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(57)  The invention provides for a method for heating
materials being capable of absorbing high-frequency
electromagnetic radiation, in particular microwaves, by
means of irradiating said materials with high-frequency
electromagnetic radiation. In order to achieve an essen-
tially consistent heating of the material and, in particular,
to avoid hot spots in the material, the high frequency elec-
tromagnetic radiation is coupled into said material at a
plurality of radiation areas by means of a plurality of in-
coupling means, the centres of said radiation areas being

spaced apart from each other. The temperature of the
material is measured in each of said plurality of radiation
areas, and the radiation dose of said plurality of incou-
pling means is controlled, dependent on the respective
temperature, in such a way that a substantially uniform
temperature of the material is obtained in all of said plu-
rality of radiation areas. The method is particularly useful
for curing or crosslinking polymers or resins. Moreover,
a device for carrying out such method is proposed.
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Description

[0001] The present invention relates to a method for
heating materials being capable of absorbing high-fre-
quency electromagnetic radiation, in particular micro-
waves, by means of irradiating said materials with high-
frequency electromagnetic radiation. Moreover, the
present invention is directed to a device for heating ma-
terials being capable of absorbing high-frequency elec-
tromagnetic radiation, the device being capable of car-
rying out such process and comprising at least one
source of radiation capable of generating high-frequency
electromagnetic radiation, in particular microwaves, said
source of radiation being connected to at least one in-
coupling means being capable of incoupling the high-
frequency electromagnetic radiation generated by said
source of radiation into the material to be heated.
[0002] Devices for the generation of high-frequency
electromagnetic radiation of the type mentioned above
are well-known in the art in order to heat different types
of materials, e.g. meals and drinks (microwave ovens),
polymers which are to be plastified (thermoplastics) or
cured/cross-linked (thermosetting plastics, elastomers),
etc.. Usually, the frequency and wavelength of the gen-
erated radiation are in the range of microwaves, i.e. be-
tween approximately 300 MHz and 300 GHz and be-
tween approximately 1 mm and 1 m, respectively, al-
though said parameters may vary in a broader range de-
pendent on the material to be heated.

[0003] One basic problem of the heating by means of
high-frequency electromagnetic radiation, in particular
microwaves, consists in that a rather inhomogeneous
temperature distribution is achieved in the material being
heated as conventional incoupling means, e.g. micro-
wave antennas in the form of substantially rectangular
or cylindrical wave guides and the like, usually emit a
rather acute "jet", in the centre thereof the material tends
so get overheated whereas in the circumferential area of
this "jet" no significant heating occurs. Furthermore, the
radiation field itself generated by an incoupling means,
e.g. a microwave antenna, of a source of radiation being
capable of generating microwaves, e.g. a magnetron,
klystron or the like, tends to be rather inhomogeneous.
Moreover, as heating of a material by means of high-
frequency electromagnetic radiation is dependent on its
material properties, e.g. density, water content, material
type and especially absorption capacity for high-frequen-
cy electromagnetic radiation, it is practically impossible
to provide for a substantially homogeneous heating of
the material by means of high-frequency electromagnetic
radiation, which not only applies in connection with ma-
terials to be heated itself being not very homogenous.
[0004] Conventional microwave ovens try to cope with
this problem by rotating the material to be heated in order
to obtain on the one hand a broader area being exposed
to the microwaves and on the other hand to prevent dis-
crete areas of the material from being overheated due to
be being exposed to the microwaves over a too long pe-
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riod of time. As far as the use of high-frequency electro-
magnetic radiation in the field of plastics procession is
concerned, e.g. in order to cure or cross-link curable or
cross-linkable resins or polymers, the problem above is
conventionally also addressed by moving or rotating a
mould being filled with the resin or polymer relative to
one or more microwave incoupling means or antennas
or vice versa.

[0005] However, while merely moving the material to
be heated relative to a microwave radiation field being
generated by appropriate incoupling means of a micro-
wave radiation source might largely prevent the material
from being overheated in certain areas being most ex-
posed to the radiation field, it is obvious that a substan-
tially homogeneous heating of the material cannot
achieved in doing so, even if microwave absorbing ad-
ditives are added to the material to be heated in order to
enhance its microwave absorbance.

