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(57) ABSTRACT

A method for monitoring the operation of a drive train of a
motor vehicle, the drive train including a drive machine, a
clutch and an automated transmission, and the drive train
having an emergency program, which enables an emergency
operation of the drive train even if important control signals
such as engine torque, engine speed, transmission speed are
missing, where the emergency operation is initiated as soon
as one of the following signals is no longer present: engine
torque or a substitute value for the engine torque, torque
requested by a driver or a substitute for the torque requested
by the driver, engine speed, transmission input speed.

12 Claims, No Drawings
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METHOD FOR MONITORING THE
OPERATION OF A DRIVE TRAIN

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/DE2010/001457 filed Dec. 13, 2010, which application
claims priority from German Patent Application No. 10 2009
059 726.3 filed Dec. 21, 2009, which applications are incor-
porated herein by reference in their entireties.

FIELD OF THE INVENTION

The invention relates to a method for monitoring the opera-
tion of a drive train of a motor vehicle, the drive train includ-
ing a drive machine, a clutch and an automated transmission,
and the drive train having an emergency program, which
enables emergency operation of the drive train, even if impor-
tant control signals such as engine torque, engine speed,
transmission speed are missing.

BACKGROUND OF THE INVENTION

The drive machine is, for example, an internal combustion
engine also known as an engine. A method for monitoring the
operation of a drive train of a motor vehicle in which at least
an emergency program is provided, where the input signals
are checked for the presence and/or plausibility is disclosed in
the German Patent No. 10 2007 021 871 Al. The emergency
program is activated as soon as a signaling error is detected.
The function of the emergency program is monitored and an
error management procedure is initiated as soon as an error in
the function of the emergency program is detected.

BRIEF SUMMARY OF THE INVENTION

One object of the invention is to enable emergency opera-
tion of a motor vehicle having a drive train, the drive train
comprising a drive machine, a clutch and an automated trans-
mission, even if important control signals such as engine
torque, engine speed, transmission speed are missing.

Another object of the invention is to provide a method for
monitoring the operation of a drive train of a motor vehicle,
the drive including a drive machine, a clutch and an auto-
mated transmission, and the drive train having an emergency
program. The emergency program enables the emergency
operation of the drive train, even if important control signals
such as engine torque, engine speed, transmission speed are
missing in that the emergency operation is initiated as soon as
one of the following signals is no longer present: engine
torque or a substitute value for the engine torque, torque
requested by the driver or a substitute value for the torque
requested by the driver, engine speed, or transmission input
speed. The automated transmission is, for example, based on
a manual transmission and uses essentially similar technolo-
gies. The automated transmission includes, for instance, an
electronic clutch management and can be designed as an
automated gearbox, uninterruptible gearbox, parallel gear-
box, or an electrical gearbox. The automated transmission is
preferably designed as a parallel gearbox. A parallel gearbox
is a dual clutch transmission variant in a layshaft design
having cylindrical gear toothing and a synchronized claw-
shifted gearbox with electromechanical transmission actua-
tion and Active Interlock. The gears are shifted automatically
in an automated transmission. As soon as one of the men-
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tioned signals is no longer present, the clutch torque can no
longer be calculated and the emergency operation is acti-
vated. Instead of the engine torque, a replacement value can
be calculated based on the throttle angle. If the signal torque
requested by the driver is missing, a replacement value based
on the pedal reading can alternatively be calculated. The
absence of the engine torque normally results in the break-
down of the motor vehicle. In the unlikely event that the
engine speed is still present for the engine control but not for
the transmission control, the emergency operation can be
activated. The transmission input speed is either determined
by means of a sensor or based on the transmission output
speed, if a corresponding sensor is present, or calculated from
the wheel rotation speed. The emergency operation can
always be activated if the transmission input speed can no
longer be calculated, for example, in the event of the complete
failure of the ABS control device which is used to provide the
wheel rotation speed.

In one embodiment, the method provides the emergency
operation is stopped as soon as all of the signals mentioned
above are present again and an ignition phase has been com-
pleted. After the ignition phase is complete, the motor vehicle
can be operated normally again.

In another embodiment, the method provides that the emer-
gency operation is stopped as soon as all signals mentioned
above are present again and the driving situation is safe.

The presence of a safe driving situation is assumed if the
clutch is completely engaged, the transmission is in a neutral
position or the motor vehicle is standing still, the clutch is
disengaged and the break depressed.

