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(57) Abstract: The object of the invention is a
method and a mould arrangement for manufac-
2 4 turing articles with the help of a mould. The so-
lution according to the invention comprises a
strong pressure-resistant frame (1) and also a
= / pressurizing box (6) to be disposed in it, in
which pressurizing box the moulds can be sur-
rounded with high pressures and temperatures.
1a - By utilizing high temperatures, post-treatment
. with an autoclave is avoided. Bottom parts suit-
\ ed to the manufacturing technique can be dis-
6 posed as the bottom part of the pressurizing
L el — box (6), in which case with the solution accord-
ing to the invention techniques known from
My T § plastic mould technology, which have been
used e.g. in vacuum forming moulds and injec-
9 tion moulding moulds, are applied to articles
= and moulds to be manutfactured with compres-

3 sion moulding technology.
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METHOD AND MOULD ARRANGEMENT FOR MANUFACTURING ARTICLES WITH
THE HELP OF A MOULD

The present invention relates to a method as presented in
the preamble of claim 1 and a mould arrangement as presented
in the preamble of claim 10 for manufacturing articles with
the help of a mould.

Owing to its versatility of application, the method and
mould arrangement according to the invention, i.e. the solu-
tion according to the invention, is applicable to the manu-
facturing of many different products in the mould. In the
manufacturing, wvarious prior-drt technologies and the good
aspects of them are combined so that the products to be
manufactured can be small or very large in size and manufac-
tured from different raw materials, such as dung, straw,
sawdust or woodchips, paper, plastic, rubber, metal, et cet-
era. In addition, the solution according to the invention is
applicable to the rapid manufacture of very different com-

posites.

Articles that are composed of different materials, are of
different shapes or sizes, and that are otherwise different
are made with the help of moulds with solutions according to
prior art with many different methods, e.g. by laminating,
pressing, vacuum forming, injecting, £foaming and casting,
and with combinations of these methods. Some articles are
made by hand, some with machines designed for the purpose.
Large articles are generally made manually by laminating and
small articles can be pressed or cast with different meth-

ods.

Many reinforced plastic articles, i.e. plastic composites,

are made according to prior art e.g. manually by laminating
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reinforcement material layers and resin layers in turn onto
a template. The method is called open-mould lamination and
one advantage of it is that also very large articles, e.g.
boats, can be manufactured with it, but a problem is that
open-mould lamination particularly demands professional
skill, so that the quality of manufactured products can vary
a lot, depending on the laminator. In addition, open-mould
lamination is relatively slow. Depending on the size of the
article, time ranging from a few hours to many weeks is
spent on manufacturing a product. Spray-up moulding and
moulding based on the vacuum bag method are reminiscent of
open-mould laminating and are, to some extent, faster than
it, but the wvariation in quality due to the high profes-
sional skill it requires and the slowness of manufacturing

large articles are still a problem.

The Sheet Moulding Compound (SMC) method is used a lot, par-
ticularly in the automotive industry, for the manufacture of
plastic composites. In this method hot pressing is used,
which occurs as compression moulding, in which flexible SMC
material that is a few millimetres thick is pressed into a
mould and the preform, pressed into its shape, is cured by
means of temperature. The SMC method is mainly suited to the
manufacture of sheet-type moulded articles. The manufactur-
ing time ranges from a few seconds to a few minutes, depend-
iﬁg on the size of the article. Since moulds in prior-art
solutions are extremely expensive, an economically viable
series size 1is generally at 1least 10,000 units. Another
problem is that the strength of articles manufactured with
the SMC method is not very great.

‘The Bulk Moulding Compound (BMC) method is also a hot press-

ing method. A carefully dispensed quantity of reinforced

moulding material filled with a filler agent is pressed into
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a mould according to the compression moulding method and
cured at a higher temperature. In this method also a problem
is the expensive moulds, and also the fact that the equip-

ment used is suited only for this particular method.

Resin Transfer Moulding (RTM) is a method in which rein-
forcement material is placed, while dry, into an airtight
two-sided mould, the second side of which is e.g. a vacuum
bag. Resin 1is injected into the space between the moulds
through the reinforcers by the aid of either underpressure
or overpressure. Large articles also can be manufactured
with this method, but in this case also the apparatus is
suited only to this purpose. Furthermore, the curing of the

resin lasts a long time.

Yet another lamination technique is prepreg lamination,
which is used a lot in e.g. the aviation industry. In the
prepreg method, the curing of the resin is started even be-
fore performing the lamination, but the curing time is
slowed down. Prefabricated lamination sheets must be stored
at a temperature of at least -18°C so that the resin does
not cure too quickly. For this reason the transportation and
storage of prefabricated prepreg lamination sheets are awk-
ward. Additionally, the epoxy resins used in prepreg methods
require precise and controlled conditions for curing, e.g. a
temperature of approx. 120°C-180°C in a pressure range of
approx. 100 kg/cm®. The sealing of the laminates occurs by
means of a vacuum bag and post-curing requires approx. 30-60
minutes of autoclave treatment in the aforementioned tem-

perature range.

Compression moulding, for example, in connection with injec-

tion moulding, among other things, is generally used in the
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manufacture by means of a mould of plastic products other
than those to be laminated and of products made from other
materials. Generally, however, a problem is that a vacuum or
other casting techniques cannot be economically connected to
compression moulding apparatus, but instead each apparatus'
must be separately made. In addition, it has not been possi-
ble to connect adequate heating to the compression moulding
apparatus for curing the article to be manufactured, so it
has only been possible to make with it certain types of ar-

ticles that do not need a curing reaction.

So-called “hydroforming” technology is also known in the
art, wherein by means of hydraulic pressure and a flexible
film e.g. metal sheets are pressed at room temperature into

a negative or a positive mould, or a combination of these.

Hydroforming technology is nowadays used a lot in e.g. the

automotive industry. However, the hydroforming techniques
used today are not suited to simultaneously high tempera-
tures and high compression pressures, so that e.g. plastic
composite structures that require curing cannot be made with
them. In addition, the mould costs of fixed moulds are rela-

tively high in these solutions also.

