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Description

Oven, adapted to heat preform building material arranged on a
transportable, plate-like mould carrier for producing preform
building elements used for building a rotor blade of a wind

turbine

The invention relates to an oven, adapted to heat preform
building material arranged on a tTransportable, plate-like
mould carrier for producing preform building elements used

for building a rotor blade of a wind turbine.

As commonly known, a wind turbine comprises among others sev-
eral turbine blades attached to a hub. The blades interact
with the wind making the hub rotate. To the hub a generator
is coupled, which is driven by the rotating hub. The turbine
blades of nowadays turbines have enormous dimensions in
length and width. Their manufacturing is therefore difficult,
as big parts need to be handled. One technology for producing
such large blades uses preforms, which are preformed smaller
blade parts used for building the respective blade shell.
These prefabricated preforms are arranged and aligned accord-
ing to the requested overall geometry of the blade and are
finally connected respectively embedded in fiber mats and
resin etc. for manufacturing the final large blade or blade

part.

Fach preform, which usually has a slightly bended geometry
with a length of for example 10 -12 m and a width of for ex-
ample 3 - 5 m, 1s prefabricated in a specific mould. The
mould comprises a respective form part, in which the preform
building elements like fiber mats and a binding agent and,
optionally, core elements, are arranged. These elements are
fixated in the respective mould part by applying a vacuum,
which mould part has a defined geometry corresponding to the
requested blade geometry and is therefore in most cases tray-

like. For this fixation, the preform building elements are
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covered with for example a foil, so that the vacuum can be
applied to the space between the foil and the mould part, in
which the building elements are arranged. Afterwards heat is
supplied to the building elements in order to melt the local-
ly positioned binding agent for locally fixing the fiber mats
and the core elements etc. by gluing them in the binder ma-
trix provided by the molten binding agent. After this heating
operation the preform needs to be cooled to room temperature,
whereafter it is sufficiently stable to be handled by a crane
equipment or any other comparable handling or lifting means,

usually a vacuum suction lifting equipment.

This way of producing the preforms is quite cumbersome. The
moulds used for producing the preforms are very complicated
in their set-up, especially as a heating and cooling system
needs to be provided in every mould. This makes the mould
very expensive, having in mind that a large number of sepa-
rate moulds 1is necessary, as usually at least twenty or more
preforms are needed for producing a blade or blade part. Fur-
ther, as the respective mould geometry is designed for a re-
spective geometry of the preform, an extensive reworking of
the mould is necessary, when the preform geometry shall be
changed, entailing also the adaption of the heating and cool-

ing equipment.

Further, as both the heating and cooling treatment is per-
formed with the preform building elements respectively the
hot preform being arranged in the mould, the mould is occu-
pied. As the heating and the cooling process takes a remarka-
ble time, the whole mould is blocked during these long-
lasting procedures, the productivity is extremely low. This
is even enhanced, as the mould cannot be preheated. The tem-
perature treatment needs to start from room temperature, as
all building elements need to be separately arranged in the
mould before their vacuum fixation, whereafter the heating
may start. Further, it is necessary to cool the hot preform
down to room temperature in order to secure its stability for

handling it with the lifting equipment. Further, the time
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during which the respective mould is occupied may even be ex-
tended, as sometimes a preform is not removed immediately af-
ter cooling it, but remains for a certain time in the mould

if no storing capacity is given.

Finally, after lifting the preform out of the mould, it is
necessary to thoroughly clean the mould surface for the next
manufacturing process, which cleaning step also takes its
time. Still the mould cannot be used, until this cleaning

step is finished.

It is therefore an object of the invention to provide an im-
proved possibility for heating the preform building material

arranged in the mould.

To address the object, the invention proposes an oven,
adapted to heat preform building material arranged on a
transportable, plate-like mould carrier for producing preform
building elements used for building a rotor blade of a wind
turbine, with a housing adapted to receive several covered
mould carriers and having a closable front and a closable
rear opening for loading and unloading the mould carriers,
wherein the housing comprises several receiving means ar-
ranged in different levels with each receiving means being
adapted to receive at least one mould carrier, and with sev-
eral heating means assigned to the several intermediate spac-
es between vertically adjacent mould carriers and the spaces
below and/or above the top and bottom mould carrier and

adapted to heat the preform building material.

The invention proposes a specific oven, which is specifically
designed to first receive several thin, plate-like mould car-
riers, wherein each mould carrier is provided or covered with
a respective building material, which is preferably wvacuum-
fixated arranged on the carrier. The mould carriers are ar-
ranged on respective receiving means, which receiving means
are arranged vertically above each other so that the respec-

