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(54) EQUIPMENT AND METHOD FOR TWISTING CRANKSHAFTS

(57) The present invention relates to equipment and
a method for twisting crankshafts (A), comprising three
modules (1), each comprising an upper tool (1°) and a
lower tool (1"), both having an inner face by means of
which they are facing one another, each tool (1°, 1") hav-
ing a cavity on said inner face the geometry of which
corresponds with the outer shape of a crankpin of the
crankshaft (A) to be twisted, such that the cavity defined
by the facing tools (1’, 1") of one and the same module
(1) corresponds with the complete outer shape of the
crankpin, where the tools (1°, 1") of each module (1) are
arranged on a supporting element (2) that can rotate in-
dependently with respect to an axis of rotation (3) coin-
ciding with a longitudinal axis (A’) of the crankshaft (A)
when said crankshaft (A) is arranged in the equipment,
where the tools (1’, 1") of each module (1) can only effect
a linear displacement with respect to the supporting el-
ement (2) in which they are arranged, said linear dis-
placement being perpendicular to the axis of rotation (3).
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Description

Technical Field of the Invention

[0001] The present invention is applicable in the me-
chanical industry, and more specifically in the field of
equipment for manufacturing crankshafts.

Background of the Invention

[0002] Today there are different crankshaft configura-
tions or types, determined by the characteristics of the
engine of which the crankshaft is part. The main charac-
teristic of the crankshaftis the number of crankpins, which
corresponds with the number of cylinders the engine has.
Furthermore, the crankpins can be arranged according
to different angles, depending on how many there are,
in correspondence with the number of cylinders of the
engine and the arrangement thereof, i.e., either inline for
3- to 6-cylinder engines, or in a V shape for 6 and 8-
cylinder engines.

[0003] In some cases, once the crankshaft has been
forged and excess burr has been cut away, one of the
final operations in manufacturing crankshafts is the twist-
ing operation. Twisting consists of making a torsion in
the crankshaft with respect to its longitudinal axis in order
to place each crankpin in the corresponding angular po-
sition. In other words, by means of said operation the
different crankpins are rotated according to the final ori-
entation they are supposed to have depending on the
type of engine. The crankshaft twisting equipment used
today is formed primarily by a hydraulic press with a main
cylinder, the corresponding frame thereof, an upper base
plate and a lower base plate. The main cylinder of the
press usually acts directly on the upper base plate, to
which there is fixed an upper tool holder, also referred to
as upper rest, which remains steady. For rotating the
crankpins, the equipment usually comprises two twisting
shafts, located on each side of the lower base plate. Said
twisting shafts transmit the rotation to a lower tool holder
and are actuated by means of two or four twisting cylin-
ders.

[0004] Bearing in mind the equipment for manufactur-
ing a crankshaft described above, one of the critical as-
pects that must be taken into consideration in crankshaft
design is the stressing resulting from the moments cre-
ated by performing the twisting with the press in two phas-
es, i.e., by means of two strokes, one for actuating the
main cylinder and another one for the twisting cylinders,
so the phases do not occur simultaneously. The imme-
diate drawback of this aspect is that the two-phase op-
eration that is performed in equipment available today
involves certain inherent and significant deformations
that make a final calibration operation necessary to
achieve the required tolerances in the crankshaft, which
makes the method of manufacture expensive and slow.
Furthermore, as can be deduced from the preceding dis-
closure, large, heavy and expensive machinery is re-
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quired.

[0005] Inturn, as mentioned above the twisting tooling
used today comprises split tooling formed by upper and
lower rests, some of which are steady rests and others
are follow rests, i.e., they can rotate with respect to the
longitudinal axis of the crankshaft, where the follow rests
are supported on rollers. All the rests are mounted on a
lower base plate and an upper base plate. The distances
between rests are adjustable, such that the distances
and the number of rests are secured to the base plates
depending on the type of crankshaft to be twisted.
[0006] The forged crankshaft is initially placed on the
inner portion of the split tooling. At the beginning of the
stroke of the movable upper head of the press, the crank-
shaft is positioned by means of the lower rests once the
upper head has completely descended and the crank-
shaft is fixed in place, the twisting process is performed
by means of the rotation of the follow rests, which are
embodied as splitdiscs rotating a pre-setangle by means
of the front twisting shaft and the rear twisting shaft in-
corporated in the equipment. The twisting shafts are lo-
cated on both sides of a central axis of the machine and
are supported on the frame of the actual press. These
shafts are what transmit torque to the twisting rests. The
crankpins fixed in place by the follow rests therefore de-
scribe an arc of circumference until being situated in the
required angular position. The twisting angle is regulated
by adjusting the stroke of the twisting cylinder. By way
of example, in the cases of crankshafts with three, four
or six crankpins with angles of 120°, 90° or 60°, respec-
tively, twisting can be performed with just two twisting
shafts, such that all the crankpins can be positioned with
a given twisting angle value, i.e., other than 0°. However,
in the case of crankshafts with five crankpins and an an-
gle of 72°, two additional twisting shafts are required,
since only two crankpins can be positioned with the same
twisting angle. Obviously this further complicates the
equipment and the process.

