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(54) Title: CLOSED COOLING SYSTEM FOR TOOLS OF PLASTICS PROCESSING MACHINES

(54) Bezeichnung: GESCHLOSSENES KUHLSYSTEM FUR WERKZEUGE VON KUNSTSTOFFVERARBEITUNGSMA-
SCHINEN

(87) Abstract: Tools of plastics
4 61 72 processing machines are cooled over
their surface and/or at particular
points as soon as compound

41 supply is finished. Heat is thus
suitably withdrawn from the shaped
compound, ensuring the {fastest

1 possible cooling and shortening
cycle times. The invention relates
3 to a closed, coolant-filled cooling

system for tools (4) of plastics
processing machines having at least
one compressor (8), a supply pipe
(71), a tool region to be cooled and
a discharge pipe, the supply pipe
being connected to the outlet of the
compressor and the discharge pipe
being connected to the inlet of the compressor, while at least one open end of the supply pipe plunges into at least one bore (41)
arranged in the tool region to be cooled, and an open end of the discharge pipe is sealed to this bore. The supply pipe and the
discharge pipe may be combined in a coaxial pipe with the supply pipe arranged in the centre and the discharge pipe enveloping

QO the supply pipe.

(57) Zusammenfassung: Werkzeuge von Kunststoffverarbeitungsmaschinen werden punktuell und/oder fldchig gekiihlt, sobald
e die Zufiihrung der Masse beendet ist. Dadurch wird der eingeformten Masse gezielt Warme entzogen, so daf3 ein moglichst schnel-
les Abkiihlen stattfindet, wodurch die Taktzeiten verkiirzt werden. Die Erfindung beftrifft ein geschlossenes, mit einem Kéltemittel
befiilltes Kiihlsystem fiir Werkzeuge (4) von Kunststoffverarbeitungsmaschinen, das wenigstens einen Verdichter (8) , eine Zufiihr-
leitung (71) , einen zu kiihlenden Werkzeugbereich und eine Abstromleitung umfalit, wobei die Zufiihrleitung an den Ausgang und
& die Abstromleitung an den Eingang des Verdichters angeschlossen sind, wihrend andererseits wenigstens ein offenes Ende der Zu-
e\ fihrleitung in wenigstens eine im zu kiihlenden Werkzeugbereich angeordnete Bohrung (41) eintaucht und ein offenes Ende der
Abstromleitung an dieser Bohrung dicht angeschlossen ist. Die Zufiihrleitung und die Abstromleitung kdnnen in einer Koaxiallei-
tung zusammengefalit sein, indem die Zufiihrleitung innen liegend und die Abstrémleitung die Zufiihrleitung umhiillend angeordnet
sind.
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Closed Cooling System for Tools of Plastic Processing Machines

The tools of plastic-processing machines are cooled in a point-wise or areal manner In
order to remove the heat from the moulding batch, after the pouring, in a purposeful
manner so that the quickest possible cooling may contribute to shorten the cycling times.
Particular care is however to be expended to prevent the removal of heat from adversely
affecting the quality of the casts.

The DE 199 18 428 discloses a process to cool tools with carbon dioxide (CO,), whereby
tool regions at excessive temperatures are to be cooled by a purposeful expansion of the
carbon dioxide. The preferred regions of the tool are those where because of excessive
tool temperatures shiny spots or differences in lustre appear on the plastic articles, where
depressions occur, the release of the mould occasions problems or generally wherever
excessive and/or tool-damaging temperatures arise. The compressed carbon dioxide
supply occurs through small tubes or flexible hoses. When exiting the supply lines, the
compressed carbon dioxide expands, thus removing heat from the surrounding material.
Thanks to the continuing flow of the carbon dioxide, the expanded gas is removed from
the tool across the empty space between the supply line and the walls of the expansion
space, so as to enable it to escape to the atmosphere or to be recaptured, through a
special system, for later reprocessing. The escaping carbon dioxide is ecologically
hazardous, as it may favour the hothouse effect. On the other side, the recapturing and
reprocessing of the gas is subject to a non-negligible technical effort and thus additional

costs, as the reprocessing demands an appropriate plant and the gas must also be
supplied to said plant.

