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BEARING UNIT FOR A TURBOCHARGER ROTOR

Field of the Invention

[0001] The present invention relates to a bearing unit for a turbocharger rotor and

a charging device comprising a corresponding bearing unit.

Background Information

[0002] Increasingly more vehicles of the more recent generation are equipped
with charging devices. In order to achieve the target demands and the legal
requirements, it is imperative to promote development in the complete drive train
and also to optimize the individual components as well as the system as a whole

with respect to their reliability and efficiency.

[0003] Exhaust gas turbochargers are known, for example, in which a turbine with
a turbine wheel is driven by the exhaust gas flow of the internal combustion
engine. A compressor wheel, which is arranged with a turbine wheel on a mutual
rotor, compresses the fresh air taken in for the engine. By this means, the air or
oxygen amount, available to the engine for combustion, is increased, which in

turn leads to an increased output of the internal combustion engine.

[0004] Known charging devices comprise at least a compressor housing with a
compressor wheel arranged therein, and a bearing housing, in which the rotor is
mounted. For radial bearing, the rotor may be arranged, for example, in a bearing
bush, which is in turn positioned in a hole in the bearing housing. To avoid a co-
rotation of the bearing bush with the rotor, means are known for preventing a
rotation of the bearing bush with respect to the bearing housing. For example,
rigid locking plates, which are arranged in the axial direction between the bearing
bush and an axial bearing, are known for this. Due to the spatial requirements, the
overhang of the compressor wheel with respect to the radial bearing of the rotor is

expanded, for example, which negatively effects the rotor dynamics.
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[0005] The object of the present invention is consequently to provide an
optimized bearing unit for a turbocharger rotor with an improved anti-rotation

means.

Brief Summary of the Invention

[0006] The present invention relates to a bearing unit according to Claim 1 and a

charging device according to Claim 14.

[0007] The bearing unit according to the invention for a turbocharger rotor
comprises a bearing housing and a bearing bush which is arranged in a central
hole for radial mounting of a turbocharger rotor in the bearing housing. The
bearing unit additionally comprises an elastic anti-rotation means, wherein the
anti-rotation means are arranged radially between the bearing bush and the
bearing housing and are designed to prevent a rotation of the bearing bush relative
to the bearing housing. The elastic anti-rotation means, which are arranged
between the bearing housing and the bearing bush, are space saving, as then no
space must be provided in the axial direction for anti-rotation means next to the
bearing bush. This space saving has advantages not only with regard to
installation space, but also ensures that the overhang of the compressor wheel is
relatively short with respect to the radial bearing of the turbocharger rotor. A short
overhang positively affects the dynamics of the rotor (rotor dynamics).
Furthermore, the arrangement of the anti-rotation means contributes to a simple
assembly of the bearing bush in the bearing housing, and additionally ensures a
non-destructive disassembly of the combination of the bearing bush and anti-

rotation means.

[0008] Due to the arrangement of the anti-rotation means on the outside around
the bearing bush, between the bearing bush and the bearing housing, the inner
bearing surface of the bearing bush, which accommodates the turbocharger rotor,
additionally remains unaffected. Furthermore, the anti-rotation means may be

arranged on any axial position, adapted to the respective application, along the
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outer side of the bearing bush. Designers are thus not limited to a predefined axial

position for the anti-rotation means.

[0009] The elastic configuration of the anti-rotation means effects an
advantageous damped transmission of oscillations or vibrations of the bearing
bush to the bearing housing. Due to the ramp-like instead of impact-like
introduction of the load, both wear and also noise formation are reduced or

avoided.

[0010] In embodiments, the anti-rotation means may be designed so that an axial
movement of the bearing bush relative to the bearing housing is not limited in at

least one direction.

[0011] In embodiments, which may be combined with all previously described
embodiments, a frictional connection may be formed between the anti-rotation
means and the bearing housing to prevent rotation of the bearing bush relative to
the bearing housing. Alternatively or additionally, a positive-locking may be
formed between the anti-rotation means and the bearing housing to prevent a

rotation of the bearing bush relative to the bearing housing.

