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(57) ABSTRACT

Juddering vibrations are reduced in a motor vehicle drive
train that is loadable by a drive device comprising an internal
combustion engine, a clutch device and a transmission
device, by performing the steps of (i) determining whether
juddering vibrations are present; (ii) disposing or coupling in
or to the motor vehicle drive train a device selected from the
group consisting of an internal combustion engine, a clutch
device and a transmission device; (iii) assigning a rotary
parameter to a drive train component, wherein the parameter
is torque or speed, and (iv) adjusting at least one of the
devices to counteract the juddering vibrations, where in
response to the adjusting, the rotary parameter is modified
and in response to modifying the rotary parameter, the
juddering vibration is modified over time.

66 Claims, 6 Drawing Sheets
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METHOD FOR REDUCING JUDDERING
VIBRATIONS

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 PCT/
DE2003/002989, filed Sep. 10, 2003, which application is
incorporated herein by reference. This application also
claims priority of German Patent Application 102 42 225.7,
filed Sep. 12, 2002, which application is incorporated herein
by reference.

FIELD OF THE INVENTION

The invention relates to methods for reducing juddering
vibrations and an electronic controller.

BACKGROUND OF THE INVENTION

Electronic controllers are already known. They are used,
for example, in the automotive area to control certain
functionalities of components, such as transmission, clutch,
internal combustion engine or similar items.

A known method for reducing or gradually eliminating
juddering vibrations that are present in the drive train of a
motor vehicle is such that the vehicle is brought to a
standstill. In this case, for example, a service brake may be
operated and the shifted gear disengaged. If the vehicle
comes to a stop and the starting clutch is completely
disengaged, juddering vibrations as a rule are gradually
eliminated.

SUMMARY OF THE INVENTION

The object of the invention is to produce a method for
reducing juddering vibrations that is operationally reliable
and ensures a good comfort, as well as an electronic con-
troller.

The objective is achieved in particular via a method for
reducing juddering vibrations in a motor vehicle drive train
that can be loaded by a drive device, such as an internal
combustion engine, and has a clutch device as well as a
transmission device, comprising the steps:

Determining whether juddering vibrations are present
and/or establishing that juddering vibrations are
present,

Adjustment, and especially automatic adjustment, of a
device in order to counteract the juddering vibrations,
this device being disposed in the drive train or coupled
thereto in such a manner that a rotary parameter, such
as torque or speed, that is assigned to a drive train
component is modified by adjustment of this device,
and the course of the juddering vibration, as a result of
this change, is modified over time.

In particular, a method for reducing juddering vibrations
that occur in a motor vehicle drive train is provided. This
motor vehicle drive train may be loaded by a drive device.
Such a drive device may be, for example, an internal
combustion engine. Also provided in the drive train are a
clutch device and a transmission device. The clutch device
may, for example, be an electronically controlled clutch
device. Such an electronically controlled clutch device may
be configured, for example, like an electronically controlled
clutch device offered by the applicant under the designation
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“Electronic Clutch Management” (EKM). However, an elec-
tronically controlled clutch device may also be configured
differently.

The transmission device may be of any type. It may be
shifted in such a manner that it is possible to select different
ratios. It may have, in particular, shift steps or be continu-
ously variable. For example, the transmission device may be
an automatic transmission or an automated-shift transmis-
sion (ASG) or a continuously variable transmission (CVT).
Also other types of transmissions may be used.

The method for avoiding juddering vibrations may in
particular be such that the juddering vibrations are “weak-
ened” without them being eliminated. However, this does
not necessarily mean that the juddering vibrations are imme-
diately reduced or eliminated. The method may also be such
that only in the course of the method are the juddering
vibrations counteracted, while in some cases, in the mean-
time, the juddering vibrations are assisted, especially in an
undesired way. However, the method may also be such that
the juddering vibrations are directly counteracted.

It is provided in particular according to the invention that
a check or determination is made of whether juddering
vibrations are present. This does not necessarily mean that it
is absolutely guaranteed that the juddering vibrations are
present. It may be provided, for example, that it is not
excluded or assumed that or whether juddering vibrations
are present. The determination of juddering vibrations may
also be such that certain measures are also implemented
from which it is concluded that juddering vibrations are
present. For example, this may be such that—and there are
also many additional possibilities—that the speed of the
transmission input shaft is examined and a vibrating char-
acteristic, or a characteristic in which a vibration is shifted,
is evaluated as a sign that juddering vibrations are present.

It is further provided according to the invention that a
device is adjusted in order to counteract the juddering
vibrations. This adjustment preferably occurs in an auto-
matically and/or electronically controlled manner. The
device that is adjusted is disposed within the drive train or
coupled thereto in such a manner that, by adjusting this
device, a rotary parameter assigned to a drive train compo-
nent is changed. Such a rotary parameter may in particular
be a torque or a rotary speed. The aforementioned device, in
a preferred embodiment, is the clutch device. This device
may, however also be a different device. For example, this
device may also be the engine or a throttle valve or the like.
Thus, the throttle angle could be changed, for example, in
order to change the engine speed or the engine torque. It is
also preferred that juddering vibrations be counteracted by
specific shift operations of the transmission.

However, for the sake of simplification, the invention may
be illustrated using a design in which the device in question
is a clutch device, and a rotary parameter assigned to a drive
train component is changed via an adjustment of this clutch
device. However, it should be noted that another device
might be used accordingly instead of this clutch device.

According to the invention, it is provided in particular that
the adjustment of the device, in the preferred example a
clutch device, changes the time characteristic of the judder-
ing vibration. This change is preferred so that the juddering
vibration is reduced or even gradually removed.

Juddering vibrations are, in the sense of the invention, in
particular vibrations of the transmission input against the
vehicle. Quantitatively, the judder may be represented by the
relative speed ©g,,ppm,, Which may be represented in par-
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ticular as the difference of the angular or rotary speed of the
transmission input, on the one hand, and the product of the
shifted gear ratio (i5,,,) or the ratio assigned to the shifted
gear and the angular or rotary speed of the driven wheel
(0y700)- However, in some cases other ratios could also be
considered. However, the invention is not limited by the
indicated connection. There may also be designs in which
the judder may be quantitatively expressed in another man-
ner.

The method of the invention may also be used in particu-
lar to prevent self-excited juddering vibrations. In self-
excited juddering, the relative rotary or angular speed of the
juddering (®6,,4s.,¢) Vibrates with an intrinsic frequency
that may be, for example, in the range of 10 Hz. However,
other frequency values are also possible.

In a preferred embodiment, it is provided that the torque
that is transmissible by the clutch device and/or the clutch
control travel is modulated in order to counteract the jud-
dering vibrations. For many clutches there exists a connec-
tion between the torque transmissible by the clutch and the
clutch control travel. However, there may also be clutches in
which, for example, it is possible to change the transmissible
torque without a clutch control travel being changed. Like-
wise, the connection between the transmissible torque and
the clutch control travel may be at least in part such that a
travel change does not or does not always cause a change to
the transmissible torque. Cited as an example of this, is that
a clutch is disengaged far enough that it no longer transmits
any torque; in clutches of this type, it is frequently provided
that the clutch control travel in this disengaged state, in
which no torque is transmitted, may be changed.

For the sake of simplicity, in the following regarding such
designs one speaks of a change of the modulation of the
clutch control travel. However, it should be noted that a
modulation or change of the torque transmitted by the clutch
may likewise be provided. In the preferred embodiment, it is
therefore preferably provided that, even if only the clutch
control travel is mentioned, the corresponding designs relate
to the torque transmissible by the clutch.

It should be noted is the transmissible clutch torque or
torque transmissible by the clutch is especially preferred is
the reference clutch torque, and the clutch control travel is
especially preferred is the reference clutch control travel.
These reference quantities may be prescribed and then
driven, for example, by a control device. This relates in
particular to characteristic values that are modulated.

It is especially preferred that the clutch control travel is
modulated to reduce the vibrations in a vibrational manner,
especially sinusoidally. This modulation may in particular be
such that a sinusoidal function is superimposed on a par-
ticular prescribed or controlled clutch position or a clutch
control travel or the time characteristic of these parameters.

In a preferred embodiment, a prescribed parameter of the
time characteristic of the juddering vibration and/or a rotary
parameter of a drive train component is calculated. Such a
parameter or rotary parameter may be, for example, the
transmission input speed. The transmission input speed may
also be used, for example, to check whether juddering
vibrations are present.

This parameter or rotary parameter may, for example, also
be estimated or calculated or measured. Such a parameter
may, for example, also be the amplitude and/or the duration
of period and/or the phase of the juddering vibration or the
angular speed or rotary speed of a drive component.

Especially preferred is the phase and/or the amplitude
and/or the duration of the juddering vibration is calculated as
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a function of the transmission speed or as a function of the
time characteristic of the transmission input speed.

In a preferred embodiment, the phrase and/or the ampli-
tude and/or the duration of period of the vibration modula-
tion of the clutch control travel is calculated as a function of
the speed. The transmission input speed may be estimated,
for example, or calculated. In a preferred embodiment, the
transmission input speed is measured, and a suitable mea-
suring device is provided. Such a measuring device may be
configured in different ways. A preferred measuring device
is designed in such a manner that speed signals are provided
at time intervals.

In a preferred design it is provided that the period and/or
the phase and/or the amplitude of the modulated clutch
control travel is determined as a function of at least one local
extremum of the transmission input speed. This local extre-
mum may in particular be a local maximum.

In this context, the local extremum of the transmission
speed may in particular be calculated or estimated or mea-
sured.

It is preferable that the local extremum be determined in
a manifold manner. In so doing, it is possible to increase the
degree of precision of this determination. For example, it
may first be provided that such a local extremum is deter-
mined using measured values at time intervals and then the
precision is increased by a calculation being made as a
function of these measured values or, in some cases, addi-
tional factors.

