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(57) A method for manufacturing a reinforced bi-me-
tallic casting composite is provided, wherein at least one
metallicinsert (2) is provided in a die (3) and a metal over
casting step is performed, wherein, by means of said
metal over-casting step, an over-cast metal (14)is casted
at least partly over said at least one metallic insert (2).
The method comprises the following steps: a) providing
said at least one metallic insert (2) being in a preformed
condition; b) introducing said at least one metallic insert
(2) being in its preformed condition into said die (3); c)
holding said at least one metallic insert (2) being in its
preformed condition in a predetermined position in said
die (3); d) performing a closing operation of said die by
means of a closing element (9); e) performing a defor-
mation operation, wherein, by means of said deformation
operation, said at least one metallic insert (2) being in its
preformed condition is deformed from its preformed con-
dition into a casting condition; f) performing said metal
over-casting step, wherein said over-cast metal (14) is
casted at least partly over said atleast one metallic insert
(2) being in its casting condition; g) solidification of said
over-cast metal (14); and h) extracting said at least one
metallic insert (2) together with said over cast metal (14)
from said die (3). An apparatus (1) for manufacturing a
reinforced bi-metallic casting composite, preferably for
performing said method, is also provided, comprising: a
die (3), wherein said die comprises a moulding cavity (4);
and a closing element (9) being movable in a closing
direction (8) for closing said moulding cavity (4). The ap-
paratus (1) further comprises: at least one actuator (11;
5) being adapted to perform a deformation operation to

a metallic insert (2) when being arranged inside of said
moulding cavity (4), wherein said at least one actuator
(11; 5) is a mechanical actuator, a hydraulic actuator, a
pneumatic actuator, a magnetic actuator or an electric
actuator.
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Description
TECHNICAL FIELD

[0001] The present invention relates to a method for
manufacturing a reinforced bi-metallic casting compos-
ite. Furthermore, the present invention relates to an ap-
paratus for manufacturing a reinforced bi-metallic casting
composite.

STATE OF THE ART

[0002] Metallic casting composites are well-known in
the state of the art and are used in a wide variety of ap-
plications. In particular, it is known to reinforce a metallic
casting component in order to improve, by way of an ex-
ample, the strength of such metallic casting component
for its eventually intended purpose.

[0003] For example, it is known to reinforce a metallic
casting component by another metallic component hav-
ing a higher strength, or alternatively having another pre-
ferred characteristic, in order to eventually achieve a so-
called bi-metallic casting composite of higher strength,
or alternatively with another preferred characteristic, in
comparison to the metallic casting component without
said reinforcement.

[0004] In this context, in the present patent application,
it is referred to a reinforced bi-metallic casting composite
when a bi-metallic casting composite is meant which, in
order to achieve a reinforcement, is manufactured by the
steps of providing a first metallic component and, then,
casting a metal at least partly around said first metallic
component. In this manner, a reinforced bi-metallic cast-
ing composite is obtained which comprises said first me-
tallic component as kind of an insert and which further
comprises a casted second metallic component at least
partly around said insert as kind of an overcasting second
metallic component.

[0005] Several methods and apparatuses for manu-
facturing such reinforced bi-metallic casting composites
are known. In GB 873012 A, a reinforced bi-metallic cast-
ing composite in terms of a brake drum or an engine
cylinder is described. The reinforced bi-metallic casting
composite is manufactured by two sequent casting proc-
esses. That is, in a first step, a metallic insert is manu-
factured by centrifugal casting and, in a second step, a
light metal is casted on said metallic insert. Due to the
two sequent casting steps, the method is highly time-
consuming as well as cost-intensive. That is, after the
first casting step, the casted metallic insert needs to cool
down, to solidify and to be removed from a first mould
before the second casting step can be realised in a sec-
ond mould into which the casted metallic insert needs to
be placed.

[0006] From WO 9002017 A1, itis known a method for
manufacturing a reinforced bi-metallic casting composite
in terms of a valve block wherein, in afirst step, a cylinder
is cold forged and, in a following step, said cold-forged

10

15

20

25

30

35

40

45

50

55

cylinderis inserted into a mould in which metal is injection
moulded around said cylinder. Said first step in terms of
forming a pre-shaped cylinder to be moulded later in said
second step requires several forming operations to be
executed by at least one further apparatus. Accordingly,
at least two different apparatuses are needed for the two
steps in terms of forming a pre-shaped cylinder and in-
jection moulding around said cylinder. Therefore, the
method is extensive regarding the necessary apparatus-
es formanufacturing a reinforced bi-metallic casting com-
posite and, moreover, the method is highly time-consum-
ing as well as cost-intensive.

[0007] Similar methods and apparatuses for manufac-
turing a reinforced bi-metallic casting composite are
known from US 2014290894 A1, US 2004222665 A1, as
well as from US 2016137232 A1. It is known from said
prior artto manufacture reinforced bi-metallic composites
in at least two sequent main stages. That is, in a first
step, a first metallic component in terms of a metallic
insert is formed in a first apparatus and then is provided
for the following step, wherein, in said following step, the
metallic insert is placed into a mould and then a metal is
casted at least partly around said metallic insert. Hence,
at least two different apparatuses are needed for said at
least two sequent main stages in terms of forming a me-
tallic insert in a first apparatus and casting metal around
said metallic insert in a second apparatus in terms of the
mould. Therefore, the methods are extensive regarding
the necessary apparatuses for manufacturing a rein-
forced bi-metallic casting composite and, moreover, the
methods are highly time-consuming as well as cost-in-
tensive.

[0008] Therefore, there is a need for manufacturing re-
inforced bi-metallic casting composites in a less time-
consuming and less cost-intensive manner.

DESCRIPTION OF THE INVENTION

[0009] Itis an object of the invention to provide a meth-
od for manufacturing a reinforced bi-metallic casting
composite according to which reinforced bi-metallic cast-
ing composites can be manufactured in a less time-con-
suming and less cost-intensive manner.

[0010] This object is solved by a method for manufac-
turing a reinforced bi-metallic casting composite accord-
ing to claim 1. Advantageous embodiments are de-
scribed in the claims referring back to claim 1.

