EP 3 789 134 A1

(19)

Europaisches
Patentamt

European

Patent Office

Office européen
des brevets

(12)

(43) Date of publication:
10.03.2021 Bulletin 2021/10

(21) Application number: 19195621.8

(22) Date of filing: 05.09.2019

(11) EP 3789 134 A1

EUROPEAN PATENT APPLICATION

(51) IntClL:
B22D 17/20 (2006.01)
B22D 17/32 (2006.01)

B22D 17/22 (2006.01)

(84) Designated Contracting States:
AL ATBE BG CH CY CZDE DKEE ES FIFRGB
GRHRHUIEISITLILTLULVMC MKMT NL NO
PL PT RO RS SE SI SK SM TR
Designated Extension States:
BA ME
Designated Validation States:
KH MA MD TN

(71) Applicant: Nemak, S.A.B. de C.V.
66000 Garcia, Nuevo Leon (MX)

(72) Inventor: Nabielski, Bartlomiej
43-300 Bielsko-Biala (PL)

(74) Representative: Cohausz & Florack
Patent- & Rechtsanwilte
Partnerschaftsgesellschaft mbB
BleichstraRe 14
40211 Diisseldorf (DE)

(54)

(567)  The invention relates to an apparatus (10) for
applying a force to a metal component in a casting mold
(12), the apparatus (10) comprising: a drive arrangement
(14, 14’) at least in part movable in a drive direction (D);
and a squeeze arrangement (16, 16’) atleast in part mov-
able in a squeeze direction (S) for applying the force to
the metal component in the casting mold (12); wherein
the apparatus (10) is configured such that a force can be
mechanically transferred from the drive arrangement (14,
14’) to the squeeze arrangement (16, 16’) via a force
deflection mechanism (20, 20’); and wherein the force
deflection mechanism (20, 20’) is based on a wedge
mechanism. The invention also relates to a method and
a use of the apparatus.
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Description

[0001] The present invention relates to an apparatus
for applying a force to a metal component in a casting
mold. The presentinvention also relates to a use of such
an apparatus and to a method for applying a force to a
metal component in a casting mold.

[0002] During metal casting of components in a casting
mold, there exists the known problem of air inclusions in
certain areas of the cast metal component. These inclu-
sions can remain in the component during solidification
of the metal and can result in a porosity of the cast meal
component. This affects the mechanical properties of the
component in the respective areas. More specifically,
such porosity potentially impairs the yield strength and
the ultimate tensile strength in the component. This is
particularly critical for stressed areas of the component,
such as the bearing area of cylinders of an engine block.
Low mechanical properties in the cast component are
one of the main problems particularly in high pressure
die casting (HPDC). At the same time higher and higher
mechanical properties are demanded in critical areas
such as the mentioned bearing areas of cylinders of en-
gine blocks. Thus, there is the need for manufacture
mechanisms which reduce the risk of porosity.

[0003] In order to reduce the occurrence of air inclu-
sions and the resulting risk of porosity, a possible ap-
proach is to use so called "squeeze pins" for exerting a
pressure on the (partially solidified) cast component at
the end of the filling of the casting mold.

[0004] In a first known approach, a cylinder piston rod
is aligned axially with a squeeze pin without any trans-
mission there between and the cylinder piston and piston
rod move in the same direction as the squeeze pin. The
issue here is to squeeze sufficiently large volumes be-
cause this requires sufficiently large forces. However, if
this approach is used in an HPDC tool, the available
space and thus the size of the cylinder is limited.
[0005] Thus, either the required forces cannot be
achieved or the casting tool would need to be redesigned
and allowed to take up more space.

[0006] An example of a pin-squeeze system without a
transmission according to this first approach described
above is illustrated in Fig. 1A. When a piston in cylinder
is moved by the action of a fluid delivered to the cylinder,
a clutch rigidly mounted on the end of the piston rod push-
es a core pin, which then squeezes the metal. When the
piston in the cylinder is moved back by the action of a
fluid delivered to the cylinder, the core pin is returned to
the initial position.

[0007] Alternatively, according to a second known ap-
proach, a transmission is used, which enables the use
of a smaller cylinder. This method has the potential risk
of higher maintenance costs. Also, it may be problematic
to use this approach in existing tools, because of the size
of the transmission, which also requires a lot of space.
[0008] An example of a pin-squeeze system with a
transmission according to this second approach de-
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scribed above is illustrated in Fig. 1B. When a piston in
a cylinder is moved by the action of a fluid delivered to
the cylinder, the back-and-forth linear motion is translat-
ed into a rotational motion in the first gearing arrange-
ment. In the second gearing arrangement, the rotational
motion is translated back to a back-and-forth linear mo-
tion. A clutch links the toothed gear rack with the core
pin, which squeezes the metal. When the piston in the
cylinder is moved back by the action of a fluid delivered
to the cylinder, the core pin is returned to the initial posi-
tion.

