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Description

[0001] The present invention relates to an injection
mold tool having an injection mold comprising an injector
mold plate having a first injector mold plate face and an
opposite second injector mold plate face, an ejector mold
plate having a first ejector mold plate face and an oppo-
site second ejector mold plate face, wherein the first in-
jector mold plate face faces towards the first ejector mold
plate face, and at least one tempering medium channel
that connects a tempering medium inlet of the injection
mold to a tempering medium outlet of the injection mold
for in turns circulating a heating medium and a cooling
medium during an injection molding cycle.

[0002] International patent application no.
W02013/126723 includes a discussion of conventional
cooling systems for injection molding machines. The
cooling system accelerates cooling of the molded parts
by circulating a cooling fluid through the mold, thereby
allowing the machine to complete more cycles in a given
amount of time, which increases production rates and
thus the total amount of molded parts produced. It is em-
phasized that these cooling systems add complexity and
costs to the injection molds, a.o. because of costly de-
signing of complex hole patterns, drilling long holes in
3D, manually plugging holes, many setups in different
directions, and because high hardness mold materials
are difficult to machine. Leakage of cooling fluid must not
take place during the injection molding cycle. So in order
that cooling fluid does not leak to the exterior of the mold
cooling channels are conventionally made by drilling
holes in the support plates, thus cooling channels are
straight and only a limited number of criss-crossing cool-
ing channels, optionally in several planes, are possible
within the thickness of a base plate or support plate for
an injection mold. Moreover, it is impossible to approxi-
mate the distance so that said distance is substantially
uniform to all mold cavities of an injection mold.

[0003] Accordingly, drilling of cooling channels through
the base plate or support plate is difficult, time consum-
ing, and expensive. Moreover, cooling channels can only
be drilled in a straight line, resulting in that critical
hotspots often remain out of reach of the cooling/heating
medium and therefore cannot be mitigated. These prac-
tical limitations in drilling cooling channels result in une-
qual cooling within the injection mold which has conse-
guences on the quality of the molded part. WO 97/31733
A1 discloses a compartment in which the water can flow
around the support pillar of the ejector pin. WO
2003/011550 discloses various mold assemblies having
a plurality of cooling lines machined in a support plate to
facilitate injection molding thin-walled parts without the
thinness of the flow channel cools the molten thermo-
plastic material before this material reaches the end of
the flow channel and fills the cavity completely. This
known injection mold has an integrated shell that is con-
structed of both a surface layer of the mold cavity with
low thermal mass and an insulation layer which is located
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on the surface of the reverse side of the surface layer
and comprises micro-channels or micro-holes. Heating
of the cavity surfaces during injection of thermoplastic
material takes place by induction heating, and subse-
quent cooling of the molded partis obtained by circulating
a cooling fluid through a cooling line installed in the mold
base or through the micro-channels constructed in the
insulation layer. To minimize risk of leakage of cooling
fluid the microholes and micro-channels are internal
bores, as in any other conventional injection mold, and
only a limited amount of cooling fluid can be circulated.
Itis proposed without any technical teaching and indica-
tion of means that heating also can take place through
the drilled bores by circulating a fluid at high temperature
through a cooling line or the micro-channels.

[0004] Insummary, in the conventional injection mold-
ing systems using cooling channels, such cooling chan-
nels are integral bores through which a minimum of cool-
ing fluid can pass at a limited speed to reduce potential
leakage. Thus, in such cases, although the conventional
cooling methods enable fast production compared to
conventional injection molding methods not applying ac-
tive cooling, the cooling process still needs to be made
more effective, e.g. to injection molding complex parts,
including thin parts, as well as for improving production
rates, minimize costs and deliver high quality.

[0005] There is thus still a need within the art of injec-
tion molding to get cheaper and simpler manufacturing
of the tempering arrangements for the injection mold, and
to optimize heat exchange between plastic material and
injection mold during a molding cycle to obtain short cycle
time, thus increased productivity, as well as molding plas-
tic products of high quality.

[0006] In afirst aspect according to the present inven-
tion is provided an injection mold of the kind mentioned
in the opening paragraph, which allows improved and
uniform heat dissipation and heat exchange between the
plastic material in a mold cavity and a tempering medium.
[0007] Ina second aspect according to the present in-
vention is provided an injection mold of the kind men-
tioned in the opening paragraph for injection molding
plastic parts of high quality and dimensional accuracy at
higher speed than conventional injection molding ma-
chines.

[0008] In athird aspectaccording to the presentinven-
tion is provided an injection mold of the kind mentioned
in the opening paragraph, in which thermal stress in the
mold is reduced.

[0009] In a fourth aspect according to the present in-
vention is provided an injection mold of the kind men-
tionedinthe opening paragraph, inwhich critical hotspots
are tempered effectively. In a fifth aspect according to
the present invention is provided an injection mold of the
kind mentioned in the opening paragraph, which is not
restricted for use in a particular injection molding machine
design or injection molding machine set up.

[0010] In an sixth aspect according to the present in-
vention is provided an injection mold for which the means
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for tempering the injection mold are simple to design and
operate, and can be manufactured simple, fast, and
cheap, without the need of specially made tools and
equipment.

[0011] In a seventh aspect according to the present
invention is provided an injection molding machine of the
kind mentioned in the opening paragraph, which can be
fitted with different injections molds of the invention while
using same exterior tempering system and tempering ar-
rangement.

[0012] In a eighth aspect according to the present in-
vention is provided an injection molding machine of the
kind mentioned inthe opening paragraph, which has heat
exchange properties between tempering medium and in-
jected material.

[0013] In an ninth aspect according to the present in-
vention is provided an injection molding machinery of the
kind mentioned in the opening paragraph, in which the
injection mold can be cooled and heated alternately dur-
ing an injection molding cycle.

[0014] The novel and unique whereby these and other
aspects are solved according to the present invention
consist in that the injection mold comprises

- at least one tempering medium channel that con-
nects a tempering medium inlet of the injection mold
to a tempering medium outlet of the injection mold,

- the atleast one tempering medium channel travers-
es an area of at least one of the second injector mold
plate face and/or the second ejector mold plate face
and defines a free opening in said respective mold
plate face along at least a length of the at least one
tempering medium channel,

- which free opening is arranged for first being closed
when the injection mold is fitted on the injection mold-
ing machine,

wherein the injection molding tool has

- afirst sealing plate which is sealingly securable to
the second injector mold plate face, and/or

- asecond sealing plate which is sealingly securable
to the second ejector mold plate face,

- afirst insulation plate which is disposed on the first
sealing plate facing the second injector mold plate
face, and/or

- asecond insulation plate which is disposed on the
second sealing plate facing the second ejector mold
plate face.

[0015] Within the context of the present invention the
term "injector mold plate" is the mold half from which
injection of molding material takes place, thus the "injec-
tor mold plate" is the "injector mold half' and these terms
shall be understood as being interchangeable.

[0016] Within the context of the present invention the
term "ejector mold plate" is the mold half from which ejec-
tion of a molded part takes place after sufficient solidifi-
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cation, thus the "ejector mold plate" is the "ejector mold
half" and these terms shall be understood as being in-
terchangeable.

[0017] The "ejector mold plate" is often called "the mold
core" and the injector mold plate called "the mold cavity".
In order that the conventional terms are not construed
as limiting the scope of the present invention to arrange-
ments of cores and cavities, the more general terms are
used throughout the present application. Thus it should
be understood that cavities and/or cores can be both in
the injector mold plate and in the ejector mold plate as
the tool designer finds expedient for a given injection
mold in a given injection molding process.

[0018] The injector mold half and the ejector mold half
together delimit the "one or more mold cavities" when the
injection mold is closed, thus when the second mold plate
faces forcibly contact.

[0019] The term "tempering medium" is used for a fluid
selected from gases or liquids suited to transport thermal
energy, such as to hold a selected temperature for a time
suitable to exchange thermal energy with at least the
injection mold material, e.g. to heat the injection mold
prior to and/or during injection of plastic material.
[0020] Thetempering medium circulatinginthe atleast
one tempering medium channel of the injection mold can
preferably be an oil, although other fluid tempering me-
dia, being liquids, such as water, or gases, also are con-
templated by the present invention. The suitable temper-
ing media are selected to have a heat capacity sufficient
to carry thermal energy to at least the mold cavities and
from at least the molded part, respectively, to manufac-
ture molded parts at high speed without compromising
physical and mechanical properties of the final molded
part. The skilled person is aware that tests and trials may
be needed to establish optimum process parameters for
a given injection molding task. The tempering medium
may be the same or different for heating and cooling, e.g.
an oil for heating and water for cooling. The tempering
medium may circulate in separate circuits for the injector
mold plate and the ejector mold plate, and may even be
different for these plates. Whether or not both the injector
mold plate and the ejector mold plate are tempered, in
which order, at which speed, the kind of tempering me-
dium channel are selected, etc. depend on the given task.
[0021] Thermoplastic materials are particularly suited
for being molded in the injection mold according to the
present invention. Thermosetting plastics are however
not excluded.

