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(54) Title: METHOD OF MANUFACTURING BOAT HULLS IN A SO-CALLED FEMALE MOULD

(57) Abstract

The invention relates to a method of manufacturing boat hulls in a so-called female mould (3). The hull comprises a rigid reinforced
plastic shell and at least one softer protective layer (7, 8) which is made from 2 plastic or rubber material and located on the outside of this
shell. In order to provide the hull with a smoother outer surface and an improved adhesion between the shell and the layer, the layer is
integrated in the hull already when the hull is manufactured, by first applying the layer on the mould surface (4) of the female mould and
then building the structural shell on the layer and on free parts of the mould surface. The protective layer is accurately manufactured in
a rational way if it is cast moulded in a cast mould and if the female mould, or any other object that has been used when developing the
female mould, is used for the cast moulding or any other method of manufacturing the protective layer. :




applications under the PCT.

FOR THE PURPOSES OF INFORMATION ONLY

Codes used to identify States party to the PCT on the front pages of pamphlets publishing international

Austria
Australia
Barbados
Belgium
Burkina Faso
Bulgaria

Benin

Brazil

Belarus
Canada

Central African Republic
Congo
Switzerland
Cote d'Ivoire
Cameroon
China
Czechoslovakia
Czech Republic
Germany
Denmark

Spain

Finland

France

Gabon

United Kingdom
Georgia

Guinea

Greece

Hungary

Ireland

Italy

Japan

Kenya

Kyrgystan
Democratic People’s Republic
of Korea
Republic of Korea
Kazakhstan
Liechtenstein

Sri Lanka
Luxembourg
Latvia

Monaco

Republic of Moldova
Madagascar

Mali

Mongolia

MR
MW
NE
NL
NO
NZ
PL

RO
RU
Sb
SE
St

SK

TD
TG
T)

UA

vz
VN

Mauritania
Malawi

Niger

Netherlands
Norway

New Zealand
Poland

Portugal

Romania

Russian Federation
Sudan

Sweden

Slovenia

Slovakia

Senegal

Chad

Togo

Tajikistan
Trinidad and Tobago
Ukraine

United States of America
Uzbekistan

Viet Nam




10

15

20

25

30

35

WO 95/35231 | PCT/SE95/00750

¢

Method of manufacturing boat hulls in a so-called female mould

Technical field

The invention relates to a method of manufacturing boat hulls, according to the
preamble of Claim 1, in a so-calied female mould, i.e. a mould whose inner side is
made to determine the shape of the hull. The huli is manufactured by applying
material, for example glass fibre reinforced plastic, to the inner side of the female
mould, the mould surface, and let the material harden to form a shell that is
comprised by the load carrying structure of the hull. This shell may be a singel shell
or the outer shell of a sandwich construction.

State of the art

According to customary technique, a boat hull can be manufactured by applying the
material that will form said structural shell directiy on the mould surface of the
female mould. This can be made, for example, by spraying chopped glass fibres
mixed with liquid plastic resin on the release agent treated mould surface in a layer
that is varying in thickness depending on the strength requirements set up for
different parts of the hull. Another way is by using so called hand lay-up technique
which means that plastic resin impregnated fibre reinforcement material in the form
of mats or weaves is applied in the mouid in several layers. Air voids and excessive
resin is taken away by the use of a roller.

After the material has been applied in the mould, it is allowed to cure and the rigid
structural shell is formed. The outer surface of the shell will thus be determined by
the shape of the mould. To achieve a smoother surface in a desired colour,
normally a surface layer, for example gelcoat, is sprayed on the mould surface
before the reinforcement provided resin is applied. The gelcoat layer and the
reinforced plastic form together the rigid structural shell.

A hull made in this manner has a good structural strength. The hard structural shell
is however sensitive to wear and crushing loads. It is customary that the hull can be
protected from this sort of loads by attaching a sheet of rubber material on the
bottom surface of a finished hull. If a proper material is used, a very effective
protection can be obtained. The fatal pressure that a point shaped object like the tip
of a stone may create on the naked surface of the hull, is by the rubber sheet
distributed to a larger area of the hull and by that becomes harmless. By using a
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sufficient thickness of the rubber sheet and a highly elastic and wear resistant
material, the risk for crushing and wear damages is decreased significantly.
However, a boat that is supplied with such a rubber sheet attached to the hull has

the following disadvantages:
- The sheet does not stick sufficiently to the hull. Air voids between the sheet and

the hull remaining from the glueing operation of the sheet might later cause
debonding.

- Transition sections formed between the sheet and the hull causes irregularities
in the hull surface. These causes losses in speed and reduction of the service
range. In addition these irregularities provide points of action for e g rocks etc.

to catch and then tear the sheet off.
- Accurate shaping off the sheets and a correct attachment of them are time

consuming and costly.

