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(57) ABSTRACT

The invention relates to a first rotor part for a camshaft
adjuster, wherein the first rotor part is configured in the form
of a disc, and wherein the first rotor part has an encircling
shoulder in a circumferential direction, said shoulder
extending in a first axial direction beyond the first end side,
wherein the first rotor part has at least one inner first opening
which is arranged on the first inner casing on that side of the
shoulder that is remote from the first end side and which is
connected to the first end side via a first fluid duct which
extends outwards in the radial direction from the shoulder
through the first rotor part; wherein the first rotor part is
produced in one part by powder metallurgy with all the inner
first openings and first fluid ducts and the shoulder. The
invention also relates to a pressing tool for producing a first
rotor part.
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ROTOR PART OF A ROTOR FOR A
CAMSHAFT ADJUSTER AND PRESSING
TOOL FOR THE PRODUCTION THEREOF

[0001] The invention relates to a rotor part of a rotor for
a camshaft adjuster, a rotor formed with it, and a pressing
tool for the production of such a rotor part.

[0002] Camshaft adjusters comprise a stator and a rotor
rotatably arranged therein. The rotor can be connected to a
camshaft of an internal combustion engine. The rotor has at
least one control vane, which extends from an outer casing
of the rotor outwardly in the radial direction, wherein the at
least one control vane and partition walls of the stator
extending inwardly in the radial direction form at least two
chambers. A first chamber can be connected via a first outer
opening in the rotor to a first fluid duct system and a second
chamber via a second outer opening to a second (separate)
fluid duct system. Through the fluid duct systems, the
chambers can be supplied specifically with a pressurized
fluid, so that the rotor turns specifically with respect to the
stator according to the pressure relations inside the cham-
bers.

[0003] A rotor made by powder metallurgy for a camshaft
adjuster is known for example from DE 10 2011 117 856 Al.
Here, the one fluid duct system is supplied with the pres-
surized fluid via openings on an inner casing surface of a
first rotor part. The other fluid duct system is supplied with
a pressurized fluid via openings on an end surface of the
other rotor part.

[0004] From DE 10 2013 015 675 Al there is known a
rotor for a camshaft adjuster, wherein the two fluid duct
systems are each supplied with the pressurized fluid via
openings on the inner casing surfaces of the rotor. For this,
the rotor is composed of two sinter-joined pieces, while an
insert piece (a third piece) arranged in the radial direction
inside the sinter-joined pieces on the camshaft separates the
fluid duct systems and at the same time centers the rotor on
the camshaft.

[0005] Furthermore, rotors for camshaft adjusters are
known in which the rotor is designed as a single piece, and
the centering of the rotor on the camshaft, the separation of
the fluid duct systems and the fluid ducts between the
pressurized fluid supply on the camshaft and the chambers
are produced by cutting (such as turning, boring, milling).
[0006] The known rotors for camshaft adjusters have
proven themselves in a functional respect, but they are
complex in regard to the configuration of the ducts, the
centering surface of the rotor and the sealing surfaces for the
separation of the fluid duct systems and can only be pro-
duced with very large fabrication and/or assembly expense.
Thus, e.g., many parts need to be fabricated with accurate
fitting, in order to form the openings for the pressurized fluid
in the assembled condition. Oftentimes an after-machining
of considerable extent and/or a time-consuming assembly
cannot be avoided for a trouble-free function of the rotors.
[0007] Given this introduction, the problem which the
present invention proposes to solve is to at least partly
alleviate or eliminate the problems known in the prior art. In
particular, a rotor should be proposed with which a centering
of'the rotor on a camshaft and the separation of the fluid duct
systems by the rotor is realized, while it should be possible
to make the rotor by powder metallurgy with slight fabri-
cation expense.

[0008] These problems are solved by a first rotor part
according to the features of claim 1 and by a rotor according
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to the features of claim 3. Further, a pressing tool is indicated
according to the features of claim 13, by which the first rotor
part can also be produced. Advantageous modifications are
the subject matter of the dependent claims. The features
individually mentioned in the claims may be combined with
each other in technologically expedient circumstances and
supplemented by illustrative details from the specification
and/or details from the figures, where further variant
embodiments of the invention are indicated.

[0009] For this, a first rotor part of a rotor for a camshaft
adjuster is indicated, wherein the first rotor part is configured
(substantially) in the form of a disc (or a ring) and extends
along an axial direction between a first end face and a second
end face and in a radial direction between a first inner casing
and a first outer casing. The first end face and the second end
face may be designed at least partly (roughly) parallel to
each other. The first inner casing may be designed to be at
least partly cylindrical. The first outer casing may be
designed to be partly cylindrical. The first end face, second
end face, first inner casing and/or first outer casing may be
designed with indentations and/or protuberances.

[0010] The first rotor part has a shoulder on the first inner
casing, which extends inward from the first inner casing in
the radial direction and encircles it in a circumferential
direction, extending in a first axial direction beyond the first
end face and forming an outer circumferential surface. In
particular, the shoulder forms the sole shape element that
protrudes axially beyond the first end face. The encircling
shoulder preferably has constantly the same extension in the
axial direction. The encircling shoulder is preferably closed
radially (fluid-tight). The encircling shoulder is designed as
a single part or as a single piece with the rotor part. Another
embodiment calls for at least one or more sealing means to
stand off in addition from the first end face. For the descrip-
tion of the sealing means and their manufacture, the corre-
sponding remarks in DE 10 2011 117 856 Al may in
particular be cited in their entirety.