[0011] Furthermore, it is an object of the invention to
provide an apparatus for manufacturing a reinforced bi-
metallic casting composite by means of which apparatus
reinforced bi-metallic casting composites can be manu-
facturedin aless time-consuming and less cost-intensive
manner.

[0012] This objectis solved by an apparatus according
to claim 14 and an advantageous embodiment is de-
scribed in the claim referring back to claim 14.

[0013] In detail, according to the present invention, it
is provided a method for manufacturing a reinforced bi-
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metallic casting composite, wherein at least one metallic
insert is provided in a die and a metal over-casting step
is performed, wherein, by means of said metal over-cast-
ing step, an over-cast metal is casted at least partly over
said at least one metallic insert. The method is charac-
terised in that it comprises the following steps: a) provid-
ing said at least one metallic insert being in a preformed
condition; b) introducing said at least one metallic insert
being in its preformed condition into said die; ¢) holding
said at least one metallic insert being in its preformed
condition in a predetermined position in said die; d) per-
forming a closing operation of said die by means of a
closing element; e) performing a deformation operation,
wherein, by means of said deformation operation, said
at least one metallic insert being in its preformed condi-
tion is deformed from its preformed condition into a cast-
ing condition; f) performing said metal over-casting step,
wherein said over-cast metal is casted at least partly over
said at least one metallic insert being in its casting con-
dition; g) solidification of said over-cast metal; and h) ex-
tracting said at least one metallic insert together with said
over-cast metal from said die.

[0014] In general, according to the present invention,
the single steps of the described method are performed
in the mentioned order, starting from step a) and pro-
ceeding until step h). However, to some extent, amend-
ments of the order of said steps are possible as well. For
instance, said steps d) and e), thatis the closing operation
and the deformation operation, can be performed in ex-
changed order or even at the same time. In other words,
the deformation operation of the metallic insert can also
be performed before the die is closed or while the die is
being closed.

[0015] As material for the metallicinsert, a material can
be selected out of the group: steel, iron, aluminium, cop-
per, magnesium, titanium alloy, or any alloy or combina-
tion of the mentioned metals. As material for the over-
cast metal, a material can be selected out of the group:
steel, iron, aluminium, copper, magnesium, titanium, zinc
alloy, or any alloy or combination of the mentioned met-
als. In general, the materials of the metallic insert as well
as of the over-cast metal can be the same. However,
preferably, a material for the metallic insert is used that
differs from the material being used for the over-cast met-
al in that the metallic insert material has a higher melting
point than the over-cast metal material. In particular, the
metallic insert can be a metallic sheet, preferably a steel
sheet. Thus, a reinforced bi-metallic casting composite
can be achieved that combines the positive effects of the
different materials used for the insert and for the outer
over-cast metal.

[0016] Withapreformed condition of the metallicinsert,
itis meant an unfinished shape of the metallic insert, that
is, the metallic insert has a shape differing from its in-
tended final shape which it is supposed to have when
being integrated into the reinforced bi-metallic casting
composite to be manufactured. For instance, a substan-
tially even, flat thin steel sheet corresponds to a metallic
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insert in a preformed condition.

[0017] Due to the deformation operation, the metallic
insertis deformed from the preformed condition to a cast-
ing condition. The casting condition can correspond sub-
stantially to the finally intended shape of the metallic in-
sert which it is supposed to have in the reinforced bi-
metallic casting composite to be manufactured. Minor
further amendments, for instance due to the following
over-casting step, can still occur. Such further changes
of the shape of the metallic insert due to the following
over-casting step also can be considered already when
performing the deformation operation for shaping the me-
tallic insert into the casting condition. In this case, the
casting condition of the metallic insert does not yet en-
tirely correspond to the final intended shape of the me-
tallicinsertin the reinforced bi-metallic casting composite
to be manufactured. However, due to the deformation
operation, a substantial change of the shape of the me-
tallicinsertfrom its preformed condition to its casting con-
dition is achieved. Accordingly, with the casting condition
of the metallic insert, it is meant the finished or nearly
finished shape of the metallic insert, that is, the metallic
insert has a shape corresponding to or almost corre-
sponding to its intended final shape which it is supposed
to have in the reinforced bi-metallic casting composite to
be manufactured and which is differing from the shape
of the metallic insert in the preformed condition. For in-
stance, the substantially even, flat thin steel sheet of the
metallicinsertin its preformed condition can be deformed
in the casting condition to a not anymore even metallic
insert comprising two shoulder sections at opposite ends
of the metallic insert resulting in a metallic insert having
a U-shaped cross-section.

[0018] The deformation operation can be a stamping
operation and, in particular, a hot deformation operation
such as hot stamping.

[0019] With a metal over-casting step, it is meant a
common casting operation inside of the die, due to which
casting operation melted metal is casted into a moulding
cavity ofthe die. The metallicinsert being arranged inside
of the die, or in particular inside of the moulding cavity,
is being moulded or over-casted by said metal over-cast-
ing step. That is, the metallic insert is being contacted at
its outer surface at least partly with the melted metal.
Also, the metallic insert can be entirely covered, that is
entirely over-casted, within the metal over-casting step.
The casting operation preferably corresponds to a high
pressure die casting. However, the used casting machine
can also be another die casting, squeeze, semi-perma-
nent or low pressure casting machine. Depending on the
casting process, the pressure over the metallicinsert var-
ies from a few bars till approximately 1.200 bars in a high
pressure die casting and up to approximately 2.000 bars
in a squeeze casting.

[0020] Under a solidification of said over-cast metal,
the process is meant according to which the casted melt-
ed metal is solidified by cooling down at least below the
melting point. The solidification according to the de-
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scribed method can be passive but can also be actively
promoted for instance by actively cooling the die. The
solidification of the over-cast metal can be entirely com-
pleted before the next step of the method, that is the
extraction of the metallic insert together with the over-
cast metal from said die (step g)), is performed. However,
the next step (step g)) can also be performed when the
solidification of the over-cast metal has not been com-
pleted yet. In this instance, the solidification of the over-
cast metal has to have been proceeded already to a point
that permits the metallic insert together with the over-cast
metal to be extracted from said die. The step of extracting
said at least one metallic insert together with said over-
cast metal from said die usually also includes the step of
opening the die.

