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DESCRIPTION

Technical field

[0001] The present disclosure relates to devices and methods for use in forming resins or
plastic materials.

Background

[0002] It has been suggested to provide heating features in tools for forming plastic materials.
The heating may be provided by inductive heating, i.e. by means of a coil that is provided with
a high-frequency AC pulse. This may be used in injection moulding as well as in
embossing/pressing of a plastic blank. The coil generates an oscillating magnetic field that, by
inducing eddy currents, heats the mould or tool in the vicinity of the surface that will face the
plastic material to be reshaped.

[0003] Cooling may also be provided by means of a fluid such as water, which flows in the
vicinity of the tool or mould surface.

[0004] Different ways to achieve such heating have been disclosed. In US-2009/0068306-A a
structure is shown having a coil carrier part which provides a magnetic field. The coil carrier
functions as a soft ferrite and includes mutually electrically insulated magnetic granules, such
as in PERMEDYN MF1. Closer to the mould or tool surface there is a top part for instance in
the form of an austenitic steel which is not particularly ferromagnetic, and has a resistivity that

is suitable, e.g. about 7*10°7 Om, to develop heat from eddy currents induced by the coil. On
the other side of the coil carrier as seen from the top part there is a back plate, for instance
made of copper, that has a considerably lower resistivity than the top part. The back plate
short-circuits the induced eddy currents on the backside of the coil. On top of the top part there
is a stamper that includes the pattern to be replicated on the resin or blank in the mould or tool.
This stack of materials has cooling ducts close to the top part.

[0005] In US-2009/0239023-A a further developed structure is shown where the above-
described stack of materials is provided with one additional layer that separates the coil carrier
part from the top part. This intermediate layer may consist of a ceramic material which is more
or less magnetically and electrically passive, but has high mechanical resistance. The cooling
ducts may be placed in this intermediate layer. The high mechanical resistance of the
intermediate layer implies that the top part can be thin and thus have a lower specific heat.
Thereby, the cycles can be shorter as the top part can quickly be cooled and heated.
Moreover, as the cooling ducts can be moved out of contact with the top part, higher
temperatures can be used without boiling the water in the ducts.
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[0006] One problem associated with the known art is how to further improve the efficiency of a
process involving such tools, and to do this in a costefficient manner.

Summary

[0007] One object of the present disclosure is therefore to obtain a tool that has an improved
efficiency.

[0008] This object is achieved by means of a tool as defined in claim 1. More specifically, a
tool such as an injection moulding tool or an embossing/pressing tool comprising a heating
device includes a stack of layers for heating an active tool surface. The stack comprises: a coil
carrier layer including at least one wound coil for generating an oscillating magnetic field, an
electrically conductive top layer, being adjacent to the active tool surface, and a backing layer,
being positioned beneath the coil carrier layer as seen from the top layer, the backing layer
being electrically connected to the top layer at the edges where windings of the coil turns, and
having a lower resisitivity than the top layer. An electrically conductive intermediate layer is
located between the coil carrier layer and the top layer, and the intermediate layer has a lower
resistivity than the top layer. A corresponding production method, in accordance with claim 4, is
also considered.

[0009] In such a stack, the intermediate layer can convey energy to the top layer in a very
efficient way, and can at the same time take up considerable mechanical loads if
pressing/embossing takes place.

[0010] A thermal resistance layer is placed between the intermediate layer and the top layer.
Such a layer, e.g. made of glass, slows down the removal of heat from the top layer to some
extent, thereby increasing the peak top layer temperature during a production cycle.

[0011] The intermediate layer may be provided with cooling ducts for conveying a cooling
medium. This can shorten the production cycle.

[0012] The top layer resistivity may be in the range between 1*10°7 - 1*10® Qm, and the

intermediate layer may have a resistivity in the range between 1-3*10"8 Qm.

[0013] The object is further achieved, in accordance with claim 5, by means of a tool for
embossing/pressing a blank at an active surface, where the tool has an electrically conductive
top layer that is heated with currents induced by a coil, placed beneath the top layer as seen
from the active surface. A backing layer is placed beneath the coil as seen from the active
surface, the backing layer having a lower resistivity than the top layer and being connected to
the top layer at least at the opposing edges where the windings of the coil turn. A conduction
frame is provided, having a lower resistivity than the top layer and surrounding the active
surface, such that the top layer, at least in the vicinity of some of its edges, rests on the
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conduction frame. A corresponding production method, in accordance with claim 11, is also
considered.