As a result of this situation, the task of the invention is to realize a cooling system for the

tools of plastic-processing machines capable of preventing a load on the environment as
well as reducing the cycling times at high levels of efficiency.

The task is solved according to the teaching of the main claim, by employing a closed
cooling system to cool the tools. To this purpose, the tool is provided with at least one
borehole admitting a cooling medium through a supply line, where the borehole leads to a
discharge line connected to the inlet of a compressor, whose outlet is tied into the supply
line. It is advantageous to provide a closed cooling system filled with a refrigerating
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medium for the tools of the plastic processing machines and comprising at least one
compressor, a supply line, a tool region to be cooled and a discharge line, where the
supply line is connected to the outlet and the discharge line to the inlet of the compressor,
while on the other hand at least one open end of the supply line dips into at least one
borehole provided in the tool region to be cooled, and an open end of the discharge line is
tightly connected to this borehole. The outlet of the compressor may in this case first lead
to a buffer store, so as to hold a largely constant pressure in the discharge line while
making an adeqguate volume of cooling medium available at all times. The supply line and
the discharge line may be combined in a coaxial conduit, where the supply line is placed
on the inside and the discharge line surrounds it. It is in this case irrelevant whether the
supply line and the discharge line are, as a whole or singly or in several sections,
conformed as a coaxial conduit or are conformed, as a whole or singly or in several
sections, as single or parallel lines. The passing-through conformation as a coaxial
conduit produces the minimum demand on volume and the best possible transition from
the line to the expansion space of the borehole. In the sense of the formulated task, it has
also been shown that the counter-current flow of the compressed cooling medium in the
Internal supply line and the expanded gas in the surrounding discharge line improves the

action of the cooling system according to the invention, as compared to using parallel yet
separate lines.

Other favourable improvements and configurations can be derived from the subordinate
claims. The invention is advantageously developed by the fact that the coaxial conduit
formed by the supply line and discharge line is connected to the borehole by a coaxial
bushing. The supply line is in this case coaxially run through the bushing body and
projects into the borehole, while the bushing connects the discharge line with the borehole
and seals off the borehole to the outside. The coaxial line is held inside the bushing by a
fastening device set up on the side turned away from the tool. The coaxial bushing
according to the invention is advantageously configured in a cylindrical shape on the side
turned away from the tool. The cylindrical region may be provided with an external thread,
so as to allow the coaxial line to be frictionally fastened in the bushing by a box nut which
IS internally crossed by the coaxial line. The cylindrical region may on the other hand be
provided with an internal thread, so as to allow the coaxial line to be frictionally fastened in
the bushing by a hollow screw passed by the coaxial line. For a particularly advantageous
configuration of the bushing to route the coaxial line flush with the external surface of the
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tool, the outlet opening of the hollow screw turned away from the tool is to be conformed
In a bell shape, and the curved outer side of the bell is to have at least one point of attack
for a tool, so as to allow a torque to be applied to the hollow screw. Another favourable
development of the invention lies in the fact that the coaxial bushing is conformed in a
tubular manner extending over the side of the tool, the discharge line is connected to the
tubular region, the supply line projects into the tubular region and the free end of the
tubular region is tightly closed. This allows to both purposefully supply particularly deep
boreholes with a cooling medium, as well as in particular to cross the hollow spaces in the
tool, such as for instance by conduits for surface cooling or channeis for instrument leads.
In any arrangement, a multiple number of cooling points is a must for a cooling of the
tools. In order to supply them with a cooling medium, an extension of the invention
provides for a channel distributor with a first and a second channel, whose first channel is
connected through the supply line with the compressor outlet and whose second channel
Is connected through the discharge line with the compressor inlet, where the first channel
Is provided with a muitiple number of outlets and the second channel is provided with an
equal number of inlets, so that the internal lines of the coaxial conduits can be connected
to the outlets of the first channel, and the external lines of the coaxial conduits can be
connected to the inlets of the second channel. This extended invention is particularly
advantageous if the coaxial conduits are connected to the channels by coaxial bushings.
The connecting lines between the compressor and the channel distributor may be
conformed as single or parallel lines as well as a coaxial conduit. Apart from this it is
advantageous, in order to achieve an efficient heat removal, if at least one outlet of the
first channel and/or one inlet of the second channel is connected to the channel over a
throttle, so as to supply each expansion space with a precisely correct amount of cooling
medium. It is then particularly advantageous to connect each throttle to a controlling or
regulating device, so as to set up a cooling system in the fashion of a common-rail
system. lt is also part of the invention if the supply line and the discharge line are
conformed as single lines or double lines, if their connection occurs by using a parallel
bushing while passing the supply line through the bushing body and as deeply as possible
into the borehole, and if the passage through the bushing body connects the discharge
line with the borehole. At a number of cooling points in a tool, coaxial conduits, single and
double lines may also be suitably combined with each other.
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With the aid of drawings, the characteristics of the invention will be described in detail on

