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1
FRICTION CLUTCH WITH READJUSTMENT
DEVICE

CROSS-REFERENCE TO RELATED
APPLICATIONS

This patent application is filed under 35 U.S.C. §111(a), 35
U.S.C. §120 and 35 U.S.C. §365(c) as a continuation of PCT
Patent Application No. PCT/EP2013/054087 filed Feb. 28,
2013, which application claims priority from German Patent
Application No. 102012204201.6 filed Mar. 16, 2012, which
applications are incorporated herein by reference in their
entireties.

FIELD OF THE INVENTION

The invention relates to a friction clutch having a counter-
pressure plate, and a pressing plate that is rotationally fixed
and axially movable in relation to the latter, a cover part which
is firmly connected to the counter-pressure plate, a lever
spring clamped between the pressing plate and cover part
having an encircling power rim and levers extending radially
inward and distributed around the circumference and support
zones extending radially outward, a clutch plate having fric-
tion linings which may be brought into frictional engagement
between the counter-pressure plate and pressing plate depen-
dent on an axial engaging force applied to the levers contrary
to the effect of a lining resiliency, a compensation spring
effectively counteracting the lining resiliency between the
counter-pressure plate and the pressing plate, and an adjust-
ing device having a drive spring in the form of an opened ring
situated on the lever spring, attached to the levers by means of
sensing tongues extending radially inward, having a pawl
situated on a ring end, which meshes with a pinion situated
rotatably on the lever spring, which has a worm gear on the
opposite side.

BACKGROUND OF THE INVENTION

Friction clutches of this sort, which are combined, for
example, into a double clutch, are known, for example, from
DE 10 2009 005 743 Al. A shared counter-pressure plate is
provided here, to which a non-rotating and axially movable
pressing plate ofa friction clutch in each case is assigned from
each side. Both friction clutches are pressure-engaged by
means of a lever spring each, which are situated on one side of
the double clutch on both sides of a cover part, which is firmly
connected to the counter-pressure plate and to this end are
braced between the latter and the pressing plate. At the same
time, one friction clutch is impinged upon directly by the
lever spring assigned to it, and the other is acted upon by
means of a tie rod which is connected to the pressing plate,
which overlaps the counter-pressure plate and the cover part
and enters into operative engagement with the lever spring
which is assigned to the latter, so that when the radially inner
lever tips are acted upon axially by means of an actuating
system each in the direction of the counter-pressure plate, the
one friction clutch is pressure-engaged directly by the lever
spring and the other friction clutch is tension-engaged by
means of the tie rod.

At the same time, both friction clutches have a self-adjust-
ing adjusting device to compensate for the wear of the friction
lining situated between the counter-pressure plate and the
pressing plate, which is designed in the nature of a diaphragm
spring lever assembly of DE 102008 010 997 A1. At the same
time, a drive spring in the form of an open ring is situated on
radially oriented levers of the lever spring distributed around
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the circumference of a ring-shaped power rim. The drive
spring is connected to the lever spring through sensing
tongues attached to the levers. The drive spring changes its
circumference depending on the changing shape of the lever
spring across an engagement path, there being a pawl situated
at one end, which meshes with a pinion that is rotatably
fastened to the lever spring. On the other side of the lever
spring a worm gear is provided on the pinion, which drives a
component provided with ramps that rise in the circumferen-
tial direction, which is operatively provided between lever
spring and pressing plate, or between lever spring and tie rod.
If the engagement path is elevated due to wear of the friction
linings, a more pronounced deformation of the lever spring
occurs when the friction clutch is in the engaged state, so that
the circumference of the drive spring is reduced and the pawl
jumps over one or more teeth of the pinion, and as the friction
clutch disengages, the simultaneous pre-tensioning of the
drive spring twists the freed component, so that the ramps,
which are turned by a specified amount, compensate for the
wear.