[0007] Once the twisting process has ended, the upper
head is again displaced to the top dead center, the lower
and upper ejectors being simultaneously activated. The
now twisted crankshaft is suspended above the lower
ejectors. The lower follow rests return to their initial po-
sition as a result of the descent of the twisting shafts. The
half follow rests of the upper head are retracted to their
initial position through pneumatic cylinders. The crank-
shaft can be removed after this point.

[0008] After having described the entire process in de-
tail, it is understood that due to the geometric complexity
of the required tooling, excessive deformations are gen-
erated in the twisted crankshaft, which makes it neces-
sary to perform a final calibration operation. Said defor-
mations are largely due to the gaps that have to be per-
formed in the tooling for opening same and to the stress-
ing inherent to the twisting process. Furthermore, as dis-
cussed, the case of twisting of crankshafts with five cyl-
inders entails an added difficulty, since forging must be
performed with a nonplanar parting surface, in addition
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to a final twisting being necessary, which even further
complicates the entire process.

Description of the Invention

[0009] Afirst aspect of the present invention relates to
equipment for twisting crankshafts, which allows reduc-
ing deformations in a twisted crankshaft and simplifying
the design of the corresponding tooling. The equipment
proposed by the invention comprises a tooling compris-
ing at least three twisting modules, where each twisting
module in turn comprises an upper tool and a lower tool.
The tools have an inner face by means of which they are
facing one another. Each tool has a cavity on said inner
face the geometry of which corresponds with a portion
of the specific outer shape of a crankpin of the crankshaft
to be twisted, such that the cavity defined by the facing
tools of one and the same twisting module corresponds
with the complete outer shape of the crankpin. In other
words, the shape of the mark left by the tooling coincides
100% with that of the crankshaft segment.

[0010] Significant allowances between the tooling and
the shapes of the crankshaft segment to be twisted there-
fore do not occur.

[0011] In turn, the crankshaft has a longitudinal axis
and can be arranged such that a crankpin is housed in
the cavity defined by the lower tool of one of the twisting
modules, preferably one that is not going to rotate, as
explained below. According to the invention, the tools of
each twisting module are arranged on a supporting ele-
ment, where at least two supporting elements, also re-
ferred to as rotating frames, can rotate independently, in
relation to rotating speed, angle and direction, with re-
spect to an axis of rotation coinciding with the longitudinal
axis of the crankshaft when said crankshaft is arranged
in the equipment. Likewise, the tools of one and the same
twisting module can only effect a linear displacement with
respect to the supporting element in which they are ar-
ranged, said linear displacement being perpendicular to
the axis of rotation.

[0012] So instead of using a press with adapted grip-
ping devices in which the crankshaft is obtained after
several rotations and upward movements of the driving
mechanism, as is done in the state of the art, the invention
proposes a modular solution in which all the rotations are
performed at the same time, i.e., simultaneously, which
reduces stressing and allowances, preventing excessive
deformations. All this enables dispensing with subse-
quent calibration.

[0013] Furthermore, as regards opening the tools, the
equipment and the process are much simpler given that
there is a relative movementin the separation of the tools
according to an axis perpendicular to the axis of rotation.
The gripping device design of the state of the art was
much more complicated and led to very significant stress-
ing due to the complication in the gripping device sepa-
ration phase. By overcoming this, the invention allows
making simpler gripping devices, such as those de-
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scribed above and even dispensing with subsequent cal-
ibration. In the case of the invention, the tooling allows
the opening thereof in the radial direction with respect to
longitudinal axis of the crankshaft, after rotation. The tool-
ing in the state of the art had to be designed so as to
allow the opening thereof always according to the vertical
direction. Therefore, in the case of the invention the di-
mensional tolerances of the part are much more precise,
with this being what allows eliminating the subsequent
calibration process.

[0014] The possibility that the independent rotational
movement of each supporting element with respect to
the axis of rotation is performed by second driving means
is contemplated.