In yet another embodiment, the method provides that the
emergency operation is only initiated if a signal for the pedal
reading and a signal for the speed or transmission input speed
are present. The clutch may only be engaged if a driver has
been recognized. The signal from the pedal reading is suitable
for this purpose.

In another embodiment, the method provides that the emer-
gency operation initiated in spite of the fact that none of the
signals for the pedal reading, speed or transmission input
speed are present remains limited to a first gear and a reverse
gear. No gear shifting maneuvers are required in connection
with this limitation.

In yet another embodiment, the method provides that the
engagement of the clutch in the emergency operation is exclu-
sively made dependent on the pedal reading. This has the
advantage that starting on a hill is easier even though impor-
tant engine signals are missing in the emergency operation.

In another embodiment, the method provides that an over-
speed protection in the emergency operation is made depen-
dent on the transmission input speed or at least a wheel
rotation speed. Depending on the available sensors, a simple
overspeed protection can be realized in different ways.

In yet another embodiment, the method provides that a
driver of the motor vehicle is forced to release the gas pedal
for shifting gears in the emergency operation. When the driver
releases the gas pedal, the clutch is preferably disengaged. As
soon as the driver pushes the gas pedal down again, the clutch,
preferably an additional clutch of a dual clutch arrangement,
is engaged.

In another embodiment, the method provides that the
clutch is not engaged when the gas pedal is depressed if the
driver pushes the gas pedal before the engagement of a gear in
the emergency operation is complete, but only when the gear
is completely engaged. In some instances, this may result in
undesirable engine revving, which is however acceptable in
the emergency operation.
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Other advantages, characteristics and details of the inven-
tion can be derived from the description below in which
various exemplary embodiments are described extensively.

DETAILED DESCRIPTION OF THE INVENTION

Atthe outset, while the present invention is described with
respect to what is presently considered to be the preferred
aspects, it is to be understood that the invention as claimed is
not limited to the disclosed aspects.

Furthermore, it is understood that this invention is not
limited to the particular methodology, materials and modifi-
cations described and, as such, may, of course, vary. It is also
understood that the terminology used herein is for the purpose
of describing particular aspects only, and is not intended to
limit the scope of the present invention, which is limited only
by the appended claims.

Unless defined otherwise, all technical and scientific terms
used herein have the same meaning as commonly understood
to one of ordinary skill in the art to which this invention
belongs. Although any methods, devices or materials similar
or equivalent to those described herein can be used in the
practice or testing of the invention, the preferred methods,
devices, and materials are now described.

The invention relates to methods for monitoring or to con-
trol strategies for drive drains of motor vehicles with auto-
mated transmissions. The method is aimed at enabling an
emergency operation of a motor vehicle having the type of
drive train even if important control signals such as engine
torque, engine speed, transmission input speed, and torque
requested by the driver are missing. In the emergency opera-
tion, it should be possible to drive the motor vehicle with few
signals. In the process, a special focus is on the shifting of the
gears, which takes place automatically in automated trans-
missions.

The emergency operation is initiated as soon as one of the
signals for engine torque, torque requested by the driver,
engine speed, or transmission input speed is no longer
present. All of these signals are required for a normal strategy
to calculate the clutch torque. As soon as one of the signals is
no longer present, the clutch torque can no longer be calcu-
lated and the emergency operation is activated.

Two strategies are proposed for stopping the emergency
operation. According to a first strategy, the emergency opera-
tion is stopped as soon as all signals are present again and
determined to be working properly and an ignition phase has
been completed. According to a second strategy, the emer-
gency operation is stopped as soon as all signals are present
again and determined to be working properly and the driving
situation is safe. A safe driving situation is, for example, given
if the clutch is fully engaged, the transmission is in neutral
position or the motor vehicle is standing still, the clutch is
disengaged and the brake depressed.

In the active emergency operation, the signals of the pedal
reading (driver recognition) and speed or transmission input
speed (overspeed protection) are required. The clutch may
only be engaged if a driver has been recognized. The signal of
the pedal reading is suitable for this purpose. If the pedal
reading equals zero, the pedal is not engaged. If the pedal
reading equals one hundred, the pedal is fully engaged. If the
pedal reading is greater than a limit of, for example, 10
percent, it will be deemed recognized as a driver.

