of increased height above the water line so that these waves do not wash over or strike against the
connecting frame. As a resulf, even when the waves are high, the service rate of the catamaran can be
improved. Since only a portion of the connecting member is of increased height above the water line the
weight of the vessel is not substantially increased. Since the waves made by the twin hulls are particularly
high along the centre line of the catamaran, an increase in the height of the frame above the water line
along the centre line of the catamaran contributes to the enhancement of the service rate.

Further features and details of the present invention will be apparent from the following description of
certain specific embodiments which is given by way of example with reference to Figures 4 to 10 of the
accompanying drawings, in which:-

Figure 4 is a schematic side view of a first embodiment of a catamaran in accordance with the present
invention;

Figure 5 is a plan view thereof;

Figure 6 is a graph illustrating the relationship between EHP and L/V'? obtained in experiments;

Figure 7 is a schematic side view of a second embodiment of a catamaran in accordance with the
present invention;

Figure 8 is a schematic front view thereof;

Figure 9 is a schematic side view of a third embodiment of a catamaran in accordance with the present
invention; and

Figure 10 is a schematic front view thereof.

Figures 4 and 5 illustrate a catamaran including a main body 11 integrally mounted on twin hulls 12
which extend lengthwise from the bow to the stern such that the entire body is above the full load water line
FL. The twin hulls 12 are unusually long to provide an exiremely elongated catamaran and the ratio of
length L of the catamaran along the water line fo its displacement volume V raised to the power 1/3 is within
the range of 11 to 15.

Each of the twin hulls 12, whose construction is substantially the same, extends beyond the main body
11 in both the fore and aft directions and has a unitary structure comprising a relatively sharp or pointed
bow and stern 12a,12b, respectively, and an intermediate portion 12c¢, all of which have substantially the
same width.

In the catamaran described above, the full load water line FL extends along the upper portion of the
side plates of each hull 12 so that in principle almost all of each hull 12 beneath the main body 11 is
submerged in the water. As a result, the catamaran of the present invention has a buoyancy competitive or
similar to that of the conventional displacement type catamaran referred to above and is inherently stable
due to the twin hulls 12.

At the level of the full load water line FL, the ratio of the length of the twin hulls 12 along the water line
to the displacement volume raised to the power of 1/3 is between 11 to 15, as described above, so that the
catamaran can cleave through the waves to suppress the wave making resistance. As a result, even though
the catamaran in accordance with the present invention may be classified as a displacement type
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catamaran, it can navigate at high speeds and the wave making resistance can be suppressed over a wide
speed range, that is to say from low to high speeds.

Figure 6 shows the results if the experiments conducted to obtain the relationship between L/V'® and
EHP (effective horse-power, i.e. the power necessary to propel the vessel) when a 3500 ton catamaran
navigated at a speed of 40 knots. ), @ and @ indicate the results with large catamarans with L = 155m,
169m and 200m, respectively, and @ , & and ® , the results with small catamarans with L = 16m, 20m
and 24m, respectively. As is clear from the experimental results, both the large and small catamarans can
have an EHP lower than 3000 due to the suppressing of the wave making resistance when the ratio L/V'? is
between 11 and 15. When the ratio L/V'? is in excess of 15, the submerged surface area of the hulls 12 is
too great; when the ratio L/V'? is less than 11, the suppression of the wave making resistance cannot be
expected. It follows therefore that when the ratio L/V'? is selected between 11 and 15, the effectiveness of
the use of the propulsive power is increased and high speed navigation becomes possible due to the
enlarged speed limit range.

Figures 7 and 8 illustrate a second embodiment of the present invention in which, based on the
distribution of the heights of the waves made by the twin hulls during navigation, which was determined and
confirmed by the inventors as shown in Figure 3, a predetermined portion of the interconnecting frame 2
towards the bow at which the height of the waves is highest, is raised from the water line 3 between the
fwin hulls. Thus only the portion A situated from 6/10 to 8/10 of the way along the length of the hulls
towards the bow is raised in height from the water line 3 between the hulls. The increased height is only
slightly greater at that portion where the highest waves occur. For instance, when the height h of the
interconnecting frame 2 from the water line 3 between the hulls is 63cm, the height of only the portion A in
the aforementioned portion A is further raised by 25cm at the most so that the height from the water line 3
is 63cm + 25cm = 88cm. The increase in weight of the catamaran due to the raised height of the
interconnecting frame 2 is negligible.