[0022] Theatleastonetempering mediumchannelac-
cording to the present invention has a lengthwise free
opening in a respective second mold plate face (i.e. the
plate backside) and a depth inside the respective mold
plate towards one or more cavities in a respective first
mold plate face (i.e. the plate front side) . This way, it is
possible to provide a tempering medium channel that al-
lows the tempering medium to get close to a mold cavity,
e.g. equally close to any curvature of a mold cavity, if this
is expedient. The free opening can as an example be
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made by simple, fast, and cheap milling, and the depth
of the tempering medium channel can be the same or
different along the flow path. It can e.g. be expedient to
make the at least one tempering medium channel with a
depth so that the distance between the at least one tem-
pering medium channel and an opposite mold cavity is
approximately the same at selected locations or at all
locations. This way good heat exchange can be obtained
at all locations of a mold cavity surface. Since the atleast
one tempering medium channel is made as an open fur-
row in a second mold plate face, and not as a closed bore
from a short edge of another support plate than the in-
jector mold plate or ejector mold plate, as in conventional
injection molds, the at least one tempering medium chan-
nel can traverse a respective plate face in any random
way, not just be composed of straight channels as in the
prior art injection molds. By making tempering medium
channels in both the injector mold plate and the ejector
mold plate tempering can be done from both mold halves,
thereby increasing molding cycle time and molding cycle
rate.

[0023] The art of making an injection mold has hitherto
aimed to defend structural integrity of the injection mold
and not to make the mold vulnerable to deformation upon
application of forces when opening and closing the injec-
tion mold, or during injecting plastic material. This aim is
met by not removing more solid material from the mold
halves than absolutely necessary, so the skilled conven-
tional injection mold halves maker is prejudiced from re-
moving mold material other than during milling of the mold
cavities. Cooling channels are therefore made by drilling
holes in cooling plates or support plates attached to the
mold halves. Also, conventional cooling is limited to be
made from the injection plate because insertion of extra
cooling plates in front of the ejector mold plate is impos-
sible due to the reciprocating ejector pins.

[0024] In an expedient embodiment the at least one
tempering medium channel may have a free opening
along the entire length of the at least one tempering me-
dium channel.

[0025] According to the present invention the free
opening is first closed when the injection mold is fitted
ontheinjection molding machine, so as to create aclosed
and efficient flow path for circulation of the tempering
medium, which flow path can, if convenient, be given a
much larger cross-sectional area than possible in con-
ventional cooling channels for injections molds. So very
large volumes of tempering medium can pass through
this novel at least one tempering medium channel, which
makes heat dissipation and cooling exceptionally fast
and effective.

[0026] As stated above the one or more mold cavities
may advantageously be delimited by the injector mold
plate and the ejector mold plate when the first injector
mold plate face and the first ejector mold plate face con-
tact eachotherinthe closed position of the injection mold.
To temper the one or more mold cavities the at least one
tempering medium channel advantageously defines a
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flow path, thatruns above said one or more mold cavities.
The one or more mold cavities may be defined by cavity
parts and/or halves in one or both of the contacting mold
plates. The tempering process can be achieved when
both the injector mold plate and the ejector mold plate
are provided with both tempering channels and mold cav-
ity parts in which case tempering can be done simulta-
neously and equally from both second faces. Cores and
cavities of the one or more mold cavities may be in one
or both of the injector mold plate and the ejector mold
plate. Tempering can be done irrespective of whether
the injection mold is open or closed, and one or both mold
plates can have tempering medium channels.

[0027] Because the at least one tempering medium
channel is made in a mold plate it can always be ensured
that heat exchange, cooling as well as heating, is opti-
mally adapted to and fits the best for specific plastic parts
to be molded. This is not the case using the standard
cooling of the conventional injection mold, wherein the
same drilled cooling bores in a separate plate, secured
to the injection mold, are used for cooling different mold
halves and different mold cavities.

[0028] In an expedient embodiment the at least one
tempering medium channel is a chicane, preferably a
continuous chicane, defining a flow path for circulation
of the tempering medium across a mold plate, which at
least one tempering medium channel defines a flow path
that is longer than

- thewidth oftherespective injector mold plate or ejec-
tor mold plate, and/or

- the height of the respective injector mold plate or
ejector mold plate, and/or

- any line from edge to edge or corner to corner of the
respective injector mold plate or ejector mold plate.

[0029] The chicane is a series of tight turns, legs, of
the tempering medium channel in opposite directions
compared to an otherwise straight stretch of a flow path
of the drilled bores of the conventional cooling channels.
The chicane provides a longer flow path across a plane
than a straight bore and traverses a much larger area of
a respective mold plate than possible with just straight
bores as cooling channels in extra base plates or support
plates, as used in conventional cooling systems for in-
jection molding machines. Time for heat exchange be-
tween a quantity of tempering medium, injected plastic
material in a mold cavity, and mold halves is prolonged
due to the extra length confer longer residence time,
thereby improving said heat exchange. The width of the
flow path, thus the width of the chicane, can also be made
wider than possible with straight drilled bores and be
made with different widths along the length of the at least
one tempering medium channel.

[0030] The tempering medium can be circulated
through the at least one tempering channel, i.e. through
the legs or turns of the chicane, optionally in response
to opening and closing one or more valves of a valve
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system.

[0031] The tempering medium channel may have an
inlet and an outlet positioned where appropriate, e.g. ter-
minating at an edge of a mold plate. The mold plate may
e.g. have a peripheral area without open tempering me-
dium channel to provide a rim for sealing and securing
to the remaining machinery and for accommodating a
tempering medium inlet and/or outlet.

[0032] In particular embodiments the second injector
mold plate face of the injector mold plate can have a first
peripheral area encircling at least one first tempering me-
dium channel and being provided with a first seal, and/or
the second ejector mold plate face can have a second
peripheral area encircling at least one second tempering
medium channel and being provided with a second seal.
These first seal and/or second seal serve to prevent leak-
age between the mold plate and a plate which are
clamped to the mold plate, injector mold plate or ejector
mold plate, to close the free opening of the associated
tempering medium channel to create the flow path for
the tempering medium.

[0033] Inorderto ejectthe molded cooled partthe ejec-
tor mold plate has a plurality of traverse passages for
ejector pins. A traverse passage for an ejector pin may
have a passage seal to prevent tempering medium from
penetrating into the one or more mold cavities, including
when ejection of a molded part takes place. A passage
seal may be of the kind that is able to contract or be
compressed to allow access and axial movement of a
reciprocating ejector pin, and to expand to completely fill
out and seal the entire diameter of a traverse passage
in the unfortunate event that an ejector pin is fully retract-
ed from the traverse opening. An ejector pin can extend
more or less into a traverse passage at any time to con-
tribute to sealing. Thus during injecting a shot of plastic
material, e.g. a thermoplastic, the free end of the injector
pin is nested in retracted position in proximity of the sur-
face of the molded part. Together with the passage seal
the diameter of the ejector pin sealingly plugs its corre-
sponding traverse opening. A passage seal encircles the
reciprocating ejector pin both when the ejector pin is
moved forward to eject the cooled molded plastic part
and when the ejector pin is retracted to prepare for a new
injection cycle.

[0034] When the thickness of the goods of the injector
mold plate or of the ejector mold plate between a mold
cavity and a tempering medium channel is small heat
dissipationrate is easierto control, e.g. to be substantially
the same at most of the mold cavity surface, or even at
almost the entire mold cavity surface, closest to the tem-
pering medium channel and tempering medium channel
walls. If the tempering medium channel walls have sub-
stantially the same thickness as the mold cavity walls,
the mold cavities can be heated and/or cooled similarly
from two sides, and heated and/or cooled twice as fast
as the mold cavity walls. Since the plates accommodating
the tempering medium channels can be tempered evenly
and to substantially same degree all over plate surface,
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heating up and/or cooling down the mold cavities are very
homogenous.

[0035] Theatleastonetempering mediumchannelcan
simply be obtained by machining from a respective sec-
ond mold plate face a solid injector mold plate or a solid
gjector mold plate, respecting the actual locations of the
one or more mold cavities. Roughing milling can e.g. be
used in a rapid and cheap action in one milling machine
set-up of a mold plate for creating one or more tempering
medium channels. The design of a tempering medium
channel can be tailored to the specific mold cavity of a
plastic part. Should a plastic part be made with sections
of higher thickness, that requires a different degree of
tempering than the remainder of the plastic part, equal
heat exchange can be obtained by proper selection dur-
ing machining of the depth of the at least one tempering
medium channel above the respective sections. For
some mold plates the one or more mold cavities and the
at least one tempering medium channel can be made
using same equipment for machining.

[0036] The thickness of the goods of the injector mold
plate or of the ejector mold plate between a cavity and a
tempering medium channel may vary.

[0037] For example in case that the at least one tem-
pering medium channel is obtained by machining a solid
mold plate as suggested above a thickness of the goods
of the mold plate between a cavity and a tempering me-
dium channel may be less than 20 mm or even less than
15 mm. Heat exchange can thus take place rapidly so
that production rate can be kept high without making a
compromise of high quality. In particular thin parts can
be cooled very uniformly by bringing the tempering me-
dium that close to the mold cavity, thereby minimizing
the number of potential hot-spots.

