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(57) ABSTRACT

Method for determining wear of a friction plate of an auto-
matically actuated friction clutch, particularly in a motor
vehicle driven by an internal combustion engine, wherein
initially at a prescribed clutch slip and a prescribed clutch
torque in an earlier friction lining test point an earlier clutch
actuation travel is determined and stored, later again at the
prescribed clutch slip and the prescribed clutch torque in a
later friction lining test point a later clutch actuation travel is
determined, thereafter the earlier clutch actuation travel and
the later clutch actuation travel are compared to each other
and a differential value is determined, and thereafter a friction
lining wear is determined using the differential value, in order
to reliably determine friction lining wear in a time interval
and with only little effort, so that a depreciation of function
due to a worn friction lining can be prevented in a timely
manner.

10 Claims, 2 Drawing Sheets
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1
METHOD FOR DETERMINING WEAR OF A
FRICTION PLATE

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application is filed under 35 U.S.C. §120 and §365(c)
as a continuation of International Patent Application No.
PCT/DE2011/001570 filed Aug. 10,2011, which application
claims priority from German Patent Application No. 10 2010
044 882.6 filed Sep. 9, 2010, which applications are incorpo-
rated herein by reference in their entirety.

TECHNICAL FIELD

The invention relates to a method for determining wear of
a friction plate of an automatically actuated friction clutch, in
particular in a motor vehicle driven by an internal combustion
engine.

BACKGROUND

Within the framework of the present application, “friction
clutch” is understood to mean in particular a friction clutch
which is situated in the drivetrain of motor vehicles driven by
an internal combustion engine, between the combustion
engine and a transmission, which enables driving off as well
as changing the gear ratio, and which for technical reasons is
only possible when the traction force is interrupted.

Such friction clutches have an input part and an output part,
and transmission of power increases depending on actuation,
starting from a completely disengaged actuating position in
which essentially no power is transmitted between the input
and output parts, all the way to a completely engaged actuat-
ing position in which transmission of power between the
input and output parts is essentially complete, where trans-
mission of power between the input and output parts occurs
by frictional engagement. Conversely, starting from a com-
pletely engaged actuating position, in which transmission of
power between the input and output parts is essentially com-
plete, all the way to a completely disengaged actuating posi-
tion, in which essentially no power is transmitted between the
input and output parts, depending on actuation a decrease in
power transmission occurs.

Such friction clutches are also implemented as dual
clutches, and then on the combustion engine side have an
input part and on the transmission side a first and a second
output part, each of which includes a clutch plate. With a dual
clutch, the input part on the one hand and the first output part
and/or the second output part on the other hand can be con-
nected with each other or separated from each other. Further-
more, during the transition of a gear change, a flow of power
from the input part can be transferred from the first output part
to the second output part and vice versa.

It is known to actuate such friction clutches automatically
by means of an actuator device, which includes at least one
electrical or hydraulic actuator. The actuator device is usually
controlled by means of a control device based on character-
istic curves and/or parameters which are stored in the control
device, and/or which are made available by means of sensors.

The friction clutch can disengage under spring loading and
engage by means of the actuating device, or conversely can
engage under spring loading and disengage by means of the
actuating device. The actuating device can be operated using
pressure or tension.

The thickness of the clutch lining is usually designed for
the life of a vehicle. In the case of increased wear and early
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erosion of the lining, the point at which the limits of the lining
has been reached is not noticed until the lining has completely
worn down, for example acoustically by a scraping rivet of the
clutch plate or by lack of torque capacity of the clutch. As a
rule, early diagnosis is only possible by means of disassembly
and visual inspection, and this is too complicated and too
expensive for merely determining the thickness of the clutch
lining.

A device which enables simple evaluation and works reli-
ably to detect the operating condition of a friction lining on a
friction lining carrier, in particular in the environment of a
motor vehicle, is disclosed by DE 102007 061 266 A1. There,
it proposes to provide at least one olfactorily active substance
for recognizing the operating condition of the friction lining.
However, the precision with which the operating condition of
the friction clutch can be determined using this device
depends upon how precisely the olfactorily active substance
is situated in or on the friction lining, and how precisely the
olfactory information is evaluated.