[0009] An example of a system utilizing such a pres-
sure pinis given in EP 0 465 947 B1 describing a method
and apparatus for casting an engine block with an alu-
minum alloy for an automobile having a plurality of cyl-
inders. The engine block casting apparatus comprises a
squeeze pin extendible to a cavity between the main oil
gallery mold releases pin and the sand core. The pin is
reciprocated by a squeeze cylinder. At the end of molten
metal filling, the squeeze pin extends to squeeze and
eliminate the product cavity.

[0010] EP 3 015194 A1 describes a method for man-
ufacturing a cylinder block comprising a semicircular
bearing section, wherein the method comprises pres-
sure-injecting molten metal into a cavity formed inside a
metal mold and sliding a pressure pin disposed in the
metal mold after the pressure-injecting of the molten met-
al and thereby applying a pressure to the molten metal
injected in the cavity.

[0011] Further examples are described in EP 0 694
358 B1, GB 2209 015 B and US 6,629,558.

[0012] The above described pin-squeeze system with-
out a transmission according to the first approach gen-
erally allows the application of a force to the metal during
the solidification of the metal and can provide a reduction
of the volume of porosity. Due to the fact that this mech-
anism does not require the use of a transmission, this
simplifies the maintenance. However, as already ex-
plained above, using such an approach may be problem-
atic when the compression of a large metal volumes is
required. In this case, the pin squeeze system without a
transmission would require the use of a comparably large
cylinder or a doubling of the cylinder, which is connected
with the necessity of providing a larger space for the im-
plementation of this solution. For most casting tool con-
structions, itis not possible to provide for such additional
space.

[0013] The use of a pin squeeze system with a trans-
mission according to the second approach does also al-
low the compression of a large metal volume. As ex-
plained above, the disadvantage of this second approach
isthat there is often no possibility of adding such a system
to an existing casting tool without significant rebuilding.
Due to the dimensions of the transmission, the construc-
tion of the casting tool must be considered and adapted
already at the beginning of the design stage. Another
disadvantage of this second approach are the potentially
higher costs of maintenance.
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[0014] In view of the prior art, the present invention is
faced with the problem of suggesting an apparatus which
allows for applying a sufficiently high force to a metal
component in the casting mold, while at the same time
a compact size and an as low as possible maintenance
effort shall be achieved. Further, a corresponding method
and an advantageous use are suggested.

[0015] According to an exemplary aspect of the inven-
tion, there is disclosed an apparatus for applying a force
to a metal component in a casting mold, the apparatus
comprising: a drive arrangement at least in part movable
in a drive direction; and a squeeze arrangement at least
in part movable in a squeeze direction for applying the
force to the metal componentin the casting mold; wherein
the apparatus is configured such that a force can be me-
chanically transferred from the drive arrangement to the
squeeze arrangement via a force deflection mechanism;
and wherein the force deflection mechanism is based on
a wedge mechanism.

[0016] According to a further exemplary aspect of the
invention, there is disclosed a method for applying a force
to a metal componentin a casting mold, the method com-
prising: at least in part moving a drive arrangement in a
drive direction; thereby mechanically transferring a force
from the drive arrangement to a squeeze arrangement
via a force deflection mechanism, wherein the force de-
flection mechanism is based on a wedge mechanism;
and thereby at least in part moving the squeeze arrange-
ment in a squeeze direction for applying the force to the
metal component.

[0017] According to yet a further exemplary aspect of
the invention, there is disclosed a use of an apparatus
according to the invention for applying a force to a metal
component, in particular an engine cylinder block, in a
casting mold, in particular for squeezing a bearing area
of the engine cylinder block.

[0018] The use of a wedge mechanism for squeezing
a metal component (in particular a bearing area of the
cast metal component, such as the bearing area of an
engine cylinder block) in a cast mold provides for a suf-
ficient compression of the metal during its solidification
and thus the ability to eliminate or reduce the volume of
porosity. This solution does not only provide the ability
to compress large volumes of metal, but also to maintain
a very compact size of the mechanism. In addition the
suggested solution does not require any special mainte-
nance. As a result, the proposed solution can be used in
critical areas (such as bearing areas of an engine cylinder
block), where other solutions only achieve too small
squeeze pressures or have too large dimensions and are
thus impossible to implement in the respective casting
tool. As a result, a metal component with improved me-
chanical properties, in particular a reduced potential risk
of low yield strengths and ultimate tensile strengths can
be provided in an efficient manner.

[0019] The casting method used may in particular be
pressure casting or high pressure die casting (HPDC).
Accordingly, the apparatus may be a high pressure die
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casting apparatus or a part thereof and the casting mold
used may be a die-cast suitable for high pressure die
casting. The force is in particular applied to the metal
component at least for a certain time during solidification
of the metal. The force may be kept applied until the so-
lidification of the metal has completed. Accordingly, the
term metal component is understood to cover the state
of molten metal until completely solidified metal in the
casting mold. Preferably, the metal may be aluminum or
an aluminum alloy.

