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Clutch

The invention relates to a clutch, especially for motor vehicles, for the torque
connection of at least two drive parts which are rotatable about a rotational axis,
comprising at least one clutch device with a first clutch body with at least one
first clutch surface and a second clutch body with at least one second clutch
surface, with said first and second clutch body being coaxially displaceable
relative to each other by means of an actuating means and said first and second
clutch surface being mutually connectable in a non-positive way in at least one
clutch engagement position, with the actuating means comprising at least one
ring gear which comprises a ramp mechanismm and is twistable about the
rotational axis by an actuator, which mechanism in the clutch engagement
position presses the first clutch body against the second clutch body.

From US Pat. No. 6,676,555 B2 a friction clutch is known which can be controiled
by an electronic control unit. For the purpose of activating the clutch, a conical
clutch body is displaced in the axial direction relative to the second clutch body.
The displacement is performed by means of a ring gear which acts via a ramp
mechanism on one of the two clutch bodies. The turning of. the ring gear occurs
via a gearwheel driven by an electromotor. Although relatively high clutch forces
can be transmitted via the ramp mechanism, the attachment of an electromotor
and a cylinder gear requires a large amount of space because the electromotor
(in order to minimize the axial extension) needs to be attached radially outside of
the largest clutch diameter and a drive cylinder gear with a relatively large
diameter needs to be used. If in order to avoid this disadvantage the
electromotor would be positioned within the largest clutch diameter, a mostly
unacceptably high need for space in the axial direction would be the
consequence. Sufficient space for such configurations is not always readily
available, The disadvantage is further that the engaged state can only be
maintained as long as the electromotor is provided with power.

Electromagnetically actuated clutches as are known from US Pat. Nos. 4,416,359
A and 4,258,836 A often come with the disadvantage that only relatively low
clutch forces are acting. Moreover, a sensitive control of the closing and opening
times cannot be realized or only with difficulty. Electromagnetic clutches are also
known from the Japanese specifications JP 61-241533 A and JP 61-241270 A.

Hydraulically actuated actuators are often used when high clutch forces are
required. Hydraulically actuated ‘actuators are technically relatively compiex and
require a high amount of space because hydraulic elements such as hydraulic
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pumps, pressure regulator valves, control valves, oil filters, oil lines and oil bores
need to be provided. This leads to an increase in the number of components, the
weight and the need for space. Moreover, a functional security which extends
beyond the vehicle service life is threatened by the high degree of complexity. In
the case of known gears produced in series, it is necessary to exchange the
highly polluting automatic gear oil after 60.000 km for example.

It is the object of the present invention to provide a clutch which allows high
clutch forces, comes with a rapid and precise gear shifting behavior and requires
littte overall space.

According to a first embodiment of the invention, this object is achieved in such
a way that the actuator is configured as a linear motor and acts substantially in a
tangential direction on the ring gear. The linear motor acts directly upon the ring
gear and turns the same between an opening and a closing position of the clutch
about a predetermined angular region, with intermediate positions also being
possible. The linear motor can be integrated directly in the clutch housing and
thus allows an especially compact configuration.

A second embodiment of the invention provides that the actuator acts on the ring
gear via a worm gear. The worm gear which is actuated via.an electromotor acts
on a gearing outside on the ring gear. The rotational axis of the worm gear is
arranged transversally to the rotational axis of the clutch and approximately
tangentially on the ring gear. The worm gear comes with the advantage that as a
result of the self-locking effect the clutch can be fixed in any desired position
without needing a separate locking mechanism. Moreover, very high gear shifting
forces can be realized.

A third embodiment in accordance with the invention provides that the actuator
acts on the ring gear tangentially by means of a gearshift rod. It is principally
possible to actuate the gearshift rod hydraulically or pneumatically. An
electromotively inductive actuation offers the most advantages concerning
compactness and low number of components. It may be provided that an
electromotor acts via a gear upon the gearshift rod, with the gear converting the
rotational movement of the electromotor into a linear movement of the gearshift
rod.

The ring gear which can be turned by means of the actuator comprises on one
face side at least one shifting ramp of the ramp mechanism which acts axially
upon the first clutch body via a torsionally rigid, but axially displaceably arranged
engaging ring. Roller bodies, which are preferably balls, can be arranged
between the ring gear and the engaging ring, through which the ring gear acts
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upon the engaging ring. It can be provided alternatively or additionally that the
ring gear acts via at least one shifting ramp upon at least one incline of the
engaging ring. The shifting ramp of the ring gear and the incline of the engaging
ring are preferably provided with an oppositely oriented configuration and can
have the same ascending slopes.