The descriptive introduction to DE 10 2007 061 266 Al
also mentions a mechanical structure for determining clutch
plate wear, as well as an indication of wear by means of
electronic sensors. It is also mentioned that wear of friction
linings can be determined from a model calculation, by total-
ing up the energy introduced into the friction system over its
operating life and deducing the present operating condition of
the friction lining in connection with experimentally deter-
mined data on the wear of a friction lining. However, these
types of wear determination are either very complex, or do not
satisty elevated demands for precision.

BRIEF SUMMARY

The invention is therefore based on the object of providing
a method named at the beginning, whereby friction wear in a
time interval can be determined reliably and with only a little
effort, so that a depreciation of function due to a worn friction
lining can be prevented in a timely manner.

The object is fulfilled by a method having the steps of first
determining and storing an earlier clutch actuation distance at
apredetermined clutch slip and a predetermined clutch torque
in an earlier friction lining test point, later again determining
a later clutch actuation distance at the predetermined clutch
slip and the predetermined clutch torque at a later friction
lining test point, subsequently comparing the earlier clutch
actuation distance and the later clutch actuation distance with
each other and determining a differential value, and then
determining friction lining wear taking the differential value
into account. This makes it possible to reliably determine
friction lining wear and with high precision, without need of
disassembly and visual inspection.

Especially preferable embodiments and refinements of the
method according to the invention are the subject of the
dependent claims.

The friction lining wear is preferably determined using a
translation ratio of a clutch actuating device. Starting from an
actuator, a movement is achieved at the clutch by means of a
kinematic connection subject to translation. The translation
ratio of the clutch actuating device is determined from the
movement of the actuator relative to the movement at the
clutch achieved thereby. Inclusion of the translation ratio of
the clutch actuating device makes it possible to determine the
wear of the friction lining from the perspective of the actuator,
in particular on the basis of the actuator travel.

It is very expedient if an absolute friction lining wear or a
remaining friction lining thickness is determined using a fric-
tion lining thickness in the new condition. That makes it
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possible to determine not only wear that has occurred, but also
to report and/or store information about remaining friction
lining thickness in a timely manner and/or to generate, report
and/or store a prognosis about remaining residual clutch life.

According to a preferred refinement of the invention, a
spring effect of the friction lining is included in determining
the friction lining wear. This is necessary in particular to
increase the precision when the friction lining test point lies
within an area in which an elastic friction lining is only
partially compressed.

It has proven to be very advantageous if different factors of
influence are incorporated if appropriate in each case when
approaching the earlier friction lining test point and when
approaching the later friction lining test point. In particular,
external influence factors are included, such as temperature or
wear of the friction linings, which in a hydraulic clutch dis-
engaging system result in the volume of a pressure medium
varying, for example in a master cylinder when a connecting
opening to a non-pressurized readjustment container, known
as a sniffing hole, is utilized to equalize pressure.

Particularly preferred is a refinement of the method accord-
ing to the invention in which the earlier friction lining test
point and the later friction lining test point are test points that
are moved to anyway, such as contact points. The term contact
point designates a point in a diagram at which the clutch
transmission torque is plotted depending on the clutch actua-
tion travel, at which friction surfaces of the clutch begin to
transmit a torque. In the present case, the contact point is
located at a clutch transmission torque of 1-10 Nm, in par-
ticular at a clutch transmission torque of approximately 5 Nm.
Since the contact point changes in the course of operation of
the vehicle, for example over the long term due to the wear of
the clutch, in particular of the friction linings of the clutch
plate, and of the actuating elements; and in the short term due
to parameters that change rapidly during operation, such as
temperature, whereby the actuation distances and because of
the different expansion coefficients of the materials the posi-
tions of the clutch components relative to the friction linings
of' the clutch plate change, the contact point must in any case
be recalculated regularly. That makes it possible to avoid a
separate detection of a friction lining test point.