[0038] Alternatively, in case that the at least one tem-
pering medium channel is obtained by machining a mold
plate or mold half already having conventional straight
cooling bores said thickness may be about less than or
equal to 95% of the overall thickness of the respective
mold plate, optionally less. Although about only 5 % of
the overall thickness of the mold plate or mold half is
removed the possibility of the combined action of the ex-
isting conventional cooling line, optionally also used as
heating lines, together with the new surface tempering
medium channels speed up production rate by enabling
faster tempering of mold parts.

[0039] When the sealing plates are clamped to a re-
spective second mold plate face the at least one closed
tempering medium channel is formed to define the flow
path for circulation of the tempering medium, as occasion
requires, including circulation of cold tempering medium
for solidification of injected plastic material in order to
allow for ejection at the end of the injection cycle, and/or
circulation of hot tempering medium during injection of
the plastic material, and for preparing the mold plates for
a subsequent injection cycle.

[0040] In the injection molding tool according to the
present invention the first sealing plate can be the sta-
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tionary platen of an injection molding machine and/or the
second sealing plate can be the moveable platen of the
injection molding machine.

[0041] In an alternative embodiment of the injection
molding tool according to the present invention the first
sealing plate can include an extra first clamping plate
inserted between the stationary platen and the injector
mold plate. The second sealing plate can include an extra
second clamping plate inserted between the moveable
platen and the ejector mold plate. The clamping plates
are arranged towards the respective stationary and
moveable platens.

[0042] A first insulation plate is/are disposed on the
first sealing plate facing the second injector mold plate
face, and/or a second insulation plate is/are disposed on
the second sealing plate facing the second ejector mold
plate face. The insulation plates serve to keep control of
the direction of flow of thermal energy and to avoid un-
intended diversion and dissipation of thermal energy.
Thus an insulation plate may help keeping the heat from
a heated tempering medium directed towards a mold
plate.

[0043] The present invention further relates to an in-
jection molding machinery comprising the injection mold
defined above.

[0044] The injection molding machinery comprises

- at least one source of a tempering medium, and

- a circulation arrangement with a valve system for
controlling circulation of the tempering medium from
the at least one source of tempering medium via a
temperature adjusting system through the at least
one tempering medium channel of theinjection mold.

[0045] The present invention also relates to a method
of retrofitting the injection molding machinery defined
above by inserting the above defined injection mold and
connecting said injection mold to the circulation arrange-
ment and the source of tempering medium.

[0046] An injection molding machinery modified with
the inventive injection mold enables an operator to adapt
the injection mold to a new purpose or need without sub-
stantial efforts. The tempering medium channel of the
injection mold is simply emptied of tempering medium,
the injector mold plate and the ejector mold plate are
separated from the plate to which they are secured, the
new mold halves are mounted to these plates, and the
circulation of tempering medium is re-established. Injec-
tion molded objects obtained using the above described
injection mold are also claimed.

[0047] Inaparticularexpedientembodimentaccording
to the present invention the at least one tempering me-
dium channel of the injection mold defined above is used
for in turns circulating a heating medium and a cooling
medium during an injection molding cycle.

[0048] The inventive way of tempering an injection
mold as defined in the present invention can e.g. be uti-
lized in the method for injection molding plastic part(s)
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disclosed in applicants co-pending European patent ap-
plication no. 13191336.0, which method comprises the
steps of

(a) fitting an injection molding machine with the in-
jection mold according to the present invention,

(b) providing a feed of plastic material having a first
temperature within the processing window of the
plastic material,

(c) heating at least the one or more mold cavities to
a second temperature within the processing window
of the plastic material and maintaining the injection
mold in closed condition at said second temperature
by circulating through the at least one tempering me-
dium channel a tempering medium having a third
temperature,

(d) injecting plastic material having the first temper-
ature into the closed heated injection mold to fill the
one or more molding cavities,

(e) cooling at least the one or more mold cavities of
the filled closed injection mold to a fourth tempera-
ture below the first temperature until at least partly
solidification of the molded plastic part(s) inside the
injection mold by circulating through the at least one
tempering medium channel a tempering medium
having a fifth temperature,

(f) opening the injection mold by parting the injector
mold plate from the ejector mold plate,

(9) ejecting the at least partly solidified molded plas-
tic part(s) by actuation of ejector pins of the ejector
assembly, and

(h) repeating the cycle of steps (c) - (g) until the de-
sired number of plastic parts are produced.

[0049] In step (d) the injection of plastic material at the
first temperature can advantageously be made at an in-
jection pressure of less than 100 kg/cm?2, preferably less
than 80 kg/cm?2, more preferred less than 60 kg/icm?, and
even more preferred at an injection pressure of between
20-50kg/cm2. Any clamping force keeping the moveable
mold platen, and the stationary injection platen, together
while injecting, will easily keep the whole stack of plates,
seals, etc. of the present innovation, clamped together
in a thermal fluid-wise highly sealed relationship. In this
way the risk of leakage of tempering medium between
the second plate face and an opposite contacting plate,
irrespective of which plate is the opposite plate, will be
further reduced.

[0050] Within the context of the present application the
terms "processing window" or "processing window of a
plastic material" can be used interchangeably and are to
be understood as the temperature interval ranging from
onset of glass transition until the start of degradation of
the plastic material. The "processing window" or
"processing window of a plastic material" includes the
melting temperature of a plastic material and the glass
transition temperature interval. The "processing window"
or "processing window of a plastic material" differs from
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plastic material to plastic material, and providers and sup-
pliers of plastic material provide datasheets with infor-
mation of said "window".

[0051] The invention will be described below in further
details with reference to the drawing in which,

fig. 1 is a perspective exploded view of the plates
and components of an injection molding tool seen
from the first face of the ejector mold plate, oblique
from above,

fig. 2 is a perspective view of the injector mold plate
seen from the second mold face,

fig. 3 shows the same seen from the first mold face,

fig. 4 is a perspective view of the ejector mold plate
seen from the second mold face,

fig. 5 shows the same seen from the first mold face,
with exemplary cores protruding from the first face,
and a detachable core embedded in parallel to the
first face,

fig. 6 is a longitudinal sectional view taken along line
VI-Vlin fig. 2, and

fig. 7 is a perspective exploded view of the compo-
nents of an injection molding tool in a clamping unit
seen from the stationary platen, oblique from above.

[0052] The invention is described below by way of an
exemplary embodiment. Dimensions of plates, design
and number of mold cavities and corresponding cores,
design of tempering medium channels, including their
curvatures, lengths, depths, inlet point(s) and outlet
point(s), gates, etc., can vary, and the figures should not
be construed as limiting the present invention.

[0053] The ejector mold plate and the injector mold
plate may be tempered by each theirindividualtempering
channel and cycle, wherein the tempering medium cycles
from the outlet of a respective plate back to e.g. the tem-
pering medium source, which source are kept at a se-
lected temperature. Alternatively the tempering medium
channels of the plate can be in series or in parallel in the
same tempering cycle, so that both plates are worked
with tempering medium at the same time.

[0054] Fig. 1 is a perspective exploded view of the
plates of an exemplary tool 54 seen from the first face of
the ejector mold plate, oblique from the top. The injection
molding tool 54 is in fig. 1 illustrated purely for illustrative
purposes without ejector assembly, guide system, cou-
pling nuts or screws, injection means, such as nozzle,
and tempering system other than the tempering medium
channels, etc. Such means are conventional and well
known to the person skilled in the art of injection molding.
It should however be understood that such operating
means, fastening means, drive means, etc. are foreseen
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to operate the tool 54. In the shown embodiment both
the injector mold plate and the ejector mold plate have
tempering medium channels, however embodiments
wherein just one of the plates have tempering medium
channels are also foreseen. One plate may have one or
more separate tempering medium channels, in particular
in case of large plates, to reduce overall circulation time.

[0055] Theinjection mold 1 ofthe injection molding tool
54 includes an injector mold plate 2 and an ejector mold
plate 3.

[0056] Theinjector mold plate 2 has afirstinjector mold

plate face 4 and an opposite second injector mold plate
face 5. The ejector mold plate 3 has a first ejector mold
plate face 6 and an opposite second ejector mold plate
face 7. The first injector mold plate face 4 faces towards
the first ejector mold plate face 6, to as to define and
delimit mold cavities 8a,8b,8¢,8d when the injection mold
is in closed condition. The mold cavities 8a,8b,8¢,8d are
composed by the first mold cavities halves 8a’,8b’,8¢’
formed in the first injector mold plate face 4 of the injector
mold plate 2 and complementary second mold cavities
halves 8a" , 8b" , 8¢", 8d" (not visible in fig. 1) formed in
the first ejector mold plate face 6 of the ejector mold plate
3, as will be described later with references to figs. 3 and
5.

[0057] Asseen betterinfig. 2, the second injector mold
plate face 5 has a first peripheral area 9 with a first seal
10 encircling at least one first tempering medium channel
11.

[0058] The second ejector mold plate face 7 of the ejec-
tor mold plate 3 has a second peripheral area 12 with a
second seal 13 encircling at least one second tempering
medium channel 14.

[0059] The ejector mold plate 3 has a plurality of
traverse passages 15 for ejector pins (not shown), and
the traverse passages 15 for the ejector pins (not shown)
has passage seals 16 to prevent leakage of tempering
medium from the second tempering medium channel 14
when ejector pins reciprocate to eject a molded plastic
part.

