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(57) ABSTRACT

A method for altering the coupling torque of a coupling in
the drive train of a vehicle with an automatic gearbox and/or
automatic coupling in a creep drive mode of a vehicle.
According to the mvention, the coupling torque 1s altered
according to at least one variable, the parameter of the
vehicle describing the creep drive mode thereof.
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METHOD FOR CHANGING THE CLUTCH
TORQUE IN A CLUTCH IN THE POWER
TRAIN OF A VEHICLE HAVING AN
AUTOMATED MANUAL SHIFT
TRANSMISSION

Matter enclosed in heavy brackets [ ] appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions
made by reissue.

CROSS-REFERENCE TO RELATED
APPLICATIONS

This 1s a divisional of U.S. patent Ser. No. 10/739,703
filed Dec. 18, 2003 now U.S. Pat. No. 7,025,708, a continu-
ation of International Application No. PCT/DE02/02304,
filed Jun. 24, 2002, and claims priority to German Patent
Application No. 101 30 874 4, filed Jun. 277, 2001, which are

hereby being incorporated by reference herein.

BACKGROUND INFORMATION

The present invention relates to a method for changing the
clutch torque of a clutch in the power train of a vehicle
having an automated manual shift transmission and/or an
automated clutch 1n a creep drive mode of the vehicle. The
present invention also relates to a method for changing the
clutch torque of a clutch in the power train of a vehicle
having an automated manual shift transmission and/or an
automated clutch to establish the biting point of the clutch.

When a vehicle having an automated manual shift trans-
mission and/or an automated clutch 1s moved 1n a creep drive
mode to park 1in a parking space, for example, it must be
ensured that the drive motor 1s not brought to stop by the
driver of the vehicle during a braking procedure. For this
purpose, opening the clutch when the driver actuates the
brake of the vehicle 1s already known, 1t being possible to
monitor the brake light switch 1n order to monitor the brak-
ing procedure. Therefore, digital information exists on
whether the brake 1s actuated and the clutch must therefore
be opened 1n order to avoid the engine dying because of the
braking torque exerted on the engine.

However, when the driver only wishes to brake a little
against a creep torque transmitted by the clutch during
maneuvering, this procedure corresponds to a different
driver intent than the sharp braking by the driver 1n order to
avoid a collision during the parking procedure, for example.

By monitoring the engine speed, it 1s possible to activate
more rapid opening of the clutch 11 the instantaneous engine
speed falls below the engine-specific 1dle speed for a prede-
termined period of time. However, 11 a diesel engine 1s used
as the drive motor, 1t reacts significantly more rapidly than a
gasoline engine to a reduction 1n the engine speed, through
an increase in the engine torque output because of the
combustion, so that a noticeable drop 1n the engine speed
may not be perceived, but rather the driver of the vehicle
would perceive a push of the engine against his braking
intent.

For the adaptation of the touch point or biting point of the
clutch, exploiting the reaction of the engine 1n the event of an
activation of the clutch using touch ramps when the brake 1s
actuated 1s known. For this purpose, a low clutch torque 1s
built up with an mitially open clutch and the torque output
by the engine 1s monitored. I1 the engine torque increases by
a specific value over a specific period of time 1n relation to
the engine torque before the touch point adaptation, then the
biting point established by the clutch controller must be cor-
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rected in the open direction. For such a procedure, it 1s pos-
sible that the vehicle will roll free 1t the brake 1s only lightly
actuated.

BRIEF SUMMARY OF THE INVENTION

The present invention 1s thus based on an object of provid-
ing a method for changing the clutch torque of a clutch in the
power train of a vehicle having an automated manual shift
transmission and/or an automated clutch 1 a creep drive
mode which remedies the disadvantages described. In
addition, the method for establishing the biting point of the
clutch may also be improved.