[0014] This provides good contact between the backing layer and the top layer to improve
heating of the top layer, while at the same time allowing the top layer to float on top of the
conduction frame.

[0015] The top layer may, at an edge where the windings of the coil turn, rest on the
conduction frame at a distance from the edge of the top layer, such that this edge of the top
layer is heated to a lesser extent than inner parts of the top layer when a current is lead from
the backing layer and into the top layer. This may be advantageous for instance when
producing a lightguide plate, where molten edges could otherwise introduce optical deficiencies
that decrease the process yield.

[0016] A clamping device may be placed beneath the conduction frame as seen from the
active surface. The clamping device may be moveable in relation to the layer on which it rests,
such that the conduction frame may be clamped against the top layer during a phase when a
current is led to the top layer from the backing layer. This improves electric conduction
between the conduction frame and the top layer.

[0017] The clamping device may be devised as a frame with two compressed sealing rings,
one surrounding the other and both surrounding the active surface of the tool, such that a
closed spaced is formed between the sealing rings, and means, such as a conduit, to force a
fluid into said closed space in order to increase the pressure therein, thereby raising the
sealing rings to obtain the clamping motion.

[0018] The top layer may be divided into an upper top layer and a lower top layer, where the
upper top layer comprises a metal with uniform resistivity which is higher than the resistivity of
the backing layer, and the lower top layer has a pattern with varying resistivity, such that the
heat generated at the active surface varies over the active surface. This allows an intentional
variation of the heat development over the active surface. Reference is further made to a tool,
not belonging to the current invention, for embossing/pressing a blank with an active surface of
the tool, where the tool has a stack of layers including a top layer at the active surface, and the
the top layer being heated during embossing/pressing. A cavity is defined between two layers
in the stack beneath the top layer as seen from the active surface, and the cavity extends
beneath a greater part of the active surface and is at least partly filled with a fluid. This
equalises the pressure applied over the active surface of the tool, as the pressure will be
uniform throughout the cavity.

[0019] It is possible, already in a state where the active surface does not touch a blank, to
raise the pressure in the cavity such that it is is higher than the athmospheric pressure, so that
the top layer bulges to some extent. This serves to evacuate any air pockets from where the
active surface of the tool interfaces with a blank.
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Brief description of the drawings

[0020]
Fig 1 illustrates, schematically, a tool for embossing/pressing a blank.
Fig 2 schematically illustrates an injection moulding tool.

Fig 3 illustrates schematically a stack of layers designed to provide efficient heating of a tool
surface.

Fig 4 shows an perspective view of an embossing/pressing tool halve.

Fig 5 shows a top view of the tool halve in fig 4 indicating the locations of two cross sections, A-
A and B-B.

Fig 6 illustrates schematically the induction of currents in the layers of fig 3.

Fig 7 shows the cross section A-A from the tool halve of fig 4, at a short edge if the tool
surface.

Fig 8 shows the cross section B-B from the tool halve of fig 4, at a long edge if the tool surface.
Fig 9A and 9B illustrate details in the cross section of fig 8.
Fig 10 shows a detail of the cross section in fig 7.

Fig 11 illustrates how a top layer can rest on a conduction frame in order to establish good
electric contact between the top layer and a backing layer.

Fig 12A and 12B illustrate how a patterned lower top layer can be used to vary the heat
development over the top layer's active surface.

Detailed description

[0021] The present disclosure relates to devices and methods for use in forming resins or
plastic materials. The following description will mainly describe a system for embossing plastic
blanks but, as the skilled person realises, many technical solutions described herein may be
equally applicable to injection moulding and other processes.

[0022] Fig 1 illustrates, schematically and in cross section, a tool for embossing/pressing a
blank 1. The tool has two tool halves 3, 5. Each or one of which may be provided with a
heating device 7. In embossing, the blank 1, a solid piece of plastic, is reshaped to some
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extent by applying heat and pressure in a tool, i.e. pressing the halves against each other while
heating the halves at the active surfaces thereof that face the blank 1. Typically, a surface
pattern is applied. One example where this technology is used is when producing lightguides
for backlit flatscreen LCD television screens. A transparent rectangular plastic sheet is then
provided with a fine surface pattern on one flat surface thereof. When an edge of the sheet is
iluminated, the surface pattern makes the injected light exit the lightguide, evenly over the
surface. Such a pattern may be achieved by a stamper/top layer as described in the tool
system disclosed below. Other products produced with embossing are also conceivable, e.g.
Fresnel-lenses. In addition to, or as an alternative to providing surface patterns (embossing), it
would also be possible to e.g. bend a blank (pressing). Comparatively short cycle times are
provided with active heating and cooling.