One problem is that there are no devices, particularly for
the manufacture of articles with large surfaces, which would
comprise one apparatus that produces the pressure needed for
compression and withstands the preésure as well as that pro-
duces the heat needed for curing. A problem in prior-art so- .
lutions has in this case generally been, in addition to ex-
pensive moulds, that fact that a product pressed or laminated
in a mould is not immediately ready after the compression or
lamination, but instead drying and/or hardening often lasts
for several hours after the compression or lamination. In

open-mould lamination pexrformed by hand, in which heating is
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not used, articles can be detached from the mould only on the
day following completion of the lamination and, in addition,
detaching agents are expensive. Additionally, the autoclaves
needed for curing are expensive and, being large units, also
require a lot of space. Neither are there any devices in
which, in connection with the manufacture of thermoplasts and
thermosetting plastics, different metals and metal inserts,
such as screws, various brackets or reinforcers, could be
combined into the plastics. Yet another problem is that with
prior-art pressing methods, e.g. with compression moulding
and injection moulding, only relatively small articles can be

economically manufactured, and then often only in large se-

" ries.

The aim of this invention is to eliminate the aforementioned
drawbacks and to achieve a method and mould arrangement for
manufacturing articles with the help of a mould that are,
among other things, inexpensive due to the replaceable bottom
half of the pressure chamber, effective and suited to many
applications. In addition, one aim of the invention is to
achieve a solution in which the moulds are simple and inex-

pensive, but they nevertheless enable a high-quality end

.product. The aim is also to achieve a solution in which,

among other things, the properties and good aspects of prior-
art manufacturing technologies can be easily and advanta-
geously combined, owing to the replaceable bottom half of

the pressure chamber, in the manufacture of different arti-

" cles of different sizes such that with one and the same ba-

sic solution large. and small articles can be manufactured,
and also articles currently manufactured with different
technologies such as e.g. with laminating, compression, vac-

vum-forming, foaming and casting technologies.
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The aim is also to achieve a solution with which the manu-
facture of different articles manufactured in a mould is
faster than with prior-art technologies. Further, the aim is
to save costs and shorten the time used by eliminating the
need for separate autoclaving. In addition, the aim is e.q.
to replace conventional wvacuum technology with compression
moulding, which enables the combining of injection moulding
techniques and injection techniques. The method according to
the invention 1is characterized by what is disclosed in the
characterization part of claim 1. Correspondingly the mould
arrangement of the invention is characterized by what is
disclosed in the characterization part of claim 10. Other
embodiments of the invention are characterized by what is

disclosed in the other claims.

One advantage, among others, of the solution according to
the invention is that the manufacturing of articles is rapid
and inexpensive. Small articles are guick to manufacture in
a mould, because at the same time a number of different ar-
ticles can be pressed into many different moulds by means of
the flexible film. Another advantage is that the moulds are

inexpensive so that also small series can be economically

~manufactured. Inexpensive moulds also enable the mechanized

manufacture of large articles and also, owing to the use of
heating, even large laminated articles can be manufactured
quickly and inexpensively. Separate curing treatments in ex-—

pensive autoclaves are not needed.

Another advantage is that by means of the solution very many
different types of products made from different materials,
such as e.g. wood, metal, plastic, rubber, et c;tera, can be
manﬁfactured owing to, among other things, the replaceable

bottom half of the pressure chamber. Heating and compression

Aenable, among other things, the lignin contained in wooden
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material to be used as a binding agent, in which case exter-
nal binding agents are not always needed. In addition, an-
other advantage is that e.g. electronics, metal inserts,
such as thread elements and various fixing parts, as well as
reinforcers, et cetera, can be connected to products to be
manufactured from composite materials. Yet another advantage
is that with the same apparatus the necessary moulds éan
also be manufactured, which moulds are inexpensive, light
and easily installable into the pressure space. A further
advantage is also that the solution according to the inven-
tion enables the production of articles currently manufac-
tured with vacuum technology advantageously with compression
moulding technology by meéns of the light mould structures
to be manufactured. In this case it is possible in the manu-

facture of products manufactured conventionally with a vac-

uum technique to achieve the same very short manufacturing

times as with conventional compression moulding technology.
Likewise, in the solution according to the invention it is
possible to manufacture large articles with extensive sur-
faces by compression moulding as well as by injection mould-
ing and injection technology with the costs of manual lami-

nation moulds.

In the following, the invention will be described in greater
detail by the aid of some embodiments with reference to the

attached drawings, wherein

Fig. 1 presents a simplified oblique front view of one ap-
paratus according to the invention, as viewed from
above,

Fig. 2 presents a simplified oblique front view of a sec-
ond apparatus according to the invention, as viewed

from above,
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presents a simplified and partially sectioned side
view of the apparatus according to Fig. 2,

presents a simplified and diagrammatic hydraulic
scheme of the apparatus according to the invention,
presents a simplified side view of one apparatus
according to’ the invention, sectioned and with the
halves of the pressure chamber artificially sepa-
rated from each other,

presents a simplified side view of one apparatus
according to the invention, sectioned and with the
halves of the pressure chamber joined together,
presents a simplified side view of one apparatus
according to the invention provided with a double
mould, sectioned and with the halves of the pres-
sure chamber artificially separated from each
other,

presents a -simplified side view of one apparatus
according to the invention, sectioned and with the
halves of the pressure chamber artificially sepa-
rated from each other, and provided with a lower

chamber part of the pressure chamber, which lower

.chamber part is equipped with vacuum ducting,

presents a simplified side view of one apparatus
according to the invention, sectioned and with the
halves of the pressure chamber joined together, and
provided with a lower chamber part of the pressure
chamber, which lower chamber part is equipped with
an injection moulding apparatus, and

presents a simplified side view of one apparatus

according to the invention for manufacturing an ar-

ticle of composite structure, sectioned and with
the halves of the pressure chamber artificially
separated from each other, and also provided with a

lower chamber part of the pressure chamber, into
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can be led as into the top chamber part of the

pressure chamber.