[0015] The loading of the crankshaft in the twisting
modules can be selected from loading from the side, from
a plane perpendicular to the axis of rotation, and loading
from the front, from a plane parallel to the axis of rotation.
[0016] A second aspect of the invention relates to a
method for twisting crankshafts, where said method com-
prises using equipment such as the one described above.
[0017] The method comprises the following steps:

- arranging a forged crankshaft to be twisted with a
crankpin partially housed in the cavity of a lower tool
of a twisting module which cannot be displaced or
rotate with respect to the axis of rotation,

- radially displacing the tools of each twisting module
such that their inner faces are facing one another
and each crankpin is housed entirely in its corre-
sponding cavity defined by the facing tools of each
twisting module (the first driving means act),

- simultaneously rotating each supporting element,
with an independent direction of rotation, although it
is also contemplated that the speed and therefore
the angle are, with respect to the axis of rotation ac-
cording to the required angular position for each
crankpin (the second driving means act),

- radially displacing the tools of each twisting module
such that their inner faces are in the open position
and each crankpin is housed only in the module that
does not rotate (the first driving means act),

- rotating the supporting elements in the direction op-
posite from before (the second driving means act).

[0018] Stressing is thereby reduced, as has already
been mentioned, taking into account the simultaneity and
combination of displacement and rotational movements.
In the case of the state of the art, there is no combination
or simultaneity of rotational and longitudinal movements,
which makes the crankshaft suffer more and leads to the
generation of unnecessary stressing.

Description of the Drawings

[0019] To complement the description that is being
made and for the purpose of helping to better understand
the features of the invention according to a preferred
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practical embodiment thereof, a set of drawings is at-
tached as an integral part of said description, where the
following is depicted with an illustrative and non-limiting
character:

Figure 1 shows a schematic view of a first embodi-
ment of the equipment proposed by the invention,
which comprises three twisting modules with loading
from the side and second hydraulic driving means.
Figure 2 shows a schematic view of a second em-
bodiment of the equipment proposed by the inven-
tion, which comprises three twisting modules with
loading from the side and second electrical driving
means.

Figure 3 shows a schematic view of a third embod-
iment of the equipment of the invention, which com-
prises three twisting modules with loading from the
front and second hydraulic driving means.

Preferred Embodiment of the Invention

[0020] Inview ofthe described drawings, itcan be seen
how in one of the possible embodiments of the invention,
the equipment for twisting crankshafts (A) proposed by
the invention comprises at least three twisting modules
(1); in the cases depicted in the drawings there are three,
but it is also contemplated that it can comprise five.
[0021] Each twisting module (1) in turn comprises an
upper tool (1) and a lower tool (1"), where said tools (1’,
1") have an inner face by means of which they are facing
one another, each tool (1, 1") having a cavity on said
inner face the geometry of which corresponds with a por-
tion of the outer shape of a crankpin of the crankshaft (A)
to be turned, such that the cavity defined by the facing
tools (1’, 1") of one and the same twisting module (1)
corresponds with the complete outer shape of the crank-
pin.

[0022] As seen inthe drawings, the crankshaft (A) has
a longitudinal axis (A’) and can be arranged such that a
crankpin is housed in the cavity defined by the facing
tools (1°, 1") of said at least one twisting module (1).
[0023] It can be seen inthe drawings how the tools (1,
1") of each twisting module (1) are arranged on a sup-
porting element (2) that can rotate independently with
respect to an axis of rotation (3) coinciding with the lon-
gitudinal axis (A’) of the crankshaft (A) when said crank-
shaft (A) is arranged in the equipment.

[0024] In the case of the drawings, the supporting el-
ement (2) corresponding to the central twisting module
(1) does not rotate nor is it displaced in any case in the
direction of the axis of rotation (3), although the invention
likewise contemplates an embodiment in which it can ro-
tate and be displaced. In summary, except in a specific
type, usually there is always a crankpin that does not
have to rotate.

[0025] The tools (1’, 1") of one and the same twisting
module (1) can only effect a linear displacement with re-
spect to the supporting element (2) in which they are
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arranged, said linear displacement being perpendicular
to the axis of rotation (3).

[0026] In turn, the longitudinal displacement of the
tools (1’, 1") of each twisting module (1) is performed by
first driving means (4) mounted on the actual supporting
element (2).

[0027] The independent rotational movement of each
supporting element (2) with respect to the axis of rotation
(3) is performed by second driving means (5).

