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1
METHOD FOR OPERATING AN
AUTOMATED DUAL-CLUTCH
TRANSMISSION

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application is filed under 35 U.S.C. §120 and §365(c)
as a continuation of International Patent Application No.
PCT/DE2011/001512 filed Jul. 26, 2011 and claims priority
of German Patent Application No. 10 2010 034 093.6 filed
Aug. 12, 2010, which applications are incorporated herein by
reference to their entireties.

FIELD OF THE INVENTION

The invention relates to a method for operating an auto-
mated dual-clutch transmission having two sub-transmis-
sions, with which shafts are associated, which transmit a/no
torque as active/inactive shafts when a sub-clutch is engaged/
disengaged and a gear is engaged/disengaged, the size and
direction of the torque being dependent on the particular gear
that is engaged, wherein even gears are associated with an
even shaft and odd gears are associated with an odd shaft.

BACKGROUND OF THE INVENTION

From German published patent application DE 101 09 662
Al amethod is known for controlling a dual-clutch transmis-
sion having two sub-transmissions, wherein a forward gear
associated with the one sub-transmission and a reverse gear
associated with the other sub-transmission are kept con-
stantly engaged.

BRIEF SUMMARY OF THE INVENTION

In dual-clutch systems with dry or wet clutches, vibrations
increasingly occur on the transmission input side. This is
caused by unwanted clutch juddering. This juddering prefer-
ably takes place at the first natural frequency of the drivetrain
with the clutch disengaged, and lies for example in a range
between three and twenty hertz. The juddering causes chatter
vibrations, which are perceptible to a driver and impair driv-
ing comfort. The invention proposes various measures to
prevent the occurrence of unwanted chatter vibrations as
much as possible.

The frequency at which the clutch juddering occurs is
dependent in part on whether or which gears are engaged in
the dual-clutch transmission. Here, in the dual-clutch trans-
mission, the odd gears 1, 3, 5 are assigned to a shaft that is
referred to as the odd shaft. The even gears 2, 4 and 6 are
assigned to a different shaft, which is referred to as the even
shaft. The shaft on which torque is currently being transmit-
ted is also referred to as the active shaft. By analogy, the shaft
without torque transmission is referred to as the inactive shaft.

For example, if the first gear is engaged (odd, active shaft)
and the second gear is disengaged (even, inactive shaft), then
the juddering frequency is around seven hertz. If, for
example, the first gear is disengaged (odd, inactive shaft) and
the second gear is engaged (even, active shaft), then the
juddering frequency is around thirteen hertz. If both gears are
engaged, that is, if neutral is not preselected in any gear, then
the juddering frequency is around five hertz. If the first gear is
used in this case to drive off slowly, then the odd shaft would
be the active shaft. The even shaft assigned to the second gear
would be the inactive shaft, even if the second gear is
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engaged. Engaging both gears reduces the resonant fre-
quency, due to the coupled masses.

In the event of geometric errors, a critical speed differen-
tial, that is, a slippage between an engine speed and a trans-
mission input speed can be easily determined from the exci-
tation frequency. In the cases described above, depending on
the gear, a resonance slip speed occurs at three hundred revo-
Iutions per minute (five hertz), four hundred and twenty revo-
Iutions per minute (seven hertz) and seven hundred and eighty
revolutions per minute (thirteen hertz). This knowledge is
used, according to another aspect of the invention, to optimize
the activation strategy of the dual-clutch transmission.

When driving off in first gear, a gear is first engaged on the
even but inactive shaft, for example the second gear or the
reverse gear. That shifts/reduces the resonance slip speed to
three hundred revolutions per minute. At the right moment,
before this critical slip speed is reached, the even gear is
disengaged.

Fifty to one hundred revolutions per minute are used, for
example, as the safety margin Ndiff_safety; that is, the even
gear is disengaged at a slip speed of about three hundred and
fifty revolutions per minute. That increases the critical slip
speed to four hundred and twenty revolutions per minute. Of
course, the slip speed has already been reduced to three hun-
dred and fifty revolutions per minute. The slip speed is further
reduced by the creep strategy. The difference depends on the
natural frequency. The measures described above prevent
operation of the creep functionality in the range of the exist-
ing drivetrain resonances.

The object of the invention is to prevent unwanted chatter
during the operation of an automated dual-clutch transmis-
sion.