A hydraulic press arrangement is used for manufacturing dif-
ferent products, such as products manufactured from one ma-
terial as well as various composites and laminates, with
different compression methods, which are e.g. compression
moulding methods, vacuum forming methods and injection
moulding methods. The solution according to the invention
comprises a strong pressure-resistant frame 1 and also a
pressure chamber 6 to be disposed inside it, in which the
moulds are surrounded with high pressures and temperatures,
and in which the bottom chamber part 8 of the pressure cham-
ber 6 can be replaced according to the application at that
time. The solution also comprises the utilization of high
temperatures so that post-treatment with an autoclave of the
products to be manufactured is avoided. With the solution
according to the invention techniques known from, among
other things, plastic mould technqlogy, and which have been

used e.g. in injection moulding moulds, are applied

Fig. 1 presents a simplified oblique front view of one appa-
ratus according to the invention, as viewed from above. The
apparatus 1is not presented in full in the figure, because

for the sake of simplicity, among other things, most of the

-hydraulic system has been omitted from the figure. Fig. 1

30

shows the strong frame structure 1 of the apparatus, which
frame structure comprises at least a first part, i.e. a top
part, 2 and a second part, i.e. a bottom part, 3 as well as
the tightening means, such as bolts 4 provided with hydrau-
lic nuts, that connect these. With the hydraulic nuts the
necessary pretightening is achieved between the top part and

the bottom part 2, 3. An essentially two-piece pressure
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chamber 6 comprising a first chamber part, i.e. a top cham-
ber 7, and a second chamber part, i.e. a bottom chamber 8,
is disposed in the receiving space la between the top part 2
and the bottom part 3, which top chamber 7 and bottom cham-
ber 8 are pressed during the manufacture of products
strongly together by the aid of the top part 2 and the bot-
tom part 3 of the frame structure as well as by the aid of

the tightening means 4.

The apparatus also comprises a hydraulic compression means
between the top part 2 of the frame part 1 and the top cham-
ber 7, of which only the hydraulic connector 5 is, however,
seen in Fig. 1. The compression means helps to press the top
chamber 7 and the bottom chamber 8 so tightly against each
other that the process pressure that is led into the pres-
sure chamber 6 via the pressure connectors 9 and used for
manufacturing a product is not squeezed out from between the
top chamber 7 and the bottom chamber 8. In addition, the ap-
paratus comprises if necessafy compression means essentially
corresponding to the aforementioned hydraulic compression
means on one or on both sides and at one or at both ends of
the pressure chamber 6 for supporting the sides and ends of
the haives 7, 8 of the pressure chamber 6 as well as for
limiting their movements relative to each other. Supporting
the sides and the ends enables the side walls and ends of
the pressure chamber to endure the stresses caused by the
pressures used in all situations. These compression means

are not shown in the figures.

Fig. 2 presents a simplified oblique front view of a second
apparatus according to the invention, as viewed from above.
This figure also presents only the basic frame structure 1
of the apparatus, which in this structural alternative com-

prises a plurality of robustly constructed framework-type
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frame elements 1b, which are disposed consecutively one af-
ter another at a horizontal distance from each other and re-
inforced in their position e.g. with support means 1d. In
the middle of the frame elements 1lb is an aperture 1lc, the
cross-sectional area of which is greater than the combined
cross—-sectional area of the top chamber and bottom chamber
7, 8. When the frame elements 1b are placed consecutively
one after another, the apertures 1lc are essentially in a
straight line with each other and together form a receiving

space la for the pressure chamber 6.

Fig. 3 presents a simplified and partially seéctioned side
view of the frame structure 1 of the apparatus according to
Fig. 2. The hydraulic compression means 16 with hydraulic
connector 5, which were referred to in the description of
Fig. 1, can now be seen in the figure on the top surface of
the receiving space. The hydraulic compression means 16 is
described in more detail in connection with the description
of Fig. 5. In the solution presented in Fig. 3 the structure
of the top and bottom chamber 7,8 of the pressure chamber 6
differs slightly from what is presented in Fig. 1. In the
solution according to Fig. 3 the long sides of the top cham-
ber and bottom chamber 7, 8 are inclined and together form a
wedge angle. In this case the first end of the top chamber 7
is higher than the second end and correspondingly the first
end of the bottom chamber 8 is shallower than the second
end. The wedge angles of the long sides of top chamber and
bottom chamber 7, 8 are of essentially the same magnitude as
each other. Fig. 3 exaggerates the magnitude of the wedge

angle.

The wedge principle can also be applied such that the top
surface or base of the receiving space la form a wedge-

shaped space in relation to each other. In this case e.g.
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the height of the receiving space la decreases linearly when
proceeding towards the rear end of the receiving space la.
When viewed from the side, the receiving space la can in
this case be such that its base is essentially on a horizon-
tal plane but the top surface descends when proceeding from
the front towards the rear end. Or the base can ascend when

proceeding from the front towards the rear end whereas the

. top surface remains essentially on a horizontal plane. Yet a

third alternative is that both the top surface descends and
the base ascends when proceeding from the front towards the
rear end. Correspondingly, the pressure chamber 6, with the
upper chamber part 7 and lower chamber part 8 of it placed
face-to-face one on top of the other, is essentially the
same shape as the receiving space la when viewed from the
side. In this case when proceeding from the front end of the
pressure chamber 6 towards the rear end, either the top sur-
face of the upper chamber part 7 descends and the Dbase of
the lower chamber part 8 remains on a horizontal plane, or
the base of the lower chamber part 8 ascends and the top
surface of the upper chamber part 7 remains on a horizontal
plane, or the top surface of the upper chamber part 7 de-
scends and the base of the lower chamber part 8 simultane-
ously ascends. In this context, the front end of the pres-
sure chamber 6 is that end from which the pressure chamber
is pushed inside the receiving space la and pulled out of
it.

