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(54) A method of machining a mould from a block of sand and use of said method

(57) The invention relates to a method of machining
a mould from a block of granular moulding material for
moulding in a foundry operation, including machining a
form part from a block of granular moulding material,
such as sand including a binder, a cavity by using a ma-

chining tool, said machining tool being moved relative
to the block of moulding material, said movements con-
trolled by a geometric data from a computer control
means to form the cavity; and removing the granular ma-
terial removed from the block by the machining tool dur-
ing the machining of the cavity.
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Description

[0001] The present invention relates to a method of
machining a mould from a block of sand and use of such
method. The invention also relates to a moulding tool
obtained by the performance of the method.
[0002] In foundry operations, it is well known to make
a set of negative sand forms in order to produce a
moulded object in cast iron or the like. In the making of
the form, a wooden model of the object to be cast is pro-
duced. This form is then used to produce a set of neg-
ative form parts in a block of sand with a binder added
to it. The form parts are made with suitable cavities cor-
responding to the shape of the object to be cast. Nor-
mally, two form parts are produced, but in principle, any
number of forms may be used.
[0003] This method of producing is simple to use, but
is very time consuming. In particular today, where most
design processes are made by the aid of a computer.
This means that a computer representation of the object
to be produced by casting is virtually always present.
This in turn means that the making of the wooden model
of the object could be avoided, if the cavities in the sand
form could be made directly. This would mean a consid-
erable gain of time of the casting process.
[0004] From e.g. Canadian patent application No.
2,314,428, a method for forming a moulding element in
a block of sand by using a computer numeric controlled
machining equipment is known.
[0005] However, the sand grains, which are released
by the machining of the block of sand, must be removed,
in order to obtain a cavity of the desired shape. If the
sand that is cut-away is not removed correctly, this may
compromise the result of the machining process and
consequently the quality of the form part.
[0006] The object of the present invention is to provide
a solution overcoming the above-identified drawbacks
with the techniques known in the art.
[0007] Another object of the invention is to provide a
method of the initially mentioned kind and a use thereof
allowing for a less time and cost consuming production
of form parts for a moulding tool for foundry operations,
such as injection moulding tools, and/or other kinds of
object forming operations.
[0008] These objects are solved by the various as-
pects of the invention as set forth in the claims.
[0009] According to the invention, a method of ma-
chining a mould from a block of granular moulding ma-
terial for moulding in a foundry operation is provided,
said method including machining a form part from a
block of granular moulding material, such as sand in-
cluding a binder, a cavity by using a machining tool, said
machining tool being moved relative to the block of
moulding material, said movements controlled by a ge-
ometric data from a computer control means to form the
cavity; and removing the granular material removed
from the block by the machining tool during the machin-
ing of the cavity.

