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DESCRIPTION

TECHNICAL FIELD

[0001] The invention relates to a method and a device for producing a porous hardenable
drainage element from a molding compound of expanded plastics granulate and a bonding
agent. The invention also relates to a drainage element produced by such a method. Such a
method is disclosed in WO2008/128156. A suitable device is disclosed by US4164537A, which
discloses a brick press comprising:

A device for producing a molding compound comprising a ladle having a pouring opening and
being displaceable along a plane for the pouring openingL the ladle being configured to
receive the molding compound via the pouring opening and to pressurize the received molding
compound,a mold bottom configured to be able to close off the pouring opening,wherein the
device is configured to- mold the element from the molding compound in a mold formed by
lowering of the mold bottom down into an opening cross section consistent with a cross section
of the pouring opening; a ladle having a pouring opening and displaceable along a plane for
the pouring opening; and a mold comprising an opening cross section consistent with a cross
section of the pouring opening and a raisable and lowerable mold bottom for closing off the
pouring opening and lowering the molding compound from the pouring opening and down into
the opening cross section.

BACKGROUND

[0002] Drainage elements or slabs of this kind are often not only draining, but also heat-
insulating and/or capillary-breaking. They are usually produced by the molding compound
being pressurized and dispersed through a nozzle orifice down into passing open face molds,
which move in a circulatory path. Once a mold is filled, an accompanying cover is pressed
down into the mold to compress the molding compound, so that the spherical granulates
adhere to one another to such an extent that the element attains the desired strength. During
the compression, the mold and the cover are flowed through by warm air to harden the
bonding agent, after which the cover is removed and the drainage element is forced out of the
mold with the aid of ejectors in the mold.

[0003] One problem with this method is that the expanded pellets of the granulate do not get
evenly distributed when the compound is dispersed in the mold, so that in some areas they
become less tightly packed, resulting in the formation of cavities in the molding compound.
When the elements are then compressed and hardened, the cavities can remain and impair
the strength of the element, especially the compressive strength, as is indicated in the
appended fig. 10. In addition, the molds have defined depths, so that only elements of a

given thickness can be produced with one and the same device.
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SUMMARY OF THE INVENTION

[0004] One object of the invention is to provide a method and a device which are capable of
distributing the granulates more uniformly in the elements.

[0005] Another object is to provide a method and a device which can produce elements of
different thickness in a simple manner. These objects are achieved by a method comprising
the features of claim 1 and a device comprising the features of claim 7.

[0006] According to one aspect of the invention, the molding compound is received and
pressurized in a ladle having a pouring opening closed off by a mold bottom, and the molding
compound is poured, by lowering of the mold bottom, down into a mold having an opening
cross section consistent with the pouring opening, after which the element is separated from
the molding compound by mutual lateral displacement of the mold and the ladle.

[0007] The fact that the molding compound is displaced in this way by lowering of the bottom
end of the compound into the mold means that the molding compound does not need to be
redistributed inside the mold during the molding, which is the case when a passing mold
according to the prior art is filled successively by inflowing molding compound. In the prior art,
the pressure of the molding compound reduces when it flows into the empty mold, so that the
very light expanded pellets, which stick together by virtue of the sticky bonding agent, do not
get a chance to be packed sufficiently tight in the mold due to the low pressure in the mold. By
contrast, according to the invention, the whole pressure continues to act on the pouring end of
the molding compound throughout the molding process. In other words, therefore, the molding
compound has already managed to "settle" into a tightly packed state in the ladle before it is
lowered into the mold.

[0008] By virtue of the even distribution, an optimal packing or fill factor is obtained, in which,
broadly speaking, all granulate pellets have contact with and adhere to one another. As a
result, granulate which is more difficult to pack and has more bulk density than earlier can also
otherwise be used to obtain the desired or necessary compressive strength of the finished
drainage element. In other words, granulate with a greater degree of expansion can then be
used in the molding compound in order to economize on plastics raw material, without
jeopardizing the strength.

[0009] Moreover, the fact that the mold bottom is lowered during the molding allows the
thickness of the resulting drainage elements to be easily adjusted by variation of the degree of
lowering of the mold bottom along the side walls of the mold.

[0010] Although, within the scope of the invention, it is conceivable to strip the mold from the
pouring opening by displacement of the mold transversely to the pouring opening, the
stripping, in one embodiment of the invention, comprises a lateral displacement of the ladle to
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a new raised mold bottom for molding of a new element. A plant according to the invention can
hence have a plurality of fixed molding stations, situated side by side, between which the ladle
can be laterally transferred after each molding operation. This amounts to an appreciable
simplification in design terms compared with when the molds move in a circulatory path past
the ladle.