tive mould carriers are also arranged vertically one above
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the other with a certain distance respectively an intermedi-
ate space between two adjacent or neighbouring mould carri-
ers. Each receiving means 1s adapted to receive at least one
plate-like mould carrier, which usually has a length of e.qg.
10-12 meters. But it is also possible to arrange for example
two of these mould carriers horizontally next to each other
along their longitudinal axis, 1f the oven is accordingly
adapted in size. Second, the oven is provided with respective
heating means, which heating means are separately assigned to
each intermediate space between two vertically adjacent or
neighbouring mould carriers as well as the space below the
bottom or lowest mould carrier and the space above the high-
est or top mould carrier. The whole space in the oven is sep-
arated into respective smaller spaces by the respective
plate-like mould carriers, as the receiving means are prefer-
ably arranged at the vertical housing side walls, so that the
respective mould carriers extend from one side wall to the
other and almost from the loading end to the unloading end.
The heating means are adapted to heat the respective space
above and below the respective mould carriers, so that the
building material is heated in order to melt the binding
agent for fixing the respective building material like fiber
mats or core elements etc. together. As the heating means are
separately assigned to the respective spaces and therefore
separately assigned to the respective mould carriers, all
mould carriers are uniformly heated. The heating means are
preferably controlled by a common control means, so that the
temperature can be kept constant throughout the oven space

respectively the respective smaller spaces.

The inventive oven 1is based on the idea of a new mould de-
sign. Each mould, which is used for preparing the preform
building material, comprises a mould base, for example a
frame work, to which removably a relatively thin plate-like
mould carrier is attached. This mould carrier defines the
form or geometry of the finally built preform and may there-
fore for example be trough-like or whatever preform geometry

is needed. This new mould design allows to arrange the pre-
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form building material on the transportable mould carrier, to
fix it on the mould carrier and to remove the transportable
mould carrier from the framework-like mould base, to which a
new plate-like mould carrier can be attached for again ar-
ranging new preform building material. The mould carrier cov-
ered with the preform building material can then be trans-
ported to the oven and loaded into the oven, wherein a larger
number of separate mould carriers can be loaded into the oven
depending on the number of receiving means. The oven may for
example comprise 3-8 receiving means, depending on the geome-
try of the mould carriers respectively their cross-section
geometry and the necessary distance between two adjacent

mould carriers.

The inventive oven, as mentioned, allows to receive a larger
number of mould carriers with the attached preform building
material and is a separate heating arrangement, which is not
in any mechanical relation to the mould itself. It is solely
used for heating the building material. The oven can there-
fore be pre-heated so that it is constantly held on the re-
spective process temperature. As several plate- or tray-like
mould carriers with building material may simultaneously be
arranged in the oven, they may all be simultaneously be heat-
ed which contributes to raising the capacity and the through-
put of the whole manufacturing process. The building material
is for example heated to a temperature of e. g. 80°-100°C,
wherein, as mentioned, the heating is controlled by a respec-

tive control means.

According to a first embodiment, each heating means may be
hot air heating means comprising several heating air inlets
and several heating air outlets for providing a heating air-
flow through the respective space. In this alternative, the
heating is realized with tempered air which is blown into and
is drawn out of the oven chamber. To realize this, respective
air inlets and air outlets are provided which are assigned to
the respective space so that each respective space is provid-

ed with its separate airflow. The hot air is tempered at a
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respective heating device, to which respective air pipes are
connected, by which the air is distributed to the respective
alr inlets and by which the air being drawn out of the oven
chamber is directed back for retempering. This allows to cir-
culate the warm or hot air in a closed circuit, and to easily
maintain the oven chamber on a desired constant temperature
so that, when new carriers are loaded, no temperature ramp
for heating up the chamber is necessary, as the oven i1s not

cooled down.

Regarding the arrangement of the inlets and outlets, several
alternatives are feasible. According to a first alternative,
each of the heating means comprises several heating air in-
lets arranged at one side wall of the housing and several
heating air outlets arranged at the opposite side of the
housing allowing a transverse airflow, with the inlets and
outlets being arranged in a row and assigned to the respec-
tive space. The oven itself is of rectangular shape, having a
length for example of 12-15 meters and a width of for example
3-6 meters, depending on the size of the plate- or tray-like
carriers. The arrangement of the inlets and outlets at the
side walls allows for a transverse airflow. Preferably, an
inlet is arranged opposite to an outlet allowing a direct
airflow from an inlet to an outlet. Certainly, a respective
larger number of inlets and outlets is provided at the side
walls, with the inlets and the outlets assigned to a common
space being arranged in a row, preferably in an equidistant

arrangement.

In a second alternative, each heating means may comprise sev-
eral heating air inlets arranged at one end of the housing
and several air outlets arranged at the other end of the
housing allowing a longitudinal airflow, with the inlets and
the outlets being assigned to the respective space. Here, all
inlets are arranged close to either the front opening or the
rear opening, while all outlets are arranged close to the
other end respectively opening. So, the tempered air is blown

into the oven chamber at one end and drawn from the chamber
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at the other end, a longitudinal airflow through each respec-
tive space is realized. It is possible that for example two,
three or four inlets are arranged horizontally side by side
and assigned to each respective space, while a respective
number of outlets are also arranged horizontally side by side
and assigned to the respective space. This allows to intro-
duce a sufficiently high amount of hot air into the chamber

and to draw a corresponding amount of air out of the chamber.