According to the present invention, a method 1s thus pro-
vided for changing the clutch torque of a clutch 1n the power
train of a vehicle having an automated manual shift trans-
mission 1n a creep drive mode of the vehicle, according to
which the clutch torque 1s changed as a function of at least
one variable operating parameter of the vehicle which
describes the creep drive mode of the vehicle. Very
generally, this means that according to the present invention,
one or more operating parameters ol the vehicle are moni-
tored which describe a slow drive mode or creep drive mode
of the vehicle and, as a function of the operating
parameter(s), the torque transmitted by the clutch 1s
changed. Therefore, the creep drive mode of the vehicle may
be improved 1n relation to the known method without the
danger of the engine dying, since no longer only digital
information in the form of the brake light switch 1s analyzed,
but rather one or more operating parameters, which do not
change digitally and which describe the creep drive mode of
the vehicle, are analyzed.

Therefore, for example, 1n the event that there 1s a danger
of the engine dying, the clutch torque may first be reduced at
a relatively high speed, as a function of the operating
parameter(s), and the clutch torque may then be reduced at a
lower speed, so that, compared with a linear reduction of the
speed of the clutch torque, a more comiortable creep drive
mode 1s available that takes the driver’s intent, which may be
represented by an actuation of varying strength of the
vehicle brake by the driver, for example, into consideration.

Therefore, according to one aspect according to the
present invention, the operating parameter 1s the strength of
the actuation of a vehicle brake which influences the speed
of the vehicle. The strength of the actuation of the brake of
the vehicle by the driver may therefore be considered, 1.¢.,
for example, the brake pressure for a hydraulic braking sys-
tem or a current value, using which an electromechanical
brake of the vehicle 1s actuated. In the event of a strong
actuation of the brake by the driver, according to the present
invention, the clutch i1s opened more rapidly and the clutch
torque 1s therefore reduced more rapidly, since otherwise a
braking torque would be transmitted via the transmaission to
the engine via the still closed or partially closed clutch, so
that the engine speed would fall too greatly. A further reduc-
tion of the clutch torque may then occur at a lower speed, so
that the comifort in the creep drive mode 1s improved and the
creep drive mode 1s prolonged. Such behavior then corre-
sponds to the behavior of a vehicle having a stepped auto-
matic transmission.

Therefore, according to a further aspect according to the
present mvention, the operating parameter 1s the rotational
speed and/or the engine torque and/or a variable of the drive
motor of the vehicle dertved therefrom. If a drop in the
engine speed 1s perceived during the creep drive mode, due
to a braking procedure mitiated by the driver, for example,
which leads to an engine speed significantly below the
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engine-specific idle speed for a predetermined duration, 1.e.,
to a reduction of more than 100 rpm below the 1dle speed, for
example, according to the present invention the clutch torque
1s reduced using a higher gradient than would be necessary
in the event of lighter braking by the driver. In a similar way,
the clutch torque 1s reduced more strongly i1 1t 1s observed
that the engine torque resulting from the combustion
increases during braking sigmificantly over a value of the
engine torque typical for the idling of the engine. This typi-
cal value may be established as an average of the engine
torque during creep belore the actuation of the brake, for
example. If an electric motor or a hybrid drive 1s used as the
drive motor, the average value of the torque output during
the creep drive mode before the actuation of the brake may
also be established 1n a similar way.

Theretfore, the typical torque behavior of the drive motor
in 1dle 1s analyzed. If the engine reacts to braking with a
significant increase in the torque, which may mean an
increase to a value of more than 10 Nm, for example, the
clutch torque 1s then reduced rapidly and the clutch 1s trans-
terred 1nto a slipping state. In this state, the clutch transmuits
a lower braking torque to the engine, and the engine torque
for maintaining the idle speed no longer increases. The
clutch torque may then be reduced using a lower gradient,
having a value of 5 Nm/sec, for example.

