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HEATING SYSTEM AND METHOD OF HEATING A BODY OF A PREFORM

FIELD OF THE INVENTION
The invention concerns a heating system and a method of heating a body
of a preform comprising a material thickness bounded by a first surface and a second

surface.

BACKGROUND OF THE INVENTION

Preforms, in particular plastic preforms, are widely used for producing a
variety of products ranging from curved surfaces to beverage bottles, for instance.
Commonly, before forming such preforms into a desired shape, they have to be heated
up to a temperature close to the melting point of the material of the preform. Shaping
tools will then alter the shape so that a completely new product evolves. Such shaping
methods include deep-drawing or blow-moulding of plastic preforms.

A well-known application of (blow-)moulding heated preforms is the
production of PET (polyethylene therephthalate) bottles which are used for a variety of
beverages such as mineral water, juices, lemonade and beer. In order to produce such
bottles, a PET preform having a tubular shape is heated by means of halogen lamps.
Figure 1 shows a schematic sectional view of such a heating arrangement according to
the state of the art. A body 1 of a preform having a first, outer, surface 2 and a second,
inner surface 4 is heated by three halogen lamps 5. For that purpose, mirrors 7 are used
to reflect parts of the divergent light 3 emitted by the halogen lamps 5 and to direct the
light rays essentially into a traversal direction T of the preform 1. The traversal direction
T is defined by a shortest direct line between the first surface 2 and the second surface 4
at a point where the light is coupled into the body 1. Because the light 3 is divergent, i.c.
undirected or only partially directed, and consisting of light of many different
wavelengths, it does not completely traverse the body 1 in the traversal direction T, but

this direction is nevertheless the principal direction of traversal in general. Usually,
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preforms are moved on a production line along which a multitude of halogen lamps 5 are
arranged. This leads to an increase of the temperature to a point where the preforms can
be shaped by blowing them inside a mould or also by merely pressing them into the
mould.

Halogen lamps emit a broad spectrum of visible and invisible light rays
which ranges into the infrared region, as can be seen in Figure 2. Here, the wavelength
spectrum of a halogen lamp (in nanometres) is plotted on the x-axis, while the left y-axis
refers to the corresponding absorption spectrum of PET in % and the right y-axis refers
to the emission energies of typical halogen lamps in Watts. The first curve A
corresponds to the PET absorption spectrum (left y-axis) while the second curve B
corresponds to the emmission energy spectrum (right y-axis). It can be observed that the
absorption of PET is notably low in the visible and near infrared wavelength ranges up to
about 1010nm, while a higher absorption rate of PET can be realized in between 1010
nm and 2000nm. Above 2000nm, PET is basically opaque. The wavelength spectrum of
halogen lamps therefore produces an inhomogenous heating result, since a significant
portion of the halogen lamp spectrum is at wavelengths with a very high absorption by
PET, i.e. above 2000 nm. Therefore, the larger portion of the emitted light is absorbed at
the outer part of the preform, while its inner part is heated to a much lower extent. For
that reason, it is often necessary to cool down the outside of a preform, for instance by
spraying water on it, while prolonging the heating process at the same time in order to
get the inside of the preform heated up as well. In sum, this leads to a more energy-
consuming and longer heating process than would be necessary if a homogeneous
heating was applied.

A way to circumvent these drawbacks is to choose a different light
emitting system, such as lasers, which only operates at a certain wavelength. This way,
the wavelength can be adjusted to the necessities of the heating process, which are
mainly determined by the material and the thickness of the preform. For instance, heating
a PET preform by means of laser wavelengths at an absorption rate by PET of less than
50% would mean that a more continuous absorption could be achieved, resulting in a
lower overall energy input being necessary, i.e. the heating process could be carried out
in a more effective way. However, such suitable laser wavelengths are not emitted by

typical lasers for everyday use which emit at typical wavelengths of 800 or 970 nm.



