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(57) ABSTRACT

Process for reducing clutch-grabbing oscillations in a motor
vehicle drive train having a drive motor, clutch and another
drive train, in which process the moment transmitted by the
clutch for the control of an actuator that operates an operating
member of the clutch when oscillations occur is changed such
that oscillations are diminished, where an electric voltage
driving the actuator is modulated according to the formula:

Upy=Upgs*w+Uyr*(1-w), whereby,

w is a weighting factor which assumes a value between 0
and 1,

U, 15 @ modulation voltage controlled in a defined man-
ner by an actuator model and a required travel modula-
tion and,

U,z 1s a modulation voltage regulated by a control device,
which voltage is a magnitude that characterizes an oper-
ating state ofthe clutch on the basis of deviation between
a required value and the actual value.

5 Claims, 1 Drawing Sheet
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PROCESS AND DEVICE FOR THE
REDUCTION OF CLUTCH-GRABBING
OSCILLATIONS IN A MOTOR VEHICLE
DRIVE TRAIN

CROSS-REFERENCE TO RELATED
APPLICATIONS

This patent claims priority of German Patent Application
No. 102006 010 626.1, filed Mar. 8, 2006, which application
is incorporated herein by reference.

FIELD OF THE INVENTION

This invention relates to a process and a device for the
reduction of clutch-grabbing oscillations in a motor vehicle
drive train.

BACKGROUND OF THE INVENTION

Automated clutches or clutches operated by an actuator are
increasingly used in modern motor vehicles, both in conjunc-
tion with manual transmissions and in conjunction with auto-
matic gears. Due to the elasticities contained in it, the drive
train of a motor vehicle can be excited into oscillations that
unpleasantly impair driving comfort.

WO 2004/027285 A1 discloses a method for the reduction
of clutch-grabbing oscillations of the drive train whereby
such clutch-grabbing oscillations occur primarily during the
engagement of the clutch when starting up or after a gear
change. The torque that can be transmitted by the clutch
and/or the clutch travel can be so modulated in the process
that the clutch-grabbing oscillations are counteracted. The
required travel of an operating member of the clutch is modu-
lated in an additive fashion, something that results in a modu-
lation of the actual adjustment travel of the operating member
and thus to a modulation of the transmissible clutch moment.
Effective advance phase control can be accomplished in case
the positional or attitude control is of good quality. Here,
travel modulation sufficiently well meets an oncoming half-
wave of the oscillating gear input rpm in order considerably to
diminish or entirely extinguish the gear grabbing. A repro-
ducible adjustment of travel modulation is a problem because
the travel is measured in an incremental fashion and because
the amplitude of a travel modulation amounts to only about 5
to 10 increments. In case of a clutch-grabbing oscillation
period of 100 msec, a modulation takes 40 to 50 msec. During
that short span of time, the attitude controller is called up 16
to 20 times. That includes compulsory controller call-ups
within which the controller does not get to see any change in
the actual travel. This means that the D-share [average share]
of the controller becomes very rough, something that causes
a deterioration in the quality of the controlling function and
leads to unnecessary energy loss in the actuator.

SUMMARY OF THE INVENTION

The object of the invention is to provide a process and a
device for the reduction of clutch-grabbing oscillations in a
motor vehicle drive train by means of which it is possible or
which, in case of low energy consumption, will make it pos-
sible effectively to diminish or suppress clutch-grabbing
oscillations without disadvantageously impairing the control-
ling quality of a system that controls the operation of the
clutch.

In an invention-based process for the reduction of clutch-
grabbing oscillations in a motor vehicle drive train with a
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drive motor that can be connected via a clutch with another
drive train while transmitting the torque in which process the
moment actuating the clutch is so changed by control of an
actuator that operates an operating member of the clutch that
the clutch-grabbing oscillations are diminished; an electrical
voltage that determines the operation of the actuator is modu-
lated in accordance with the following formula:

Un=Ungs:*w+ Uy *(1-w), whereby

w is a weighting factor that can assume values of between
Oand 1,

U,s, 1s a modulation voltage that is controlled in a defined
manner by an actuator model and a required travel
modulation and

U, 4z 1s a modulation voltage regulated by a control device,
which voltage is a magnitude that characterizes an oper-
ating state of the clutch on the basis of the deviation
between a required value and the actual value.