[0012] In embodiments which are combinable with all previously described
embodiments, the elastic anti-rotation means may be designed as an annular,
spring elastic clamp. The clamp may have a non-closed annular shape. An outer
diameter of the anti-rotation means, at least in the unloaded state, may be greater
than or equal to an inner diameter of the central hole, at least in an area of the

central hole in which the anti-rotation means are arranged.

[0013] In embodiments which are combinable with all previously described
embodiments of the clamp, the clamp may have at least one protrusion facing
radially outward, wherein the protrusion engages in a recess in the central hole of
the bearing housing in order to provide a positive-locking connection between the
anti-rotation means and the bearing housing in order to prevent a rotation of the

bearing bush relative to the bearing housing.
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[0014] In embodiments which are combinable with all previously described
embodiments, an inner diameter of the anti-rotation means and an outer periphery
of the bearing bush, located opposite the inner periphery of the bearing bush, may
have geometric shapes adapted to one another which prevent a rotation of the

bearing bush relative to the anti-rotation means.

[0015] In embodiments which are combinable with all previously described
embodiments, an outer periphery of the anti-rotation means may be designed as
circular, as polygonal, or as circular with lateral flattened areas or concave

indentations.

[0016] In embodiments, which may be combinable with all previously described
embodiments, the inner periphery of the anti-rotation means may be designed as
circular or as polygonal. In particular, straight sections extending parallel to one
another or convex projections may be provided on opposite lateral areas of the

anti-rotation means.

[0017] In embodiments, which may be combined with all previously described
embodiments, the bearing bush may have an accommodation area for the anti-
rotation means. In particular, the accommodation area may be designed as a
groove extending in the outer periphery of the bearing bush. The accommodation
area may have flattened areas extending parallel to one another or concave
indentations on opposite peripheral areas, wherein the flattened areas or concave
indentations may interact with the straight sections of the convex projections of
the anti-rotation means to prevent a rotation of the bearing bush relative to the

anti-rotation means.

[0018] In embodiments which are combinable with all previously described
embodiments, the bearing housing may have at least one radial hole in the area of
the anti-rotation means to accommodate a locking pin, wherein the locking pin

may engage through the hole into a projection of the anti-rotation means facing
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radially inward in order to form a positive locking connection between the bearing

housing and the anti-rotation means.

[0019] In embodiments which are combinable with all previously described
embodiments, the anti-rotation means may be machined from a solid material.
Alternatively, the anti-rotation means may be produced from an unshaped sheet

metal.

[0020] The invention additionally comprises a charging device for an internal
combustion engine comprising a compressor with a compressor housing and a
compressor wheel arranged therein and a bearing unit according to any one of the

preceding embodiments.

[0021] In embodiments, the charging device may be an exhaust gas turbocharger
and may additionally comprise a turbine with a turbine housing and a turbine

wheel arranged therein.

[0022] Additional details and features of the invention are subsequently described

by way of the figures.

Brief Description of the Drawings

Figure 1 shows a cutaway view of one embodiment of the bearing

unit according to the invention;

Figure 2 shows a perspective view of a first embodiment of anti-
rotation means of the bearing unit according to the

invention;

Figure 3 shows a perspective view of a second embodiment of anti-
rotation means of a bearing unit according to the

invention;
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Figure 4 shows a cutaway view of a third embodiment of anti-
rotation means and a first embodiment of a bearing bush

of the bearing unit according to the invention;

Figure 5 shows a cutaway view of a fourth embodiment of anti-
rotation means and a second embodiment of a bearing
bush arranged in a bearing housing of the bearing unit

according to the invention;

Figure 6 shows a cutaway view of a fifth embodiment of anti-
rotation means and a third embodiment of a bearing bush
arranged in a bearing housing of the bearing unit

according to the invention.

Detailed Description of the Invention

[0023] Embodiments of the bearing unit according to the invention will
subsequently be described based on the figures. In the scope of this application,
radial surfaces/lateral surfaces refer to surfaces that are arranged in the planes that
lie perpendicular to the longitudinal axis/axis of rotation 500 of the turbocharger

rotor.