[0006] In addition, in particular in the field of plastics
procession, especially in connection with curing or cross-
linking resins or polymers or, generally speaking, mon-
omers, dimers, oligomers or polymers, itis often required
to observe very strict processing conditions due to the
need of having a reproducible curing, cross-linking or po-
lymerisation which can even make it necessary to formu-
late the resin batch-wise by manual preparation, as the
case may be together with fibrous material for reinforce-
ment purposes. As conventional microwave incoupling
means cannot provide for a substantially homogenous
and reproducible heating on the occasion of subsequent
curing or cross-linking the resin, the latter is usually heat-
ed convectively.

[0007] Inthe case of rather large-scale components or
products such as boats or hulls, blades of windmills, pipes
and the like which are usually manufactured by resin in-
fusion using an appropriate form tool or mould, the for-
mulation often even has to be cured at ambient temper-
ature over a long period of time, because there is no
economical and environmental friendly solution for a ho-
mogeneous and reproducible heating-technology.
Therefore, the manufacturer of such parts has to tailor a
resin formulation for the processing (mixing of the resin
components, additives, reinforcement fibres etc.) as well
as for the curing at ambient temperature. However, while
for the processing a rather low viscosity of the resin is
beneficial (small molecules, short chain length, substan-
tially no cross-linking) in order to provide for a homoge-
neous mixture and for a complete impregnation of rein-
forcement fibres, for the subsequent curing or cross-link-
ing a fast polymerisation of the resin is advantageous
which induces a strong increase of the viscosity, and
therefore impregnation properties as well as mixing prop-
erties decrease drastically. Accordingly, if no change in
boundary conditions, e.g. temperature, between the fill-
ing process of the mould and the curing or cross-linking
process can be performed, the resin formulation has to
fulfil conflicting conditions.

[0008] Itistherefore an object of the present invention
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to provide a method and a device for heating materials
being capable of absorbing high-frequency electromag-
netic radiation by means of such radiation of the type
mentioned by way of introduction, where the above draw-
backs are wholly or at least partially eliminated and which
are preferably applicable for substantially homogeneous-
ly and reproducibly heating and curing or cross-linking
resins or polymers.

[0009] On the one hand, this object is achieved by a
method as defined by way of introduction, the method
being characterised in that the high-frequency electro-
magnetic radiation is coupled into said material at a plu-
rality of radiation areas by means of a plurality of incou-
pling means, the centres of said radiation areas being
spaced apart from each other, wherein the temperature
of the material is measured in each of said plurality of
radiation areas, and the radiation dose of said plurality
of incoupling means is controlled, dependent on the re-
spective temperature, in such a way that a substantially
uniform temperature of the material is obtained in all of
said plurality of radiation areas.

[0010] Onthe other hand, the above objectis achieved
by a device as defined by way of introduction, the device
being characterised in that it is provided with a plurality
ofincoupling means, said incoupling means are arranged
in such a way that radiation areas are obtained the cen-
tres thereof being spaced apart from each other, wherein
a temperature measuring means is assigned to each in-
coupling means being capable of measuring the temper-
ature of each radiation area, and wherein the radiation
dose of each incoupling means is controllable, depend-
ent on the temperature of its radiation area measured by
the respective temperature measuring means, in such a
way that a substantially uniform temperature of the ma-
terial to be heated is obtained in the radiation areas of
all incoupling means, respectively.

[0011] Theinvention combines the main advantage of
conventionally heating of materials by means of high-
frequency electromagnetic radiation being comparative-
ly fast and economical due to a comparatively high ef-
fectiveness with the essential further advantage of being
able to provide for a substantially homogeneous and re-
producible heating of the material in an effective and in-
expensive manner due to the possibility of controlling the
radiation dose of each of the plurality of incoupling means
being spaced apart from each other dependent on the
temperature of the respective radiation area of the ma-
terial being radiated from the respective incoupling
means. In this manner, alocal overheating of the material
("hot spots") as well as more or less important tempera-
ture gradients in the material are reliably avoided which
enables the invention to be particularly applied to plastics
procession processes, e.g. curing or cross-linking of cur-
able or cross-linkable resins or polymers for shaped parts
of any size and especially also for relatively large-scaled
shaped parts as described below in more detail. Howev-
er, it is obvious for one skilled in the art that the present
invention may be useful for heating any material being
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capable of absorbing high-frequency electromagnetic ra-
diation at least partially and, therefore, the invention must
not be regarded as being restricted to the heating of plas-
tics materials.

