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57 ABSTRACT

In a method for operating a drive train for a motor vehicle, a
torque is produced by means of an internal combustion engine
as a function of an available torque set value signal and
transmitted to drive wheels by means of a clutch. With the
help of an electric motor, a closing force is applied, with
which the clutch is held in a closed position againsta restoring
force. The electric motor is energized in such a way that a high
current is used in the case of a high torque and a lower current
is used in the case of a lower torque. The thermal load of the
electric motor is determined and a load signal corresponding
to the thermal load is produced. The load signal is compared
with a load limit signal assigned to a permissible load range.
If the load signal deviates from the load-limit signal, the
torque of the internal combustion engine is limited.

9 Claims, 1 Drawing Sheet
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1
DRIVE TRAIN FOR A MOTOR VEHICLE AND
METHOD FOR OPERATING SUCH A DRIVE
TRAIN

CROSS REFERENCE TO RELATED
APPLICATIONS

This patent application claims priority of German Patent
Application No. 10 2005 048 612.6, filed Oct. 11, 2005,
which application is incorporated herein by reference.

FIELD OF THE INVENTION

The invention relates to a method for operating a drive train
for a motor vehicle, wherein a torque is produced by means of
an internal combustion engine as a function of an available
torque set value signal and transferred to the drive wheels
using a clutch, wherein with the help of an electric motor, a
closing force is applied using which the clutch is held against
a restoring force in a closed position, wherein the electric
motor is energized in such a way that high current is used in
the case of a high torque, and low current is used in the case
of a low torque. The invention further relates to a drive train
for a motor vehicle, said drive train comprising an internal
combustion engine, which is connected to an electronic
engine control and which has a drive connection to the drive
wheels by means ofa clutch, wherein the clutch is designed as
a self-opening clutch, which can be brought from an open
position to a closed position against a restoring force with the
help of a clutch actuator comprising an electric motor as an
adjustment drive, wherein the clutch actuator comprises a
trigger device for the electric motor, said trigger device being
connected for adjusting the actuating force of the clutch
actuator as a function of the torque of the internal combustion
engine to the engine control unit, wherein the engine control
unit comprises a set value signal input for a torque set value
signal and a limit value signal input for a torque limit value
signal, and wherein the engine control unit is designed in such
a way that the torque of the internal combustion engine cor-
responding to the torque set value signal is adjusted, if said
torque is within a torque value range predetermined by the
torque limit value signal, and that the torque of the internal
combustion engine is limited to the torque range if the torque
corresponding to the torque set value signal is located outside
the torque value range.

BACKGROUND OF THE INVENTION

Such a drive train, which comprises an internal combustion
engine that drives the drive wheels of the motor vehicle using
a clutch and a manual gearbox, is known from practical expe-
rience. Here, the internal combustion engine is in control
connection with an engine control unit, which adjusts the
torque of the internal combustion engine corresponding to a
torque set value signal preset at a set value signal input of the
engine control unit. The torque set value signal can be prede-
termined directly by the driver using an electronic accelerator
or by an electronic travel-stabilizing device. The manual
gearbox is arranged in the drive train between the clutch and
the drive wheels and its gear transmission ratio can be
adjusted with the help of a motor-driven actuating device. The
manual gearbox and the actuating device have a drive con-
nection to an electronic transmission control system, which
comprises a limit value signal output using which a limit
value signal is output to the engine control unit in order to
limit the torque of the internal combustion engine during the
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shifting operations. The shifting operations can thus be car-
ried out such that they are largely unnoticed by the passengers
of the vehicle.

The clutch is designed as a self-opening, not self-locking
clutch, which is bent into a closed position by means of a
clutch actuator against the restoring force of a plate spring.
The clutch actuator has an electric motor as a drive, which is
constantly energized when the clutch is closed, in order to
apply the required closing force for the clutch. In order to
keep the thermal power dissipation occurring in the motor
winding as low as possible on average, the winding current is
adjusted proportionally to the torque of the internal combus-
tion engine, i.e., the winding current increases with the
increasing torque. In the case of a low load of the internal
combustion engine, this results in a corresponding lesser
heating of the electric motor. The latter is dimensioned in such
a way that a thermal overload of the electric motor is pre-
vented in operating states occurring normally in practice.
Nevertheless, under disadvantageous conditions, if e.g., in
the case of high ambient temperatures, a long distance is
covered continuously with maximum torque of the internal
combustion engine, the permissible operating temperature of
the electric motor is exceeded temporarily. This thermal load
reduces the service life of the electric motor accordingly. This
is disadvantageous especially since in the case of the break-
down of the electric motor, the clutch is arranged in the open
position as a result of which the motor vehicle can no longer
be moved by itself. The service life of the electric motor could
indeed be increased by dimensioning it to be large enough so
as to never be thermally overloaded even in the case of dis-
advantageous operating states occurring only seldom in prac-
tice. However, such an electric motor would be relatively
large, correspondingly heavy and expensive.