According to a third alternative, a heating means comprises
several first heating air inlets arranged at one side wall of
the housing and several first heating air outlets arranged at
the opposite side wall of the housing allowing a transverse
airflow, wherein the first inlets and first outlets are ar-
ranged at both ends of the housing realizing two first heat-
ing zones, and wherein the heating means comprises several
second heating air inlets arranged closer to one end of the
housing and several second heating air outlets arranged clos-
er to the other end of the housing allowing a longitudinal
alirflow and realizing a second intermediate heating zone,
with the first and second inlets and outlets being assigned
to the respective space. This embodiment combines transverse
and longitudinal airflow. The arrangement of the first inlets
and outlets allows to realize two separate heating zones at
the chamber ends. In these first heating zones a transverse
airflow is realized, as the inlets and outlets are arranged
opposite to each other. The second inlets and outlets are ar-
ranged to realize a longitudinal airflow in the second inter-
mediate zone between the first zones. To realize this, the
air inlets, which are arranged preferably at both vertical
side walls of the housing and opposite to each other, are ar-
ranged close to one of the first heating zones, while the
second outlets, which are also preferably arranged at both
opposite side walls opposite to each other, are arranged
closer to the other first heating zone. Each heating zone may
for example have a length, seen in the longitudinal direction

of the oven, of for example 2 meters, while the intermediate
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second heating zone has a length of 8 meters, with a complete

chamber length of 12 meters.

The first and second heating zones are preferably separated
by respective separation means so that the respective air-
flows do not interact. Such a separation means may for exam-
ple be an air curtain, which is realized by respective small
curtain air inlets and outlets, which may have the size of
longitudinal slit nozzles at both vertical side walls, so
that respective sharp and slim air curtains may be realized
in each space. Through the nozzles at one side walls the cur-
tain air is blown in the chamber, with the nozzles at the op-
posite side walls the curtain air is drawn out of the cham-
ber. Each air curtain certainly is realized in the transverse
direction. In an alternative to this air curtain separation
means, the separation means may also be realized by flexible
mechanical curtains, which are assigned to each space and
which are preferably removable. These mechanical curtains may
for example be realized by a number of adjacent lamellae,
which may for example be pushed to one side wall, when it is
necessary to open each curtain, if it is desired to have an
unseparated oven chamber. As the temperature in the oven is
preferably between 80°-100°C these mechanical flexible cur-
tains may be realized by respective polymer curtains respec-
tively polymer lamellae, made of a respective heat resistant

polymer.

The above-mentioned alternatives all comprise heating means
realized as tempered air heating means. According to a second
embodiment, a heating means may also be realized as compris-
ing several heating elements arranged in the respective
space. Each controllable heating element generates the re-
spective heat itself, so that the respective heating is pro-
duced in the oven chamber itself. Along the length of the re-
spective space, a sufficient number of separate heating ele-
ments 1s arranged in order to provide a constant heating
throughout the whole space, so that the building material can

be brought to a constant temperature in each section.



10

15

20

25

30

35

WO 2022/223607 PCT/EP2022/060405

As a heating element, various elements may be used. According
to a first alternative, a heating element may be a radiation
heating element. Such a radiation heating element emits radi-
ation allowing to heat up the respective building material.
Preferably, a heating element is either an infrared radiation
or an ultraviolet radiation heating element. These radiation
elements are preferably arranged such that they radiate di-
rectly on the upper side of the respective mould carrier,

where the building material is arranged.

In a second alternative, a heating element may also be a re-
sistance heating element. This element is heated by an elec-
tric current, it is therefore connected to a respective
source. Also, these heating elements may be arranged such
that they focus the emitted heat towards the upper side of
each carrier and therefore the building material. Alterna-
tively, the resistance heating elements may also be arranged
close to the bottom side of each mould carrier, so that also
the mould carrier is heated from below. It is certainly pos-
sible to arrange heating elements in the respective space fo-
cussing on the upper side of the carrier and to arrange heat-
ing elements in the space below and arranged close to the
bottom side of each carrier, so that a heating is realized
from both mould carrier sides. The respective resistance
heating elements may for example be realized as respective
wires or the like, which may be arranged in a desired geome-

try.

The radiation elements or the resistance elements are ar-
ranged in a necessary number within the respective space, one
after the other seen in the longitudinal direction of the
chamber in order to ascertain a constant temperature distri-

bution throughout the whole space respectively chamber.

Finally, it is certainly possible to have heating elements of
different type, i.e. radiation heating elements and re-

sistance heating elements. Thus, each heating means comprises
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both radiation heating elements and resistance heating ele-
ments. For example, the radiation heating elements are ar-
ranged within the space above the preformed building material
heating it from above, while the resistance heating elements
are arranged below the respective mould carrier for heating

the mould carrier from below.

Alternatively or in addition to that, the heating means may
also comprise both a hot air heating means and heating ele-
ments, no matter what type they are. This embodiment there-
fore combines a hot air heating with for example a resistance
element heating, with the hot air heating the respective
space, while the resistance elements are arranged below each
mould carrier for mainly heating the mould carrier and
through the mould carrier the building material arranged on
it.