a preferred example of an embodiment. The drawings show, in:

Fig. 1 a functional diagram of a cooling system according to the invention;

Fig. 2 a simplified coaxial bushing;

Fig. 3 a coaxial bushing according to Fig. 2, with a box nut;

Fig. 4 a coaxial bushing according to Fig. 2, with a hollow screw;

Fig. 5 a coaxial bushing according to Fig. 2, in the form of a hollow screw with a
bell-shaped outlet opening;

Fig. 6 a coaxial bushing according to Fig. 5, with a tubular extension;

Fig. 7 a first embodiment of a channel distributor;

Fig. 8 a second embodiment of a channel distributor; and

Fig. 9 a parallel bushing according to the invention.

Fig. 1 shows a tool 4 with a multiple number of expansion boreholes 41 provided in the
same. The expansion boreholes 41 are in practice provided in projections, ribs and the
like, because these areas are to be cooled particularly well to achieve the quickest
possible cooling and therefore the shortest possible cycling times. The expansion
boreholes 41 are connected through coaxial bushings 1 to coaxial conduits 3, where the
internal supply lines 31 (see below) are projecting into the expansion boreholes 41 as far
as possible, while the outlets of the expansion boreholes 41 are connected to the external
discharge lines 32 (see below). The configuration of the coaxial bushings 1 is detailed
below. The coaxial conduits 3 are led to a channel distributor 6, as will be explained in the
following with reference to the Figures 7 and 8. The channel distributor 6 comprises a first
channel 61 connecting the internal supply lines 31 of the coaxial conduits 3, and a second
channel 62 connecting the external discharge lines 32 of the coaxial conduits 3, where the
connection of the coaxial conduits 3 advantageously occurs through coaxial bushings 1.
The first channel 61 forms a supply channel and the second channel 62 forms a discharge
channel. The supply channel 61 is connected to the outlet of a compressor 8 by a
pressurized line 71. The discharge channel is instead connected to the inlet of the

compressor 8 through a suction line 72. The cooling system closed in this manner
contains a suitable volume of cooling medium.
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Fig. 2 shows a coaxial bushing 1 according to the invention, which is tightly fastened to a
tool 4. The type of fastening occurs in this case in accordance with the conditions of the
tool 4, where the bushing 1 is in principle screwed into the tool 4 and a ring seal safely
seals off the expansion borehole 41 against the atmosphere. As the internal line of the

coaxial conduit 3 is passed through the bushing 1, the free end of the supply line 31
projects as far as possible into the expansion borehole 41. The expansion borehole 41
opens up into the discharge line 32 within the region encompassed by the ring seal 2.

Fig. 3 shows a coaxial bushing 1 according to the invention with a box nut 11 to hold the
coaxial conduit 3 inside the coaxial bushing 1. The box nut 11 is screwed over the
cylindrical region of coaxial bushing 1 that is turned away from the tool and provided with
an external thread, so that the coaxial conduit 3 formed by the internal supply line 31 and
the external discharge line 32 surrounding the latter is held inside the passage of the
bushing by friction. The bushing 1 is screwed into the expansion borehole 41 provided
inside the tool 4 in such a manner that the expansion borehole 41 is on one hand opening

up into the discharge line 32 and on the other hand sealed off against the outside by the

ring seal 2, while the supply line 31 is projecting as far as possible into the expansion
borehole 41. The ring seal 2 is fastened by a counter-nut screwed into the bushing body:.