[0023] Injection moulding, schematically illustrated in fig 2, implies injecting molten resin 9 into
a cavity 11 through a nozzle 13 (as illustrated by the arrow) to create a solid form. The heating
devices 7 for the tool to be described below can be used to heat such a cavity and can be
placed in one or more of the tool parts 15, 17 defining the cavity 11. This allows, as compared
to a mould that is not heated, the production of thinner structures and finer patterns in the
finished product. At the same time, shorter production cycles may be allowed, especially if the
mould is also cooled actively, e.g. by means of fluid flowing in cooling ducts, during a part of
the cycle. The heating technique disclosed could be useful also for blow forming processes.

[0024] Fig 3 illustrates, schematically and in cross section, a stack of layers designed to
provide efficient heating of an active tool surface 31. By an active tool surface is here meant a
surface that comes into contact with the plastic or resin to be reshaped. The stack of layers
has an inductive coil 19, which can be used to provide mould or tool heating. The stack has a
coil carrier layer 21, an electrically active intermediate layer 23, a top layer 25, a backing layer
27, and a thermal resistance layer 29.

[0025] The coil carrier layer 21 includes the wound coil 19 and is made of a material with high
relative magnetic permeability, e.g. 300 at room temperature, and very high electric resisitivity,

e.g. 2.5*10 Om. Thus, it is a material that is prone to conduct magnetic fields but that does
not convey electric currents to any greater extent. This means that the coil carrier layer 21 will
convey and shape the magnetic field, generated therein by the coil 19, to other layers, while
not inducing any substantial eddy currents in the coil carrier layer 21 itself. The coil 19 is
placed in open grooves and provides an even distribution of the field over the surface of the
coil carrier. PERMEDYN MF1 (trademark) is considered one suitable material for the coil
carrier layer and involves granules of ferromagnetic material baked together by an electrically
insulating resin. In general, the coil carrier thickness may typically be in the range 10-30mm.

[0026] The electrically active intermediate layer 23 comprises a metal with very low resistivity,

(typically 1-3*10"® Om or less), such as copper or aluminum. This layer is denoted as active as
the coil induces currents therein. However, as the resistivity is so low, those currents do not
develop heat to any greater extent. The thickness of the layer may typically be 10-30 mm, the
relative magnetic permeability may be close to 1 (non-ferromagnetic) and the thermal
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conductivity may typically be 100-400 W/m/K.

[0027] The top layer 25 may comprise a metal with higher resistivity than the active
intermediate layer 23. Austenitic steel, 1-2 mm thick, is one suitable example. As the resistivity
is higher, this is the layer where the heat will be developed from eddy currents, induced by the
coil 19 and via the active intermediate layer 23.

[0028] The top layer part may be non-ferromagnetic, and the resistivity may typically be in the

range from 1*1077-1*10% Qm. Thus, the top part is conductive, but considerably less
conductive than the intermediate layer.

[0029] It may be suitable to divide the top layer into two sublayers. For instance, if a fine
structure should be replicated by a stamper, this may suitably be made of Nickel which is
treated with electroplating. As Nickel is ferromagnetic, the surface of the Nickel sublayer that
faces the coils (rather than the active surface) will be heated, which is one reason why the
layer may preferably be thin. Another reason is that it is time consuming to electroplate thick
materials.

[0030] To have some thickness in the top part as a whole, a thin Nickel layer (e.g. 0.7 mm)
may be placed on top of an austenitic non-ferromagnetic layer (e.g. 1.0 mm thick). This
ensures even heat distribution. Yet another alternative would be a thick, 1-2mm, Nickel layer,
even if this may be expensive to produce.

[0031] A backing layer 27 (e.g. 2-15 mm thick) is provided on the other side of the coil carrier
layer 21, as seen from the surface 31 that faces the resin or blank to be processed, and may
be made of a similar material as the active intermediate layer 23. The backing layer 27 is
electrically connected to the top layer 25 by means of a connection 33, which is very
schematically indicated in fig 3 and will be described further later.

[0032] A thermal resistance layer 29 is placed between the active intermediate layer 23, and
the top layer 25. The thermal resistance layer 29 serves to obstruct the conveying of heat,
from the top layer 25 to the active intermediate layer 23, to some extent, such that the top
layer 25 may reach a higher peak temperature. Without this layer, a lower peak temperature
would be reached in the top layer during a cycle, as more heat is then continuously removed
from the top layer 25 and conveyed to the active intermediate layer 23.