10

15

20

25

30

WO 2010/122469 PCT/IB2010/051684

3
Unfortunately, in this wavelength range, only a quite low absorption rate of PET of
about 15% can be achieved.
Against this background, it is highly desirable to provide a possibility to
heat a body of a preform by means of a laser beam — or more broadly — by means of a
directed light beam, more effectively and with less regard to the wavelength of the light

beam which a light source emits.

SUMMARY OF THE INVENTION

To this end, the present invention describes a heating system for heating a
body of a preform having a material thickness bounded by a first surface and a second
surface, which heating system comprises at least the following elements:

- a light source arrangement which is arranged to emit a number of directed light beams,
- a coupling arrangement arranged to deliberately couple the light from the light source
arrangement in a specific direction into the body during at least a certain minimum
period such that the light is essentially guided along a longer path between the first and
second surface.

Thus, instead of simply aiming a laser beam or a similar directed beam at
a body of a preform so that the beam passes directly through the preform, the invention
utilizes a coupling arrangement with which it is possible to deliberately couple light into
the body, with the effect that the light is guided inside that body along a longer path than
in the case of the prior art. In addition, the light source arrangement may comprise one
or several light sources, so that one or several light beams can be produced and coupled
in by the coupling arrangement.

As for the length of the path along which such light beam(s) is or are
guided, this can generally be characterized as a "longer path". This expression basically
signifies that the light does not pass through the two surfaces of the object in the direct
shortest line from the entry point at one surface to the other surface, as it would typically
do in state of the art solutions. Instead, a longer path is a path which is multiple times, at
least twice, as long as the shortest distance between the first and second surfaces
(measured at the entry point of the light into the body). Preferably, the longer path is
significantly longer than this shortest distance, i.¢. at least four times, most preferably at

least ten times the shortest distance. In other words, the light is deliberately guided or
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coupled into the body of the preform so that the light will cover a longer path or
trajectory within the body before ultimately exiting the body and/or before being
completely absorbed. As there is usually a certain loss of light rays of a light beam — even
of a directed light beam - due to scattering effects, it may be noted that essentially
guiding such light beam(s) along a longer path or trajectory means that the main part, i.c.
at least half of the rays of a light beam, is transported along that path.

A special remark should be made regarding the definition of the
expression "to couple in deliberately". In contrast to an accidental coupling, coupling
directed light beams into the body deliberately in the manner described above means an
intended coupling specifically aimed at making that light beam enter into the body in that
specific manner. In particular, this implies a choice of coupling means of the coupling
arrangement suitable for coupling in the light beam so that the beam will stay within the
body for at least a minimum period and will be guided along the longer path. For that
purpose, the coupling means may comprise control means to exactly determine the
direction and/or angle at which the light beam is to be coupled into the body and/or
physical means that facilitate the exact coupling in the way which is desired.

Concerning the duration of coupling light into the object, a certain
minimum period is necessary. Typically, such a period would be exactly the amount of
time needed to heat the body of the preform to the desired temperature. In special cases,
however, it may be considered necessary to heat the body in a stepwise manner or
successively by different light sources. Thus, the minimum period can be considered to
be preferably at least one second, more preferably at least two seconds. This way it is
ensured that the light is not just accidentally coupled into the body, but deliberately as
intended according to the invention. During that minimum period the light can be
coupled into the body continuously or in a pulsed manner by light beams originating
from one or from several light sources, in parallel and/or successively.

The invention also describes a method of heating a body of a preform
comprising a material thickness bounded by a first surface and a second surface, wherein
a number of directed light beams froma light source arrangement is sent, i.e. transmitted,
through the body, which light from the light source arrangement is deliberately coupled
in a specific direction into the body within at least a certain minimum period such that the

light beam is essentially guided along a longer path between the first and second surface.
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The dependent claims and the subsequent description disclose particularly
advantageous embodiments and features of the invention.