In a stmilar way, according to the present invention, the
clutch torque 1s reduced using a higher gradient 11 a drop 1n
the engine speed 1s observed with an essentially negative
gradient. Such a case exists, for example, when the engine
speed is reduced using a gradient of 25 rad/s*, for example,
which approximately corresponds to a reduction in the
engine speed at a value of 250 rpm/sec.

According to a further aspect according to the present
invention, the operating parameter 1s a rotational speed dii-
terential between the clutch iput side and the clutch output
side. This may be a rotational speed differential between the
engine speed and the transmission mput shaft speed, for
example.

The method according to the present invention may also
be advantageously used 1n power trains 1n which the clutch 1s
not positioned between a drive motor and the transmission
input, but rather at the output of the transmission or nside
the transmission, for example. Thus, for example, position-
ing the clutch between a shait and the transmission housing,
in the event of which the clutch may act as a brake, or even,
in transmissions with branched structures, positioning the
clutch between two branches 1nside the transmission, 1s also
possible. The action of the clutch and/or the brake on the
engine then corresponds to the application in which the
clutch 1s positioned between the engine and the transmission
input.

In this case, 1t 1s provided according to the present imven-
tion that the clutch torque i1s reduced with a stronger
approach when there 1s no essential rotational speed
differential, since the clutch then does not yet operate with a
significant slip. Therefore, the clutch 1s transierred more rap-
1dly 1nto a slipping state, through which the braking torque
exerted on the engine via the clutch 1s reduced and the
vehicle moves further 1n the creep drive mode. The clutch
torque may then be reduced further at a rate of 5 Nm/sec, for
example. Therefore, maneuvering which 1s comiortable for
the driver may be implemented using the actuation of the
brake against the creep torque. Through the mitially great
reduction 1n the clutch torque, the braking torque exerted on
the engine 1s lower than the output torque provided by the
engine 1n 1dle mode, so that the danger of the engine dying 1s
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climinated and the driver may maneuver comiortably using
the actuation of the brake.

According to a further aspect according to the present
invention, the operating parameter 1s an accelerator pedal
value. Therefore, if the brake and accelerator pedal or gas
pedal are actuated simultaneously, a clutch torque may be set
which allows the curb to be approached comfortably and 1s a
function of the strength of the actuation of the brake and the
accelerator pedal.

Using the change 1n the clutch torque as a function of at
least one operating parameter of the vehicle provided
according to the present invention, comiortable torque track-
ing may also be implemented. For this purpose, a driver’s

intent expressed by the actuation of the brake may advanta-
geously be analyzed, since 1t may be assumed therefrom that
there 1s a high probability that the driver wants to stop or he
wants to cause a downshiit action of the automated manual
shift transmission if he actuates the brake of the vehicle
strongly. The shifting time may be shortened 11 the minimum
torque to be transmitted by the clutch 1s reduced starting
from a specific threshold value of the strength of actuation of
the brake, so that the opening of the clutch occurs rapidly.
Theretore, 1t 1s also provided according to the present mnven-
tion that the minimum torque and, 1n the course of the torque
tracking, the torque to be transmitted by the clutch is
reduced starting from a predetermined threshold value of the
strength of the actuation of the brake of the vehicle, since the
time necessary for opening the clutch is therefore reduced. It
1s possible 1n this case to perform the reduction of the mini-
mum torque over multiple steps on the basis of multiple
threshold values or even as a function of a brake pressure
gradient.

The information obtained according to the method
described above may also be used for the touch point adap-
tation.

According to one aspect of the present invention, a
method 1s therefore also described for changing the clutch
torque of a clutch 1n the power train of a vehicle having an
automated manual shift transmission to establish the biting
point of the clutch, 1n which the biting point established 1s
shifted 1n the direction of an open clutch i1 the total torque of
the engine torque and the engine moment of ertia exceeds
a threshold value 1n the event of a reduction of the engine
speed.