[0012] In an embodiment of the invention, the temper-
ature of the material being heated is measured at least
in the central region of each area being radiated, e.g. in
the central point of the radiation field being emitted from
the respective incoupling means. For this reason, the
temperature measuring means can be arranged in such
a way that it is capable of measuring the temperature of
at least the central region of the radiation area of the
respective incoupling means, e.g. in alignment with the
focus of the latter.

[0013] Inordertoprovide for a substantially continuous
control of the temperature profile in the material to be
heated by the plurality of incoupling means, the temper-
ature is preferably measured substantially continuously,
especially in real-time and in time intervals of, e.g., 0,01
sto1s,respectively. Inthis case, the temperature meas-
uring means is adapted to measure the temperature of
the respective radiation area substantially continuously,
wherein adata processing means as a central processing
unit (CPU) or the like may be provided for processing the
temperature data being supplied from all of the temper-
ature measuring means and for controlling the radiation
dose being emitted from the respective incoupling means
dependent on the actual temperature, respectively.
[0014] Although the temperature of the material being
radiated by the plurality of incoupling means may be ba-
sically measured by any suitable temperature measuring
means, measurement of the temperature preferably
takes place without contact of the measuring means with
the material to be heated, in particular by means of in-
frared sensors.

[0015] With regard to the control of the radiation dose
of each incoupling means in dependence on the temper-
ature of the respective radiation area of the material to
be heated, it can be preferable for each incoupling means
to be connected to an individual source of radiation ca-
pable of generating high-frequency electromagnetic ra-
diation, e.g. a magnetron, klystron, maser or the like. In
this case, the radiation dose of each incoupling means
can be controlled by means of individually controlling the
radiation efficiency, in particular the amplitude of the
high-frequency electromagnetic radiation, of its respec-
tive source of radiation. Alternatively or additionally, the
radiation dose of each incoupling means can be control-
led by means of individually controlling the duration of
generating radiation of its respective source of radiation,
e.g. the source of radiation can be pulsed in order to
generate discrete pulses of radiation being transmitted
to the respective incoupling means, the duration and/or
the frequency of the pulses being controlled dependent
on the temperature measured in the respective radiation
area. In this manner, the radiation efficiency, in particular
the amplitude of the high-frequency electromagnetic ra-
diation, of each source of radiation can be held on a sub-
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stantially constant level, preferably on an adjustable level
or can, of course, be varied additionally.

[0016] Asan alternative orin addition to controlling the
radiation dose of the incoupling means by modifying the
radiation efficiency or "power" of their respective source
of radiation, it is, of course, also possible to modify the
radiation dose of each incoupling means by directly af-
fecting its emission properties. This provides the possi-
bility to reduce the number of radiation sources such as
magnetrons, klystrons etc. as all or at least some - con-
trollable - incoupling means may be connected to one
and the same source of radiation. To this end, according
to an embodiment of the invention, the radiation dose of
each incoupling means is controlled by means of individ-
ually influencing the emission properties of the respective
incoupling means, wherein the radiation dose of each
incoupling means preferably is controlled by means of
varying a magnetic field affecting the respective incou-
pling means.

[0017] Accordingly, an embodiment of a device ac-
cording to the invention can be designed in such a way
that the radiation dose of each incoupling means is con-
trollable by means of individual interference of the emis-
sion properties of the respective incoupling means. Pref-
erably, a magnet having a variable magnetic field, in par-
ticular an electromagnet, is assigned to each incoupling
means, wherein the magnet is arranged in such a way
that its magnetic field is allowed to affect the radiation
efficiency of the high-frequency electromagnetic radia-
tion emitted from the respective incoupling means. The
electromagnetis suitably in the form of a coil whose wind-
ings surround the respective incoupling means, e.g. a
waveguide or antenna, wherein the coil is connected to
a power supply unit such as a voltage or current gener-
ator, the power of which is controlled dependent on the
temperature measured by the respective temperature
measuring means, e.g., by means of a CPU as indicated
above.