[0020] As already mentioned, the metal component
may in particular be an engine cylinder block. The force
applied to the metal component may in that case in par-
ticular be applied to a bearing area of the engine cylinder
block.

[0021] The force applied to the metal component via
the squeeze arrangement is set such that it is sufficient
for reducing air inclusion and the porosity of the metal
component. The specific force and pressure to be applied
may depend on and determined based on various fac-
tors, such as the metal used, the casting method, the
geometry of the metal component and/or the area of the
component to be squeezed.

[0022] The drive arrangement and the squeeze ar-
rangement (or a respective part thereof) may each be
exclusively movable in the drive direction and the
squeeze direction, respectively. Thus, the respective
movement may be a translational or linear movement.
The movement may an axial movement along an axis of
the respective arrangement (such as a piston rod axis or
a pin axis). That an arrangement may only in part be
movable in a respective direction is understood to mean
that the respective arrangement may comprise parts
which are fixed or not movable. For instance, the drive
arrangement may comprise a cylinder which is not mov-
ing in the drive direction, but only serves for driving a
piston or piston rod in the drive direction. Likewise the
squeeze arrangement comprises parts, such as e.g. one
or more squeeze pins moving in the squeeze direction,
but may also comprise parts, such as e.g. guides or
sleeves, which may not necessarily move into the
squeeze direction.

[0023] The force deflection mechanism may be real-
ized with components of the drive arrangement and the
squeeze arrangement. However, the force deflection
mechanism may also comprise additional parts or ele-
ments.

[0024] A force deflection mechanism utilizing a wedge
mechanism is understood to be a mechanism utilizing
one or more wedge surfaces (i.e. inclined, or tilted sur-
faces in particular with respect to the drive direction
and/orthe squeeze direction) so as to deflect the direction
of an input force to a direction of an output force. At the
same time, the mechanism may realize a transmission,
for instance, as will be explained in more detail below.
[0025] The drive arrangement is understood to be po-
sitioned on the drive side, while the squeeze arrange-
ment is understood to be positioned on the driven (or
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drive end) side. Thus, as seen in the direction of power
transmission there is the order "drive arrangement” -
"force deflection mechanism" - "squeeze arrangement".
[0026] In the context of the invention, the exemplary
method may further comprise steps before and after the
application of a squeeze force to the metal component.
For instance, the exemplary method may further com-
prise the action of pressure injecting metal into the cast-
ing mold. For instance, the exemplary method may fur-
ther comprise the action of removing the metal compo-
nentfrom the casting mold after solidification of the metal.
[0027] The method may in particular be performed by
an apparatus according to the invention.

[0028] According to an exemplary embodiment of all
aspects of the invention, the drive direction is transverse,
preferably substantially perpendicular to the squeeze di-
rection. As already mentioned the drive arrangement and
the squeeze arrangement or the respective part thereof
may only be movable in the drive direction and the
squeeze direction, respectively. An configuration of the
drive arrangement and the squeeze arrangement, such
that the respective directions are transverse or perpen-
dicular to each other, allows a specifically compact de-
sign, as it can be avoided that the drive arrangement
(typically comprising lengthy components such as cylin-
der, piston, piston rod etc.) extends too much from the
casting mold or the rest of the casting tool.

[0029] While it is generally conceivable that the force
deflection mechanism provides aforce transmission ratio
of 1, it is preferred, according to an exemplary embodi-
ment of all aspects of the invention, that the force deflec-
tion mechanism provides a force transmission ratio from
the drive arrangement to the squeeze arrangement
smaller or larger than 1. This allows for the provision of
a tailored force and thus pressure for squeezing the metal
component. At the same time, the drive arrangement can
be kept comparably small, because the force and pres-
sure to be applied to the metal component can be ad-
justed (and in particular increased) via the force deflec-
tion mechanism, if needed. The path transmission ration
behaves inversely, i.e. if the force transmission ratio is
larger than 1, then the path transmission ratio is smaller
than 1 and vice versa. Preferably, the force transmission
ratio from the drive arrangement to the squeeze arrange-
ment (i.e. the output force Fgq 06,0 at the squeeze ar-
rangement divided by the input force F,, . at the drive
arrangement, i.e. Fggueez6/Farive) is larger than 1 and
more preferably larger than 2 (and correspondingly the
path transmission ratio is smaller than 1 or even smaller
than 0.5, respectively).

[0030] The desired force and path transmission ratio
can be adjusted by accordingly designing the wedge
mechanism. For instance, the inclination or tilting of a
wedge surface can be adjusted so as to obtain the de-
sired transmission ratios, which will be described in more
detail below.