- Variations in the thickness of the sheets result in unevenness of the surface of
the boat , which reduces the performance of the boat.

- The'sheets cannot always be formed according to the shape of the hull since an
effective material should not be to elastic.

Description of the invention

Technical problem

The object of the invention is to provide an improved method to manufacture plastic
boats having a rigid shell in a so called female mould without having the
disadvantages above. Specially for landing crafts the following requirements are

called for:

- The boats should, without being damaged, be able to land at stony shores to
disembark troops. In addition the boats must be able to easily come off the
shores.

- The boat hulls shall be light in order to enable a high speed, and strong in order
to make the boats seaworthy and to withstand rough handling.

- The hull of the boats must have a smooth bottom surface in order not to have
unnecessary hydrodynamic resistance which will reduce the speed and service

range.

The solution.
This object is achieved with a method having the characteristics features set forth in

the following claims.



10

15

20

25

30

35

WO 95/35231 . PCT/SE95/00750

According to the invention there is proposed that at least one outer protective layer
of a material that is softer and more elastic than the material of the structural shell,
such as a highly elastic and wear resistant plastic or rubber material, is integrated
into the rigid shell when the hull is manufactured. This is accomplished by
introducing the elastic protective layer to the prospective hull already at the initial
phase of the manufacturing process, i.e. before the rigid structural layer within is
applied, by first applying the elastic layer in the female mould and then applying
the rigid structural shell on the top of the elastic layer.

The elastic layer, that does not have to be limited to certain parts of the hull, but
that preferably is used in thase parts of the hull that are subjected to damages, can
be applied by spraying material in corresponding areas of the hull. For example,
masking tape or limiting devices are in advance attached to the mould surface
around these areas. The height of the limiting devices are best corresponding to the
desired thickness of the layer at the limiting devices. After the elastic layer has been
built up,. the limiting devices can be removed and the rigid structural layer is applied
on the elastic layer and the remaining parts of the mould surface that determines
the shape of the hull. The limiting devices can also be left in the mould and become
a part of the elastic layer. If an elastic material that is stiffer than the protective
material is used for these limiting devices, an advantageous gradual transition
between the rigid shell and the protective layer is obtained. By using this procedure
the hull mould is not only used for the manufacturing of the structural skin but also
for the modelling of the protective layers.

The elastic layer can also be applied by attaching pre-made elements to the mould.
These elements can be cut out from sheets,cast moulded elements that are
suitable for the protection of e g the shell plating at the bow, or extruded profiles for
protection of sensitive edges of the hull, such as the keel, lower part of the transom
and the chine of planing boats.

The prefabricated protective layers may be cast moulded elements, where, at least
in one phase of the manufacturing process, either the female mould or a
component like a plug that has been made during the development of the female
mould, is used as in the case of spraying material. The cast moulding of an element
can be made in a cast mould that consists of two dismountable main parts, usually
two cast mould parts that has been manufactured by the use of the above said

parts.
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The first cast mould part is suggested to be manufactured by making at first a
model of the element which is fixed on the appropriate place of the female mould.
After that, a shell, that will form this part of the cast mould and which will have a
shape determined by the model and an area of the mould surface around the
model, is manufactured. The second cast mould part is manufactured by carrying
out a second shell in a shape determined by the corresponding surface on said plug
or a moulding from the part of the female mould that has been used for the
manufacturing of the first cast mould part above.

To ensure a correct location of the limiting devices and elastic layers during the
manufacturing of the layers and the manufacturing and curing of the structural shel,
they have to be kept carefully in the mould. The hold can be secured e g by using
double coated tape or vacuum distributed, for example, through holes. In the first
case the placement of the layers can be made by the use of vacuum, e g. by
covering the layer and free parts of the surrounding mould surface, with a sheet
sealed tb this surface. When the vacuum is applied beneath the sheet, the layer will
be pressed to the tape, and a firm hold will be obtained. In the second case the
vacuum will be used both for the placing at the appropriate locations and for the
hold of these layers.

Also after the rigid structural layer and possible remaining parts of a sandwich
construction are applied, it might be advantageous, in order to stabilise and remove
air, to use a vacuum assisted procedure. Immediately after the material is applied in
the female mould it is covered by a sheet or film, and the vacuum is connected to
the space beneath the film. By this a very good bond between the rigid shell and
the elastic layer is obtained. Since the rigid shell has been given a shape which
makes allowance for all irregularities in the surface and thickness of the elastic
layer, a very smooth outer surface on the elastic layer is obtained. By the method of
the invention, the rigid shell will hold out or pull in the elastic layer so that the
smooth surface that is determined by the mould will remain even after the hull is

removed from the mould.