[0024] Figure 1 shows a cutaway view of the bearing unit 10 according to the
invention for a turbocharger rotor 200. Bearing unit 10 comprises a bearing
housing 100 and a bearing bush 300, which is arranged in a central hole 110 of
bearing housing 100 and functions for the radial bearing of a turbocharger rotor
200 in bearing housing 100. Bearing unit 10 additionally contains elastic anti-
rotation means 400. Anti-rotation means 400 are arranged radially between
bearing bush 300 and bearing housing 100 and are designed to prevent a rotation
of bearing bush 300 relative to bearing housing 100. Elastic anti-rotation means
400, which are arranged between bearing housing 100 and bearing bush 300, have

the advantage of being very space saving, as no space must be provided for anti-
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rotation means in the axial direction next to bearing bush 300 (e.g., between
bearing bush 300 and an axial bearing housing). This space saving has advantages
not only with regard to installation space, but also ensures that the overhang of the
compressor wheel is relatively short with respect to the radial bearing of
turbocharger rotor 200. A short overhang positively affects the dynamics of the
rotor (rotor dynamics). Furthermore, the arrangement of anti-rotation means 400
contributes to a simple assembly of bearing bush 300 in bearing housing 100, and
additionally ensures a non-destructive disassembly of the combination of bearing

bush 300 and anti-rotation means 400.

[0025] Due to the arrangement according to the invention of anti-rotation means
400 on the outside around bearing bush 300, between bearing bush 300 and
bearing housing 100, the inner bearing surface of bearing bush 300, which
accommodates turbocharger rotor 200, additionally remains completely
unaffected. Furthermore, anti-rotation means 400 may be arranged in any axial
position, adapted to the respective application, along the outer side of bearing
bush 300. Designers are thus not limited to a predefined axial position for anti-

rotation means 400 along bearing bush 300 or in hole 110 of bearing housing 100.

[0026] The elastic configuration of anti-rotation means 400 effects an
advantageous damped transmission of oscillations or vibrations of bearing bush
300 to bearing housing 100. Due to the ramp-like instead of impact-like
introduction of the load, both wear and also noise formation are reduced or

avoided.

[0027] Anti-rotation means 400 may themselves have different configurations and
be designed to limit an axial movement of bearing bush 300 in no directions or
only in one direction relative to bearing housing 100. An axial movement thereby
relates to a movement in the direction of the axis of rotation of turbocharger rotor
200, which corresponds to longitudinal axis 500 of central hole 110. In the
following, different embodiments of anti-rotation means 400 and bearing bush
300 for bearing unit 10 according to the invention will be described with the aid

of Figure 2 through Figure 6.
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[0028] First, with reference to the limitation of the degree of movement of bearing
bush 300, anti-rotation means 400 from Figure 2 and Figure 4 generally limits
the movement of bearing bush 300 relative to bearing housing 100 only in one
degree of freedom, namely in freedom of rotation about longitudinal axis 500.
Thus, bearing bush 300 is not limited by anti-rotation means 400 in its movement
in the direction of longitudinal axis 500. In contrast, a protrusion 450 of anti-
rotation means 400, shown in Figure 1, Figure 3, and Figure 5, engages in a
recess or groove 130 in bearing housing 100. Thus, the movement of anti-rotation
means 400 is limited in the axial direction in at least one direction, in the case
shown in Figure 1 in the direction toward the turbine side) by the length of recess
130, as protrusion 450 "strikes" (positive locking contact) on the end of recess 130
on a radial side wall of recess 130, and thus a positioning of anti-rotation means
400 is defined in this direction. Alternatively, it is also possible that the movement
of bearing bush 300 is limited in one axial direction by anti-rotation means 400
from Figure 2 and Figure 4, and thus the position of anti-rotation means 400 is
defined in this direction. This may be implemented, for example, by a shoulder
along central hole 110, on which a lateral wall of anti-rotation means 400 strikes.
At this point, it should be clarified that no axial thrust is accommodated by these
means for axial positioning of the combination made from anti-rotation means
400 and bearing cartridge 300. A separate axial bearing may be provided for this

case.