[0010] Hereby, the accuracy of the cavity machined in
the block of sand is improved, since the sand grains re-
leased by the machining tool is quickly removed from
the cavity. Unlike a machining operation in a block of
metal, the provision of a constant flow of oil which func-
tions not only as a coolant but also for conveying the
chips away from the engagement area of the machining
tool is not possible due to the nature of the material to
be cut. By the invention, the released cut-away granular
material is not left in the cavity between the machining
tool and the surface of the cavity and influencing the
quality of the result of the machining operation. By a
method according to the invention, a mould form part
formed in a block of sand for foundry operations is
achieved where the dimensional quality of the cavity
may be achieved.
[0011] Preferably, the block of moulding material is
provided in a fixture, which is pivotable in one or more
directions. Hereby, the removal of the released granular
material may be performed or at least facilitated by the
gravity, since the fixture may be pivoted in such a way
that the released granular material is removed by gravity
from the area where the machining tool is engaged for
the performance of the machining of the cavity. In addi-
tion or supplementary, the granular material may be
completely removed from the cavity and the block of
sand depending on the geometry of the cavity and the
direction and amount of inclination of the fixture.
[0012] The machining tool is a rotary tool. As a sup-
plement or as an alternative to the inclination of the fix-
ture, the rotary machining tool is preferably rotatable
about an axis, which is inclinable relative to a horizontal
position. In a preferred embodiment of the invention, the
machining is carried out by a robot. By mounting the ma-
chining tool on a robot, the degrees in the freedom of
movement may be very high allowing for a high degree
of flexibility in the installation and the method of produc-
ing a mould form element.
[0013] Moreover, the cut-away material is removed
substantially instantly by central suction means, such as
a centrally disposed suction channel in the machining
tool. Hereby, the sand grains released by the machining
process may be removed independent of the orientation
of the block of sand, i.e. the fixture and the machining
tool.
[0014] The machining is preferably a milling opera-
tion, but could also be a drilling operation or any other
material removing operation.
[0015] The machining tool or tools may be adapted to
perform "under-cutting" operations. Hereby, the use of
cores or the like may be avoided and/or the number of
form parts for the mould may be reduced.
[0016] According to the invention, the method may be
used for producing a set of form moulding parts for a
moulding tool, such as a tool for injection moulding of
plastic or aluminium objects, said method including ma-
chining at least one form part from a block of granular
moulding material, such as sand including a binder, a
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cavity by using a machining tool, said machining tool be-
ing moved relative to the block of moulding material,
said movements controlled by a geometric data from a
computer control means to form the cavity; and remov-
ing the granular material removed from the block by the
machining tool during the machining of the cavity, cast-
ing a form part for a moulding tool by pouring a melt,
such as cast iron, aluminium, or other types of metals
or alloys, into an assembly of form parts to produce a
mould form part for a moulding tool.
[0017] Hereby, an inexpensive and a quick method of
producing a form part for the production of an object by
injection moulding. This allows for the use of an injection
moulding process for the production of prototype objects
in small series of objects as the time and costs for pro-
ducing an injection-moulding tool may be significantly
reduced.
[0018] The machining operation, such as milling,
grinding, polishing, electrical spark erosion, and/or sim-
ilar surface treatment, involves a finishing surface treat-
ment of the mould form part. Hereby, the machining in-
volved in producing a moulding tool may be significantly
reduced, as the only machining required may be re-
duced to a finishing treatment of the casting.
[0019] The method according to the previously men-
tioned aspects may further involve that the mould form
part and a counter form part are assembled constituting
a mould for a moulding tool, and then pouring a melted
metal into the mould, allowing the melt to cool to form a
metal casting, breaking the sand mould parts in order to
expose the object for mould form part for the moulding
tool for an injection moulding process.
[0020] Use of the above-mentioned method for pro-
ducing at least one form part for an injection-moulding
form for the plastic injection-moulding, wherein the form
part is cast in a metal, such as cast iron, aluminium or
other metals or metal alloys, and subsequently applied
with a surface structure, said application involving ma-
chined to required surface dimensions. Preferably, the
use involves that all the form parts of the injection-
moulding tool are made according to said method. Here-
by, an injection-moulding tool for plastic injection mould-
ing of objects may be produced in an inexpensive man-
ner. This particular advantageous use of the method ac-
cording to the invention allows for the manufacture of a
small amount of plastic objects, since the costs involved
in producing the moulding tool may be considerably re-
duced compared to previously known methods.
[0021] Alternatively, the use of the method for produc-
ing at least one form part for an injection-moulding form
for the pressure injection-moulding of objects in alumin-
ium or similar light-weight metal, wherein the form part
is cast in a metal, such as cast iron, metal alloys or the
like, and subsequently applied with a surface structure,
said application involving machined to required surface
dimensions. By the invention, it is realised that the meth-
od of producing injection-moulding tools may also be ad-
vantageously used for providing injection-moulding

tools for injection moulding of e.g. aluminium objects.
[0022] In another advantageous use of the method
according to the invention, the method may be used for
the production of a form for forming objects in a metal
sheet, e.g. by a deep drawing operation pulling. Hereby,
an inexpensive pressing tool may be provided making
it possible to produce sheet formed objects in small
quantities.
[0023] Instead of modelling a pattern board for a cast-
ing process manually, it is realised by the invention that
a method according to the invention may be used for
producing a pattern board in a predetermined shape for
use in a casting of an object.
[0024] According to the invention, an injection-mould-
ing tool for the production of objects by injection mould-
ing is also provided, said tool comprising at least one
form part made by carrying out the method according
the invention and used according to the above-men-
tioned aspects of the invention.
[0025] In the following, the invention is described in
further detail with reference to the accompanying draw-
ings, in which:

fig. 1 is a process diagram of a method according
to a first aspect of the invention,
fig. 2 is a process diagram of a method according
to a second aspect of the invention,
fig. 3 is a schematic view of a machining operation
according to an embodiment of the invention,
fig. 4 is a schematic view of a machining operation
according to a second aspect of the invention,
figs. 5 and 6 are schematic views of aspects of a
preferred embodiment of the invention for the per-
formance of the machining operation according to
the invention, and
fig. 7 is a diagram of the method according to the
method and its use.