[0031] According to an exemplary embodiment of all
aspects of the invention, the force deflection mechanism
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is a gear-free mechanism. It has been found out that a
sufficient force deflection and in particular transmission
can be achieved solely by a wedge mechanism without
the need of any further gears or cog wheels. A gear-free
mechanism allows for a particularly compact design and
also provides a low-maintenance or even maintenance-
free solution. However, it is noted that the utilized wedge
mechanism may nevertheless employ rotating members
or parts, such as the pivot member described further be-
low.

[0032] According to an exemplary embodiment of all
aspects of the invention, the force deflection mechanism
directly transfers a translational motion of the drive ar-
rangement in the drive direction into a translational mo-
tion ofthe squeeze arrangementin the squeeze direction.
Since there is no further intermediate force transfer, the
properties with regard to compactness and low-mainte-
nance can be further improved in this case. As already
mentioned above, it may nevertheless be possible that
a rotational motion of e.g. a pivot element is provided, as
described further below. However, there is still a direct
transfer of the translational motion of the drive arrange-
ment in the drive direction into the translational motion
of the squeeze arrangement in the squeeze direction, as
explained further below.

[0033] According to an exemplary embodiment of all
aspects of the invention, the drive arrangement and/or
the squeeze arrangement comprises a wedge member
providing a wedge surface. The terms "a wedge member"
and "a wedge surface" are understood to mean that there
is at least one wedge member/surface and that there
generally can also be provided multiple wedge members
and/or surfaces. As already mentioned, a wedge surface
is understood to be an inclined or tiled surface, in partic-
ular with respect to the drive direction and/or the squeeze
direction. The wedge surface can be considered to be a
force deflection surface, as its purpose is to deflect and
mechanically transfer the force from the drive arrange-
ment (at least partially moving in the drive direction) to
the squeeze arrangement (atleast partially moving in the
squeeze direction) and as its geometry and properties
define or at least influence the force deflection and trans-
mission.

[0034] In a preferred embodiment, the squeeze ar-
rangement comprises a wedge member (which is mov-
able inthe squeeze direction). However, itis also possible
that alternatively or additionally the drive arrangement
comprises a wedge member. For instance, in one exam-
ple embodiment, a wedge surface of a wedge member
of the drive arrangementand a wedge surface of a wedge
member of the squeeze arrangement can abut and slide
along each other. In another example embodiment, only
one of the drive arrangement and the squeeze arrange-
ment comprises a wedge member with a wedge surface
and the respective other arrangement comprises a con-
tact member abutting the wedge surface, as will be ex-
plained in more detail below.

[0035] With respect to the transmission ratio men-
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tioned above, the wedge surface allows to set the trans-
mission ratio. For instance, in case of a transmission ra-
tion equal to 1, the wedge surface will typically bisect the
angle between the drive direction and the squeeze direc-
tion. In case of a (force) transmission ratio larger or small-
er than 1, the wedge surface will have a correspondingly
smaller or larger inclination with respect to the drive di-
rection, respectively. The path transmission ration will
behave inversely.

[0036] According to an exemplary embodiment of all
aspects of the invention, either the squeeze arrangement
or the drive arrangement comprises a wedge member
providing a wedge surface and wherein the respective
other arrangement of the drive arrangement and the
squeeze arrangement comprises a mover (which does
not have a wedge surface) cooperating with the wedge
member. For instance, the mover may be pushed or
pulled against the wedge member or is pushed or pulled
by the wedge member. The mover may thus be referred
to as a pusher. While it is preferred that the wedge mem-
ber is comprised by the squeeze arrangement and the
mover is comprised by the drive arrangement, it is also
possible that it is the other way around.

[0037] In apreferred embodiment, the wedge member
comprises one or more cutouts so as to provide respec-
tive wedge surfaces. A pin or pivot member of the mover,
as will be explained further below, can traverse the cutout
to securely provide the interaction between the mover
and the wedge member.

[0038] According to an exemplary embodiment of all
aspects of the invention, the mover comprises a pivot
member rotatable around an axis of the pivot member
and abutting the wedge member. The pivot member can
be received or fixed in the mover, i.e. the pivot member
may move translationally together with the mover in a
respective direction, i.e. the drive direction or the
squeeze direction. However, the pivot member is free to
rotate around its axis. The pivot member may be a cylin-
drical member, for instance a bolt or a pin. The pivot
member may rotate around its longitudinal axis. The pivot
member may directly abut the wedge surface of the
wedge member. The provision of a pivot member has
the advantage that it can perform a rolling motion on the
wedge surface when the mover and wedge member
move in their respective direction, thereby reducing the
undesired resistance or friction for the force deflection
and transmission. In other words, the pivot member re-
duces the friction from a sliding friction to a rolling friction
during the force deflection and transmission. The axis of
rotation of the pivot member is preferably transverse, in
particular substantially perpendicular to the drive direc-
tion and/or the squeeze direction.