[0033] The thickness of the thermal resistance layer may be e.g. in the range 1-5 mm
depending on its heat conductive properties. This may be chosen in a trade-off between high
top temperatures (thick) and short cycle times (thin). Electrically, the layer may be insulating
and the thermal conductivity may typically be about 1 W/m/K. The relative magnetic
permeability may be close to 1 (non-ferromagnetic). Glass is considered one suitable material.

[0034] The thermal resistance layer also makes the use of ferromagnetic top layers (e.g.
Nickel) less problematic. Due to the skin effect in ferromagnetic materials, the side of the top
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layer that faces the coils will be primarily be heated. However, thanks to the thermal resistance
layer, this thermal energy will be conveyed to the active surface rather than being conveyed to
the active intermediate layer.

Below follows one example of layer materials and thicknesses thereof that can be used:

Layer Material Thickness
Top layer Austenitic steel/Ni-stamper 1,0/0,7mm
Thermal resistance layer Glass 3 mm
Active intermediate layer Cu-alloy 15 mm
Coil carrier layer Permedyn MF1 30 mm
Backing layer Cu 5 mm

[0035] In a simulation, where AC power with the frequency of 25 kHz and with the power

volume density of 1.5*108 W/m?3 is applied, the temperature increase in the top layer after 10
seconds is 200°C. At the same time the temperature in the backing layer rises only ~3°C, in
the coil carrier ~6°C, and in the intermediate layer ~15°C.

[0036] Fig 4 shows an perspective view of an embossing or pressing tool halve. This tool may
be used to emboss plastic lightguides for a 42 inch LCD TV, i.e. a substrate/blank with
approximately the dimensions 930x520 mm. The opposing halve (not shown) may be more or
less a mirror image of the shown halve and is not described further. The tool is built in
correspondence with the concept outlined in fig 3, and is built upon a foundation plate 43 which
carries the tool halve and includes all mechanical connections needed to provide a pressing
function.

[0037] Fig 5 shows a small top view of the tool halve in fig 4 and indicates the locations of two
cross sections A-A and B-B that will be discussed in detail after a brief explanation of the
overall working principle of the tool heating.

[0038] Fig 6 illustrates the induction of currents in the layers of fig 3, the stack of fig 3 being in
an exploded perspective view. In the illustrated case, the top layer 25 is rectangular with a 930
mm long side 35 and a 520 mm short side 37. The other layers have corresponding formats.
The coil carrier layer 21 is wound with a coil 19 having windings in the direction parallel with the
rectangel's short side 37, i.e. the winding turns are located at the long side. When a high-
frecuency AC pulse is applied to the coil 19, a current 39, corresponding to the current in the
coil 19 will be induced in the lower surface of the active intermediate layer 23. This current will
form a closed current loop at the surface of the active intermediate layer 23 running antiparallel
with the neighboring coil current at the lower surface of the active intermediate layer 23 and
parallel with the same at the upper (as seen from the top layer 25) surface. Those currents are
interconnected at the long edges of the active intermediate layer, and the currents reside
primarily in the close vicinity of the active intermediate layer surface due to the skin effect. The
AC current in the top surface of the active intermediate layer 23 will in turn induce a current 40
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in the top layer 25. As the top layer 25 has a higher resistivity, this layer will develope a
considerable amount of heat. The top layer is electrically connected, with connections 33,
continuously or at som intervals, at the long sides thereof, to the backing layer 27 to allow this
current to flow over the entire top layer surface.

[0039] The coil at the backside of the coil carrier will induce a current in the backing layer 27
similar to in the active intermediate layer. This current will have the same direction as, and will
be superimposed with, the current 40. Due to its low resistivity, very little heat will develop in
the backing layer 27.

[0040] The active intermediate layer 23 may be provided with cooling ducts (not shown) to
allow cooling of the mould or tool. The ducts may convey a cooling medium such as water or
oil. The flow can be continuous, or can be pulsed in order to provide cooling during only one
phase of a production cycle.

[0041] With reference to fig 7, the cross section A-A in fig 5 is now discussed in greater detail
with occasional references to the perspective view of fig 4.

[0042] A stack of layers corresponding to the schematic outline of fig 3 is built up on the
foundation plate 43. To start with, the backing layer plate 27 is located on the foundation plate
43, and is followed by the coil carrier 21, which in the illustrated case has seven coil sections
45, each carrying a coil (not shown). These coils may each be fed by an individual inverter, but
in synchronism with each other. This is an advantage as compared to feeding the coil sections
with a common inverter, as insulation requirements may be less demanding.