The actuator model, for example, can be given by the

following equation:

X-k*%=K*U, whereby

X is an adjustment travel of a part moved by the actuator,
5= ot "KLY My o R 00 Kyl KDM,

tota ota. actua”

rorR,, Whereby

_ %12
MactuatorilE—motor 1 total>
1,.../=Total gear ratio,

K®=electrical constant of the electric motor forming the
actuator, and

R =resistance.

Advantageously, one must insert in the equation

k=K U

a required modulation function X, (t) so that the controlled
modulation control voltage U, .., will be given by the resultant
voltage U(t).

A modulation voltage U, (t) can be multiplied by a factor
that depends on the amplitude of the clutch-grabbing oscilla-
tion.

Furthermore, to the modulation voltage U, (t), one can add
an offset voltage that depends on the clutch position and the
operating direction of the clutch.

Inadevice for the reduction of clutch-grabbing oscillations
in a motor vehicle drive train with a drive motor that can be
connected via a clutch with another drive train in a torque-
transmitting manner containing an electric motor actuator for
the operation of the clutch, at least one sensor for the acqui-
sition of clutch-grabbing oscillations in the drive train and an
electronic control device that so controls the operation of the
actuator that the moment that can be transmitted by the clutch
has a value that will depend on the operating conditions of the
drive train, the electronic control device controlling the actua-
tor according to one of the abovementioned processes.

BRIEF DESCRIPTION OF THE DRAWINGS

The invention will be explained below with the help of
diagrammatic illustrations by way of example and with fur-
ther details, in which:

FIG. 1 is a block diagram of a known motor vehicle drive
train with parts of its control device; and,

FIG. 2 is an electric motor clutch actuator with control
device.

DETAILED DESCRIPTION OF THE INVENTION

According to FIG. 1, a motor vehicle drive train has inter-
nal combustion engine 2 that is connected via clutch 4, for
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example, a friction clutch with gear 6 whose output shaft 8
leads to driven wheels of the vehicle.

Clutch 4 can be operated by means of operating device 10.
Gear 6 can be operated by means of operating device 11 in
case it is an automatic gear. To control operating device 10
and 11, one uses electronic control device 12 to whose inputs
for the moment to be transmitted by the clutch and the switch-
ing of gear 6 there are supplied relevant input magnitudes
such as gas pedal position, effective transmission of gear 6,
number of revolutions of the internal combustion engine,
number of revolutions of at least one vehicle wheel, slip of
clutch 4 (difference in the number of revolutions between the
clutch input shaft and the clutch output shaft or the gear input
shaft), position of the clutch, position of the gear, etc. Outputs
of'the electronic control device are connected with operating
devices 10 and 11.

FIG. 2 shows an exemplary structure of operating device
10.

Operating device 10 contains operating member 16 that is
connected directly via other coupling links or via a hydraulic
transmission distance with a clutch lever of clutch 4, whereby
the position of the clutch lever determines the moment that
can be transmitted by the clutch.

Operating member 16 is connected with bearing 18 with
segmental wheel 20 that is positioned rotatably around an axis
A in housing 22. Housing 22 can be connected rigidly with
the housing of the clutch or a gear housing.

Along a circumferential area, segmental wheel 20 has
toothing 24 that engages worm gear toothing 28 on output
shaft 26 of electric motor 27. Incremental counter 30 is pro-
vided to acquire the rotation of output shaft 26.

To control electric motor 27, one uses electronic control
unit 32 with microprocessor and pertinent memory devices,
which can be part of electronic control device 12 (FIG. 1). An
input of control unit 32 is connected with incremental counter
30 and other inputs are connected with outputs of sensors or
with another control unit, possibly by a bus via which control
unit 32 receives data that are relevant for the operation of
clutch 4. An output of control unit 32 is connected with
electric motor 27, which constitutes the actuator of the clutch.

The rotatability of segmental wheel 20 is limited by at least
one stop 34 upon which rests the segmental wheel at the end
of the operating travel of operating member 16 in the engag-
ing and/or disengaging direction of the clutch.

Stored in control unit 32 is at least one required character-
istic of clutch 4 that indicates the transmissible clutch
moment as a function of the position of operating member 16.
To make sure that this position is known in control unit 32, the
position of operating member 16, whose adjustment corre-
sponds to the count of incremental counter 30, is again and
again updated or referenced in the known manner in that, for
example, operating member 16 is operated all the way to the
stop.