In a further embodiment of the invention, the shifting ramp of the ring gear
and/or the incline of the engaging ring can each be arranged as at least one
convolution, preferably as a trapezoid thread. In order to fix the clutch in an end
or intermediate position it can be provided that the ring gear can be fixed by a
locking mechanism in at least one clutch position. The locking mechanism can be
actuated in an electric, hydraulic or pneumatic way. The locking mechanism is
especially advantageous when the actuator acts upon the ring gear via a linear
motor or a gearshift rod.

In an especially preferred embodiment of the invention it is provided that the
clutch is configured as a double clutch with two clutch units, with each clutch unit
comprising a clutch device which can be actuated via an actuating means, and
with one ring gear with a ramp mechanism being provided for each clutch device.
As a result, the gear shifting processes of the individual clutch units can be
controlled individually relative to each other. One clutch unit can start to close
for example, whereas the other clutch unit is still closed. The opening process of
the other clutch unit is only started at a precisely defined point in time. A gear
shifting process can be achieved which is seemingly free from the interruption of
the tractive force. It is especially advantageous when the ramp mechanisms of
the clutch devices of both clutch units are configured in a reciprocating manner
with respect to each other. It may be provided in particular that the shifting
ramps of the rings gears of the clutch units are shaped in a reciprocating manner
with respect to each other, i.e. they are precisely contrary. This allows engaging
the one clutch unit and disengaging the other clutch unit by turning the ring
gears in the same direction.

In order to enable the alternating engagement or disengagement of the two
clutch devices of the clutch it is advantageous to provide the ring gears with a
fixed connection with each other, preferably with an integral configuration. Both
ring gears can be actuated by a single actuator,

In order to enable a very smooth engagement of the clutch devices the ring
gears can be configures without a fixed connection, wherein each ring gear can
be actuated through a separate actuator.
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In order to reduce the required pressing forces it has proven to be advantageous
to arrange the clutch as a conical clutch, preferably a multi-conical clutch. The
required axial pressing forces can thus be reduced considerably.

For the purpose of transmitting high torques it is especially advantageous if the
clutch is configured as a preferably wet-running disk clutch, especially preferably
as a wet multiple-disk clutch,

The configuration in accordance with the invention allows an especially fine-
dosed actuation of the clutch by slipping transitions between engaged and
disengaged position. This can be achieved in conventional clutches which are
actuated hydraulically or pneumatically only with an extremely high amount of
control technology, if at all.

The invention is now explained below by reference to the drawings, wherein:

Fig. 1 shows a clutch in accordance with the invention in a sectional
obligue view in a first embodiment;

Fig. 1a shows said clutch in a side view;

Fig. 2 shows a clutch in accordance with the invention in a sectional
obligue view in a second embodiment;

Fig. 3 shows a clutch in accordance with the: invention in a sectional
obligue view in a third embodiment;

Fig. 4 shows a ring gear of the clutch in an oblique view;
Fig. 5 shows the ring gear in a side view, and

Fig. 6 shows a clutch in accordance with the invention in a sectional
oblique view in a fourth embodiment.

Parts with the same function are shown in the embodiments with the same
reference numerals.

The clutch 2 is used for the rotational connection of at least two drive parts
which rotate about a rotational axis 4. The clutch 2 comprises at least one clutch
device 6 with a first clutch body 8 and a second clutch body 10, with the first
clutch body 8 forming at least one first clutch surface 12 and the second clutch
body 10 forming at least one second clutch surface 14. In each embodiment the
clutch device 6 is arranged as multi-cone disk clutch, with the mutually facing
first and_ second clutch surfaces 12, 14 having a conical shape. Disk bodies 16,
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18 are arranged between the first and the second clutch surfaces 12, 14, with
alternatingly a first disk body 16 each being rotationally connected with the first
clutch body 8 and a second disk body 18 with the second clutch body 10, but
being held in an axially movable way. The multi-cone disk clutch has the
advantage that for transmitting relatively high torques only comparatively low
clutch forces are required.

The first clutch body 8 is axially displaceable and torsionally rigidly connected
with a first drive part {not shown) which is formed by a shaft for example. An
internal gearing 20 can be provided for the rotational connection with the first
drive part. The second clutch body 10 is rigidly connected with the second drive
part 22 which is formed in each of the embodiments by gear wheel with external
gearing. Alternatively the second drive part 22 can be formed by a shaft. In this
way single or double clutches can be realized, e.g., in order to substitute a main
clutch of a of a vehicle transmission.