Fig. 4 shows a coaxial bushing 1 according to the invention, with a hollow screw 12 to
hold the coaxial conduit 3 in the coaxial bushing 1. The hollow screw 12 is screwed into
the cylindrical region of the coaxial bushing 1 which is turned away from the tool and
provided with an internal thread, so that the coaxial conduit 3 is formed by the internal
supply line 31 and the discharge line 32 surrounding the latter and held inside the bushing
by friction. The bushing 1 is screwed into the expansion borehole 41 provided inside the
tool 4 so that the expansion borehole 41 is on one hand opening up into the discharge line
32, and on the other hand sealed to the outside by the ring seal 2, while the supply line 31

projects into the expansion borehole 41 as far as possible. The ring seal 2 is fixed by a
counter nut screwed into the bushing body.

Fig. 5 shows a coaxial bushing 1 according to the invention, in the form of a hollow screw
with a bell-shaped outlet opening 14 to hold the coaxial conduit 3. The hollow screw

bushing 1 is screwed into the expansion borehole 41 provided in the tool 4, so that the
expansion borehole 41 is on one hand opening up into the discharge line 32 and on the
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other hand sealed against the outside by the ring seal 2, while the supply line 31 projects
into the expansion borehole 41 as far as possible. The free side of the tool 4 is provided
with flow channels 42 in which the coaxial conduits 3 are arranged in a manner flush with
the surface. The expansion boreholes 41 are therefore opening up into a region 411 of a
larger diameter and provided with an internal thread, into which the hollow screw bushing
1 is screwed while also fixing the ring seal 2. The latter is in turn holding the coaxial
conduit 3 inside the bushing passage by friction. The curved side of the bell-shaped outlet
opening 14 is advantageously provided with at least one borehole 13 provided outside the
bushing axis, in which a suitably formed stud driver can engage so as to allow a torque to
be applied to screw the hollow screw bushing 1 in or out while still leaving the curved side
of the bell-shaped opening 14 smooth and provided with a suitable curving radius, and the
coaxial conduit 3 can be passed through the hollow screw bushing 1 without buckling.

Fig. 6 shows a hollow screw bushing 1 according to Fig. 5, where the coaxial conduit 3 on
the side of the tool is conformed as a tubular extension while the discharge line 32 is
connected to a tubular region 33, the supply line 31 projects inside the tubular region 33
and the free end of the tubular region 33 is tightly closed. This allows it to both
purposefully supply particularly deep expansion boreholes 41 with a cooling medium, and
In particular to also to cross the hollow spaces 42 inside the tool 4, such as for instance
flow tubes for surface cooling or channels for instrument leads.

Fig. 7 shows a channel distributor 6 provided with a multiple number of coaxial conduits 3
as well as a suction line 72 and a pressurized line 71. The coaxial conduits 3 are
connected, as to a tool, to the channel distributor 6 through coaxial bushings 1 according
to the invention. The channel distributor 6 consists of a supply channel 61 and a discharge
channel 62, where the supply lines 31 of the coaxial conduits 3 cross the discharge

channel 62 and open up into the supply channel 61, while the discharge lines 32 of the
coaxial conduits 3 are connected to the discharge channel 62.

Fig. 8 shows a channel distributor 6 provided with a multiple number of coaxial conduits 3
as well as a suction line 72 and a pressurized line 71. The coaxial conduits 3 are
connected, as to a tool, to the channel distributor 6 through coaxial bushings 1 according
to the invention. The channel distributor 6 consists of a supply channel 61 and a discharge
channel 62, where the supply lines 31 of the coaxial conduits 3 cross the discharge
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channel 62 and open up into the supply channel 61, while the discharge lines 32 of the
coaxial conduits 3 are connected to the discharge channel 62. In order to enable the
cooling medium supply to each expansion borehole to be optimized in time and/or in
volume in a manner befitting the conditions, the channel distributor 6 is equipped with
controlling or regulating devices, while the supply lines 31 are connected to the supply
channel 61 through throttles 63. The throttles 63 are in turn connected through an
appropriately designed control line system 64 to a regulator that processes for instance
the temperatures measured in the vicinity of the expansion boreholes and determines the
parameters of the tool, material and work piece as well as of the throttling positions so that
an optimum cooling of the tool 4 and of the work piece can reduce the cycling time without
adversely affecting quality.