As mentioned, the oven comprises a front and a rear opening
allowing to load and unlcocad the mould carriers into and out
of the oven. Preferably, each opening is closable by a door,
especially a roller door, which door allows to almost seal
the oven chamber from the surrounding. This allows to per-
fectly maintain the temperature within the chamber on a con-

stant level.

In this regard, it is advantageous when means for realizing
respective air curtains at the front and rear opening are
provided. These air curtains provide a barrier at the front
and rear opening, which prevents hot air flowing out of the
chamber, when the respective opening is open, for example by
opening the respective door, when a loading or unloading pro-
cess 1s performed. This respective air curtain may only be
provided when an opening shall be opened because otherwise,
when the oven is closed, there is no need for such an air
curtain. Preferably these air curtains, Jjust like the air
curtains acting as a separation means, are realized by re-
spective hot air being provided from the air heating device.

A control which controls the airflow is adapted to control
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respective valves or the like within the pipe system or cir-
cuit, in order to distribute the air accordingly to where it

is needed.

As mentioned, the oven comprises respective receiving means,
each receiving means being adapted to accommodate at least
one mould carrier. Preferably, due to the respective length
of each mould carrier, a receiving means is adapted to just
accommodate one mould carrier. Each receiving means may for
example comprise guiding rails, preferably arranged at the
housing side walls, which allow for a very good and stable
support of each mould carrier along its length respectively
longitudinal edges. Each plate- or tray-like mould carrier is
either made of a temperature-resistant polymer plate, a metal
plate or sheet or for example of wood. It has, due to its
length and width, a respective weight. This weight is evenly
distributed along the rails, so that a proper support is re-

alized.

For making the loading and unlocading process comfortable, the
guide rails comprise roller elements or sliding elements on
which the respective mould carrier is guided. These roller or
sliding elements allow for a very comfortable movement of the
mould carriers, which either roll on the respective roller
elements or slide on the respective sliding elements, both
lowering the friction, so that a simple and easy handling

during the loading and unloading process is possible.

In a further embodiment, one or more airflow sensors and/or
temperature sensors are provided which communication with a
heating control which controls the heating means based on in-
formation provided by the sensors. These airflow sensors or
temperature sensors allow to sample measurement values from
the inner of the oven. This information is the basis for the
control of the heating means. They allow to monitor the air-
flow respectively the air distribution within the chamber or
the respective spaces, or the temperature distribution within

the chamber or the spaces. The respective heating control can
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now control each separate heating means, be it and air heat-
ing means or a heating element of whatever kind, separately
in order to control an even temperature distribution through-
out the chamber respectively each space in order to uniformly

heat each building material.

Other objects and features of the present invention will be-
come apparent from the following detailed description consid-
ered in conjunction with the accompanying drawings. The draw-
ings, however, are only principle sketches designed solely
for the purpose of illustration and do not limit the inven-

tion. The drawings show:

Fig. 1 is a principle illustration of a manufacturing ar-
rangement of a preform comprising a modular mould,

an oven and a cooling means,

Fig. 2 is a perspective and partially cut open illustra-

tion of the oven,

Fig. 3 is a principle illustration of an oven of a first

embodiment with hot air heating means,

Fig. 4 is a principle illustration of an oven of a second
embodiment with heating elements in form of re-

sistance heating elements,

Fig. 5 is a principle illustration of an oven of a third
embodiment with heating means comprising hot air

heating means and resistance heating elements,

Fig. 6 is a principle illustration of an oven of a fourth
embodiment with heating means comprising radiation

heating elements and resistance heating elements.

Fig. 7 is a principle top view of the oven with a heating

means arrangement of a first embodiment,
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Fig. 8 is a principle top view of the oven with a heating

means arrangement of a second embodiment,

Fig. 9 is a perspective partial view of the oven according

to fig. 4 showing a separation means,

Fig. 10 is a principle top view of the oven with a heating

means arrangement of a third embodiment, and

Fig. 11 is a perspective and partial cut open illustration

of an oven of a further embodiment.

Fig. 1 shows a manufacturing arrangement 1 for producing pre-
forms for a wind turbine blade. It shows a mould 2 comprising
a mould base 3 and a removable mould carrier 4, which is al-
ready partially removed from the mould base 3. Although only
one mould 2 is shown, the manufacturing arrangement 1 com-
prises several of these moulds 2 arranged side by side, all
of which are modular moulds comprising a mould base 3 and a

removable mould carrier 4.

Arranged on the mould carrier 4 is preform building material
5 which is covered by a vacuum sealing foil 6. The building
material 5 comprises fiber material like mats made of glass
or carbon fibers, optionally at least one or several core el-
ements for example made of wood like balsa wood or of a poly-
mer foam or the like, and a binding agent usually in powder
or granular form. The binding agent is provided only locally
so that the building material respectively the mats and 1if
provided the core elements are only locally fixed, when the
binding agent has been molten and cooled again, as will be
explained below. The building material 5 is vacuum-fixated on
the mould carrier 4, as the vacuum sealing foil 6 seals a
space between the foil 6 and the mould carrier 4, which is
evacuated by a respective evacuation pump. The vacuum is

maintained so that the mould carrier 4 can be transported.
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The mould carrier 4 is, as shown by the arrow Pl, partially
already removed from the mould base 3 and loaded onto a
transport means 7, here in form of a rack, where already sev-
eral other mould carriers 4 with the respective building ma-
terial 5 and vacuum sealing foils 6 are arranged. The
transport means 7 moves on rails 8 along the row of moulds 2
and receives the respective covered mould carriers 4. This

rail guided movement is shown by the arrow P2.