[0026] In figure 1, a schematic diagram of the opera-
tions according to a preferred embodiment of a method
according to the invention is shown including a preferred
utility of the method in a design and manufacturing proc-
ess.
[0027] To day, it is a normal to design objects, such
as machine parts, or other items for use in products by
help of a computer in a Computer Aided Design (CAD)
installation. The result of this action of designing the ob-
ject 2 is a computer representation of the object. This
electronic computer representation may then be for-
warded to a CAM (CAM: Computer Aided Manufactur-
ing) application, as referred to by 4, in which the mould,
including the form parts for the casting of the form, is
planned. Subsequently, a machine control programme
is created, e.g. a CNC (Computer Numeric Control) pro-
gramme, as shown by the reference numeral 6 for the
production of each of the form parts. A block of granular
moulding material, preferably sand with a binder mixed
into it, is prepared and provided in the machine centre.

3 4



EP 1 334 785 A1

4

5

10

15

20

25

30

35

40

45

50

55

The (first) CNC programme is fed to the control of a ma-
chining centre. This programme governs the machining
of the predetermined cavity in a first block of sand 8.
Similarly, a second form part may be produced by ma-
chining a second block of sand, as indicated by the ref-
erence numeral 10. Accordingly, further form parts may
be produced. The machining of the cavities may advan-
tageously include inlet channels for the casting material.
[0028] When the form parts, i.e. the blocks of sand,
are machined with the determined cavities, the form
parts are assembled. Then the operation of casting the
object is carried out, as shown by 12.
[0029] After the object is cast, a finishing surface
treatment of the function surfaces of the cast object is
performed, as indicated by 14. This surface treatment
could be a smoothening of the function surface or sur-
faces of each of the form parts.
[0030] The objects resulting from this process may be
finished parts for use in a machine construction or any
other kind of product. In fig. 2, the objects resulting from
the process shown in fig. 1 are form parts for a moulding
tool. These form parts are assembled as shown by the
reference 16 to a form for casting a form part for mould-
ing plastic or aluminium 18 or a form part for a deep-
drawing or similar metal sheet manipulating process 20.
The form parts for the moulding of plastic or aluminium
may be made of cast iron e.g. for injection moulding. By
the invention, it is realised that alternatively aluminium
form parts may be produced by the method according
to the invention for a plastic moulding tool. By cast iron
is meant all types of cast iron, including grey cast iron,
and various alloys suitable for use in a casting process.
[0031] In fig. 3, a schematic illustration of the machin-
ing operation is shown. A block of sand 24 is provided
on a fixture means comprising a base support 22 and
fixture elements 26 retaining the block of sand 24 on the
base support 22. A cavity 29 is formed in the block of
sand 24 by a machining tool 28, which is moveable rel-
ative to the block of sand in a plurality of directions, as
indicated by the arrows on the figure 3. The tool 28 may
be provided with a central vacuum channel 30, which is
connected, to a vacuum source 32 for removing the re-
leased granular material by suction during the machin-
ing operation. The machining tool 28 may be a tool for
drilling, milling or other material removal processes.
[0032] In an embodiment of the invention, the milling
tool 28 may be provided with various shapes, such as
shown in fig. 4. The milling tools 28, shown in fig. 4 are
advantageous in that they are designed to perform cav-
ities with "under-cuttings" in the block of sand 24. As
shown in fig. 4 (A), the cutting edge 34 of the tool 28 is
positioned on the perimeter of a cylindrical head section
of the tool 28 with a diameter larger than the shaft of the
tool 28. By this tool 28, a "hollow" cavity 29 may be
formed in the sand block 24 with cavity rim regions 24a
extending into the cavity 29. In fig. 4 (B), another exam-
ple of an "undercutting" milling tool 28 is shown which
is conical and where the cutting edges 36 on the conical

portion of the tool 28. The milling tools 28 shown in fig.
4 are also provided with a central suction channel 30
connected to a source of vacuum 32 for the removal of
released material from the milling operation in order to
avoid that the machining process is not obstruct by this
released material.
[0033] By this aspect of the invention, a cavity geom-
etry, which hitherto has been impossible to form in a
block of sand by the known techniques, is possible to
achieve. This means that less form parts for casting the
designed object are needed in order to obtain a casting
form with the desired shape.
[0034] In figures 5 and 6, an embodiment of the in-
vention is shown, where the base support 22 is inclina-
bly mounted on support fixture means 40. By the inven-
tion, it is realised that the casting sand, i.e. the sand with
binder material has sufficient internal strength so that
the block of sand does not break up if it is turned into
different orientations. By the invention, this characteris-
tic is used by the method of forming the cavity in the
block of sand. This means that the block of sand may
be inclined in one or more directions relative to horizon-
tal during the machining operation. As shown in fig. 6,
the support base may even be turned upside down. This
means that the released granular material of the sand
block during the machining is transported away from the
machining action by the gravity. Moreover, the machin-
ing tool 28 may be arranged on a robot 38 whereby com-
plex cavity shapes may be achieved.
[0035] The support fixture means 40 may be a robotic
or similar installation movable during the machining op-
eration. The robot 38 and/or the fixture 40 may be
moved during the machining operation in order to
achieve the desired shape of the cavity 29 in the sand
block 24. These movements involve, as indicated by the
arrows in figs. 5 and 6, relative movements between the
machining tool 28 and the fixture including pivoting the
machining tool 28 to an inclined orientation relative to
the block of sand 24 in order to produce "under-cut-
tings". The movements of the fixture 40 and the robot
38 handling the machining tool 28 may be controlled in
a co-ordinated manner by the machine programme gov-
erning the machining operation.
[0036] In figure 7, an outline of the different aspects
of the invention is presented. As shown in fig. 7, the
method of forming a block of sand for a mould may be
utilised for different purposes, whereby an advantage in
terms of reduction of production time and costs may be
achieved. These utilities are also reflected in the accom-
panying claims.