[0011] The first rotor part has at least one first inner
opening, which is arranged on the first inner casing at the
side of the shoulder facing away from the first end face and
connected by a first fluid duct, extending in the radial
direction outwardly from the shoulder through the first rotor
part, to the first end face. The first rotor part has preferably
2, 3, 4 or 5 first inner openings. The first inner opening is
preferably arranged at the first inner casing immediately
adjacent to the encircling shoulder. At the first inner opening
there emerges a first fluid duct, which extends preferably
behind the encircling shoulder and through the first rotor
component and runs as far as a region on the first end face
or to the first end face. The course of the first fluid duct
starting from the first opening is preferably such that a short
fluidic connection is established as far as the first end face,
i.e., preferably running mostly in the axial direction (parallel
and behind the encircling shoulder). Preferably, all the first
openings and corresponding fluid ducts are uniformly dis-
tributed in the circumferential direction, in particular they
are arranged in opposite pairs and/or are identical in con-
figuration.

[0012] The first rotor part is produced as a single piece
with the at least one first inner opening (or all first inner
openings), the at least one first fluid duct (or all first fluid
ducts) and the shoulder by powder metallurgy. Produced by
powder metallurgy means in particular that the first rotor
part has been made from a metal powder by pressing. In
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other words, the first rotor part is a pressed powder metal
part. Usually this condition is known as a green body. By a
subsequent sintering, the strength of the first rotor part can
be enhanced. Preferably, the first rotor part is used as a
sintered pressed powder metal part in a camshaft adjuster.
[0013] The outer circumferential surface of the shoulder
extends in particular coaxially to the axial direction (or
cylindrically to the center axis of the first rotor part), so that
the first rotor part can be connected e.g. to a second rotor part
by shoving the second rotor part along the axial direction
onto the outer circumferential surface.

[0014] Preferably, at least all first openings and all first
fluid ducts of the first rotor part are produced without
cutting, especially by pressing during the powder metallurgy
fabrication.

[0015] The first rotor part in particular comprises at least
one portion of a control vane, preferably half of a control
vane, in particular a control vane (especially 2, 3, 4 or 5,
etc.), which extends from the outer casing of the first rotor
part outwardly in a radial direction. Thanks to the at least
one control vane (possibly supplemented by another portion
of a control vane of a second rotor part), when the first rotor
part is arranged in a stator, two chambers are formed in the
stator, while a first chamber can be connected via a first outer
opening (e.g., on the first outer casing), the first fluid duct
and the first inner opening to a pressurized fluid supply,
which is provided via the camshaft.

[0016] Each control vane is arranged in the camshaft
adjuster between two partition walls of the stator, so that a
chamber is formed on each side of the control vane. As
mentioned above, each chamber is connected via an outer
opening to the respective fluid duct system.

[0017] The first rotor part comprises a shoulder, which
realizes in particular the centering of the first rotor part on
the camshaft and on the other hand a separation of the two
fluid duct systems (first fluid duct system: first inner open-
ing, first fluid duct, first outer opening; second fluid duct
system: second inner opening, second fluid duct, second
outer opening), especially by creating a sealing surface with
the camshaft.

[0018] Further, a rotor of a camshaft adjuster is proposed.
The rotor comprises two fluid duct systems for rotatable
arrangement in a stator of the camshaft adjuster, wherein
each fluid duct system has at least one fluid duct extending
from in each case an inner opening at an inner casing of the
rotor to an outer opening at an outer casing of the rotor,
wherein the fluid ducts extend at least partly in a parting
plane of the rotor between a first rotor part and a second rotor
part. The first rotor part comprises all of the first inner
openings of the first fluid duct system. Moreover, the first
rotor part has a shoulder on a first inner casing, which
extends inward from the first inner casing in the radial
direction and encircles it in a circumferential direction,
extending in a first axial direction to the second rotor part,
so that the second rotor part can be arranged on an outer
circumferential surface of the shoulder coaxially to the first
rotor part. The first rotor part has at least one first inner
opening, which is arranged on the first inner casing at the
side of the shoulder facing away from the second rotor part;
wherein at least the first rotor part is produced as a single
piece with all first inner openings and first fluid ducts as well
as the shoulder by powder metallurgy.

[0019] In particular, the fluid ducts extend at least partly
into the control vane of the rotor, so that the outer openings
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are formed not only on the outer casing but also at least
partly on the control vane. In such an embodiment, a
partition wall of the stator can never entirely close the
second openings, so that a filling of the respective chamber
between partition wall and control vane can occur regardless
of the position of rotor and stator. Another embodiment calls
for the fluid ducts to emerge by their outer openings entirely
in the respective side wall of the control vane. In this way,
it can be provided that the respective side wall comes to bear
against a partition wall of the stator.

[0020] The first rotor part is designed in particular in the
above described manner, so that the remarks in that place
can be used in their entirety for its description. The follow-
ing explanations on the configuration of the rotor part may
likewise be used for the description of the individual part.
[0021] In particular, the fluid ducts are arranged in the
parting plane between the first rotor part and the second rotor
part, so that the fluid ducts are formed at least in part on the
end faces of the rotor parts. The fluid ducts run preferably in
the radial direction in the parting plane.

[0022] In this context, reference is made to DE 10 2011
117 856 Al, in which the fluid ducts are formed by depres-
sions in the end faces, which are designated as joining
surfaces there. The fluid ducts there are sealed off by sealing
means produced with powder metallurgy (protuberances and
notches), so that the rotor parts each made as a single piece
by powder metallurgy can in particular be assembled to form
a rotor with no further machining. For the description of the
sealing means and their production, reference can be made
in particular to the entire respective explanations of DE 10
2011 117 856 Al.

[0023] In particular, the first rotor part has a smallest
internal diameter in the region of the shoulder, while the
shoulder has a first end surface on a side facing away from
the second rotor part and encircling in the circumferential
direction between the first inner casing and the smallest
internal diameter, bounding the first fluid duct system in the
first axial direction. The shoulder has a second end surface
toward the second rotor part encircling in the circumferential
direction between the outer circumferential surface and the
smallest internal diameter, bounding a second fluid duct
system in a second axial direction. The end surfaces of the
shoulder and the end faces of the first rotor part are prefer-
ably oriented (partly) parallel to each other. The first end
surface of the shoulder is preferably arranged axially
between the end faces of the first rotor part.