[0018] According to a preferred embodiment of the
present invention, the plurality of incoupling means may
be arranged in such away that the radiation areas thereof
overlap partially so that the circumferential areas of each
radiation area generated by the plurality of incoupling
means (in which the radiation dose is decreased com-
pared to their central area and, therefore, an inferior heat-
ing capacity is obtained) can be radiated by more than
one incoupling means, e.g. by two incoupling means be-
ing positioned adjacently. This may contribute to a very
homogenous heating of the material avoiding any serious
temperature gradients therein.

[0019] The plurality of incoupling means may be, e.g.,
arranged in an array, wherein such array preferably can
comprise several rows of incoupling means, the rows be-
ing arranged substantially in parallel relationship. In order
to provide for a homogenous overall radiation field as
possible and, preferably, for a peripheral overlapping of
the individual radiation fields being emitted from each
incoupling means, the incoupling means of at least some
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rows, in particular of adjacent rows, can be arranged in
a staggered relationship, wherein the offset of different
or adjacent rows may correspond to the reciprocal value
of the number of rows multiplicated by the distance of
incoupling means or their radiation area in a row, respec-
tively.

[0020] In an embodiment of the invention, the plurality
of incoupling means is arranged on a carrier means,
wherein the incoupling means are movable relative to
said carrier means and/or said carrier means is movably
mountable on the ground. The displacement of the array
of incoupling means in respect of the carrier means or
the displacement of the latter in respect to the ground
may be, e.g., ensured through the provision of guide rails,
portal cranes, robots or the like. By this means, it is for
example possible to move the array of incoupling means
along a shaped part or along a mould being filled with a
curable resin in order to provide for a substantially ho-
mogenous curing or cross-linking thereof being initiated
by the heating by means of high-frequency electromag-
netic radiation.

[0021] A method as claimed in any one of claims 1 to
13, wherein the material being heated is selected from a
group comprising curable and/or cross-linkable mono-
mers, dimers, oligomers and polymers.

[0022] As indicated above, the invention is especially
applicable to a thermally initiatable curing of resins or a
cross-linking of polymers or, generally speaking, to the
curing and/or cross-linking of curable and/or cross-link-
able monomers, dimers, oligomers and/or polymers
which can be heated to a sufficient temperature in order
to substantially homogeneously cure and/or cross-link
said monomers, dimers, oligomers and polymers at least
partially, wherein the curing/cross-linking process can,
of course, be influenced by previously known measures
such as the provision of additives in the form of cross-
linking agents, accelerators, promoters, hardeners (e.g.,
substances being capable to be decomposed to radicals
such as peroxides etc.), additives being capable of en-
hancing the microwave absorbance (such as glycols,
phthalates, amines etc.) and so on.

[0023] In practice, the curable and/or cross-linkable
monomers, dimers, oligomers and polymers will be ar-
ranged in a mould, wherein the incoupling means are
moved over substantially the entire mould in order to
achieve a substantially homogenous curing and/or cross-
linking of the curable and/or cross-linkable monomers,
dimers, oligomers and/or polymers thereby obtaining a
cured and/or cross-linked moulding. For this reason, the
device according to the present invention may further
comprise a mould being capable of accommodating cur-
able and/or cross-linkable monomers, dimers, oligomers
and/or polymers, the incoupling means being movable
over substantially the entire mould in order to achieve a
substantially homogenous curing and/or cross-linking of
the curable and/or cross-linkable monomers, dimers, ol-
igomers and/or polymers thereby obtaining a cured
and/or cross-linked moulding or shaped part.
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[0024] The invention will now be described in more de-
tail by way of a preferred embodiment of a device for
heating materials being capable of absorbing high-fre-
quency electromagnetic radiation according to the
present invention and with reference to the accompany-
ing drawings, in which

fig. 1  is a perspective view of an embodiment of a de-
vice for heating materials by means of micro-
waves according to the present invention; and
fig. 2  is a schematic top plan view of an array of mi-
crowave antennas of the device as shown in fig.
1.

