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(57) Abstract: A method for the manufacture of a plastic product, wherein a reinforcement package is placed against a molding
wall an air extraction and a supply for liquid plastic material are installed, and the reinforcement package is covered by an
air-tight covering on which, non-detachably, channel parts are fixed. The pressure in the reinforcement package is adjusted
to a value dl, lower than the ambient pressure, after which the pressure within the channel parts is adjusted to a value d2, lower than
dl, so that runner channels are formed on the reinforcement package. After the liquid plastic material has soaked the reinforcement
package to a sufficient extent, the pressure in the channel parts is adjusted to a value d3, greater than dl, so that the runner channels
are pushed away. After curing of the plastic material, the air-tight covering if desired reusable and premodeled and the channel
parts connected therewith are released.
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Title: Method for the manufacture of a reinforced plastic product

Field of the invention

The invention relates to a method for the manufacture of a reinforced

plastic product. More particularly, the invention concerns the manner of

distribution of liquid plastic material over and into a reinforcement package

during the manufacturing process. Still more particularly, the invention

concerns the manufacture of products utilizing a process referred to as

Vacuum Assisted Resin Injection (VARI), briefly referred to as resin

injection. This method comprises the following steps:

placing a reinforcement package of, for instance, glass or carbon fiber

web against a molding wall, for instance an inner or outer mold;

installing a supply for liquid plastic material, for instance synthetic

resin;

covering the reinforcement package, inclusive of the installed supply,

substantially gas- or air-tightly, for instance by plastic foil;

adjusting the pressure in the space between the molding wall and the

air-tight covering to a first value dl ("evacuation"), which pressure is

so much lower than the pressure outside that space that the liquid

plastic material flows through the reinforcement package-filled space

between the covering and the molding wall. Owing to the difference

between the ambient pressure (dO) and the low pressure dl in the

reinforcement package, the liquid plastic material is sucked or

"injected" into the reinforcement package.

Background of the invention

For a proper spread of the liquid plastic material over a dry fiber

package during injection, runner channels are necessary. It is known to

form these channels, for instance, by placing metal or plastic spirals or

plastic profiles between the reinforcement package and the air-tight
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covering. When a vacuum is applied between air-tight covering and molding

wall, in other words, upon evacuation of the reinforcement package, the

spirals will create an open space. Through this space, the liquid plastic

material can simply be spread over the reinforcement package over large

distances. Because the distance that the liquid plastic material can travel

through a reinforcement package is limited, the runner pattern is often

complex in the case of large composite products, such as yachts. Large parts

of yachts, etc., can be "visible" parts which should absolutely not exhibit any

defects. For these parts, a Class A surface is required.

One of the major drawbacks of the known runner channels is their

delineation on the outside (on the other side than where the runner channel

is provided) of the composite product after it is cleared from the mold. One

of the causes of this is the local resin-rich spot directly next to the runner

channel and the depression of the runner channel into the reinforcement

package. Further, providing such runner channels (not being reusable owing

to their nature) requires extra material and labor.

United States patent application 2002/0155186 discloses a method for

the manufacture of a reinforced plastic product according to the preamble of

claim 1, in which between the air-tight covering and the reinforcement

package a relatively stiff sheetlike part is placed, which on the side of the

reinforcement package is provided with a large number of closely spaced

mutually parallel grooves, connected to a supply for plastic material,

forming channel parts and having a relatively small cross section relative to

conventional runner channels. After placing and covering the sheetlike part

with a further foil layer, the pressure in the space between the molding wall

and the air-tight covering is adjusted to a first value dl, which is lower than

the ambient pressure, after which the pressure within the chamlnel parts is

adjusted to a second value d2, which is lower than the first value dl. This

has as a result that the air-tight covering is sucked into the channel parts,

so that regularly over the entire surface of the reinforcement package,



WO 2004/101259 PCT/NL20041000334

3

temporary channels are formed for soaking the reinforcement package with

liquid plastic material uniformly over the entire surface. After the

reinforcement package has been soaked by the liquid plastic material to a

sufficient extent, the pressure in the small channels is adjusted to a third

value d3, which is equal to or greater than the first value dl, so that the

air-tight covering within the channel parts is pushed back in the direction of

the reinforcement package again and hence the temporary channels

disappear again. After curing, first the extra foil layer and the sheetlike

part are removed, after which the air-tight covering is removed.