[0039] According to an exemplary embodiment of all
aspects of the invention, the mover comprises a bracket-
like, in particular U-shaped section so as to encompass
the wedge member. The bracket-like section can advan-
tageously provide arms for encompassing the wedge
member and also for holding the pivot member. Thus,
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the bracket-like section can also be a clam or support for
the pivot member. For this, the pivot member can trans-
verse the bracket-like section and is, for instance, re-
ceived in through-holes of arms of the bracket-like sec-
tion. In an alternative embodiment, it may also be the
other way around, i.e. the wedge member comprises a
bracket-like (e.g. u-shaped) section so as to encompass
the mover. Each arm of the bracket like structure may in
this case provide a wedge surface, for instance via a cut-
out in each of the arms.

[0040] According to an exemplary embodiment of all
aspects of the invention, the wedge surface has an incli-
nation with an angle with respect to the drive direction of
at least 10°, preferably at least 20° and/or at most 40°,
preferably at most 30°. These inclination angles of the
wedge surface allow for high forces to be supplied to the
squeeze arrangement and thus the metal component
while maintaining a compact design. In a preferred em-
bodiment the angle of inclination is substantially 25°.
[0041] According to an exemplary embodiment of all
aspects of the invention, the apparatus comprises means
for lubricating the force deflection mechanism in order to
reduce friction and improve the efficiency of the appara-
tus. For instance, the lubrication may be provided to the
wedge member and/or the mover contacting the wedge
member, thus lubricating the contacting surface between
the wedge member and the mover. For instance, the
means for lubricating comprises at least a lubrication el-
ement or plate. A respective lubrication element or plate
may be movable relative to and/or contact the wedge
member and/or the mover. The means for lubrication,
such as the lubrication element or plate, but also the
wedge member and/or the mover, may each comprise a
channel system with one or more lubrication channels
for guiding a lubricant to the surfaces to be lubricated.
The channel system may provide a reservoir for a lubri-
cant or may facilitate a continuous provision of a lubricant
to the force deflection mechanism.

[0042] According to an exemplary embodiment of all
aspects of the invention, the squeeze arrangement com-
prises one or more squeeze pins and/or a clutch. For
instance, at least two, or precisely two squeeze pins are
provided. The squeeze pins may be in direct contact with
the metal component. For applying a force to the metal
component, the squeeze pins and/or the clutch move in
the squeeze direction.

[0043] According to an exemplary embodiment of all
aspects of the invention, the drive arrangement compris-
es: a cylinder; and/or a piston; and/or a piston rod. For
applying a force to the metal component via the squeeze
arrangement, the piston and piston rod move into the
drive direction. For instance, the cylinder may be a pneu-
matic cylinder. For instance, the cylinder may be a hy-
draulic cylinder.

[0044] According to an exemplary embodiment of all
aspects of the invention, the apparatus further comprises
the casting mold. The casting mold may in particular be
a casting mold for high pressure die casting (HPDC). The
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casting mold may comprise two or more casting mold
parts, which define the geometry of the metal component.
[0045] With the apparatus and method as described
above, it is in particular possible to achieve a squeeze
volume of at least 1,000 mm3 and preferably at least
2,000 mm3. In exemplary embodiments the squeeze ar-
ea may be atleast 100 mm2, preferably atleast 200 mm?2.
Forinstance, the squeeze pressure may be atleast 1,000
bar, e.g. 2,000 - 3,000 bar. In exemplary embodiments,
the squeeze force may be at least 50,000 N, preferably
atleast 60,000 N. However, in order to achieve the above
squeeze volumes, squeeze forces and squeeze pres-
sures, the force provided by drive arrangement (that is
the cylinder force or the push or pull force) may only need
to be in the order of 30,000 to 40,000 N.

[0046] The exemplary embodiments described in this
description are also intended to be disclosed with respect
to every aspect and in all combinations with one another.
In particular, a method step is intended to also disclose
respective means for performing the method step. Like-
wise, means for performing a certain method step are
also intended to disclose the respective method step.
[0047] Further advantageous exemplary embodi-
ments of the invention are indicated by the following de-
tailed description of a number of practical examples of
the present invention, in particular in connection with the
figures.

[0048] The figures attached to the application, howev-
er, are only intended to be used for the purpose of clar-
ification, and not to determine the scope of protection of
the invention. The attached drawings are intended only
as examples reflecting the general concept of the present
invention. In particular, features shown in the figures
should not in any way be considered an essential com-
ponent part of the invention.

[0049] In the following, the invention will be described
in more detail with reference to the figures.