Advantages
- Tests have shown that a very good adhesion between the elastic layer and the

rigid structural shell is obtained if the latter is allowed to cure in contact with the
elastic layer. The delamination risk is reduced significantly. The method
according to the invention enables that adhesive and other chemicals that in the
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long term could affect the hull material can be avoided. Still the method does
not prevent the use of these chemicals. '

- Avery smooth surface are obtained for the hull. All errors caused by bad cutting
to length of sheets etc is filled out and corrected by the rigid structural layer that
is formed with regards to these errors. Protruding edges of the sheets that can
be starting points for tear-off are avoided.

- The method is effective in serial production. Short time is needed for cutting to
length etc.

- Existing moulds can be used. The hull will get the desired shape on the outside
already when the manufacturing is started. The mould surface can, according to
the invention, be used also for the determination of the shape of the protective
layer.

- The hull gets a good surface finish without post trimming.

- The elastic layer gets very effective since it is well attached at the edges and
gets good support by the rigid structural layer.

- Landing crafts made from plastic material has been subjected to said damages.
If they are manufactured according to the invention, they can be run right up on
a rocky shore still intact. If the protectivé layers are made from a material with
jow coefficient of friction like polyurethane, and a good adhesion between the
protective layer and the rigid structural shell is obtained, the bow of the boat can
easily slip off the landing place when the boat should be removed from the

shore.

Description of the figures

A preferred method will now be described in more detail with references to the
accompanying figures. Equal reference numbers represent corresponding parts in
the different figures.
Figure 1 shows a cross-sectional view of two parts of a female mould after layers
of elastic material been applied in the mould surface of the female mould.
Figure 2 shows the same female mould when also the material forming the
structural shell has been applied on the elastic layers and on the mould surface.
Figures 3 and 4 shows in a cross-sectional view the manufacturing of the cast
mould parts to be used for the cast moulding of a layer or element for the chine of
the boat. _
Figure 5 shows a cross-sectional view of the cast mould parts from the figures

and 4 put together to form a cast mould.
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Preferred carrying out

In the figures 1 and 2 the preferred method according to the invention, to
manufacture motor boat hulls with chines is illustrated. To simplify the illustration the
manufacturing of a single skin hull is shown, but the manufacturing of the outer skin
of a sandwich hull can be proceeded similarly. In figures 1 and 2 the reference
numbers 1 and 2 represent different parts of the same boat mould 3 which is shown
in a cross-sectional view. The boat mould is a so called female mould, which means
that its inner surface 4 is used for giving shape to the boat hull. Boats with this type
of hull has similarly to other boats of the same type, two types of areas along the
whole length or a part of the length of the boat, which are especially subjected to
damages, the keel area, whose shape is determined by the corresponding part of
the mould surface, the keel mould surface 5 and the two areas for the chines,
whose shapes are determined by corresponding parts of the mould surface, the
chine mould surfaces of which one is shown with reference number 6.

In the figures, also in a cross-sectional view, two from each other separated
protective layers, 7 and 8, made from an elastic material such as urethane rubber,
are shown. The layer 7 for the chine area is premade e g by extrusion or cast
moulding. The layer is made as a band with a cross-section that has the shape of
an evenly thick hook with an obtuse angle, of which the tip will form the chine edge
of the boat.

The layer 8 for the keel area has been applied by first spraying material on the keel
mould surface 5 and then spraying on the aiready applied material until the layer
has the desired thickness. The extension of the layer is determined by limiting lists
9 whose height is correlating to the desired thickness of the layer. The edges of the
layer get a functional shape if the limiting surface 10 of the lists is e g tilted towards
the mould surface. The protective layer thus obtains an advantageous wedge
shaped edge. By means of the method of the invention, protective layers with a
desired outer shape is obtained directly. By using a proper treatment of the mould
surface, the layers normally get a sufficient temporarily grip in order not to lose
position during the construction phase of the structural shell.

The manufacturing of the hull is started by applying these protective layers in the
female mould. As in customary technique the mould surface is first treated with an
release agent. Before this treatment, fixing strips 11 made from double coated tape
with protective paper are applied on the mould surface in order to temporarily keep
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in place during the manufacture of the hull the protective layers 7 for the chine
areas, the protective layer 8 for the keel area and the limiting lists 9. When the
release agent is dry, the protective paper is peeled off the fixing strips and said
protective layers and lists are applied to the intended places on the mould surface
by pressing them against the fixing strips. Since the protective layers for the chine
areas are elastic, they are formed to connect tightly to the mould surface even if the
angle of the chines is not constant along the hull. The protective layer 8 for the keel
is applied in the same way (see figure 1).