With the heating system and method according to the invention, it is now
possible, for example, to use a conventional laser source with an emission wavelength of
800 and/or 970nm to heat up a body of a preform with very little loss of energy, since
the light is guided within the body itself and absorbed there more homogeneously than
can be achieved with state of the art approaches. In fact, the absorption is low enough
not to overheat the body, so that additional cooling of the preform is usually not
necessary. This is all the more so because the heating does not only take place in a
concentrated manner on the surface of the body, but throughout the area between the
two bounding surfaces where the light beam is guided through. Therefore, in a very
preferred embodiment of the invention, the light source arrangement comprises at least
one laser emitting light source, which most preferably emits laser light at a wavelength of
800 nm and/or 970 nm.

According to a preferred embodiment, the coupling arrangement is
arranged such that the light from the light source arrangement, i.e. one or more of the
number of light beams, is coupled into the body at an angle within an acceptance angle
range of the material of the body and such that it is guided between the first and second
surface by total internal reflection. For that purpose, the coupling arrangement may, for
example, comprise a laser source that directs a laser beam at the body in an appropriate
angular direction. Once coupled into the body, the light beam is guided in such a way
that it is essentially completely (i.e. for its main part) internally reflected at the bounding
surfaces so that it remains within the body for a longer time and thus travels a longer
path. The acceptance angle will vary depending on the material of the body of the
preform. For instance, the refraction index of air is approximately 1, while that of PET is
in the range of 1.54 to 1.575. A suitable angle for coupling in the light beam depends on
the refractive indices of the material of the preform, of the material from which the light
beam is coupled in and of the material in the environment of the preform at the point
where total reflection is to occur, as well as on the shape of the preform along the path
where the light beam is intended to travel.

It is thus particularly preferred that the coupling arrangement be arranged

such that the light from the light source arrangement is guided between the first and
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second surfaces until it is essentially absorbed along the path. That means that at least
half, more preferably at least 80 %, of the energy of each light beam is absorbed by the
preform body while the beam is travelling within the body. In this way it is ensured that
the energy of the light beam is used as effectively as possible, which can be realized in
particular by the use of total internal reflection, as noted above.

In order to control the process of coupling in the light beam, it is
particularly preferred that the coupling arrangement is arranged such that the light from
the light source arrangement, ¢.g. a light beam, is coupled into the body at a previously
defined entry point and/or along a previously defined entry line, wherein an "entry line”
can be essentially regarded as a sequence of entry points. A previous definition in this
context means that a deliberate coupling at that entry point and/or line is envisaged
which is foreseeable beforehand; i.e. by aiming a light beam at such a point and/or line.
When the body of the preform remains in the same position throughout the process,
there will preferably be an entry point, while an entry line would preferably be used in
case the body is being moved with respect to the light source arrangement and/or
coupling arrangement. For instance, when a PET preform for producing a bottle is to be
heated, it can be rotated about a rotation axis defined by the middle axis of the tubular
shape of the preform's body. In this case, a directed light beam would be aimed at one
particular first entry point and then, by rotating the preform, an entry line will be
automatically described by the preform's rotary motion, which entry line is the line from
the first entry point along the surface of the preform in the direction of the rotation.
Instead of using a single light beam, it is also possible to aim several light beams
simultaneously or successively at such an entry point or line.

In a preferred embodiment of the heating system the light source
arrangement comprises at least one light source and at least one optical fibre to transport
a number of light beams in the direction of the body. The optical fibre can be considered
to be an extension of the light source itself which transports a light beam from its point
of origin, 1.e. the light source, to an emission point, i.e. the end of the optical fibre, from
where the beam is directed toward and coupled into the body of the preform. Optical
fibres in this context offer the possibility to change the direction of the light beam and/or
to further direct light beams so that the coupling of the beam into the body can be easily

controlled at any time.
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It is further preferred that the coupling arrangement is arranged such that
the light from the light source arrangement is coupled into the body in a direction
angular to a traversal direction defined by a shortest direct line between the first surface
and the second surface at the point where the light, e.g. a light beam, is coupled into the
body. Such angular direction to the traversal direction (as defined above) can be
tangential from a side of the body of the preform or also perpendicular to the traversal
direction, for example light coming from below or above the object and travelling right
in between the two surfaces. In the latter case, this implies that the light beam need not
necessarily be reflected by total internal reflection but may be directed in a parallel path
to the first and second surfaces, if these two surfaces are parallel, too. However, as even
a directed light beam often spreads out when being released from a light source, at least
part of its light will probably be reflected at the surfaces even in such a case. In the
former case, total internal reflection is a very preferred method of achieving that the
light beam stays within the body of the preform.