When pushing the growing wedge shape of the pressure chamber
6 into the shallowing wedge shape of the receiving space 1la,
the pressure chamber 6 is finally pressed tightly between
the top surface and the base of the receiving space la. The
compression means 16 referred to in the following ensures

the staying together of the compression halves.
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The pressure chamber 6 is placed into the receiving space la
of the frame structure 1 e.g. such that first the bottom
chamber 8 is pushed into the receiving space la starting
from the first end of the receiving space la by the aid of
some suitable pushing means le, until the bottom chamber 8
is in its final position inside the receiving space la. Af-
ter this the second end of the top chamber 7 is placed on
top of the first end of the bottom chamber 8 and the top
chamber 7 is slid by the aid of the pushing means le in the
direction of the arrow A along the wedge surfaces between
the chambers into its position on top of the bottom chamber
8. The height of the receiving space la as well as the com-
bined height of the top chamber and bottom chamber 7, 8 is
dimensioned such that at first there is a clearance between
the top surface of the top chamber and the top surface of
the receiving space la, but when the top chamber 7 is in its
position the clearance has disappeared and the top surface
of the top chamber 8 is pressed tightly against the top sur-
face of the receiving space la. The final pressing of the
top chamber and the bottom chamber 7, 8 against each other
is implemented by means of a hydraulic compression means 16,
which receives its working pressure from the hydraulic sys-
tem or from a'separate hydraulic aggregate, which is not-

presented in the figure.

Fig. 4 presents a simplified and diagrammatic hydraulic
scheme of the apparatus according to the invention. The hy-
draulic system 10 comprises at least a pressure medium res-
ervoir 11, pressure ducting 10a, a circulation pump 12,
heating means 13 of the pressure medium, an actuator 14 that
enables the process pressure into the pressure chamber 6 and
a pressure medium reservoir 15 of the ractuator, as well as a
plurality of wvalves 10b. The bressures produced in the pres-

sure chamber 6 by the compression means 16 and the actuator
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14 are mutually dimensioned such that the compressive pres-
sure prevailing in the compression means 16 1is always

greater than the process pressure in the pressure chamber 6.

The pressure medium is a liquid that endures high tempera-

.tures and great pressure, and which has low compressibility.

It should be possible to use the pressure medium e.g. in the
temperature range -40°C...+450°C. One such pressure medium
is e.g. a metal that melts at a low temperature, which when
melted is led into the pressure chamber 6. If a temperature
of the aforementioned magnitude is not needed, but instead
e.g. approx. +250°C is sufficient as a temperature, other
pressure mediums can be used, e.g. ethylene glycol or corre-
sponding substances, the compressibility of which is ex-

tremely small.

Heating of the pressure medium is implemented with heating
means 13, which can be outside the pressure chamber 6, as in
Fig. 4, in which case heat 1is produced in the pressure me-
dium in a separate container e.g. with an electrical resis-
tance, with induction devices or with devices operating on
the microwave principle, from which container the heat is
transferred along with the pressure medium to the pressure
space 17 of the first, i.e. upper, chamber part 7 of the
pressure chamber 6 and, depending on the solution, also to

the pressure space 17a of the second, 1.e. lower chamber

'part 8 of the pressure chamber 6. The necessary heat can

also be produced inside the pressure chamber 6, e.g. in the
proximity of the top surface of a ceramic mould or on the
rear surface of a thin metal mould used in the invention, to
which places a heat element that functions as a heating
means can be disposed, which heat element operates e.g. ei-
ther on the induction principle or on the resistance princi-

ple. What is essential is to get the pressure medium and/or
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the mould heated to the temperature needed in the manufac-
turing process of the product, so that the raw material used
in the manufacturing can be brought to the correct tempera-
ture and/or when manufacturing laminates the hardening of

the compressed product occurs quickly.

The circulation pump 12 circulates the pressure medium and
the process pressure for compressing the product into its
mould is implemented either manually or by means of a mecha-
nized actuator 14 with which such great pressure is caused
in the pressure chamber 6 that the article to be manufac-
fured is pressed into essentially its final shape against
the mould.

Fig. 5 presents a simplified side view of one apparatus ac-
cording to the invention, sectioned and with the halves 7
and 8 of the pressure chamber 6 artificially separated from
each other. The bottom surface of the top part 2 of the
frame structure 1 comprises a hydraulic compression means
16, which comprises a pressure space 1l6a filled with pres-
sure fluid and an elastic film element 16b that closes the
pressure space from below, which film element is dimensioned
to endure the pressure prevailing in the pressure space 1l6a.
The film element 16b is fixed at its edges in a leakproof
manner to the bottom surface of the top part 2. The pressure
space 16a is connected to the hydraulic system 10 of the ap-
paratus via the pressure connector 5. The film element 16b
of the compression means 16 is fitted against the outer sur-
face, i.e. the top surface, of the top chamber of the pfes—
sure chamber to press the top chamber of the pressure cham-
ber, i.e. the upperi half 7, together against the bottom
chamber, i.e. the lower half 8, with a greater pressure than

the process pressure prevailing inside the pressure chamber.
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Inside the halves 7 and 8 of the pressure chamber 6 is a
pressure space 17, 17a, which is connected to the hydraulic
system 10 of the apparatus via pressure connectors 9. The
pressure space 17 of the upper half 7 is closed off from the
bottom part of the pressure space in a pressure-resistant
manner, i.e. from the side of the lower half 8, with an
elastic film 18, such as with a silicone film oxr Teflon
film, that withstands pressure and heat. Correspondingly,
the pressure space 1l7a of the lower half 8 comprises differ-
ent elements 17b, depending on the application, manufactured
from e.g. foundry sand or ceramic, which elements can f£fill
essentially the whole pressure space 1l7a and rest on the
base of the pressure space 17a. The mould elements 17b are
made e.g. by means of foundry sand or are of ceramic and the
top surface of them comprises one or more mould patterns
made with the aid of a template, or the top surface of them
can comprise on top of the mould pattern an essentially thin
mould element with mould pattern corresponding to the mould
element 19. The mould patterns in the foundry sand and the
sealing of the foundry sand are done by means of the upper
half 7 and the elastic film 18 as well as by means of the
process pressure and a template by pressing the template
into the foundry sand by the compression of the elastic film
18.