[0021] Accordingto the described method, atleastone
metallic insert can be used and finally integrated as re-
inforcement into the reinforced bi-metallic casting com-
posite. However, it is also possible to use and integrate
two or more metallic inserts.

[0022] As aresult, after extracting the at least one me-
tallic insert together with the over-cast metal from said
die, the obtained product is a reinforced bi-metallic cast-
ing composite as kind of a metal matrix composite with
a metallic insert in terms of, for instance, a sheet. All the
mentioned steps of the method can be performed by one
singular die. There is no necessity for further apparatuses
to perform the deformation of the metallic insert into its
finally intended shape as well as to perform the embed-
ding of this metallic insert with the over-cast metal. Ac-
cordingly, a method for manufacturing a reinforced bi-
metallic casting composite is achieved according to
which reinforced bi-metallic casting composites can be
manufactured in a less time-consuming and less cost-
intensive manner. Areduction in space for the machinery,
as well as a reduction of the machinery and the produc-
tion cost and an increase of the process productivity is
obtained.

[0023] In a preferred embodiment, said deformation
operation is performed by at least one actuator, wherein
said at least one actuator is a mechanical actuator, a
hydraulic actuator, a pneumatic actuator, a magnetic ac-
tuator or an electric actuator. It is preferred to have two
or more actuators. The actuators can be arranged inside
or outside of the moulding cavity of the die but also, in
case of being arranged outside of the moulding cavity,
the actuators form a part of the die and are adapted to
interact with the metallic insert in its preformed condition
after being introduced into the moulding cavity. The ac-
tuators execute the deformation operation of the metallic
inside due to their movements. The actuators can per-
form lineal, rotating or combined movements in order to
permit the deformation. Furthermore, the actuators can
guarantee the positioning of the insert in the die. Thus,
the actuators can also be responsible to perform step c)
of the method, that is, holding the metallic insert in a
predetermined position in the die. Thereby, the actuators
can also be positioners at the same time. The actuators
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can also have a retractile movement, that is they can be
retractable, in order to leave enough space for the melted
over-cast metal to flow into the moulding cavity of the die
and to be casted around the metallicinsert. The actuators
or positioners can be spacer rods mounted retractably
on springs, which press against the deformable section
of the metallic insert. In general, the actuators can per-
form the deformation operation by means of magnetism,
adhesion, extraction, vacuum, suction cups or gravity.
[0024] In a particular embodiment, said deformation
operation is performed before said closing operation. In
other words, step e) of the method in terms of the defor-
mation operation is performed before step d), that is be-
fore the die is being closed.

[0025] In another particular embodiment, said defor-
mation operation is performed after said closing opera-
tion. In other words, step e) of the method in terms of the
deformation operation is performed after step d), that is
after the die has been closed.

[0026] In a particular embodiment, said deformation
operation is performed at least partly by means of said
closing operation and, after said deformation operation,
a retraction and closing operation is performed, wherein,
by means of said retraction and closing operation, said
closing element is reversed at least partly and a further
closing operation of said die is performed. Accordingly,
steps d) and e) of the method are performed kind of at
the same time. The closing operation can, thereby, be
responsible for the deformation operation of the metallic
insert. In case of at least one actuator performing the
deformation operation, the actuator can be integrated in-
to the closing element, by means of which closing ele-
mentthe closing operation is performed. The deformation
operation can be performed at least partly by means of
the closing operation, that is, the deformation operation
can additionally be performed by further operations such
as actuator operations of actuators being additionally ar-
ranged inside of the moulding cavity. In this case, a com-
bination of actuators inside of the moulding cavity and of
the closing operation execute the intended deformation
operation. A sequent retraction and closing operation is
performed so that, first, the closing element is reversed
at least partly again in order to leave enough space for
the melted over-cast metal to later flow into the moulding
cavity of the die and to be casted around the metallic
insert. Second, after the closing element is reversed at
least partly, the die may need to be closed again in order
to allow the sequent over-casting step. Due to said par-
ticular embodiment, an effective method is achieved as
the movement of the necessary closing operation can be
combined with the necessary movement of the deforma-
tion operation, such as hot stamping. The closure force
of the closing element can be used effectively to perform
the deformation operation.

[0027] In a particular embodiment, said retraction and
closing operation includes a sliding movement of said
closing element to a side substantially perpendicular to
a closing direction of said closing element. Due to the
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reverse movement of the closing element in combination
with the sliding movement, it is left enough space for the
melted over-cast metal to later flow into the moulding
cavity of the die and to be casted around the metallic
insert.

[0028] In another particular embodiment, said retrac-
tion and closing operation includes a rotation movement
of said closing elementaround an axis being substantially
parallel to a closing direction of said closing element. Due
to the reverse movement of the closing element in com-
bination with the rotation movement up to a predeter-
mined angle, it is left enough space for the melted over-
cast metal to later flow into the moulding cavity of the die
and to be casted around the metallic insert.

[0029] In a particular embodiment, said die is a ther-
mally regulated die, wherein said thermally regulated die
can control a die temperature, in particular different die
temperatures in different areas of the die, in a range from
80°C to 500°C, preferably from 200°C to 400°C, in par-
ticular by means of at least one temperature sensor and
by means of at least one temperature controller, prefer-
ably a PID controller. It is preferred that the die can be
heated, in particular heated differently in different areas
or zones of the die. Thus, an effective heat transfer from
the heated die surfaces to the metallicinsert being placed
into the die can be achieved. As a preparation of the
deformation operation, it can be preferred that different
areas of the metallic insert are heated in a different man-
ner. Thus, the metallic insert can be deformed from its
preformed condition to its casting condition effectively.
Providing the thermally regulated die, accordingly, is ad-
vantageous for the deformation operation of the metallic
insert. Also, finally intended properties of the reinforced
bi-metallic casting composites can be influenced by reg-
ulating the temperature of the metallic insert before the
over-casting step, in particular by providing different ar-
eas of the metallic insert with a different temperature. It
is preferred that each area of the die to be heated differ-
ently has a single temperature sensor and a single tem-
perature controller, preferably a PID controller, in order
to control the temperatures of the different areas in an
effective manner. In order to maintain the thermal control
ofthe die effectively, a cooling system as wellas a heating
system can be employed into the die. The cooling and
heating systems can be cartridge heaters, jet cooler, wa-
ter and oil coolers and other temperature controlling sys-
tems or combinations thereof.