[0011] In connection with the hardening of the binding agent in the mold, the element can be
compressed by placement of a counterstay against the element on the top side of the mold
and raising the mold bottom. It is thereby also possible, by varying the raising of the mold
bottom, to produce slabs of different degrees of compression, and thus different desired
compressive strengths, of the same molding compound. By making use of this variation in
compression level, it is possible to save considerable storage and production costs, since
granulate with just a few different degrees of expansion is needed for the molding compound.
When, according to the prior art, it is wished to change the compressive strength, granulate
with a new degree of expansion for each desired strength thus needs to be chosen.

[0012] In the compression process, it can also be possible to lower the counterstay to a
varying extent in order to obtain a more double-sided compression.

[0013] The compression can further be realized by repeated raising and lowering of the mold
bottom. Any remaining cavities in the molding compound can hence be removed by the
temporary release of any built-up tensions which wedge the pellets in wrong positions, so that
the pellets can be allowed to assume their tightly packed positions. Such repeated raising and
lowering of the mold bottom can be carried out a necessary number of times in conjunction
with successive raising of the mold bottom. It is also possible to make the raising and lowering
of the mold bottom occur with high vibrating frequency, at least during a part, for example an
initial part, of the compression phase. This can be easily achieved with appropriate control of,
for example, hydraulic actuators.

[0014] The hardening can be realized with a flow of a heated fluid, such as warm air, through
the element. The fluid can flow in a closed system and pass through the element through
perforations in the mold bottom and the counterstay. Owing to the closed system, no energy is
then leaked to the environment.

[0015] The ejection of the element from the mold can be effected by raising the mold bottom to
a top surface in a plane coincident with the plane for the pouring opening. The fact that the
ejection force thereby acts on the whole bottom face of the element minimizes the risk of the
element breaking during the ejection process.

[0016] A device according to the invention for producing a porous hardenable drainage
element from a molding compound of expanded plastics granulate and a bonding agent
comprises a ladle having a pouring opening and displaceable along a plane for the pouring
opening, and a mold comprising an opening cross section consistent with a cross section of the
pouring opening and a raisable and lowerable mold bottom for lowering of the mold compound
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from the pouring opening and down into the opening cross section.

[0017] The device can have members for pressurizing the mold compound in the ladle, such
as propellers.

[0018] The device can further have a counterstay for placement against the element at a top
side of the mold as the element is compressed in the mold by raising of the mold bottom.

[0019] The counterstay and the mold bottom can further be breached by perforations in order
to allow a flow of a heated fluid through the element. The element can hence be hardened in
connection with the compression.

[0020] The device can further have a plurality of stationary molds, located side by side, and
members for displacing the ladle between the molds. In such a reverse arrangement
compared with the prior art, the molds with their raisable and lowerable mold bottoms are thus
stationary and do not need to be transported round in the plant.

[0021] Other distinguishing features of the invention can emerge from the patent claims and
the following description of illustrative embodiments.

BRIEF DESCRIPTION OF THE DRAWING

[0022]

Fig. 1 is a schematic basic view illustrating a device and a method in different stages according
to the invention;

fig. 2 is a plan view of a device according to the invention;
fig. 3 is a perspective view with broken-off parts of a device according to fig. 2;

figs. 4-8 are perspective views with broken-off parts, showing different stages in a production
process of the device according to figs. 2 and 3;

figs. 9A and 9B are examples of cross-sectional areas with desired tight packing of expanded
granulates of a drainage element according to the invention; and

fig. 10 is a cross-sectional view of a part of a known drainage slab with expanded granulates
which in some areas are insufficiently packed.

DETAILED DESCRIPTION OF ILLUSTRATIVE EMBODIMENTS
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[0023] In the schematic representation in fig. 1, different stages for molding of a drainage
element 14 from a molding compound 10 consisting of expanded plastics granulate and a
bonding agent are shown in basic view. In a first stage A, a molding compound 10 is
accommodated in a ladle 30 and is pressurized, for example by one or more propellers (only
one is shown in fig. 1), which can have different height positions in the ladle 30. The ladle 30
has at its lower end a pouring opening 32 having a cross section corresponding to an opening
cross section or an upper mold opening 42 of an underlying molding station 40. In the molding
station 40 there is a raisable and lowerable mold bottom 44, which is maneuvered by one or
more actuators 46 (only one is shown) in the form of, for example, hydraulic cylinders.

[0024] In the first stage A, the pouring opening 32 is thus closed off by the mold bottom 44,
which lies flush with a support surface 45 for the ladle 30.

[0025] In the following stage B, the mold bottom 44 is lowered with the aid of the actuator 46
down into the mold opening 42 by a fraction substantially corresponding to the thickness, prior
to the below-described compression, of the resulting drainage element. An end portion 12 of
the molding compound 10 is jointly transported down into the mold opening, without being
redistributed.