Fig. 1A a cross-sectional view of a squeeze mecha-
nisms of the prior art;

Fig. 1B aperspective view of a further squeeze mech-
anism of the prior art;

Fig. 2 a cross-sectional view of an exemplary appa-
ratus according to the invention for performing
an exemplary embodiment of the method ac-
cording to the invention;

Fig. 3 the drive arrangement and the squeeze ar-
rangement of the embodiment of Fig. 2 in a
perspective view;

Fig. 4 the drive arrangement and squeeze arrange-
ment of the embodiment of Fig. 2 in a side
view;

Fig. 5 the mover of the drive arrangement of the em-
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bodiment of Fig. 2;
Fig. 6 the wedge member of the squeeze arrange-
ment of the embodiment of Fig. 2;

an alternative embodiment of the drive ar-
rangement and the squeeze arrangement in
a perspective view; and

Fig. 7

Fig 8 top vie exemplary lubrication elements for the
mover and the wedge member of the appara-

tus of Fig. 2 in a perspective view.

[0050] Fig. 1A is a cross-sectional view of a squeeze
mechanisms of the prior art. As already discussed at the
outset, in operation, the piston in cylinder 1 is first moved
to the bottom by the action of a fluid delivered to the top
end of the cylinder, the clutch 2 rigidly mounted on the
end of the piston rod pushes the core pin 4, which then
squeezes the metal. When the piston in the cylinder 1 is
moved to the top by the action of a fluid delivered to the
bottom end of the cylinder, the core pin 4 is returned to
the initial position.

[0051] Fig. 1B is a perspective view of a further
squeeze mechanism of the prior art. As discussed at the
outset, for metal squeezing, the piston in cylinder 1 is
first moved to the back right by the action of a fluid de-
livered to the front left end of the cylinder, the back-and-
forth linear motion in the first gear 3a is translated into a
rotational motion. In the second gear 3b, the rotational
motion is translated back to a back-and-forth linear mo-
tion. A clutch links the toothed gear rack with the core
pin 4, which squeezes the metal. When the piston in the
cylinder 1 is moved to the front left by the action of a fluid
delivered to the back right end of the cylinder, the core
pin 4 is returned to the initial position.

[0052] Fig. 2is a cross-sectional view of an exemplary
apparatus according to the invention for performing an
exemplary embodiment of the method according to the
invention.

[0053] The apparatus 10 is a casting tool or system for
high pressure die casting (HPDC) of an aluminum engine
cylinder block.

[0054] The apparatus 10 is designed for applying a
force to a metal component (not shown) in a casting mold
12. Apart from the casting mold 12, the apparatus 10
comprises a drive arrangement 14, which is in part mov-
able in a drive direction D. The apparatus further com-
prises a squeeze arrangement 16, which is in part mov-
able in a squeeze direction S for applying the force to the
metal component in the casting mold 12. Here, the drive
direction D is perpendicular to the squeeze direction S.
By means of the drive arrangement 14 and the squeeze
arrangement 16, the apparatus 10 is configured such that
a force can be mechanically transferred from the drive
arrangement 14 to the squeeze arrangement 16 via a
force deflection mechanism 20. Therein and as will be
explainedin more detail below, the force deflection mech-
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anism 20 is based on a wedge mechanism.

[0055] The drive arrangement 14 and the squeeze ar-
rangement 16 of the embodiment of Fig. 2 are also shown
in Fig. 3 in a perspective view and in Fig. 4 in a side view.
[0056] The drive arrangement 14 comprises a cylinder
22 and a piston (not shown) inside the cylinder 22 for
driving a piston rod 24. The piston rod is connected to a
mover 26. The mover is also shown in an isolated per-
spective view in Fig. 5. As illustrated, the mover 26 com-
prises a cylindrical pivot member 28, which is rotatable
around its longitudinal axis A. The axis A is perpendicular
to the drive direction D and the squeeze direction S. The
mover 26 has a section 30 with two arms 32 forming a
bracket-like, U-shaped geometry (see in particular Fig.
5). Each arm has a hole or cutout 34 for receiving the
pivot member 28. The arms 32 of the mover 26 form a
recess for receiving or encompassing a wedge member
40 of the squeeze arrangement 16, as described below.
[0057] Turning now back to Figs. 2 and 3, the squeeze
arrangement 16 comprises, in addition to the mentioned
wedge member 40, a clutch 42 and two squeeze pins
44. The wedge member 40 is also shown in an isolated
perspective view in Fig. 6. As illustrated, the wedge mem-
ber 40 comprises a cutout 46 so that a wedge surface
48 is provided (see in particular Fig. 6). More specifically,
pivot member 28 of mover 26 abuts wedge surface 48
and can roll on wedge surface 48 upon movement of the
drive arrangement 14 and the squeeze arrangement 16.
In order to reduce friction, the drive arrangement 14 and
the squeeze arrangement 16 each comprise means 50a,
50b for lubricating the force deflection mechanism 20.
[0058] By setting the slope or inclination of the wedge
surface, the (force and path) transmission ratio of the
wedge mechanism and thus of the force deflection mech-
anism 20 can be adjusted. In the embodiment shown in
Figs. 2 - 6, the wedge surface 48 has an inclination angle
with respect to the drive direction D of 25°, as can in
particular be seen in Fig. 4. While this may be a preferred
inclination, other inclination angles are possible, as well.
[0059] Asaresult, the force deflection mechanism pro-
vides a force transmission ratio from the drive arrange-
ment to the squeeze arrangement (F g 06,6/ F drive) larger
than 1 and even larger than 2 (and, accordingly, a path
transmission ratio smaller than 1). This has the advan-
tage of increasing the squeeze force without the need
for a large drive force, which would require a large cylin-
der for instance.