[0043] In the illustrated case, the active intermediate layer 23, which is placed on the coil
carrier 21, comprises two sublayers 39, 41, and includes cooling channels (not visible in fig 7)
that will be discussed later. The first sublayer 39 is hollowed by machining, such that the first
and second sublayers 39, 41 together define a flat cavity 47 that may extend beneath a
greater part of the active tool surface. In operation, this cavity may be filled with a fluid and acts
as a a fluid pressure equalizer as will be discussed later.

[0044] The second active intermediate sublayer 41 contains the cooling ducts, which are fed
by a fluid splitter block 51, in steps symmetrically dividing a main flow into a number of equal
sub-flows, one for each duct. On top of the second sublayer 41, the thermal resistance layer
29 is located and is followed by the top layer/stamper 25.

[0045] Below follows an example of materials and thicknesses that can be used in the tool
halve shown in fig 4.

Item Thickness [mm] Example material
Backing layer (27) 10 Copper
Connection bars (55) 10 Copper

Coil carrier (21) 30 Permedyn MF1
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Item Thickness [mm] Example material
Intermediate base (39) 8,5 Aluminium
Intermediate top (41) 21,15 Aluminium
Thermal resistance (29) 3 Glass

Top layer (25) 1 Austenitic steel

[0046] Each tool halve may have seven coils, each with 22 winding turns that are
synchronously fed, each coil with a 25 kW/25 kHz/10 second pulse during embossing.

[0047] Fig 8 shows the cross section B-B in fig 5 from the tool halve of fig 5, at a short edge
thereof. The cross section shows the foundation plate 43, the backing plate 27, the coil carrier
21, and the active intermediate layer's two sublayers 39, 41, with the intervening cavity 47. The
thermal resistance layer 29 and the top layer/stamper 25 are also shown.

[0048] The second active intermediate sublayer 41 contains the cooling ducts 53, which
extend along the length of the tool's active area, i.e.where pressing and heating takes place.
The cooling ducts 53 may, as in the illustrated case, be drilled as long holes through the entire
length of the second sublayer 41. The holes may be plugged at the ends and may be provided
with connecting holes that extend through the flat surface of the sublayer 41 in the vicinity to
the edge where the hole is plugged. The connecting holes may be connected to the fluid
splitter block.

[0049] One possible alternative to providing cooling ducts in the form of drilled holes 53 is to
provide the second sublayer 41 as two sublayers, and to form the cooling ducts by machining
grooves in the flat surface of one or both of these sublayers.

[0050] Fig 8 further shows a connection bar 55 that connects the backing layer 27 with the top
layer 25. This provides the connection (schematically indicated cf. 33 in fig 3) that allows the
heat generating current to flow in the top layer 25. The connection bar is attached with screws
57, 59 to the backing layer 27 and a conduction frame 63, on which the the top layer 25 rests,
respectively. Typically, one such connection bar may be provided per coil section at each long
side of the tool, as shown in fig 4. A gap 61 may be provided between the connection bar 55
and the active intermediate sublayers 39, 41.

[0051] The stack of layers illustrated above provides excellent heating of the tool. The
illustrated tool however involves a number of additional technical solutions that will now be
dicussed in greater detail.

Equalizing pressure

[0052] Particularly when pressing/embossing a blank to provide a lightguide plate an equal
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pressing force and absence of shear forces provides good optical properties. The fluid filled
cavity 47 shown in figs 7 and 8 equalizes the pressure over the surface and the tool and does
not convey shear forces at all. The result of this feature, that can be used together with the tool
or in the method of the current invention, is improved quality of the finished product and/or an
improved yield as compared to a tool where the fluid filled cavity 47 is not used.

[0053] The cavity 47 may extend beneath the greater part of the active surface. The fluid
layer formed therein need not be thick, 4-5 mm may be one useful example. The fluid used
could be water, but oil is another alternative. The fluid is confined within the cavity by a seal 79
that is compressed between the active intermediate sublayers 39, 41 and runs in a groove in
either sublayer, the groove surrounding the cavity 47. The pressing of the tool raises the fluid
pressure considerably. This pressure will be uniform throughout the cavity, ensuring an even
pressure force over the active surface.