[0026] During the next stage C, the ladle 30 is laterally displaced on the support surface 45 for
separation or shearing-off of the end portion 12.

[0027] In the following step D, a drainage element 14 has been separated. The ladle 30 has
then been transferred to a new molding station 40 for molding and separation of a further
element in a manner corresponding to that which has been described above.

[0028] After this, the drainage element 14 is compressed and hardened in a manner which will
later be described in greater detail.

[0029] In figs. 2-8, a plant 20 having a plurality of mutually adjacent molding stations 40, each
having a respective mold opening 42 with a raisable and lowerable mold bottom 44, is shown.
The ladle 30 is common to all stations 40 and is displaceable to these with the aid of actuating
members in the form of a chain transmission 60 shown by way of example.

[0030] As shown in greater detail in fig. 3, the chain transmission 60 comprises a pair of chains
62 connected to the ladle 30, which chains, at opposite ends of the plant 20, pass over chain
sprockets 64 connected to shafts 66 driven by an electric motor 68. The ladle 30 can be
guided in a suitable manner (not shown) along the opposite outer sides of the stations 40.

[0031] As can further be seen from fig. 2, the ladle 30 can have an open top side, through
which the molding compound is filled through an inlet tube 70. The molding compound can be
remixed and pressurized by abovementioned propellers 34 in the ladle 30. As can be seen, in
particular, from figs. 4-8, each molding station 40, in other words, can be deemed to have the
form of a closed space, which delimits a lower part of a mold channel whose upper part is
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delimited by the ladle 30. In each station 40, the raisable and lowerable mold bottom 44 is
formed by a displaceable slide, piston or plate 44, which can be actuated by the
abovementioned one or more actuators (only one is shown in each station) in the form of
hydraulic cylinders 46.

[0032] As is indicated in greater detail in fig. 8, apart from the above-described stages A-D, the
elements 14 which have been molded in the plant 20 can also be compressed and hardened in
each station 40. For this purpose, each station 40 has a cover 50, which in the shown example
delimits an inner cavity and can be swung down about an axis 58 against a just molded
element 14. The cover 50 can then form a counterstay for compression of the element 14 with
the aid of the actuator 46.

[0033] The compression can be effected by repeated raising and lowering of the mold bottom,
so any remaining dislocations in the tightly packed structure of expanded pellets can be largely
eliminated. As previously mentioned, such repeated raising and lowering of the mold bottom is
effected with reduced stroke length in conjunction with successive raising of the mold bottom. It
is also possible to make the raising and lowering of the mold bottom occur with a high vibrating
frequency, at least during a part, for example an initial part of the compression phase, with a
view to vibrating the granulates so that they assume their tightly packed positions. This can be
achieved with suitable known control members for the hydraulic cylinders 46.

[0034] In figs. 9A and 9B are shown examples of sought-after tight packing of expanded
granulates 100 in a cross-sectional area of a drainage slab 14. Other configurations of a
sought-after tight packing can also be found. A hardened bonding agent 102, such as a water
soluble thermosetting adhesive, encloses the granulates 100, so that they become watertight.
The hardened bonding agent 102, moreover, bonds the granulates 100 at their contact points.
The resulting drainage element 14 thereby acquires a coherent, draining, heat-insulating and
capillary-breaking cavity structure in the spaces between the granulates 100. Fig. 10 shows by
way of comparison a cross-sectional area of a sawn-through drainage element 14 according to
the prior art. As can be seen from the darker portions inside the cross-sectional area, the
element 14 has an undesirably large cavity structure as a result of imperfect packing of the
granulates 100 during the molding and compression of the element 14. A large cavity structure
of this kind can give the drainage element 14 an altogether inadequate strength, in particular
compressive strength.

[0035] As previously mentioned, it can be possible, in a manner which is not shown, also to
arrange the cover 50 such that it can be raised and lowered, in order to possibly further
improve the compression.

[0036] In fig. 8 it is shown that during the compression a heated fluid, such as warm air, is
brought to flow through the element 14 via perforations 52 in the mold bottom 44 and in a
cover bottom 54 of the cover 50, in order to harden the bonding agent in the mold compound.
For this purpose, the mold bottom 44 and the cover bottom 54 can also be formed of a grid
structure (not shown). From a closed and expediently heat-insulated pipe system, the heated
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fluid can enter into each station 40 through inlet openings 48 and exit from each cover 50
through outlet openings 56. In a manner which is not shown, the stations 40 can also be
integrated as a coherent elongated unit, through which the heated fluid can flow freely to each
station and exit through the respective cover 50.