[0030] In another particular embodiment of the meth-
od, during the solidification of said over-cast metal, at
least one actuator element, in particular at least one
squeeze pin, squeezes said over-cast metal when said
over-cast metal is in a semi-solid state. Accordingly, a
final product in terms of the reinforced bi-metallic casting
composite can be achieved with better properties in com-
parison to a product not having been squeezed in its
semi-solid state, since, for example, the shrinkage po-
rosity is reduced or, respectively, the union of the metallic
insert and the over-cast metal is increased. As the at

10

15

20

25

30

35

40

45

50

55

least one actuator element, also at least one of the ac-
tuators can be used that perform the deformation oper-
ation.

[0031] In another particular embodiment of the meth-
od, after step h), a finishing operation is performed to
said at least one metallic insert together with said over-
cast metal. Such finishing operation, after the reinforced
bi-metallic casting composite has been removed from
the die, can be, for instance, a trimming operation or any
other machining or finishing process. Thus, a reinforced
bi-metallic casting component of higher quality can be
achieved.

[0032] In a particular embodiment of the method, after
said at least one metallic insert together with said over-
cast metal has been extracted from said die, inner sur-
faces of said die are cleaned at least partly and sprayed
at least partly with a de-moulding agent. Thus, it can be
avoided that some parts of the over-cast metal get stack
in the die. This can be supported by a possible temper-
ature control of the different zones inside of the die. As
aresult, an efficient method is achieved as the next pro-
duction cycle for manufacturing a reinforced bi-metallic
casting composite can be initiated faster. The spraying
and a sequent drying process that is employed after the
bi-metallic cast part is ejected from the die can be also
employed to maintain a desired die temperature in every
section of the die before starting a new manufacturing
cycle.

[0033] In another particular embodiment, said at least
one metallic insert being in a preformed condition is pro-
vided in a pre-heated condition. Thus, a more efficient
method can be achieved as the time for the possible in-
ternal heating of the metallic insert before the step of
performing the over-casting of the metallic insert can be
reduced.

[0034] In a particular embodiment of the method, be-
fore step a), a pre-shaping operation is performed to said
at least one metallic insert in order to achieve said pre-
formed condition of said at least one metallic insert, pref-
erably by means of cutting, cold or hot pressing, 3D pro-
totyping, casting or machining of said atleast one metallic
insert. Thus, a reinforced bi-metallic casting composite
comprising a metallic insert as reinforcement with an ar-
bitrarily complex shape can be achieved. Potential limits
to deform the shape of the metallic insert by the step of
the deformation operation can be compensated by the
fact that the final intended design of the metallic insert is
achieved by a combination of the pre-shaping operation
and the deformation operation.

[0035] According to another aspect of the invention,
an apparatus for manufacturing a reinforced bi-metallic
casting composite, preferably for performing a method
according to any of claims 1 to 13, is provided, the ap-
paratus comprising a die, wherein said die comprises a
moulding cavity; and a closing element being movable
in a closing direction for closing said moulding cavity.
The apparatus is characterised in that it further compris-
es: at least one actuator being adapted to perform a de-
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formation operation to a metallic insert when being ar-
ranged inside of said moulding cavity, wherein said at
least one actuator is a mechanical actuator, a hydraulic
actuator, a pneumatic actuator, a magnetic actuator or
an electric actuator.

[0036] Thus, an apparatus is provided by means of
which a reinforced bi-metallic casting composite can be
manufactured with fewer machines, for instance in a sin-
gle machine, without the necessity of a plurality appara-
tuses. No several apparatuses are needed for the nec-
essary deformation operation of the metallic insert and
the over-casting step.

[0037] According to the description of the method be-
fore, the actuator or the actuators can be integrated into
the closing element or arranged inside or also outside of
the moulding cavity of the die. They are adapted to inter-
act with a metallic insert being arranged inside of the die
in order to perform a deformation operation to the metallic
insert. Advantages that have been described previously
with regard to the method are correspondingly valid for
the apparatus according to the invention.

[0038] In a particular embodiment of the apparatus,
said die is a thermally regulated die, wherein said ther-
mally regulated die can control a die temperature, in par-
ticular different die temperatures in different areas of the
die, in arange from 80° C to 500° C, preferably from 200°
C to 400° C, in particular by means of at least one tem-
perature sensor and by means of at least one tempera-
ture controller, preferably a PID controller. Thus, an ad-
vantageous temperature control of the different parts of
the die and, thereby, a thermal regulation of the metallic
insert to be arranged inside of the moulding cavity of the
apparatus can be performed according to the previous
description of the corresponding features of the method.
[0039] The different aspects and embodiments of the
invention defined in the foregoing can be combined with
one another, as long as they are compatible with each
other.

[0040] Additional advantages and features of the in-
vention will become apparent from the detail description
that follows and will be particularly pointed out in the ap-
pended claims.

BRIEF DESCRIPTION OF THE DRAWINGS

[0041] To complete the description and in order to pro-
vide for a better understanding of the invention, a set of
drawings is provided. Said drawings form an integral part
of the description and illustrate an embodiment of the
invention, which should not be interpreted as restricting
the scope of the invention, but just as an example of how
the invention can be carried out. The drawings comprise
the following figures:

Figure 1 shows a flow diagram of a method for man-
ufacturing a reinforced bi-metallic casting composite
according to the present invention.

Figure 2A shows a principle sketch representing the
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method as well as the apparatus according to the
present invention, with the method performing the
steps of placing a metallic insert in the die and hold-
ing the metallic insert in the die.

Figure 2B shows a principle sketch corresponding
to the reproduction in Fig. 2A, with the method this
time performing the steps of the closing operation
and the deformation operation.