It is generally possible to couple the light beam into the body directly, or
via an air gap, from the light source or from an optical fibre connected to the light source
of a light source arrangement. In such a case, the distance between the emitting end of
the light source arrangement and the body of the preform is preferably at most some
centimeters.

However, it may be of great advantage if the coupling arrangement
comprises an intermediate coupling material through which the light from the light
source arrangement can be guided by direct contact from the light source arrangement
into the body. Such intermediate coupling material will thus be in contact both with an
emission point of the light source arrangement and with a surface of the object at the
point where a light beam is coupled into the body.

Concerning the material used for such intermediate coupling material, its
physical characteristics may be of relevance, in particular its flexibility to adapt to the
surface of the body of the preform and its capability to stick to both the body of the
preform and the emitting end of the light source arrangement.

According to a first preferred alternative, such a coupling material is a
transparent polymer, preferably a flexible polymer, ¢.g. silicone, while a second

alternative consists of a coupling arrangement wherein the coupling material is a liquid,
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The choice of the material used for the coupling material highly depends
on the material of the body of the preform, in particular on its refractive index. It is thus
preferred that the coupling material has a refractive index between a refractive index of
the body of the preform and a refractive index of a light emitting surface material of the
light source arrangement.

A liquid, in particular water, may be preferred for another reason than its
light transmission characteristics: When a certain critical temperature of the preform has
been reached, i.e. about 100 °C, the water will readily evaporate and thus automatically
decouple the light beam input into the preform. As PET preforms should not be heated
far above 100 °C, water has been found to be a preferred coupling material in the
context of heating PET materials. Naturally, for preforms with different melting points,
other liquids with an analogous evaporation temperature will be preferred. So applying a
droplet of a liquid in between the emission point of the light source arrangement and the
body of the preform is an effective way to couple light beams into and de-couple light
beams from the preform.

In order to avoid a re-coupling of the light beam in a backward direction
at the point where the light beam is coupled in, it is further preferred that the coupling
arrangement is arranged such that an angle at which the number of light beams is
coupled into the body is such that the main part of the light from the light source
arrangement does not return to the point where the light is coupled into the body.
Referring, for illustration, to a tubular body of a preform with a longitudinal extension
perpendicular to a round cross-sectional shape of the body, coupling in a light beam in
such way that it is not redirected to the point where light is coupled in can be realized,
for example, by directing it into the preform at an angle which is different from an angle
which is exactly perpendicular to the longitudinal extension. That way, the light is guided
along the circumference of the body in a helix while "climbing" upwards or downwards
along the longitudinal extension rather than hitting the point again where it has been
coupled in.

The method according to the invention can be realized with a single light
source and/or only one light emitting surface from which directed light is coupled into

the body. In many circumstances, however, it may be considered advantageous to have a
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heating system with a plurality of light emitting surfaces, at which a directed light beam
is emitted. This way, the preform can be heated more effectively and more rapidly and
different regions of the preform can be heated exactly according to their need for heating
energy. Such light emitting surfaces can be distributed so as to be at a constant distance
with respect to each other. However, those distances can also be varied and adapted to
the special needs with respect to particular shapes of preforms. An unequal distribution
may make sense, for example, in a case where a preform per se is of uneven shape and
thus comprises regions with a higher need for energy input and regions with a lower
need for energy input.

According to a particularly preferred embodiment of the invention, the
heating system comprises transfer means arranged to move the body along a route while
being heated. In analogy with today's heating systems in which preforms are usually also
moved along a production line system, the system according to the invention may also
use such transfer means in order to transport the preforms during the heating process up
to a moulding system where the heated preforms are brought into their desired shape.