The elements 17b can function, such as they are, as moulds
or as mould elements that contain a number of moulds, or a
separate mould or mould element 19 can be disposed on top of
them, as has been done in Figs. 5-8. In the following a
mould element refers to an entity that comprises either the
mould of one large product or a number of moulds of a
smaller product to be simultaneously manufactured in the

same element.
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Depending on the application the pressure space 1l7a can also
be filled with pressure fluid, in which case essentially
thin moulds are used between the upper and the lower half 7
and 8 of the pressure space. In this case the pressure space
17a is closed off from the top part of the pressure space,
i.e. from the side of the upper half 7, with an essentially
thin mould element 19, e.g. with a thin mould element that
is formed into the shape of the mould of one large-sized ar-
ticle or the shape of the moulds of a number of small arti-
cles to be made simultaneously and that is made with a metal
sheet, plastic sheet or plastic composite sheet or from an-
other suitable material. Thus, one mould element 19 can com-
prise a number of similar or different mould templates for
pressing a number of products at one time. When using thin
moulds the lower half 8 of the pressure chamber 6 comprises
means for supporting the mould element 19 in its position
during filling of the mould and during manufacture of the
product. Preferably these means are the edges of the lower
half - 8 that meet against the upper half. In this case the
edges of the mould element 19 extend in the lateral direc-
tion to outside the outer edges of the lower half 8 of the
pressure chamber 6, in which case when manufacturing arti-
cles the mould element 19 is pressed at its edges between

the halves 7 and 8 of the pressure chamber 6.

The gap between the halves 7 and 8 of the pressure chamber 6
is.sealed, e.g. with an elastic sealing means 9c, which be-
hind the seal surface is connected via a pressure duct . 9b, a
pressure amplifier 9a and a pressure connector 9 to the hy-
draulic system 10 of the apparatus. The pressure amplifier
9a is thus connected to the process pressure and owing to
its amplification ratio, which is implemented with pistons
of different sizes, always causes greater pressure on the

sealing means 9c¢ than the process pressure that is prevail-
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ing at that moment in the pressure space 17, 17a of the
pressure chamber 6. Thus the process pressure is not able to

leak out of the pressure space 17, 1l7a.

The filler space that is on top of the element 17b, 19 that
functions as a mould contains material 20 to be pressed into
a product, which material is disposed in all the desired
points on top of the mould element 17b, 19 when the lower
half 8 of the pressure chamber 6 is still preferably free
and outside the receiving space la of the frame structure 1.
In this case it is easy to place all the material needed for

manufacturing a product into the mould.

Fig. 6 presents an apparatus according to Fig. 5 ready to
press the material 20 placed into the mould element 17b, 19
into a finished product. In the situation according to the
figure, the process pressure has not yet been switched on,
in which case the elastic film 18 has not yet been pressed
into the mould patterns of the mould element 17b, 19. When
prdcess pressure is connected into the apparatus by means of
the actuator 14, the pressure in the pressure medium in the
pressure space 17 grows and the elasfic film 18 is pressed
tightly against the material 20 and presses it into a thin
layer against the mould patterns of the mould element 17b,
19. If instead of the element 17b the pressure space l7a of
the lower chamber part 8 is connected to the hydraulic sys-
tem 10 of the apparatus and the pressure space 17a contains
pressure medium, exactly the same pressure acts in the pres-
sure medium in the pressure space 1l7a of the lower half 8
that is below, i.e. on the rear side of, the mould element
19 as in the pressure space 17 of the upper half 7 enclosed
by the elastic film 18, so that the essentially thin mould
element 19 withstands great process pressure without chang-

ing its shape.
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Fig. 7 presents a simplified side view of one apparatus ac-
cording to the invention provided with a double mould, sec-
tioned and with the halves 7 and 8 of the pressure chamber 6
artificially separated from each other. The apparatus is
otherwise essentially the same as is presented in the case
according to Fig. 6 above, but now, in addition to one mould
element 19, a second mould element 19a is also disposed in
the compression chamber 6, which second mould element 1%a is
fitted on top of the lower mould element 19. The lower mould
element 19 extends farther at its edges to between the

halves 7 and 8 of the pressure chamber 6 ox to outside the

“edges of them, but the upper mould element 1%a is smaller in

size than the lower mould element 19 and does not extend to

between the halves 7 and 8 of the pressure chamber 6. There

~ does not necessarily need to be a lower mould element 19 at

“all, but instead the upper mould element 1%9a can rest di-

rectly on the mould element 17b to be filled of the pressure

space l7a.

The upper mould element 19a is also essentially thin and can
be essentially similar in its material and structure to the
lJower mould element 19, but it can contain different mould
patterns than those in the lower mould element 19 or 17b, in
which case the products to be manufactured will not neces-
sarily be of equal thickness. In this solution the elastic
film 18 1is pressed against the rear surface of the upper
mould element 1%9a when the process pressure is switched on
and the products are finished by pressing between the lower
mould half and the upper mould half.

Each of the mould elements 19, 1%a can be of such a struc-
ture that their top half and bottom half are of a different

material. In this case e.g. the rear side of a mould element
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19, 1%a can be wholly metal whereas the front side is com-

posite, or vice versa.

The solution according to Fig. 7 presents a pressure chamber
6 with thinner walls than in the other figures. Although no
side walls are visible in Fig. 7, they are essentially as
thin as e.g. the top wall and the bottom wall. The walls of
the pressure chamber 6 can be even thinner yet, e.g. made by
welding metal plates. In this case even very large pressure
chambers can be inexpensively made. What is essential is
that the walls of the pressure chamber 6 are supported ex-
ternally from above, from below and from the sides, and also
if necessary at the ends, such that the walls of the pres-
sure chamber are not able to bend or bulge outwards. The
supporting is performed e.g. with the aforementioned hydrau-
lic compression means 16 and the means corresponding to
them.