The transport means 7 moves to an unloading position in which
it is arranged adjacent to an oven 9, which has an opening
10, into which all covered mould carriers 4 can be loaded
from the transport means 7. This unloading is shown by the

arrow P3.

In the oven, the preform building material 5 is heated so
that the binding agent melts and wets respectively embeds the
other building material like the fiber mats and core elements
into a respective binder matrix. After this temperature
treatment, the heated mould carriers 4 are unloaded from the
oven 9 through a rear opening 11 as shown in fig. 2 and are
moved into a cooling means 12, where it is cooled down to
room temperature. The cooling means 12, also box-1like like
the oven 9, comprises a respective front loading opening and
a rear unload opening. The mould carrier transfer from the

oven 9 into the cooling means 12 is shown by the arrow P4.

After the preform building material 5, which is fixed by the
binding agent, is cooled, it is removed from the cooling
means 12 as shown by the arrow P5. The mould carriers 4 with
the respective finished preform elements may then either be
stored until the respective preform is needed or they may be
directly transported to a construction site where the blade
is built. It is also possible to remove the finished preform
element from the mould carrier 4 after the cooling stage and
to store the fixed and form-stable preforms either in a stor-
age or to transport only the preforms to the construction

site.
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Fig. 2 shows a perspective principle illustration of the in
part cut-open oven 9. The oven 9 comprises a housing 15
having a bottom 16, a top wall 17 and two side walls 18, 19.
The housing 15 is open at both ends having a front opening 10
and a rear opening 11. Both openings 10, 11 are closable via

roller doors 13, 14, which are open in fig. 2.

At the side walls 18, 19 respective receiving means 20 in
form of guiding rails 21 are provided which extend almost
over the entire length of the side walls 18, 19. The length
of the housing 15 corresponds to the length of the mould
carriers 4, which are received on the respective receiving
means 20. The receiving means 20 respectively the guide rails
21 are arranged in different heights so that the separate
mould carriers 4 are arrangeable one above the other, as
shown in fig. 2. The guiding rails 21 may be provided with
roller elements 22, while also sliding elements may be
provided. Both are easing the loading and unloading process,
during which each mould carrier 4 is placed on a pair of
guide rails 21 and pushed into the oven 2 respectively pulled
out of the oven 2, as shown in fig. 2. The upper mould
carrier 4 is pushed into the oven 2, while the lowest mould
carrier 4 is pulled out of the oven 2. This loading and

unloading process may be performed manually or automatically.

As already mentioned, the guide rails 21 are arranged at the
side walls 18, 19. When the mould carriers 4 are loaded into
the oven 2, they separate the whole oven chamber into
respective smaller spaces 23, as shown in the figs. 3-6. In
these examples, four plate- or trough-like mould carriers 4
are arranged on the respective receiving means 20
respectively guide rails 21. They extend from one side wall
18 to the other side wall 19. As mentioned, the length of the
oven chamber corresponds to the length of the mould carriers
4, so that each mould carrier 4 separates a respective space
23.
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To each space 23 a heating means 24 is assigned, which
heating means 24 is, according to the embodiment of fig. 3,
realized as a hot air heating means, which comprises several
hot air inlets 25, here arranged at the side wall 19, and
several hot air outlets 26 arranged at the side wall 18. To
each separate space 23 a respective number of inlets 25 and
outlets 26 is assigned. Several inlets 25 are arranged side
by side along the length of the side wall 19, the same is
true for the outlets 26 at the side wall 18. The inlets 25
arranged to each space 23 are arranged in a horizontal row,
the same 1s true for the respective outlets 26. The inlets 25
are preferably directly opposite to the outlets 26 in each

level respectively space 23.

Via the inlets 25 hot air, which has a temperature exactly
corresponding to the desired temperature in the oven 2, is
blown into the respective space 23, as shown by the arrows
P6. It exits the chamber respectively space 23 via the
respective outlets 26. Both, the inlets 25 and outlets 26 are
connected to respective pipes 27, 28 as shown in fig. 3,
which pipes 27, 28 are coupled to an air temperature device
which heats the air before it is blown into the chamber. A
respective control is provided which controls the temperature
and airflow. To control this, airflow sensors 29 and/or
temperature sensors 30 may be arranged in the oven chamber
respectively in each space 23. Although fig. 3 shows only one
airflow sensor 29 and one temperature sensor 30, several of
these sensors may be distributed in each separate space 23 in
order to measure each space specific airflow and temperature
in order to specifically control the airflow respectively the
heating via the overall control device. This may be done for
example by controlling respective valves which are connected
for example to the respective inlets 25 in order to vary the
alrflow respectively amount of air, or by controlling the air

temperature etc.