In general, service of ships is often suspended when the waves are high. For instance, the decision as
to whether a catamaran service is t0 be suspended or not may be dependent upon whether its
interconnecting frame 2 is struck by waves with a height of 1.25m, or more. In this case, when the height h
of the interconnecting frame 2 from the water line 3 between the twin hulls of a conventional catamaran is at
a constant height of 63cm, waves do strike against the frame 2 since the height of the waves caused by the
hulls is about 18cm at the centre of the portion 7/10ths of the way along the hulls. As shown in the Table
relating to wave frequency shown below, the service suspension rate is 16.6% (= 10.0% + 4.4% + 1.9%
+ 0.3%) when the wave height is in excess of 1.25m.
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Table

I |

' !
frequency
(sec) 12.50 3.50 4.50 5.50 6.50 7.50 8.50 9.50]!

| :Total
wave
heightl '

(m) |
| |

|
0.7% 0.1% 0.0% 50.0%

0.25  2.3% 14.6% 16.9% 11.7% 3.7% ;

0.75 0.3% 9.5% 7.5% 7.1% 5.3% 2.7% 0.9% 0.1% 33.43%
1.25 0.4% 3.2% 3.7% 1.5% 0.6% 0.4% 0.2%10.0%
1.75 ' ) 0.2% 3.0% 1.0% 0.2% 0.10%  4.4%
2.25 : 0.8% 0.9% 0.2% 1.9%
2.75 0.2% 0.10% | 0.3%

i !

The above Table shows the service suspension rate when a catamaran about 30m in length makes a
ferry service between two predetermined ports.

According to the present invention, only a predetermined portion A towards the bow of the interconnec-
ting frame 2 is increased in height above the water line by 25cm as compared with a conventional
catamaran so that waves beating or striking against the frame can be avoided at a wave height of 1.25m. As
a result, the service suspension rate becomes 6.6% (= 4.4% + 1.9% + 0.3%) so that, as compared with
the conventional catamaran, the service rate can be increased by 10%.

Figures 9 and 10 illustrate a third embodiment of the present invention. Since the experimental results
shown in Figure 3 reveal that the waves are especially high along the centre line at positions between 6/10
and 8/10 of the way along the hulls towards the bow and are lower at the corresponding inside surfaces of
the twin hulls, the centre line portion C of the predetermined area A is further increased in height.

In the third embodiment, the height of the interconnecting frame 2 from the water line 3 between the
hulls is 63cm and the height of the centre line portion C corresponding to the 6/10 - 8/10 section is
increased by 25cm so that its height from the water line 3 is 88cm. In addition, the height of the inside
surfaces 4 of the twin hulls in that section is raised by about 15cm with the peak being at the 8/10 position
so that its height from the water line 3 is 78cm. Then, as in the above embodiments, the catamaran can sail
even when the wave height is 1.25m so that, as compared with the conventional catamarans, the service
rate can be increased.

It is to be understood that the present invention is not limited to the above described embodiments and
that various modifications may be made within the scope of the present invention.

As described above, according to the present invention, the twin hulls of the catamaran are elongated
lengthwise so as to provide an extremely elongated ship and the ratio of length of the catamaran along the
water line to the displacement volume raised to the 1/3 power is within a range of 11 to 15. As a result, not
only is the stability inherent to the catamaran positively ensured, but also the wave making resistance can
be decreased over a wide speed range irrespective of the size of the ship so that the propulsive power is
effectively utilised for high speed navigation.

Using the inventors' experimental finding that a range of positions at which the highest waves are
produced by the hulls along their length during navigation can be specifically defined, the catamaran
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according to a preferred embodiment of the present invention has an interconnecting frame whose height
above the water line is locally raised in that range so that even when the waves are high, the phenomenon
of the waves made by the twin hulls striking or beating against the interconnecting frame can be avoided,
thereby enhancing the service rate. In addition, when the centre portion of the interconnecting frame in the
above-mentioned range is particularly increased in height above the water line, the service rate can be
effectively increased since the waves made by the twin hulls are highest along the centre portion of the
catamaran.