Claims

1. A method of machining a mould from a block of
granular moulding material for moulding in a foun-
dry operation, including machining a form part from
a block of granular moulding material, such as sand
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including a binder, a cavity by using a machining
tool, said machining tool being moved relative to the
block of moulding material, said movements con-
trolled by a geometric data from a computer control
means to form the cavity; and removing the granular
material removed from the block by the machining
tool during the machining of the cavity.

2. A method according to claim 1, where the block of
moulding material is provided in a fixture which is
pivotable in one or more directions.

3. A method according to claim 1 or 2, where the ma-
chining tool is a rotary tool, said rotary machining
tool being rotatable about an axis, which is inclina-
ble.

4. A method according to claim 3, whereby the ma-
chining is carried out by a robot.

5. A method according to any of the preceding claims,
whereby the cut-away material is removed substan-
tially instantly by central suction means, such as a
centrally disposed suction channel in the machining
tool.

6. A method according to any of the preceding claims,
wherein the machining is a milling operation.

7. A method according to claim 6, where the machin-
ing tool or tools is/are adapted to perform "under-
cutting" operations.

8. A method of producing a set of form moulding parts
for a moulding tool, such as a tool for injection
moulding of objects in plastic, aluminium or other
light-weight materials, including
machining at least one form part from a block of
granular moulding material, such as sand including
a binder, a cavity by using a machining tool, said
machining tool being moved relative to the block of
moulding material, said movements controlled by a
geometric data from a computer control means to
form the cavity; and removing the granular material
removed from the block by the machining tool dur-
ing the machining of the cavity,
casting a form part for a moulding tool by pouring a
melt, such as cast iron or aluminium, into an assem-
bly of form parts to produce a form moulding part
for a moulding tool.

9. A method according to claim 8, whereby the ma-
chining operation, such as milling, grinding, polish-
ing, electrical spark erosion, and/or similar surface
treatment, involves a finishing surface treatment of
the mould form part.

10. A method according to claim 8 or 9, where the

mould form part and a counter mould form part are
assembled constituting a mould for a moulding tool,
and then
pouring a melted metal into the mould,
allowing the melt to cool to form a metal casting,
breaking the sand mould form parts in order to ex-
pose the object for mould form part for the moulding
tool for an injection moulding process.

11. Use of a method according to claims 1-10 for pro-
ducing at least one form part for an injection-mould-
ing form for the plastic injection-moulding, wherein
the form part is cast in a metal, such as cast iron,
aluminium, metal or metal alloys, and subsequently
applied with a surface structure, said application in-
volving machined to required surface dimensions.

12. A use according to claim 11, whereby all the form
parts of the injection-moulding tool are made ac-
cording to a method of claims 1-10.

13. Use of a method according to claims 1-10 for pro-
ducing at least one form part for an injection-mould-
ing form for the pressure injection-moulding of ob-
jects in aluminium or an other light-weight metal or
alloy, wherein the form part is cast in a metal, such
as cast iron or other suitable metal or alloy, and sub-
sequently applied with a surface structure, said ap-
plication involving machined to required surface di-
mensions.

14. A use according to claim 11, whereby all the form
parts of the injection-moulding tool are made ac-
cording to a method of claims 1-10.

15. A use of a method according to claims 1 to 7 for the
production of a form for producing objects by form-
ing a metal sheet, such as by a deep drawing proc-
ess.

16. A use of a method according to claims 1 to 7 for
producing a pattern board for a casting process of
a predetermined object.

17. An injection-moulding tool for the production of ob-
jects by injection moulding, said tool comprising at
least one form part made by carrying out a method
according to claims 1-10 and used according to any
of the claims 11 to 16.
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