The friction linings, which form the frictional engagement
with the opposing frictional surfaces of the counter-pressure
plate and the pressing plate, are provided with a lining resil-
iency against each other, which along with the leaf springs,
which receive the pressing plate non-rotatingly and axially
movably on the counter-pressure plate or on the cover part
when the friction clutch engages, counteract the engaging
force of the actuating system. In order to compensate at least
partially for the lining resiliency in the area of the friction
clutch which transmits maximum torque, in the German
patent application 10 2011 084 840.1, not previously pub-
lished, a compensation spring is proposed, situated between
the pressing plate of the counter-pressure plate or cover part
and the pressing plate, which may be designed, for example,
as an overtensioned diaphragm spring. The characteristic
curve of the lining resiliency can change due to aging, setting
processes and the like, so that the compensation spring fulfills
the desired compensation function of partial or total compen-
sation only insufficiently beyond the service life. As a result,
an engagement force behavior of the friction clutch is subject
to fluctuations over the service life.

BRIEF SUMMARY OF THE INVENTION

The object of the invention is therefore to propose a friction
clutch whose engagement force behavior is improved over the
service life.

The object is fulfilled by a friction clutch having a counter-
pressure plate and a pressing plate that is rotationally fixed
and axially movable in relation to the latter, a cover part which
is firmly connected to the counter-pressure plate, a lever
spring clamped between the pressing plate and cover part
having an encircling power rim and levers extending radially
inward and distributed around the circumference and support
zones extending radially outward, a clutch plate having fric-
tion linings which may be brought into frictional engagement
between the counter-pressure plate and pressing plate depen-
dent on an axial engaging force applied to the levers contrary
to the effect of a lining resiliency, a compensation spring
effectively counteracting the lining resiliency between the
counter-pressure plate and the pressing plate, and an adjust-
ing device having a drive spring in the form of an opened ring
situated on the lever spring, attached to the levers by means of
sensing tongues extending radially inward, having a pawl
situated on a ring end, which meshes with a pinion situated
rotatably on the lever spring, which has a worm gear on the
opposite side, wherein the worm gear is drive-connected to
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the compensation spring or the cover part and turns the pinion
depending on a pawl which moves depending on engagement
force, and a relative rotation occurs between the lever spring
and the compensation spring or the cover part by means of the
rotating worm, while a radius of a contact zone of the com-
pensation spring changes depending on the relative rotation.

Due to a change in the radius of the contact zone, the
clamping geometry of the compensation spring is corrected
over the service life so that the characteristic curve of the
compensation spring can be made to track the characteristic
curve of the lining resiliency, which changes over the service
life. At the same time, the engaging force of the friction clutch
is stabilized over the service life at least to the extent that it
depends on the change in the characteristic curve of the lining
resiliency. An engagement path which must be compensated
for due to the decrease in thickness of the friction lining is
preferably compensated for in a different way, for example in
an actuation system such as a clutch actuator, or an engaging
mechanism situated between the lever spring and the latter.
An adjustment of the compensation spring is introduced in
this case, when as a result of engaging forces which are
increased due to a change in the lining resiliency the lever
spring is elastically pre-tensioned during an engagement pro-
cess beyond a prescribed measure, so that the circumference
of the drive spring applied to the lever spring changes by a
predefined measure compared to the circumference of the
power rim of the lever spring, so that the pawl jumps over one
or more teeth of the pinion. In this way, the adjustment and
activation of the adjusting device are power-controlled.

According to an advantageous embodiment, the overlay
area is formed of two profile regions braced against each
other, one of which is operatively assigned to the compensa-
tion spring and the other to the pressing plate, where a first
profile region has radially oriented profile surfaces distributed
around the circumference and a second profile region has
spiral-shaped profile surfaces distributed complementarily
around the circumference. Due to the relative rotation
between the profile regions, caused by the drive spring
through the pinion and ring gear, the overlay points distrib-
uted around the circumference shift radially between the radi-
ally oriented and the spiral-shaped profile surfaces, so that the
radius of the overlay points changes, and thus as a conse-
quence of the changing lever geometry, the characteristic
curve changes. At the same time, due to the change of the
radius through the relative rotation, the direction and pitch of
the spiral-shaped profile surfaces are specified, and are
adapted to the change in the characteristic curve of the lining
resiliency. It goes without saying that in other embodiments
both profile regions may have a radial portion and a portion
provided in the circumferential direction; for example, they
may be designed in spiral form in opposite directions.