It is also preferable that local extremum of this type in the
time characteristic of the transmission input speed, which
may in particular be local maxima, are used to determine the
phase of the transmission input speed. It may also be
provided in this embodiment that the transmission input
speed in this context was measured or calculated or esti-
mated. Moreover, as previously illustrated, a manifold deter-
mination of the local extrema or the phases may be carried
out, and especially in such a manner that the degree of
precision is increased.

Especially in the determination of the phase of the trans-
mission input speed or the juddering vibration, it may be
provided that different influences which could cause a
deviation of timing position of the extrema and maxima
from the actual one are taken into consideration in order to
obtain more precise values for the extrema, especially
maxima, of the transmission input speed or the juddering
vibration.

In a preferred embodiment, the modulation of the clutch
control travel is carried out in such a way that, within the
context of the precision, the phase and the period essentially
correspond to those of the speed of the transmission input
shaft, or those which were determined in relation to the
speed of the transmission input shaft. It is also preferred that
the amplitude of the modulated clutch control travel be
prescribed to be proportional to the judder amplitude of the
transmission input speed. The judder amplitude is especially
preferably defined from a comparison between the filtered
and unfiltered transmission input speed. In this context it is
provided in particular that the transmission input speed, on
the one hand, is treated as a transmission input speed with
a vibrating portion and, on the other hand, as a transmission
input speed without a vibrating portion; the latter may in
particular be an average transmission input speed. In this
context, the non-vibrating one is the filtered one, while the
vibrating one is the unfiltered one. In a preferred form, it is
also provided that at least first and in a first step, the
amplitude of the transmission input speed is determined in
such a way that the speed is determined within specified
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evaluation periods or interrupts. These interrupts may have
a specific duration, such as 2.5 ms or 5 ms or 10 ms. Other
values for this duration are also preferable. Another type of
speed measurement or calculation may also be provided.

In such a preferred design, in which the speed is deter-
mined within prescribed interrupts, it may be provided in
particular that during this interval pulses of rotary transducer
are counted and set in a ratio with the time. In the maximum
search, it is possible, for example, to check how the par-
ticular rotary speed values, which may each be assigned to
a particular interrupt, behave in comparison to the adjacent
rotary speed values. Using such a comparison, a local
maximum may, for example, be determined for the rpm’s or
speed. In a preferred embodiment, it is provided that a first
parameter of the juddering vibration and/or the time char-
acteristic of the transmission input speed, especially an
extremum such as a maximum, is determined via an esti-
mation and/or a calculation and/or a measurement in a first
step. This may, for example, be such that a maximum search
is carried out in the aforementioned manner.

Preferably, to improve and/or check the precision of the
parameter calculated in the first step, this first parameter is
determined in a second step as a function of the result of the
first step. To this end, for example, calculations or other
measures that increase the precision may be made. In a
preferred, very specific embodiment of the invention, it may
be provided, for example, that using speed signals set a time
intervals that were calculated in the aforementioned manner,
for example, via rotary transducer, local maxima are calcu-
lated by comparison with adjacent signals. Next, the devia-
tion of the timing position of an actual maximum may be
determined, for example, via calculation. Using different
calculations, it is possible to consider, for example, devia-
tions that have different causes, such as a deviation that is
attributable to the fact that rpm or rotary speed signals at the
time are provided only at time intervals, or deviations that
are required by a non-vibrating portion of the time charac-
teristic of the rpm’s, or deviations that are required by the
evaluation. It should be noted that the invention is not to be
limited by preferred, exemplary embodiments. In particular,
a plurality of additional exemplary embodiments may be
provided in which a characteristic is determined in the first
step and then the precision is improved or reviewed in a
second step.

Such a parameter may in particular be a local extremum
of the time characteristic of the transmission input speed.

It is also preferable that, using this parameter, which is
determined in a first and a second step, or the difference of
these parameters, calculated in different steps, an additional
characteristic, such as the phase of the transmission input
speed, is calculated.

Especially preferably according to the invention the trans-
mission input speed is only measured and/or evaluated so
that tachometers are provided at time intervals. In a first step,
at least one local extremum, such as a local maximum of
these measured values can be determined in this design. This
may, for example, be such that the local extremum is
determined via a comparison to the adjacent measured
values of the time characteristic. In particular, it may be
provided that for the case that a plurality of local extrema are
detected, the last one to occur is selected. In this preferred
embodiment, the local extremum in some cases may deviate
from the actual local extremum because only individual
measured values, which in some cases are also average
values, and which are set at time intervals are taken into
consideration. In this preferred embodiment, it is especially
preferred that in a second step, the actual local extremum or
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maximum of the transmission input speed is more closely
approximated or calculated. It is also preferable that the time
interval or the deviation between the timing position of the
extremum calculated in the first step and the local extremum
or local maximum calculated in the second step is calcu-
lated.

In the following, for the sake of simplicity, only a local
maximum is discussed, it being acknowledged that a local
minimum by all means may be used. Depending on the
purpose of use other characteristic values may also be used,
if necessary. Therefore, for example, zero crossings of the
vibrating portion could also be used for phase determination,
whereby in this case, if necessary, consideration would be
made of whether the vibrating portion is transitioning from
the negative range into the positive range or vice-versa.

In a preferred embodiment, the phase angle of the trans-
mission input speed is calculated, and in particular is
roughly calculated, in a first phase. For this purpose, local
extrema or zero crossings could be used, in some cases while
taking into consideration the slope. Therefore, an extremum
of this type may be, for example, a local maximum that is
used on the basis of speed signals that are spaced at time
intervals, which are each provided, depending on the par-
ticular case, for an interrupt or an evaluation period. In a
manner already illustrated, this may, for example, be such
that rpm signals are compared with adjacent ones, and based
on such comparisons, individual rpm signals are considered
as a local extremum. In this context, it may be provided that
the deviation between the phase angle determined in the first
step and the actual phase angle of the transmission input
speed is calculated or approximated in a second step. This
may in particular be such that, based on the deviation of the
timing position between a local maximum determined in the
first step and a local maximum determined in the second step
corresponding to or at least approximating the actual one,
the phase shift is determined.

In a preferred embodiment, the invention provides that in
the determination of such a deviation, if this is the case, the
fact that rpm signals spaced at time intervals are used is
taken into consideration. It is also especially preferable that
measurement accuracy, which is directly required by the
rotational speed sensing measurement in the first step, is
taken into consideration.

One example which, however, should not limit the inven-
tion is such that a deviation, or as a part of the deviation, the
quotient from an angle ¢p,,.. and two times a local extre-
mum of the angular speed w,,,, that was calculated in the
first step, is considered as the deviation. The angle wp,;,,
would in this example be an angle that is present between
two adjacent teeth of a speed sensor. The aforementioned
deviation is also called d,,,,, for the sake of simplicity.

It is also preferable that a partial deviation be considered,
which is attributable to the fact that a control or an evalu-
ation, especially an evaluation of the transmission speed,
only takes place once within a prescribed time frame or time
interrupt (T,,,), and therefore, only one value is considered
for the transmission speed—if this is the case. This may, to
cite one example, be such that a speed sensor provided with
teeth enables pulses to be detected corresponding to its
number of teeth, and in a prescribed time interval, such as
2.5 ms or 5 ms or 10 ms, the number of pulses are counted
and from this the speed or the wind velocity derived for the
time interval. In this context, for example, a deviation from
an actual value of the timing position of an extremum that
is required as a result may be considered. This may, for
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example, be such that the deviation required thereby, which
for the sake of simplicity is called d,,,,,,,, or d,,, is
calculated as follows:

Byuterrgpe=0-5* I, #0.5% (Median—1,,, ., )* 3%, /(@ o/
dr* T, 2+5/4],
whereby T,,, is the duration of the evaluation time interval

or interrupt; Median is a median that describes the focal
point of predetermined evaluation pairs, such as three evalu-
ation pairs, that indicates an assignment of the angular speed
or rotary speed of the transmission input shaft at particular
instants; T,,,. is an instant at which a local maximum o,,, .
or o, of ® is determined in a first step; and d®w/dt is the
second time derivative of m.

In a preferred embodiment, in determining the deviation,
any increase of the transmission input speed, which is
essentially independent of the juddering vibration or trans-
mission speed vibration, may also be considered. This may
also be an average drop of the transmission speed.

This deviation, which is called dg,, 4., for the sake of
simplicity, may be described in the approximation as the
quotient of the total or average slope B of the transmission
input speed and the product of Amplitude A, or the last
measured amplitude value of the vibrating portion of the
transmission speed, which essentially corresponds to the last
found or detected maximum of the vibrating portion of the
transmission speed, and the square of wg, 45, Whereby

. corresponds to (2*m) times the juddering frequency.

Preferably, the deviation is calculated on the basis of the
following equation:

1peaktma™= B pnierrupr8 Gradien=putser

tp.. being the instant at which the actual extremum or
maximum is present or a value that more closely approxi-
mates this value compared to the one given for T,, ., and “~”
indicating that there is an approximate correlation.

In a preferred embodiment, one, several or all of the
following values or parameters are considered for the—or in
the—determination of the deviation, that is, in particular a
deviation between a local extremum, such as a local maxi-
mum, of the transmission input speed determined in a first
step and the actual extremum or the value for this local
extremum or maximum that approximates the actual extre-
mum, or maximum, in a second step.

A first parameter is the interrupt time T,,,. This interrupt
time is the duration of a period in which an evaluation or
measurement evaluation occurs once and for which a mea-
sured value or measured value pair is provided once. This
may also be such that a measured value or measured value
pair is provided multiple times for this interrupt time T, ,. A
predetermined number, for example, may be prescribed. The
evaluation may in particular be the evaluation of the angular
speed or speed of the transmission input shaft, that is, in
particular the value whose extremum or maximum is to be
determined.

Another parameter is a median. This median describes the
focal point of prescribed measured value pairs. This may in
particular be an assignment of the angular speed or rotary
speed of the transmission input shaft at instants in which
these angular speeds are each present.