[0025] Referring to fig. 1, an embodiment of a device
1 for heating materials being capable of absorbing high-
frequency electromagnetic radiation such as microwaves
comprises a plurality of incoupling means 2 in the form
of microwave antennas which may, e.g., be composed
of hollow waveguides, coaxial waveguides or the like.
Each incoupling means 2 is connected to an individual
source of radiation 3 being capable of generating micro-
waves such as magnetrons. The incoupling means 2 are
arranged in an array which, in the present embodiment,
comprises two parallel rows R,, R, of microwave anten-
nas 2 being positioned equidistantly and in a staggered
relationship, wherein the offset of the antennas 2 of the
first row R, and the ones of the second row R, is approx-
imately half the distance of the antennas 2 in the first and
second rows Ry, Ry, respectively, in order to provide for
a substantially homogenous overall radiation field, the
radiation field of the individual antennas 2 overlapping
each other peripherally (see also fig. 2).

[0026] Referring again to fig. 1, the array of incoupling
means or microwave antennas 2 and their sources of
radiation or magnetrons 3 are arranged on a carrier
means 4 in the form of a frame, wherein the array of
microwave antennas 2 is movable in respect of the frame
4. For this reason, the array can, for example, be posi-
tioned on a slide 5 which is guidably mounted on guide
rails 6 being fixedly mounted on the frame 4 in order to
be able to be displaced a least translationally along the
guides 6. Of course, the array of antennas 2 or the slide
5 can further be displaceable in a direction substantially
perpendicular to that of the guides, and/or can be mount-
ed rotatable around a vertical axis (not shown), if need be.
[0027] As shown in fig. 2, a temperature measuring
means, e.g. an infrared sensor preferably being adapted
to deliver measurement signals with regard to the tem-
perature substantially continuously or in real-time, is as-
signed to each microwave antenna 2 in order to measure
the temperature of the material to be heated (not shown)
in a radiation area of the material being radiated from the
respective antenna 2. The infrared sensors 7 can be ar-
ranged in the central region of each antenna 2 or its ra-
diation area, respectively although, of course, more than
one sensor may be assigned to each of the antennas 2

10

15

20

25

30

35

40

45

50

55

in order to measure the temperature of the radiated ma-
terial in more than one point of the respective radiation
area. A control means such as a CPU unit (also not
shown) is provided in order to receive the information in
regard to the temperature of all infrared sensors 7, and
to control the microwave antennas 2, dependent on the
respective temperature, in such away that a substantially
uniform temperature of the material to be heated is ob-
tained in the radiation areas of all antennas 2. To this
end, the radiation efficiency (i.e. the amplitude or "power"
of the microwaves) of the radiation of the respective mag-
netrons 2 and/or the duration/frequency of discrete puls-
es of radiation being generated by the respective mag-
netrons 3 may be controllable dependent on the temper-
ature measured in the respective radiation area.

[0028] In a particularly preferred embodiment, the de-
vice 1 is further provided with a mould (not shown) being
positioned beneath the slide 5 carrying the array of mi-
crowave antennas 2 so that the microwaves can be in-
coupled directly in the mould. The width of the mould
should correspond approximately to the width of the array
of microwave antennas 2, whereas the length of the
mould should not exceed the length of the guide rails 6
so that it is possible for the mould to be radiated substan-
tially over the whole projection thereof by means of the
moving the array of microwave antennas 2 along the
guide rails 6. In any case, the mould should be position-
able relative to the microwave antennas 2 in such a way
that it is enabled to be radiated by the array of microwave
antennas 2 substantially completely, e.g. beneath the ar-
ray being mounted on the slide 5 which is movably mount-
ed on the guide rails 6. The mould serves to accommo-
date curable and/or cross-linkable polymer or resins sys-
tems such as di or multifunctional acids, anhydrides, al-
cohols, isocyanates etc., if need be together with suitable
additives, reinforcement fibres and so on, the resin sys-
tem being curable or cross-linkable by means of radiating
it with microwaves.

[0029] In this manner, mouldings or shaped parts, in
particular also large-scale and/or rather complex mould-
ings such as blades of windmills, hulls etc. can be pro-
duced under pre-adjustable, reproducible and homoge-
neous curing conditions and in an inexpensive and time-
saving manner, e.g. compared to a curing at ambient
temperature or a curing employing convective heating.