[0024] Preferably, the first rotor part can be arranged
across the shoulder with the smallest internal diameter on a
camshaft, so that a sealing surface with the camshaft is
formed by an inner shoulder casing surface or the shoulder.
The first and the second fluid duct system are separated from
each other by the shoulder and the sealing surface.

[0025] In particular, the shoulder centers the first rotor part
and the second rotor part (via the outer circumferential
surface at the shoulder) on the camshaft.

[0026] The shoulder may also have different extensions in
the axial direction between the first end surface and the
second end surface along the circumferential direction. An at
least partly increased extension of the shoulder in the axial
direction around the circumference may improve the sealing
effect of the sealing surface with the camshaft and/or the
centering of the rotor parts on the camshaft.

[0027] In particular, all first inner openings are staggered
in the axial direction relative to the parting plane. Hence, a
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first fluid duct extends at least partly along the axial direc-
tion, so that the first opening situated at an offset relative to
the parting plane is connected to the first fluid duct, situated
at least partly in the parting plane, and to the first outer
opening.

[0028] According to one preferred embodiment, the sec-
ond rotor part is (also) made as a single piece at least with
all second inner openings and second fluid ducts by powder
metallurgy.

[0029] Preferably, at least all second openings and all
second fluid ducts of the second rotor part are produced
without cutting.

[0030] In particular, a rotor of (only) two pieces is pro-
posed, which has been produced (solely) by powder metal-
lurgy or which consists of pressed metal powder parts. In
particular, no cutting machining is necessary, so that an
easily and economically producible rotor can be provided.
[0031] Preferably, the first rotor part and the second rotor
part can be joined together in force closure by a press fit
between the outer circumferential surface of the shoulder
and the second rotor part along the axial direction. In
particular for this, the two surfaces forming the press fit are
parallel to the axial direction. Force locking connections
require a normal force acting on the surfaces being joined.
Their mutual shifting is prevented for as long as the coun-
tering force produced by static friction is not overcome.
[0032] According to another preferred embodiment, the
outer circumferential surface of the shoulder has at least one
profiling, so that the first rotor part and the second rotor part
are joined by form fit in a circumferential direction. For this,
the second inner casing of the second rotor part arranged on
the outer circumferential surface has a mating shape corre-
sponding to the profiling. Form fitting connections are
produced by the intermeshing of at least two connection
partners. In this way, the connection partners cannot be
loosened, either with or without interrupted force transmis-
sion. In other words, in a form fitting connection the one
connection partner stands in the way of the other.

[0033] A form fitting connection in the circumferential
direction may be used e.g. as a positioning aid for the second
rotor part, so that a relative rotational position of the second
rotor part with respect to the first rotor part is established. As
the profiling, at least one protuberance or depression may be
provided on the outer circumferential surface, especially one
extending (solely) along the axial direction and the radial
direction. In particular, the outer circumferential surface
(and accordingly the second inner casing) can be designed in
the manner of a spline.

[0034] According to an especially preferred embodiment,
the first rotor part and the second rotor part intersect in the
axial direction at least in one further part (of the rotor), in a
radial direction outward from the shoulder, and form a
(further) press fit (in addition to the press fit on the outer
circumferential surface of the shoulder) in this part (of the
rotor). In particular, this at least one press fit is formed in the
region of the at least one control vane. The arrangement of
a further press fit (in addition to the press fit on the outer
circumferential surface) in the region of the at least one
control vane may serve the purpose of no gap being formed
in the parting plane between the first rotor part and the
second rotor part during operation of the camshaft adjuster,
which would impair the function of the rotor and the
camshaft adjuster. This further intersecting in the axial
direction may be formed, e.g., by at least one bolt and/or
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projection on the one rotor part, which extends (partly) into
a correspondingly shaped recess in the other rotor part.
[0035] Preferably, such bolts or projections are designed
as massive parts and are produced together with the respec-
tive rotor part in the green phase. In this context, reference
is made to DE 10 2009 042 603 Al, in which a method is
described for the production of a composite piece, consisting
of' a component made by powder metallurgy and a massive
piece. DE 10 2009 042 603 Al is cited here in its entirety
with regard to the method described there for the production
of a composite piece.

[0036] Alternatively, such bolts or projections are likewise
designed as powder metallurgy components and they are
produced together with the corresponding rotor part in the
green phase. In this context, reference is made to DE 10
2009 042 598 Al in which a method is described for the
production of a green body consisting of two partial green
bodies. DE 10 2009 042 598 A1 is cited here in its entirety
with regard to the method described there for the production
of a green body.

[0037] In particular, it is proposed that the first rotor part
and the second rotor part are joined together (solely) by at
least one press fit (or several press fits), especially in a
captive manner.

[0038] Further, a camshaft adjuster is proposed, compris-
ing at least one stator and a rotor arranged rotationally in the
stator of the new kind proposed herein. The rotor comprises
at least one control vane, which extends outwardly from the
outer casing of the rotor in a radial direction, wherein two
chambers are formed by the at least one control vane (and by
inwardly in the radial direction extending partition walls of
the stator, arranged on both sides of the at least one control
vane in the circumferential direction), wherein a first cham-
ber can be connected via a first outer opening to the first fluid
duct system and a second chamber can be connected via a
second outer opening to the second fluid duct system.
[0039] Through the fluid duct systems the chambers can
be supplied with a pressurized fluid, so that the at least one
control vane and thus the rotor is turned relative to the
partition walls or the stator. The rotation of the rotor brings
about a turning of the camshaft.

[0040] A further aspect relates to a pressing tool for
producing a first rotor part, in particular for producing the
new first rotor part proposed herein.