Figure 2C shows a principle sketch corresponding
to the reproductions in Fig. 2A and Fig. 2B, with the
method this time performing a retraction movement
of the actuators.

Figure 2D shows a principle sketch corresponding
to the reproductions in Fig. 2A, Fig. 2B and Fig. 2C,
with the method this time performing the metal over-
casting step.

Figure 2E shows a principle sketch corresponding
to the reproductions in Fig. 2A, Fig. 2B, Fig. 2C and
Fig. 2D, with the method this time performing the
step of die opening and part extraction.

Figure 3A shows a principle sketch representing the
method as well as the apparatus according to the
present invention in correspondence with the repro-
ductions in Fig. 2A to 2E, with an alternative step for
a retraction and closing operation of the closing el-
ement.

Figure 3B shows a principle sketch corresponding
to the reproduction in Fig. 3A, with a further alterna-
tive step for a retraction and closing operation of the
closing element.

DESCRIPTION OF A WAY OF CARRYING OUT THE
INVENTION

[0042] The following description is not to be taken in a
limiting sense but is given solely for the purpose of de-
scribing the broad principles of the invention. Embodi-
ments of the invention will be now described by way of
example, with reference to the above-mentioned draw-
ings showing elements and results according to the in-
vention.

[0043] In the following description, same reference
signs refer to same elements and, respectively, same
features. Accordingly, a description given with regard to
a specific figure also is valid with regard to elements in
other figures. Thereby, a repeated descriptionis avoided.
Furthermore, single features described with regard to a
specific embodiment are also applicable in different em-
bodiments.

[0044] Figure 1 shows a flow diagram of a method for
manufacturing a reinforced bi-metallic casting composite
according to the presentinvention. In a first step I), which
is an optional step, a pre-shaping of a metallic insert can
be performed. As material for the metallic insert, a ma-
terial can be selected out of the group: steel, iron, alu-
minium, copper, magnesium, titanium alloy, or any alloy
or combination of the mentioned metals. By said pre-
shaping, for instance by means of cutting, cold or hot
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pressing, 3D prototyping, casting or machining, a metallic
insert that is intended to be integrated to the final bi-me-
tallic composite is provided in a preformed condition.
[0045] In the following two steps, the steps a) and b)
as the first essential steps of the presented method, the
metallicinsertbeing in its preformed condition is provided
and introduced into a die. In particular, the metallic insert
is placed into a moulding cavity of the die where the me-
tallic insert is held in a predetermined condition, for in-
stance by positioners such as spacer rods mounted re-
tractably on springs, which can press against the metallic
insert. In general, the positioners can be adapted to per-
form the positioning operation by means of magnetism,
adhesion, extraction, vacuum, suction cups or gravity.
The metallic insert can optionally be provided in a pre-
heated condition. The metallic insert can be by way of
an example a flat steel sheet.

[0046] Then, in step d), a closing operation of the die
by means of a closing element is performed, and, in step
e), a deformation operation is performed. By means of
said closing operation, it is assured that the subsequent
casting operation in terms of the metal over-casting step
can be performed since, therefore, the moulding cavity
of the die needs to be closed. By means of said defor-
mation operation, the metallic insert is deformed from its
preformed condition into a casting condition. The defor-
mation operation can be a stamping operation and, in
particular, a hot deformation operation such as hot
stamping. The deformation operation can be performed
by at least one actuator, for instance by mechanical ac-
tuators, hydraulic actuators, pneumatic actuators, mag-
netic actuators or electric actuators, and the deformation
operation can be performed by the positioners as well.
In this case, the positioners correspond to the actuators.
[0047] Saidstepsd)ande),thatisthe closingoperation
and the deformation operation, can also be performed in
exchanged order or even at the same time. In other
words, the deformation operation of the metallic insert
can also be performed before the die is closed or while
the die is being closed.

[0048] Subsequently, in step f), the metal over-casting
step is performed. Thereby, an over-cast metal is casted
into the die at least partly over the metallic insert. A bond
between the metallic insert and the over-cast metal is
intended by performing said step in order to eventually
achieve a reinforced bi-metallic casting composite.
[0049] As material for the over-cast metal, a material
can be selected out of the group: steel, iron, aluminium,
copper, magnesium, titanium, zinc alloy, or any alloy or
combination of the mentioned metals. In general, the ma-
terials of the metallic insert as well as of the over-cast
metal can be the same. However, preferably, a material
for the metallicinsert is used that differs from the material
being used for the over-cast metal in that the metallic
insert material has a higher melting point than the over-
cast metal material. Thus, a reinforced bi-metallic casting
composite can be achieved that combines the positive
effects of the different materials used for the metallic in-
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sert and for the outer over-cast metal.

[0050] The casting operation preferably corresponds
to a high pressure die casting. However, the used casting
machine can also be another die casting, squeeze, semi-
permanent or low pressure casting machine. Depending
on the casting process, the pressure over the metallic
insert varies from a few bars till approximately 1.200 bars
in a high pressure die casting and up to approximately
2.000 bars in a squeeze casting.

[0051] In the subsequent step g), the solidification of
the over-cast metal. Thereby, a bond between the me-
tallic insert and the over-cast metal is achieved. The re-
sulting part will be the intended reinforced bi-metallic
casting composite. In order to improve the properties of
the resulting reinforced bi-metallic casting composite, a
squeezing operation can be performed during step g),
that is, during the solidification of the over-cast metal. In
particular, atleast one squeeze pin can squeeze the over-
cast metal when said over-cast metal is in a semi-solid
state during the solidification of said over-cast metal.
Thus, the shrinkage porosity can be reduced or, respec-
tively, the union of the metallic insert and the over-cast
metal can be increased. As the at least one actuator el-
ement for the squeezing operation, also at least one of
the actuators or positioners can be used.

[0052] In a final essential step of the method, in step
h), the metallic insert together with the over-cast metal
is extracted from the die as the reinforced bi-metallic cast-
ing composite. Within this step, the die is also opened,
that is, the closing element is opened and the closing
operation of the die is undone again.