[0029] To prevent a rotation of bearing bush 300 relative to bearing housing 100,
a frictional engagement may be formed between anti-rotation means 400 and
bearing housing 100. These types of anti-rotation means 400 are depicted, for
example, in Figure 2 and Figure 4. If (only) a frictional connection is formed
between anti-rotation means 400 and bearing housing 100, then anti-rotation
means 400 may simultaneously function as an overload clutch and thus as
protection from overloads. This means, if the forces, which are transmitted by
turbocharger rotor 200 via bearing bush 300 and anti-rotation means 400 to
bearing housing 100 are too large, then the frictional connection between anti-

rotation means 400 and bearing housing 100 disengages, and a "slip through" of
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bearing bush 300 occurs, so that bearing bush 300 rotates relative to bearing

housing 100.

[0030] Alternatively or in addition to the frictional engagement, a positive-locking
may be formed between anti-rotation means 400 and bearing housing 100 to
prevent a rotation of bearing bush 300 relative to bearing housing 100. These
types of anti-rotation means 400 are depicted, for example, in Figure 1, Figure 3,
and Figure 5. As is quite clear in Figure 3 and Figure S, anti-rotation means 400
has at least one protrusion 450 facing radially outward for this. Protrusion 450
engages in recess 130 in central hole 110 of bearing housing 100 (see Figure 1
and Figure 5) to generate a positive-locking connection between anti-rotation
means 400 and bearing housing 100. Thus, a rotation of bearing bush 300 is
prevented relative to bearing housing 100. Recess 130 may thereby extend axially
in a first direction up to one end of central hole 110 so that bearing bush 300 with
anti-rotation means 400 mounted thereon may be pressed/pushed into bearing
housing 100, and may also be removed again from bearing housing 100 without
destroying bearing bush 300 or anti-rotation means 400. Recess 130 is delimited
in a second direction and may thus also function, as already mentioned above, as

an axial positioning for anti-rotation means 400.

[0031] As is particularly clear in Figure 2 and Figure 3, elastic anti-rotation
means 400 is configured as an annular, spring elastic clamp, wherein the clamp
does not have a closed annular shape. Anti-rotation means 400 or the clamp may
be machined from a solid material or manufactured from an unshaped sheet metal.
The clamp shape of anti-rotation means 400 is defined by first and second legs
410, wherein an opening 420 is formed between the two leg ends. An increased
flexibility of elastic anti-rotation means 400 results from this. To mount anti-
rotation means 400, the two legs 410 may be bent apart from one another. If anti-
rotation means 400 is positioned at the corresponding mounting position along
bearing bush 300, legs 410 engage in accommodation area 310 of bearing bush
300, provided for this (see e.g., Figure 1). Due to the spring effect of elastic anti-
rotation means 400, legs 410 are biased radially inward, in the direction of

accommodation area 310, in such a way that anti-rotation means 400 remains in
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its position in accommodation area 310 of bearing bush 300 (even if bearing bush

300 1s not yet arranged in bearing housing 100) (see e.g., Figure 4).

[0032] In order to be able to generate the frictional engagement, as already
mentioned above, between anti-rotation means 400 and bearing housing 100, a
transition fit or an interference fit may be provided between anti-rotation means
400 and hole 110 in bearing housing 100. This means that an outer diameter d1 of
anti-rotation means 400 (see Figure 5) in at least the unloaded state of anti-
rotation means 400 is greater than or equal to an inner diameter d2 of central hole
110 (see Figure 1). This is at least the case in one area of central hole 110 in

which anti-rotation means 400 is arranged.

[0033] The possible geometric configurations of anti-rotation means 400 or
bearing bush 300 are subsequently described in greater detail. For example, an
inner diameter of anti-rotation means 400 and an outer periphery of bearing bush
300, located opposite the inner periphery of the bearing bush, may have geometric
shapes adapted to one another which prevent a rotation of bearing bush 300
relative to anti-rotation means 400. The outer periphery of anti-rotation means 400
from Figure 4 is configured as circular, the outer periphery of the anti-rotation
means from Figure 2 is polygonal, and the outer periphery of anti-rotation means
400 from Figure 3 is polygonal (alternatively also circular, see Figure 5) with
lateral flattened areas 430 (alternatively with concave indentations 460, see
Figure 5). All of these geometric features may be combined in any way with one
another to generate the desired securing effect against rotation and optionally the

above-mentioned effect as overload clutch.