[0028] In the embodiments depicted in Figures 1 and
3, the second driving means (5) are hydraulic driving
means, whereas in the embodiment depicted in Figure
2, the second driving means (5) are electrical driving
means.

[0029] As canbe deduced from the foregoing and from
the sequences depicted in the drawings, it is understood
in the case of the invention that the untwisting, i.e., the
rotation of the supporting elements (2) in the opposite
direction with respect to the twisting, once the required
rotations have been effected, is done in combination with
the expulsion/opening, which furthermore allows gaining
access to the crankshaft from the front and from the side,
whichever is appropriate.

[0030] Figures 1 and 2 depict two embodiments in
which the loading of the crankshaft (A) into the twisting
modules (1) is done from the side, i.e., from a plane per-
pendicular to the axis of rotation (3). On the other hand,
in the embodiment depicted in Figure 3, the loading is
from the front, i.e., from a plane parallel to the axis of
rotation (3). In any case, access is rapid and simple.
[0031] In view of this description and set of drawings,
the person skilled in the art will understand that the em-
bodiments of the invention that have been described can
be combined in many ways within the object of the in-
vention. The invention has been described according to
several preferred embodiments thereof, but it will be ev-
ident for the person skilled in the art that many variations
can be introduced in said preferred embodiments without
exceeding the object of the claimed invention.

Claims

1. Equipment for twisting crankshafts (A), character-
ized in that it comprises at least three twisting mod-
ules (1), where each twisting module (1) comprises
an upper tool (1’) and a lower tool (1"), where said
tools (1°, 1") have an inner face by means of which
they are facing one another, each tool (1°, 1") having
on said inner face a cavity the geometry of which
corresponds with a portion of the outer shape of a
crankpin of the crankshaft (A) to be twisted, such
that the cavity defined by the facing tools (1°, 1") of
one and the same twisting module (1) corresponds
with the complete outer shape of the crankpin, where
the tools (1°, 1") of each twisting module (1) are ar-
ranged on a supporting element (2), where at least
two supporting elements (2) can rotate independent-
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ly with respect to an axis of rotation (3) coinciding
with alongitudinal axis (A’) of the crankshaft (A) when
said crankshaft (A) is arranged in the equipment,
where the tools (1°, 1") of each twisting module (1)
can only effect a linear displacement with respect to
the supporting element (2) in which they are ar-
ranged, said linear displacement being perpendicu-
lar to the axis of rotation (3).

Equipment according to claim 1, wherein the radial
displacement of the tools (1°, 1") of each twisting
module (1) is performed by first driving means (4)
mounted on the actual supporting element (2).

Equipment according to any of the preceding claims,
wherein the independent rotational movement of
each supporting element (2) with respect to the axis
of rotation (3) is performed by second driving means

®).

Equipment according to any of the preceding claims,
wherein the first driving means (4) are hydraulic driv-
ing means.

Equipment according to any of the preceding claims,
wherein the second driving means (5) can be select-
ed from electrical and hydraulic driving means.

Equipment according to any of the preceding claims,
comprising three twisting modules (1), the central
one of which cannot be displaced or rotate with re-
spect to the axis of rotation (3).

Equipment according to any of the preceding claims,
comprising five twisting modules (1), the central one
of which cannot be displaced or rotate with respect
to the axis of rotation (3).

Equipment according to any of the preceding claims,
wherein the loading of the crankshaft (A) into the
twisting modules (1) can be selected from the side,
from a plane perpendicular to the axis of rotation (3),
and from the front, from a plane parallel to the axis
of rotation (3).

Method for twisting crankshafts (A) which comprises
using the equipment according to any of claims 1 to
8, wherein the method comprises the following steps:

- arranging a forged crankshaft (A) to be twisted
with a crankpin partially housed in the cavity of
a lower tool (1") of a twisting module (1) which
cannot be displaced or rotate with respect to the
axis of rotation (3),

- radially displacing the tools (1’, 1") of each
twisting module (1) such that their inner faces
are facing one another and each crankpin is
housed entirely in its corresponding cavity de-
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fined by the facing tools (1’, 1") of each twisting
module (1),

- simultaneously rotating each supporting ele-
ment (2), with an independent direction of rota-
tion, with respect to the axis of rotation (3) ac-
cording to the required angular position for each
crankpin,

- radially displacing the tools (1’, 1") of each
twisting module (1) such that their inner faces
are open and each crankpin is housed only in
the module that does not rotate,

- rotating the supporting elements (2) in the di-
rection opposite from before.
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