[0060] A first sealing plate 17 is provided in relation to
the second injector mold plate face 5 of the injector mold
plate 2 to press the first seal 10 against said second in-
jector mold plate face 5, so as to further avoid leakage
of tempering medium via e.g. the first peripheral area 9.
A first insulation plate 18 is also secured to the second
injector mold plate face 5 of the injector mold plate 2,
sandwiching the first sealing plate 17 and the first seal
10 in-between.

[0061] In a similar manner a second sealing plate 19
is provided on the second ejector mold plate face 7 of
the ejector mold plate 3 to press the second seal 13 and
the passage seals 16 against said second ejector mold
plate face 7, so as to further avoid leakage of tempering
medium via e.g. the second peripheral area 12. The sec-
ond sealing plate 19, the second seal 13, and the pas-
sage seals 16 are sandwiched between a second insu-
lation plate 20 and the second ejector mold plate face 7
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of the ejector mold plate 3.

[0062] The second sealing plate 19 has a first set of
ejector pin holes 21 and the second insulation plate 20
has a second set of injector pin holes 22. The first set of
ejector pin holes 21, the second set of injector pin holes
22, and the traverse passages 15 of the ejector mold
plate 3 are axially aligned to allow the smooth recipro-
cating of the injector pins required to eject a molded plas-
tic part after cooling by means of a tempering medium.

[0063] The injector mold plate 2 has a first tempering
medium inlet 23 and a first tempering medium outlet 24
(not visible in fig. 1), both in communication with the first
tempering medium channel 11. The ejector mold plate 3
has a second tempering medium inlet 25 and a second
tempering medium outlet 26 (not visible in fig. 1), both in
communication with the second tempering medium
channel 14. Said inlets 23,25 and outlets 24,26 are in the
present embodiment provided in a short edge of the re-
spective plate 2,3 wherefrom inlets and outlets are easily
accessible. The location of inlets and outlets can be any
other appropriate place, including another edge. Inlets
and outlets are short holes in the solid edge of a plate
and the inlets and outlets are the only drilling that needs
to be made in a plate. Inlets and outlets open into the
respective first and second tempering medium channels
11,14, which prior to being mounted in the tool 54 are
open along their lengths.

[0064] The injector mold plate 2 has an injection gate
27 for entry, by injection, of melt of plastic material in the
closed injection mold 1. Also, the first sealing plate 17
has a first hole 28 and the insulation plate has a second
hole 29, which firsthole 28 and second hole 29 are axially
aligned/alignable with the injection gate 27 to provide for
unobstructed injection of melt of plastic material. First
(blind) mounting holes 35a,35b,35¢,35d (not visible in
fig. 1) are provided in each corner of the injector mold
plate 2 via its second injector mold plate face 5. The first
mounting holes 35a,35b,35¢,35d are aligned with sec-
ond through-going mounting holes 36a,36b,36¢,36d in
the corners of the first sealing plate 17 and with third
through-going mounting holes 37a,37b,37¢,37d in the
corners of the first insulation plate 18, which three sets
of aligned mounting holes are used to securely but de-
tachably clamp the injector mold plate 2, the first sealing
plate 17 and the first insulation plate 18 tight together
using suitable means such as bolts, e.g. screw bolts, see
fig. 7, to be able to operate the injection mold 1 as an
integral coherent tight unit.

[0065] In a similarly manner in each corner the ejector
mold plate 3 has fourth (blind) mounting holes
38a,38b,38¢,38d via its second ejector mold plate face
7. The fourth mounting holes 38a,38b,38¢,38d are
aligned with fifth through-going mounting holes
393,39b,39¢,39d in the corners of the second sealing
plate 19 and with sixth through-going mounting holes
40a,40b,40c,40d in the corners of the second insulation
plate 20.

[0066] The injection gate 27 communicates with the
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mold cavities 8a,8b,8¢,8d defined by mold cavities halves
8a’, 8b’, 8¢’, 8d’; 8a", 8b", 8c", 8d" via runners, as will
be explained further with reference to fig. 5.

[0067] The first insulation plate 18 and the second in-
sulation plate 20 help to control dissipation of thermal
energy and prevent thermal energy from passing into an
stationary platen or the moveable platen of the injection
molding machine, respectively. Bars, return rods, and
holes for same, etc., needed for the opening and closing
of the injection mold during a cycle, e.g. are as for con-
ventional injection molds and injection molding tools, and
will be briefly discussed later in relation to fig. 7.

[0068] The inventive designs of the injector mold plate
2 and the ejector mold plate 3 will now be described in
greater detail below.

[0069] In fig. 2 the injector mold plate 2 is seen from
the second injector mold plate face 5 and oblique from
the short edge having the first tempering medium outlet
24. The first tempering medium channel 11 has a first
free opening 30 along its length that defines the flow path,
a zig-zag chicane, encircled by the first seal 10, shown
in fig. 1. The first peripheral area 9 that encircles the first
tempering medium channel 11 and the first seal 10 has
afirst recess 31 forreceiving the first seal 10 to keep this
first seal 10 in fixed position when the first sealing plate
17 and the first insulation plate 18 are assembled with
the injector mold plate 2 to close the first free opening 30
and create the closed first tempering medium channel
11 for circulation of a hot or cold tempering medium from
a source of first tempering medium, said first tempering
medium being the same or different for cooling or heating
respectively.

[0070] The first tempering medium is supplied to the
injector mold plate 2 via the first tempering medium inlet
23, as indicated by the arrow A. Then the first tempering
medium flows, as indicated by the arrows B1, B2, B3,
B4, B5, B6, B7, B8, along the curvature of the adjacent
first leg 11a, second leg 11b, third leg 11c, fourth leg 11d,
fifth leg 11e, sixth leg 11f, and seventh 11g of the zig-
zag chicane of the first tempering medium channel 11
above the one or more mold cavities 8a’8b’,8¢’ until the
first tempering medium exists via the first tempering me-
dium outlet 24, as indicated by arrow C, and reverts to
the relevant source for heat exchange and/or tempering
before taking part in a subsequent tempering cycle. The
first tempering medium is, due to the design, including
curvature, length and different depths in view of position
of mold cavities of the first tempering medium channel
11, able to sweep a very large area of the injector mold
plate 2 in proximity to the one or more mold cavities 8a’ ,
8b’ 8¢’ seen in fig. 3. This sweeping is impossible with
just conventional straight bores, such as drilled holes, as
cooling channels. Residence time of the first tempering
medium in the first tempering medium channel 11 is eas-
ily adjusted, e.g. by controlling the speed, start and stop
regime, or other alternatives. Due to the large area being
swept above the melt inside the mold cavities heat ex-
change by means of the first tempering medium is fast
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and effective and substantially uniform. Just a few cycles
of first tempering medium may even suffice for one in-
jection molding cycle. This way the injector mold plate 2
has been given a unique and versatile, easily adjustable
tempering system of its own.

[0071] The injection mold 1 is preferably kept heated
by a tempering medium during injection, and cooled by
a tempering medium prior to and at least until beginning
of opening the injection mold 1 for ejection of the molded
part (not shown). Alternate heating and cooling of each
or both the injector mold plate 2 and the ejector mold
plate 3 need not take place simultaneously although this
may often be the case. E.g. as soon as the injector mold
plate 2 and the ejector mold plate 3 are parted to initiate
ejection of the cooled molded part, heating of the injector
mold plate can start anew to prepare the injector mold
plate 2 for the next molding cycle. Avoidance of prema-
ture solidification of melt is easily contemplated due to
tempering medium flowing through the tempering medi-
um channels, which facilitates running of low viscosity
melt to completely fill the one or more mold cavities of
the closed mold. The affordable rapid thermal manage-
ment according to the present invention of mold plates
and mold cavities facilitates cooling and heating of both
the injector mold plate 2 and the ejector mold plate 3 so
as to easier adapt and follow an empirical thermal man-
agement scheme and/oratime schedule established the-
oretically or established just by doing tests and ftrials to
obtain molded plastic parts of high quality. The thermal
cyclinginaccordance with the presentinvention also sup-
ports and improves the alternate cooling and heating to
perfect molded plastic parts, such as thin molded plastic
parts, e.g. molded plastic parts having wall thickness of
less than 1 mm, or enabling complicated molded plastic
parts, which would have been almost impossible to make
in a cost-efficient manner with conventional injection
molding.

[0072] Fig. 3 shows the injector mold plate 2 from the
first injector mold plate face 4, with the first tempering
medium outlet 24 located in bottom left corner.

[0073] Two rectangular depressions 8a’,8b’ are pro-
vided, e.g. by machining, in the first injector mold plate
face 4 of the injector mold plate 2 to serve as first mold
cavities halves 8a’,8b’. A third depression 8¢’ is provided
as yet a first mold cavity half 8¢’ and serves for inserting
a detachable separate tool core 32 from the side of the
injector mold plate 2 to create a mold part with a long
traverse hole. In the situation shown in fig. 3 the tool core
32 is not yet positioned in its respective section of the
mold cavity 8¢’ and reference number 32 is merely used
to indicate the intended position of the core.