In the case of a pressing plate which is moved directly by
the lever spring, the compensation spring is clamped between
the pressing plate and the counter-pressure plate or between
the pressing plate and the cover part. In this case, on the one
hand, the first profile region may be provided on the compen-
sation spring, and on the other hand, the second profile region
may be provided on the pressing plate or on the cover part. In
the case of components made from sheet metal, such as the
compensation spring and/or the cover part, the profile surface
of'the first profile region may be stamped into the sheet metal
part as a single piece. With solid components, for example
forged or cast components, such as the pressing plate or the
counter-pressure plate, for example, the profile surfaces of the
corresponding profile region may be provided already in the
production process and reworked mechanically if necessary,
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or attached solidly as overlay parts, for example welded,
riveted or fastened in a similar manner.

In the case of a friction clutch that is tension-engaged by
means of a tie rod positioned between the lever spring and the
pressing plate and a compensation spring clamped between
the cover part and the tie rod, the profile regions may be
provided between the tie rod and the compensation spring, or
alternatively between the cover part and the compensation
spring. In this case, both profile surfaces of the profile regions
may be stamped as a single piece from the components
formed from sheet metal—compensation spring, tie rod,
cover part.

The relative rotation between the profile regions which
brings about the change in the radius occurs because one
component which has a profile region is held non-rotatingly,
and the other component is situated so that it is able to twist.
For example, the lever spring may be received non-rotatingly
in relation to the cover part, and the compensation spring
clamped between the cover part or the counter-pressure plate
and the pressing plate, enabling it to twist. Particularly in the
case of arrangements that have a tie rod, the lever spring may
be received on the cover part so that it is able to twist, and the
compensation spring situated non-rotatingly. In this case, the
compensation spring is preferably situated between tie rod
and cover part, while the lever spring which is clamped radi-
ally outside against the tie rod twists relative to the latter when
anadjustment occurs. In this case, the lever spring is driven by
the drive spring, because the worm gear bears against the
teeth of the non-rotatingly clamped compensation spring.

Furthermore, the compensation spring may be received as
a single piece in the lever spring advantageously, and in
particular for reasons of cost and production, to reduce the
number of components of the friction clutch. Here, the lever
spring is situated rotatably in relation to the cover part, and is
driven by the pawl, the pinion and the worm gear. The radius
of'the overlay area of the lever spring, or of the compensation
spring integrated into the latter, changes over the relative
rotation, achieving the same effect as in the case of a separate
design of the compensation spring and the lever spring. For
the single-piece design with the compensation spring, the
lever spring has areas of varying stiffness.

BRIEF DESCRIPTION OF THE DRAWINGS

The nature and mode of operation of the present invention
will now be more fully described in the following detailed
description of the invention taken with the accompanying
drawing figures, in which:

FIG. 1 is a schematic partial sectional view of a friction
clutch with an adjusting device;

FIG. 2 is a view of a lever spring with drive spring, of the
friction clutch of FIG. 1;

FIG. 3 is adetail view ofthe back of the lever spring of F1G.
2;

FIG. 4 is a schematic sectional view of the lever spring of
FIG. 2 in normal operation;

FIG. 5 is a schematic sectional view of the lever spring of
FIG. 2 in adjusting operation;

FIG. 6 is a schematic view of a profile region;

FIG. 7 is a schematic view of a profile region complemen-
tary to the profile region of FIG. 6;

FIG. 8 is a working sketch of the two profile regions of
FIGS. 6 and 7, overlaid on each other; and,

FIG. 9 is a schematically depicted section through a fric-
tion clutch having a one-piece lever and a compensation
spring.
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DETAILED DESCRIPTION OF THE INVENTION