Finally the limiting lists 9, which have been release agent pre-treated on all surfaces
except the surface 12 that will be attached to the mould surface, as well as with the
fixing strips, are torn off when the protective layers are half cured. When the
superfluous material has been cut away from the protective layers and the
remaining spots on the mould surfaces beneath the removed limiting lists have
been release agent treated, the first part of the manufacturing is finished.

As an example of a cast moulding, the preferred method to manufacture the
protective layers 7 for the chine areas is chosen. The method is however
representative for any other protective layer. The figures 3 and 4 shows the
manufacturing of a cast mould for the purpose made from two cast mould parts. A
model 17 of one of the layers is constructed and placed at the appropriate locality in
the female form. The model can be made from cellular plastics, curing putty or other
material that is easy to work, and is attached to the mould surface similarly to the
protective layer 4. Then a first cast mould part is constructed by laying a layer of
glass fibre reinforced plastics directly on the model and on a surrounding area of
the mould surface outside the model in order to form a flange (see figure 3).

A second mould part 19 is manufactured by laying up another layer of the same
material directly on the relevant surface 20 of a plug. The mould part is made big
enough to reach the outer contour of the first cast mould part when the two mould
parts are put together with matching surfaces meeting. The cast mould parts are
joined to each other in this position by using a number of equally distance
distributed screws and nuts along the circumference of the mould, se figure 5. One
of the mould parts is supplied with an inlet device 22 for cast moulding material.
Adter the cast moulding is finished, the newly moulded material is cured in the cast
mould for a certain time at a certain elevated temperature. By this procedure the
material can obtain the desired good properties.
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As mentioned in the introduction, the attachment of the protective layers and lists
can be improved by the use of vacuum assistance. In the preferred method, a sheet
13 is used that covers one protective layer 7 and is sealed along the free parts 14
of the mould surface that are around the layer. Vacuum is applied to the space
beneath the sheet through a tube 15. Thus the layer is pressed to the mould
surface and the fixing strips 11. The sheet can be removed or be left in order to be

integrated into the reinforcement of the structural shell.

During the second phase, the structural shell 16 is manufactured. This is laid up
directly on the protective layers 7, 8 and on the mould surfaces 6 which are still free
(se figure 2). The lay up is made in a customary way and is therefore not described.
A good result is obtained if vacuum is used in this phase as well. Right after the lay
up of the structural shell is finished, it is covered by a sheet that encloses the
protective layers and the shell between the sheet and the mould. By means of
vacuum that is applied as described in the previous paragraph, air voids and
excessive matrix are effectively removed at the same time as a good connection
between layers and the shell is obtained during the curing phase. Thus a good
bond is achieved between the layers regarding the shaping and the adhesion
between these things.
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Patent claims
1. Method of manufacturing boat hulls in a female mould (3) comprising a rigid

structural shell (16) made from reinforced plastics and, located upon this shell, a
softer protective layer (7, 8) made from a plastic or rubber material,
characterized in thatat first, the protective layer is cast moulded in a cast
mould and this layer is applied on a shape-determining surface (4) of the female
mould, and then, the structural shell is made upon the protective layer and free
parts of the shape determining surface.

2. Method of manufacturing boat hulls in a female mould (3) comprising a rigid
structural shell (16) made from reinforced plastics and, located upon this shell, a
softer protective layer (7, 8) made from a plastic or rubber material,
characterized in that at first, the protective layer is made by using, during
some phase of its development, either the female mould (1) or an object like a plug
(20) which has been produced for the development of the female mould, and this
protective layer is applied to the shape determining surface (4) of the female mould,
and theﬁ, the structural shell is made upon the protective layer and free parts of the
shape determining surface.

3. Method according to Claim 2, characterized in that the protective layer
is manufactured by spraying material (8) on the shape determining surface of the
female mould.

4. Method according to Claim2,characterized in thatthe protective layer
is manufactured by cast moulding in a cast mould comprising cast mould parts
which have been made by the use of the female mould or any of the mentioned
objects.

5. Method according to Claim 4, characterized in that one cast mouid
part (18) is made by building up a shell on a model (17) of a protective layer placed
in the female mould and on an area of the mould surface of the female mould
around the model.

6. Method according to any of the Claims above, characterized in that
vacuum is used in order to temporarily keep protective layers (7,8) and/or limiting
devices (9) in place to the shape determining surface (4) of the female mould e g by
means of a covering sheet (13) or through holes in the female mould.

7. Method according to any of the Claims above, characterized in that
after the structural shell (16) has been built, vacuum is used to evacuate air and
excessive resin from the interface between the protective layer and the structural
shell.
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