Fig. 8 presents one apparatus according to the invention,
simplified and provided with a bottom chamber part 8 of the
pressure chamber that is applicable to vacuum technology. In
this case the lower chamber part 8, which is structurally
solid in Figs. 5-7 presented above, is replaced with a cham-
ber part 8 that comprises vacuum ducting 24 fitted into the
bottom chamber part 8 and into the element 17b to suck air
and liquid through the mould element 19 or directly from the
mould surface of the element 17b that functions as a mould,
from where the vacuum ducting 24 is in connection with the
vacuum machinery of the apparatus, which machinery is not
shown in the figures. A thin screen 19c¢, with which the
manufacturing material 20 is prevented from getting into the
vacuum ducting 24, is between the mould surface and the
manufacturing material 20 of the product. Air removal meth-

ods that are generally used in vacuum technology are used in
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the solution according to the invention, even though the
conventional components needed for their use, such as de-

tachment films, et cetera, are not presented in the figures.

Fig. 9 presents one apparatus according to the invention,
simplified and provided with a bottom chamber part 8 of the
pressure chamber that is applicable to injection moulding
technology. In this case the lower chamber part 8 that 1is
solid in 1its structure as presented above in Figs. 5-7 is
replaced with a chamber part 8 that comprises compression
moulding ducting 25 and a compression moulding unit with
screw 26 fitted into the bottom chamber part 8 and into the
element 17b, with which unit the material of the product is
pressed via the compression moulding ducting 25 into the
mould on the top surface of the element 17b, which mould is
compressed with the elastic film 18 from the side of the up-
per chamber part 7 of the pressure chamber 6 by means of the
process pressure in the pressure space 17. In this case the
manufacturing process differs from prior—-art injection
moulding technology, i.e. die-casting technology, in that
the second sub-part of the mould is not a fixed mould, but
instead is a pressure space 17, pressurized by means of hy-

draulics, and an elastic film 18.

Fig. 10 presents a fourth, different lower chamber part 8 of
the pressure chamber 6 according to the invention. In this
embodiment the lower chamber part 8 does not contain an ele-
ment 17b to fill the pressure space 1l7a of the chamber, but
instead the pressure space 17a of the chamber part 8 is
filled with the pressure medium of the hydraulic system 10
of the apparatus in connection with manufacturing of the
product. In this case when the product is compressed the
process pressure 1s led to the pressure space 17, 17a of

both halves 7 and 8 and, reinforced, to the sealing 9c¢. The
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solution presented in Fig. 10 is suited to e.g. the manufac-

turing of an article of composite structure.

The structure according to Fig. 10 could, however, just as
well be such that a fixed mould element 17b is disposed in
the pressure space 17a of the lower half 8 of the pressure
chamber 6. In this case the process pressure is led when
pressing the product into. the pressure space 17 of only the

upper half 7 and amplified into the seals 9%9c.

In the situation according to Fig. 10 the first layer 21 of
a composite structure has already been pressed into a mould
and the next layer 22 has been placed on top of the layer
21, which second layer comprises e.g. either reinforcing fi-
bres, electrically conductive elements or other elements 23,
which are intended to be connected to the first layer 21.
When process pressure 1is connected to the apparatus, the
elastic film 18 presses the second layer 22 with its addi-
tional elements 23 tightly against the first layer 21, and
by means of great pressure and a suitable temperature the
end result is one or more composite products that are quick

to manufacture and durable.

The apparatus also comprises regulating means, with which
the compression speed and the increase in the pressure pre-
vailing in the pressure chamber and also the temperature
prevailing in the pressure chamber are adjusted if necessary
during the pressing. Correspondingly the apparatus comprises
regulating means for regulating the timing of the pressuriz-
ing cycles. The regulating means are not depicted in the
figures. Prior-art techniques known from e.g. injection
moulding technology are used for removing air from the mould
elements 17b, 18.
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Characteristic to the solution according to the invention
is, among other things, the heating and/or the curing of the
mould element 17b, 19, 1%a or of the material to be com-
pressed that occurs by means of the liquid heating or other
suitable heating as well as the formation of hydraulic pres-
sure directly behind essentially thin mould elements 19, 19a
when using thin mould elements 19, 19a. The properties of
the sides of the mould elements 17b, 19, 19%a that give a
surface to the product are selected to be such that they
withstand variations in pressure and temperature. In this
case the surfaces of the mould elements 17b, 19, 19a are

preferably e.g. metal or composite structures.

Further, it is characteristic to the solution according to
the invention that the mould arrangement comprises a plural-
ity of lower, i.e. second, chamber parts 8 that are provided
with different properties according to the different manu-
facturing methods required for manufacturing different prod-
ucts. In this case the different chamber parts 8 can be op-
timally designed for exactly their own application, in which
case the mould arrangement can comprise e.g. a plurality of
different lower chamber parts 8, which are fitted to be used
for manufacturing products e.g. by laminating, pressing,
vacuum forming, injecting, foaming and casting, and with
combinations of these methods and with other manufacturing

methods that become relevant.

The speed of the manufacturing process of a product can be
increased because a number of mould elements 19 are used. In
this case the next mould element 19 can already be filled
simultaneously when the previous mould element 19 is in the
pressure chamber 6 in the heating phase, pressing phase, or
drying/hardening phase. When the previous mould element 19

is taken out of the pressure chamber 6 to cool, the hext
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mould element 19, which is already filled, can immediately
be put inside the pressure chamber 6 and a new pressing

process can be started.

With the method according to the invention, different prod-
ucts are manufactured by pressurizing the material to be
manufactured in a pressure chamber 6 provided with a first
chamber part 7 and a second chamber part 8, which second
chamber part 8 is replaced according to the special proper-
ties of each product to be manufactured. In this case a plu-

rality of chamber parts 8 that are different to each other

are placed one at a time to be the second chamber part 8 as

the mate of first chamber part 7, each of which chamber
parts 8 differ from each other in their outfitting and/or
their structure according to the special properties of the

product to be manufactured with the help of each of them.