In such a case, it is especially preferred that the coupling arrangement is
arranged such that the light from the light source arrangement is coupled into the moving
body at a pre-defined entry point or entry line. This means that the light beam moves
together with the moving body, which can be realized for example by moving the
emission direction of the light source arrangement. However, it is particularly
advantageous to have a light source arrangement and/or a coupling arrangement
arranged in such way as to be moved at least partially synchronously with the body. This
can either be realized by such a light source arrangement being integrated in a moving
part of such a production line or by moving the light source arrangement and/or the
coupling arrangement entirely or in part synchronously by means of another moving
device. For example, an optical fibre as part of the light source arrangement can be
moved along a route in parallel with the preform. In any case, such synchronous
movement makes sure that the heating takes place at a constant energy imput rate
throughout the moving and heating process. This way it can be guaranteed that the
preform, although moving, will have reached its intended temperature at the time when it
arrives at the moulding system.

As an alternative to moving either the light source arrangement or the
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coupling arrangement, these elements of the heating arrangement can alternatively be
stationary, which is a particularly preferred embodiment of the invention because of the
case of handling and reduced necessity of mechanical movement of parts apart from the
preforms themselves. In such a case, the preforms will move along the route, passing the
emitting surface(s) of the heating system from where light is coupled into their bodies
when the prerequisites, in particular the suitable coupling angle, are met. In order to
ensure that a deliberate coupling takes place, the orientation of the light emitting surface
will be accordingly and/or there may be control devices to control the position of the
bodies of the preforms in order to detect when light beams can be coupled into a body of
a particular preform under the required circumstances. This would then trigger a pulsed
output of a light beam in the direction of this particular preform's body. The invention
therefore also comprises a heating system with a control device arranged to control the
timing of an output of directed light from the light source arrangement and/or the
coupling arrangement such that light is output from a light emitting surface when a body
of a preform is in a light path of that light emitting surface, i.c. when light can be emitted

into the body from that light emitting surface in the way according to the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 shows a schematic sectional view of a heating system according to
the state of the art.

Fig. 2 shows a graph in which the wavelength spectrum of a halogen
lamp is plotted on the x-axis, while the left y-axis refers to the
corresponding absorption rate of PET and the right y-axis refers
to the wavelength spectrum of a halogen lamp.

Fig. 3 shows a schematic sectional view of a first embodiment of a
heating system according to the present invention.

Fig. 4 shows a cross-sectional view of the same embodiment as in Fig. 3.

Fig. 5 shows a schematic sectional view of a second embodiment of a
heating system according to the present invention similar to the
embodiment shown in Fig. 3.

Fig. 6 shows a schematic sectional view of a third embodiment of a

heating system according to the present invention.
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Fig. 7 shows a schematic sectional view of a fourth embodiment of a
heating system according to the present invention including a
production line system.

Fig. 8 shows a schematic sectional view of a fifth embodiment of a
heating system according to the present invention including a
production line system.

Fig. 9 shows a schematic top view of a possible bottom part of the fifth

embodiment.

In the drawings, like numbers refer to like objects throughout the

description. Objects are not necessarily drawn to scale.

DETAILED DESCRIPTION OF THE EMBODIMENTS

Figs 1 and 2 have already been discussed above.

Figs 3 and 4 show a first embodiment of a heating system 13 according to
the invention, which is used for heating up the body 1 of a preform of the kind as depicted
in Fig. 1, i.e. with a tubular shape. It may be understood, however, that preforms can
have all kinds of shapes, mainly depending on the intended final shape of the resulting
piece after a moulding process which is carried out after the heating of the preform.

The heating system 13 comprises a light source arrangement 12 and a
coupling arrangement 15. The light source arrangement 12 includes a light source 9 — in
this case a laser diode emitting laser light of a wavelength of 970nm - and an optical fibre
11 which leads the laser light to the coupling arrangement 15. In the depicted example,
the coupling arrangement 15 comprises a silicone end piece 22 (which can be seen in Fig.
4) which functions as an optical material similar to an optical fibre.