Claims

A catamaran including a main body supported on twin hulls, characterised in that the length L of the
catamaran along the water line (FL) in metres and its displacement volume V in m3 are related by the
formula

LV® = 11 to 15.

2. A catamaran as claimed in Claim 1 including two hulls which extend parallel to one another and are
interconnected by a connecting frame, wherein a predetermined portion (A) of the connecting frame (2)
is of increased height above the water line, characterised in that the said portion (A) is offset from the
geometrical longitudinal centre of the catamaran hulls fowards the bow, and is of increased height
above the water line (FL) compared to the remainder of the frame fore and aft of the increased height
portion.

3. A catamaran as claimed in claim 2, characterised in that the predetermined portion (A) lies entirely
between 6/10ths and 8/10ths of the way along the length of the catamaran hulls, towards the bow.

4. A catamaran as claimed in claim 2 or claim 3, characterised in that in the portion (A), the interconnec-
ting frame (2) is higher above the water line (FL) at its transverse centre (c) than at its side edges.

Patentanspriiche

1.  Zweirumpfboot mit einem Hauptkdrper, der von zwei Rimpfen getragen ist,
dadurch gekennzeichnet,
daB die Ldnge (L) des Zweirumpfbootes an seiner Wasserlinie (FL) gemessen in Metern, und sein
Verdrangungsvolumen (V), gemessen in m3, durch die Formel
DN'3 = 11 bis 15
gegeben sind.

2. Zweirumpfboot nach Anspruch 1 mit zwei Rimpfen, die zueinander parallel vorgesehen sind und die
mittels eines Verbindungsrahmens miteinander verbunden sind, wobei ein vorgegebener Abschnitt (A)
des Verbindungsrahmens (2) eine vergr&Berte HShe Uiber der Wasserlinie aufweist,
dadurch gekennzeichnet,
daB der Abschnitt (A) gegen das geometrische Lingszentrum der beiden Bootsrimpfe zum Bug hin
versetzt ist und im Vergleich mit den verbleibenden Teilen des Rahmens vor und hinter dem eine
vergroBerte Hohe aufweisenden Abschnitt eine gréBere Hohe Uber der Wasserlinie (FL) aufweist.

3. Zweirumpfboot nach Anspruch 2,
dadurch gekennzeichnet,
daB der vorgegebene Abschnitt (A) vollstdndig zwischen 6/10 und 8/10 der Ldnge der Bootsrimpfe in
Richtung zum Bug gesehen liegt.

4. Zweirumpfboot nach Anspruch 2 oder 3,

dadurch gekennzeichnet,
daB der Verbindungsrahmen (2) im Abschnitt (A) an seinem Querzentrum (C) Uber der Wasserlinie (FL)
h&her ist als an seinen Seitenrdndern.
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Revendications

Catamaran comprenant un corps principal supporté sur deux coques accouplées, caractérisé en ce que
la longueur (L) du catamaran le long de la ligne de flottaison (FL) en métres et son déplacement
volumétrique (V) en m3 sont reliés par la formule :

LV® = 11 3 15.

Catamaran suivant la revendication 1, comprenant deux coques qui s'étendent parallélement I'une a
l'autre et qui sont interconnectées par un cadre de connexion, ol une partie prédéterminée (A) du
cadre de connexion (2) est d'une hauteur croissante au-dessus de la ligne de flottaison, caractérisé en
ce que la partie (A) est écartée du centre géoméirique longitudinal des coques du catamaran vers
I'étrave et est d'une hauteur croissante au-dessus de la ligne de flottaison (FL) par rapport au reste du
cadre, de I'avant & 'arriére de la partie & hauteur croissante.

Catamaran suivant la revendication 2, caractérisé en ce que la partie prédéterminée (A) se situe
entierement entre les 6/10°™ et les 8/10°™*° de la voie le long des coques du catamaran, vers |'étrave.

Catamaran suivant la revendication 2 ou 3, caractérisé en ce que, dans la partie (A), le cadre
d'interconnexion (2) se situe au-dessus de la ligne de flottaison (FL), de maniére plus prononcée & son
centre fransversal (c) qu'a ses cOtés latéraux.
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