[0053] Optionally, as mentioned in step Il) in figure 1,
a finishing operation can be performed to the reinforced
bi-metallic casting composite after it has been extracted
from the die. Forinstance, the reinforced bi-metallic cast-
ing composite can be exposed to a trimming operation
or any other machining or finishing process in order to
further improve its properties.

[0054] Furthermore, after the reinforced bi-metallic
casting composite has been extracted from said die, the
inner surfaces of the die optionally can be cleaned at
least partly and sprayed at least partly with a de-moulding
agent. Thus, it can be avoided that some parts of the
over-cast metal get stack in the die and an efficient meth-
od is achieved as the next production cycle for manufac-
turing a reinforced bi-metallic casting composite can be
initiated faster.

[0055] The die being used in the described method
preferably is a thermally regulated die. Thereby, the die
temperature can be controlled. In particular, different die
temperatures in different areas of the die can be set. This
can be done by the heating of different areas of the die
in a distinctive intense manner. The die or its different
areas can be heated up to 500°C. During the method,
when the metallic insert is placed in the die, the die or its
different areas preferably have a temperature in a range
from 200°C to 400°C. The temperature of the die or of
its different areas is controlled by one temperature sensor
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as well as one temperature controller, preferably a PID
controller, per different die area. Complementary, the die
as well as its different die areas can be cooled down in
a controlled manner. The cooling and heating systems
can be cartridge heaters, jet cooler, water and oil coolers
and other temperature controlling systems or combina-
tions thereof.

[0056] After performing the method as shown in figure
1 and as described above at least in terms of the steps
a) until h), the obtained productis a reinforced bi-metallic
casting composite as kind of a metal matrix composite
with a metallicinsert, forinstance a sheet. The mentioned
steps can be performed by one singular die or machine.
There is no necessity for further apparatuses to perform
the deformation of the metallic insert into its finally in-
tended shape as well as to perform embedding of this
metallic insert with the over-cast metal. Accordingly, a
method for manufacturing a reinforced bi-metallic casting
composite is achieved according to which reinforced bi-
metallic casting composites can be manufactured in a
less time consuming and less cost-intensive manner. A
reduction in space for the machinery, as well as a reduc-
tion of the machinery and the production cost and an
increase of the process productivity is obtained.

[0057] Figure 2A shows a principle sketch represent-
ing the method as well as an apparatus 1 according to
the present invention, with the method performing the
steps of placing a metallic insert 2 in the die 3 and holding
the metallic insert 2 in the die 3. The metallic insert 2 is
placedinside of the die 3, in particularin a moulding cavity
4 of the die 3, where the metallic insert 2 is held by two
lateral actuators 5. These lateral actuators 5, therefore,
serve as positioners of the metallic insert 2. The two lat-
eral actuators 5 are part of a fix part 6 of the die 3. The
metallic insert 2 is in the shown embodiment a flat thin
sheet and is provided to the die 3 in a preformed condi-
tion.

[0058] The die 3 comprises in addition to the fix part 6
also a mobile part 7 being arranged opposite to the fix
part 6 and being movable in a closing direction 8. The
closing direction 8 is the direction into which the mobile
part 7 is moved so that the closing operation of the meth-
od is performed, that is, in order to close the die 3, in
particular the moulding cavity 4 so that the metal over-
casting step can be performed.

[0059] The mobile part 7 of the die 3 comprises a clos-
ing element 9 which is adapted to close the moulding
cavity 4 of the die 3 by its movement to the closing direc-
tion 8. For said movement in the direction of the closing
direction 8. The mobile part 7 of the die 3 further com-
prises an expulsion part 10 which is adapted to extract
the finished part out of the die 3 or, respectively, out of
the moulding cavity 4.

[0060] The closing element 9 further comprises an ac-
tuator in terms of a hot press actuator 11. The hot press
actuator 11 is adapted to perform a hot stamping oper-
ation to the metallic insert 2 and the hot press actuator
11 is a part of the mobile part 7 of the die 3 as well as
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the closing element 9. Therefore, the hot press actuator
11 can also be moved forth and backwards along the
closing direction 8. The movement along the closing di-
rection 8 can be realised independent from the move-
ment of the closing element 9 or, as well, in connection
with the movement of the closing element 9. The move-
ments of the closing element 9 and the hot press actuator
11 both substantially are lineal movements along the
closing direction 8 independent from each other.

[0061] Moreover, a metal path 12 is provided in the
apparatus 1, by means of which metal path 12 the melted
over-cast metal can be casted into the die 3, in particular
into the moulding cavity 4. Accordingly, the metal path
12 is connected to the moulding cavity 4 in a manner
which allows the flow of liquid metal through the metal
path 12 up to the moulding cavity 4.

[0062] Figure 2B shows a principle sketch correspond-
ing to the reproduction in figure 2A, with the method this
time performing the steps of the closing operation and
the deformation operation. That is, the method or, re-
spectively, the apparatus 1 is shown in a status according
tothe two steps subsequent to the status as shown before
in figure 2A.

[0063] In figure 2B, the mobile part 7 has been moved
along the closing direction 8 towards the fix part 6 of the
die 3 in order to perform the closing operation. At the
same time, the deformation operation of the metallic in-
sert 2 has been performed so that the metallic insert 2 is
shown in figure 2B in its casting condition which differs
from its preformed condition in that the metallic insert 2
has been deformed from being a flat thin sheet to being
a sheet comprising two lateral shoulder sections 13.
[0064] The deformation operation of the metallic insert
2 has been performed by means of the hot press actuator
11 which has moved into the closing direction 8 together
with the closing element 9 or, respectively, the mobile
part 7 of the die 3. Hence, the closure force has been
used to perform the deformation operation. The defor-
mation operation corresponds to a hot stamping opera-
tion as the metallic insert 2 inside of the die 3 is heated.
This heating can be achieved by a preheating of the me-
tallic insert 2 before placing it inside of the die 3 or by the
heat existing inside of the die 3, forinstance due to heated
die surfaces. The deformation operation is supported by
the two lateral actuators 5 or positioners.