A laser light beam 17 is emitted from light source 9 and passes through
the optical fibre 11 into the coupling arrangement 15 and further into the body 1 of the
preform, thereby entering the body 1 at an entry point 18 on the first surface 2. It is
guided along a longer path 19 within the body 1 of the preform, describing a helical path
in an upward direction. This causes the light beam 17 to be absorbed by the material of
the body 1, which means that the body is heated up.

In order to deliberately couple in the light beam 17 in a way that ensures
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that it remains within the two surfaces 2, 4 over a longer distance, the silicone end piece
22 has a shape at its end facing towards the body 1 of the preform which automatically
defines an angle a in the sectional plane of Fig. 3 at which it can be brought into direct
physical contact with the body 1 of the preform. As can be seen in Fig. 4, the coupling
arrangement 15 is in contact with the body 1 via its silicone end piece 22 at an angle 3
with respect to the normal 20 of the circular shape of the first surface 2 at the entry point
18. Angle B is chosen such that light enters the body 1 within the acceptance angle range
of the material of body 1. Therefore, a light beam 17 will stay in the body 1 because of
total internal reflection. This is guaranteed because an angle y of the light beam in the
body with respect to normal 24 is above the critical angle at which the light beam would
be coupled out of the body 1. Thus, as it travels further within the body 1, the light beam
17 is reflected at the first surface 2 by total internal reflection several times until it is
finally completely absorbed. This way it describes a longer path 19 within the surfaces 2,
4 of the body 1.

Because the angle a at which the light beam is coupled in is unequal 90°
with respect to the first surface 2 and with respect to the longitudinal axis of the
preform, it is also avoided that the light beam returns to the entry point 18 where it
might be coupled out of the body 1 in an uncontrolled manner.

Fig. 5 shows a heating system comparable to the one described with
reference to Figs. 3 and 4, with the further improvement that several light source
arrangements 12 (which can also be considered to be one light source arrangement
comprised of several sub-arrangements 12) and coupling arrangements 15 (which can be
defined accordingly as one light source arrangement) are provided. It can also be
observed that in an upper part of the body 1 of the preform there are three evenly
distributed, i.e. evenly spaced, coupling arrangements 15, while in the lower part of the
body 1 the coupling arrangements 15 are unevenly spaced and further apart. Using such
an improved heating system 13 with multiple light source arrangements 12 and coupling
arrangements 15, i.e. with several light emitting surfaces, it is even easier to guarantee a
high precision of the heating process with respect to local differences of the preform
such as shape and/or material thickness and or composition. Apart from that, heating can
be carried out a lot more rapidly and thus more effectively.

It may be noted that the coupling arrangement 15 can also be realized in
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many other ways. In particular, not shown in the Figures, a droplet of water could be
used instead of the silicone end piece.

Fig. 6 shows an alternative embodiment of a heating system 13 according
to the present invention. In this case, the heating system is integrated in or connected to
a preform holder 23 which holds the body 1 of the preform while it is being heated.
During the heating process, the body 1 of the preform can also be moved by moving the
preform holder 23. In this case, the two light source arrangements 12 of the embodiment
are only comprised of two light sources 9, again realized as laser diodes emitting at
970nm. These light sources 9 are attached to the bottom of the preform holder 23 and
are cach directed into a cavity 16 within the preform holder 23. Also within the cavity
16, there are coupling arrangements 21 in the form of lenses which are positioned in
such way that the light beam 17 emitted by a light source (arrangement) 9 / 12 is
directed right into the bottom of the body 1 of the preform. This way, the light beam 17
is coupled into the body 1 in a direction which is exactly perpendicular to the traversal
direction T which has been mentioned above, i.e. in parallel with the longitudinal
extension of the two surfaces 2, 4. This particular form of arrangement of a heating
system 13 according to the present invention thus provides a possibility to make
guidance of the light beam 17 through the body 1 by means of total internal reflection
not essentially necessary. However, total internal reflection may still play a considerable
role, because the beams 17 will most probably spread apart, particularly through the
effect of the lenses 21, which means that part of the rays of the light beams 17 will be
reflected by total internal reflection. Only those rays which are exactly parallel to the
longitudinal extension of the two surfaces 2, 4 need not be reflected.