[0041] The first rotor part made by pressing is configured
in the form of a disc and extends along an axial direction
between a first end face and a second end face and in a radial
direction between a first inner casing and a first outer casing.
The first rotor part has a shoulder on the first inner casing,
which extends inward from the first inner casing in the radial
direction and encircles it in a circumferential direction, and
has a smallest internal diameter in the region of the shoulder.
The shoulder extends in a first axial direction beyond the
first end face and forms an outer circumferential surface and
has a second end surface encircling in the circumferential
direction between the outer circumferential surface and the
smallest internal diameter. The first rotor part furthermore
has at least one first inner opening, which is arranged on the
first inner casing at the side of the shoulder facing away from
the first end face and which is connected by a first fluid duct,
extending in the radial direction outwardly from the shoul-
der through the first rotor part, to the first end face.

[0042] In order to produce this first rotor part, the pressing
tool comprises a plurality of rams, each of which is movable
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along the axial directions. The pressing tool comprises at
least one upper ram, for contacting the second end face, and
at least one lower ram, for contacting the first end face.
Further, the pressing tool comprises at least one second
lower ram, which can travel in the radial direction outside
the shoulder and along the first lower ram in order to form
the at least one first fluid duct and the at least one first inner
opening, while the at least one second lower ram with an
inner ram circumferential surface contacts an outer ram
circumferential surface of the at least one upper ram in order
to form the at least one first inner opening.

[0043] The second lower ram slides in the axial direction
(jointly or at the same time) by the inner ram circumferential
surface along the outer ram circumferential surface, so that
in particular no powder can be situated between these ram
circumferential surfaces.

[0044] The second lower ram (or mandrel) is designed
here as a separate ram (i.e., independent of the first lower
ram), so that a (separate) controllable compressing of the
powder between the end faces of the second lower ram and
the at least one upper ram can occur.

[0045] By means of the first lower ram, a duct structure
can be created in particular in the first rotor part, which
directly adjoins the first fluid duct which is created by means
of the second lower ram. These together then form at least
one portion (preferably all of) a first fluid duct passing
through the first rotor part. This can be closed by a corre-
sponding complementary contour in the second rotor part, so
that afterwards only the first inner opening and outer open-
ing form a fluid inlet or fluid outlet.

[0046] Another embodiment calls for a duct structure of
the first fluid duct in the second rotor part to adjoin the first
fluid duct in the first rotor part, in turn being covered by the
first rotor part. In this way, for example, the first inner
opening can be situated in the first rotor part and the
corresponding outer outlet can be situated at least partly,
preferably entirely, in the second rotor part.

[0047] The first (but also the second) fluid duct may have
a constant diameter, as well as a change in diameter. The first
(but also the second) fluid duct may run orthogonally, as
well as at an angle, to the pressing axis. The first (but also
the second) fluid duct can make an angle relative to an
orthogonal plane with the pressing axis. The fluid duct may
also have a slanting course within the orthogonal plane to the
pressing axis, for example, so that the outflowing fluid
strikes a stator surface with an oblique angle.

[0048] In this context, reference is made to WO 2004/
112996 Al, in which a method is described for making side
openings or slots on a single-piece component, situated
orthogonally to a pressing direction. The teaching of WO
2004/112996 A1 in this regard is hereby incorporated in full.

[0049] Furthermore, a method is proposed for the produc-
tion of the first rotor part with the above explained pressing
tool, wherein during the pressing of a powder arranged
between the at least one upper ram and the lower rams the
at least one first lower ram is arranged constantly spaced in
the axial direction away from the at least one upper ram,
wherein the at least one second lower ram travels along the
first lower ram in order to form the at least one first fluid duct
and the at least one first inner opening and is arranged
overlapping in the axial direction with the at least one upper
ram, while the at least one inner opening is formed by the
contacting of an inner ram circumferential surface of the at
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least one second lower ram with an outer ram circumferen-
tial surface of the at least one upper ram.

[0050] Further, a method is proposed for making the new
rotor described herein, involving at least the following steps:
[0051] a. powder metallurgy production of the first rotor
part involving a sintering of the first rotor part;

[0052] b. powder metallurgy production of the second
rotor part involving a sintering of the second rotor part;
[0053] c. connecting of the first rotor part and the second
rotor part by at least the press fit between the outer circum-
ferential surface of the first rotor part and the second rotor
part (optionally by further press fits) to form the rotor.
[0054] The remarks about the first rotor part, the rotor, the
camshaft adjuster and the proposed method and the pressing
tool are mutually transferable.

[0055] The invention and its technical context shall be
explained hereafter with the aid of the figures. The figures
show especially preferred exemplary embodiments,
although the invention is not confined to them. In particular,
it is pointed out that the figures and in particular the size
relations shown are only schematic. The same reference
numbers designate the same objects. There are shown:
[0056] FIG. 1: aknown camshaft adjuster according to DE
10 2011 117 856 Al in a perspective view;

[0057] FIG. 2: a known single-piece rotor with openings
and fluid ducts produced by cutting, in a perspective view;

[0058] FIG. 3: the rotor of FIG. 2 in a top view;

[0059] FIG. 4: the cross section shown in FIG. 3 in a
partial view;

[0060] FIG. 5: a known rotor per DE 10 2013 015 675 Al

in a perspective view, in section;
[0061] FIG. 6: the rotor of FIG. 5 arranged on a camshaft
in a side view, in section;

[0062] FIG. 7: a rotor in a perspective view;

[0063] FIG. 8: the rotor of FIG. 7 in a top view;

[0064] FIG. 9: the section A-A of FIG. 8 in a side view;
[0065] FIG. 10: the rotor of FIGS. 7 to 9 in a perspective

view, in section;

[0066] FIG. 11: the rotor of FIG. 10 in an exploded
representation in a perspective view, in section;

[0067] FIG. 12: a first rotor part in a perspective view;
[0068] FIG. 13: a pressing tool for making a second rotor
part in a perspective view in section; and

[0069] FIG. 14: a pressing tool for making a first rotor part
in a perspective view, in section.