[0054] It is possible to apply a positive pressure in the cavity, e.g. 0.5 -1 bar overpressure by
pumping a limited amount of air into the cavity when it is filled with a liquid and closed. This will
cause the second sublayer 41, as well as the layers on top of the latter, to bulge slightly. This
provides the effect that, when pressure is applied between the tool halves and a blank, trapped
pockets of air between the tool halve and the blank can be avoided. The mid portion of the
active tool surface will press against the blank first, and will evacuate all air towards the edges
as the pressing force increases. At final pressure (e.g. 2 MPa) when the embossing takes
place, however, this bulging effect is negligible and does not affect the final result. Thanks to
this positive pressure however, the risk of having pockets of air trapped between the tool halve
and the blank can be more or less eliminated.

[0055] It is possible to provide a pressure sensor in contact with the fluid to provide a
feedback signal indicating the applied pressure.

Improving contact with top layer

[0056] Even though the top layer 25 may be very thin in many cases, and may expand and
contract to some extent during heating and cooling, respectively, a reliable connection to the
backing layer 27 should be provided at the edges where currents are to enter. This may be
accomplished by a conduction frame 63, e.g. made of copper, that encloses the entire active
surface of the tool halve. The top layer 25 rests in a floating manner on the conduction frame
63 at the edges of the top layer. This is also illustrated in fig 11.

[0057] Thus, as indicated in fig 9A, the top layer 25 is allowed to float on the thermal
resistance layer 29 and the conduction frame 63. This is advantageous as the top layer is
allowed to expand and contract without being influenced by screws or the like that could
otherwise cause the top layer to be deformed out of its plane. The conduction frame 63, to
which the connection bar 55 is connected, still provides a good contact between the top layer
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25 and the backing layer 27.

[0058] The galvanic contact between the top layer 25 and the conduction frame 63 may be
further improved. The top layer may typically carry as much as 25000 Ampere as a maximum
current from long edge to long edge, and even if this current is distributed over the entire
length of the active surface, the current density is significant.

[0059] In order to provide excellent contact to the top layer 25 while allowing the same to float,
a clamping device 77 is provided beneath the conduction frame 63.

[0060] Thus, when the blank is pressed between the two tool halves, it is possible to activate
the clamping device 77 which then pushes the conduction frame 63 against the top layer 25,
thereby providing excellent galvanic contact therebetween.

[0061] Even though currents with considerable amplitudes are primarily conveyed between
the conduction frame and the top layer at the long edges, where the coils turn in this example,
it may be preferred to provide the clamping effect between the top layer and the current
around the entire perimeter of the top layer, i.e. also at the short edges. This may prevent
undesired field anomalies e.g. at the top layer corners.

[0062] The clamping device may as indicated in fig 9A comprise of a frame 77 of an insulating
material such as plastic on which the conduction frame 63 rests. This plastic frame has two
grooves in the lower surface and two grooves in the upper surface, in which inner 81, 83 and
outer 79, 85 compressed sealing rings run. As indicated in fig 9A, the thickness of the plastic
frame 77 in its inner region, where the grooves are placed, is somewhat reduced such that a
small space 87 is formed between each pair of inner and outer sealing rings. Those spaces
may be interconnected by holes running through the plastic frame 77 between inner and outer
sealing rings. By raising the pressure in this confined space, for instance by means of
compressed air, which is supplied through a conduit, the sealing rings will raise the conductor
frame 63 slightly, thereby providing the clamping movement.

Blank edge thermal profile

[0063] When producing a lightguide as mentioned above, the edges of the may require
special attention. If the resin melts too much at the very edge, light may leak at the edge in an
unintended way. Also the thickness of the blank at the edges may decrease. At the same time
it is desired to apply pressure over the whole blank surface.

[0064] One way of dealing with this is to make sure that the blank is heated less at the edges.
This provides a "cold frame" surrounding the inner part of the blank where the surface is
melted by the applied heating. This may result in a lightguide with more uniform thickness
where there are less optical defects at the edges that leak light.
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[0065] This feature may be provided in different ways at the long and short edges of the tool
halve.

[0066] Fig 9A and 9B as mentioned illustrate details in the cross section of fig 8. At the long
edges of the tool halve, the outer part of the conductor frame 63 is connected with screws to
the connection bars 55. The inner part of the conduction frame 63 makes contact with the top
layer/stamper 25. The top layer 25 overlaps and floats on the conduction frame 63 on a
contact region 65 at the innermost part thereof, as shown in fig 9B. Outside, the contact region
65, which may be e.g. 1 mm long, there is provided a gap 67 of e.g. 0.2 mm between the top
layer 25 and the conduction frame 63 as the contact region 65 projects slightly from the
conduction frame body. The top layer 25 also rests on a sealing ring 69 placed in a groove 71
in the conduction frame 63. When the tool is opened after embossing, the floating top layer 25
can then be kept in place by keeping a low pressure behind the top layer. As the conduction
frame 63 makes contact with the top layer 25 at some distance from the latter's edge, the
current 73 led by the conduction frame 63 will enter the top layer at this distance from the top
layer edge, resulting in a comparativliey less heated portion 75 of the top layer at the blank
edge.