Fig. 4 shows another embodiment of an oven 9, in which again

four mould carriers 4 are loaded. They again devide the oven
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chamber into five separate spaces 23. Each chamber 23 is
assigned with a number of heating elements 31. EFEach heating
element is for example a resistance heating element 32, which
is connected via respective cables 33 to a not shown power
source so that they can be heated by controlling a respective
current. Each resistance heating element 32 is for example
designed like a longitudinal rod or the like, which extends
in a transverse direction, so that in each space a certain
number of these resistance heating elements 32 are arranged

in a row and parallel to each other.

As shown, the resistance heating elements emit the heat as
well to the upper surface of each mould carrier 4, where the
building material is arranged, as to the bottom side of the
respective mould carrier 4, so that also this type of heating
element 31 allows a very even tempering of the mould carriers
4 respectively the building material in order to melt the

binding agent.

Again, several temperature sensors 30 are distributed within
the spaces 23 allowing to monitor the temperature
respectively temperature distribution within each chamber.
These measured values are provided to the control device
controlling the heating elements 31, which may be
individually controlled so that it is possible to immediately
react 1f any inconsistancy regarding the temprature
distribution respectively the temperature level is

recognized.

Alternatively, this kind of heating elements 31 could also be
realized as radiation elements, 1. e. radiation lamps, which
emit an ultraviolet or infrared radiation. These radiation
elements respectively lamps may be of cylindrical shape so
that they emit the radiation in all directions. Also, these
radiation elements are connected to a power source and may be
individually controlled by a control device, preferably again

based on temperature sensor information. These radiation
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elements respectively radiation lamps also allow to evenly

temper the building material for melting the binding agent.

Another embodiment of an oven 9 is shown in fig. 5. Again,
four mould carriers 4 with respective building material 5 are
arranged on the respective receiving means 20 respectively
the guiding rails 21, just like in the other embodiments. The
mould carriers 4 divide the chamber volume into five separate

spaces 23.

In this embodiment, the heating means comprises hot air
heating means and heating elements. As shown, to the spaces
23, which are above the upper side of each mould carrier 4
respectively the building material, hot air heating means
comprising hot air inlets 24 and hot air outlets 25 are
provided, wherein several inlets 24 and outlets 25 are
arranged in a row and are assigned to each respective space
23. The inlets 24 and outlets 25 again may be arranged

opposite to each other in the respective side walls 18, 19.

In addition to the hot air heating means, also separate
heating elements 31 are provided, which are again resistance
heating elements 32, here in the form of heating wires which
are connected to a respective power source which is
controlled by a control device, just like the hot air heating
means. The resistance heating elements 32 are arranged
directly below each mould carrier 4 so that they almost
directly heat the mould carrier 4 from below and thus heat
the building material from below. The several resistance
heating elements 32 assigned to a space 23 are arranged in
parallel along the length of the space 23, but extend in a

transverse direction.

Airflow sensors 29 are provided to sense the airflow in the
respective chambers, as well as temperature sensors 30 in

order to sense the temperature in the respective space 23.
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In this embodiment, the control device may control two
different types of heating means so that several degrees of
freedom in controlling the heating of the respective space
are provided. So, the control device may, depending on the
respective sensor information, individually control either
one or all of the hot air heating means or one or all of the
heating elements in order to control an even temperature

distribution.

Fig. 6 shows an example of an oven 9, again comprising four
loaded mould carriers 4 with respective building material
which devide the oven chamber into five spaces 23. Also, in
this embodiment, different types of heating means are
provided. In the spaces 23, above the upper side of the mould
carriers 4 and therefore above the building material,
separate heating elements 31, here in form of radiation
elements 34, simplified shown as light bulbs, are provided
which are connected via respective cables 35 to a power
source and a control device. As shown, several of these
separate radiation elements 34 respectively infrared or
ultraviolet light bulbs are arranged in a row extending in a
transverse direction. In each chamber 23, several of these
rows are arranged. As shown, they radiate towards the upper
side of each carrier 4 and therefore directly towards the

building material.

Just like at the embodiment of fig. 5, in addition also
further heating elements 31 in form of radiation heating
elements 34 are provided, again directly underneath each
mould carrier 4. They are used to heat the mould carrier 4
and the building material from below. They extend in a
transverse direction, while several of these separate
resistance heating elements 32 are arranged in parallel, seen

in the longitudinal chamber direction, in each space 23.

Again, the control device is adapted to control different
types of heating elements, i. e. radiation heating elements

34 and resistance heating elements 32, which are separately
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controllable in order to control a constant and even

temperature distribution.

Fig. 7 shows another embodiment of an oven 9, in which only
hot air heating means 24 are provided. These hot air heating
means 24 comprise several first hot air inlets 25, and
several first hot air heating outlets 26, which are arranged
at the respective side walls 18, 19, and which are assigned
to each respective space 23, as the oven chamber again is
divided into the respective spaces by the loaded mould

carriers 4, which are not shown.