[0070] FIG. 1 shows a camshaft adjuster 3 according to
DE 102011 117 856 Al in a perspective view. The camshaft
adjuster 3 comprises a stator 16 and a rotor 2 arranged
rotationally therein. The rotor 2 comprises five control vanes
32, which extend outwardly from the outer casing 9 of the
rotor 2 in a radial direction 7, wherein two chambers 33, 34
are formed by the control vanes 32 and by partition walls 42
of'the stator 16 extending inward in the radial direction 7 and
arranged on both sides of each control vane 32 in the
circumferential direction 10. The first chambers 33 can be
connected via a first outer opening 21 to the first fluid duct
system 17 and the second chambers 34 can be connected via
a second outer opening 22 to the second fluid duct system
18. Via the fluid duct systems 17, 18 the chambers 33, 34 can
be supplied with a pressurized fluid, so that the control vane
32 and thus the rotor 2 is turned relative to the partition walls
42 or the stator 16. The rotation of the rotor 2 brings about
a turning of the camshaft 41.
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[0071] FIG. 2 shows a known single-piece rotor 2 with
openings 14, 19, 21, 22 and fluid ducts 15, 24 of the fluid
duct systems 17, 18 produced by cutting, in a perspective
view. Here, the rotor 2 comprises four control vanes 32. The
first inner openings 14 situated on the inner casing 8 and the
first outer openings 21 situated on the outer casing 9 are
joined together via first fluid ducts 15 and form the first fluid
duct system 17. The second inner openings 19 situated on
the inner casing 8 and the second outer openings 22 situated
on the outer casing 9 are joined together via second fluid
ducts 24 and form the second fluid duct system 18.

[0072] FIG. 3 shows the rotor 2 of FIG. 2 in a top view.
For its arrangement on a camshaft 41 (not shown), the rotor
2 has a shoulder 11 with a smallest internal diameter 27.
[0073] FIG. 4 shows the cross section represented in FIG.
3 in a partial view. Reference is made to the remarks on
FIGS. 2 and 3. The rotor 2 has a smallest internal diameter
27 in the region of the shoulder 11, while the shoulder has
a first end surface 28 encircling in the circumferential
direction 10 between the first inner casing 8 and the smallest
internal diameter 27, bounding the first fluid duct system 17
in the first axial direction 12. The shoulder 11 has a second
end surface 29 encircling in the circumferential direction 10
on the other side between the inner casing 8 and the smallest
internal diameter 27, bounding a second fluid duct system 18
in a second axial direction 30. The rotor 2 can be arranged
via the shoulder 11 with the smallest internal diameter 27 on
a camshaft 41, so that the shoulder 11 forms a sealing surface
with the camshaft 41. Thanks to the shoulder 11 and the
sealing surface, the first and the second fluid duct system 17,
18 are separated from each other. The shoulder 11 centers the
rotor 2 on the camshaft 41. The centering of the rotor 2 on
the camshaft 41, the separating of the fluid duct systems 17,
18 and the fluid ducts 15, 24 between the pressurized fluid
supply on the camshaft 41 and the chambers 33, 34 are
produced here by cutting (such as turning, boring, milling).
[0074] FIG. 5 shows a rotor 2 according to DE 10 2013
015 675 Al in a perspective view, in section. FIG. 6 shows
the rotor 2 of FIG. 5 arranged on a camshaft 41 in a side
view, in section. FIGS. 5 and 6 shall be described together
in the following. Reference is made to the remarks about
FIGS. 2 to 4, regarding the functionality of a rotor 2. In this
rotor 2 as well, the two fluid duct systems 17, 18 are each
supplied with the pressurized fluid via inner openings 14, 19
on the inner casing surfaces 8, 20 of the rotor 2. For this, the
rotor 2 is composed of two sintered joining parts (first rotor
part 1 and second rotor part 26), while an insert part (a third
part), which is arranged in the radial direction 7 inside the
sintered joining parts on the camshaft 41 and forms a
shoulder 11, separates the fluid duct systems 17, 18 and at
the same time centers the rotor 2 on the camshaft 41.

[0075] FIG. 7 shows a rotor 2 in a perspective view. The
rotor 2 comprises four control vanes 32 and has a two-piece
design. Along a parting plane 25, a first rotor part 1 is
arranged on one side and a second rotor part 26 on the other
side to form the rotor 2, the two parts being connected to
each other. The first inner openings 14 arranged on the first
inner casing 8 and first outer openings 21 arranged on the
first outer casing 9 are joined together by first fluid ducts 15
and form the first fluid duct system 17. The second inner
openings 19 arranged on the second inner casing 20 and
second outer openings 22 arranged on the second outer
casing 23 are joined together by second fluid ducts 24 and
form the second fluid duct system 18. The rotor 2 has a
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shoulder 11, while the shoulder 11 forms a second end
surface 29 encircling in the circumferential direction 10.
[0076] FIG. 8 shows the rotor 2 of FIG. 7 in a top view.
For its arrangement on a camshaft 41 (not shown), the rotor
2 has a shoulder 11 with a smallest internal diameter 27.
[0077] FIG. 9 shows the cross section A-A of FIG. 8 in a
side view. The rotor 2 has a two-piece design, both rotor
parts 1, 26 having the shape of a disc. The first rotor part 1
extends along an axial direction 4, 12, 30 between a first end
face 5 and a second end face 6 and in a radial direction 7
between a first inner casing 8 and a first outer casing 9.
[0078] The rotor 2 comprises two fluid duct systems 17, 18
for its rotatable arrangement in a stator 16 of the camshaft
adjuster 3, each fluid duct system 17, 18 having a fluid duct
15, 24 extending respectively from an inner opening 14, 19
on an inner casing 8, 20 of the rotor 2 to an outer opening
21, 22 on an outer casing 9, 23 of the rotor 2 (here only the
second fluid duct system 18 is shown). The fluid ducts 15,
24 extend at least partly in a parting plane 25 of the rotor 2
between a first rotor part 1 and a second rotor part 26. The
first rotor part 1 comprises all first inner openings 14 of the
first fluid duct system 17.