The engagement and disengagement occurs through an actuating means 24. For
the purpose of engagement, the first clutch body 8 is pressed against the second
clutch body 10. The actuating means 24 comprises a ring gear 26 which is
rotatable about the rotational axis 4 and comprises a ramp mechanism 28 which
presses a torsionally rigid, but axially displaceably held engaging ring 30 against
the first clutch body 8 and thus initiates the clutch engagement process. In the
embodiments, the ramp mechanism 28 comprises at least one shifting ramp 34
on the face side 32 of the ring gear 26 facing the engaging ring, which shifting
ramp acts upon pressure parts 36 of the engaging ring 30 or via pressure bodies
such as roller bodies 38 which are arranged as balls. At least three shifting
ramps 34 and pressure parts 36 or pressure bodies are advantageous for the
purpose of an even actuation. The pressure parts 36 can also be arranged as
inclines 37, as is shown in Fig. 5. The shifting ramps 34 of the ring gear 26 and
the inclines 37 of the engaging ring 30 are provided with an oppositely oriented
configuration and can have the same ascending slopes.

For the purpose of actuating the clutch device 6, the ring gear 26 is rotated in a
precise angular way by means of an actuator 40 acting on the circumference.
The engaging ring 30 is prevented from rotating by an external gearing 31 which
is fixed to the housing and which cooperates with a respective internal gearing of
the engaging ring 30. A fixed console is designated with reference numeral 60.

The figures show embodiments in which the clutch 2 is arranged as a double
clutch with two clutch units 42, 44 each, with each clutch unit 42, 44 comprising
a clutch device 6. Each clutch device 6 comprises a first and a second clutch
body 8, 10, with the first clutch body 8 being pressed by an actuating means 24
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each against the second clutch body 10. An axial displaceable engaging ring 30 is
provided for each clutch device 6, which ring is axially clisp'laced via a ramp
mechanism 28 each of ring gear 26. As is shown especially well in fig. 4, the
ramp mechanisms 28 or shifting ramps 34 of the ring gears 26 are arranged in a
reciprocal way relative to each other, so that in the case of the simultaneous
rotation of the ring gears 26 of the two clutch devices 6 the one clutch device 6
of the one clutch unit 42 will be engaged and the clutch device 6 of the other
clutch unit 44 will be disengaged. The ring gears 26 of the two clutch devices 6
are advantageously rigidly connected with each other and can also be provided
with an integral configuration. This allows actuating both clutch devices 6 with a
single actuator 40 acting upon the ring gear 26. Since the shifting ramps 34 of
the two ring gears 26 are aligned opposite of each other, the clutch device 6 of
the one clutch unit 42 is deactivated when the clutch device 6 of the other clutch
device 44 is activated, and vice-versa. It is especially advantageous when the
engaging rings 30 of the two clutch units 42, 44 are arranged with respect to the
ring gear 26 and the shifting ramps 34 are dimensioned in such a way that a
neutral position is reached in a middle turning position of the ring gear 26 in
which body clutch units 42, 44 are deactivated.

In the embodiment shown in the Figs. 1 and 1a, the actuator 40 acts on the ring
gear 26 through a linear motor 46 that can be actuated eléctrically. In order to
enable the linear motor 46 to be cut off from the current supply at the respective
end position, the ring gear 26 can be fixed by a locking. mechanism 48 in at least
one clutch position. A locking pin 50 of the locking mechanism 48 latches into a
respectively shaped latching part 52 of the ring gear 26. The locking mechanism
48 can be driven in an inductive, hydraulic or pneumatic way.

Fig. 2 shows an embodiment in which the actuator 40 acts via a worm gear 54
on the ring gear 26, with the worm gear 54 being driven by an electromotor 56.
As a result of the self-locking action of the worm gear 54, a locking mechanism
can be omitted in this configuration.

Fig. 3 shows a further embodiment in which the actuator 40 engages tangentially
on the circumference of the ring gears 26 through a connecting rod 58. The
connecting rod 58 can be actuated in an inductive, hydraulic or pneumatic way.

The Figs. 1 to 3 show embodiments in which the two clutch devices 42, 44 are
actuated via a 'single actuator 40. As an alternative it is also possible that the
ring gears 26 of each clutch unit 42, 44 are not rigidly connected and turned by a
separate actuator 40 each. This embodiment is shown in Fig. 6. Using one
actuator 40 per ring gear 26 véry smooth engagement of the clutches devices
42, 44 can be realized.
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The axial movement of the gear rings 26 atlows building up the pressing pressure
for the clutch 2 in a purely electromechanical way. The cohfiguration as disk
clutch and the arrangement as a conical clutch require substantially lower
pressing pressures than in disk or flat disk clutches. The electrically triggered
actuator 40 can be provided with a very compact arrangement.

By avoiding the necessity for a hydraulic actuation of the clutch 2, there is no
additional need for hydraulic components such as hydraulic pumps, pressure-
regulating valves, control valves, oil filters, oil lines and oil bores. Electric
actuators can be supplied in a simple way with electric on-board power. This
easily allows including the gear shifting in a motor-gear management system
without having to provide an interface to a hydraulic system with all the
elements required for this purpose.