[0065] According tothe embodimentas showninfigure
2B, the closing operation of the die 3 as well as the de-
formation operation of the metallic insert 2 has been per-
formed at the same time, in particular by the same step,
namely by closing the die 3 due to the lineal movement
of the closing element 9 and the hot press actuator 11.
Alternately, the two steps, namely the closing operation
and the deformation operation, can also be performed in
subsequent manner. That is, the die 3 could be closed
after a deformation operation has already been per-
formed or, alternatively, before a deformation operation
is performed later on.

[0066] Figure 2C shows a principle sketch correspond-
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ing to the reproductions in figure 2A and figure 2B, in a
status in which, according to the method, a retraction
movement of the actuators is performed. That is, the hot
press actuator 11 as well as the two lateral actuators 5
are retracted back or away from their positions of before,
as shown in figure 2B. Accordingly, the hot press actuator
11 is moved back away from the fix part 6 of the die 3
along the closing direction 8 or, in other word, against
the closing direction 8. The two lateral actuators 5 are
moved laterally away from the two lateral shoulder sec-
tions 13 of the metallic insert 2. Said retraction move-
ments of the actuators is indicated in an exaggerated
manner in figure 2C by means of dotted arrows.

[0067] Due to said retraction movements of the actu-
ators, the moulding cavity 4 isreleased again in a manner
that allows the flow of liquid metal through the metal path
up to the moulding cavity 4. Before the retraction move-
ments, the metallic insert 2 was contacted by the actua-
tors, in particular by the hot press actuator 11 as well as
the two lateral actuators 5 (cf. figure 2B) and, accordingly,
a flow of melted over-cast metal had not been able to
reach its destination in terms of the metallic insert 2. At
the same time, the retraction movement of the hot press
actuator 11 does not lead to an opening of the die 3 or,
respectively, the moulding cavity 4. In other words, the
closing operation of the die 3 is not undone. This is due
to the fact that the hot press actuator 11 can be moved
against the closing direction 8 independently from the
closing element 9 which closing element 9 still serves for
keeping the die 3 and the moulding cavity 4 closed.
[0068] However, it would also be possible to open the
die 3 or, respectively, the moulding cavity 4 again by said
retraction operation so that a new closing operation of
the die 3is needed. This case is referred to as a retraction
and closing operation.

[0069] Figure 2D shows a principle sketch correspond-
ing to the reproductions in figure 2A, figure 2B and figure
2C, ina status of the method according to which the metal
over-casting step is performed. The moulding cavity 4 of
the die 3 is still closed by the closing element 9 although
the hot press actuator 11 is in a retracted condition. Melt-
ed over-cast metal 14 has been casted into the moulding
cavity 4 after having passed through the metal path 12.
The melted over-cast metal 14 is surrounding the metallic
insert 2 at its entire inside surfaces. Furthermore, the
outer surfaces of the two lateral shoulder sections 13 are
also contacted with the melted over-cast metal 14 due
to the previous retraction movement of the lateral actu-
ators 5.

[0070] Figure 2E shows a principle sketch correspond-
ing to the reproductions in figure 2A, figure 2B, figure 2C
and figure 2D, in a status of the method according to
which the step of die opening and part extraction is per-
formed. After the solidification of the over-cast metal 14,
the metallic insert 2 can be extracted together with the
over-cast metal 14 being bonded to the metallic insert 2.
Thus, the reinforced bi-metallic casting composite is re-
moved from the die 3 or, respectively, from the moulding
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cavity 4. The extraction operation of the reinforced bi-
metallic casting composite is combined with an opening
operation of the die 3. In particular, the mobile part 7 of
the die 3 is moved away from the fic part 6 of the die 3
and, at the same time, the expulsion part 10 of the die 3
extracts the reinforced bi-metallic casting composite, that
is the metallic insert 2 together with the over-cast metal
14, out of the moulding cavity 4. The laterally retracted
position of the two lateral actuators 5 allow this movement
of the metallic insert 2 together with the over-cast metal
14 as the two lateral actuators 5 or positioners are not
holding anymore the metallic insert 2 inside of the mould-
ing cavity 4.

[0071] After the extraction of the reinforced bi-metallic
casting composite, also a final finishing operation, for in-
stance a machining operation, of the reinforced bi-me-
tallic casting composite can be performed. Furthermore,
the moulding cavity 4 or the inner surfaces of the die 3
can be treated with a de-moulding agent for subsequent
production processes.

[0072] Figure 3A as well as figure 3B both show a prin-
ciple sketch representing the method as well as the ap-
paratus according to the presentinvention in correspond-
ence with the reproductions in figures 2A to 2E, with an
alternative step for a retraction and closing operation of
the closing element 9. In the status as shown in figure
3A as well as in figure 3B, the deformation process of
the metallicinsert 2 has already been performed. Accord-
ingly, the metallic insert 2 comprises its two lateral shoul-
der sections 13. However, the metal over-casting step
has not been performed yet and the metallic insert 2 is
arranged in the moulding cavity 4 without any over-cast
metal yet being present.

[0073] Both,infigure 3A and figure 3B, aretraction and
closing operation is performed, wherein, by means of a
retraction and closing operation, the closing element 9
is reversed at least partly and a further closing operation
of the die 3 is performed. The further closing operation
of the die 3 has not been performed yet in the embodi-
ments as shown in figure 3A and figure 3B. However, the
type of retraction movement of the closing elements 9
are shown.

[0074] In figure 3A, the retraction movement of the
closing element 9 includes a sliding movement of the
closing element 9 as indicated by arrow 15 to a side sub-
stantially perpendicular to the closing direction 8. In con-
trast to this, in figure 3B, the retraction movement of the
closing element 9 includes a rotation movement of the
closing element 9 as indicated by arrow 16 around an
axis being substantially parallel to the closing direction 9.
[0075] In both cases, after the retraction movements
of the closing elements 9, that is after the moulding cavity
4 of the die 3 has been opened, a new closing operation
of the die 3 has to be performed in order to close the
moulding cavity 4 again so that it is prepared for the sub-
sequent metal over-casting step as described above in
connection with the previous embodiments. Accordingly,
the closing element 9 does not serve for the final closing
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of the moulding cavity 4 but another additional, subse-
quentclosing elementand, therefore, the closing element
9 can be regarded as a mobile deformation tool.