For example, it may be predetermined that the median is
specified as the focal point of a plurality of assignment pairs
that assign the rotary speed or angular speed of the trans-
mission input shaft to the instant at which the particular
angular speed has occurred or was present or was picked up.
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In this context it may be provided that assignment pairs of
this type are provided at timed intervals. Moreover, it may
be provided in this context that the median indicates the
focal point of three adjacent value pairs. It may in particular
be provided that the average of three such value pairs is a
local extremum, especially one determined in a first step,
such as a local maximum of such value pairs. In this case,
it may also be provided that the time interval in which this
value pair is provided is essentially the same. This time
interval may correspond, for example, to the interrupt time
T, and, to name one example, be 2.5 ms or 5 ms or 10 ms.
However, other time intervals may be also considered. In
this way, for example, in an especially preferred exemplary
embodiment, in which three value pairs of the angular speed
of the transmission input rotary speed, and the correspond-
ing instants in time (T,,,) at which these value pairs occur,
the medians may be calculated as follows:

Median=r,, .+ (@410 1) * Titoragpd (05 + 035, 1),

whereby o,_;, w;, and w,,;, were measured or calculated in
the sequence indicated by their indices and w, is the largest
of these three measured values; furthermore whereby each is
assigned two adjacent measured values of the three in the

time interval of T, and oi is assigned instant t,,,..

An additional parameter present that may be an instant
t _that is present or picked up if a local extremum, such as
a local maximum, related to the rotary speed or angular
speed signals of the transmission input shaft provided at
timed intervals—related to the first step. These rotary speed
or angular speed signals set a timed intervals or the assign-
ment of them to the instants at which they are present, may
in particular be determined in a first step.

Another exemplary parameter is a local extremum, such
as a local maximum (w,,,,.), that is related to rotary speed or
angular speed signals of the transmission input shaft pro-
vided at timed intervals. In the above formula for the
median, this ®,,,, preferably corresponds to w,. w,),,. or ®,
may preferably have been determined in the first step.

A further exemplary parameter is the amplitude (A) of the
juddering vibration. This is in particular the last set ampli-
tude of the juddering vibration or the last set local maxi-
mum. In this context, the amplitude of the juddering vibra-
tion is related in particular to the pure vibrating movement.

A further exemplary parameter is the frequency {155,
of the juddering vibration or ®,,, 4, the following equa-
tion being applicable:

=) o k.
OGravbing=2 T Grabbing

Another exemplary parameter, which may be used in a
preferred embodiment for the calculation of the deviation by
itself or in connection with other parameters, is the overall
(average) slope of the angular velocity of the transmission
input shaft (B). This slope (B) is in particular the slope of the
angular speed that is ordinarily present independent of
(superimposed) vibrations. For example, this may be the
slope of an increase of the angular speed of the transmission
input speed, which is independent of the juddering or
likewise would be present if there were no juddering present.

An additional exemplary parameter that may be taken into
account in the determination of the deviation is the angle
between two teeth of a travel sensor (¢p,;,,). However, such
an angle ¢,,,, is only present if an appropriate travel sensor
is used. Such an exemplary travel sensor in particular has
spaced teeth between which there are intermediate spaces.
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The angle between two teeth in this context is in particular
the angle that is present between two bordering surfaces of
adjacent teeth that are laid out in the rotary direction or in the
opposing rotary direction.

Especially preferred according to the invention is the
deviation or the deviation of the timing position of the local
extremum calculated in a first step is calculated from the
actual or approximate position of the local extremum on the
basis of the following equation:

At=tp it Tin~0-5* (Median—1,,,) *[-3* 0,/
(A*OGrapoing *Tini +5/41=BAA*O0rasing )=
Pputse! (2 Oy

Preferably, a rough assumption is made that dw/dt essen-
tially corresponds t0 0, ppg-

In a preferred embodiment, a deviation is calculated and,
by means of this calculated deviation, the phase angle of an
actual extremum, especially an actual maximum, is calcu-
lated or approximated to the angular speed or rotary speed
of the transmission input speed. The actual phase of the
angular speed or rotary speed of the transmission input shaft
of a vibration that is attributable to juddering, is calculated
or approximated.

The determination of the phase is preferably carried out
on the basis of extrema, especially on the basis of maxima.
Therefore, the calculation of the phase angle, for example,
may be carried out on the basis of a timing position of a
maximum.

In a preferred embodiment, it is provided that a phase
angle is calculated in a first step. This may in particular be
the phase angle of the angular speed of the transmission
input speed. According to this preferred embodiment of the
invention, this calculated phase angle is first used for the
modulation of a reference clutch control travel. This means
in particular that the phase angle of the modulated reference
clutch control travel is selected in this way, like the phase
angle of the transmission input speed that was calculated in
the first step.

In a preferred embodiment, a correction of the phase angle
of the angular speed of the transmission input speed or
transmission input shaft that was calculated in a first step is
carried out. It should be noted that the angular speed or
phase angle of the transmission input speed or transmission
input shaft is in particular related to the value detected or
calculated according to magnitude. These data are related in
particular to the time-travel curve of the transmission input
speed or angular speed. This means that the time character-
istic of the magnitude of these signals in particular is
considered in the determination of the phase angle and less
the question of which rotary angle the shaft has in relation
to its axis.

In a preferred embodiment, it is provided that a deviation
is calculated in a second step that is present between the
phase angle determined in the first step and the actual phase
angle or vice-versa. Preferably, it is provided that on the
basis of this deviation and/or the one calculated in the
second step, the actual phase angle of the transmission input
speed or angular speed of the transmission input shaft is used
for modulation of the reference clutch control travel. In a
preferred embodiment, it is provided that this deviation is
used in such a manner that the phase angle and/or the period
of the reference clutch control travel is changed.

Especially preferred. the period of the reference clutch
control travel changes by the amount of the detected devia-
tion. This may in particular be such that this change is
carried out within a period or that the period of the modu-
lated reference clutch control travel is changed one time by
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the amount of the detected deviation in order then to
essentially achieve an agreement between the actual phase
angle of the speed or angular velocity of the transmission
input shaft and the modulated reference clutch control travel.

It may also be provided that, for example, the period of
the modulated reference clutch control travel is changed
step-by-step over several periods in such a manner that after
several periods there is an agreement with respect to the
phase angle.

It is also preferable that the reference clutch control travel
and/or the torque transmissible by the clutch device be
modulated as a function of the calculated local extremum,
especially the local maximum, and/or a calculated deviation,
in order to counteract juddering vibrations. It is especially
preferable that the amplitude of the reference clutch control
travel 1s adjusted or changed in values approximated or
adapted to actual amplitudes.

The objective is also achieved via a method whereby a
determination is made of whether juddering vibrations are
present in a motor vehicle drive train, and whereby detected
juddering vibrations are counteracted by a change of the
position of a device, whereby a rotary parameter of a drive
train component may be changed by changing the position
of this device, and whereby this position change is carried
out according to a predetermined function, especially a time
function, that has a ramp function.

According to the invention, it is provided in particular that
a determination is made of whether juddering vibrations are
present in a motor vehicle drive train. If juddering vibrations
are detected, these juddering vibrations are counteracted by
a change of the position of a device. One such device is a
rotary parameter of a drive train component, directly or
indirectly changeable or influenceable via its position
change. It should be noted that such a position change may
or may not directly counteract the juddering vibrations. It
may also be provided that the device is changed and then a
check is made of whether the juddering vibrations have
changed or were eliminated.

The device whose change of position is to counteract the
juddering vibrations may in particular be a clutch device that
is disposed in the drive train of a motor vehicle. One such
clutch device may in particular be a starting clutch.

According to the invention, there is provided in particular
a position change of the device—or in the preferred embodi-
ment of the clutch device—is specified or prescribed
depending on a predetermined function. This function has a
ramp function. The function is in particular a timing func-
tion.

The objective is achieved in particular via a method
whereby a determination is made of whether there are
juddering vibrations in a motor vehicle drive train, and
whereby juddering vibrations are counteracted by a change
in the position of a device, whereby a rotary parameter of a
drive train component is changeable via a change in the
position of this device, and whereby the juddering vibrations
are counteracted by the change in the position of the device
in first time segments and the change in the position of the
device is interrupted in second time segments, so that the
system may vibrate freely in these two time segments.

According to the invention, it is provided in particular that
juddering vibrations that are present in the area of a drive
train of a motor vehicle are counteracted in first time
segments via a change in the position of a device, and in
second time segments the change of the position of this
device is interrupted so that the system may vibrate freely in
these two time segments.
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However, it should be noted that in these second time
segments, possibly for other reasons that are independent of
a counteraction of the juddering vibrations, the position of
the device is changed.

The device is preferably a clutch device, the position of
this clutch device especially preferably being changed in
such a manner that the torque transmitted by the clutch
device is changed, in particular modulated. It may also be
provided that the clutch control travel of this clutch device
is changed or modulated.

Such a modulation may, for example, be designed in a
vibrational manner and in particular sinusoidally. Other
possibilities are also preferred.

In the first time segments the change is preferably made
in such a manner that at least an attempt is made to
counteract these juddering vibrations. This means in par-
ticular that at least measures are introduced that—in some
cases in conjunction with other measures that could have
applicability—counteract the juddering vibrations. Espe-
cially preferred are juddering vibrations counteracted in a
targeted manner, so that it can be said with a certain
probability or with certainty that the juddering vibrations are
reduced or gradually eliminated.

In a preferred embodiment, the ramp function has a
section in which the ramp is driven up from a starting value
to a value and a section set later in time in which the ramp
is driven back down from this value to a final value. It may
be provided that the ramp is immediately driven back down
from the value. Moreover, it is preferable that the ramp, in
the meantime, be held to this value before it is driven back
down from this value.

This value may, for example be equal to “one”. It may
also be another value.

The starting value and the final value are preferably each
equal to “zero”. These values, however, may also be differ-
ent or have another equal value.