[0079] Furthermore, the first rotor part 1 has a shoulder 11
on the first inner casing 8, which extends inward from the
first inner casing 8 in the radial direction 7 and encircles it
in a circumferential direction 10, extending in a first axial
direction 12 up to the second rotor part 26, so that the second
rotor part 26 is arranged on an outer circumferential surface
13 of the shoulder 11 coaxially with the first rotor part 1. The
first rotor part 1 has a plurality of first inner openings 14,
which are arranged on the first inner casing 8 at the side of
the shoulder 11 facing away from the second rotor part 26.
[0080] The first rotor part 1 has a smallest internal diam-
eter 27 in the region of the shoulder 11. The shoulder 11 has
a first end surface 28 on a side facing away from the second
rotor part 26 and encircling in the circumferential direction
10 between the first inner casing 8 and the smallest internal
diameter 27, bounding the first fluid duct system 17 in the
first axial direction 12. The shoulder 11 has a second end
surface 29 toward the second rotor part 26, encircling in the
circumferential direction 10 between the outer circumferen-
tial surface 13 and the smallest internal diameter 27, bound-
ing a second fluid duct system 18 in a second axial direction
30.

[0081] The first rotor part 1 can be arranged via the
shoulder 11 with the smallest internal diameter 27 on a
camshaft 41 (not shown, see FIG. 6 for this), so that the
shoulder 11 (or its internal shoulder casing surface 51) forms
a sealing surface with the camshaft 41. Thanks to the
shoulder 11 and the sealing surface, the first and the second
fluid duct system 17, 18 are separated from each other. The
shoulder 11 centers the first rotor part 1 and the second rotor
part 26 (via the outer circumferential surface 13 on the
shoulder 11) on the camshaft 41. The shoulder 11 may also
have different extensions in the axial direction 4, 12, 30
between the first end surface 28 and the second end surface
29 along the circumferential direction 10. Here, the first end
surface 28 and the second end surface 29 run parallel to each
other. But a departure from a mutually parallel running is
also possible. An at least partly enlarged extension of the
shoulder 11 in the axial direction 4, 12, 30 may improve the
sealing effect of the sealing surface with the camshaft 41 as
well as the centering of the rotor parts 1, 26 on the camshaft
41.



US 2020/0072092 Al

[0082] The first rotor part 1 and the second rotor part 26
can be joined to each other with force locking by a press fit
31 between the outer circumferential surface 13 and the
second rotor part 26 along the axial direction 4, 12, 30. Both
surfaces forming the press fit 31.1 (the outer circumferential
surface 13 and the surface of the second rotor part 26) run
parallel to the axial direction 4, 12, 30.

[0083] The first rotor part 1 and the second rotor part 26
intersect in the axial direction 4, 12, 30 in one further part
of the rotor 2, in a radial direction 7 outward from the
shoulder 11, and form a further press fit 31.2 (in addition to
the press fit 31.1 on the outer circumferential surface 13) in
this part of the rotor 2. This further press fit 31.2 is formed
in the region of the control vane 32. Preferably, each control
vane 32, as long as it has a parting plane, is secured by a
further press fit 31.2.

[0084] The situation of a further press fit 31.2 (in addition
to the press fit 31.1 on the outer circumferential surface 13)
in the region of the control vane 32 ensures that no gap is
formed during the operation of the camshaft adjuster 3 in the
parting plane 25 between the first rotor part 1 and the second
rotor part 26 in the region of the control vane 32, which
might at least impair the function of the rotor 2 and the
camshaft adjuster 3.

[0085] This further intersection in the axial direction 4, 12,
30 is formed here by a bolt 43 arranged in the second rotor
part 26, which extends into a correspondingly shaped recess
48 in the first rotor part 1. The bolt 43 may be inserted
afterwards or it may be produced as described above, by a
method as described in DE 10 2009 042 603 Al. Alterna-
tively, as well as additionally to a separate bolt 43, a
corresponding bolt 43 can be formed on the first rotor part
1 and/or on the second rotor part 26 by a green-in-green
method, as described above.

[0086] FIG. 10 shows the rotor 2 of FIGS. 7 to 9 in a
perspective view, in section. FIG. 11 shows the rotor 2 of
FIG. 10 in an exploded drawing in perspective view, in
section. Reference is made to the remarks for FIG. 9. FIGS.
10 and 11 shall be described together in the following.

[0087] The outer circumferential surface 13 of the shoul-
der 11 of the first rotor part 1 here has a profiling 49
(concealed here, see FIG. 12), so that the first rotor part 1
and the second rotor part 26 are joined by form fitting in a
circumferential direction 10. The second inner casing 20 of
the second rotor part 26 arranged on the outer circumferen-
tial surface 13 has a mating shape 50 corresponding to the
profiling 49 for this purpose. The form fitting connection in
the circumferential direction 10 is used here as a positioning
aid for the second rotor part 26, so that a relative rotational
position of the second rotor part 26 is established with
respect to the first rotor part 1.

[0088] All first inner openings 14 are arranged here stag-
gered with respect to the parting plane 25 in the axial
direction 4, 12, 30. Thus, a first fluid duct 15 extends at least
for a portion along the axial direction 4, 12, 30, so that the
first inner opening 14 arranged with an offset to the parting
plane 25 is connected to the first fluid duct 15 arranged at
least partly in the parting plane 25 and the first outer opening
21.

[0089] The fluid ducts 15, 24 of the fluid duct systems 17,
18 here are all arranged in the parting plane 25 between the
first rotor part 1 and the second rotor part 26, so that the fluid
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ducts 15, 24 are formed at least partly at the end faces (on
the first end face 5 of the first rotor part 1) of the rotor parts
1, 26.

[0090] FIG. 12 shows a first rotor part 1 in a perspective
view. Reference is made to the remarks for FIGS. 9 to 11.
[0091] The outer circumferential surface 13 of the shoul-
der 11 of the first rotor part 1 here has a profiling 49, so that
the first rotor part 1 and the second rotor part 26 are joined
by form fitting in a circumferential direction 10. The pro-
filing 49 engages with a mating shape 50 arranged on the
second rotor part 26 (concealed here, see FIG. 10).