Fig. 9 shows a parallel bushing 100 according to the invention, which is tightly fastened to
a tool 4. The type of fastening follows in this case the conditions of the tool 4, where In
principle the bushing 100 is screwed into the tool 4 and a ring seal 2 seals off the borehole
41 against the atmosphere. The free end of the supply line projects into the borehole 41
as far as possible. Within the region surrounded by the ring seal 2, the borehole 41 opens
up into the discharge opening 32, where as a difference from a coaxial bushing, the
discharge passage of the parallel bushing 100 surrounded by the ring seal 2 is laterally
enlarged with respect to the supply line 31. In their further path, the supply line 31 and the
discharge line 32 are advantageously configured in the form of a double conduit.

The characteristics of the invention outlined above, as well as its embodiments may be

combined in any manner, without thereby abandoning the framework of the invention.
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Patent Claims

1. Cooling system for tools of plastic processing machines, where the tool (4) is provided
with at least one borehole (41) supplied with a cooling medium through a first supply
line (71, 31) and the at least one borehole (41) opens up into a first discharge line (72,
32), characterized by the fact that the first supply line (71, 31) and the first discharge
line (72, 32) are combined in a coaxial conduit (3) that connects the at least one
borehole (41) with a channel distributor (6) where the first supply line (71, 31) is
arranged in an internal position and the first discharge line (72, 32) in a position
surrounding the first supply line (71, 31), the coaxial conduit (3) is connected to the at
least one borehole (41) through a first coaxial bushing (1), and the first supply line (31)
s coaxially passed through a bushing body of the first coaxial bushing (1) and projects
inside the at least one borehole (41), while the first coaxial bushing (1) connects the
first discharge line (32) with the at least one borehole (41) and seals off the at least one
borehole (41) to an outside of the tool, where the coaxial conduit (3) is held fast in the
first coaxial bushing (1) through a fastening device (11, 12) set up on a side of the first
coaxial bushing (1) turned away from the tool (4), a the channel distributor (6) is
provided with a first channel (61) and a second channel (62), the first channel (61) is
connected to a compressor outlet of a compressor (8) through a second supply line (71)
and the second channel (62) is connected to a compressor inlet of the compressor (8)
through a second discharge line (72), the first supply line (31) of the coaxial conduit (3)

IS connected to a channel outlet of the first channel (61), and the first discharge line

(32) of the coaxial conduit (3) is connected to a channel inlet of the second channel

(62) through at least one second coaxial bushing (1).

2. Cooling system according to claim 1, characterized by the fact that the first coaxial
bushing (1) conforms on the side turned away from the tool (4) in a cylindrical region
and the cylindrical region is provided with an external thread, so that the coaxial conduit
(3) can, through a box nut (11) internally crossed by the coaxial conduit (3), be

fastened in the first coaxial bushing (1) by friction.
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. Cooling system according to claim 1, characterized by the fact that the first coaxial
bushing (1) conforms, on the side turned away from the tool (4), in a cylindrical region
and the cylindrical region is provided with an internal thread, so that the coaxial conduit
(3) can, through a hollow screw (12) internally crossed by the coaxial conduit (3), be

fastened in the first coaxial bushing (1) by friction.

. Cooling system according to claim 3, characterized by the fact that the an outlet
opening (14) of the first coaxial bushing (1) turned away from the tool (4) is conformed
in a bell shape, and a curved side of the bell shape presents at least one point of attack

(13) for a work tool, so that a torque can be applied to the first coaxial bushing (1).

. Cooling system according to claim 1, characterized by the fact that the first coaxial
bushing (1) extends, on a tool side of the tool, in a tubular region (33), where the first
discharge line (32) is connected to the tubular region (33), the first supply line (31)

projects into the tubular region (33) and a free end of the tubular region (33) is closed.

. Cooling system according to claim 1, characterized by the fact that the tool is provided
with a multiple number of boreholes (41), the first channel (61) of the channel
distributor (6) has a multiple number of channel outlets, and the second channel (62)

has a number of channel inlets equal to the multiple number of channel outlets.

. Cooling system according to claim 6, characterized by the fact that at least one channel
outlet of the first channel (61) and at least one channel inlet of the second channel (62)

IS connected to the first or second channel, respectively, over a throttle (63).

. Cooling system according to claim 7, characterized by the fact that the throttle (63) is

connected to a controlling or regulating device.
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