In a preferred embodiment, the modulated clutch control
travel is determined as a function of an adjustment factor.
This may, for example, be an adjustment constant.

The adjustment factor or the adjustment constant may in
particular be a constant that determines the counteraction of
a controller.

Preferably, a self-excited juddering in particular is com-
pensated.

Furthermore, it is preferable that a self-excited juddering
is compensated via a sinusoidal modulation of the reference
clutch control travel that is prescribed in a controller inter-
rupt.

It may be provided, for example, that the phase and period
of such modulation is defined from found maxima of the
transmission input speed or the juddering vibration.

Moreover, it may be provided, for example, that the
amplitude is prescribed in a manner proportional to the
judder amplitude of the transmission input speed. Such an
amplitude may, for example, be defined from the compari-
son between a filtered and an unfiltered transmission input
speed. However, the filtered transmission speed is in par-
ticular the vibrating portion of the transmission input speed
juddering vibration is present.

Preferably, the clutch control travel is modulated for the
reduction or elimination of juddering vibrations and this
modulated clutch control travel is determined as a function
of an amplitude of the juddering vibration. This may in
particular be an amplitude of the juddering vibration that
was found as the last one. It should be noted that the clutch
control travel may in particular be the reference clutch
control travel.
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The modulated clutch control travel may be determined,
for example, as a function of a sinusoidal function. Such a
sinusoidal function may basically be of any type. Especially
preferably, it is provided that such a sine function is a
function of the frequency of the judder and/or of the time
and/or of a calculated phase shift between the juddering
vibration and the characteristic of the travel modulation,
especially the characteristic of the actual travel modulation.

Modulated clutch control travel may be determined as a
function of an amplitude of the juddering vibration and/or as
a function of a sine function, the amplitude being updated at
the zero crossing of the sine function. Such an updating may
in particular be carried out as a function of and in consid-
eration of the transmission input speed. Therefore, in par-
ticular, the sine function is a function of the transmission
input speed or the juddering frequency.

Preferably, a change of position of a device, in particular
the change of a clutch device, or a clutch control travel
modulation, or a modulation of the torque transmissible by
the clutch is carried out in first time segments and in second
time segments. Such a change or modulation is excluded. It
should be noted this change or modulation is in particular
one that is carried out in order to counteract juddering
vibrations. Therefore, this means basically that the torque
transmissible by the clutch on the basis of other control
operations, or the like, in some cases may be changed in
second time segments. Preferably, the first and second time
segments alternate if it is established that juddering vibra-
tions are present. Also, alternation between clutch control
travel modulation in first time segments and a stopped clutch
control travel modulation in second time segments are
carried out until it is established that the amplitude of the
judder vibrations is smaller than a prescribed shutoff thresh-
old. This shutoff threshold may also be “zero”.

In a preferred embodiment, the duration of the first time
segments is within the range from one to five judder periods.
However, the first time segments may also have another
duration. In an especially preferred embodiment, it is pro-
vided that the first time period has a duration of two to three
judder periods.

However, the duration of the first time segments may also
be different.

The invention also contemplates a clutch control travel
modulation with a constant phase carried out inside the first
time segment. The phase is related in particular in this case
to the phase shift that is present between the clutch control
travel modulation and the juddering vibration.

In a preferred embodiment, the phase or phase shift during
which the system vibrates freely is determined anew, and the
modulation is then carried out repeatedly in a first time
segment with a new phase ¢,,,,.,, Or a new phase shift.

In this context, the modulated clutch control travel is a
function of the phase or phase shift.

In a preferred embodiment, the ramp is formed with a
trapezoidal shape.

However, the ramp may also be formed differently. In
particular, the ramp run-up and the ramp run-down may have
a non-linear region. Also, between the running up and
running down, there may be a non-linear region of the ramp.

In a preferred embodiment, especially in first time seg-
ments, the clutch control travel modulation is determined as
follows:

Weg, . ;~(Ramp_up, L,
K 4

control setting

Ramp_down)*

*;
currentsin(wGrabbing [ Peurrens).

whereby Weg,, ., is the modulated clutch control travel,
“(Ramp up, 1. Ramp down)” is an exemplary ramp function,
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Keonmrot serming 15 a0 adjustment constant, A, 15 the ampli-
tude of the juddering vibration used at a given instant or the
difference between the unfiltered transmission input speed
and the filtered transmission input speed, whereby this
relates in particular to the observed or detected transmission
input speeds, Mg,,ppme Which is 2%x times the juddering
frequency; t is the time and ¢,,,,,.,,, 15 the phase shift used at
a given instant between the clutch control travel modulation
for the determination of the torque modulation and the
juddering vibration.

Furthermore, the objective of the invention is achieved in
particular via a method, whereby a determination is made of
whether juddering vibrations are present in a motor vehicle
drive train, and whereby a clutch device is disposed in this
drive train that can be operated in a slip mode, and whereby
detected juddering vibrations are counteracted via a modu-
lation of the torque transmissible by the clutch device and/or
of the clutch control travel, and whereby this modulation is
such that there is control of a modulated reference clutch
torque, which is the difference between the unmodulated
clutch torque and a product. Furthermore, this product has a
first factor that is a function of the angular speed of a clutch
plate, and/or the angular speed of a transmission input shaft,
and/or the angular speed of a wheel of the motor vehicle,
and/or a ratio that is assigned to a gear which is shifted in a
transmission device disposed in a drive train. Furthermore,
this adjustment constant is a function of parameters of the
vibrating drive train system and/or of parameters that
describe or at least assist in describing the friction charac-
teristic of the clutch device.

According to the invention, there is a calculation or
detection of whether juddering vibrations are present in a
motor vehicle drive train. In this motor vehicle drive train,
a clutch device, such as a starting clutch may be operated in
a slip mode. If juddering vibrations are calculated or
detected, they are counteracted via a modulation of the
torque transmitted by the clutch device and/or of the clutch
control travel. This modulation may in particular be such
that a modulated reference clutch torque is controlled or a
modulated reference clutch torque is superimposed on a
controlled reference clutch torque. This modulation of the
reference clutch torque is preferably specified as the differ-
ence between an unmodulated clutch torque and a product.
This product is preferably such that it has a first factor,
which is a function of the angular speed, and/or rotary speed
of a clutch plate of the clutch device, and/or is a function of
the angular speed or rotary speed of a transmission input
shaft, and/or is a function of angular speed and/or rotary
speed of a wheel of the motor vehicle and/or is function of
a shifted ratio of a clutch device disposed within the drive
train. Preferably, this product has a second factor that is an
adjustment constant. The adjustment constant in this
embodiment is preferably a function of parameters of the
vibrating drive train system and/or of parameters that
describe, or at least assist in describing, the clutch device.

In a preferred embodiment, the modulated clutch torque is
calculated on the basis of the following equation:

. .
Mygod=M=K* (O cpyren Disii Gear—OWheel)>

whereby M, ; is the modulated clutch torque, M is the
unmodulated clutch torque, k is an adjustment constant,
_is the angular speed of the clutch plate, i, is a ratio
Clych Disk N R
assigned to the shifted gear and wy;,,; is the angular speed
of a wheel of the motor vehicle.
An equation that describes, or at least assists in describ-
ing, the friction characteristic of the clutch device or param-
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eters corresponding to parameters may be, for example, as
follows: A function is provided that describes how the
coeflicient of friction of the clutch device changes via the
slip of the clutch device. The adjustment constant may also,
for example, be a function of the time derivative of such an
equation, or such a function.

Furthermore, the objective of the invention is achieved
via a method, whereby a determination is made of whether
juddering vibrations are present in a motor vehicle drive
train, and whereby a clutch device is disposed in this drive
train that can be operated in a slip mode, wherein juddering
vibrations are counteracted via a modulation of the torque
transmissible by the clutch device and/or of the clutch
control travel, and whereby this modulation is such that a
modulated reference clutch control torque is controlled that
is specified as the difference between the unmodulated
clutch torque and a product. Furthermore, this product has a
first factor which is a function of the angular speed of a
clutch plate, and/or the angular speed of a transmission input
shaft, and/or the angular speed of a wheel of the motor
vehicle, and/or a ratio that is assigned to a gear that is shifted
in a transmission device disposed in a drive train. In addi-
tion, this adjustment constant is a function of the reference
clutch torque and/or a nominal clutch torque, which is
calculated assuming a nominal coeflicient of friction and/or
of a function of an average slip.

According to the invention, the adjustment constant is a
function of a nominal clutch torque, which is calculated
assuming a nominal coefficient of friction. The adjustment
constant is dependent on a function of the average slip of the
clutch device, and in particular, the average slip that occurs
during a clutch modulation.

In a preferred embodiment, for a given decrement, the
overall judder-related damping of the system during the
modulation of the clutch torque or clutch control travel
modulation is selected as a function of the adjustment
constant in such a manner that this decrement corresponds to
half the product of the total damping of the (a,,,,) system
and the judder period (T). In this context, the decrement
corresponds to the logarithm of the quotients of two suc-
cessive amplitudes of the juddering vibration. These suc-
cessive amplitudes in particular were detected, and in par-
ticular on the basis of the characteristic of the transmission
input speed. These amplitudes may be actual amplitudes
and/or such that are calculated in a first step. There may also
be amplitudes of the juddering vibration calculated accord-
ing to another characteristic that follows each other in
succession in the sense of this other characteristic.

This relationship may be expressed as: d=In(A,,,/A)),
wherein d is the decrement, A, is an amplitude of the
juddering vibration and A,+1 is an amplitude of the judder-
ing vibration that follows amplitude A,.

Preferably, the system is such that the following equation
is produced for the overall damping of the system during
torque modulation.