According to another likewise preferred refinement of the
method according to the invention, the earlier friction lining
test point and the later friction lining test point are test points
that are approached specifically to determine friction lining
wear. That makes it possible to choose a friction lining test
point at a clutch actuation position that is optimal for this
purpose, in particular in an area in which an elastic friction
lining is at least almost completely compressed.

It is very expedient if a remaining clutch life is determined
using the ascertained friction lining wear and the mileage
traveled by the motor vehicle. It has proven beneficial to
deliver and/or store an appropriate notification when a prede-
termined friction lining wear is exceeded. That makes it pos-
sible to service the clutch at an appropriate time.

In a particularly advantageous refinement of the method
according to the invention, a first earlier friction lining test
point, a first later friction lining test point and from them a first
differential value, as well as a second earlier friction lining
test point, a second later friction lining test point and from
them a second differential value are determined, and friction
lining wear is determined using the first differential value and
the second differential value. The friction lining elasticity of
the entire clutch plate can be determined based on a difference
between the first differential value and the second differential
value. In the event of a convergence of the ascertained friction
lining thicknesses from a first friction lining test point, such as
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the contact point, and a second friction lining test point, such
as a special friction lining test point, for example, this infor-
mation makes it possible to detect that the friction lining
elasticity is wearing and losing its elastic effect. In the event
of enlargement of these ascertained thicknesses, it can be
determined that there is thermal distortion and increased elas-
ticity of the friction plate.

BRIEF DESCRIPTION OF THE DRAWINGS

Especially preferred refinements of the method according
to the invention will be explained below with reference to
figures; the figures show the following schematically and by
way of example:

FIG. 1 is a diagram which depicts clutch transmission
torque with a friction lining test point for a new clutch and for
a used clutch, depending on clutch actuation travel; and,

FIG. 2 is a diagram which depicts clutch transmission
torque with a friction lining test point for a new clutch and for
a used clutch, depending on clutch actuation travel.

DETAILED DESCRIPTION

Diagram 100 shown in FIG. 1 pertains to an automatically
operated friction clutch of a motor vehicle driven by an inter-
nal combustion engine. The friction clutch is situated
between the combustion engine and a transmission, and has
an input part on the combustion engine side which includes a
housing or cover, a pressure plate and an opposing pressure
plate. The cover is rigidly connected to the opposing pressure
plate, for example by riveting; the connection of the pressure
plate is rotationally fixed but axially movable. On the trans-
mission side, the clutch has an output part which includes at
least one clutch plate with friction linings.

However, the friction clutch may also be a dual clutch
having on the combustion engine side an input part that
includes a housing or cover, a pressure plate, an intermediate
pressure plate and an opposing pressure plate. On the trans-
mission side the dual clutch has a first and a second output
part, each of which includes at least one clutch plate.
Although reference is made below to a single clutch, the
invention may be applied equally well to a dual clutch.

A spring device which is braced against the housing on one
side and against the pressure plate on the other side applies
pressure to the pressure plate in the direction of clutch
engagement. The clutch can be disengaged by means of an
actuating mechanism that opposes the force of the lever
spring. The actuation motion in the direction of disengage-
ment applies pressure in the present case; however, according
to a different exemplary embodiment the clutch may also be
pulled open. The actuating mechanism includes an electrical,
hydraulic, mechanical, electromechanical or electrohydrau-
lic actuator, which is equipped with a measuring device. The
measuring device makes it possible in particular to determine
actuator travel, in particular by means of a direct measure-
ment of travel in the actuator, for example of the piston travel
in a hydrostatic actuator, or by means of an incremental travel
measurement in an electric motor of an electromechanical or
electrohydraulic actuating mechanism. The measuring device
may also make it possible to determine pressure in a hydro-
static system. The actuating mechanism is controlled by
means of a control device based on characteristic curves
and/or parameters which are stored in the control device,
and/or which are made available by means of sensors.