[0067] Fig 10 shows a detail of the cross section in fig 7. In this section, at the short edge of
the tool halve, the conduction frame 63 will act as a shunt that interconnects the long edges of
the tool halve. This part of the conduction frame 63 will therefore lead a considerable current
directed perpendicularly to the plane of the cross section in fig 10. As the copper conduction
frame 63 has a very low resistivity as compared with the top layer 25, this current will not lead
to the conduction frame being heated to any greater extent. However, this current, which
alternates with the same frequency as all other currents in the tool, will in turn create a
magnetic field that counteracts the magnetic field induced in the top layer 25 by the active
intermediate layer 23 as the currents of the top part of the active intermediate layer and the
conduction frame have opposite directions. This forces the induced magnetic field in the top
layer away from the short edge of the top layer 25, such that also this edge will be heated less
than the inner part of the tool halve.

[0068] Thereby, a relatively cooler frame of the blank can be achieved around the edges of
the same.

[0069] Figs 12A and 12B illustrate an additional way of intentionally varying the heat
development over the active surface of the tool halve. In this case a top layer with two sub-
layers are used, that together rest on the conduction frame (cf. fig 11). The upper top layer
may in fig 12A be devised as previously mentioned, i.e. a uniform ferromagnetic or non-
ferromagnetic layer, such as e.g. Nickel, an austenitic steel or a nickel-steel combination.

[0070] The lower top layer in fig 12B may be patterned. Typically, the pattern may comprise a
copper sheet 77 which has cutouts 79 on the areas that are to be heated. If the direction of the
instantaneous current is as illustrated with the arrow in fig 12B, the upper top layer will not be
heated to any greater extent in areas where the lower top clayer consists of copper. In those
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areas the current will be lead through the lower layer which has a lower resistivity. The cutout
areass may be covered with an insulating material, such as glass, with equal thickness as the
copper sheet. This forces the currents to the upper top layer in this region, thereby heating the
upper top layer and the active surface. As an alternative to an insulator, a material with similar
or equal resistivity as the upper top layer may be used, such as an austenitic steel. This
causes both the upper and lower top layers to be heated in these regions. In any case, the
result is hotter sub-areas 81 in the active surface. This may be used, for instance, to
simultaneously emboss two blanks, each of which have a comparatively colder surrounding
frame, as previously discussed. The skilled person realises that the heat development over the
active surface can be varied in other ways to obtain different results. One tool may, by
changing the lower top layer, be used in many different ways.

[0071] The invention is not restricted to the above described embodiments and may be varied
and altered in different ways within the scope of the appended claims. For instance, the coils
may be wound from short edge to short edge, instead of as illustrated where the coil winding
turns are located at the long edges of the active surface. Other materials having similar
properties as the ones described above can be used. For instance, instead of austenitic steels
in the top layer, e.g. Ferritic or Martensitic steels could be considered. Copper alloys can in
many cases be replaced by Aluminum alloys, etc.
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Patentkrav

1. Veerktoj, sdsom et sprojtestabeveerktgj eller et preege-/pressevaerktgj, omfat-
tende en opvarmningsindretning, der omfatter et stabel lag til opvarmning af en
aktiv veerktgjsoverflade, hvilken stabel omfatter: et spolebaerelag (21) omfatten-
de mindst en viklet spole til generering af et oscillerende magnetfelt, et elektrisk
ledende toplag (25) tilstedende den aktive veerktojsoverflade, og et baglag (27),
som er placeret under spolebaerelaget, set fra toplaget, hvor baglaget er elektrisk
forbundet med toplaget ved kanterne, hvor spolens vindinger vender, og har en
lavere specifik modstand end toplaget, kendetegnet ved et elektrisk ledende
mellemlag (23) placeret mellem spolebeerelaget og toplaget, hvori mellemlaget
har en lavere specifik modstand end toplaget, og hvori et termisk modstandslag

(29) er placeret mellem mellemlaget og toplaget.

2. Veerktoj ifglge krav 1, hvori mellemlaget har kglekanaler (53) til at lede et ko-

lemedium.