O Lotar= O My oo TSV 0 i % k55

whereby «,,,,, is the total damping of the system when there
is torque or clutch control travel modulation; o is a factor;
M, o is clutch torque calculated from the nominal coef-
ficient of friction £, especially while starting off; i is the
ratio between the clutch plate and the driven wheel that is
present for the gear shifted in the transmission device; f(S)
is a function that indicates how the friction value changes via
the slip; f(S) is the time derivative of function f(S); k is an

adjustment constant; f,,, is the nominal coefficient of fric-
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tion of the clutch device, which is assumed in the ideal case
to be a constant, a coefficient of friction present when the
clutch device is engaged; and I is the moment of inertia of
the clutch plate.

For the factor a, the following equation is preferably
applicable:

a=b*[1/ s +(1 T ),

b being the damping of the system and . being the
moment of inertia of the motor vehicle.

In an especially preferred embodiment, the following
equation is applicable for the factor or the adjustment
constant k:

*C*d/T=0) from™ s Muom_o"F(SIIAS)

Furthermore, it is preferred that the adjustment constant k
is a function of the period T of the juddering vibration and/or
of the moment of inertia of a clutch plate and/or of the
transmission input.

According to a preferred embodiment the adjustment
constant is a function of a nominal friction value of the
clutch device.

The adjustment constant may depend in a preferred design
on a quotient of two amplitudes of the juddering vibration
that follow one after the other in time sequence. These may
be amplitudes that are detectable; ones that were detected, or
ones that were calculated according to a predetermined
characteristic. The adjustment constant k is a function of the
logarithm of two such time amplitudes of the juddering
vibration that follow one after the other in time sequence.

In an especially preferred design, a ramp given as a factor
within a period of the juddering vibration is built up from a
starting value to a value or a target value. Especially
preferred, the time period of this build up corresponds to
approximately one period of the juddering vibration. It may
also take approximately one period of the juddering vibra-
tion until the adjustment factor k reaches its targeted value.

Furthermore, the objective of the invention is achieved
via a method, whereby a determination is made of whether
juddering vibrations are present in a motor vehicle drive
train, and whereby a clutch device is disposed within this
drive train that is operable in a slip mode, and whereby
juddering vibrations are counteracted via a modulation of
the torque transmissible by the clutch device and/or the
clutch control travel, and whereby this modulation is such
that the modulation is carried out in different sections
according to a different characteristic.

According to the invention, there is a calculation of
whether juddering vibrations are present or a detection that
they are present in a motor vehicle drive train. Disposed in
this motor vehicle drive train is a clutch device, such as a
starting clutch, which may be operated in a slip mode or
shifted into a slip mode. If it is detected or calculated that
juddering vibrations are present, the torque transmissible by
the clutch device and/or the clutch control travel is modu-
lated, so that the juddering vibrations are counteracted.
However, this does not mean that a corresponding modula-
tion must permanently be carried out during juddering
vibrations.

The modulation according to this embodiment is such that
it is carried out in different sections according to a different
characteristic.

Furthermore, the objective of the invention can be
achieved via a method, whereby a determination is made of
whether juddering vibrations are present in a motor vehicle
drive train. A clutch device is disposed within this drive train
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that is operable in a slip mode. Detected juddering vibrations
are counteracted via a modulation of the torque transmis-
sible by the clutch device and/or of the clutch control travel.
This modulation is such that it is designed in a vibratory
manner and has a first half wave 68, 82 and in a given case
a second half wave 70, 84, whereby the amplitude 66, 86 of
the first half wave is greater than the amplitude 88 of the
second half wave 70, 84.

According to the invention, the modulation of the torque
transmissible by the clutch device or of the clutch control
travel is configured in a vibratory manner, and has a first half
wave, as well as in a given case a second half wave. The
vibratory-type embodiment according to the invention may
basically be of any type. Especially preferred is a sinusoidal-
vibration-type of design. According to the invention, a
partial vibration that is present during a vibration period has
a first half wave, as well as in the given case, a second half
wave. In this context, it is provided that the amplitude of the
first half-wave is larger than the amplitude of the second half
wave, which in the given case may be equal to “zero”.

In a preferred embodiment, the modulation is interrupted
or terminated following the second half wave, thus after the
vibration has run through essentially or exactly one period.
However, other divergent values for an interruption or
termination of this type may be provided.

Preferably, after the interruption, termination of the
modulation, or of the second half wave, the phase of the
juddering vibration is calculated. For this purpose, it may be
provided in particular that this calculation of the phase is
carried out on the basis of a local extremum, such as a local
maximum of the juddering vibration, or the transmission
input speed.

It may also be provided that the amplitude of the second
half wave equals “zero” or the second half wave is not
present at all.

In an especially preferred embodiment, the juddering
vibration is counteracted by exactly one half wave or by a
modulation having a half wave, the modulation then being
interrupted or terminated.

In a preferred embodiment, the modulation of the clutch
control travel or of the torque transmissible by the clutch is
started with a phase shift in relation to the juddering vibra-
tion.

In particular, the modulation is started if a local extre-
mum, such as a local maximum or local minimum of the
juddering vibration is detected. Preferably, the modulation is
then started immediately.

Preferably, the modulation is designed in such a manner
that at the beginning and/or at the end of the modulation of
the time characteristic, the modulation is such that a tangent
runs essentially parallel to the time axis at this running
starting or end region. This relates to the beginning and the
end of a half wave.

However, a curve, especially a tangential one, is not
present.

Furthermore, the objective of the invention is achieved
via a method, whereby a determination is made of whether
juddering vibrations are present in a motor vehicle drive
train. A clutch device is disposed within this drive train that
is operable in a slip mode. Detected juddering vibrations are
counteracted via a modulation of the torque transmissible by
the clutch device and/or the clutch control travel. This
modulation is such that it is determined as a function of the
juddering vibration, and/or the parameters describing the
juddering vibration, and/or a function describing the judder-
ing vibration, and as a function of prescribed boundary
conditions.
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According to the invention, there is a calculation, and/or
a detection of whether juddering vibrations are present in a
motor vehicle drive train. At least one clutch device, namely
the starting clutch which may be operated in slip mode, is
disposed in this motor vehicle drive train. Furthermore,
according to the invention, calculated or detected juddering
vibrations are counteracted by a modulation of the torque
transmissible via the clutch device or the clutch control
travel. In this context, this modulation may be such that it or
the time characteristic of this modulation is specified as a
function of the juddering vibration, and/or as a function of
parameters that describe the juddering vibration, and/or
according to a function that describes, or at least assists in
describing the juddering vibration, and as a function of
predetermined boundary conditions.

In a preferred embodiment, juddering vibration is
described as a function of the torsion angle of a predeter-
mined drive train section.

The course of the modulation is prescribed as a function
of variables, and these variables are prescribed, at least
partially on the basis of the boundary conditions.

An exemplary boundary condition may, for example, be
such that it is assumed that the torsion angle at the instant
“zero” corresponds to the difference ¢,, which would be
present in a given load scenario while disregarding the
juddering vibration, and the angular amplitude A, corre-
sponds to the juddering vibration.

A boundary condition may also be such that the time
derivative of the torsion angle at the instant “zero” is
also="zero”.

Another alternative or supplementary boundary condition
may be such that the torsion angle ¢(T/2) at the instant of the
half period (1/2) of the juddering vibration corresponds to
the rotary angle ¢, that would be present in a given load
scenario while disregarding the juddering vibration.

There may also be other boundary conditions.

As a supplement or an alternative, a boundary condition
may be provided such that the time derivative of the torsion
angle is equal to “zero” at the instant of the half period of the
juddering vibration. In a preferred embodiment, the period
of the modulation of the torque transmissible by the clutch
device and/or of the clutch control travel corresponds to the
half period of the juddering vibration.

Preferably, the torque transmissible by the clutch device
and/or the clutch control travel is modulated according to or
depending on a function that has the following form:

a*sin(w*t),

a being a factor. In a preferred embodiment, this factor is
determined on the basis of prescribed boundary conditions
that may be such as were already mentioned within the
context of this publication.

Preferably, the following equation is applicable for the
factor a, especially taking into account the boundary con-
ditions:

a=2*w’4,/m,

A,, being the amplitude of the torsion angle as compared to
the rotary angle ¢, that is or would be present if there were
no juddering vibrations.

Preferably, the method of the invention is carried out in
slip mode of a clutch device of a motor vehicle.

The objective of the invention is further achieved via an
electronic controller that has a memorizing device, and at
least one device for outputting and/or receiving signals,
whereby a data processing program is stored in the memo-
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rizing device of this electronic controller. This data process-
ing program is able to control a method according to one of
the preceding methods.

The electronic control device has a memorizing device
and a device for outputting and/or receiving signals. This
device may, for example, be a terminal for a wire connection
or a wireless connection or the like. The electronic control
device also has a memorizing device or is connected to a
memorizing device. Stored in this memorizing device is a
data processing program that can carry out a method accord-
ing to the present publication.

For purposes of the present invention, the meaning of the
term “control” is intended to mean “regulating” and/or
“controlling”, as used by the German Standardization Insti-
tute (DIN). The same applies for terms derived from the term
“control”.

BRIEF DESCRIPTION OF THE DRAWINGS

In the following, several exemplary or preferred aspects
of the embodiments according to the invention will
explained with reference to the Figures; the invention is not
to be limited hereby.

Shown are:

FIG. 1 is a diagrammatic illustration of the steps of an
exemplary method according to the invention;

FIG. 2 is a diagrammatic illustration of the steps of an
exemplary method according to the invention;

FIG. 3 illustrates an exemplary time characteristic of the
rotary speed of a transmission input shaft shown in sections;

FIG. 4 illustrates segmented exemplary time characteris-
tics of the rotary speed of a transmission input shaft and an
actual modulated clutch control travel;

FIG. 5 is a diagrammatic illustration of the steps of an
exemplary method according to the invention;

FIG. 6 is a diagrammatic illustration of the steps of an
exemplary method according to the invention;

FIG. 7 illustrates characteristics of a torque transmissible
by a clutch device over time and of the torsion angle of a
drive train section over time;

FIG. 8 illustrates an exemplary characteristic of a clutch
control travel modulation or a clutch torque modulation; and

FIG. 9 illustrates an exemplary characteristic of a clutch
control travel modulation or a clutch torque modulation.