[0074] Fig. 4 shows the ejector mold plate 3 seen from
the second ejector mold plate face 7 and oblique from
the short edge having the second tempering medium out-
let 26. The second tempering medium channel 14 has a
second free opening 33 along its length that defines the
flow path, a zig-zag chicane, encircled by the second
seal 13 shown in fig. 1. The second peripheral area 12
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that encircles the second tempering medium channel 14
has a second recess 34 for receiving the second seal 13
to keep this second seal 13 in fixed position when the
second sealing plate 19 and the second insulation plate
20 are assembled with the ejector mold plate 3 to close
the second free opening 33 and create a closed second
tempering medium channel 14 for circulation of a hot or
cold tempering medium from a source of second temper-
ing medium, said second tempering medium being same
or different from the first tempering medium, and said
second tempering medium being the same or different
for cooling or heating, respectively.

[0075] The second tempering medium channel 14 is,
as the first tempering medium channel 11, designed to
allow flow of tempering medium through the adjacent legs
of the chicane between the second tempering medium
inlet 25, as indicated by arrow C’, and the second tem-
pering medium outlet 26, as indicated by arrow A’, thus
along the path from the second tempering medium inlet
25 via an eighth leg 14a, a ninth leg 14b, a tenth leg 14c,
an eleventh leg 14d, a twelfth leg 14e, a thirteenth leg
14f and a fourteenth leg 14g of the chicane, as indicated
by subsequent arrows, B1’, B2’, B3’, B4, B, B6’, B7’,
B8’. The plurality of traverse passages 15 for ejector pins
are provided in the goods of the ejector mold plate 3
between the eighth leg 14a, the ninth leg 14b, the tenth
leg 14c, the eleventh leg 14d, the twelfth leg 14e, the
thirteenth leg 14f and the fourteenth leg 14g of the chi-
cane. Each traverse passage 15 is encircled by a recess
41 in the second ejector mold plate face 7 of the ejector
mold plate 3 to create a suitable shaped space and bed
for a corresponding passage seal 16, such as an 0-ring,
so that when the ejector pins (not shown) reciprocate no
leakage of thermal fluid occurs. The recess 41 extends
from the second ejector mold plate face 7 of the ejector
mold plate 3 a smalldistance inside the ejector mold plate
3.

[0076] Fig. 5 shows the ejector mold plate 3 from the
first ejector mold plate face 6 to illustrate the different
second mold cavity halves 8a", 8b", 8¢", 8d". A runner
system 42, e.g. arunner system heated by using just the
second tempering medium channel 14 and/or induction
heating, connects mold cavities 8a,8b,8¢,8d with a noz-
zle (not shown) at the injection gate 27,shown in fig. 2 to
distribute a melt, e.g. hot thermoplastic material, fast to
the injection mold 1. Preferably the injection mold 1 is in
a heated stage, in accordance with applicant’'s method
as described in European patent application no.
13191336.0. Second mold cavity halves 8a" and 8b" are
the protruding cores, thus patrices, for mating with op-
posite cavities, thus matrices, in form of the first mold
cavity halves 8a’ and 8b’ to create a molded plastic part
having a three-dimensional shape defined by the gap
between said patrix and said matrix when the injection
mold is closed.

[0077] The benefits of using the injection mold 1 with
the unique tempering system for e.g. molding thermo-
plastic parts are a.0. mold parts with no visible floating
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lines, no meeting lines in the mold parts behind tool cores,
no tension in plastic parts, possibility to make extremely
thin walls, free choice of where to place in-molding (in-
jection) point, possibility to have long thin tool cores with
only one endfixation (or two), centreline-asymmetric cav-
ities possible without gasping/leaking tools, possibility to
have off-centre or adjustable injection gate in injection
mold, circular tube-formed parts will be circular whereas
infallibly all tube-formed parts will be partly oval in con-
ventional injection molding, box-shaped plastic mold
parts will not have their walls shrink-bending inwards to-
wards the centre of the box, and equal shrink fraction in
all directions, i.e. isotropic shrinking.

[0078] Iftheinjection mold 1 according to the invention,
thus with the novel design of tempering channels, tem-
pering system and tempering method, is used in the
method of European patent application no. 13191336.0
it is possible to make the injection molding tool, in par-
ticular the injection mold, much smaller than conventional
injection molds and injection molding tools, with the im-
mediate benefit that costs typically can be justabout50%
of these. Moreover plastic raw material is not wasted like
in conventional injection molding, thus it is estimated that
20% less plastic material is used.

[0079] Compared to conventional injection molds the
injection mold according to the presentinvention is small-
er, lighter, requires low power and minimum locking
force, thus making the injection mold typically 70%
cheaper in operation. Nor is there a need for rapid and
high-pressure forced injection.

[0080] Fig. 6 is a section taken along line VI-VI in fig.
2. Thefirsttempering medium channel 11 has seven sub-
stantially parallel legs 11a, 11b, 11c, 11d, 11e, 11f, 11g.
Afirstleg 11ais in communication with the first tempering
medium inlet 23 for the first tempering medium and pass-
es via the subsequent second leg 11b, the third leg 11c,
the fourth leg 11d, the fifth leg 11e, the sixth leg 11f, and
the seventh leg 11g out via the first tempering medium
outlet 24. During its passing of the legs the first tempering
medium exchanges thermal energy with the material of
the injector mold 1 and with the plastic material of the
plastic parts inside the one or more cavities. As is clear
from the sectional view of fig. 6 the second cavity 8b’ is
tempered by tempering medium passing through the first
leg 11a, the second leg 11b and the third leg 11c of the
first tempering medium channel 11. The firstleg 11a, the
second leg 11b and the third leg 11c of the first tempering
medium channel 11 have a different depth, in the present
case a smaller depth, because of the depth of the cavity
8a’, than the fourth leg 11d, the fifth leg 11e, the sixth leg
11f, and the seventh leg 11g, so that the distance the
thermal energy must traverse during heat exchange be-
tween first tempering medium and plastic material inside
a cavity approximates each other, to any extent possible.
[0081] Thus the distance between the bottom of a tem-
pering medium channel 11,14 and the bottom of a mold
cavity can to a much higher degree than for conventional
injection molds be kept substantially similar across the
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faces of the injector mold plate or ejector mold plate.
[0082] E.g.in case thefirsttempering medium channel
11 simply was a hole drilled from the first tempering me-
dium inlet 23 or the tempering medium outlet 24 parallel
to the second injector mold plate face 5, such a drilled
hole cannot be made closer to the first injector mold plate
face 4 than the cavities allow, because such a conven-
tional hole must simply notopen into a cavity. So thermal
energy flux is extremely different from cavity to cavity in
conventional injection molds whereas the depth of the
first tempering medium channel 11 according to the
presentinvention can be controlled and selected depend-
ing on the three dimensional shape and area of the sub-
jacent cavity, nor need the first tempering medium chan-
nel 11 be straight, but can follow a path particular selected
and suited for a particular task and tempering process.
As is evident for the person skilled in the art these above
advantages applies for the ejector mold plate 3 as well.
[0083] Fig. 7 shows the injection molding tool 54, in-
cluding the above described first insulation plate 18, the
first sealing plate 17, the first seal 10, the injector mold
plate 2, the ejector mold plate 3, the second seal 13 with
the passage seals 16, the second sealing plate 19, and
the second insulation plate 20, in a clamping unit 60 with
an ejector assembly 61.

[0084] The injector mold plate 2 is the front half of the
injection mold 1 to be secured to a stationary platen 43.
The injector mold plate 2 aligns with a nozzle of an injec-
tion molding machine (not shown). The ejector mold plate
3 is the opposite rear half of the injection mold 1 to be
secured to a moveable platen 44 and operatively con-
nected to the ejector assembly 61.

[0085] The injector mold plate 2, the first sealing plate
17 and the first insulation plate 18 are secured to the
stationary platen 43 by means of a set of first screws
47a,47b,47¢,47d through aligned respective first mount-
ing holes 35a,35b,35¢,35d of the injector mold plate 2,
the second mounting holes 36a,36b,36¢,36d of the first
sealing plate 17, the third mounting holes
37a,37b,37¢,37d of the first insulation plate 18, and first
corner coupling holes 45a,45b,45¢,45d of the stationary
platen 43. This way it is ensured that these plates 2,17,18
and the stationary platen 43 are sufficiently firmly secured
to each other to avoid detachment when subjected to an
injection molding cycle and when subjected to the forces
resulting from opening and closing of the injection mold
1, as well as to ensure leak-tight closing of the first tem-
pering channel 11.

[0086] A set of  hollow coupling sleeves
46a,46b,46¢,46d has one end mounted in first sleeve
coupling holes 48a,48b,48¢,48d provided in the corners
of the injector mold plate 2 and serves for coupling with
male coupling plugs 49a,49b,49¢,49d of which one end
is inserted in first plug coupling holes 50a,50b,50¢,50d
provided in the corners of the ejector mold plate 3. The
opposite respective ends of the hollow coupling sleeves
46a,46b,46¢,46d are mounted through aligned second
sleeve coupling holes 51a, 51b, 51c, 51d in the first seal-
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ing plate 17 and further through aligned third sleeve cou-
pling holes 52a,52b,52¢,52d of the first insulation plate
18 and fourth sleeve coupling holes 53a,53b,53¢,53d of
the stationary platen 43.

