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(54) Title: METHOD FOR MAKING A MOULD WITH A 3D PRINTER

(57) Abstract: Method of manufacturing a moulding tool (1), comprising

at least the following steps: a) Providing a 3D printer (2) and b) Manufac-
turing a moulding tool body (3) with the 3D printer (2), wherein at least

| one heat pipe (4) is formed during the manufacture of the moulding tool

[ START ]
PROVIDING A 3D PRINTER ——a
MANUFACTURING THE MOULDING TOOL BODY b

WITH THE 3D PRINTER
I
AT LEAST PARTIALLY FILLING THE AT LEAST ONE c
HEAT PIPE WITH A WORKING MEDIUM

CLOSING THE AT LEAST ONE HEAT PIPE ——d

[ END ]

Fig. 1

body (3).
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Method for making a mould with a 3D printer

TECHNICAL FIELD
The present disclosure relates to a method for manufacturing a moulding tool. Such

moulding tools are particularly useful as casting moulds when casting workpieces.

BACKGROUND ART
When casting workpieces, a liquid melt of a material, such as metal or plastic, is regu-
larly poured or (under high pressure) injected into the cast mould. The cast mould may
consist of one or more moulding tools and has at least one cavity for the liquid melt. The
liquid melt solidifies in the cavity and takes on an inner contour of the cavity as its outer
shape. In order to achieve high productivity in casting, moulding tools may be cooled so
that the cooling time of the workpieces is reduced. For this purpose, for example, cool-
ing channels may be formed in the moulding tools through which a working medium,
such as water, flows during casting. In order to improve the cooling of the workpieces
and the forming tools, it has also already been suggested that heat pipes be inserted
into forming tools. Heat pipes allow a high heat flow density by using the evaporation
heat of a working medium, so that large amounts of heat may be transported away from

the workpieces and forming tools.

SUMMARY
Nevertheless, the productivity of casting processes, especially for the mass production
of workpieces, is not sufficient. The object of the disclosure is therefore to solve, at least
partially, the problems described with respect to the state of the art and, in particular, to
specify a method of manufacturing a moulding tool by which the productivity of casting

processes may be further increased.

This object is solved with a method according to the features of the independent claim.
Further advantageous embodiments of the invention are indicated in the dependent

claims. It should be noted that the features individually listed in the dependent claims
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can be combined in any technologically meaningful way and define further embodi-
ments of the invention. In addition, the features individually indicated in the claims are
specified and explained in more detail in the description, and further preferred embodi-

ments of the invention are presented.

A method for the production of a moulding tool contributes to this which comprises at
least the following steps:

a) Providing a 3D printer, and

b) Manufacturing a moulding tool body with a 3D printer, wherein at least one heat pipe

is formed during manufacture of the moulding tool body.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1: is a flowchart that illustrates a sequence of the method described here;
Fig. 2 the production of a moulding tool with a 3D printer; and
Fig. 3: a section of a moulding tool body of the moulding tool in an enlarged view.

DESCRIPTION OF EMBODIMENTS
The method is used to produce a moulding tool comprising a moulding tool body. The
moulding tool is used in particular as a casting mould, part of a casting mould, injection
moulding tool or casting core for casting workpieces. In particular, the moulding tool is a
permanent mould that may be used several times. However, the moulding tool may also
be a so-called lost mould, which is destroyed when the workpiece is cast or when the
workpiece is removed from the mould. In particular, the moulding tool may be used as
an injection mould for plastic injection moulding. For this purpose, the moulding tool
may be connected to an injection moulding machine. Furthermore, the moulding tool
may have at least one inlet for a liquid melt of a material such as metal or plastic. In ad-
dition, the moulding tool may have at least one (hollow) casting chamber into which the
liquid melt may be poured or (at high pressure) injected. For this purpose, the at least
one inlet for the liquid melt may open into the at least one casting chamber. In particu-

lar, the at least one casting chamber is at least partially limited by a working surface of
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the moulding tool body. After casting, the liquid melt solidifies in the casting chamber
and at least partially assumes the shape of a surface contour of the working surface of

the moulding tool body.