If 1t 1s determined during a braking action that the engine
torque output by the engine plus the torque resulting from
the reduction of the engine speed increases significantly,
advantageously by more than 20 Nm, above a value charac-
teristic for the 1dling of the engine, then, according to the
present 1nvention, the biting point of the clutch established
by the controller 1s shifted toward the direction of the open
clutch. This biting point established in this way 1s then used
as the future biting point.

In a similar way, the biting point established 1s shifted 1n
the direction of an open clutch if a rotational speed differen-
tial between the engine speed and the transmission input
shaft speed 1s detected which 1s greater than a threshold
value and the total torque exceeds the threshold value.
Therefore, upon recognition of clutch slip and the sum of
engine torque and engine moment of 1nertia being exceeded,
the software biting point and/or the biting point established
by the controller 1s shifted 1n the direction of the open clutch,
and the controller will therefore disengage the clutch further
in the future, since the biting point previously established as
the setpoint value was too low 1n spite of slip 1n the clutch
and the engine, 1 particular a diesel engine, has reacted
thereto with a torque increase.
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According to a refinement of the present invention, the
biting point established 1s shifted 1n the direction of an open
clutch 1f the rotational speed differential was detected, 1.e.,
clutch slip has occurred for the first time and the engine
speed falls below the 1dle speed. This variant 1s preferably
applicable for a gasoline engine.

Very generally, 1t 1s therefore provided according to the
present invention that the biting point established 1s shifted
in the direction of an open clutch as a function of at least one
operating parameter of the vehicle. This may also be the
temperature of the clutch, for example.

According to the present invention, a further creep func-
tion of the vehicle 1s provided in such a way that the clutch
torque 1s set to a further creep torque to maintain a creep
drive mode if the accelerator pedal and the brake of the
vehicle are not actuated. Therefore, an existing creep drive
mode of the vehicle 1s maintained at the same level, for
example during parking, 11 the driver does not operate the
brake and the accelerator pedal.

According to the present invention, the further creep
torque may be set i all gear stages, 1.e., not only 1n the
starting gears, for example the first and second gears as well
as the reverse gear, but rather in all gear stages or driving
stages provided by a transmission coupled to the clutch. This
turther creep torque may then be reduced 11, on the basis of a
rotational speed differential at the clutch causing the further
creep drive mode, 1t 1s determined that clutch slip exists and
therefore the output torque provided by the engine 1s no
longer suificient to maintain the further travel. Maintaining
the further creep torque would then only lead to heating of
the clutch because of increasing friction power.

BRIEF DESCRIPTION OF THE DRAWINGS

The present mnvention 1s described 1n greater detail 1n the
following on the basis of the drawing.

FIG. 1 shows a diagram with a schematic illustration of
the change in the clutch torque;

FIG. 2 shows a diagram with a schematic illustration of
the change in the clutch torque in the event of the biting
point adaptation 11 the biting point 1s too low;

FIG. 3 shows a diagram similar to FIG. 2 and a biting
point that 1s too high; and

FIG. 4 shows a diagram with the curve of the clutch
torque 1n the creep drive mode.

DETAILED DESCRIPTION

FI1G. 1 of the drawing shows a schematic illustration of the
change 1n the clutch torque as a function of the strength of
the actuation of the brake by the driver of the vehicle.

This 1s a qualitative 1llustration, using which the method
according to the present invention 1s to be explained. The
region 1dentified with A shows curves when the driver of the
vehicle brakes only lightly, while the region 1dentified with
B shows curves 1n the event of strong braking.

In region A, engine speed 1 of engine 10 and transmission
input shaft speed 2 of transmission 12 run largely uniformly
and fall slightly due to the light braking action on brake 14.
Clutch torque 3 of clutch 16 also falls slightly, while engine
torque 4 of engine 10 increases slightly. The clutch 1s closed
and operates essentially without slip. This may be the situa-
tion when parking.