A drive train for a motor vehicle is already disclosed in DE
198 06 497 C2, said drive train being foreign to the classifi-
cation in question. In said drive train, the internal combustion
engine drives the drive wheels using a conventionally
designed frictional clutch. The frictional clutch can be
adjusted with the help of an activation arrangement compris-
ing a clutch pedal against the restoring force of a diaphragm
spring from the open position into the closed position. By
applying pressure on the clutch pedal, the driver of the motor
vehicle can disengage the clutch, which is fully engaged in the
resting state. The clutch has a clutch position sensor for
detecting the closed position. Furthermore, slip sensors are
provided for detecting the clutch slippage state. The clutch
position sensor and the slip sensors are connected to a slip
controller, which at the determination of a slippage state,
limits a set value signal for the torque of the internal combus-
tion engine, said set value signal being predetermined by the
driver using an accelerator pedal. As stated in the patent
specification, it is thus possible to dimension the frictional
clutch and other components of the drive train to be lighter
compared to a corresponding clutch without a slip controller.
However, the disadvantage of the drive train is that the torque
of the internal combustion engine is limited only after the
clutch slippage has already occurred and the clutch can no
longer transmit the required torque.

BRIEF SUMMARY OF THE INVENTION

It is therefore the object of the invention to provide a drive
train of the type mentioned in the introduction, in which the
clutch actuator can be produced cost-effectively with com-
pact dimensions, in which the electric motor is nevertheless
protected reliably from thermal overload even in disadvanta-
geous operating states. Furthermore, the object underlying
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the invention is to specify a method for operating a drive train,
in which method the electric motor is protected from thermal
overload.

This object is attained with respect to the method by deter-
mining the thermal load of the electric motor and generating
aload signal corresponding to the thermal load, by comparing
the load signal with a load limit signal assigned to a permis-
sible load range of the electric motor, and by limiting the
torque of the internal combustion engine if the load signal
deviates from the load limit signal.

In an imminent thermal overload of the electric motor, the
torque of the internal combustion engine is thus reduced
advantageously so as to reduce the clutch closing force to be
applied by the electric motor and thus the thermal power
dissipation in the electric motor. This counteracts the addi-
tional heating of the electric motor. The torque of the internal
combustion engine can be reduced in such a way in the case of
a corresponding dimensioning of the clutch actuator such that
the driver practically does not notice it at all. Furthermore,
since the maximum permissible thermal load of the electric
motor is attained relatively rarely, the limitation or reduction
of the torque of the internal combustion engine to be carried
out once the load limit is reached affects the driving comfort
or the acceleration of the motor vehicle only marginally. The
reduction of the torque of the internal combustion engine can
be carried out independently of any possibly existing slippage
state of the clutch.

Inanadvantageous embodiment of the method, the thermal
load of the electric motor is determined by a temperature
measurement. The thermal load state of the electric motor can
thus be detected relatively accurately and thus the operating
temperature of the electric motor can be limited reliably to a
maximum permissible value.

In another design form of the invention, a measurement
signal for the electrical power dissipation of the electric motor
is detected, wherein the load signal is determined from this
measurement signal, an estimated value for an initial state and
machine characteristics of the electric motor. The power dis-
sipation can be calculated from signals, which are anyway
present in the trigger device of the electric motor or which are
known, such as e.g., the operating voltage of the electric
motor and/or the pulse-to-pause ratio in an electric motor
controlled by pulse width modulation. The estimated value
for an initial state can be determined from empirical values,
wherein a safety margin can be taken into account optionally.
Thus for example, it can be assumed that the operating tem-
perature of the electric motor amounts to below 50° C. if the
internal combustion engine was switched off for along period
of time. Optionally it is also possible to determine the esti-
mated value while taking into account at least one measure-
ment value of at least one sensor of another component
installed on the motor vehicle, such as e.g., the temperature
measurement signal of an exterior thermometer, coolant ther-
mometer, and/or gear oil thermometer, in order to improve the
accuracy of the estimate. Starting from the estimated value,
the temperature of the electric motor can be determined, for
example, with the help of a microcomputer while taking into
account the power dissipation of the electric motor and a heat
flow model of the electric motor and/or of the adjacent com-
ponents of the drive train.