This embodiment according to the present invention is particularly
advantageous insofar as the light source arrangement 12 and the coupling arrangement
21 are integral parts of the preform holder 23 and therefore can be fixedly installed,
enabling the coupling angle at which the light beam 17 is coupled into the body to be
accurately predetermined for a longer period of time without any further ado. In addition
(not shown), water can be inserted into the preform holder 23 to provide direct physical
contact between the body 1 of the preform and the preform holder. Thus, water would
serve as a coupling medium and hence as part of a coupling arrangement.

Fig. 7 shows an embodiment according to the invention using two
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production lines 25, 27. Both production lines 25 and 27 are moved simultancously
along rolls 29a, 29b and 29¢, 29d, respectively. While the first production line 25 moves
bodies 1 of preforms, the second production line 27 moves light sources 9 in parallel.

The arrangement of the heating system 13 is based on the principle of the
invention as depicted in Fig. 3, i.e. coupling a laser beam 17 into a body of a preform
from a side and at a suitable angle which is in the acceptance angle range of the material
of the body 1. However, no direct physical contact between the body and the heating
system is made, so that the coupling arrangement 15 exists only in the sense that the light
beams 17 are emitted at a certain angle with respect to the bodies 1 of the preforms,
which is realized by the simultancous movement of the light sources 9 together with the
respective production line 27. In this sense, the second production line 27 and a control
unit (not shown) which guarantees the simultaneous movement of the second production
line 27 and the first production line 25 constitutes the coupling arrangement 15.

Fig. 8 shows another embodiment of the present invention, in which the
bodies 1 are moved along a route. In this case, they are transported by means of a
(symbolized) transport system 37. The bodies 1 are moved in between a top side 42 and
a bottom side 41 of the heating system 13. On the top side there is attached a light ray
transmitter 31, while at the corresponding end of the bottom side 41, there is positioned
a light ray receiver 33. These two elements, together with a control device in the form of
a control circuit 39 which receives sensing signals SS, make up a photoelectric barrier.
This barrier is used for sensing when a body 1 enters the heating system 1. Depending on
the sensing signals SS, the control circuit 39 triggers triggering signals TS to light
sources 9 which are positioned on the bottom side 41 and directed towards the top side
42. The triggering signals TS will trigger a light emission from those light sources 9
above which a body 1 of a preform is currently positioned. Thus, a directed light beam
17 is sent deliberately in the direction of the preforms. The heating system 13 may be
realized by a bottom side 41 shaped like a basin in which water or another suitable liquid
is stored as a coupling medium. The light sources 9 may be arranged below a transparent
part of the basin.

For example, in a first preferred embodiment, the cross section of the
basin can be realized as depicted in principle in Fig. 6 with respect to the preform holder.

In this case, the transport system 37 may be realized e.g. by moving rubber rolls, which
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initiate a rolling movement of the preforms, such that the preforms are rotated and every
point of the side wall of every preform is exposed along its circumference to light beams
from the light sources 9 for a sufficient time period during the movement of the preform
along the production line.

Fig. 9 shows in a top view how such a bottom side 41 can be realized
advantageously according to a second embodiment. The light sources 9 (see Fig. 8) are
arranged in an array over which bodies 1 of preforms are moved. Only the light sources
9, over which a preform body is currently positioned are activated. Therefore, there is a
distinction between inactive light sources 43 and activated light sources 45. Upon
moving the preforms along their path, different light sources 9 will be activated
according to the triggering signals TS.

Although the present invention has been disclosed in the form of a
number of preferred embodiments, it is to be understood that additional modifications or
variations could be made to the described embodiments without departing from the
scope of the invention. For example, the moving devices may be altered in many ways as
well as the arrangement of light sources and of coupling arrangements. As could be seen
with reference to the Figures, a light source arrangement may comprise several sub-
arrangements as may also be the case with coupling arrangements.

For the sake of clarity, it is to be understood that the use of "a" or "an"
throughout this application does not exclude a plurality, and "comprising” does not
exclude other steps or elements. A "unit" can comprise a number of units, unless
otherwise stated. It is especially noted that "a number of light beams" may be made up of

a single light beam or a plurality of light beams.