This known method is intended for manufacturing not unduly large

plastic products of a simple shape, that is, in view of the stiff sheetlike part

used, substantially straight wall surfaces. The method is hardly if at all

suitable for manufacturing large products of a more complex shape, such as

hulls of yachts, etc. In the case of that kind of products, no use can be made

of the "Fastrac"® channel parts mentioned in the known method, which are

temporarily placed over the air-tight covering to obtain temporary runner

channels. Moreover, in the case of such large products, applying the

air-tight covering typically a flexible foil in the traditional manner takes

much time and the covering material can only be used a single time, which

entails rather a lot of waste.

Object of the invention

One object of the invention is to provide a method with which relatively

large plastic products, such as hulls of yachts, on which stringent quality

requirements as regards strength and appearance are imposed, can be

manufactured in a relatively simple manner.

Another object of the invention is to realize this with the least possible

labor and material, more particularly with mold means to be used more

than once.
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Summary of the invention

This is achieved, according to the invention, in a method as referred to

above, in that the provisions are designed as at least one branched or

unbranched gutter-shaped channel part, which, with an open gutter side

facing the air-tight covering, is non-detachably fixed thereto, the

arrangement being preferably such that upon adjusting the pressure to the

second value, at least one runner channel is formed with a total open

gutter-side surface that is smaller than half of the surface of the

reinforcement package, or, that the surface of the reinforcement package

that is not to be covered directly by the at least one runner channel is at

least twice as large as the surface of the reinforcement package that is to be

covered directly by the at least one runner channel. Through these features,

a pattern of runner channels can be created, having, compared with the

known small channels, a lesser number as well as a greater cross section

and more robust shape, with which in a relatively short time a relatively

large surface can be covered and soaked, while those runner channels, after

soaking the reinforcement package to a sufficient extent, can be pushed

away substantially without leaving a trace, thus resulting in an optimum

appearance.

What is more, owing to the non-detachable connection of the channel

parts to the air-tight covering, an additional covering foil can be omitted and

the air-tight covering with channel parts can be reused. Also, by this

manner of working, it is possible to realize a variety of curved surfaces

without any problems.

Compared with the known method, which involves a large number of

fine channels distributed over the entire surface, the present method

involves a lesser number of runner channels, though more robust. This

provides the further advantage that these runner channels can, if desired,
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be steered independently of each other during injection, so that the process

can be controlled and adjusted depending on the course of the process.

The invention further relates to an air-tight covering to be used with a

method described in the foregoing.

In order to avoid creasing during vacuum suction, the air-tight

covering is preferably premodeled in conformity with the shape of the

molding wall of the inner or outer mold of the product (for instance yacht

hull) and the channel parts are then non-detachably connected with that

premodeled covering. Such a premodeled covering, including channel parts,

is moreover suitable to be reused several times for the production of similar

products, for instance a series of identical or substantially identical yacht

hulls.

The manufacture of such a preformed and reusable covering with

channel parts can be successfully realized in a relatively simple manner if a

layer of more of less liquid starting material, which after curing forms an

elastic material, is applied to the molding wall and, before, during, or after

curing of that layer of starting material, the at least one channel part is

connected therewith, after which the cured layer of starting material,

together with the at least one channel part non-detachably connected

therewith, is cleared from the molding wall to be subsequently used as an

elastic, premodeled air-tight covering of the reinforcement package.

Brief description of the drawings

Referring to an embodiment represented in the drawings, though

exclusively by way of non-limiting example, the method according to the

invention will presently be further elucidated.

Figs. la-d show different stages of the method according to the

invention.

Fig. 2 shows schematically an overview of a system in which the

method can be carried out.
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Detailed description of the drawings

Figs. la-d show a part of a molding wall 1 of an outer or inner mold in

which the respective product is made. Against the molding wall 1, a

reinforcement package 2, for instance a glass fiber or carbon fiber web, has

been placed, which is subsequently covered with an air-tight covering 3,

which should be gas- or air-tight to the extent that the reinforcement

package 2, and the space between the air-tight covering 3 and the molding

wall 1, respectively, can be evacuated to a relatively low pressure dl by

means of a pump system 11, connected to an opening 4. Via a supply 

liquid plastic material 6, for instance a mixture of polyester resin and

hardener hereinafter also called synthetic resin is injected in that the

pressure dl in the space between the molding wall 1 and the air-tight

covering 3 is so low that the pressure dO for instance normal ambient

pressure or a higher pressure forces the liquid plastic material 6 into the

reinforcement package-filled space between the air-tight covering 3 and the

molding wall 1.