Diagram 100, shown in FIG. 1, depicts clutch characteris-
tic curves 102 and 106. Here, the clutch actuation travel, in the
present case the actuator travel, is plotted on the x axis, and
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the clutch transmission torque on the y axis. In the new
condition, clutch actuation occurs in accordance with earlier
clutch characteristic curve 102. With increasing actuation,
corresponding to increasing x values, the pressure plate of the
clutch is displaced in the direction of the opposing pressure
plate, so that between the pressure plate and opposing pres-
sure plate on the one hand and the clutch plate with friction
linings on the other hand increasing friction develops, and
along with it increasing clutch torque, corresponding to
increasing y values.

Earlier friction lining test point 104 is established at pre-
defined clutch torque 112. In the present case, contact point
104 at approximately 5 Nm is used as the earlier friction
lining test point. In the new condition, earlier friction lining
test point 104 is reached at earlier clutch actuation travel 114.
The position of the contact point in reference to the actuator
travel is adapted regularly. Because of wear, ever greater
clutch actuation travel is necessary to reach a certain clutch
transmission torque. In a worn state of the clutch, actuation of
the clutch therefore occurs according to later clutch charac-
teristic curve 106. Later friction lining test point 106, corre-
sponding to the contact point at approximately 5 Nm, is then
reached only at later clutch actuation travel 116.

The increase in the internal activation travel in the clutch
until a clutch torque is built up, corresponding to the engage-
ment travel, is recognized by means of the long-term adapta-
tion of the contact point. Short-term adaptations, for example
due to friction effects, are not taken into account for this
purpose. Since the translation ratio between actuator and
engagement or actuation travel of the clutch is constant, it is
possible to ascertain the friction lining wear, or the change in
thickness of the clutch plate, from change 110 in the requisite
actuator travel 114, 116 until friction lining test point 104,
106, in the present case the contact point, possibly even from
friction lining test point 104, 106 itself, over a certain time
period, and from the translation ratio i between actuator and
engagement travel, on the following basis:

clutch actuation travel; ;¢ — clutch actuation travel; 14

friction lining wear = -
i

Changes in the properties of the friction lining elasticity are
not detected when determining the friction lining wear by
means of the contact point. Since the friction lining elasticity
is typically not yet completely compressed in the area of the
contact point, changes in friction lining thickness and friction
lining elasticity cannot be completely separated.

Using a hydrostatic actuator may make it possible to deter-
mine the pure friction lining wear. It is possible here, along
with the travel information, for example from absolute travel
measurement of a master piston, to also measure the pressure
in the hydrostatic system. With this actuator it is possible to
specify a defined pressure on the clutch, so that the clutch is
operated with a defined force and the friction lining elasticity
is completely compressed, and thus no longer has any
changeable influence on the thickness of the clutch plate.

To determine the lining wear, distributed over the service
life, friction lining test point 204, 208 may be approached at
greater specified clutch torque 212 under a predetermined
pressure, and actuator travel 214, 216 be measured by mea-
suring the absolute travel of the master piston. The greater
specified clutch torque 212 lies in a range in which the friction
lining is at least almost completely compressed, in order to
keep any influence from the elasticity of the latter small or to
eliminate it. For example, greater specified clutch torque 212
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is approximately 5-20 Nm, in particular approximately 12
Nm. This is depicted in Diagram 200 in FIG. 2, which shows
earlier clutch characteristic curve 202 and later clutch char-
acteristic curve 206. Thus also here a certain time period
produces travel difference 210 in friction lining test position
204,208, from which the friction lining thickness can then be
determined with the help of the translation ratio i between
actuator and engagement travel. We also refer to the above
description, in particular to FIG. 1.

With a hydrostatic actuator, the long-term contact point
adaptation does not take into account the short-term behavior
of'the hydraulic link, for example thermal expansion. For the
determination or comparison of friction lining test points 204,
208 over the service life, it is therefore desirable if the hydrau-
lic link always has the same properties. It is therefore desir-
able to balance out the hydraulic link by a so-called sniffing
procedure prior to every determination of friction lining test
point 204, 208.