[0034] Corresponding to the outer periphery of anti-rotation means 400, the inner
periphery of anti-rotation means 400 may be configured as circular or polygonal,
and may have straight sections 440 extending parallel to one another or convex
projections 470 on opposite lateral areas of anti-rotation means 400 (see Figure 2,
Figure 3, Figure 4, and Figure 5). Accommodation area 310 of bearing bush 300
may be configured to adapt in correspondence with the geometric configuration of

anti-rotation means 400. Accommodation area 310 is thereby configured in
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particular as a groove extending on an outer periphery of bearing bush 300. The
groove may extend over the entire periphery or over only a part of the periphery
of bearing bush 300. For example, accommodation area 310 may have flattened
areas 320 (see Figure 4) extending parallel to one another on opposite peripheral
areas. These flattened areas 320 are adapted to anti-rotation means 400 from
Figure 2, Figure 3, and Figure 4. Alternatively, anti-rotation means 300 may
also have concave indentations 330 (see Figure 5), wherein concave indentations
330 may interact with convex projections 470 of anti-rotation means 400 from
Figure S, to prevent a rotation of bearing bush 300 relative to anti-rotation means

400.

[0035] As is especially clear, for example, from the gap between anti-rotation
means 400 and bearing bush 300 in Figure 4 and Figure 5, a rotation of bearing
bush 300 relative to anti-rotation means 400 is not completely suppressed. A
certain play is provided between bearing bush 300 and anti-rotation means 400 so
that a minimal rotation is possible between anti-rotation means 400 and bearing
bush 300. This play promotes uniform load transmission from turbocharger rotor
200 via bearing bush 300 and anti-rotation means 400 to bearing housing 100.
This play is necessary so that only the degree of rotational freedom is limited, and

a radial deflection of bearing bush 300 remains possible.

[0036] Figure 6 shows another embodiment of bearing unit 10 according to the
invention. In this embodiment, bearing housing 100 has at least one radial hole
120 in the area of anti-rotation means 400 to accommodate a locking pin 600.
Locking pin 600 engages through hole 120 into a projection 480 of anti-rotation
means 400 facing radially inward to form a positive-locking connection between
bearing housing 100 and anti-rotation means 400. Due to a simple geometric
configuration of anti-rotation means 400 and bearing bush 300, a positive-locking
connection is thus possible between bearing housing 100 and anti-rotation means
400 via one locking pin 600 (more than one locking pin may be provided; the
locking pin may, for example, by a screw or a bolt). Due to a corresponding
embodiment of bearing bush 300 in this area, a positive locking between bearing

bush 300 and locking pin 600 or bearing housing 100 is prevented to maintain the
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elasticity between bearing bush 300 and anti-rotation means 400. Thus, for
example, the cross section of bearing bush 300 may be configured at least in this
area as square (with, for example, rounded corners as shown in Figure 6).
Alternatively, a flattened area of the outer contour of bearing bush 300 or of
accommodation area 310 in bearing bush 300 or a recess may be provided in this
area to prevent a positive locking between bearing bush 300 and locking pin 600

or bearing housing 100.

[0037] The invention additionally comprises a charging device for an internal
combustion engine, wherein the charging device comprises a compressor with a
compressor housing and a compressor wheel arranged therein, and a bearing unit
10 according to any one of the preceding embodiments. The charging device may,
for example, be an exhaust gas turbocharger and may additionally comprise a

turbine with a turbine housing and a turbine wheel arranged therein.
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Claims

A bearing unit (10) for a turbocharger rotor (200) comprising

a bearing housing (100); and

a bearing bush (300) which is arranged in a central hole (110) for radial
bearing of a turbocharger rotor (200) in the bearing housing (100);
characterized by elastic anti-rotation means (400), wherein the anti-
rotation means (400) are arranged radially between the bearing bush (300)
and the bearing housing (100) and are designed to prevent a rotation of the

bearing bush (300) relative to the bearing housing (100).