The object is fulfilled in the case of a method for operating
an automated dual-clutch transmission having two sub-trans-
missions, with which shafts are associated, which transmit
a/no torque as active/inactive shafts when a sub-clutch is
engaged/disengaged and a gear is engaged/disengaged, the
size and direction of the torque being dependent on the par-
ticular gear that is engaged, wherein even gears are associated
with an even shaft and odd gears are associated with an odd
shaft, in that when an odd/even gear is engaged, in other
words when the odd/even shaft is active, a gear is also initially
engaged on the inactive even/odd shaft, in order to change a
critical resonance slip speed. The frequency at which
unwanted chatter occurs is dependent in part on whether and
which gears are engaged. In the event of geometric errors, the
critical resonance slip speed can be determined from the
excitation frequency. This knowledge is used, according to an
essential aspect of the invention, to optimize the activation
strategy.

A preferred exemplary embodiment of the method is char-
acterized in that below/above the critical resonance slip speed
the vehicle is always driven without neutral being pre-se-
lected. With neutral not pre-selected, a gear is engaged on the
even and the odd shafts.

Another preferred exemplary embodiment of the method is
characterized in that above/below the critical resonance slip
speed the gear on the inactive shaft is always disengaged. The
gear on the active shaft remains engaged.

Another preferred exemplary embodiment of the method is
characterized in that when driving off slowly in a first gear,
i.e., with the odd shaft active, a gear is also initially engaged
on the even shaft, in order to reduce the critical resonance slip
speed. The resonance slip speed is reduced by the greater
moving mass.

Another preferred exemplary embodiment of the method is
characterized in that when driving off slowly in first gear a
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second gear or a reverse gear is initially engaged on the even
shaft, in order to reduce a critical resonance slip speed. Alter-
natively, a fourth gear may also be engaged. When driving off
slowly in first gear, however, within the framework of the
present invention it has proven particularly advantageous to
engage the second gear or the reverse gear.

Another preferred exemplary embodiment of the method is
characterized in that the gear which is initially engaged on the
even/odd shaft is disengaged before the critical resonance slip
speed is reached. That increases the critical resonance slip
speed.

Another preferred exemplary embodiment of the method is
characterized in that the gear which is initially engaged on the
even/odd shaft is disengaged about fifty to one hundred revo-
Iutions before the critical resonance slip speed is reached.
That creates an adequate safety margin.

Another preferred exemplary embodiment of the method is
characterized in that a target speed is changed in order to
avoid ranges with a critical resonance slip speed. In the case
of the target speed for the creep algorithm, one refers for
example to a transmission input speed. Alternatively, the tar-
get speed may also refer to a transmission output speed, or to
a vehicle velocity converted to a speed of rotation.

Another preferred exemplary embodiment of the method is
characterized in that the critical resonance slip speed is stored
in a software element, and is used to obtain a limiting speed.
The limiting speed preferably has a safety margin relative to
the critical resonance slip speed.

Another preferred exemplary embodiment of the method is
characterized in that the target speed is raised at least to the
value of the limiting speed. In principle, a lowering of the
target speed is also conceivable, for example if a second
limiting speed is calculated. The second limiting speed is then
lower than the critical resonance slip speed.

BRIEF DESCRIPTION OF THE DRAWINGS

Additional advantages, features and details of the invention
can be seen from the following description, in which various
exemplary embodiments are described in detail with refer-
ence to the drawing. The figures show the following:

FIG. 1 is an overview of critical speed ranges, on the basis
of a Cartesian coordinate diagram; and,

FIG. 2 illustrates the adjustment of a target speed when
creeping so as to avoid resonances, on the basis of another
Cartesian coordinate diagram.

DETAILED DESCRIPTION OF THE INVENTION

FIG. 1 depicts graphically the previously described cir-
cumstances on the basis of a Cartesian coordinate diagram
having an x-axis and a y-axis. On the x-axis the time is plotted
in one-second steps between four and fourteen seconds. On
the y-axis the speed is plotted in revolutions per minute
between zero and two thousand in steps of two hundred rpm.
A diagonally hatched area corresponds to a slip resonance
speed of three hundred revolutions per minute. A vertically
lined area corresponds to a slip resonance speed of four hun-
dred and twenty revolutions per minute. At about eight sec-
onds a switchover is made, so that no resonances Occur.

An engine speed is designated as NEng. An input speed is
designated as NInp. A slip speed, or resonance slip speed, is
designated as NSlip. For each active gear, first of all the
critical slip speeds are calculated as follows, with a safety
margin Ndiff_safety.