To determine the absolute wear, it is important on the one
hand to know the thickness of the friction lining in the new
condition, for example from clutch design or construction
data, and on the other hand to determine and store contact
point 104 or friction lining test point 204 in the new condition,
for example in a higher-level control unit. If these two values
are known, and the translation ratio i between actuator and
engagement travel according to the system design, the previ-
ous friction lining wear and the remaining friction lining
thickness can be determined at any time over the service life.
Together with the mileage of the vehicle, an estimate of
remaining mileage can be made when the driving profile
remains the same.

The contact point is determined continuously in the soft-
ware, and can be stored or read out regularly. There is usually
no provision for approaching friction lining test point 204,
206 in the normal driving strategy. For example, in normal
driving operation a certain pressure point of the clutch which
is passed in quick sequence after a sniffing procedure can be
stored, or friction lining test point 204, 206 is approached
manually, preferably during servicing.

Knowledge of the friction lining thickness can be utilized
in particular for the following functions: through observation
of contact point 104, 108 or regular approaching of friction
lining test point 204, 208, for example at 70-99%, in particu-
lar at approximately 90% of the theoretical friction lining
wear, an entry can be made in the error memory of the vehicle,
so that replacement of the clutch plate can be planned on the
occasion of the next service.

The friction lining wear or the remaining lining thickness
are stored regularly in normal driving operation, for example
every 10,000 km, or are stored by the repair shop at the time
of service by approaching friction lining test point 204, 208.
That can be used, for example, to give a residual service life
or to recommend replacement.

The remaining friction lining thickness is reported to the
driver as a notification in the vehicle diagnosis, similar to a
notification of brake lining thickness.

Comparison with the mileage of the vehicle can give the
driver, the repair shop or even the manufacturer information
about the use of the vehicle. The energy introduced into the
clutches can also be used here as the element for comparison.
That makes it possible to say whether the vehicle is being
moved in accordance with the design, or whether it is being
driven in a manner that is gentler or harder on the clutch.

If a difference arises over the life of the clutch between
contact point change 110 and friction lining test point change
210, this difference can be the basis for drawing conclusions
about the friction lining elasticity of the clutch plate as a
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whole. This information makes it possible to recognize, for
example, when approaching the thicknesses found from con-
tact point 104, 108 and friction lining test point 204, 208; that
the friction lining elasticity is wearing and losing its springi-
ness. In the case of enlarging these ascertained thicknesses,
thermal distortion and increased elasticity of the friction plate
can be assumed. The refinements of the method according to
the invention according to FIG. 1 and FIG. 2 can therefore be
combined entirely or in part.

To determine the absolute friction lining thickness, an ini-
tial measurement of friction lining test point 204 or a deter-
mination of contact point 104 in the new condition is neces-
sary. The designed friction lining thickness in the new
condition can be assigned to this friction lining test point 204
or initial contact point 104. Both values can be learned (fric-
tion lining test point or contact point) or input (friction lining
thickness) as part of an end-of-line (EOL) routine, and then
stored in a control device.

To increase the precision of the determination of friction
lining test point 104, 108, 204, 208, it is advisable to deter-
mine friction lining test point 104, 108, 204, 208 multiple
times with a prior sniffing procedure and then obtain a mean
value. Since the sniffing groove can be closed by displacing
the sealing lip at slightly differing positions (“toggling the
sniffing position™), the precision of friction lining test point
104, 108, 204, 208 is increased by taking the mean. A further
increase in the precision of determining friction lining test
point 104, 108, 204, 208 can be achieved by approaching
various friction lining test points. Here the friction lining
wear can again be determined over various friction lining test
points, and a mean value again be obtained.