DETAILED DESCRIPTION OF THE
INVENTION

FIG. 1 is an exemplary method in diagrammatic illustra-
tion.

In step 10, a determination is made whether juddering
vibrations are present, or their presence has been detected.

If juddering vibrations of this type are present, a device is
adjusted in step 12 in order to counteract these juddering
vibrations. This device is in particular a clutch device of a
motor vehicle, such as a drive clutch. The counteraction
may, for example, be such that, in the case that the device is
a starting clutch of a motor vehicle, the clutch control travel
or the torque transmissible by the clutch device is modu-
lated. Such a modulation may in particular be in the form of
vibration. It may also be provided, for example, that the
modulation is sinusoidally formed.

FIG. 2 shows the steps of an exemplary method according
to the invention in diagrammatic illustration.
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In step 20, a value is determined for rotary speed w of the
transmission input speed in different evaluation interrupts,
and a specific instant is assigned thereto.

In step 22, a last occurring maximum of these rotary speed
values o of the transmission input speed is determined.

It may be provided that based on this maximum or its
timing position, the phase of a modulated clutch torque or a
modulated clutch control travel is determined and the ref-
erence clutch torque or the reference clutch control travel is
meodulated accordingly.

In step 24 a determination is made of whether the time
interval between the last found local maximum of the
transmission input speed and an actual maximum of the
transmission input speed or the juddering vibration speed is
present. This may in particular be such that the time interval
between the last found local maximum of the transmission
input speed and a local maximum of the actual clutch control
travel or the actual clutch torque is determined. Other
possibilities of determining this deviation may also be used.

In step 26, the clutch control travel modulation that is
carried out in order to counteract juddering vibrations in the
drive train is changed. For this purpose, a period of the
modulated travel allowance is set in such a manner that it
corresponds to the old period, which is reduced by the
deviation determined in step 24. This new period is used as
a period for a vibration run. Next, the old peried is used
again for the clutch control travel modulation.

Based on FIGS. 3 and 4, the steps of an exemplary method
according to the invention will be explained.

In FIG. 3, an exemplary, actual time characteristic of a
vibrating transmission input speed or rotary or angular speed
(t) over time is shown (reference character 30).

In a plurality (in this case three) of successive time
interrupts T,, , the rotary speed w(t) is evaluated each time.
The rotary speed values determined in this way, o, |,
® =0z, and ;,,, are determined in these particular time
intervals T, and assigned to the particular time values t,_;,
t=t,cand t, .

Then, the local maximum of these—in this case three—
rotary speed values is calculated. From the comparison of
the values m, ;. w, and w,, |, it is evident in FIG. 3 that the
maximum of these three values is at o ~w,, ..

Next, the reference clutch torque or the reference allow-
ance for the clutch control travel is modulated, the phase of
this modulation being determined as a function of the phase
of the rotary speed of the transmission input shaft. In this
case, an orientation to the local maximum w,=w,,occurs,
so that a corresponding local extremum, especially a local
maximum, of the clutch control travel is set at the appro-
priate place.

As already indicated in FIG. 3, the actual local maximum
of the rotary speed of the transmission input shaft, however,
is not present at instant t, but rather, at instant tp,,.
Accordingly, the actual local maximum of the rotary speed
of the transmission input shaft is not ©,, but wz, ;.

Consequently, an actual deviation between the phase of
the rotary speed of the transmission input shaft and the phase
of the modulated clutch control travel is present. These
relationships are clarified in FIG. 4.

There, in the top half, the vibrating portion of the trans-
mission input speed, and in the bottom half, the vibrating,
meodulated portion of the actual travel of the clutch servo
unit are illustrated whose vibration is required by a modu-
lation of the reference clutch control travel or of the refer-
ence clutch torque.

In a second step, the timing deviation between the posi-
tion of the local maximum of the transmission input speed
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or rotary speed of the transmission input shaft determined in
the first step, and the actual position of this maximum of the
transmission input speed is determined.

This deviation essentially corresponds to the deviation
that is calculated between the local maximum of the actual
travel and the actual local maximum of the transmission
input speed.

To this end, different influences that place conditions on
the deviation are taken into account.

Then, the period of the modulated clutch control travel
changes for a period by the deviation At in order to achieve
a phase alignment.

FIG. 5 shows the steps of an exemplary method according
to the invention in diagrammatic illustration. In step 40, a
calculation and/or determination is made of whether judder-
ing vibrations are present in the drive train of a motor
vehicle.

In step 42, a clutch control travel modulation is started by
which the juddering vibrations are to be counteracted.

The modulation started in step 42 is such that a control
thereafter alternates according to first and second time
segments.

The control in first time segments is indicated by step 44
and the control according to second time segments is indi-
cated by step 46.

In the first time segments, the clutch control travel is
modulated according to the following equation:

Weg,,.;~(Ramp_up.1,Ramp_down)*
* T
Kcontrol setting Acur‘rent Sln(wgrabbing*y +¢cuw‘em)5

The clutch control travel modulation is carried out as a
function of a ramp function. In this example, this is (Ram-
p_up, 1, Ramp_down).

Furthermore, it is provided that this ramp is run up at the
beginning of the first time segment and is run back down at
the end of the first time segment.

Furthermore, in step 44 it is provided that the amplitude
A, rene 18 updated during the sine zero crossing based on the
measured transmission input speed.

Within the first time segment, the phase ¢.,,,.,, remains
constant.

The first time segment may have, for example, a duration
of 2-3 judder periods.

After the updating, a check is made of whether this judder
amplitude A is smaller than a predetermined shutoff
threshold.

If this is the case, the method in step 48 is terminated. If
this is not the case, the method is continued in step 46 after
step 44 is terminated.

In step 46, the modulation of the clutch control travel is
interrupted so that the system may freely vibrate for a
specified time. This is in particular a time that is needed
and/or used to determine the phase of the vibrations. There-
fore, a new phase ¢_,,,.,,, 1S specified.

The method is then continued in step 44 as a function of
this newly determined phase ¢_,,,,.,.,-

FIG. 6 shows the steps of an exemplary method according
to the invention in diagrammatic illustration.

In step 50, a determination is made of whether juddering
vibrations are present in a drive train, or it is detected that
juddering vibrations are present in the drive train of a motor
vehicle.

current

In step 42, a start is made in counteracting these juddering
vibrations, and in particular via a modulation of the torque
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transmitted by the clutch or according to the following
equation.

Y. .
Mifoa™M=K* (0 cpren pisidi Gear—Owheer)

In this context, the factor k is selected according to the
following equation:

{2/ T=0) frrom ™ Tgs=Moom_o F(SVAS)

In this context, it is provided that this factor k at the
beginning builds up in ramp form to its target value. In this
context, this ramp is such that the target value of the factor
k is reached after approximately one period of judder
vibration.

In the top half of FIG. 7, a modulated torque 60 that is
transmissible by a clutch device is depicted. The torsion
angle of a predetermined drive train section 62 that is present
if no torque modulation is carried out at a prescribed
juddering vibration is depicted in the bottom half of FIG. 7.
Furthermore, 64 of the torsion angle, which is adjusted if the
torque transmissible by the clutch is modulated according to
60, is depicted in the bottom half of FIG. 7.

From 62, it is obvious that in this exemplary case, the
juddering vibration has an essentially sinusoidal character-
istic.

The modulation of the torque transmissible by the clutch
device or of the clutch control travel is carried out in such
a manner that amplitude 66 of a first half wave 68 is larger
then the amplitude of a second half wave or a wave 70 that
is not present.

It may be provided that the characteristic of half wave 68
is prescribed in such a manner that, after the cycle of half
wave 68 or of a corresponding clutch control travel and/or
torque modulation, the juddering vibration is essentially
eliminated.

To this end, appropriate limit conditions may be provided
on the basis of which the characteristic of the clutch torque
modulation or half wave 68 is determined.

In curves 62 and 64, as already mentioned, the torsion
angle of a drive train section is depicted over time.

The torsion angle w,, essentially corresponds to the torsion
angle that would be present if no juddering vibration were
present in the drive train. This is therefore in particular a
torsion angle that adjusts on the basis of a non-vibrating
drive train load if no self-excited vibrations are present.

As is evident from the bottom part of FIG. 7, curve 62
essentially vibrates around this torsion angle ¢,,.

The value A, essentially corresponds to the amplitude that
the juddering vibration exerts around torsion angle ¢,
according to curve 62.

It may be provided that half wave 64 corresponds to a
function that essentially may be expressed as “—a*sin(w*t).

The characteristic of juddering vibration 62, for example
may be expressed by

d2p/dr+ay’ *p=mg=constant

In this context, m, represents a constant, while ¢ represents
the torsion angle and d’$/dt represents the second derivative
of the torsion angle.

Boundary conditions may be set here, such as a boundary
condition ¢(0)=y—-A,and [d¢/dt](0)=0 and ¢(T/2=¢, and [d¢/
dt](T/2)=0). In this way, exemplary conditions are estab-
lished in this embodiment that are to be present at instants
“0” or “T/2”.

Based on these boundary conditions and these character-
istics, in this example factor a of the torque modulation may

20

25

30

35

40

45

50

55

60

65

22

be calculated. In this example—because the torque modu-
lation is supposed to counteract the juddering vibration, that
1s, in this case

Pp/derar’ *o=my-a*sin(w*z)

is applicable—this yields
a=2%a’4,/n

As characteristic 64 in FIG. 7 shows, with an appropriate
selection of a, the juddering vibration is essentially elimi-
nated after a half wave (1/2) of this juddering vibration, or
the torsion angle of the drive train section essentially cor-
responds to torsion angle ¢,.

FIGS. 8 and 9 show two exemplary characteristics of a
modulated clutch torque over time in sections. Such a
modulated clutch torque may be used in order to counteract
juddering vibrations in a drive train.

It should be noted that the time axis that is represented in
FIGS. 8 and 9 is displaced in the vertical direction.