For the production of the moulding tool, as shown Fig. 1, a 3D printer is first provided in
step a). In particular, a 3D printer is a device for additive manufacturing. In additive
manufacturing, the material used to produce a three-dimensional (3D) object is applied
layer by layer. The three-dimensional object to be produced may be built up layer by
layer from one or more liquid or solid materials under computer control. The shape or
geometry of the three-dimensional object to be produced may be specified by CAD da-
ta, for example. Materials used for 3D printing may be plastics, resins, ceramics and/or
metals. Metal, such as steel, copper or a copper alloy, is preferred for the production of

the moulding tool.

In a step b), the moulding tool body of the moulding tool is produced or printed with the
3D printer. When the moulding tool body is manufactured or printed, at least one heat
pipe (possibly not yet provided with coolant or not yet completely closed) is formed. This
means in particular that the geometric structure of the at least one heat pipe is (at least
partially) printed directly into the moulding tool body during the production of moulding
tool body. The at least one heat pipe is a heat exchanger which allows a high heat flow
density by using the heat of evaporation of a working medium. This allows large
amounts of heat to be transported through at least one heat pipe. The at least one heat
pipe is designed in particular in the manner of a so-called "heat pipe" [technical term].
The at least one heat pipe comprises in particular an evaporation zone in which, when
casting workpieces, the coolant of the at least one heat pipe evaporates when it reach-
es its boiling temperature. The temperature of the moulding tool body does not increase
any further because the supplied energy is converted into evaporation heat. As the
working medium evaporates, the pressure in the evaporation zone increases, so that
the evaporated working medium is distributed over an entire volume of the heat pipe.

The at least one heat pipe may have a cooling zone in which the temperature of the
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working medium may fall below the boiling point of the working medium. For this pur-
pose, the at least one heat pipe may dissipate the heat especially to an environment.
Furthermore, the at least one heat pipe in its cooling zone may be connected or con-
nected to a heat sink or condenser, for example. The evaporated working medium con-
denses in the cooling zone and releases the absorbed thermal energy as condensation
heat. The liquid working medium may then be led back to the evaporation zone by capil-
lary forces. The working medium is selected depending on the working temperature or
the range of the working temperature of the moulding tool. The working temperature of
the moulding tool is in particular the temperature or temperature range to which the
moulding tool heats up when casting workpieces. In particular, the working medium has
a boiling temperature which is within the range of the working temperature of the mould-
ing tool. The working medium (at working temperature) may be a fluid in particular. In

particular, the working medium is water, mercury, potassium and/or sodium.

The geometrical structures of the at least one (capillary) heat pipe, which are produced
in step b) by the 3D printer, are in particular at least one (integrated) vapour channel
and at least one (integrated) condensate channel. The at least one vapour channel and
the at least one condensate channel may in particular be provided together or in combi-
nation. In other words, this may mean that the at least one vapour channel and the at
least one condensate channel are ”"in one body”. The at least one vapour channel is in
particular at least one channel through which the evaporated working medium may flow
from the evaporation zone to the cooling zone. The at least one condensate channel is
in particular at least one channel through which the condensed working medium may
flow from the cooling zone back to the evaporation zone. When the moulding tool body
is produced in step b), a single heat pipe, a plurality of heat pipes or a multiplicity of
heat pipes may be formed. The at least one heat pipe is formed especially in the area of
the working surface of the moulding tool body. Furthermore, the at least one heat pipe,
the plurality of heat pipes or the multiplicity of heat pipes may be formed (only) in a par-
tial area of the working surface of the moulding tool body, for example to exclude certain

areas of the working surface from cooling. For example, the area of the at least one inlet
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for the melt may be excluded from the formation of heat pipes. Furthermore, the at least
one heat pipe is formed as close as possible to the working surface of the moulding tool
body. Due to the formation of the at least one heat pipe during the production of the
moulding tool body by the 3D printer, the at least one heat pipe is not a separate com-
ponent. The at least one heat pipe is instead, in particular, made of the same material
as the rest of the moulding tool body and/or integrally formed with the moulding tool
body. This increases the heat transfer from the cast workpiece via the moulding tool
body to the at least one heat pipe, thus accelerating the cooling time of the workpieces.
By accelerating the cooling of the workpieces, the cycle times for casting or plastic in-
jection moulding may be reduced, thus increasing productivity. Furthermore, the wear of
the working surface may be reduced by a targeted cooling, thus increasing the service
life of the moulding tool. In addition, local material characteristics in the produced work-
piece may be adjusted through selective cooling. In addition, workpieces with the same

quality may be produced over a longer period of time.