It is advantageous if a shifting operation is activated for
limiting the torque of the internal combustion engine,
wherein the manual gearbox is shifted into a shifting position
having a larger gear transmission ratio. The speed of the
internal combustion engine thus increases, as a result of
which the torque of the internal combustion engine and thus
the actuating force to be applied by the electric motor is
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reduced accordingly if the power remains constant. The acti-
vation of a shifting operation is preferably carried out in the
lower speed range of the internal combustion engine. Once
the electric motor has cooled down, it may be possible, if
necessary, to shift back into a shifting position having a
smaller gear transmission ratio.

The afore-mentioned object is attained with respect to the
drive train by providing the clutch actuator with a device for
determining the thermal load of the electric motor. Said
device comprises an output for a load signal corresponding to
the load of the electric motor and an output for a load limit
signal assigned to a permissible load range. These outputs are
connected in such a way, using a linking device, to the limit
value signal input of the engine control unit such that the
torque of the internal combustion engine is limited when the
load signal is outside the permissible load range.

A device for determining the thermal load of the electric
motor thus transmits a load signal to the linking device,
wherein said load signal is compared in the linking device
with aload limit signal corresponding to the permissible load
range of the electric motor. As a function of the result of the
comparison, the torque of the internal combustion engine is
then optionally limited and/or reduced in order to prevent a
thermal overload of the electric motor from the outset.

In an advantageous embodiment of the invention, a manual
gearbox is arranged between the clutch and the drive wheels.
The gear transmission ratio of said manual gearbox can be
adjusted with the help of an actuating device, wherein the
manual gearbox and/or the actuating device comprises a limit
value signal output, at which it is possible to output a limit
value signal for limiting the torque of the internal combustion
engine during a shifting operation, and wherein the limit
value signal output is connected in such a way using the
linking device to the limit value signal input of the engine
control unit that the torque of the internal combustion engine
is limited when the torque corresponding to the limit value
signal is lower than the torque corresponding to the torque set
value signal. The limit value signal input of the engine control
unit then fulfills a double function, i.e., it is used for both
improving the shifting comfort of the manual gearbox and
also for protecting the electric motor of the clutch actuator
from thermal overload.

In an expedient design form of the invention, the device for
determining the thermal load of the electric motor comprises
at least one temperature sensor. The thermal load state of the
electric motor can thus be detected and monitored with great
precision.

It is advantageous if the device for determining the thermal
load of the electric motor comprises at least one input for a
winding current signal of the electric motor, and if this input
is connected to a computing device, which is designed for
calculating an estimated value for the temperature of the
electric motor from the winding current signal, characteris-
tics of the coupling actuator and optionally a predetermined
initial temperature, which the electric motor exhibits at the
start of the energization of its winding. It is even possible to
determine the thermal load of the electric motor without using
a sensor, for example, when the winding current in a pulse
width-modulated electric motor is calculated from the pulse-
to-pause ratio and a known operating voltage of the electric
motor.

In an advantageous embodiment of the invention, the drive
train comprises two clutches, which form a double clutch,
wherein the individual clutches are assigned to different input
shafts of the manual gearbox and can be brought alternatively
into the closed position, wherein each of the clutches is pro-
vided with a clutch actuator having an electric motor, atrigger
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device and a device for determining the thermal load of the
electric motor, wherein these devices each have a status signal
output for transmitting a status signal indicating a thermal
overload of the related electric motor to the transmission
control system, and wherein the transmission control system
is designed in such a way that it activates a shifting operation
if a signal indicating a thermal overload is present. In this
shifting operation, the clutch for the electric motor of which
the thermal overload is indicated, is opened and the respective
other clutch is closed. In the case of an imminent thermal
overload of an electric motor of a first clutch, a shifting
operation is thus activated where a shift is made to the electric
motor of the second clutch as long as this leads to a reliable
operating state particularly of the manual gearbox, the inter-
nal combustion engine and the electric motors. Due to this the
previously mentioned electric motor is relieved of the thermal
load and can cool down.

BRIEF DESCRIPTION OF THE DRAWINGS

In the following, an exemplary embodiment of the inven-
tion is explained in more detail based on the drawing,
wherein:

FIG. 1 is a schematic illustration of a drive train for a motor
vehicle.

DETAILED DESCRIPTION OF THE INVENTION

A drive train for a motor vehicle comprises an internal
combustion engine known per se which is not illustrated in
detail in the drawing. Said internal combustion engine is in
control connection to an electronic engine control unit 1. The
engine control unit has a set value signal input for a torque set
value signal predetermined by the driver, for example, using
an electronic accelerator pedal, by an automatic speed control
unit, or by an electronic stability program. With the help of
this engine control unit, the torque of the internal combustion
engine is adjusted in a manner known per se as a function of
the torque set value signal.