[0087] The hollow coupling sleeves 46a,46b,46¢,46d
engage with long ends 55a,55b,55¢,55d of the male cou-
pling plugs 49a,49b,49¢c49d to keep the injection mold 1
securely closed while the melted plastic material, that is
injected by a nozzle (not shown) through an injection
sprue bushing 56 of an injection gate 57 of the injector
mold plate 2, subsequently cools. The injection sprue
bushing 56 is kept secured in the injection gate by means
of a locking and tightening ring 58.

[0088] In asimilar manner the ejector mold plate 3, the
second sealing plate 19 and the second insulation plate
20 are secured to a moveable plate 63 by means of a set
of long second screws 59a,59b,59¢,59d passing through
second corner coupling holes 62a,62b,62¢,62d of the
moveable platen 44, and further through seventh mount-
ing holes 67a,67b,67¢,67d of the movable plate 63, the
sixth mounting holes 40a,40b,40¢,40d of the second in-
sulation plate 20, the fifth mounting holes
39a,39b,39c¢,39d of the second sealing plate 19, and the
fourth mounting holes 38a,38b,38¢,38d of the ejector
mold plate 3 to make sure thatthese plates and the move-
able platen 44 are sufficiently firmly secured to each other
to avoid detachmentwhen subjected to an injection mold-
ing cycle, and thus to forces resulting from opening and
closing the injection mold 1, as well as to ensure leak-
tight closing of the second tempering channel 14.
[0089] The moveable plate 63 is secured to the second
insulation plate 20 on the one side and to the ejector
assembly 61 on the other side to provide for operation
of said ejector assembly in relation to the injection mold 1.
[0090] The long ends 55a,55b,55¢,55d of the male
coupling plugs 49a,49b,49¢,49d protrude past the first
plug coupling holes 50a,50b,50¢,50d of the ejector mold
plate 3 to engage inside the hollow coupling sleeves
46a,46b,46¢,46d. The opposite short end of the male
coupling plugs 49a,49b,49¢,49d are secured in second
plug coupling holes 64a,64b,64c,64d of the second seal-
ing plate 19, aligned third plug coupling holes
65a,65b,65¢,65d of the second insulation plate 20, and
aligned fourth plug coupling holes 66a,66b,66¢,66d of
the moveable plate 63. The moveable plate 63 is also
secured to the second insulation plate 20, the second
sealing plate 19 and the ejector mold plate 3 by means
of the long second screws 59a,59b,59¢,59d which pass-
es through the seventh mounting holes 67a,67b,67¢,67d
aligned with corresponding mounting holes in the respec-
tive second insulation plate 20, the second sealing plate
19 and the ejector mold plate 3.

[0091] When the clamping unit 60 separates the injec-
tor mold plate 2 and the ejector mold plate 3, the ejector
assembly 61 provided between the moveable platen 44
and the second insulation plate 19 is actuated to eject a
solidified plastic part after circulation of a tempering me-
dium at a selected temperature through the first temper-
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ing medium channel 11 and/or the second tempering me-
dium channel 14.

[0092] The ejectorassembly is conventionaland is on-
ly described in general terms below.

[0093] Bars 68a,68b,68c,68d at the corners of the
moveable platen 44 push a first ejector assembly plate
69 forward inside an ejector box 70. The injector box 70
includes two opposite distance blocks 71a, 71b and a
second ejector assembly plate 72 facing towards the
moveable plate 63. Pushing the first ejector assembly
plate 69 actuates pushing of ejector pins 73 towards the
molded part so that the ejector pins 73 can push the so-
lidified plastic part out of an open mold cavity located
behind the ejector pins 73. The injector pins are provided
in a number and a density dictated to eject the solidified
plastic part without its deformation and without leaving
noticeable ejector pin mark.

[0094] The bars 68a,68b,68¢,68d pass through first
gjector bar holes 74a,74b,74c,74d of the moveable plat-
en 44 and through through-passages 75a,75b,75c,75d
in opposite distance blocks 71a, 71b and into the fourth
plug coupling holes 66a,66b,66¢,66d at the corners of
the moveable plate 63.

[0095] By means of the injection mold 1 according to
the present invention it has been made possible to mold
plastic parts having complex shapes and fine details. Due
to the unique design of the tempering channels, temper-
ing, thus alternate heating and cooling of the injection
mold during an injection cycle, can be controlled in the
best possible way for many different cavities of same
injection mold. This way physical properties of the final
plastic parts are good.

[0096] The plastic parts obtained by the injection mold,
including but not limited to using the method disclosed
in applicant’s above-mentioned co-pending European
patentapplication no. 13191336.0, have superior surface
finish and extremely high dimensional accuracy.

[0097] The thermal management properties made
possible by the presentinvention during injection molding
are highly improved. Emphasize is made thatthe present
invention is not limited to the tempering method de-
scribed in European patent application no. 13191336.0,
but can be implemented in any injection molding ma-
chine. Since heat exchange is much more uniform for
every section of a plastic part than for conventional in-
jection molds, the plastic parts have substantially similar
good physical properties across the entire plastic part
unit. Production rate is high and tooling and equipment
costs are low, in particular because the injection molds
can be made smaller than conventional injection molds
because the melt can be fed to a heated injection mold.
[0098] Preferably, the temperatures of the meltand the
injection mold are kept along the temperature regime set
out in European patent application no. 13191336.0, but
this is indeed not mandatory. The present invention is
suited for any simple or complex temperature regime, as
well as the invention according to European patent ap-
plication no. 13191336.0 is not bound by or limited to the
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present invention, but the thermal management chan-
nels, thus the tempering medium channels, contribute to
making the separate innovation of thermal cycling tech-
nology of European patent application no. 13191336.0
even simpler, cheaper, and better.

[0099] Thetempering medium channelsofamold plate
according to the present invention can be made as com-
plex or simple as needed for a certain molding task. De-
signing the tempering medium channels s typically made
based on the locations of the one or more mold cavities.
Thus design of tempering medium channels does not
take much time, can be made fast, at low costs, and by
using simple, easily accessible equipment, based on
knowledge of the mold cavities.

[0100] It should be understood that the present inven-
tion can be implemented in conventional molding, and
the presentinvention is not limited to any specific thermal
cycling technology. The tempering medium channels
may even be made in an existing mold plate already pro-
vided with drilled holes for cooling purposes. Subse-
quently such redesigned mold plate can simply be fitted
into the injection molding tool, thus coupled to a sealing
plate and seal, as well as the valve system for cycling
the tempering medium

Claims

1. Aninjection molding tool (54) for an injection molding
machine, which injection molding tool (54) has an
injection mold (1) that comprises

- an injector mold plate (2) having a first injector
mold plate face (4) and an opposite second in-
jector mold plate face (5),

- an ejector mold plate (3) having a first ejector
mold plate face (6) and an opposite second ejec-
tor mold plate face (7),

- the first injector mold plate face (4) faces to-
wards the first ejector mold plate face (6),
-atleastonetempering medium channel(11;14)
that connects a tempering medium inlet (23;25)
of the injection mold (1) to a tempering medium
outlet (24;26) of the injection mold (1) for in turns
circulating a heating medium and a cooling me-
dium during an injection molding cycle,

characterised in that

- the at least one tempering medium channel
(11;14) is a chicane of a series of tight turns that
traverses an area of at least one of the second
injector mold plate (5) face and the second ejec-
tor mold plate face (7) and defines afree opening
(30;33) in said respective second mold plate
face (5; 7) along at least a length of the at least
one tempering medium channel (11;14),

- which free opening is arranged for first being
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closed when the injection mold is fitted on the
injection molding machine,

wherein the injection molding tool (54) has

- a first sealing plate (17) which is sealingly se-
curable to the second injector mold plate face
(5), and

- a second sealing plate (19) which is sealingly
securable to the second ejector mold plate face
(7,

- a first insulation plate (18) which is disposed
on the first sealing plate (17) facing the second
injector mold plate face (5), and

- a second insulation plate (20) which is dis-
posed on the second sealing plate (19) facing
the second ejector mold plate face (7).

2. An injection molding tool (54) according to claim 1,

characterised in that the at least one tempering
medium channel (11;14) defines a flow path, that
runs above one or more of the one or more mold
cavities (8a,8b,8¢,8d).

3. Aninjection molding tool (54) according to any of the
claims 1 or 2, characterised in that the at leastone
tempering medium channel (11;14) has a free open-
ing (30;33) along the entire length.

4. Aninjection molding tool (54) according to any of the

preceding claims 1, 2 or 3, characterised in that
the chicane preferably is a continuous chicane de-
fining a flow path for circulation of the tempering me-
dium across the respective mold plate (2;3), which
at least one tempering medium channel (11;14) de-
fines a flow path that is longer than

- the width of the respective injector mold plate
(2) or ejector mold plate (3), and/or

- the height of the respective injector mold plate
(2) or ejector mold plate (3), and/or

- any line from edge to edge or corner to corner
ofthe respective injector mold plate (2) or ejector
mold plate (3) .