Since the same actuators have slightly different properties,
when an actuator is exchanged, despite the same friction
lining thickness it is possible to determine a different friction
lining test point 204, 208 or contact point 104, 108, so that the
determination of the friction lining wear may be corrupted. In
order to prevent this, the following points must be observed
when exchanging an actuator during the service life. Before
exchanging the actuator, the currently remaining friction lin-
ing thickness is determined via contact point 104, 108 or
friction lining test point 204, 208. After exchanging the actua-
tor, the EOL routine described above is performed again. The
residual lining thickness determined prior to exchanging the
actuator is assigned to the completed initial determination of
contact point 104, 108 or friction lining test point 204, 208,
and stored in a control device. The residual lining thickness
can be input manually, or a corresponding routine for the
actuator exchange is stored in the software.

Monitoring the wear of the clutch lining can also be impor-
tant in vehicles having hybrid support. As a rule, in this case
the wear reserve of the clutch lining is not designed to the
necessary thickness for use without hybrid support, but for a
certain measure of hybrid support. If this designed hybrid
support cannot be fulfilled, forexample because of a defective
hybrid battery, a hybrid battery with insufficient capacity or a
driving cycle with too frequent starts and therefore not
enough time to charge the batteries, the clutch wear increases
and the lining is worn out already before the vehicle reaches
the end of its useful life. As described above, the driver can
thus be informed in time of a need to replace the clutch.

LIST OF REFERENCE NUMBERS

100 diagram

102 earlier clutch characteristic curve
104 earlier friction lining test point
106 later clutch characteristic curve
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108 later friction lining test point
110 differential value

112 prescribed clutch torque

114 earlier clutch actuation travel
116 later clutch actuation travel
200 diagram

202 earlier clutch characteristic curve
204 earlier friction lining test point
206 later clutch characteristic curve
208 later friction lining test point
210 differential value

212 prescribed clutch torque

214 earlier clutch actuation travel
216 later clutch actuation travel

What is claimed is:
1. A method for determining wear of a friction plate of an
automatically actuated friction clutch, in particular in a motor
vehicle driven by an internal combustion engine, the method
comprising:
determining and storing an earlier clutch actuation travel
(114, 214) at a prescribed clutch slip and a prescribed
clutch torque (112, 212) in an earlier friction lining test
point (104, 204);

determining a later clutch actuation travel (116, 216) at the
prescribed clutch slip and the prescribed clutch torque
(112, 212), in a later friction lining test point (108, 208);

determining a differential value (110, 210) by comparing
the earlier clutch actuation travel (114, 214) and the later
clutch actuation travel (116, 216) to each other; and,

determining a friction lining wear using the differential
value (110, 210).

2. The method of claim 1, wherein the friction lining wear
is determined using a translation ratio of a clutch actuating
device.

3. The method of claim 1 further comprising the step of
determining an absolute friction lining wear or a remaining
friction lining thickness using a friction lining thickness in a
new condition.

4. The method of claim 1, wherein a springing effect of the
friction lining is included in determining the friction lining
wear.

5. The method of claim 1, wherein different influencing
factors may be included in each case when approaching the
earlier friction lining test point and when approaching the
later friction lining test point.

6. The method of claim 1, wherein the earlier friction lining
test point (104) and the later friction lining test point (108) are
test points that are moved to in any case, such as contact
points.

7. The method of claim 1, wherein the earlier friction lining
test point (204) and the later friction lining test point (208) are
test points that are moved to specifically determine friction
lining wear.

8. The method of claim 1 further comprising the step of
determining a remaining clutch life using the ascertained
friction lining wear and the mileage of the motor vehicle.

9. The method of claim 1 further comprising the step of
releasing and/or storing a corresponding notification when a
prescribed friction lining wear is exceeded.

10. The method of claim 1, wherein the friction lining wear
is determined from a first differential value (110) and a second
differential value (210), the first differential value (110) is
determined from a first earlier friction lining test point (104)
and a first later friction lining test point (108), and the second
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differential value (210) is determined from a second earlier
friction lining test point (204) and a second later friction
lining test point (208).
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