In FIGS. 8 and 9, characteristic 80 of the modulated clutch
torque has a first half shaft 82 and a second half wave 84.

Amplitude 86 of first half wave 82 is greater than ampli-
tude 88 of second half wave 84. This also becomes clear
based on an additional hypothetical half wave 90 depicted in
FIGS. 8 and 9, whose theoretical amplitude essentially
corresponds to that of first half wave 82. This half wave 90
is shown for comparison, although in another embodiment
of the invention a second half wave may also be like this,
like that of half wave 90.

Double arrow 92 indicates that the characteristic of sec-
ond half wave 82 may also be different, the amplitude of
second half wave 84 in particular being changed.

The embodiments according to FIGS. 8 and 9 are distin-
guished in particular by the inward or outward run of the
particular half waves 82, 84 of the vibrations.

In FIG. 8 takeoff 94, which is present at the beginning of
the period, is essentially such that the time axis or a line
parallel to the time axis is placed essentially in the form of
a tangent to the takeoff or the modulated clutch torque, as is
shown in region 96.

In a corresponding manner, the modulated clutch torque
according to FIG. 8 runs out at the end of the period in such
a manner that the time axis or a line parallel to the time axis
is placed essentially in the form of a tangent to runout 98 or
the modulated clutch torque, as is shown in region 100.

In the design according to FIG. 9, the takeoff 94 or the
runout 98 at the beginning or end of a period is formed
differently, and specifically such that the time axis or an axis
parallel thereto is disposed at an angle to the particular
tangent in the region of takeoff run 94 or runout 98. This is
shown in regions 102 and 104.

What is claimed is:

1. A method for reducing juddering vibrations in a motor
vehicle drive train that is loadable by a drive device com-
prising an internal combustion engine, a clutch device and a
transmission device, said method comprising the steps of:

(i) determining whether juddering vibrations are present;

(ii) disposing or coupling in or to the motor vehicle drive

train a device selected from the group consisting of an
internal combustion engine, a clutch device and a
transmission device;

(iii) assigning a rotary parameter to a drive train compo-

nent, wherein said parameter is torque or speed, and

(iv) adjusting at least one of said devices to counteract the

juddering vibrations, where in response to the adjust-
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ing, the rotary parameter is modified and in response to
modifying the rotary parameter, the juddering vibration
is modified over time.

2. The method as described in claim 1, wherein the
adjusting further comprises modulating torque that is trans-
missible by the clutch device and/or clutch control travel to
counteract the juddering vibration.

3. The method as described in claim 2, wherein the
adjusting further comprises sinusoidally modulating torque
transmissible by the clutch device and/or the clutch control
travel.

4. The method as described in claim 2, wherein the
juddering vibration comprises at least one predetermined
time characteristic and the drive train comprises a compo-
nent having at least one parameter, said method comprising
the step of calculating said at least one predetermined
parameter of the time characteristic and/or calculating said
at least one parameter of the drive train component.

5. The method as described in claim 4, which comprises
the step of calculating a first phase and/or amplitude and/or
period of the juddering vibration as a function of transmis-
sion input speed.

6. The method as described in claim 4 comprising the step
of calculating a first phase and/or amplitude and/or period of
modulation of clutch control travel and/or of transmissible
clutch torque as a function of transmission input speed.

7. The method as described in claim 4 comprising the step
of measuring transmission input speed.

8. The method as described in claim 7, wherein measuring
the transmission input speed is performed at set time inter-
vals.

9. The method as described in claim 4, wherein calculated
transmission input speed comprises a first at least one local
extremum, a first at least one local maximum, said method
further comprising the step of calculating a second period
and/or phase and/or amplitude as a function of the first at
least one local extremum.

10. The method as described in claim 6 comprising the
step of calculating a second period and/or phase and/or
amplitude for the modulated torque that is transmissible by
the clutch device and/or of the modulated clutch control
travel as a function selected from the group consisting of the
calculated period, the phase, the amplitude of the juddering
vibration, and the transmission input speed.

11. The method as described in claim 4, wherein the
juddering vibration comprises a parameter and transmission
input speed comprises a time characteristic, said method
comprising the step of determining the parameter and/or of
the time characteristic via an estimate and/or measurement
and/or calculation in a first step; and determining the param-
eter in a second step as a function of the determination of the
first step for the improvement and/or monitoring of the
precision of the parameter calculated in the first step.

12. The method as described in claim 11 wherein the
calculated transmission input speed comprises a second at
least one local extremum and a time position and where the
parameter comprises the second at least one local extremum
or the timing position of the second at least one local
extremum.

13. The method as described in claim 4 wherein the
juddering vibration comprises a third at least one local
extremum, especially a third at least one local maximum,
with a first actual position; and the method further compris-
ing: measuring or evaluating transmission input speed to
provide speed signals at timed intervals, the signals com-
prising a fourth at least one local extremum, especially a
fourth at least one local maximum, with a second actual
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position; calculating, in a first step, the timing position of the
fourth at least one local extremum, in particular a local
extremum in the time characteristic that last occurred; and,
calculating and/or further approximating, in a second step,
the first and/or second actual position.

14. The method as described in claim 13, which comprises
the step of calculating the time interval or time deviation
between the fourth at least one local extremum and the first
and/or second actual position.

15. The method as described in claim 8, which comprises
the step of calculating in a first step a phase angle of the
juddering vibration and/or the time characteristic of the
transmission input speed, in particular, calculating a local
extremum, especially a local maximum of the transmission
input speed, where the transmission input speed signals are
provided at timed intervals, and calculating in a second step,
the deviation between the phase angle detected in the first
step and the actual phase angle and/or the deviation of a
local extremum calculated in the first step by the actual
extremum.

16. The method as described in claim 15 wherein calcu-
lating the deviation comprises the step of considering that in
the first step, speed signals set at timed intervals, and/or
measuring accuracies are used that are made necessary via
the speed measurement in the first step.

17. The method as described in claim 15, wherein a
prescribed control or evaluation, especially a measured
value evaluation, occurs once within a prescribed time
window (T,,,), and the method comprises the step of pro-
viding or considering a prescribed measured value or mea-
sure value pair of a prescribed parameter, such as a trans-
mission input speed, for this time window and considering
the provision or consideration of the prescribed value in the
calculation of the deviation.

18. The method as described in claim 15, wherein calcu-
lating the deviation comprises the further step of considering
any increase of the transmission input speed that is essen-
tially independent of the juddering vibration.

19. The method as described in claim 15 wherein calcu-
lating the deviation comprises the step of using a parameter
selected from the group consisting of interrupt time T,,,, said
interrupt time T,,, being the duration of a time period in
which an evaluation, especially a measured value evaluation
of angular speed of a transmission input shaft, occurs once
and is provided for the one measured value or measured
value pair; median, the median indicating the focal point of
predetermined measured value pairs, and in particular from
assignments of the angular speed of the transmission input
shaft to instants at which these angular speeds are present;
an instant (T, ) that is present if a local extremum, espe-
cially a local maximum, related to rotary or angular speed
signals of the transmission input shaft provided at timed
intervals, which was detected as required in a first step, is
present or is assigned to it; local extremum, especially a
local maximum (w,,,.) that is related to rotary or angular
speed signals of the transmission input shaft, which in some
cases was detected in a first step; amplitude of juddering
vibration (A) and in particular last amplitude of the judder-
ing vibration; frequency of the juddering vibration
(0 Grapping)/(2¥m)); total (average) slope of the angular speed
of the transmission input shaft (B); and, angle between two
teeth of a travel sensor (9,,,;,.)-

20. The method as described in claim 14, which comprises
the steps of determining or approximating via the calculated
deviation, an actual local extremum, especially a maximum,
of an angular speed of a transmission input shaft and/or
determining or approximating the actual phase of the angu-
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lar speed of the transmission input shaft that is moved, also
in a vibratory manner, during the juddering.

21. The method as described in claim 15, which comprises
the steps of modulating a reference clutch control travel
and/or torque transmissible by the clutch transmission using
the phase angle calculated in the first step, and in particular
the phase angle of the angular speed of the transmission
input shaft and/or the juddering vibration.

22. The method as described in claim 15, which comprises
the steps of using a phase angle of the rotary speed and/or
the angular speed of the transmission input shaft and/or of
the juddering vibration that is at least approximated in a
second step to the actual phase angle of this transmission
input speed and/or of the juddering vibration; and/or using
the deviation for the modulation of the reference clutch
control travel and/or of the torque transmissible by the
clutch device.

23. The method as described in claim 14, which comprises
the steps of changing the period of modulation of reference
clutch control travel and/or of the torque transmissible by
the clutch device, and in particular in order to at least further
approximate the phase angle of this modulated reference
clutch control travel and/or torque transmissible by the
clutch device to the actual phase angle of the speed of the
transmission input shaft, using the time deviation of the time
position between an extremum calculated in a first step,
especially a local maximum, of the transmission input speed
and a value for a local extremum at least approximated in a
second step to the time position of an actual extremum,
especially a maximum.

24. The method as described in claim 23, wherein chang-
ing the period of the modulation comprises changing the
period of the modulation of the reference clutch control
travel and/or of the torque transmissible by the clutch device
in such a manner that the period is extended or shortened for
a period by this deviation.

25. The method as described in claim 21, which comprises
modulating the reference clutch control travel and/or the
torque transmissible by the clutch device as a function of the
detected local extremum, especially local maximum, and/or
of its time position and/or of a calculated deviation in order
to counteract the juddering vibrations.

26. The method as described in claim 1, wherein adjusting
the device (iv) is performed by changing the position of a
drive train component to counteract detected juddering
vibrations, where the position change is prescribed accord-
ing to a predetermined function, especially a time function,
that has a ramp function; and, in response to changing the
position, changing a rotary parameter of a drive train com-
ponent.