[0037] Once the bonding agent has hardened, the cover 50 can be swung back up into a
vertical position indicated in fig. 2. The axis 58 can be located at a distance somewhat above
the stations 40, so that a raking member 82 of a pusher 80 can pass under the cover 50 and
push away the finished drainage elements 14 from the plant 20 to a conveyor 90, such as a
belt conveyor, for further handling, such as stacking and packaging of the elements 14.

[0038] The above-detailed description is primarily intended to facilitate understanding, and no
unnecessary limitations of the invention should be inferred from this. The modifications which
become apparent to a person skilled in the art when examining the description can be made
without deviating from the scope of the following patent claims.

REFERENCES CITED IN THE DESCRIPTION

This list of references cited by the applicant is for the reader's convenience only. It does not
form part of the European patent document. Even though great care has been taken in
compiling the references, errors or omissions cannot be excluded and the EPO disclaims all
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Patentkrayv

1. Fremgangsmade til fremstilling af et porgst, heerdbart draeningselement (14)
fra en formningsforbindelse (10) af udvidet plastgranulat (16) og et bindemid-
del (18),

kendetegnet ved

optagelse af formningsforbindelsen i en stgbeske (30) med en stgbeabning
(32), som er lukket af med en formbund (44);

tryksaetning af formningsforbindelsen i stgbeskeen;

formning af elementet (14) ud fra formningsforbindelsen i en form, der dannes
ved nedsaenkning af formbunden (44) i et abningstvaersnit (42), som svarer til
et tveersnit af stebeabningen (32); og

adskillelse af elementet fra formningsforbindelsen ved indbyrdes sideveerts

forskydning af formen og st@beskeen (30).

2. Fremgangsmade ifglge krav 1, hvor adskillelsen omfatter sideveerts forskyd-
ning af stgbeskeen (30) til en ny formbund (44) for at forme et nyt element
(14).

3. Fremgangsmade ifglge krav 1 eller 2, omfattende anbringelse af et modlag
(50) mod elementet (14) ved en gvre side af formen og sammentrykning af

elementet i formen ved at haeve formbunden (44).

4. Fremgangsmade ifglge krav 3, hvor sammentrykningen udfgres ved genta-
gelse af haevning og saenkning af formbunden (44).

5. Fremgangsmade ifglge et hvilket som helst af de foregaende krav, yderli-
gere omfattende haerdning af elementet ved hjeelp af en stream af opvarmet
fluid gennem elementet (14).

6. Fremgangsmade ifelge krav 5, omfattende udst@dning af elementet (14) fra
formen ved at haeve formbunden (44) til en gvre flade (45) i et plan, der svarer
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til planet af stebeabningen (32).

7. Indretning til fremstilling af et porgst, haerdbart draeningselement (14) fra en
formningsforbindelse (10) af udvidet plastgranulat og et bindemiddel,
kendetegnet ved

en stgbeske (30), som har en stebeabning (32) og kan forskydes langs et plan
af stgbeabningen, hvor stebeskeen (30) er konfigureret til at optage formnings-
forbindelsen (10) via stebeabningen (32) og til at trykseette den optagede form-
ningsforbindelse, hvor indretningen omfatter dele til tryksaetning af formnings-
forbindelsen (10) i stgbeskeen (30), en formbund (44), der er konfigureret til at
lukke stgbeabningen af (32),

hvor indretningen er konfigureret til at

- forme elementet (14) ud fra formningsforbindelsen i en form, der dannes ved
nedsaenkning af formbunden (44) i et abningstvaersnit (42), som svarer til et
tveersnit af stgbeabningen (32); og

- adskille elementet fra formningsforbindelsen ved indbyrdes sideveaerts for-
skydning af formen og stebeskeen (30);

og en form, som omfatter et abningstvaersnit (42), der svarer til et tveersnit af
stebeabningen (32), og en formbund (44), som kan haeves og szenkes for at
lukke stgbeabningen (32) af og nedsaenke formningsforbindelsen (10) fra ste-
beabningen (32) og ind i abningstvaersnittet (42).

8. Indretning ifalge krav 7, omfattende et modlag (50) til anbringelse mod ele-
mentet (14) ved en gvre side af formen, nar elementet sammentrykkes i for-

men ved at haeve formbunden (44).

9. Indretning ifelge krav 8, hvor modlaget (50) og formbunden (44) er brudt af
perforeringer (52) for at ggre det muligt for en opvarmet fluid at stremme gen-
nem elementet (14).

10. Indretning ifelge et hvilket som helst af kravene 7-9, omfattende en flerhed
af stationaere forme, der er anbragt side om side, og dele (60) til forskydning
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af stgbeskeen (30) mellem formene.
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DRAWINGS
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