[0092] In addition to the press fit 31 with the second rotor
part 26 on the outer circumferential surface 13 of the first
rotor part 1, bolts 43 are arranged here in each control vane
32 of the first rotor part 1, forming further press fits 31 with
corresponding recesses 48 in the second rotor part 26.
[0093] FIG. 13 shows a pressing tool 35 for the production
of a second rotor part 26 in a perspective view, in section.
For the production of the second rotor part 26, the pressing
tool 35 comprises a plurality of rams 36, 37, 38, each of
which is movable along the axial directions 4. The pressing
tool 35 comprises at least one upper ram 36 and at least one
first lower ram 37. Moreover, the pressing tool 35 comprises
a second lower ram 38, which is used to form, e.g., different
material thicknesses (along the axial direction 4). The rams
36, 37, 38 are arranged around a center mandrel 45 and
inside a die 44 during the pressing process.

[0094] FIG. 14 shows a pressing tool 35 for the production
of'a first rotor part 1 in a perspective view, in section. For the
production of the first rotor part 1, the pressing tool 35
comprises a plurality of rams 36, 37, 38, 46, 47, cach of
which is movable along the axial directions 4. The pressing
tool 35 comprises at least one upper ram 36, for contacting
the second end face 6 of the first rotor part 1, and at least one
first lower ram 37, for contacting the first end face 5.
Moreover, the pressing tool 35 comprises at least one second
lower ram 38, which can travel in the radial direction 7
outside the shoulder 11 and along the first lower ram 37 in
order to form the at least one first fluid duct 15 and the at
least one first inner opening 14. The at least one second
lower ram 38 with an inner ram circumferential surface 39
contacts an outer ram circumferential surface 40 of the
second upper ram 46 in order to form the at least one first
inner opening 14.

[0095] The rams 36, 37, 38, 46, 47 are arranged around a
center mandrel 45 and inside a die 44 during the pressing
process.

[0096] The second lower ram 38 slides during the pressing
process in the axial direction 4 by the inner ram circumfer-
ential surface 39 along the outer ram circumferential surface
40, so that no powder can get between these ram circum-
ferential surfaces 39, 40.

[0097] The second lower ram 38 (or mandrel) is designed
here as an independent ram (i.e., independent of the first
lower ram 37), so that a controllable compressing of the
powder between the end faces of the second lower ram 38
and the upper ram 36 may occur.

[0098] In the method for the production of the first rotor
part 1 with the pressing tool 35, during a pressing of a
powder arranged between the upper rams 36, 46 and the
lower rams 37, 38, 47 the first lower ram 37 is arranged
constantly spaced in the axial direction 4 away from the
upper ram 36, wherein the at second lower ram 38 travels
along the first lower ram 37 (and the third lower ram 47) in
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order to form the at least one first fluid duct 15 and the at
least one first inner opening 14 and is arranged overlapping
in the axial direction 4 with the second upper ram 46, while
the at least one inner opening 14 is formed by the contacting
of an inner ram circumferential surface 39 of the second
lower ram 38 with an outer ram circumferential surface 40
of the second upper ram 46. The shoulder 11 is formed by
the second upper ram 46 and the third lower ram 47. A
further course of the first fluid duct 15, which adjoins the
first fluid duct 15 formed by the second lower ram 38 and
connects the first inner opening 14 to the first outer opening
21, is formed for example in the first rotor part 1 by means
of the first lower ram 37.

LIST OF REFERENCE SYMBOLS

[0099] 1 First rotor part

[0100] 2 Rotor

[0101] 3 Camshaft adjuster

[0102] 4 Axial direction

[0103] 5 First end face

[0104] 6 Second end face

[0105] 7 Radial direction

[0106] 8 First inner casing

[0107] 9 First outer casing

[0108] 10 Circumferential direction
[0109] 11 Shoulder

[0110] 12 First axial direction
[0111] 13 Outer circumferential surface
[0112] 14 First inner opening
[0113] 15 First fluid duct

[0114] 16 Stator

[0115] 17 First fluid duct system
[0116] 18 Second fluid duct system
[0117] 19 Second inner opening
[0118] 20 Second inner casing
[0119] 21 First outer opening
[0120] 22 Second outer opening
[0121] 23 Second outer casing
[0122] 24 Second fluid duct

[0123] 25 Parting plane

[0124] 26 Second rotor part

[0125] 27 Smallest internal diameter
[0126] 28 First end surface

[0127] 29 Second end surface
[0128] 30 Second axial direction
[0129] 31 Press fit (31.1 and 31.2)
[0130] 32 Control vane

[0131] 33 First chamber

[0132] 34 Second chamber

[0133] 35 Pressing tool

[0134] 36 (First) Upper ram

[0135] 37 First lower ram

[0136] 38 Second lower ram
[0137] 39 Inner ram circumferential surface
[0138] 40 Outer ram circumferential surface
[0139] 41 Camshaft

[0140] 42 Partition wall

[0141] 43 Bolt

[0142] 44 Die

[0143] 45 Center mandrel

[0144] 46 Second upper ram

[0145] 47 Third lower ram

[0146] 48 Recess

[0147] 49 Profiling
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[0148]
[0149]

50 Mating shape
51 Internal shoulder casing surface

1. A first rotor part of a rotor for a camshaft adjuster,
wherein the first rotor part is configured in the form of a disc
and extends along an axial direction between a first end face
and a second end face and in a radial direction between a first
inner casing and a first outer casing, characterized in that the
first rotor part has a shoulder on the first inner casing, which
extends inward from the first inner casing in the radial
direction and encircles it in a circumferential direction
extending in a first axial direction beyond the first end face
and forming an outer circumferential surface, wherein the
first rotor part has at least one first inner opening, which is
arranged on the first inner casing at the side of the shoulder
facing away from the first end face and connected by a first
fluid duct, extending in the radial direction outwardly from
the shoulder through the first rotor part, to the first end face
and further the first rotor part is produced as a single piece
with the at least one first inner opening, the at least one first
fluid duct and the shoulder by powder metallurgy.