27. The method as described in claim 1 comprising
determining whether there are juddering vibrations in a
motor vehicle drive train; changing the position of a device
to counteract juddering vibrations, whereby the juddering
vibrations are counteracted by the change in the position of
the device in first time segments and the change in the
position of the device is interrupted in second time segments
so that the system may vibrate freely in these two time
segments; and, in response changing the position of this
device, changing a rotary parameter of a drive train com-
ponent.

28. The method as described in claim 26 wherein the
device is the clutch device; and the method comprises
modulating the torque transmissible by the clutch device
and/or the clutch control travel, especially a reference clutch
control travel, in order to counteract the juddering vibra-
tions.
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29. The method as described in claim 28, wherein the
ramp function comprises a section in which a ramp is run up
from a starting value to a value and a section situated later
in time in which a ramp is driven back down from this value
to a final value and in particular to a final value that
corresponds to the starting value.

30. The method as described in claim 29, wherein the
ramp function comprises at least one first section in which
a ramp is driven up from a starting value to a value and at
least one second section subsequent to the first section in
which the ramp function is held to this constant value, and
at least one third section in turn succeeding the second in
which the ramp function is driven down from the constant
value to a final value, and in particular to a final value that
corresponds to the starting value.

31. The method as described in claim 30, wherein the
constant value is essentially equal to “one”.

32. The method as described in claim 31, wherein the
starting value and the final value of the ramp function in
each case equals “zero”.

33. The method as described in claim 32, which comprises
specifying the modulated clutch control travel as a function
of an adjustment factor and in particular as a function of an
adjustment constant.

34. The method as described in claim 33, which comprises
specifying the modulated clutch control travel as a function
of an amplitude of the juddering vibrations and in particular
as a function of the last amplitude found.

35. The method as described in claim 34, which comprises
determining the modulated clutch control travel as a func-
tion of a sine function and in particular as a function of a sine
function that depends on frequency of the judder and/or of
time and/or of a determined phase shift between juddering
vibration and the characteristic of the travel modulation.

36. The method as described in claim 34, which comprises
determining the modulated clutch control travel as a func-
tion of an amplitude of the juddering vibration and as a
function of a sine function, the amplitude being updated at
the zero crossing of the sine function and in particular as a
function of the transmission input speed.

37. The method according to claim 26, wherein adjusting
the device (iv) is performed by alternately changing the
position of a device selected from the group consisting of the
transmission device and the clutch device, especially clutch
control travel modulation, in first time segments and the
excluded change of this position in second time segments
until it detecting that the amplitude of the juddering vibra-
tion is smaller than a prescribed shutoff threshold.

38. The method as described in claim 37, wherein the
duration of the first time segments corresponds to between
one and five judder periods, especially two to three judder
periods.

39. The method as described in claim 37, which comprises
specifying the modulated clutch control travel as a function
of a phase shift between the juddering vibration and the
characteristic of the actual travel modulation and/or as a
function of a sine function that is a function of the phase
shift; and, updating a current phase shift in two time periods.

40. The method as described in claim 37, which comprises
specifying the modulated clutch control travel as a function
of a phase shift between the juddering vibration and the
characteristic of the actual travel modulation and/or as a
function of a sine function that is a function of this phase
shift; and, considering a current phase shift in first time
periods for the clutch control travel modulation as a constant
and in particular at least partially corresponding to a value
that was calculated of a previous second period.



US 7,299,120 B2

27

41. The method as described in claim 1, which comprises
the steps of determining whether juddering vibrations are
present in a motor vehicle drive train; disposing a clutch
device in this drive train that can be operated in a slip mode;
and modulating the torque transmissible by the clutch device
and/or of the clutch control travel to counteract the detected
juddering vibrations, whereby the modulation is such that
there is control of a modulated reference clutch torque,
which is specified as the difference between the unmodu-
lated clutch torque and a product, whereby this product,
furthermore, has a first factor that is a function of the angular
speed of a clutch plate and/or the angular speed of a
transmission input shaft and/or the angular speed of a wheel
of the motor vehicle and/or a ratio that is assigned to a gear
which is shifted in a transmission device disposed in a drive
train, and whereby, furthermore, this adjustment constant is
a function of parameters of the vibrating drive train system
and/or of parameters that describe or at least assist in
describing the friction characteristic of the clutch device.

42. The method as described in claim 1, which comprises
determining whether juddering vibrations are present in a
motor vehicle drive train; disposing a clutch device in this
drive train that can be operated in a slip mode; and,
modulating torque transmissible by the clutch device and/or
the clutch control travel to counteract detected juddering
vibrations, whereby the modulation is such that there is
control of a modulated reference clutch torque, which is
specified as the difference between unmodulated clutch
torque and a product, whereby this product, furthermore, has
a first factor that is a function of the angular speed of a clutch
plate and/or the angular speed of a transmission input shaft
and/or the angular speed of a wheel of the motor vehicle
and/or a ratio that is assigned to a gear which is shifted in a
transmission device disposed in a drive train, and whereby,
furthermore, this adjustment constant is a function of the
reference clutch torque and/or of a nominal clutch torque
that is calculated assuming a nominal friction value and/or
is a function of a calculated slip.

43. The method as described in claim 41, wherein the
adjustment constant is a function of a function that describes
how the coeflicient of friction of the clutch device changes
via the slip of the clutch device, and/or a function of the time
derivative of such a function.

44. The method as described in claim 41, wherein the
adjustment constant is a function of period T of the judder-
ing vibration.

45. The method as described in claim 41, wherein the
adjustment constant is a function of the moment of inertia of
a clutch plate and/or of the transmission input.

46. The method as described in claim 41, wherein the
adjustment constant is a function of a nominal coefficient of
friction of the clutch device.

47. The method as described in claim 41, wherein the
adjustment constant is a function of a quotient of two
amplitudes of the juddering vibration that follow one after
the other in time sequence and in particular of the logarithm
of such a quotient.

48. The method as described in claim 26, which comprises
building up the ramp to its target value within approximately
one period of the juddering vibration.

49. The method as described in claim 1, which comprises
determining whether juddering vibrations are present in a
motor vehicle drive train; disposing a clutch device within
the drive train that is operable in a slip mode; and, modu-
lating the torque transmissible by the clutch device and/or of
the clutch control travel to counteract detected juddering
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vibrations, whereby this modulation is such that the modu-
lation is carried out in different sections according to a
different characteristic.

50. The method as described in claim 1, which comprises
determining whether juddering vibrations are present in a
motor vehicle drive train; disposing a clutch device within
the drive train that is operable in a slip mode; and, modu-
lating the torque transmissible by the clutch device and/or of
the clutch control travel to counteract detected juddering
vibrations, whereby this modulation is such that it is
designed in a vibratory manner and has a first half wave and
as required a second half wave whereby the amplitude of the
first half wave is greater than the amplitude of the second
half wave.

51. The method as described in claim 50, which comprises
interrupting or terminating the modulation according to the
second half wave, and calculating the phase of the juddering
vibration, and in particular via at least one local extremum,
such as a local maximum, of the juddering vibration and/or
of the transmission input speed.

52. The method as described in claim 50, wherein the
amplitude of the second half wave is equal to zero.

53. The method as described in claim 51, which comprises
interrupting or terminating the modulation according to the
first half wave and, calculating the phase of the juddering
vibration, and in particular via at least one local extremum,
such as a local maximum, of the juddering vibration and/or
of the transmission input speed.

54. The method as described in claim 50, wherein the first
half wave and/or the second half wave is a half wave of a
sinusoidal vibration.

55. The method as described in claim 2, which comprises
starting the modulation with a phase shift in relation to the
juddering vibration.

56. The method as described in claim 55, which comprises
detecting a local extremum, especially a local maximum, of
the juddering vibration; and, in response thereto starting the
modulation.

57. The method as described in claim 2, which comprises
the steps of forming the modulation in such a manner that a
tangent of the time characteristic of the modulation of the
transmissible torque and/or of the clutch control travel at the
beginning and/or at the end of a half wave runs essentially
parallel to the time axis.

58. The method as described in claim 1, which comprises
the steps of determining whether juddering vibrations are
present in a motor vehicle drive train; disposing a clutch
device within the drive train that is operable in a slip mode,
and modulating the torque transmissible by the clutch device
and/or the clutch control travel to counteract detected jud-
dering vibrations, wherein the modulation is such that the
modulation is determined as a function of the juddering
vibration and/or the parameters describing the juddering
vibration and/or a function describing the juddering vibra-
tion and as a function of prescribed boundary conditions.

59. The method as described in claim 58, which comprises
the step of describing the juddering vibration especially as a
function of the torsion angle of a predetermined drive train
section.

60. The method as described in claim 58, which comprises
the steps of prescribing the characteristic of the modulation
as a function of variables, and prescribing these variables at
least partially on the basis of the boundary conditions.

61. The method as described in claim 58, wherein a
boundary condition comprises the torsion angle at the instant
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“zero” corresponding to the difference between the torsion
angle that would be present in the given load scenario while
disregarding the juddering vibration and the angle amplitude
corresponds to the juddering vibration.

62. The method as described in claims 58, wherein a
boundary condition comprises the time derivative of the
torsion angle at the “zero” instant being equal to “zero”.

63. The method as described in claim 58, wherein a
boundary condition comprises a torsion angle at the instant
of the half period of the juddering vibration corresponding
to the torsion angle that would be present in the given load
scenario while disregarding the juddering vibration.

64. The method as described in claim 58, wherein a
boundary condition comprises the time derivative of the
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torsion angle at the instant of the half period of the juddering
vibration being equal to “zero”.

65. The method as described in claim 58, wherein the
period of the modulation of the torque transmissible by the
clutch device and/or of the clutch control travel corresponds
to the half period of the juddering vibration.

66. The method as described in claim 58, which comprises
the steps of modulating the torque transmissible by the
clutch device and/or the clutch control travel by an amount
corresponding to a function a*sin(co*t), a being a factor,
wcorresponding to 2% times the frequency of the modula-
tion vibration and t being the time.
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