[0076] Inthe context of the present invention, the term
"comprises" and its derivations (such as "comprising",
"including”, "includes", etc.) should not be understood in
an excluding sense, that is, these terms should not be
interpreted as excluding the possibility that what is de-
scribed and defined may include further elements, steps,
etc.

[0077] Inthe context of the present invention, the term
"approximately" and terms of its family (such as "approx-
imate", etc.) should be understood as indicating values
very near to those which accompany the aforementioned
term. That is to say, a deviation within reasonable limits
from an exact value should be accepted, because a
skilled person in the art will understand that such a de-
viation from the values indicated is inevitable due to
measurementinaccuracies, etc. The same applies to the
terms "about" and "around" and "substantially".

[0078] Theinventionis obviously notlimited to the spe-
cific embodiment(s) described herein, but also encom-
passes any variations that may be considered by any
person skilled in the art (for example, as regards the
choice of materials, dimensions, components, configu-
ration, etc.), within the general scope of the invention as
defined in the claims.

Claims

1. A method for manufacturing a reinforced bi-metallic
casting composite, wherein at least one metallic in-
sert (2) is provided in a die (3) and a metal over-
casting step is performed, wherein, by means of said
metal over-casting step, an over-cast metal (14) is
casted at least partly over said at least one metallic
insert (2),
characterised in that the method comprises the fol-
lowing steps:

a) providing said at least one metallic insert (2)
being in a preformed condition;

b) introducing said at least one metallic insert
(2) being in its preformed condition into said die
3)

c) holding said at least one metallic insert (2)
being in its preformed condition in a predeter-
mined position in said die (3);

d) performing a closing operation of said die by
means of a closing element (9);

e) performing a deformation operation, wherein,
by means of said deformation operation, said at
least one metallic insert (2) being in its pre-
formed condition is deformed from its preformed
condition into a casting condition;

f) performing said metal over-casting step,
wherein said over-cast metal (14) is casted at
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10

least partly over said at least one metallic insert
(2) being in its casting condition;

g) solidification of said over-cast metal (14); and
h) extracting said at least one metallic insert (2)
together with said over-cast metal (14) from said
die (3).

The method of claim 1, wherein said deformation
operation is performed by at least one actuator (11;
5), wherein said at least one actuator (11; 5) is a
mechanical actuator, a hydraulic actuator, a pneu-
matic actuator, a magnetic actuator or an electric
actuator.

The method of claim 1 or 2, wherein said deformation
operationis performed before said closing operation.

The method of claim 1 or 2, wherein said deformation
operation is performed after said closing operation.

The method of claim 1 or 2, wherein said deformation
operation is performed at least partly by means of
said closing operation and, after said deformation
operation, a retraction and closing operation is per-
formed, wherein, by means of said retraction and
closing operation, said closing element (9) is re-
versed at least partly and a further closing operation
of said die is performed.

The method of claim 5, wherein said retraction and
closing operation includes a sliding movement (15)
of said closing element (9) to a side substantially
perpendicular to a closing direction (8) of said closing
element (9).

The method of claim 5, wherein said retraction and
closing operation includes a rotation movement (16)
of said closing element (9) around an axis being sub-
stantially parallel to a closing direction (8) of said
closing element (9).

The method of any of claims 1 - 7, wherein said die
(3) is a thermally regulated die, wherein said ther-
mally regulated die can control a die temperature, in
particular different die temperatures in different are-
as of the die (3), in a range from 80°C to 500°C,
preferably from 200°C to 400°C, in particular by
means of at least one temperature sensor and by
means of at least one temperature controller, pref-
erably a PID controller.

The method of any of claims 1 - 8, wherein, during
the solidification of said over-cast metal (14), at least
one actuator element, in particular at least one
squeeze pin, squeezes said over-cast metal (14)
when said over-cast metal (14) is in a semi-solid
state.
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The method of any of claims 1 - 9, wherein, after step
h), a finishing operation is performed to said at least
one metallic insert (2) together with said over-cast
metal (14).

The method of any of claims 1 - 10, wherein, after
said at least one metallic insert (2) together with said
over-cast metal (14) has been extracted from said
die, inner surfaces of said die (3) are cleaned at least
partly and sprayed at least partly with a de-moulding
agent.

The method of any of claims 1 - 11, wherein said at
leastone metallicinsert (2) being in a preformed con-
dition is provided in a pre-heated condition.

The method of any of claims 1 - 12, wherein, before
step a), a pre-shaping operation is performed to said
at least one metallic insert (2) in order to achieve
said preformed condition of said at least one metallic
insert (2), preferably by means of cutting, cold or hot
pressing, 3D prototyping, casting or machining of
said at least one metallic insert (2).

An apparatus (1) for manufacturing a reinforced bi-
metallic casting composite, preferably for performing
a method according to any of claims 1 to 13, com-
prising:

- a die (3), wherein said die comprises a mould-
ing cavity (4); and

- a closing element (9) being movable in a clos-
ing direction (8) for closing said moulding cavity

(4),

characterised in that the apparatus (1) further com-
prises:

atleastone actuator (11; 5) being adapted to perform
a deformation operation to a metallic insert (2) when
being arranged inside of said moulding cavity (4),
wherein said at least one actuator (11; 5) is a me-
chanical actuator, a hydraulic actuator, a pneumatic
actuator, a magnetic actuator or an electric actuator.

The apparatus (1) of claim 14, wherein said die (3)
is a thermally regulated die, wherein said thermally
regulated die can control a die temperature, in par-
ticular different die temperatures in different areas
of the die (3), in a range from 80° C to 500° C, pref-
erably from 200° C to 400° C, in particular by means
of at least one temperature sensor and by means of
at least one temperature controller, preferably a PID
controller.

10

15

20

25

30

35

40

45

50

55

1"

20



EP 3 587 000 A1

1) ,
I
Pre-shaping of the insert (optional)

U

a)
Providing metallic insert in preformed condition
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b)
Placing metallic insert in the die
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Holding metaling insert in the die
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d)
Closing operation
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e)
Deformation operation
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Metal over-casting step
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g)
Solidification
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Die opening and part extraction
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