Clutch 4 or the position of operating member 16 is adjusted
in many operating areas, in particular, when starting up and
after a switching function in such a way that a predetermined
transmissible clutch moment is started up in a pre-controlled
fashion as a function, for example, of the motor moment, the
number of revolutions of the motor and the number of revo-
lutions of output shaft 8, and the further engagement of the
clutch is then accomplished in a regulated fashion in that a
predetermined clutch slip is maintained and then reduced. For
other operating states of the drive train, for example, when
driving with a very low engine rpm under load, it is advanta-
geous to control the slip of the clutch in order to reduce any
roughness that the vehicle passengers would otherwise feel.
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As a result of elasticities in the drive train, the transition
between static friction and sliding friction, there can develop
clutch-grabbing oscillations or drive train oscillations, espe-
cially when the clutch is engaged, which oscillations are
unpleasant for the vehicle passengers. Such clutch-grabbing
frictions can be recognized by fluctuations in the number of
revolutions of the gear input shaft whose frequency is greater
than the frequency with which the travel of operating member
16 normally changes or with which the position of a power
adjustment member of internal combustion engine 2 will
change.

The arrangements described so far are known as regards
their structure and their function and will therefore not be
explained in detail.

According to the invention, one can counteract clutch-
grabbing oscillations present in the drive train, which oscil-
lations, for example, can be acquired by oscillations of the
number of revolutions of the input shaft of gear 6 that simul-
taneously can form the output shaft of clutch 4 in such a way
that the voltage U, controlled by control unit 32 and applied to
electric motor 27, is modulated in accordance with the fol-
lowing formula:

Upn=Ungs, WUy *(1-w), whereby

ey

U,,1s the modulation voltage,

U, s, 1s a modulation voltage that is controlled in a defined
manner by an actuator model and a required travel
modulation and

U,4x 1s amodulation voltage that is regulated by a regulator
contained in control unit 12, which modulation voltage
depends on the deviation between, for example, a
required position of operating member 16 and its actual

position. “w” is a weighting factor that determines the

weighting between the control and the regulation of
modulation voltage U, . This weighting factor can be set
in advance or can change as a function of the operating
states of the drive train.
The controlled modulation voltage U, 4, is defined on the
basis of an actuator model and the required travel modulation.
The model of the actuator dynamic can be described, for
example, by the following equation:

X-k*=K*U, whereby 2)

x is an adjustment travel of a part moved by the actuator, for
example, actuation member 16:

k= (itoml *K(D)z/MacmatorRa and KU:Itoml*K(D/
torR ,, Whereby

actua”

Mactuator:IE-motor*iztotali
1z oror=1nertial moment of the electric motor,
1,,..~Total gear ratio,

K®=electrical constant of the electric motor forming the

actuator, and

R =resistance.

To attenuate or suppress the clutch-grabbing oscillations,
for example, one determines in the known manner a bell-
shaped modulation function Xy, which is inserted in equa-
tion (2). The desired control modulation voltage U, ,,=U(t)
can then be calculated from equation (2). When a travel
modulation is to be made in accordance with the form of the
required travel modulation, then the modulated control volt-
age U, is modulated by a factor whose magnitude, for
example, depends on the intensity or amplitude of the clutch-
grabbing oscillation. When w is inserted in equation (1) as 1,
then the modulation voltage, thus determined, is the voltage
that is superposed on the normal actuator control voltage in
order to reduce the clutch-grabbing oscillations.
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The actuator dynamic model corresponding to equation (2)
considers only the movement of the equivalent actuator mass
without friction and coupling force. If necessary, this model
can be expanded in order to consider these forces. We then get
the following value for the control modulation voltage:

U, 5= U()+Offset, whereby

The offset value, for example, depends on the position of
the clutch or the position of the operating member and
the momentary operating direction of the clutch.

When the actuator model and its parameterization are sat-
isfactory, then it is possible in equation (1) to set w equal to 1
so that one can counteract the clutch-grabbing oscillation
only by means of a controlled modulation voltage. The travel
quality is then independent of the quality of the travel mea-
surement and the energy, supplied to electric motor 27 for
modulation, is used effectively.