If the driver now actuates the brake more strongly, it 1s
provided according to the present invention that clutch
torque 3 1s reduced with a higher gradient than 1s the case in
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the event of light braking, as shown 1n region A. The engine
has reacted to the stronger braking during the creep drive
mode with an increase 1n engine torque 4, whereupon clutch
torque 3 1s reduced using increasing gradients. Through the
braking action, engine speed 1 1s reduced, but clutch torque
3 has already been reduced significantly more strongly.
Transmission input shaft speed 2 falls significantly, and the
engine no longer has a high braking torque applied to it.
Since the rotational speed drop of the engine comes to an
end, the engine no longer reacts with an increase 1n engine
torque 4, and torque curve 4 drops further.

Although the case of an mnitially light braking action fol-
lowed by a stronger braking action 1s illustrated in FIG. 1,
the reverse case may also exist, in which the driver mitially
brakes more strongly and then reduces the braking force. In
this case as well, the clutch torque 1s reduced with a higher
gradient during the stronger braking action than during a
lighter braking action.

FIG. 2 shows curves for a biting point of the clutch that
has been established too low by the controller. The region
with a gray background shows that engine speed 1 falls
greatly and the engine reacts with a significant increase 1n
engine torque 4 and attempts to compensate for the drop.
Clutch torque 3 has already been significantly reduced, the
clutch slips, and engine torque 4 nonetheless rises. The bait-
ing point used by the controller of the clutch as the setpoint
biting point 1s too low and 1s to be shifted 1n the direction of
an open clutch.

FIG. 3 shows curves 1n the event of a biting point of the
clutch that has been established too high by the controller.
The region with the gray background shows that engine
speed 1 remains unchanged 1n the adaptation time, 1.¢., the
clutch i1s already open too far. The controller of the clutch
has therefore set a setpoint biting point that is too high. The
new setpoint biting point of the clutch 1s therefore to be
shifted 1n the direction of a closed clutch.

Finally, FIG. 4 of the drawing shows a diagram with the
curve of the clutch torque 1n the creep drive mode. The creep
torque may be between 10 Nm and 15 Nm, depending on the
vehicle, and 1s high enough that the vehicle moves at a low
speed. The creep torque 1s set at the clutch 11 the first gear,
the second gear, or the reverse gear 1s engaged, the brake 1s
not actuated, and the accelerator pedal 1s also not actuated.

The method provided according to the present mvention
thus differs from the method previously described having
ramped buildup to the biting point in that a clutch torque
which 1s a function of the strength of the actuation of the
brake 1s built up in such a way that the creep torque 1s
already set starting from a specific threshold value, 1.e., the
clutch 1s already somewhat closed starting from the thresh-
old value. Therefore, according to the present invention, the
signal indicating the strength of the actuation of the brake 1s
filtered 1n order to take possible signal noise into consider-
ation.

Creep torque 5 1s changed as a function of the operating
parameter ol brake pressure in the example shown 1n FIG. 4,
in such a way that 1t 1s built up even at a still existing filtered
brake pressure 6, which results from brake pressure 7.
Therefore, a significantly better ability to meter the creep
torque 1s achieved than was the case 1n the previous ramped
buildup of the creep torque, in which the creep torque was
first built up when the brake light switch of the vehicle sig-
naled release of the brake. Through the buildup of the creep
torque as a function of the brake pressure, 1t 1s possible to
approach the curb comifortably when the vehicle 1s on a
slope.
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Instead of the operating parameter of brake pressure or the
strength of the actuation of the brake, a gradient thereol may
also be used as a parameter for the change in the clutch
torque. Thus, for example, the clutch torque may be
increased rapidly 1t the brake pressure gradient i1s high and
the driver initiates a gear change action, since 1t may be
assumed therefrom that the driver wishes to use the engine
drag torque for braking.