With the method according to the invention, one or more
rould elements 17b, 19, 19%a and the filling of the mould,
i.e. the material of the article to be manufactured, are
placed into the pressure chamber 6, after which the pressure
chamber 6 is pushed with the aid of a pushing means le in-
side a frame structure 1 that endures the pressure needed
for manufacturing the article, after which the process pres-
sure needed for manufacturing the product is directed into
the pressure chamber 6 onto at least one side of the mould
by means of a pressure medium that is in liquid form. In ad-
dition to compressive pressure, the temperature in the pres-
sure: chamber 6 needed in the manufacturing process is di-
rected at the material of the article to be manufactured
and/or the article to be manufactured, which temperature is
produced either via the pressure medium or by the aid of a

heating means connected to the mould element 17b, 19, 19a.
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According to one preferred embodiment, process pressure of
essentially the same magnitude is directed on both sides of
an essentially thinly structured mould element 19, 19%a in
the pressure chamber 6 by means of a pressure medium that is

in ligquid form.

The top half and the bottom half 7, 8 of the pressure cham-
ber 6 are pressed preferably against each other with the hy-
draulic compressioh means 16 that is between the frame
structure 1 and the pressure chamber 6. In addition, the
sides and, if necessary, the ends of the top half and the
bottom half 7, 8 of the pressure chamber 6 are supported
with a compression means corresponding to the compression
means 16 and to ensure the sealing, reinforced pressure from
the process pressure is led to the sealing 9c that is on the
joint face of the top half and the bottom half 7, 8 of the
pressure chamber 6, which reinforced pressure 1is greater
than the process pressure inside the pressure chamber 6. A
metal or a metal alloy, for example, in 1liquid form that
melts at a low temperature is led into the pressure chamber

6 as a pressure medium.

Composite structures are manufactured in one or more mould
elements 17b, 19, 1%9a disposed in the pressure chamber 6 by
placing the manufacturing material needed into the mould
elements 17b, 19, 19a one manufacturing phase at a time,

which material comprises e.g. plastics and reinforcing

- agents and, 1f necessary, also electronic components, metal

inserts, such as thread elements and various fixing parts,
as well as reinforcers, and other components needed in the
finished product, and by performing the necessary pressing

and heating one phase at a time.
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It is obvious to the person skilled in the art that differ-
ent embodiments of the invention are not limited to the ex-
ample described above, but that they may be varied within
the scope of the claims presented below. Thus, for example,
the frame structure and the other structures of the appara-
tus can be different to what is described in the examples
above. A supportive and strong frame structure that does not
allow the halves of the pressure chamber to detach from each
other is, however, essential. In this case e.g. a rock cave

can also function as a frame structure.

Likewise it is obvious to the person skilled in the art that
the structure of the pressure chamber can be different to
what is described above. The bottom half of the pressure
chamber can be e.g. shallower than the top half, and the
pressure space below the mould element can be smaller than

the pressure space of the top half above the elastic film.

It is further obvious to the person skilled in the'art that
the material of the mould elements can, in addition to the
aforementioned metal, ceramic, plastic or plastic composite,
also be e.g. rubber, wood, concrete or any other suitable
material whatsoever that can easily be formed and that with-
stands the necessary pressure and temperature. The mould
element can be manufactured from e.g. metal alloys, which
have a low melting point, e.g. Rose's metal, tin foil and
Eutectic solder. The aforementioned metal alloys are éast
onto or into the template inside the pressure chamber, where
the temperature is greater than the melting point of the
metal in question. The metal alloy can be selected according
to the temperature needed at that time. It must be noted,
however, that changes in pressures and temperatures may not
cause changes in the moulds, so that the moulds must not

melt at the temperatures used.
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It is also obvious to the person skilled in the art that the
moulds can be cast from mould silicones onto or into a tem-
plate in the pressure chamber e.g. with the following phase:
the dispensed amount, of e.g. RTV silicone, is fed into the
pressure space and vacuumized. A precise casting mould, from
which copies can be made with the same principle, is ob-
tained by pressurizing. Two-component silicone elastomer,
which is cast around the mould or moulds, is advantageously
utilized in connection with the mould elements. In this case
the silicone layer enables the second mould half to be
cheap. Likewise the silicone layer prevents sealing leaks
and enables a high process pressure and operating pressure

and also a high temperature.

It is also obvious to the person skilled in the art that the
apparatus can comprise separate heating tanks and cooling
tanks for the pressure medium that are connected to the hy-

draulic system of the apparatus.

It is further obvious to the skilled person that discharge
routes for air and for excess material are connected to the
mould elements, as also are vacuum connections for wvacuum

treatment.
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CLAIMS

1. Method for manufacturing articles with the help of a
mould, in which method the article to be manufactured is
compressed in a mould by means of a pressure medium in lig-
uid form by pressurizing the material to be manufactured in
a pressure chamber (6) provided with a first chamber part
(7) and a second chamber part (8), characterized in that
chamber parts (8) that are differént to each other are
placed one at a time to be the second chamber part (8) as
the mate -of first chamber part (7), each of which chamber
parts (8) differ from each other in their outfitting and/or
their structure according to the special properties of the

product to be manufactured with the help of each of them.

2. Method according to claim 1, characterized in that a
chamber part (8) is placed one at a time to be the second
chamber part (8) as the mate of first chamber part (7),
which second chamber part (8) is provided with suitable
means for the purpose to apply to the manufacturing of arti-
cles to be manufactured either with laminating techniques,
pressure moulding techniques, vacuum forming techniques,
foaming techniques or casting techniques, or with combina-

tions of these.

3. Method according to claim 1 or 2, characterized in that
the material of the article to be manufactured and one or
more mould elements (17b, 19, 19%9a) are placed into the pres-
sure chamber (6), after which the pressure chamber (6) is
fitted inside a frame structure (1) that endures the pres-
sure needed for manufacturing the article, which pressure
chamber (6) is pressurized by means of a pressure medium

that is in liquid form.
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4, Method according to claim 1, 2 or 3, characterized in

that, in addition to the compressive pressure to be directed

~at the material of the article to be manufactured and/or the

article to be manufactured, the temperature in the pressure
chamber (6) needed in the manufacturing process is directed
at the material of the article to be manufactured and/or the
article to be manufactured, which temperature is -produced
either by the aid of a pressure medium or by the aid of a

heating means connected to the mould element (17b, 19, 1%a).