[0060] When the piston in cylinder 22 is moved in the
drive direction D, e.g. by the action of a fluid delivered to
the end of the cylinder 22, mover 26 mounted rigidly on
the end of the piston rod 24, wedge member 40 is pushed
by pivot member 28. Wedge member 40 in turn is linked
over clutch 42 with squeeze pins 44, which move in the
squeeze direction and squeeze the metal component,
such as an engine cylinder block in its bearing area.
When the piston in cylinder 22 is moved back against the
drive direction, e.g. again by the action of a fluid deliver
to the other end cylinder 22, the squeeze pins are re-

10

15

20

25

30

35

40

45

50

55

turned to their initial position. Afterwards, the metal com-
ponent can be removed from the casting mold.

[0061] With reference to Fig. 7, a force deflection
mechanism 20’ realized by an alternative embodiment
of a drive arrangement and a squeeze arrangement is
now described. Generally, it can be referred to the em-
bodiment already described with respect to Fig. 2 - 6.
However, in contrast to the embodiment described
above, in the alternative embodiment of Fig. 7, instead
of the mover the wedge member 40’ has a bracket-like,
U-shaped section with two arms 32’, which provide a re-
cess for receiving or encompassing a mover 26’ with a
pivot member 28’. Each of the arms 32’ has a cutout 46’,
which provide a respective wedge surface 48’. The work-
ing principle of this embodiment, however, is the same
as described above.

[0062] Ascanbe seen,the force deflection mechanism
20, 20’ utilizing the above described wedge mechanism
can directly transfer a translational motion of the drive
arrangement 14,14’ in the drive direction D into a trans-
lational motion of the squeeze arrangement 16, 16’ in the
squeeze direction S. Advantageously, this can be
achieved with a compact, gear-free mechanism. Rather
the force deflection mechanism 20, 20’ can essentially
be realized by the mover 26, 26’ with the pivot member
28, 28’ on the one hand and the wedge member 40, 40’
on the other hand.

[0063] Fig 8 shows the exemplary lubrication element
50a implemented into the apparatus of Fig. 2 in a per-
spective view. The lubrication element 50a is in this case
aplanar plate and itis adjacent to and contacts the mover
26, more specifically the arms 32 of the bracket-like, U-
shaped section 30 of mover 26. The lubrication plate
comprises a channel system 52a for guiding a lubricant
to the mover for lubricating the force deflection mecha-
nism 20, and in particular for lubricating pivot member
28 and wedge surface 48.

[0064] Fig. 8 also shows the exemplary lubrication el-
ement 50b for the wedge member of the apparatus of
Fig. 2 in a perspective view, which may be provided in
addition or in alternative to lubrication element 50a. The
lubrication element 50b is an angled plate and abuts
wedge member 40 on the side opposite the drive arrange-
ment 14. Similar to lubrication element 50a, the lubrica-
tion element 50b comprises a channel system 52b for
guiding a lubricant to the wedge member for lubricating
the force deflection mechanism 20, and in particular for
lubricating pivot member 28 and wedge surface 48.
[0065] In each case, the lubricant may be or may be
based on mineral oil, synthetic oil, a solid lubricant or an
aequeous lubrication. For instance, the lubricant may be
grease, such as high performance grease, e.g. based on
Lithium 12-hydroxystearate.

[0066] In the following, an exemplary force calculation
is provided for the embodiment shown in Fig. 2 - 7 to
further illustrate that a comparably small cylinder can
achieve a sufficient squeeze volume. Assuming that a
squeeze pressure of 3,000 bar is required for achieving
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a sufficient squeeze volume. With a squeeze area (area
of the squeeze pins) of 226 mm2, one obtains a required
squeeze force Fgqeq,¢ Of 67,800 N. With an angle of
inclination of the wedge surface of about 25° with respect
to the drive direction D, the force, which needs to be
provided by cylinder 22 in the drive arrangement is F ;o
= Fsqueeze " tan(25°) = 31,616 N. Thus, a compact hy-
draulic cylinder with a push force of around 43,000 N and
a pull force with 35,000 N for 140 bar would be sufficient
for reducing the porosity of an aluminum engine cylinder
block with the above apparatus.