It is obvious that step b) may be executed several times successively once step a) has

been executed once.

The at least one heat pipe may be at least partially formed with a non-straight shape.
The at least one heat pipe may run in particular through areas where a particularly high
heat input may be expected. The non-straight shape is particularly easy to produce with

the 3D printer.

The at least one heat pipe may be configured in such a way that it at least partially fol-
lows a surface contour of a working surface of the moulding tool body. The at least one
heat pipe may in particular be provided in such a way that an evaporation zone of the at
least one heat pipe is at least partially (substantially) at an equal distance from the

working surface.
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The at least one heat pipe may be formed so that it extends at least partially at a dis-
tance of less than 5 mm (millimetres) from a working surface of the moulding tool body.

Preferably the distance is less than 3 mm, preferably 1 mm.

An open-pored structure may be formed at least partially between the at least one heat
pipe and a working surface of the moulding tool body. In the case of the open-pored
structure, for example, it may be an area of the moulding tool body that is porous in de-
sign. The working medium may enter the open-pored structure from the heat pipe and

evaporate there.

After step b), the at least one heat pipe may be at least partially filled with a working
medium in a step ¢). This may mean that the at least one heat pipe in step b) is not

completely closed.

After step c) at least one heat pipe may be closed in step d). The closing of at least one

heat pipe may be done by the 3D printer or manually, for example by a welding process.

The at least one heat pipe may have at least one capillary structure. The at least one
capillary structure comprises at least one channel, preferably a multiplicity of channels.
A diameter of the channels is dimensioned in such a way that the working medium may
be led from the cooling zone to the evaporation zone as a result of capillary forces. The
at least one capillary structure is in particular at least one condensate channel through
which the condensed working medium flows from the cooling zone to the evaporation
zone. The at least one capillary structure may completely surround a hollow area or a
vapour channel of the at least one heat pipe or be formed (only) between the hollow

area or vapour channel and the working surface.

Through the at least one capillary structure, a cooling medium of the at least one heat

pipe may be conducted to an evaporation zone of the at least one heat pipe.
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The at least one heat pipe may be made of the same material as the moulding tool
body.

The use of a moulding tool, produced according to one of the methods described here,
is particularly preferred for the manufacture of a sanitary article, such as in particular the

housing of a fitting.

The disclosure as well as the technical environment is explained in more detail below
using the figures. It should be noted that the figures show a particularly preferred em-
bodiment of the disclosure, but that this is not limited to it. Identical components in the

figures are marked with the same reference signs. It shows exemplary and schematic:

Fig. 2 shows a moulding tool 1 in the manner of an injection mould for an injection
moulding machine not shown here. Moulding tool 1 comprises a moulding tool body 3,
which is shown here in longitudinal section. Moulding tool body 3 was printed by a 3D
printer 2 on a metal printing surface 11 and has a casting chamber 12 that may be
closed with another moulding tool body 3 or a cover. When casting chamber 12 is
closed, molten plastic may be poured or injected under pressure into casting chamber
12 by the injection moulding machine to produce a workpiece (not shown here). The
casting chamber 12 is limited by a working surface 6 of the moulding tool body 3. The
work surface 6 has a surface contour 5, by which a shape of the workpiece to be pro-
duced is at least partially specified. When printing the moulding tool body 3 with the 3D
printer 2, a heat pipe 4 was formed in the moulding tool body 3. The heat pipe 4 has an
evaporation zone 9, in which the heat pipe 4 follows the surface contour 5 of the work-
ing surface 6 of the moulding tool body 3 with a distance 7, which is less than 5 mm in
the embodiment shown here. Due to the non-straight course of the surface contour 5,
the heat pipe 4 also has a non-straight shape. The heat pipe 4 extends from the evapo-
ration zone 9 to a cooling zone 10, the evaporation zone 9 being formed at a first longi-
tudinal end 13 of the heat pipe 4 and the cooling zone 10 at an opposite second longi-

tudinal end 14 of the heat pipe 4. A working medium located in the heat pipe 4 may be
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evaporated in the evaporation zone 9 during the production of a workpiece. After evapo-
ration of the working medium, the vaporous working medium may flow from evaporation
zone 9 to cooling zone 10, where it may be cooled and condensed. In the area of cool-
ing zone 10, the heat pipe 4 is connected to a heat sink 15 in the embodiment shown
here. Thus, heat transferred to the heat pipe 4 through the workpiece during injection
moulding and/or during subsequent cooling to the moulding tool body 3 may be trans-
ported through the vaporous working medium to the cooling zone 10, where the heat
may be transferred to an environment 16. As the heat pipe 4 is formed with a very small
distance to the work surface 6, the workpiece may be cooled down particularly quickly.