When the model parameters are not precisely known or
when they display a strong scatter or temperature depen-
dence, then another value of w can be advantageous where the
desired quality of travel modulation is attained by a mixture
consisting of control and regulation.

LIST OF REFERENCE NUMBERS

2 Internal combustion engine
4 Coupling

6 Gear

8 Output shaft

10 Operating device

11 Operating device

12 Electric control device
16 Operating member

18 Bearing

20 Segmental wheel

22 Housing

24 Toothing

26 Output shaft

27 Electric motor

28 Worm gear toothing
30 Incremental counter
32 Control unit

34 Stop

What I claim is:
1. A process for the reduction of clutch-grabbing oscilla-
tions in a motor vehicle drive, wherein a first drive train
portion is connectable by a clutch with a second drive train
portion in a torque-transmitting manner, wherein if clutch-
grabbing oscillations are detected, a moment, transmitted by
the clutch, is changed to counteract the clutch-grabbing oscil-
lations by controlling an actuator that operates an operating
member of the clutch in such a manner that the clutch-grab-
bing oscillations are diminished, wherein the process com-
prises:
determining a controlled modulation voltage by inserting a
function defining a required travel modulation into a
formula which represents a model for the actuator;

measuring, by at least one sensor, at least one actual value
of at least one operating property of the clutch;

determining a regulated modulation voltage by comparing
the atleast one actual value, or a calculated value derived
from the at least one actual value, to a required value,
wherein the required value is determined via a charac-
teristic of the clutch stored in a control device for the
clutch;
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6

modulating an electric voltage supplied to the actuator, the
voltage determining the operation of the actuator, in
accordance with the following formula:

U i=Uss,*w+Uy*(1-w), whereby

U, 1s the electric voltage supplied to the actuator,

w is a weighting factor that can assume values of
between 0 and 1,

U, s, is a controlled modulation voltage that is con-
trolled in a defined manner by the actuator model and
the required travel modulation, and,

U,z 18 the regulated modulation voltage regulated by
the control device, which regulated modulation volt-
age 1s a magnitude that characterizes an operating
state of the clutch on the basis of the deviation
between the required value and the actual value of the
operating property of the clutch.

2. The process recited in claim 1, wherein the actuator
model is given via the following equation:

X-k*i=K*U, whereby

U is a resultant voltage which represents the controlled
modulation voltage U, /,,
x 1s an adjustment travel of a part moved by the actuator,

k=l orar* KD )Z/MactuatorRa and Kyl o KO/M gt
torR ,, whereby

M =I 2
actuator ~E-motor totald

1,,..~=Total gear ratio,

K®=electrical constant of the electric motor forming the

actuator, and,

R =resistance.

3. The process recited in claim 1, wherein the value of the
weighting factor multiplied with the modulation voltage U, .,
varies depending on an amplitude of the clutch-grabbing
oscillation.

4. The process recited in claim 1, wherein an offset voltage
is added to the modulation control voltage U, ,, which offset
voltage depends on the clutch position and the operating
direction of the clutch.

5. A device for the reduction of clutch-grabbing oscilla-
tions in a motor vehicle drive train, including a drive motor (2)
operatively arranged to be connected via a clutch (4) with a
drive train portion (6, 8) in a torque transmitting manner, said
device comprising:

an electric motor actuator (27) for controlling operation of

the clutch;

at least one sensor for determining the presence of clutch-

grabbing oscillations in the drive train and for determin-
ing operating conditions of the drive train; and,

an electronic control device (32) that controls the operation

of the actuator to attain a moment transmitted by the
clutch, wherein the moment has a value depending on
the operating conditions of the drive train, wherein the
electronic control device controls the actuator and deter-
mines the moment to be transmitted by the clutch based
on an electric voltage, wherein the electric voltage is
modulated in accordance with the following formula:

Un=Ungs:*w+ Uy *(1-w), whereby

U, s the electric voltage,

w is a weighting factor that can assume values of between
Oand 1,

U, s, 18 acontrolled modulation voltage that is controlled in
a defined manner by an actuator model of the actuator
and a required travel modulation, and,
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U,z 1s a regulated modulation voltage regulated by the value and the actual value of the operating conditions of
control device, which regulated modulation voltage is a the drive train determined by the at least one sensor.

magnitude that characterizes an operating state of the
clutch on the basis of a deviation between a required L B