[0067] The advantages of the described approach can
be summarized as follows:

e allowing a metal compression during solidification
for reducing the volume of porosity and

e thereby improving the mechanical properties of
(yield strength, ultimate tensile strength, elongation)
of the metal component

e thereby scrap production

e achieving a compact size of the mechanism

e avoiding costly and special maintenance

e easily implementing approach into existing casting
tools

List of reference signs:

[0068]

1 cylinder

2 clutch

3a,b gearing arrangement

4 core pin

10 apparatus

12 casting mold

14,14’  drive arrangement

16, 16’  squeeze arrangement

20, 20° force deflection mechanism
22 cylinder

24 piston rod

26,26’ mover

28,28  pivot member

30 bracket-like, U-shaped section
32,32 arms

34 hole, cutout

40,40° wedge member

42 clutch

44 squeeze pins

46,46’  cutout

48,48  wedge surface

50a,b lubrication elements

52a,b channel system

A longitudinal axis of pivot member
D drive direction

S squeeze direction
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Claims

1. An apparatus (10) for applying a force to a metal
componentin acasting mold (12), the apparatus (10)
comprising:

- a drive arrangement (14, 14’) at least in part
movable in a drive direction (D); and

- a squeeze arrangement (16, 16’) at least in
part movable in a squeeze direction (S) for ap-
plying the force to the metal component in the
casting mold (12);

wherein the apparatus (10) is configured such that
a force can be mechanically transferred from the
drive arrangement (14, 14’°) to the squeeze arrange-
ment (16, 16’) via a force deflection mechanism (20,
20’); and

wherein the force deflection mechanism (20, 20’) is
based on a wedge mechanism.

2. The apparatus according to claim 1, wherein the
drive direction (D) is transverse, preferably substan-
tially perpendicular to the squeeze direction (S).

3. Theapparatus according to claim 1 or 2, wherein the
force deflection mechanism (20, 20’) provides aforce
transmission ratio from the drive arrangement
(14,14°) to the squeeze arrangement (16, 16’) small-
er or larger than 1.

4. The apparatus according to any of claims 1 to 3,

wherein the force deflection mechanism (20, 20’) is
a gear-free mechanism.

5. The apparatus according to any of claims 1 to 4,
wherein the force deflection mechanism directly
transfers a translational motion of the drive arrange-
ment (14,14’) in the drive direction (D) into a trans-
lational motion of the squeeze arrangement (16, 16°)
in the squeeze direction (S).

6. The apparatus according to any of claims 1 to 5,
wherein the drive arrangement (14,14’) and/or the
squeeze arrangement (16, 16’) comprises a wedge
member (40, 40’) providing a wedge surface (48,
48’).

7. The apparatus according to any of claims 1 to 6,
wherein either the squeeze arrangement (16,16’) or
the drive arrangement (14, 14’) comprises a wedge
member (40, 40’) providing a wedge surface (48, 48’)
and wherein the respective other arrangement of the
drive arrangement (14,14’) and the squeeze ar-
rangement (16, 16’) comprises a mover (26, 26’) co-
operating with the wedge member (40, 40’).

8. The apparatus according to claim 7, wherein the
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mover (26, 26’) comprises a pivot member (28, 28’)
rotatable around an axis (A) of the pivot member (28,
28’) and abutting the wedge member (40, 40°).

The apparatus according to claim 7 or 8, wherein the
mover (26) comprises a bracket-like, in particular U-
shaped section (30) so as to encompass the wedge
member (40).

The apparatus according to any of claims 6 to 9,
wherein the wedge surface (48, 48’) has an inclina-
tion with an angle with respect to the drive direction
(D) of at least 10°, preferably at least 20° and/or at
most 40°, preferably at most 30°.

The apparatus according to any of claims 1 to 10,
wherein the apparatus comprises means (50a, 50b)
for lubricating the force deflection mechanism (20,
20’).

The apparatus according to any of claims 1 to 11,
wherein the squeeze arrangement (16, 16’) compris-
es:

- one or more squeeze pins (44); and/or
- a clutch (42).

The apparatus according to any of claims 1 to 12,
wherein the drive arrangement (14,14’) comprises:

- a cylinder (22); and/or
- a piston; and/or
- a piston rod (24).

The apparatus according to any of claims 1 to 13,
wherein the apparatus further comprises the casting
mold (12).

A method for applying a force to a metal component
in a casting mold, the method comprising:

- at least in part moving a drive arrangement in
a drive direction;

- thereby mechanically transferring a force from
the drive arrangement to a squeeze arrange-
ment via a force deflection mechanism, wherein
the force deflection mechanism is based on a
wedge mechanism; and

- thereby at least in part moving the squeeze
arrangement in a squeeze direction for applying
the force to the metal component.

Use of an apparatus according to any of claims 1 to
14 for applying a force to a metal component, in par-
ticular an engine cylinder block, in a casting mold, in
particular for squeezing a bearing area of the engine
cylinder block.
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