The drive train further has a double clutch device having
two clutches 2a, 2b, which are not self-locking and which are
connected non-rotatably on their input side to a flywheel mass
3 of the internal combustion engine and on their output side to
respective input shafts 4a, 4b of a parallel shift gearbox, said
input shafts being arranged coaxially to one another. An out-
put shaft 6 of the parallel shift gearbox 5 drives the drive
wheels (not illustrated in detail in the drawing) of the motor
vehicle.

On each of'the two input shafts 4a, 4b are arranged several
first gear wheels 7a, 7b, which are offset in relation to one
another in the axial direction of the input shafis 4a, 45 and
which are connected non-rotatably to the input shafts 4a, 4b.
The first gear wheels 7a, 7b each cooperate with matching
second gear wheels 8, which are arranged on the output shaft
6 radially to the first gear wheels 7a, 75 assigned thereto. The
second gear wheels 8 can be connected non-rotatably to the
output shaft 6 for shifting different gears with the help of
shifting elements 9. The shifting elements 9 can be adjusted
for shifting the gears with the help of an actuating device 10.
The actuating device 10 comprises transmission actuators,
which are activated by a transmission control system 11.

Each clutch 2a, 25 has a clutch disk 12a, 125 having a
friction lining, which can be clamped in a friction-fit between
a contact surface of the flywheel mass 3 and a pressure disk
134, 13b, said contact surface being assigned to the related
clutch disk 12a, 12b. The pressure disks 13a, 135 each can
move towards and away from the flywheel mass 3 in the axial
direction.
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To each clutch 24, 25, a clutch actuator having an electric
motor 14a, 14b as an adjustment drive is assigned, with
whose help the related clutch 24, 25 can be displaced into an
open position and a closed position. For driving the wheels,
any of the two clutches 2a, 25 is in the closed position while
the other clutch 24, 2a is open, depending on which gear is
engaged. In order to disengage the wheels from the internal
combustion engine, both the clutches 2a, 25 can also be
opened at the same time.

The two clutches 2a, 25 are each designed as self-opening
clutches 2a, 2b, which are placed in the open position by the
restoring force of a plate spring and are displaced into the
closed position with the help of the electric motors 14a, 14b
against the restoring force of the plate spring. During the
closing duration of the clutch 2a, 25, the electric motor 14a,
14b assigned to the clutch 2a, 25 is constantly energized with
the help of a trigger device (not illustrated in the drawing).

By means of the trigger device, the actuating force of the
clutch actuator assigned to the trigger device is adjusted
somewhat proportionally to the torque of the internal com-
bustion engine. An input of the trigger device is connected for
this purpose to a torque signal output of the engine control
unit 1. Accordingly low power dissipation thus occurs at the
respective energized electric motor 14a, 145 in the case of a
low torque of the internal combustion engine.

For each electric motor 14a, 145, the trigger device com-
prises a device 15 for determining the thermal load of the
electric motor 14a, 14b. The device 15 can comprise a tem-
perature sensor and/or a microcontroller in which an operat-
ing program is stored, which determines the operating tem-
perature of the electric motor 14a, 14b with the help of a
model of the clutch actuator and provides a load signal at a
first output. Said load signal represents a measure for the
thermal load of the electric motor 14a, 145, At a second
output, the device 15 provides a load limit signal, which
corresponds to a permissible thermal load range of the elec-
tric motor 14a, 14b. In the exemplary embodiment illustrated
in the drawing, the device 15 is integrated in the transmission
control system 11 comprising a microcomputer. The afore-
mentioned outputs are linked to a limit value signal input of
the engine control unit 1 using a linking arrangement, which
is integrated in the transmission control system 11 and is not
illustrated in the drawing and a bus system 16, such ase.g., a
CAN bus. The linking arrangement and the engine control
unit 1 are designed in such a way that the torque of'the internal
combustion engine is limited or reduced when the load signal
is outside the permissible load range. Thus a thermal overload
ofthe electric motor is prevented even under disadvantageous
operating conditions.

The transmission control system 11 further comprises a
limit value signal output, at which it is possible to output a
limit value signal for limiting the torque of the internal com-
bustion engine during a shifting operation. The limit value
signal output is connected in such a way using the linking
arrangement and the bus system 16 to the limit value signal
input of the engine control unit such that the torque of the
internal combustion engine is limited when the torque corre-
sponding to the limit value signal is lower than the torque
corresponding to the torque set value signal. This enables a
largely smooth shifting of the gears.

At this juncture it should be mentioned that the invention is
not limited to a clutch actuator or to the use thereof. Rather the
invention can also be used in the case of other thermally