FIG. 1 shows friction clutch 1 in partial section and sche-
matic view. Additional information about the general con-
figuration of such friction clutches may be obtained from the
named prior art. Friction clutch 1 contains counter-pressure
plate 2 and the ring-shaped pressing plate 3, which is situated
non-rotatingly in relation to the latter and is axially movable
by means of the leaf springs 4—depicted here as a leaf spring
assembly. Friction clutch 1 is disengaged in the non-actuated
state, in that the pressing plate 3 of the leaf springs 4 is spaced
far enough away from the counter-pressure plate 2 so that no
frictional engagement is formed with the friction linings 5,
which are situated, for example, on a clutch plate. The friction
linings 5, which are connected to each other forming the
lining resiliency 6, form a frictional engagement with press-
ing plate 3 and counter-pressure plate 2, while the clamping
pressing plate 3 acts contrary to the effect of the leaf springs
4, whereby the clamping force is provided by the lever spring
7, which is braced axially against the cover part 8, which is
firmly connected to the counter-pressure plate 2, and bears on
the overlay area 9 of the pressing plate 3. To this end, the lever
spring 7 is acted on its radially inner lever spring zones 10 by
an actuating system, such as an engagement system.

In particular at maximum transmissible torque, the press-
ing plate must be significantly pre-tensioned, while com-
pressing the lining resiliency. To lessen the engaging force
necessary at the lever spring regions 10, the compensation
spring 11 is provided, which in the exemplary embodiment
shown is clamped between the overlay area 12 of the cover
part 8 and the overlay area 13 of the pressing plate 3, and is
preferably designed as an over-tensioned diaphragm spring.
The compensation spring 11 counteracts the lining resiliency
6, and thereby reduces the engaging force. To adapt the char-
acteristic curve of the compensation spring 11 to the charac-
teristic curve of the lining resiliency 6, which changes over
the service or operating life of friction clutch 1, the adjusting
device 14 is provided, which comprises the two profile
regions 15, 16 with the profile surfaces 17, 18, as well as the
sensing device 19 situated on the lever spring 7. On the basis
of'an increased engagement force when the friction clutch 11is
fully engaged, the sensing device 19 detects through a
changed characteristic curve of the lining resiliency a need for
adjustment, and by means of the worm gear 29 meshing with
the compensation spring 11 turns a rotation of the rotatably
situated compensation spring 11, so that the profile surfaces
17, 18 set an overlay area 13 when the radius is changed and
on the basis of the changed clamping circumstances of the
compensation spring 11 set its characteristic curve to the
changed characteristic curve of the lining resiliency 6 for
tracking. This keeps the engaging force constant, except for
the fluctuations in force between two switching operations of
the sensing device 19.

FIG. 2 shows the lever spring 7 of FIG. 1 in constructional
design with the ring-shaped power rim 20, preferably situated
atthe level of the overlay area 9 of FIG. 1, on which the levers
21 with the lever spring regions 10 are situated as a single
piece, distributed around the circumference and oriented radi-
ally toward the inside. The supporting areas 22 of the lever
springs 7 are provided, preferably on the diameters of the
levers 21, extended radially toward the outside, to support the
lever springs 7 on the cover part 8 (FIG. 1). The sensing
device 19 contains the drive spring 23 whose power rim 24
rests against the power rim 20 of the lever spring, and whose
sensing tongues 25, extended radially inward, are each con-
nected to a lever 21 radially toward the inside by means of a
rivet 26. The ring-shaped, open drive spring 23 is connected
firmly at one ring end 30 to the lever spring 7, and at its other
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ring end has the pawl 27 which meshes with the pinion 28,
which is received rotatably on the lever spring 7. Situated on
the inner side of the pinion 28 is the worm gear 29, which
drives the compensation spring 11 of FIG. 1 in the event of
adjustment.

FIG. 3 shows a rear view of the lever spring 7 with the
worm gear 29, which meshes, for example, with end teeth or
a gear rack section of the compensation spring 11 of FIG. 1
and rotary drives it as it turns.