‘5. Method according to any of the preceding claims, charac-

terized in that the top half and the bottom half (7, 8) of
the pressure chamber (6) are pressed against each other with
a hydraulic compression means (16) that is between the frame
structure (1) and the pressure chamber (6), the pressure
produced by which means is greater than the process pressure
inside the pressure chamber (6), and in that to ensure the
sealing, reinforced pressure from the process pressure 1is
led to the sealing (9c¢) that is on the joint face of the top
half and the bottom half (7, 8) of the pressure chamber (6),
which reinforced pressure is greater than the process pres-

sure inside the pressure chamber (6).

6. Method according to any of the preceding claims, charac-
terized in that a metal or a metal alloy in liquid form that
melts at a low temperature is led into the pressure chamber

(6) as the pressure medium.

7. Method according to any of the preceding claims, charac-
terized in that composite structures are manufactured in one

or more mould elements (17b, 19, 19a) disposed in the pres-

. sure chamber (6) by placing the manufacturing material in
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the mould elements (17b, 19, 19%a) oﬁe manufacturing phase at
a time, which manufacturing material comprises e.g. plastic
and reinforcing agents and, if necessary, also electronic
components, metal inserts, such as thread elements and vari-
ous fixing parts, as well as reinforcers, and other compo-
nents needed in the finished product, and by performing the
necessary pressing or suction and heating one phase at a

time.

8. Method according to any of the preceding claims, charac-

.terized in that the material of the article to be manufac-

tured and one or more mould elements (19, 19a) of essen-
tially thin structure are placed into the pressure chamber
(6), after which the pressure chamber (6) is fitted inside a
frame structure (1) that endures the pressure needed for
manufacturing the article, after which pressure of essen-
tially the same magnitude is directed on both sides of the
essentially thinly structured mould element (19, 1%9a) by

means of a pressure medium that is in liquid form.

9. Mould arrangement for manufacturing articles with the
help of a mould, which apparatus comprises at least a frame
structure (1) and a pressure chamber (6) provided with at
least a first chamber part (7) and a second chamber part
(8), as well as a hydraulic system (10) for producing the
hydraulic pressure needed by the apparatus, characterized in
that the frame structure (1) comprises a receiving space.
(la), dinto which the pressure chamber. (6) a first chamber
part (7) and a second chamber part (8) provided with at
least one mould elemént (17b, 19, 19a) can be disposed,
placed opposite and facing each other, which second chamber
part (8) is one of a plurality of chamber parts (8) that are

different to each other, each of which chamber parts differs
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in their outfitting and/or in their structure from each
other according to the special properties of the pfoduct to

be manufactured with the help of each of them.

10. Mould arrangement according to claim 9, characterized in
that the pressure chamber (6) contains one second chamber
part (8) at a time as the pair of the first chamber part
(7), which second chamber part is provided with means (17a,
17b, 24, 25, 26) suited for the purpose to apply to the
manufacturing of articles to be manufactured with either
laminating techniques, pressure moulding techniques, vacuum
forming techniques, foaming technigques or casting tech-

niques, or with combinations of these.

11. Mould arrangement according to claim 9 or 10, character-
ized in that the apparatus comprises means (le) for pushing
the first chamber part (7) and the second chamber part (8)
of the pressure chamber (6) into the receiving space (la) in
the frame structure (1) and for extracting them from the re-
ceiving space (la), and means (4, 16) for pressing the first
chamber part (7) and the second chamber part (8) together
with a force that is greater than the force brought‘about by
the process pressure acting inside the pressure chamber (6)

during the manufacturing of a product.

12. Mould arrangement according to claim 9, 10 or 11, char-
acterized in that the interface of the first chamber part
(7) and the second chamber part (8) comprises a sealing
means (9c) provided with a pressure amplifier (9a) connected
to the process pressure, the sealing pressure acting on
which sealing means is always greater than the process pres-
sure prevailing at that moment in the pressure spaces (17,

17a) of the pressure chamber (6).
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13. Mould arrangement according to any of claims 9-12 above,
characterized in that inside the first chamber part (7) is a
pressure space (17) enclosed with an elastic film (18) and
inside the second chamber part (8) is either an essentially
fixed mould element (17b) or a pressure space (l7a) to be
enclosed with an essentially thin mould element (19, 1%a) to
be used in the manufacturing of the product, and in that the
pressure space (17) or pressure spaces (17, 1l7a) are con-
nected to the hydraulic system (10) of the apparatus for
leading the process pressure needed for manufacturing the
product into the pressure spaces (17, 17a) to one side of
the mould element (17b) or to both sides of the mould ele-
ments ((19, 19a).

14. Mould arrangement according to any of claims 9-13 above,
characterized in that the second chamber part (8) comprises
means for supporting an essentially thin mould element (19)
in its position during filling of the mould and during manu-
facturing of the product, and in that the essentially thin
nould element (19, 19%a) is metal, plastic, plastic compos-—

ite, other suitable material, or some combination of two or

more of the aforementioned materials, and in that the essen-

25

30

tially thin mould element (19, 19%a) comprises at least one
or more moulds intended for manufacturing a product to be

made simultaneously.

15. Mould arrangement according to any of claims 9-14 above,
characterized in that the apparatus comprises heating means
(13) for heating the pressure medium and/or the mould ele-
ment (17b, 19, 1%a) for'directing the temperature needed in
the manufacturing process to the material of the product to

be manufactured and/or to the product to be manufactured in
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the pressure chamber (6), and in that the heating means (13)

are partly or wholly inside or outside the pressure chamber

(6).

5 16. Mould arrangement according to any of claims 9-15 above,
characterized in that the pressure medium used in the hy-
draulic system (10) of the apparatus is a metal or a metal

alloy in liquid form that melts at a low temperature.
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