Claims

1. A method for heating materials being capable of ab-
sorbing high-frequency electromagnetic radiation, in
particular microwaves, by means of irradiating said
materials with high-frequency electromagnetic radi-
ation, characterised in that the high-frequency
electromagnetic radiation is coupled into said mate-
rial at a plurality of radiation areas by means of a
plurality of incoupling means (2), the centres of said
radiation areas being spaced apart from each other,
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wherein the temperature of the material is measured
in each of said plurality of radiation areas, and the
radiation dose of said plurality of incoupling means
(2) is controlled, dependent on the respective tem-
perature, in such a way that a substantially uniform
temperature of the material is obtained in all of said
plurality of radiation areas.

A method as claimed in claim 1, wherein the tem-
perature of the material being heated is measured
at least in the central region of each area being ra-
diated.

A method as claimed in claim 1 or 2, wherein the
temperature is measured substantially continuously.

A method as claimed in any one of claims 1 to 3,
wherein the temperature is measured by means of
infrared sensors.

A method as claimed in any one of claims 1 to 4,
wherein each incoupling means (2) is connected to
an individual source of radiation (3) capable of gen-
erating high-frequency electromagnetic radiation.

Amethod as claimedin claim 5, wherein the radiation
dose of each incoupling means (2) is controlled by
means of individually controlling the radiation effi-
ciency, in particular the amplitude of the high-fre-
guency electromagnetic radiation, of its source of
radiation (3).

Amethod as claimed in claim 5, wherein the radiation
dose of each incoupling means (2) is controlled by
means of individually controlling the duration of gen-
erating radiation of its source of radiation (3).

Amethod as claimed in claim 7, wherein the radiation
efficiency, in particular the amplitude of the high-fre-
guency electromagnetic radiation, of each source of
radiation (3) is held on a substantially constant level.

A method as claimed in any one of claims 1 to 8,
wherein the radiation dose of each incoupling means
(2) is controlled by means of individually influencing
the emission properties of the respective incoupling
means (2).

Amethod as claimedin claim 9, wherein the radiation
dose of the incoupling means (2) is controlled by
means of varying a magnetic field affecting the re-
spective incoupling means (2).

A method as claimed in any one of claims 1 to 10,
wherein the plurality of incoupling means (2) is ar-
ranged in such a way that the radiation areas thereof
overlap partially.
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A method as claimed in any one of claims 1 to 11,
wherein the plurality of incoupling means (2) is ar-
ranged in an array.

A method as claimed in claim 12, wherein the array
comprises several rows (R4, R,) ofincoupling means
(2), the rows (R4, R,) being arranged substantially
in parallel relationship.

A method as claimed in claim 13, wherein the incou-
pling means (2) of at least some rows (R4, R,), in
particular of adjacent rows (R4, R,), are arranged in
a staggered relationship.

A method as claimed in any one of claims 1 to 14,
wherein the plurality of incoupling means (2) is ar-
ranged on a carrier means (4), wherein the incou-
pling means (2) are movable relative to said carrier
means (4) and/or said carrier means (4) is movably
mountable on the ground.

A method as claimed in any one of claims 1 to 15,
wherein the material being heated is selected from
a group comprising curable and/or cross-linkable
resins, monomers, dimers, oligomers and polymers.

Amethod as claimed in claim 16, wherein the curable
and/or cross-linkable resins, monomers, dimers, ol-
igomers and/or polymers are heated to a sufficient
temperature in order to substantially homogeneous-
ly cure and/or cross-link said resins, monomers, dim-
ers, oligomers and polymers at least partially.

A method as claimed in claim 16 or 17, wherein the
curable and/or cross-linkable resins, monomers,
dimers, oligomers and polymers are arranged in a
mould, wherein the incoupling means (2) are moved
over substantially the entire mould in order to
achieve a substantially homogenous curing and/or
cross-linking of the curable and/or cross-linkable
resins, monomers, dimers, oligomers and/or poly-
mers thereby obtaining a cured and/or cross-linked
moulding.