10

15

20

WO 2010/122469 PCT/IB2010/051684

16

CLAIMS:

1. A heating system (13) for heating a body (1) of a preform having a
material thickness bounded by a first surface (2) and a second surface (4), which heating
system (13) comprises at least the following elements:

- a light source arrangement (12) which is arranged to emit a number of directed light
beams (17),

- a coupling arrangement (15, 21) arranged to deliberately couple light from the light
source arrangement (12) in a specific direction into the body (1) during at least a certain
minimum period such that the light is essentially guided along a longer path (19) between

the first (2) and second surface (4).

2. A heating system according to claim 1, characterized in that the coupling
arrangement (15, 21) is arranged such that light from the light source arrangement (12)
is coupled into the body (1) at an angle (B) within an acceptance angle range of the
material of the body (1) and guided between the first (2) and second surfaces (4) by total

internal reflection.

3. A heating system according to claim 1 or 2, characterized in that the
coupling arrangement (15, 21) is arranged such that the light from the light source
arrangement (12) is guided between the first (2) and second surface (4) until it is
essentially absorbed along the path (19).

4. A heating system according to claim 1 or 2, characterized in that the
coupling arrangement (15, 21) is arranged such that the light from the light source
arrangement (12) is coupled into the body (1) at a previously defined entry point (18)

and/or along a previously defined entry line.
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5. A heating system according to claim 1 or 2, characterized in that the light
source arrangement (12) comprises at least one light source (9) and a number of optical

fibres (11) to transport a number of light beams (17) in the direction of the body (1).

6. A heating system according to claim 1 or 2, characterized in that the
coupling arrangement (15, 21) is arranged such that the light from the light source
arrangement (12) is coupled into the body (1) in a direction angular to a traversal
direction (T) defined by a shortest direct line between the first surface (2) and the second
surface (4) at the point (18) where the light is coupled into the body (1).

7. A heating system according to claim 1, characterized in that the coupling
arrangement (15, 21) comprises an intermediate coupling material (22) through which
the light from the light source arrangement (12) can be guided from the light source
arrangement (12) into the body (1).

8. A heating system according to claim 7, characterized in that the coupling

material (22) is a transparent polymer or a liquid, preferably water or an oil.

9. A heating system according to claim 7 or 8, characterized in that the
coupling material (22) has a refractive index between a refractive index of the body (1)
of the preform and a refractive index of a light emitting surface material of the light

source arrangement (12).

10. A heating system according to claim 1 or 2, characterized in that the
coupling arrangement (15, 21) is arranged such that an angle (o) at which the number of
light beams (17) is coupled into the body (1) is such that the main part of the light from
the light source arrangement (12) does not return to the point (18) where the light is

coupled into the body (1).

11. A heating system according to claim 1 or 2, characterized by a plurality of

light emitting surfaces where a directed light beam is emitted.



10

15

WO 2010/122469 PCT/IB2010/051684

18
12. A heating system according to claim 1 or 2, characterized by transfer
means (25, 29a, 29b, 37) arranged to move the body (1) along a route while it is being
heated.

13. A heating system according to claim 12, characterized by a control device
(39) realized to control the timing of an output of directed light from the light source
arrangement (12) and/or the coupling arrangement (15, 21) such that light is output from
a light emitting surface when a body (1) of a preform is in a light path of that light

emitting surface.

14. A heating system according to claim 1 or 2, characterized in that the light
source arrangement (12) comprises at least one laser emitting light source (9), which

preferably emits laser light at a wavelength of 800 nm and/or 970 nm.

15. A method of heating a body (1) of a preform comprising a material thickness
bounded by a first surface (2) and a second surface (4), wherein a number of directed
light beams (17) from a light source arrangement (12) is sent through the body (1),
which light from the light source arrangement (12) is deliberately coupled in a specific
direction into the body (1) within at least a certain minimum period such that the light is

essentially guided along a longer path (19) between the first (2) and second surface (4).
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