Besides the signal representing the strength of the actua-
tion of the brake, the digital brake light switch signal 1s also
still available for analysis. This may be transmitted to the
control unit via the CAN (controller area network) bus of the
vehicle. It there 1s a further redundant brake light switch
signal, a plausibility check of the signal may be performed
and a source of error may be concluded 1n such a way that 1f
there 1s no brake light switch signal transmitted outside the
CAN bus, for example, a line interruption may be con-
cluded. In the event of an implausible CAN signal, a defec-
tive control unit may be concluded, while 1n the event of an
implausible brake pressure signal, a defect of the brake pres-
sure sensor may be concluded.

What 1s claimed 1s:

1. A method for changing a clutch torque of a clutch 1n the
power train of a vehicle having an automated manual shift
transmission and/or an automated clutch to establish a biting,
point of the clutch, the method comprising:

monitoring the engine speed; and

shifting the biting point to be established in a direction of

an open clutch i1 a total torque of an engine torque and
an engine moment of inertia exceeds a threshold value
in the event of a reduction of the monitored engine
speed.

2. The method as recited 1n claim 1 wherein the biting
point established 1s shifted 1n the direction of an open clutch
if a rotational speed differential between the engine speed
and the transmission mput shaft speed 1s detected and the
rotational speed differential 1s greater than a threshold value
clutch [if a rotational speed differential between the engine
speed and the transmission input shaft speed is detected] and
the total torque exceeds the threshold value.

3. The method as recited in claim 1 wherein the biting
point established 1s shifted 1n the direction of an open clutch
iI a rotational speed differential between the engine speed
and the transmission put shaft speed 1s detected and the
engine speed falls below the 1dle speed.

4. The method as recited 1n claim 1 wherein the biting
point established 1s shifted 1n the direction of an open clutch
as a function of at least one operating parameter of the
vehicle.

5. The method as recited 1n claim 1 wherein the clutch
torque 1s set to a further creep torque to maintain a creep
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drive mode 11 an accelerator pedal and a brake of the vehicle
are not actuated.

6. The method as recited in claim 5 wherein the further
creep torque 1s reduced 1t a rotational speed differential 1s
detected at the clutch producing the creep drive mode.

7. A method for changing a clutch torque of a clutch 1n the
power train ol a vehicle having an automated manual shift
transmission and/or an automated clutch to establish a biting
point of the clutch, the method comprising:

shifting the biting point to be established in a direction of
an open clutch i1 a total torque of an engine torque and
an engine moment of 1nertia exceeds a threshold value
in the event of a reduction of an engine speed;

wherein the clutch torque 1s set to a further creep torque to
maintain a creep drive mode 1f an accelerator pedal and
a brake of the vehicle are not actuated.

8. The method as recited 1n claim 7 wherein the further
creep torque 1s reduced 1f a rotational speed differential 1s
detected at the clutch producing the creep drive mode.

9. A method for changing a clutch torque of a clutch in the
power train ol a vehicle having an automated manual shift
transmission and/or an automated clutch to establish a biting
point of the clutch, the method comprising:

shifting the biting point to be established in a direction of
an open clutch i1 a total torque of an engine torque and
an engine moment of 1nertia exceeds a threshold value
in the event of a reduction of an engine speed;

wherein the biting point established 1s shifted 1n the direc-
tion of an open clutch if a rotational speed differential
between the engine speed and the transmission input
shaft speed 1s detected and the rotational speed differ-
ential is greater than a threshold value clutch [if a rota-
tional speed differential between the engine speed and
the transmission input shaft speed 1s detected] and the
total torque exceeds the threshold value.

10. A method for changing a clutch torque of a clutch in
the power train of a vehicle having an automated manual
shift transmission and/or an automated clutch to establish a
biting point of the clutch, the method comprising:

shifting the biting point to be established in a direction of
an open clutch i1 a total torque of an engine torque and
an engine moment of 1nertia exceeds a threshold value
in the event of a reduction of an engine speed;

wherein the biting point established 1s shifted 1n the direc-
tion of an open clutch if a rotational speed differential
between the engine speed and the transmission input
shaft speed 1s detected and the engine speed falls below
the 1dle speed.
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