5. Aninjection molding tool (54) according to any of the
preceding claims 1 - 4, characterised in that

- the second injector mold plate face (5) of the
injector mold plate (2) has a first peripheral area
(9) encircling atleast one first tempering medium
channel (11) and optionally being provided with
a first seal (10), and/or

- the second ejector mold plate face (7) of the
ejector mold plate (3) has a second peripheral
area (12) encircling at least one second temper-
ing medium channel (14) and optionally being
provided with a second seal (13) .
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An injection molding tool (54) according to any of the
preceding claims 1 - 5, characterised in that the
ejector mold plate (3) has a plurality of traverse pas-
sages (15) for ejector pins (88), and a traverse pas-
sage (15) for an ejector pin (88) has a passage seal
(16).

An injection molding tool (54) according to any of the
preceding claims 1 - 6, characterised in that the at
least one tempering medium channel (11;14) is ob-
tained by machining a solid injector mold plate or a
solid ejector mold plate.

An injection molding tool (54) according to any of the
preceding claims 1 - 7, characterised in that

- in case the at least one tempering medium
channel(11;14)is obtained by machining a solid
mold plate (2;3) a thickness of the goods of the
mold plate (2;3) between a cavity and a temper-
ing medium channel is less than 20 mm, option-
ally less than 15 mm,

alternatively,

- in case the at least one tempering medium
channel (11;14)is obtained by machining a mold
plate or mold half already having conventional
straight cooling bores said thickness is less than
or equal to 95% of the overall thickness of the
respective mold plate, optionally less.

An injection molding tool (54) according to any of the
preceding claims 1 - 8, characterised in that the
first sealing plate (17) is a stationary platen (43) of
an injection molding machine and/or the second
sealing plate (19) is a moveable platen (44) of the
injection molding machine.

An injection molding machinery comprising an injec-
tion molding tool (54) according to any of the claims
1-9,

characterised in that the injection molding machin-
ery comprises

- atleastone source of atempering medium, and
- a circulation arrangement with a valve system
for controlling circulation of the tempering me-
dium from the at least one source of a tempering
medium via a temperature adjusting system
through the at least one tempering medium
channel (11;14) of the injection mold (1) .

A method of retrofitting an injection molding machin-
ery according to claim 10 by inserting the injection
molding tool (54) according to any of the preceding
claims 1 - 9 and connecting said injection mold (1)
to the circulation arrangement and the source of tem-
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pering medium.

Patentanspriiche

SpritzgieRwerkzeug (54) fur eine SpritzgieRmaschi-
ne, welches SpritzgieBwerkzeug (54) eine Spritz-
gieRkokille (1) aufweist, die

- eine SpritzgielRkokillenplatte (2), die eine erste
SpritzgieRkokillenplattenflache (4) und eine ent-
gegengesetzte zweite SpritzgieRkokillenplat-
tenflache (5) aufweist,

- eine Auswerfkokillenplatte (3), die eine erste
Auswerfkokillenplattenflache (6) und eine ent-
gegengesetzte zweite Auswerfkokillenplatten-
flache (7) aufweist,

- wobeidie erste SpritzgieRkokillenplattenflache
(4) in Richtung auf die erste Auswerfkokillenplat-
te (6) weist,

-wenigstens einen Temperiermediumkanal (11;
14), der einen Temperiermediumeinlass (23;
25) der SpritzgieRkokille (1) mit einem Tempe-
riermediumauslass (24; 26) der SpritzgieRkokil-
le (1) verbindet, um ein Heizmedium und ein
Kihimedium wahrend eines SpritzgieRzyklus in
Windungen zu zirkulieren,

umfasst,
dadurch gekennzeichnet, dass

- der wenigstens eine Temperiermediumkanal
(11; 14) eine Schikane einer Reihe von engen
Windungen ist, die einen Bereich zumindest ei-
ner der zweiten SpritzgieRkokillenplattenflache
(5) und der zweiten Auswerfkokillenplattenfla-
che (7) durchlauft und eine freie Offnung (30;
33) in besagter entsprechender zweiter Kokil-
lenplattenflache (5; 7) entlang wenigstens einer
Lange des wenigstens einen Temperiermedi-
umkanals (11; 14) ausbildet,

- welche freie Offnung ausgebildet ist, um erst
geschlossen zu werden, wenn die SpritzgieRko-
kille in die SpritzgieRmaschine eingepasst ist;

wobei das SpritzgielRwerkzeug (54)

- eine erste Dichtplatte (17), die dichtend an der
zweiten SpritzgieRkokillenplattenflache (5) fi-
Xierbar ist, und

- eine zweite Dichtplatte (19), welche dichtend
an der zweiten Auswerfkokillenplattenflache (7)
fixierbar ist,

- eine erste Isolierungsplatte (18), welche auf
der ersten Dichtplatte (17) in Richtung der zwei-
ten SpritzgieRkokillenplattenflache (5) weisend
angeordnet ist, und

- eine zweite Isolierungsplatte (20), welche auf
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der zweiten Dichtplatte (19) in Richtung der
zweiten Auswerfkokillenplattenflache (7) wei-
send angeordnet ist,

aufweist.

SpritzgieRwerkzeug (54) nach Anspruch 1, dadurch
gekennzeichnet, dass der wenigstens eine Tem-
periermediumkanal (11; 14) einen Stromungsweg
ausbildet, der oberhalb einer oder mehrerer der ei-
nen oder mehreren Kokillenkavitaten (8a, 8b, 8c, 8d)
verlauft.

SpritzgieRwerkzeug (54) nach einem der Anspriche
1 oder 2, dadurch gekennzeichnet, dass der we-
nigstens eine Temperiermediumkanal (11; 14) eine
freie Offnung (30; 33)entlang der gesamten Lange
aufweist.

SpritzgieRwerkzeug (54) nach einem der vorherigen
Anspriiche 1, 2 oder 3, dadurch gekennzeichnet,
dass die Schikane bevorzugt eine kontinuierliche
Schikane ist, die einen Stromungsweg zur Zirkulati-
on des Temperiermediums Uber die entsprechende
Kokillenplatte (2; 3) ausbildet, welcher wenigstens
eine Temperiermediumkanal (11; 14) einen Stro-
mungsweg ausbildet, der langer als

- die Breite der entsprechenden SpritzgieRkokil-
lenplatte (2) oder Auswerfkokillenplatte (3)
und/oder

- die H6he der entsprechenden SpritzgieRkokil-
lenplatte (2) oder Auswerfkokillenplatte (3)
und/oder

-irgendeine Linie von Kante zu Kante oder Ecke
zu Ecke der entsprechenden SpritzgieRkokillen-
platte (2) oder Auswerfkokillenplatte (3)

ist.

SpritzgieRwerkzeug (54) nach einem der vorherigen
Anspriiche 1- 4, dadurch gekennzeichnet, dass

- die zweite Spritzgielkokillenformplattenflache
(5) der SpritzgieRkokillenplatte (2) einen ersten
peripheren Bereich (9) aufweist, der wenigstens
einen ersten Temperiermediumkanal (11) um-
schlielt und optional mit einer ersten Dichtung
(10) versehen ist, und/oder

- die zweite Auswerfkokillenplattenflache (7) der
Auswerfkokillenplatte (3) einen zweiten peri-
pheren Bereich (12) aufweist, der wenigstens
einen zweiten Temperiermediumkanal (14) um-
schlieRt und optional mit einer zweiten Dichtung
(13) versehen ist.

SpritzgieRwerkzeug (54) nach einem der vorherigen
Anspriiche 1- 5, dadurch gekennzeichnet, dass
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die Auswerfkokillenplatte (3) eine Vielzahl an Quer-
passagen (15) flr Auswerfstifte (88) aufweist und
eine Querpassage (15) ein einen Auswerfstift (88)
eine Passagedichtung (16) aufweist.

SpritzgieRwerkzeug (54) nach einem der vorherigen
Anspriiche 1- 6, dadurch gekennzeichnet, dass
der wenigstens eine Temperiermediumkanal (11;
14) durch Zerspanen einer massiven SpritzgieRko-
killenplatte oder einer massiven Auswerfkokillen-
platte erhalten wird.

SpritzgieRwerkzeug (54) nach einem der vorherigen
Anspriiche 1- 7, dadurch gekennzeichnet, dass

- falls der wenigstens eine Temperiermedium-
kanal (11; 14) durch Zerspanen einer massiven
Kokillenplatte (2; 3) erhalten wird, eine Dicke der
Waren der Kokillenplatte (2; 3) zwischen einer
Kavitat und einem Temperiermediumkanal we-
niger als 20 mm, optional weniger als 15 mm
betragt,

alternativ

- falls der wenigstens eine Temperiermedium-
kanal (11; 14) durch Zerspanen einer Kokillen-
platte oder Kokillenhalfte erhalten wird, die be-
reits herkdmmliche gerade KiihiIbohrungen auf-
weist, besagte Dicke weniger als oder gleich
95% der Gesamtdicke der entsprechenden Ko-
killenplatte betragt, optional weniger.

SpritzgieRwerkzeug (54) nach einem der vorherigen
Anspriiche 1- 8, dadurch gekennzeichnet, dass
die erste Dichtplatte (17) eine feststehende Auf-
spannplatte (43) einer SpritzgieRmaschine ist
und/oder die zweite Dichtplatte (19) eine bewegliche
Aufspannplatte (44) einer SpritzgieRmaschine ist.