The first inlets 25 and outlets 26 are arranged at both ends
of the housing 15, as clearly shown in fig. 7. They realize
two first heating zones 36 at both ends, directly connecting
to the respective door 13, 14 opening and closing the
respective openings 10, 11. In these first heating zones 36,
a transverse hot airflow is provided, as shown by the arrows
P6.

Furthermore, in the zone between the two first heating zones
36, a second intermediate heating zone 37 is realized with a
longitudinal hot airflow, as shown by the arrows P7. To
realize this, several second hot air inlets 38 are arranged
opposite to each other and at both side walls 18, 19,
adjacent to the right hand side first heating zone 36 in fig.
7. Further, second hot air outlets 39 are provided closer to
the left hand first heating zone 36 and opposite to each
other at both side walls 18, 19. Again, to each space 23 a
certain number of second inlets 38 and outlets 39 is

assigned.

It is obvious that the hot air is blown into this
intermediate space respectively second heating zone 37 at one
end via the inlets 38, flows in a longitudinal direction and
is drawn out of this second heating zone 37 via the outlets

39. So, in this embodiment, three separate heating zones 36,
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37 are provided, two of them with a transverse hot airflow

and one intermediate zone with a longitudinal airflow.

The zones 36 and 37 are separated by a separation means 40,
here in form of respective air curtains 41, which are
realized by respective nozzles 42, 43 arranged opposite to
each other in the respective side walls 18, 19. They are like
air barriers, so that the respective airflows in the

neighbouring heating zone 36, 37 do not interact or mix.

Again, an overall control device is provided which controls
the hot air circuit respectively the air blower arranged in
it and respective valves assigned to the respective inlets
25, 38 and/or outlets 26, 39 in order to individually or
separately control the airflow in each heating zone 36, 37.
Although not shown, several airflow sensors 29 and
temperature sensors 30 may be distributed within the
respective zone 36, 37 to monitor the airflow and

temperature, based on which the control may be realized.

Fig. 8 shows an embodiment of an oven 9 which is identical to
the setup of the oven shown in fig. 7. Therefore, reference
is made to the above explanation. The only difference is that
the respective separation means 41 in this embodiment is
realized by respective flexible mechanical curtains 44 which
are, see fig. 9, assigned to each space 23 extending above
each mould carrier 4. Each curtain 44 comprises a certain
number of separate lamellae 45, which are arranged on
respective guide rails 46 so that they are removable
respectively can be pushed to one side wall, if the
respective space shall be opened, and can be moved to the
separating curtain form when the space shall be closed. This
can be done manually or preferably automatically by a

respective device.

Although not shown, it is possible to also arrange at the
upper side of each rail 24 another curtain means which abuts

the bottom side of each mould carrier 4 so that also here a
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complete closure is given. Another alternative is that the
rails 46 are somehow bent corresponding to the bottom shape

of each mould carrier 4.

Fig. 10 shows another more simplified embodiment of an oven 9
comprising a hot air heating means 24, where only a
longitudinal airflow as shown by the arrows P7 is realized.
In this embodiment, hot air inlets 25 are arranged on both
side walls 18, 19 and opposite to each other at one housing
end closer to the respective door 14, while the respective
hot air outlets 26 are arranged closer to the other end of
the housing next to the door 13. Again, the chamber volume is
divided into the respective spaces 23 by the mould carriers
4, one of which is only shown in this top view. Therefore,
the respective inlets 25 and outlets 26 are assigned to each
separate space 23 and therefore are vertically arranged above

each other corresponding to the vertically stacked spaces 23.

The airflow and/or temperature may be measured with
respective airflow sensors 29 and temperature sensors 30,
which are not shown in detail in this embodiment, just like
at the embodiments of figs. 7 and 8. An overall control
device is again adapted to control the respective hot air
cycle respectively the air blower and respective valves etc.,

as already mentioned.

Fig. 11 shows a perspective, partially cut view of an oven 9
which corresponds to the version shown in fig. 7. It shows
the several mould carriers 4 dividing the chamber in the
respective spaces 23. It also shows some hot air inlets 25
and some hot air outlets 26. As mentioned, they are connected
to respective pipes of an air circuit. Further shown is a
control device 47 like a computer or the like, controlling
the respective hot air heating means by controlling
respective valves or the like, which are connected by a

respective wiring 48 to the control device 47.
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Also shown are the air curtains 41 dividing the two first
heating zones 36 from the intermediate second heating zone

37, as explained in regard to fig. 7.

Further in this embodiment, both doors 13, 14 are shown
partially opened. In order to avoid hot air flowing out of
the oven when one or both doors 13, 14 are opened, respective
further transverse air curtains 49 provided respectively
realized by respective air curtain means like not further
shown nozzles inn the side walls 18, 19, which are connected
to respective pipes 50. These air curtains 49 seal both
openings 10, 11, preventing any hot air flowing out of the
oven. Also these air curtains 49 may be controlled via the
control device 47. They may be permanently realized or only
when one of the doors 13, 14 opens. They are then switched
automatically. The loading and unlocading process is possible
even 1f the air curtains 49 are active, as it 1s easily
possible to push or pull a mould carrier 4 through such an
air curtain 49. The same is true for any of the air curtains
41,

These air curtains 49 are also shown in the embodiments of
figs. 7 and 10.