In one embodiment, the engagement of the clutch in the
emergency operation is exclusively made dependent on the
pedal reading. This has the advantage that starting on a hill is
easier even if important engine signals are missing in the
emergency operation. The driver controls the motor vehicle,
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for example, by engaging the foot brake with the left foot and
the gas pedal with the right foot, thus engaging the clutch. As
soon as the driver feels that the clutch is engaging, he releases
the foot brake.

Obviously, it is also possible to control the motor vehicle
on a hill by means of the hand brake and by releasing it when
the vehicle starts moving. Both methods are ultimately pos-
sible and it is at the discretion of the vehicle manufacturer to
decide which strategy is being pursued.

Depending on the available sensors, a simple overspeed
protection can be realized as follows. The current transmis-
sion speed can be determined as a sensor signal by means of
a transmission input sensor. Using the known transmission
conditions, the speed of the new gear speed can be calculated
with the tip minus function. If the speed exceeds a limit, the
tip minus function will be rejected.

Alternatively or additionally, the speed of the motor
vehicle can be estimated using a wheel rotation speed. The tip
minus function is only accepted if the speed is lower than a .
gear-dependent limit.

If none of these signals are present, the emergency opera-
tion may still be possible. In this case, however, the emer-
gency operation is limited to the first gear and the reverse
gear, meaning that no gear shifting maneuvers are required. In
this case, emergency operation can only be selected, for
example, with the gear selector position P when the engine is
turned off. In addition, it makes sense to remain in this status
for a minimum amount of time in order to secure that the
condition vehicle is standing still.

In this case, there is a residual risk that the motor vehicle
will roll downbhill and the speed will therefore become faster
due to the disengaged clutch than the maximum speed for the
first gear or the reverse gear. When putting the clutch in, the
engine speed should therefore be observed and the clutch
engaged immediately as soon as an engine speed limit is
exceeded. In this case, the gears should be disengaged imme-
diately. Then, the re-initiation of the emergency operation is
only possible if the conditions mentioned above are met (gear
selector position P, engine off, time requirement).

If neither the engine speed nor the vehicle speed/transmis-
sion input speed/transmission output speed is present, the
emergency operation cannot be initiated for safety reasons.

If one of the two signals vehicle speed/gear is still present,
it makes sense to influence the steepness of the clutch torque
gradients depending on these signals. The higher the gear is,
the steeper the gradient should be. The higher the speed is, the
steeper the gradient should be. This is based on the rationale
that a fast engagement of the clutch makes sense in connec-
tion with high gears/speeds.

In the active emergency operation, the driver selects the
drive position when starting the vehicle. The first gear and the
second gear are engaged. When the gas pedal is activated, the
clutch ofthe first gear engages in a gradient-like fashion while
the clutch of the second gear remains disengaged. The steep-
ness of the gradient can be dependent on a plurality of signals.
To start the vehicle, the dependence on the pedal reading is
preferable. The clutch torque gradient is all the steeper the
higher the pedal reading is. This means that the clutch is put
in fast when the gas pedal is depressed more. Generally, the
dependence on the speed or gear makes sense, but not for
starting the vehicle.

When the vehicle is stopped, the clutch is disengaged as
soon as the driver releases the gas pedal, meaning that there is
no coasting.

When shifting or changing gears, the driver needs to check
first whether or not the continuous operation mode or D mode
is possible at all. In D mode, the transmission control decides
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when a gear shift should take place based on a plurality of
signals. Speed signals from the transmission are required for
this purpose. If a rotational speed proportional to the driving
speed is present, the vehicle can be operated in automatic or
manual mode. Ifthis parameter is not present, the vehicle may
only be driven in first gear and in reverse gear.

Crossover gear shifting commonly used in dual clutch
transmissions, in which the clutch torque is transmitted from
one clutch to the other without interrupting the pull, is not
possible in emergency operation, because the engine torque
and the torque requested by the driver are required for its
coordinated and safe operation.

Corrective action involving the engine is not possible in
case of an emergency. Even if corrective action involving the
engine would be possible based on the signal flow and avail-
ability of an engine interface, it is impossible based on the
transmission control to calculate the target engine torque
because the signals required for this purpose are missing.
Consequently, no regulated or controlled automatic engaging
and releasing of the clutch when shifting gears is possible in
M mode either.