In addition to this reduction of the required parts, the clutch 2 in accordance with
the invention also provides an improvement in the service life of the clutch
device 6, an increase in operational security, a reduction of the weight, a
reduction of the cost of components and an improvement in the efficiency of the
vehicle. Moreover, an optimization of the gear-shifting time is achieved.

The described clutch 2 can be used especially advantageously in the drive train
between internal combustion engine and transmission of a vehicle.
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CLAIMS

L

A clutch (2), especially for motor vehicles, for the torque connection of at
least two drive parts which are rotatable about a rotational axis (4),
comprising at least one clutch device (6) with a first clutch body (8) with at
least one first clutch surface (12) and a second clutch body (10) with at
least one second clutch surface (14), with said first and second clutch body
{8, 10) being coaxially displaceable relative to each other by means of an
actuating means (24) and said first and second clutch surface (12, 24)
being mutually connectable in a non-positive way in at least one clutch
engagement position, with the actuating means (24) comprising at least
one ring gear (26) which comprises a ramp mechanism (28) and is
twistable about the rotational axis (4) by an actuator (40), which
mechanism in the clutch engagement position presses the first clutch body
(8) against the second clutch body (10), characterized in that the
actuator (40) is configured as a linear motor (46) and acts substantially in a
tangential direction on the ring gear (26).

A clutch (2), especially for motor vehicles, for the torque connection of at
least two drive parts which are rotatable about a rotational axis (4),
comprising at least one clutch device (6) with a first clutch body (8) with at
least one first clutch surface (12) and a second clutch body (10) with at
least one second clutch surface {14), with said first and second clutch body
(8, 10) being coaxially displaceable relative to each other by means of an
actuating means (24) and said first and second clutch surface (12, 24)
being mutually connectable in a non-positive way in at least one clutch
engagement position, with the actuating means (24) comprising at least
one ring gear (26) which comprises a ramp mechanism (28} and is
twistable about the rotational axis (4) by an actuator (40), which
mechanism in the clutch engagement position presses the first clutch body
(8) against the second clutch body (10), characterized in that the
actuator (40) acts in a substantially tangential way on the ring gear (26) via
a worm gear (54).

A clutch (2), especially for motor vehicies, for the torque connection of at
least two drive parts which are rotatable about a rotational axis (4),
comprising at least one clutch device {6) with a first clutch body (8) with at
least one first clutch surface (12) and a second clutch body (10) with at
least one second clutch surface (14), with said first and second clutch body
(8, 10) being coaxially displaceable relative to each other by means of an
actuating means (24) and said first and second clutch surface (12, 24)
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being mutually connectable in a non-positive way in at least one clutch
engagement position, with the actuating means (24) comprising at least
one ring gear (26) which comprises a ramp mechanism (28) and is
twistable about the rotational axis (4) by an actuator (40), which
mechanism in the clutch engagement position presses the first clutch body
(8) against the second clutch body (10}, characterized in that the
actuator (40) acts on the ring gear (26) in a substantially tangential way by
means of a gearshift rod (58).

A clutch (2) according to one of the claims 1 to 3, characterized in that
the ring gear (26) which can be turned by means of the actuator (40)
comprises on at least one face side (32) at least one shifting ramp (34)
which acts axially upon the first clutch body (8) via a torsionally rigid, but
axially displaceably arranged engaging ring (30).

A clutch (2) according to claim 4, characterized in that the gear ring (26)
acts through at least one shifting ramp (34) on at least one incline {37) of
the engaging ring (30).

A clutch (2) according to claim 5, characterized in that the shifting ramp
(34) of the ring gear (26) and the incline (37) of the engaging ring (30) are
provided with an oppositely oriented configuration and can preferably have
the same ascending slopes.

A clutch (2) according to one of the claims 4 to 6, characterized in that
the shifting ramp (34) of the ring gear (26) and/or the incline (37) of the
engaging ring (30) can each be arranged as at least one convolution,
preferably as a trapezoid thread.

A clutch (2) according to one of the claims 1 to 7, characterized in that
the gear ring (26) acts on the engaging ring (30) by means of roller bodies
(38), preferably by means of balls.

A clutch (2) according to one of the claims 1 to 8, characterized in that
the gear ring (26) can be fixed in at least one clutch engagement position
by a locking mechanism (48).

A clutch (2) according to claim 6, characterized in that the locking
mechanism (48) can be activated in an inductive, hydraulic or pneumatic
way.

A clutch (2) according to one of the claims 1 to 7, characterized in that
the actuator (40) can be driven in an electric, pneumatic or hydraulic way.