In an alternative, as shown in fig. 8, instead of these air
curtains 49, also mechanical curtains 51 may be provided,
which may be realized as lamellae curtains or the like which
extend from the top to the bottom of the chamber. These me-
chanical curtains 51 may also be realized just like the cur-
tains 44 so that they allow the loading and unloading of a

mould carrier 4 even if the curtain 51 is closed.

Although the present invention has been described in detail
with reference to the preferred embodiment, the present in-
vention i1s not limited by the disclosed examples from which
the skilled person is able to derive other variations without

departing from the scope of the invention.
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Claims

Oven, adapted to heat preform building material (5) ar-
ranged on a transportable, plate-like mould carrier (4)
for producing preform building elements used for build-
ing a rotor blade of a wind turbine, with a housing (15)
adapted to receive several covered mould carriers (4)
and having a closable front and a closable rear opening
(10, 11) for loading and unloading the mould carriers
(4), wherein the housing (15) comprises several receiv-
ing means (20) arranged in different levels with each
receiving means (20) being adapted to receive at least
one mould carrier (4), and with several heating means
(24) assigned to the several intermediate spaces (23)
between vertically adjacent mould carriers (4) and the
spaces (23) below and/or above the top and bottom mould
carrier (4) and adapted to heat the preform building ma-
terial (5).

Oven according to claim 1, characterised in that a heat-
ing means (24) is a hot air heating means and comprises
several heating air inlets (25) and several heating air
outlets (26) for providing a heating air flow through

the respective space (23).

Oven according to claim 2, characterised in that a heat-
ing means comprises several heating air inlets (25) ar-
ranged at one side wall (19) of the housing (15) and
several heating air outlets (26) arranged at the oppo-
site side wall (18) of the housing (15) allowing a
transvers air flow, with the inlets (25) and outlets
(26) being arranged in a row and assigned to the respec-

tive space (23).

Oven according to claim 3, characterised in that each

inlet (25) is arranged opposite to an outlet (26).
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Oven according to claim 2, characterised in that the
heating means (24) comprises several heating air inlets
(25) arranged at one end of the housing (15) and several
heating air outlets (26) arranged at the other end of
the housing (15) allowing a longitudinal air flow (P7),
with the inlets (25) and the outlets (26) being assigned

to the respective space (23).

Oven according to claim 2, characterised in that a heat-
ing means (24) comprises several first heating air in-
lets (25) arranged at one side wall (19) of the housing
(18) and several first heating air outlets (26) arranged
at the opposite side wall (18) of the housing (15) al-
lowing a transvers air flow (P6), wherein the first in-
lets (25) and first outlets 826) are arranged at both
ends of the housing (15) realising two first heating
zones (36), and wherein the heating means (24) comprises
several second heating air inlets (38) arranged closer
to one end of the housing (15) and several second heat-
ing air outlets (39) arranged closer to the other end of
the housing (15) allowing a longitudinal air flow (P7)
and realising a second intermediate heating zone (37),
with the first and second inlets (25, 38) and outlets
(26, 39) being assigned to the respective space (23).

Oven according to claim 6, characterised in that the
first and second heating zones (36, 37) are separated by

respective separation means (40).

Oven according to claim 7, characterised in that the
separation means (40) are air curtains (41) or flexible
mechanical curtains (44) assigned to each space (23) and

preferably removable.

Oven according to claim 1, characterised in that a heat-
ing means (24) comprises several heating elements (31)

arranged in the space (23).
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11.

12.

13.

14.

15.

le.

17.

26

Oven according to claim 9, characterised in that a heat-
ing element (31) 1s a radiation heating element (34) or

a resistance heating element (32).

Oven according to claim 10, characterised in that the
radiation heating element (34) is an infrared radiation

or ultraviolet radiation heating element.

Oven according to claim 9 or 10, characterised in that a
heating means (24) comprises both radiation heating ele-

ments (34) and resistance heating elements (32).

Oven according to one of the claims 2 to 12, character-
ised in that the heating means (24) comprises both a hot

alr heating means and heating elements (31).

Oven according to one of the preceding claims, charac-
terised in that the front and the rear opening (10, 11)
is closable by a door (13, 14), especially a roller

door.

Oven according to one or the preceding claims, charac-
terised in that means for realising respective air cur-
tains (49) at the front and rear opening (10, 11) or
flexible mechanical curtains (51) at the front and rear

opening (10, 11) are provided.

Oven according to one of the preceding claims, charac-

terised in that the receiving means (20) comprise guid-
ing rails (21), preferably arranged at the housing side
walls (18, 19).

Oven according to claim 16, characterised in that the
guiding rails (21) comprise roller elements (22) or
sliding elements on which the respective mould carrier

(4) is guided.
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18.

Oven according to one of the preceding claims, charac-

terised in that one or more air flow sensors (29) and/or
temperature sensors (30) are provided, which communicate
with a heating control (47), which controls the heating
means (24) based on information provided by the sensors

(29, 30).
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