SpritzgieRmaschinenanlage umfassend ein Spritz-
gieBwerkzeug (54) nach einem der Anspriiche 1-9,
dadurch gekennzeichnet, dass die Spritzgielkma-
schinenanlage

- wenigstens eine Quelle eines Temperiermedi-
ums und

- eine Zirkulationsanordnung mit einem Ventil-
system zum Steuern der Zirkulation des Tem-
periermediums von der wenigstens einen Quel-
le eines Temperiermediums aus Uber ein Tem-
peratureinstellungssystem durch den wenigs-
tens einen Temperiermediumkanal (11; 14) der
Spritzgielikokille(1) hindurch

umfasst.

Verfahren zum Nachriisten einer Spritzgie®Rmaschi-
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nenanlage nach Anspruch 10 durch Einfligen des
SpritzgieRwerkzeugs (54) nach einem der Anspru-
che 1- 9 und AnschlielRen besagter SpritzgieRkokille
(1) an die Zirkulationsanordnung und die Quelle des
Temperiermediums.

Revendications

Outilde moulage parinjection (54) pour une machine
de moulage par injection, ledit outil de moulage par
injection (54) possédant un moule a injection (1) qui
comprend :

- une plaque de moule (2) faisant office d’injec-
teur possédant une premiére face (4) de plaque
de moule faisant office d’injecteur et une secon-
de face opposée (5) de plaque de moule faisant
office d’injecteur ;

- une plague de moule (3) faisant office d’éjec-
teur possédant une premiére face (6) de plaque
de moule faisant office d’éjecteur et une secon-
de face opposée (7) de plaque de moule faisant
office d’éjecteur ;

- la premiére face (4) de plague de moule faisant
office d’injecteur étant orientée en direction de
la premiére face (6) de plaque de moule faisant
office d’éjecteur ;

- au moins un canal (11 ; 14) pour un milieu de
maintien de la température, qui raccorde une
entrée (23 ; 25) pour le milieu de maintien de la
température du moule a injection (1) a une sortie
(24 ; 26) pour le milieu de maintien de la tem-
pérature du moule a injection (1) pour la mise
en circulation tour a tour d’'un milieu de chauffa-
ge et d’un milieu de refroidissement au cours
d’un cycle de moulage par injection ;

caractérisé en ce que

- ledit au moins un canal (11 ; 14) pour le milieu
de maintien de la température est une chicane
d’une série de coudes serrés, qui traverse une
zone d’au moins une face choisie parmi la se-
conde face (5) de plaque de moule faisant office
d’injecteur et la seconde face (7) de plaque de
moule faisant office d’éjecteur et définit une
ouverture libre (30 ; 33) dans ladite seconde fa-
ce (5 ; 7) respective de plaque de moule sur au
moins une longueur dudit au moins un canal
(11; 14) pour le milieu de maintien de la
température ;

- ladite ouverture libre étant disposée pour étre
d’abord fermée lorsque le moule a injection est
placé sur la machine de moulage par injection ;

dans lequel l'outil de moulage par injection (54)
posséde :
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- une premiere plaque d’étanchéité (17) qui peut
venir se fixer en étanchéité a la seconde face
(5) de plaque de moule faisant office d’injecteur ;
et

- une seconde plaque d’étanchéité (19) qui peut
venir se fixer en étanchéité a la seconde face
(7) de plaque de moule faisant office d’éjecteur ;
- une premiére plague (18) procurant une isola-
tion qui est disposée sur la premiére plaque
d’étanchéité (17) opposée a la seconde face (5)
de plague de moule faisant office d’injecteur ; et
- une seconde plaque (20) procurant une isola-
tion qui est disposée sur la seconde plaque
d’étanchéité (19) opposée a la seconde face (7)
de plaque de moule faisant office d’éjecteur.

Outil de moulage par injection (54) selon la revendi-
cation 1, caractérisé en ce que ledit au moins un
canal (11 ; 14) pour le milieu de maintien de la tem-
pérature définit une voie d’écoulement qui s’étend
au-dessus d’une ou de plusieurs desdites une ou
plusieurs cavités de moule (8a, 8b, 8c, 8d).

Outil de moulage par injection (54) selon la revendi-
cation 1 ou 2, caractérisé en ce que ledit au moins
un canal (11 ; 14) pour le milieu de maintien de la
température posséde une ouverture libre (30 ; 33)
sur toute la longueur.

Outil de moulage par injection (54) selon 'une quel-
conque des revendications précédentes 1, 2 ou 3,
caractérisé en ce que la chicane représente de pré-
férence une chicane continue définissant une voie
d’écoulement pour la circulation du milieu de main-
tiendelatempérature atraversles plaques de moule
respectives (2; 3), ledit au moins un canal (11 ; 14)
pour le milieu de maintien de la température définis-
santune voie d’écoulement qui est plus longue que :

- la largeur des plaques de moule respectives,
a savoir la plaque de moule (2) faisant office
d’injecteur et la plague de moule (3) faisant of-
fice d’éjecteur ; et/ou

- la hauteur des plaques de moule respectives,
a savoir la plaque de moule (2) faisant office
d’injecteur et la plague de moule (3) faisant of-
fice d’éjecteur; et/ou

- n’importe quelle ligne allant d’'un bord a l'autre
ou d’un coin a l'autre des plaques de moule res-
pectives, a savoir la plaque de moule (2) faisant
office d’injecteur et la plaque de moule (3) fai-
sant office d’éjecteur.

5. Outil de moulage par injection (54) selon 'une quel-

conque des revendications précédentes 1 a 4, ca-
ractérisé en ce que

- la seconde face (5) de plaque de moule faisant
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office d’injecteur de la plaque de moule (2) fai-
sant office d’injecteur posséde une premiére zo-
ne périphérique (9) encerclant au moins un pre-
mier canal (11) pour le milieu de maintien de la
température et étant munie de maniére faculta-
tive d’un premier joint d’étanchéité (10) ; et/ou
- la seconde face (7) de plaque de moule faisant
office d’éjecteur de la plaque de moule (3) fai-
sant office d’éjecteur posséde une seconde zo-
ne périphérique (12) encerclantau moins un se-
cond canal (14) pour le milieu de maintien de la
température et étant munie de maniére faculta-
tive d’'un second joint d’étanchéité (13).

Outil de moulage par injection (54) selon I'une quel-
conque des revendications précédentes 1 a 5, ca-
ractérisé en ce que |la plaque de moule (3) faisant
office d’éjecteur posséde plusieurs passages trans-
versaux (15) pour des broches d’éjecteur (88), et un
passage transversal (15) pour une broche d’éjecteur
(88) posséde un joint d’étanchéité de passage (16).

Outil de moulage par injection (54) selon I'une quel-
conque des revendications précédentes 1 a 6, ca-
ractérisé en ce que ledit au moins un canal (11 ;
14) pour le milieu de maintien de la température est
obtenu par usinage d’'une plaque de moule pleine
faisant office d’injecteur ou d’'une plaque de moule
pleine faisant office d’éjecteur.

Outil de moulage par injection (54) selon I'une quel-
conque des revendications précédentes 1 a 7, ca-
ractérisé en ce que :

- dans le cas ou l'on obtient ledit au moins un
canal (11 ; 14) pour le milieu de maintien de la
température par usinage d’'une plague de moule
pleine (2; 3), une épaisseur des produits de la
plaque de moule (2 ; 3) entre une cavité et un
canal pour le milieu de maintien de la tempéra-
ture est inférieure a 20 mm, de maniére faculta-
tive inférieure a 15 mm ;

en variante

- dans le cas ou l'on obtient ledit au moins un
canal (11 ; 14) pour le milieu de maintien de la
température par usinage d’'une plague de moule
ou d’'une moitié de moule possédant déja des
alésages rectilignes conventionnels pour le re-
froidissement, ladite épaisseur est inférieure ou
égale a 95 % de I'épaisseur globale de ladite
plague de moule respective, de maniére facul-
tative inférieure a cette valeur.

9. Outil de moulage par injection (54) selon I'une quel-

conque des revendications précédentes 1 a 8, ca-
ractérisé en ce que la premiére plaque d’étanchéité
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(17) est un plateau fixe (43) d’une machine de mou-
lage par injection et/ou la seconde plaque d’étan-
chéité (19) est un plateau mobile (44) de la machine
de moulage par injection.

Machine de moulage par injection comprenant un
outil de moulage par injection (54) selon 'une quel-
conque des revendications 1 a 9, caractérisée en
ce que la machine de moulage par injection
comprend :

- au moins une source d’un milieu de maintien
de la température ; et

- un arrangement de circulation comprenant un
systéme de valve pour commander la circulation
du milieu de maintien de la température a partir
de ladite au moins une source d’un milieu de
maintien de la température via un systéme de
réglage de la température a travers ledit au
moins un canal (11 ; 14) pour le milieu de main-
tien de la température, du moule d’injection (1).

Procédé de rénovation d’'une machine de moulage
par injection selon la revendication 10, par insertion
de l'outil de moulage par injection (54) selon 'une
quelconque des revendications 1 a 9 et raccorde-
ment dudit moule a injection (1) a 'arrangement de
circulation et & la source du milieu de maintien de la
température.
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