To explain the adjusting function of the sensing device 19
of FIG. 2, FIGS. 4 and 5 show the lever spring 7 with the
levers 21 and the sensing tongues 25 of the drive spring 23
supported on it, each in the disengaged position a and in the
engaged position b of the friction clutch 1 of FIG. 1. The lever
spring 7 is subjected to an axial force at its lever spring area
10, and with an engaging force moves the overlay area 9 of the
pressing plate 3 of FIG. 1. The normal state of the friction
clutch 1 is shown here in FIG. 4. In the disengaged position a,
the levers are set upright, and in the engaged position b of the
friction clutch they are moved inward. In the normal state,
with the maximum torque to be transmitted, the levers 21 are
bent only negligibly, since the compensation spring 11 of
FIG. 1 compensates sufficiently for the lining resiliency. FIG.
5 depicts the adjusting state, in which the compensation
spring no longer compensates sufficiently for the lining resil-
iency. Starting from the disengaged position a, to transmit the
maximum torque, in the engaged position b the levers 21 are
bent as a result of a greater requisite engaging force, and the
sensing tongues 25, which are riveted radially on the inside,
are moved, so that the drive spring 23 at its original position
on the power rim of the lever spring 7 is moved radially
inward, which is represented by the drive spring 23'. This
causes the pawl 27 to move in the pinion 28 of FIG. 2. This
causes a tension to be exerted on the pinion 28 by the drive
spring 23 when the friction clutch 1 disengages. As a result of
the releasing of pre-stressing on the compensation spring 11
as the friction clutch 1 disengages, the latter is now turned by
the pinion 28 through the worm gear.

FIG. 6 shows a schematically depicted view of the profile
region 15 of the compensation spring 11 of FIG. 1. The profile
region 15 is formed from radially oriented profile surfaces 17
distributed around the circumference, for example shaped or
opened out from the compensation spring 11.

FIG. 7 shows a schematically depicted view of the profile
region 16 of the pressing plate 3 of FIG. 1. The profile region
16 is formed from profile surfaces 18 distributed around the
circumference, for example from overlay parts 31 solidly
accommodated on the pressing plate 3. The form of the profile
surfaces 18 is spiral-shaped. It goes without saying that the
profile regions 16, 17 depicted in FIGS. 6 and 7 may also be
arranged inversely on the pressing plate 3, or on the compen-
sation spring.

FIG. 8 shows a schematic representation of the two profile
regions 15, 16 of FIGS. 6, 7, overlaid on each other, with the
profile surfaces 17, 17', 18. In the non-adjusted state between
the profile surfaces 17' and the profile surfaces 18, the overlay
areas 13' with the radius r, are formed. In the event of adjust-
ment, the two profile regions 15, 16 turn contrary to each
other in the direction of the arrow 32, so that the profile
surfaces 17, 18 form the new overlay areas 13 with the radius
r,. Due to the changed clamping situation of the compensa-
tion spring 11, the characteristic curve of the latter is adjusted
to the characteristic curve of the lining resiliency 6 (FIG. 1)
until a new readjustment is necessary.

As a modification of the friction clutch 1 of FIG. 1, friction
clutch 1a of FIG. 9 shows the compensation spring 11a,
which is accommodated in a single piece in the lever spring
7a, preferably in the area of the latter’s power rim. The region
of the lever spring 7a with the compensation spring 11a is
supported here on the overlay area 12a, which is situated
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firmly on the cover part 8a, and on the overlay area 13a of the
pressing plate 3a. The profile regions 15a, 16a provided on
the overlay area 13a correspond here, to the greatest possible
extent, with regard to their function, to the profile regions 15,
16 of FIGS. 1, 6, 7 and 8. The readjustment with the change of
the radius of the overlay area 134 takes place by means of a
relative rotation of the lever spring 7a with respect to the
pressing plate 3a or the cover part 8a. In a corresponding
design of the drive of the compensation spring 11 of FIG. 1 by
means of the pinion 18 of FIG. 2, in the friction clutch 1 of the
figure the driving of the lever spring 7a takes place by means
of'the pinion, the worm gear being supported on a component
which is connected to the cover part 8a or to the pressing plate
3a or to some other component which is connected to these
parts, or directly to these parts themselves.