The bearing unit according to Claim 1, characterized in that the anti-
rotation means (400) do not limit an axial movement of the bearing bush

(300) relative to the bearing housing (100) in at least one direction.

The bearing unit according to Claim 1 or Claim 2, characterized in that a
frictional engagement is formed between the anti-rotation means (400) and
the bearing housing (100) to prevent a rotation of the bearing bush (300)
relative to the bearing housing (100); and/or

that a positive-locking connection is formed between the anti-rotation
means (400) and the bearing housing (100) to prevent a rotation of the
bearing bush (300) relative to the bearing housing (100).

The bearing unit according to any one of the preceding claims,
characterized in that the elastic anti-rotation means (400) are configured as

an annular, spring-elastic clamp.

The bearing unit according to Claim 4, characterized in that the clamp has

a non-closed annular shape.

The bearing unit according to Claim 4 or Claim 5, characterized in that an

outer diameter (d1) of the anti-rotation means (400) in at least the
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unloaded state of the anti-rotation means (400) is greater than or equal to
an inner diameter (d2) of the central hole (110), at least in one area of the

central hole (110) in which the anti-rotation means (400) are arranged.

The bearing unit according to any one of Claims 4 through 6, characterized
in that the clamp has at least one protrusion (450) facing radially outward,
wherein the protrusion (450) engages in a recess (130) in the central hole
(110) of the bearing housing to provide a positive-locking connection
between the anti-rotation means (400) and the bearing housing (100) to
prevent a rotation of the bearing bush (300) relative to the bearing housing

(100).

The bearing unit according to any one of the preceding claims,
characterized in that an inner periphery of the anti-rotation means (400)
and an outer periphery of the bearing bush (300), located opposite the
inner periphery of the bearing bush, have geometric shapes adapted to one
another which prevent a rotation of the bearing bush (300) relative to the

anti-rotation means (400).

The bearing unit according to any one of the preceding claims,
characterized in that an outer periphery of the anti-rotation means (400) is
configured as circular, polygonal, or as circular with lateral flattened areas

(430) or concave indentations (460).

The bearing unit according to any one of the preceding claims,
characterized in that the inner periphery of the anti-rotation means (400) is
configured as circular or polygonal, wherein straight sections (440)
extending parallel to one another or convex projections (470) are provided

on opposite lateral areas of the anti-rotation means (400).

The bearing unit according to any one of the preceding claims,
characterized in that the bearing bush (300) has an accommodation area

(310) for the anti-rotation means (400), in particular wherein the
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accommodation area (310) is a groove extending on an outer periphery of

the bearing bush (300).

The bearing unit according to Claim 11, if Claim 11 is dependent on Claim
10, characterized in that the accommodation area (310) has flattened areas
(320) extending parallel to one another or concave indentations (330) on
opposite peripheral areas, wherein the flattened areas (320) or the concave
indentations (330) interact with the straight sections (440) or the convex
projections (470) of the anti-rotation means (400) to prevent a rotation of

the bearing bush (300) relative to the anti-rotation means (400).

The bearing unit according to any one of the preceding claims,
characterized in that the bearing housing (100) has at least one radial hole
(120) in the area of the anti-rotation means (400) for accommodating a
locking pin (600), wherein the locking pin (600) engages through the hole
(120) into a projection (480) of the anti-rotation means (400) facing
radially inward to form a positive-locking connection between the bearing

housing (100) and the anti-rotation means (400).

A charging device for an internal combustion engine, comprising
a compressor with a compressor housing and a compressor wheel arranged
therein; and

a bearing unit (10) according to any one of the preceding claims.

The charging device according to Claim 14, characterized in that the
charging device is an exhaust gas turbocharger, and additionally comprises

a turbine with a turbine housing and a turbine wheel arranged therein.
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