3. Veerktgj ifalge ethvert af de foregadende krav, hvori toplaget har en specifik
modstand i omradet 1107 - 1*10° Qm, og mellemlaget har en specifik mod-
stand i omradet 1*10°®- 3*10°® Qm.

4. Produktionsfremgangsmade under anvendelse af et veerktgj, sasom et sprogjte-
stobeveerktoj eller et preege-/presseveerktgj, omfattende et opvarmningsindret-
ning, der omfatter et stabel lag til opvarmning af en aktiv veerktgjsoverflade, hvil-
ken stabel omfatter: et spolebeerelag omfattende mindst en viklet spole til at ge-
nerere et oscillerende magnetfelt, et elektrisk ledende toplag tilstedende den ak-
tive veerktojsoverflade, og et baglag, som er placeret under spolebeerelaget, set
fra toplaget, hvor baglaget er elektrisk forbundet med toplaget ved kanterne,
hvor spolens vindinger vender, og har en lavere specifik modstand end toplaget,
kendetegnet ved ledning af energi fra spolen til toplaget under anvendelse af et
elektrisk ledende mellemlag placeret mellem spoleberelaget og toplaget, hvori
mellemlaget har en lavere specifik modstand end toplaget, og at et termisk mod-

standslag er placeret mellem mellemlaget og toplaget.

5. Veerktgj til preegning/presning af et raemne ved en aktiv overflade, hvilket
veerktgj har et elektrisk ledende toplag (25), som opvarmes med strgm induceret
med en spole, som er placeret under toplaget set fra den aktive overflade, et bag-

lag (27) placeret under spolen set fra den aktive overflade, hvilket baglag har en
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mindre specifik modstand end toplaget og er forbundet med toplaget i det mind-
ste ved de modstaende kanter, hvor spolens vindinger vender, kendetegnet ved
en ledende ramme (63), der har lavere specifik modstand end toplaget og omgi-
ver den aktive overflade, sadan at toplaget, i det mindste i naerheden af nogle af

dets kanter, hviler pa den ledende ramme.

6. Veerktgj ifalge krav 5, hvori toplaget flyder pa den ledende ramme.

7. Veerktgj ifglge krav 5 eller 6, hvori toplaget ved en kant, hvor vindingerne ven-
der, hviler pa den ledende ramme i en afstand fra toplagets kant, sadan at denne
kant af toplaget opvarmes i mindre grad end de indre dele af toplaget, nar en

stram ledes fra baglaget og ind i toplaget.

8. Veerktgj ifolge ethvert af krav 5 til 7, hvori en speenderamme (77) er placeret
under den ledende ramme set fra den aktive overflade, hvor speenderammen kan
beveeges i forhold til det lag, pa hvilket det hviler, sddan at den ledende ramme
kan fastspaendes mod toplaget under en fase, nar en stram ledes til toplaget fra

baglaget.

9. Veerktoj ifolge krav 8, hvori mindst en side af speenderammen har to sammen-
trykte teetningsringe (79, 81), en der omgiver den anden og begge omgivende
veerktajets aktive overflade, sadan at der dannes et lukket rum (87) mellem teet-
ningsringene, og midler til at tvinge et fluid ind det lukkede rum for at gge trykket

deri, sa teetningsringene derved haeves for at opna speendebeveegelsen.

10. Veerktoj ifalge ethvert af krav 5 til 9, hvori toplaget er opdelt i et gvre toplag
og et nedre toplag, hvor det gvre toplag omfatter et metal med ensartet specifik
modstand, som er hgjere end baglagets specifikke modstand, hvor det nedre
toplag har et magnster med varierende specifik modstand, sadan at varmen gene-

reret ved den aktive overflade varierer over den aktive overflade.

11. Produktionsfremgangsmade under anvendelse af et veerktgj til preeg-
ning/presning af et raemne ved en aktiv overflade, hvilket veerktgj har et elektrisk
ledende toplag, som opvarmes med strem induceret med en spole placeret under
toplaget, set fra den aktive overflade, et baglag placeret under spolen set fra den
aktive overflade, hvilket baglag har en mindre specifik modstand end toplaget og
er forbundet med toplaget i det mindste ved de modstaende kanter, hvor spolens

vindinger vender, kendetegnet ved ledning af en stram fra baglaget til toplaget
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under anvendelse af en ledende ramme, der har lavere specifik modstand end
toplaget og omgiver den aktive overflade, sadan at toplaget, i det mindste i neer-

heden af nogle af dets kanter, hviler pa den ledende ramme.
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