LIST OF REFERENCE NUMBERS

1 friction clutch

1a friction clutch

2 counter-pressure plate
3 pressing plate

3a pressing plate

4 leaf spring

5 friction lining

6 lining resiliency
7 lever spring

7a lever spring

8 cover part

8a cover part

9 overlay area

10 lever spring area
11 compensation spring
11a compensation spring
12 overlay area

12a overlay area

13 overlay area
13a overlay area
13' overlay area

14 adjusting device
15 profile region
15a profile region
16 profile region
164 profile region
17 profile surface
17" profile surface
18 profile surface
19 sensor device
20 power rim

21 lever

22 supporting area
23 drive spring

23' drive spring

24 power rim

25 sensing tongue
26 rivet

27 pawl

28 pinion

29 worm gear

30 ring end

31 overlay part

32 arrow

a disengaged position
b engaged position
r, radius

r, radius
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What is claimed is:

1. A friction clutch having a counter-pressure plate and a
pressing plate that is rotationally fixed and axially movable in
relation to the latter, a cover part which is firmly connected to
the counter-pressure plate, a lever spring clamped between
the pressing plate and the cover part having an encircling
power rim and levers extending radially inward and distrib-
uted around the circumference and support zones extending
radially outward, a clutch plate having friction linings which
may be brought into frictional engagement between the
counter-pressure plate and the pressing plate dependent on an
axial engaging force applied to the levers contrary to the
effect of a lining resiliency, a compensation spring effectively
counteracting the lining resiliency between the counter-pres-
sure plate and the pressing plate, and an adjusting device
having a drive spring in the form of an opened ring situated on
the lever spring, attached to the levers by means of sensing
tongues extending radially inward, having a pawl situated on
a ring end, which meshes with a pinion situated rotatably on
the lever spring, which has a worm gear on the opposite side,
wherein the worm gear is drive-connected to the compensa-
tion spring or the cover part, turns the pinion depending on the
pawl which moves depending on engagement force, and a
relative rotation occurs between the lever spring and the com-
pensation spring or the cover part by means of the rotating
worm gear, while a radius of an overlay area of the compen-
sation spring changes depending on the relative rotation,

wherein the overlay area is formed of two profile regions

braced against each other, one of which is operatively
assigned to the compensation spring and the other to the
pressing plate, where a first profile region has radially
oriented profile surfaces distributed around the circum-
ference and a second profile region has spiral-shaped
profile surfaces distributed complementarily around the
circumference.

2. The friction clutch recited in claim 1, wherein the first
profile region is provided on the compensation spring and the
second profile region is provided on the pressing plate.

3. The friction clutch recited in claim 2, wherein the profile
surface of the first profile region is stamped as a single piece
from the compensation spring.

4. The friction clutch recited in claim 2, wherein the profile
surface of the second profile region is made from overlay
parts which are connected to the pressing plate.

5. The friction clutch recited in claim 1, wherein in the case
ofa friction clutch which is tension-engaged by means of a tie
rod situated between the lever spring and the pressing plate,
and a compensation spring clamped between the cover part
and the tie rod, the profile regions are provided between the tie
rod and the compensation spring.

6. The friction clutch recited in claim 5, wherein both
profile surfaces of the profile regions are stamped as single
pieces from the compensation spring or the tie rod.

7. The friction clutch recited in claim 1, wherein the lever
spring is received non-rotatingly relative to the cover part, and
the compensation spring is clamped in rotatably.

8. The friction clutch recited in claim 1, wherein the lever
spring is accommodated rotatably on the cover part and the
compensation spring is situated non-rotatingly.

9. The friction clutch recited in claim 1, wherein the com-
pensation spring is integrated into the lever spring such that
the compensation spring and lever spring form a single piece,
the lever spring is configured to be rotationally driven by the
worm gear, and a radius of the overlay area is configured to be
changed when rotation occurs.
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