Against the outside of the air-tight covering 3, a half-open channel part

7 is arranged, for instance through gluing of glue surfaces 10 against that

air-tight covering 3. Via an opening 8, connected to pressure control means,

in this case the pump system 11, the pressure within the channel part 7 can

be adjusted to a value d2, which is lower than the pressure dl in the space

of the reinforcement package 2. As a result, the air-tight covering 3 will be

sucked into the channel part 7, as can be seen in Fig. Ib and Fig. Ic. Thus,

also the so created space 9 is filled with the liquid synthetic resin still being

supplied, and it fulfils the function of runner channel improving the

throughflow of the liquid resin.

After the liquid resin has filled the space 2 between the covering and

the molding wall, including the reinforcement package filling that space,

then, as illustrated by Fig. Id, the pump connected to the channel part 7 via
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the opening 8 adjusts the pressure in the channel part 7 to a value d3,

greater than d2, so that the air-tight covering 3 within the channel part 7 is

pressed against the fiber package 2 again, so that the temporary runner

channel, formed by the resin that flowed through the channel part, has thus

been eliminated again.

The air-tight covering 3, as illustrated by Figs. lb and ic, preferably

has such elastic properties that it can be sucked into the channel part 7 by

extracting the air from the channel part 7 until the low pressure d2 prevails

in it.

Fig. 2 shows an exemplary embodiment of a method according to the

invention. Schematically shown is an outer mold for, for instance, a boat

hull. Against the molding wall 1 of the mold, a reinforcement package in the

form of a glass fiber package 2 is laid, which is covered by a preformed

air-tight covering 3 of elastic material, provided with channel parts 7

non-detachably fixed thereon. The pressure in the space 2 in which the glass

fiber package 2 is situated and within the channel parts 7, respectively, can

be controlled by the pump system 11 connected to those spaces.

The preformed air-tight covering 3 can be manufactured in the

following manner. A starting material, for instance a mixture of liquid

polyurethane resin with hardener, is applied that is, before the glass fiber

package 2 is inserted against the inside (provided with a detaching agent)

of the molding wall 1, for instance by spraying. The polyurethane resin and

the hardener enter into a chemical bond, resulting in a molded piece of

elastic material which is modeled according to the shape of the molding wall

1 to serve subsequently as air-tight covering 3 of the glass fiber package 2

which after manufacture of that air-tight covering inclusive of channel

parts is placed against the molding wall 1.

During or after the application of the liquid polyurethane layer against

the molding wall 1, at those points where such is deemed necessary, channel

parts 7 are provided, which are manufactured from sufficiently flexible
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material and glued onto the preformed air-tight covering 3. The different

subchannel parts are mutually glued together air-tightly. Gluing those

channel parts can be carried out, for instance, by pressing those channel

parts 7 by their glue surfaces 10 (see Fig. 1) against or into the as yet

uncured polyurethane resin and, if desired, additionally covering the

channel parts with a (thin) layer of polyurethane resin. Accordingly, what is

obtained as a result of all this is a premodeled air-tight covering 3, inclusive

of channel parts 7 connected (or integrated) therewith, which can

subsequently serve for the actual manufacture of the product, for instance a

boat hull (Fig. After the reinforcement package 2 and the preformed

air-tight covering 3, inclusive of the channel parts 7, have been laid in the

mold (Fig. the course of the process is as has been set out hereinabove

with reference to Figs. la-d.

It is noted that especially in the manufacture of larger products, it may

be desirable to be able to steer the resin flows in the different runner

channels individually or per group, by providing control or shutoff valves in

different (main) runner channels. What can thereby be prevented, for

instance, is that flow seams are formed at points where such is unwanted.

Through mutual adjustment of the flows (volume, velocity) in the different

runner channels, such flow seams and other inhomogeneities and the like

can be controlled better.