In another embodiment, the driver is required to release the
gas pedal for shifting gears in the emergency operation. For
instance, if the driver is operating the vehicle in the second
gear and wishes to shift to third gear, the driver releases the
gas pedal. The clutch disengages—that is, the disengagement
of'the clutch is achieved with the signal gas pedal equals. zero
percent. Ifthe driver activates the tip plus function, the correct
gear is engaged in the other sub-transmission, unless this has
already happened. As soon as the driver presses the gas pedal
down again, the other/new sub-clutch or clutch is engaged per
gradient. The steepness of the gradient can be dependent on
the pedal reading, gear and speed, where the pedal reading
and speed are preferable. The gradient is steeper the higher
the speed and pedal reading are.

In yet another embodiment, the driver is already pushes
down the gas pedal before the engagement of the gear is
complete. In this case, the clutch is not engaged when the gas
pedal is operated, but only when the gear has been fully
engaged. This can indeed result in undesirable engine revving
which is, however, acceptable in emergency operation.

With the tip plus/minus function, the clutch is disengaged
by means of tip plus/minus. The driver keeps the gas pedal
depressed while activating tip plus/minus. The clutch is dis-
engaged based on the recognition of the tip plus/minus func-
tion. The engine speed is high and the driver may or may not
release the gas pedal. A new gear can be engaged. The clutch
can be engaged or the corrective action involving the engine
can be stopped again.

What is claimed is:
1. A method for monitoring the operation of a drive train of
a motor vehicle, the drive train comprising a drive machine, a
clutch and an automated transmission, and the drive train
having an emergency program:
determining that a control signal selected from the group
consisting of engine torque, a substitute value for engine
torque, torque requested by a driver, a substitute for
torque requested by a driver, engine speed, and trans-
mission input speed is missing;
losing ability to calculate clutch torque under a normal
strategy; and,
initiating emergency operation of the drive train by
enabling engagement of the clutch.
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2. The method as recited in claim 1, further comprising:

stopping the emergency operation as soon as all the signals

are present again and an ignition phase has been com-
pleted.

3. The method as recited in claim 1, further comprising:

stopping the emergency operation as soon as all the signals

are present again and a safe driving situation is present.

4. The method as recited in claim 3, wherein the presence
of a safe driving situation is assumed if the clutch is fully
engaged, the transmission is in a neutral position or the motor
vehicle is standing still, the clutch is disengaged and the brake
depressed.

5. The method as recited in claim 1, further comprising:

initiating the emergency operation only if a signal for the

pedal reading and a signal for the speed or transmission
input speed are present.

6. The method as recited in claim 5, further comprising:

initiating the emergency operation in the absence of signals

for pedal reading, speed or transmission input speed;
and,

limiting emergency operation to a first gear and a reverse

gear.

7. The method as recited in claim 1, further comprising:

making the engagement of the clutch in emergency opera-

tion exclusively dependent on the pedal reading.

8. The method as recited in claim 1, further comprising:

making an overspeed protection in emergency operation

dependent on the transmission input speed or at least a
wheel rotation speed.

9. The method as recited in claim 1, further comprising:

requiring a driver of the motor vehicle to release the gas

pedal to shift gears in emergency operation.

10. The method as recited in claim 9, further comprising:

not engaging the clutch when the gas pedal is depressed if

the driver presses the gas pedal before the engagement of
a gear in emergency operation is complete, but only
when the gear is fully engaged.

11. A method for monitoring the operation of a drive train
ofamotor vehicle, the drive train comprising a drive machine,
a clutch and an automated transmission, and the drive train
having an emergency program:

determining that a control signal selected from the group

consisting of engine torque, a substitute value for engine
torque, torque requested by a driver, a substitute for
torque requested by a driver, engine speed, and trans-
mission input speed is missing;

receiving a first signal from a brake or gas pedal and a

second signal for a speed or transmission input speed;
and,

initiating emergency operation of the drive train by

enabling engagement of the clutch.

12. A method for monitoring the operation of a drive train
ofamotor vehicle, the drive train comprising a drive machine,
a clutch and an automated transmission, and the drive train
having an emergency program:

determining that a control signal selected from the group

consisting of engine torque, a substitute value for engine
torque, torque requested by a driver, a substitute for
torque requested by a driver, engine speed, and trans-
mission input speed is missing; and

initiating emergency operation of the drive train by

enabling engagement of the clutch, wherein:

the emergency operation is limited to operation in a lowest

forward gear for the automated transmission and a
reverse gear for the automated transmission.
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