This increases the productivity of the manufacturing process of the workpieces.

Fig. 3 shows an enlarged view of an area 17 of the moulding tool body 3 shown in Fig.
2. In particular, the structure of the heat pipe 4 printed by the 3D printer 2 shown in Fig.
2 may be seen here. In the embodiment shown here, the heat pipe 4 comprises (in its
interior) a hollow area 19 or a vapour channel which extends along the heat pipe 4 from
the evaporation zone 9 shown in Fig. 2 to the cooling zone 10. The hollow area 19 is (at
least partially) surrounded by a capillary structure 8 or by at least one condensate
channel, which also extends from the evaporation zone 9 shown in Fig. 2 to the cooling
zone 10. In the evaporation zone 9, an open-pored structure 18 was also printed be-
tween the heat pipe 4 and the working surface 6 of the moulding tool body 3 when print-
ing the moulding tool body 3. The open-pored structure 18 extends (directly) from the
heat pipe 4 to the working surface 6, but the open-pored structure 18 ends before
reaching the working surface 6 (e.g. at a distance of less than 3 mm), so that no work-
ing medium may escape from the heat pipe 4. After printing the heat pipe 4 and the
open-pored structure 18, the heat pipe 4 was partially filled with the working medium
and then hermetically sealed. The working medium may enter the open-pored structure
18 from the heat pipe 4 and is heated there when casting workpieces. The heat input
through the cast workpiece increases the temperature of the moulding tool body 3 and
the working medium until the boiling point of the working medium is reached. When the

boiling point is reached, the working medium begins to evaporate in the open-pored
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structure 18 and/or the evaporation zone 9 of the heat pipe 4. However, the temperature
does not rise any further because the thermal energy supplied is converted into heat of
evaporation. When evaporating the working medium, thermal energy is thus extracted
from working surface 6 due to the evaporation enthalpy of the working medium. As the
working medium evaporates, the pressure in the evaporation zone 9 increases, so that
the vaporous working medium flows through the hollow area 19 to the cooling zone 10
shown in Fig. 2. In the cooling zone 10 the vaporous working medium condenses and is
returned in the liquid aggregate state through the capillary structure 8 as a result of ca-

pillary forces to the evaporation zone 9, where it evaporates again.

The present disclosure enables the productivity of casting processes to be increased.
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What is claimed is:

A method for manufacturing a moulding tool (1), comprising:
a) Providing a 3D printer (2); and
b) Manufacturing a moulding tool body (3) with the 3D printer (2), wherein at least

one heat pipe (4) is formed during the manufacture of the moulding tool body

(3).

The method according to Claim 1, wherein the at least one heat pipe (4) is at least

partially formed with a non-straight shape.

The method according to any one of the preceding claims, wherein the at least
one heat pipe (4) is formed in such a way that it at least partially follows a surface

contour (5) of a working surface (6) of the moulding tool body (3).

The method according to any one of the preceding claims, wherein the at least
one heat pipe (4) is formed in such a way that it extends at least partially at a dis-
tance (7) from a working surface (6) of the moulding tool body (3) of less than 5

mm.

The method according to any one of the preceding claims, wherein an open-pored
structure (18) is formed at least partially between the at least one heat pipe (4) and

a working surface (6) of the moulding tool body (3).

The method according to any one of the preceding claims, wherein after step b) in
a step c) the at least one heat pipe (4) is at least partially filled with a working me-

dium.

The method according to Claim 6, wherein after step c) in a step d) the at least

one heat pipe (4) is closed.
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The method according to any one of the preceding claims, wherein the at least

one heat pipe (4) has at least one capillary structure (8).

The method according to Claim 8, wherein a working medium of the at least one
heat pipe (4) may be conducted through the at least one capillary structure (8) to

an evaporation zone (9) of the at least one heat pipe (4).

The method according to any one of the preceding claims, wherein the at least

one heat pipe (4) is formed from the same material as the moulding tool body (3).
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