Finally, it is noted that in practice it is preferred not to install the resin

supply opening 5 on the side of the molding wall 1, so that the throughflow

of the liquid resin is impeded to some extent by the reinforcement package

2. It is better to supply the starting material (the resin) 6 via one or more

supply lines terminating between the air-tight covering 3 and the

reinforcement package 2, at places that are bridged by a channel part 7. The

respective channel part 7 will then fill up directly especially after the

channel part has been evacuated so that the air-tight covering 3 has

been sucked into the channel part in the longitudinal direction thereof and
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after this (and partly concurrently) fill the underlying reinforcement

package 2.

It will be evident that within the framework of the invention as laid

down in the appended claims, many more modifications and variants are

possible. Thus, separately controllable runner channels have been

mentioned. It is naturally also possible, instead, or in combination

therewith, to provide several supplies, which also holds for the extraction.

Also, with a premodeled air-tight covering, it is possible by virtue of the

elasticity thereof to permit deviating configurations, such as rims, ribs,

small channels, stiffenings, and the like.



CLAIMS

1 A method for the manufacture of a reinforced plastic product, comprising:

providing a molding wall 

placing a reinforcement package against the molding wall;

installing a supply for liquid plastic material and an extraction for

creating a reduced pressure;

0O arranging over the supply, the extraction and a surface of the

Sreinforcement package remote from the molding wall an air-tight covering with

Sprovisions to enable the creation, by local deformation of the air-tight covering, of

N 10 channels between the air-tight covering and the reinforcement package on the

side thereof remote from the molding wall;

adjusting the pressure in a space between the molding wall and the air-

tight covering to a first value, lower than that of the ambient pressure, for creating

a reduced pressure in the reinforcement package;

adjusting the pressure in a space between the provisions and the air-tight

covering to a second value, lower than the first value, for creating the

channels outside the circumference of the air-tightly covered reinforcement

package;

supplying the liquid plastic material via the supply and the channels for

soaking and thereby filling up the reinforcement package with the plastic material;

adjusting the pressure in the space between the provisions and the air-

tight covering to a third value, higher than or equal to the first value, for pushing

away the plastic material-filled channels created outside the air-tightly covered

reinforcement package;

allowing the plastic material to cure;

removing the air-tight covering and the provisions; and

taking the molded plastic product from the molding wall, characterized in

that

the provisions are designed as at least one branched or unbranched gutter-



shaped channel part which, with an open gutter side facing the air-tight0

covering, is non-detachably fixed thereto.
(Ni

2. A method according to claim 1, wherein by adjusting the pressure to the

second value, at least one runner channel is formed with a total open gutter-side

surface that is less than half of the surface of the reinforcement package.

ID 3. A method according to claim 1 or 2, wherein the surface of the

0 reinforcement package not to be directly covered by the at least one runner

channel is at least twice as great as the surface of the reinforcement package

Sto be covered directly by the at least one runner channel.
(Ni

4. A method according to any one of the preceding claims, wherein at least

two runner channels are present, which, as regards the supply of the plastic

material, are separately controllable.

A method according to any one of the preceding claims, wherein after the

curing of the plastic material, the air-tight covering together with the at least

one channel part attached to it, is removed in one piece from the plastic product.

6. A method according to any one of the preceding claims, wherein the air-

tight covering inclusive of the at least one branched or unbranched channel

part non-detachably fitted thereto is premodeled according to the shape of the

molding wall.

7. A method according to claim 6, wherein a layer of more or less liquid

starting material, which after curing forms an elastic material, is applied to the

molding wall, and before, during or after curing of that layer of starting material,

the at least one channel part is connected therewith, after which the cured layer

of starting material, together with the at least one channel part non-detachably

connected therewith, is taken off the molding wall to be subsequently used as an

elastic, premodeled, air-tight covering of the reinforcement package.



8. An air-tight covering for use in a method according to any one of theO

Spreceding claims, which is manufactured from a layer of elastic material, which

Spermits reuse of the air-tight covering, and on which, non-detachably connected

therewith, at least one gutter-shaped channel part, with an open gutter side

facing the layer, is non-detachably fixed, the at least one channel part being

manufactured from a material having a higher stiffness than the material of the

layer.

9. An air-tight covering according to claim 8, wherein the layer and the at

N least one channel part non-detachably connected therewith are preformed

C 10 according to a wall surface of the plastic product to be molded.
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FIG. IV
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