Ndiff,GearxoN=NSlipResonance(gear, without neutral
preselected )+Ndiff_safety
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Ndiff,GearxmN=NSlipResonance(gear, with neutral
preselected)+Ndiff safety

The following applies for operation with/without neutral
preselected on the active shaft:

Below a critical speed Ndiff,crit the vehicle is always
driven without neutral preselected (gears are engaged on both
shafts); above this critical speed neutral is preselected; that is,
there the gear of the inactive shaft is disengaged. The follow-
ing is used to determine the value Ndiff,crit:

If: (Niff,GearsmN>=Ndiff,GearxoN), then Ndiff,
crit=Ndiff,GearxoN

If: (Ndiff,GearsmN<Ndiff,GearxoN), then Ndiff,crit=
(NVdiff,GearxmN-Ndiff,GearxoN)/2

An additional improvement regarding the prevention of
critical resonance slip speeds can be achieved through appro-
priate correction/adjustment of a target rotational speed/tar-
get velocity when creeping, as indicated in FIG. 2. In FIG. 2
an engine speed is designated with NEng. A target speed is
designated with NInpTgt. A limiting speed is designated with
NLimit. An input speed is designated with Nlnp. A critical
speed, or critical resonance speed, is designated with NCerit.

Inthe following description, all of the rotational speeds are
in reference to the transmission input speed. Alternatively, all
values without limitations can instead also be referenced to
the transmission output speed, or a converted vehicle velocity.

The engine speed NEng of an internal combustion engine
can assume different idling values depending on the situation
(cold operation, operation with air conditioning, etc.). This
can result in the fixed target speed NInpTgt for the velocity
regulation when creeping in the range of a critical resonance
speed NCerit.

According to the invention, it is now proposed that the
critical resonance speeds are avoided in the software by
changing the target speed NinpTgt. This is done by first
storing the critical resonance slip speeds NSlipResonance
(Gear) for each gear in the software. From these a limiting
speed NLimit is then calculated, which also has a certain
safety margin Nmin relative to the resonance speed:

NLimit=NEng-NSlipResonance(Gear)+Nmin

NCrit=NEng-NSlipResonance(Gear)

During operation it is now possible to test whether the
target speed NinpTgt is below the calculated limiting speed
NLimit. If this is the case, the target speed is increased to at
least the value of this limiting speed (FIG. 2). An adjustment
to NLimit (increase) is always favorable here, so as not to
simultaneously increase the demand on the clutch unneces-
sarily.

In principle, a lowering is also conceivable, however,
because a second limiting speed NLimit2 can also be calcu-
lated:

NLimit=NEng-NSlipResonance(Gear)-Nmin

The second limiting speed is then lower than the resonance
speed. However, the second limiting speed has increased slip
speeds, which can have a detrimental effect on the clutch life.

REFERENCE VARIABLES

NEng=engine speed

Nlnp=input speed

NSlip=resonance slip speed

Ndiff_GearxmN=critical slip speed without neutral prese-
lected

Ndiff_GearxoN=critical slip speed with neutral preselected
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NlInpTgt=target speed
NLimit=limiting speed
NCrit=resonance speed

What is claimed is:

1. A method for operating an automated dual-clutch trans-
mission having two sub-transmissions with which shafts are
associated, which transmit a/no torque as active/inactive
shafts when a sub-clutch is engaged/disengaged and a gear is
engaged/disengaged, respectively, the size and direction of
said torque being dependent on the particular gear that is
engaged, wherein even gears are associated with an even shaft
and odd gears are associated with an odd shaft, wherein when
an odd/even gear is engaged, in other words when the odd/
even shaft is active, a gear is also initially engaged on the
inactive even/odd shaft, respectively, in order to change a
critical resonance slip speed.

2. The method recited in claim 1, wherein below/above the
critical resonance slip speed the vehicle is always driven
without neutral being pre-selected.

3. The method recited in claim 1 wherein above/below the
critical resonance slip speed the gear on the inactive shaft is
always disengaged.
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4. The method recited in claim 1 wherein when driving off
slowly in a first gear, i.e., with the odd shaft active, a gear is
also initially engaged on the even shaft, in order to reduce the
critical resonance slip speed.

5. The method recited in claim 4 wherein when driving off
slowly in first gear a second gear or a reverse gear is initially
engaged on the even shaft, in order to reduce a critical reso-
nance slip speed.

6. The method recited in claim 1 wherein the gear which is
initially engaged on the even/odd shaft is disengaged before
the critical resonance slip speed is reached.

7. Therecited in claim 6 wherein the gear which is initially
engaged on the even/odd shaft is disengaged about fifty to one
hundred revolutions before the critical resonance slip speed is
reached.

8. The method recited in claim 1 wherein a target speed is
changed in order to avoid the critical resonance slip speed.

9. The method recited in claim 8 wherein the critical reso-
nance slip speed is stored in a software element, and is used to
obtain a limiting speed.

10. The method recited in claim 9 wherein the target speed
is raised at least to the value of the limiting speed.
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