A device (1) for heating materials being capable of
absorbing high-frequency electromagnetic radia-
tion, the device (1) comprising at least one source
of radiation (3) capable of generating high-frequency
electromagnetic radiation, in particular microwaves,
said source of radiation (3) being connected to at
least one incoupling means (2) being capable of in-
coupling the high-frequency electromagnetic radia-
tion generated by said source of radiation (3) into
the material to be heated, characterised in that the
device (1) is provided with a plurality of incoupling
means (2), said incoupling means (2) are arranged
in such a way that radiation areas are obtained the
centres thereof being spaced apart from each other,
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wherein a temperature measuring means (7) is as-
signed to each incoupling means (2) being capable
of measuring the temperature of each radiation area,
and wherein the radiation dose of each incoupling
means (2) is controllable, dependent on the temper-
ature of its radiation area measured by the respective
temperature measuring means (7), in such a way
that a substantially uniform temperature of the ma-
terial to be heated is obtained in the radiation areas
of all incoupling means (2), respectively.

A device as claimed in claim 19, wherein the tem-
perature measuring means (7) is arranged in such
away thatitis capable of measuring the temperature
of at least the central region of the radiation area of
the respective incoupling means (2).

A device as claimed in claim 19 or 20, wherein the
temperature measuring means (7) is adapted to
measure the temperature of the respective radiation
area substantially continuously.

A device as claimed in any one of claims 19 to 21,
wherein the temperature measuring means (7) is
composed of an infrared sensor.

A device as claimed in any one of claims 19 to 22,
wherein the device (1) comprises a plurality of sourc-
es of radiation (3) capable of generating high-fre-
guency electromagnetic radiation, each source of ra-
diation (3) being connected to an individual incou-
pling means (2).

Adevice as claimedin claim 23, wherein the radiation
dose of each incoupling means (2) is controllable by
means of individual controllability of the radiation ef-
ficiency, in particular the amplitude of the high-fre-
quency electromagnetic radiation, of its source of
radiation (3).

Adevice as claimedin claim 23, wherein the radiation
dose of each incoupling means (2) is controllable by
means of individual controllability of the duration of
generating radiation of its source of radiation (3).

Adevice as claimed in claim 25, wherein the radiation
efficiency, in particular the amplitude of the high-fre-
guency electromagnetic radiation, of each source of
radiation (3) is substantially constant, in particular
on an adjustable level.

A device as claimed in any one of claims 19 to 26,
wherein the radiation dose of each incoupling means
(2) is controllable by means of individual interference
of the emission properties of the respective incou-
pling means (2).

A device as claimed in claim 27, wherein a magnet
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having a variable magneticfield, in particular an elec-
tromagnet, is assigned to each incoupling means (2),
wherein the magnet is arranged in such a way that
its magnetic field is allowed to affect the radiation
efficiency of the high-frequency electromagnetic ra-
diation emitted from the respective incoupling means

@).

A device as claimed in any one of claims 19 to 28,
wherein the plurality of incoupling means (2) is ar-
ranged in such a way that the radiation areas thereof
overlap partially.

A device as claimed in any one of claims 19 to 29,
wherein the plurality of incoupling means (2) is ar-
ranged in an array.

A device as claimed in claim 30, wherein the array
comprises several rows (R4, R,) ofincoupling means
(2), the rows (R4, R,) being arranged in a substan-
tially parallel relationship.

A device as claimed in claim 31, wherein the incou-
pling means (2) of at least some rows (R4, R,), in
particular of adjacent rows, a arranged in a stag-
gered relationship.

A device as claimed in any one of claims 19 to 32,
wherein the plurality of incoupling means (2) is ar-
ranged on a carrier means (4), wherein the incou-
pling means (2) are movable relative to said carrier
means (4) and/or said carrier means (4) is movably
mountable on the ground.

A device as claimed in any one of claims 19 to 33,
wherein it further comprises a mould being capable
ofaccommodating curable and/or cross-linkable res-
ins, monomers, dimers, oligomers and/or polymers,
the incoupling means (2) being movable over sub-
stantially the entire mould in order to achieve a sub-
stantially homogenous curing and/or cross-linking of
the curable and/or cross-linkable resins, monomers,
dimers, oligomers and/or polymers thereby obtain-
ing a cured and/or cross-linked moulding.
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