2. The first rotor part according to claim 1, wherein the at
least one first opening and the at least one first fluid duct of
the first rotor part are at least produced without cutting.

3. A rotor of a camshaft adjuster, wherein the rotor
comprises two fluid duct systems for rotatable arrangement
in a stator of the camshaft adjuster, wherein each fluid duct
system at least one fluid duct extending in each case from an
inner opening at an inner casing of the rotor to an outer
opening at an outer casing of the rotor, wherein the fluid
ducts extend at least partly in a parting plane of the rotor
between a first rotor part and a second rotor part; wherein the
first rotor part comprises all of the first inner openings of the
first fluid duct system; characterized in that the first rotor
part has a shoulder on a first inner casing, which extends
inward from the first inner casing in the radial direction and
encircles it in a circumferential direction, extending in a first
axial direction to the second rotor part, so that the second
rotor part can be arranged on an outer circumferential
surface of the shoulder coaxially to the first rotor part;
wherein the first rotor part has at least one first inner
opening, which is arranged on the first inner casing at the
side of the shoulder facing away from the second rotor part;
wherein at least the first rotor part is produced as a single
piece with all first inner openings and first fluid ducts as well
as the shoulder by powder metallurgy.

4. The rotor according to claim 3, wherein the first rotor
part has a smallest internal diameter in the region of the
shoulder, wherein the shoulder has a first end surface on a
side facing away from the second rotor part and encircling
in the circumferential direction between the first inner casing
and the smallest internal diameter, bounding the first fluid
duct system in the first axial direction; wherein the shoulder
has a second end surface toward the second rotor part
encircling in the circumferential direction between the outer
circumferential surface and the smallest internal diameter,
bounding a second fluid duct system in a second axial
direction.

5. The rotor according to claim 3, wherein all first inner
openings are staggered in the axial direction relative to the
parting plane.

6. The rotor according to claim 3, wherein the second
rotor part is made as a single piece at least with all second
inner openings and second fluid ducts by powder metallurgy.
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7. The rotor according to claim 3, wherein at least all
second inner openings and all second fluid ducts of the
second rotor part are produced without cutting.

8. The rotor according to claim 3, wherein the first rotor
part and the second rotor part are joined in force closure by
a press fit between the outer circumferential surface of the
shoulder and the second rotor part along the axial direction.

9. The rotor according to claim 3, wherein the outer
circumferential surface of the shoulder has at least one
profiling, so that the first rotor part and the second rotor part
are joined by form fit in a circumferential direction.

10. The rotor according to claim 3, wherein the first rotor
part and the second rotor part intersect in the axial direction
at least in one further part, in a radial direction outward from
the shoulder, and form a press fit in this part.

11. The rotor according to claim 3, wherein the first rotor
part and the second rotor part are joined together by at least
one press fit.

12. A camshaft adjuster, comprising at least one stator and
a rotor arranged rotationally in the stator according to claim
3, wherein the rotor comprises at least one control vane,
which extends outwardly from the outer casing of the rotor
in a radial direction, wherein two chambers are formed by
the at least one control vane, wherein a first chamber can be
connected via a first outer opening to the first fluid duct
system and a second chamber can be connected via a second
outer opening to the second fluid duct system.

13. A pressing tool for producing a first rotor part, wherein
the first rotor part is configured in the form of a disc and
extends along an axial direction between a first end face and
a second end face and in a radial direction between a first
inner casing and a first outer casing; wherein the first rotor
part has a shoulder on the first inner casing, which extends
inward from the first inner casing in the radial direction and
encircles it in a circumferential direction and has a smallest
internal diameter in the region of the shoulder; wherein the
shoulder extends in a first axial direction beyond the first end
face and forms an outer circumferential surface and has a
second end surface encircling in the circumferential direc-
tion between the outer circumferential surface and the
smallest internal diameter; wherein the first rotor part has at
least one first inner opening which is arranged on the first
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inner casing at the side of the shoulder facing away from the
first end face and which is connected by a first fluid duct,
extending in the radial direction outwardly from the shoul-
der through the first rotor part, to the first end face; wherein
the pressing tool comprises a plurality of rams, each of
which is movable along the axial directions; wherein the
pressing tool comprises at least one upper ram, for contact-
ing the second end face, and at least one lower ram, for
contacting the first end face; wherein the pressing tool
comprises at least one second lower ram, which can travel
in the radial direction outside the shoulder and along the first
lower ram in order to form the at least one first fluid duct and
the at least one first inner opening, while the at least one
second lower ram with an inner ram circumferential surface
contacts an outer ram circumferential surface of the at least
one upper ram in order to form the at least one first inner
opening.

14. A method for producing the first rotor part with a
pressing tool according to claim 13, wherein during a
pressing of a powder arranged between the at least one upper
ram and the lower rams the at least one first lower ram is
arranged constantly spaced in the axial direction away from
the at least one upper ram, wherein the at least one second
lower ram travels along the first lower ram in order to form
the at least one first fluid duct and the at least one first inner
opening and is arranged overlapping in the axial direction
with the at least one upper ram, while the at least one inner
opening is formed by the contacting of an inner ram cir-
cumferential surface of the at least one second lower ram
with an outer ram circumferential surface of the at least one
upper ram.

15. A method for producing the rotor according to claim
3, involving at least the following steps:

a. powder metallurgy production of the first rotor part

involving a sintering of the first rotor part;

b. powder metallurgy production of the second rotor part
involving a sintering of the second rotor part;

c. connecting of the first rotor part and the second rotor
part by at least one press fit between the outer circum-
ferential surface of the first rotor part and the second
rotor part to form the rotor.
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