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(57) ABSTRACT

The invention relates to a method for carrying out gear
shifting in a twin-clutch gearbox comprising at least two
gearbox input shafts which are respectively coupled to the
engine by means of a clutch. According to the invention,
after recognizing a desire to change gear, the clutch associ-
ated with the active torque transmitting gearbox input shaft
is opened until the slip limit is reached and the engine torque
is controlled according to the type of shifting in order to
achieve the vehicle acceleration desired by the driver.
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METHOD FOR CARRYING OUT GEAR
SHIFTING IN A TWIN-CLUTCH GEARBOX

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/DE03/00643, filed Feb. 28, 2003, which application is
incorporated herein by reference. This application also
claims priority of German Patent Application No. 102 09
917.0, filed Mar. 7, 2002, which application is incorporated
herein by reference.

BACKGROUND OF THE INVENTION

The invention relates to a method for carrying out gear
shifting in a twin-clutch transmission comprising at least
two transmission input shafts, each of which is coupled via
a clutch to the engine.

Twin-clutch transmissions are known from vehicle tech-
nology. A twin-clutch transmission preferably has two trans-
mission input shafts, each of which is coupled to the engine
shaft via a clutch. With the method for carrying out gear
shifting, it is possible to change from one gear ratio to the
next higher or lower gear ratio in a twin-clutch transmission
without interrupting the tractive force.

OBIJECTS OF THE INVENTION

The object of the invention is to propose a method for
carrying out gear shifting in a twin-clutch transmission with
which crossover shifts can be carried out that are as com-
fortable as possible.

This objective may be achieved according to the invention
by a method for carrying out gear shifting in a dual-clutch
transmission comprising at least two transmission input
shafts, each of which is coupled via a clutch to the engine
shaft, in which method, after the recognition of a shift desire,
the clutch assigned to the active torque-transmitting trans-
mission input shaft up to the slip limit and in which method
the engine torque is controlled as a function of the type of
shifting in order to achieve a vehicle acceleration desired by
the driver.

Accordingly, it is the aim of the shifting strategy to enable
a comfortable shifting from one transmission shaft to the
other transmission shaft. The shifting comfort is affected by
the smooth vehicle acceleration during shifting. This means
that significant and sudden changes of the drivers’s desire to
accelerate or in the desired wheel torque are prevented in an
advantageous manner.

SUMMARY OF THE INVENTION

With the proposed method, preferably only two slip-to-
grip transitions are implemented. For example, one transi-
tion can be provided while the disengaged clutch is disen-
gaged and another transition can be provided while the new
clutch is engaged. The engine torque can be actively
employed for increasing or decreasing in order to ensure
smooth slip-to-grip transitions on the clutches so that the
engine speed can be controlled in order to achieve the
slipping during the shifting and to improve the engine
synchronization with respect to the speed of the new trans-
mission input shaft. Thus, it is possible to facilitate quick
and comfortable gear ratio changes with the method accord-
ing to the invention, especially in an ESG twin-clutch
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transmission. This is particularly the case via the appropriate
control of the clutches and engine torque.

Within the context of an advantageous design of the
invention, it may be provided that an additional torque can
be used to reach the vehicle acceleration desired by the
driver. Preferably, the torque of an electric motor or the like
can be used. Thus, the torque control for the output torque
is preferably supported on the new transmission input shaft
by the active use of the electric motor during shifting. It is
especially preferred in the method according to the invention
that the required vehicle acceleration is determined as a
function of specific vehicle and/or transmission variables in
the control of the torque of the electric motor. In the torque
control, a target torque of the electric motor is calculated.
The calculated target torque of the electric motor can be used
if the target torque, for example, is within predetermined
minimum and maximum limit values.

According to a next further development, it is also con-
ceivable that, if the torque of the electric motor is not
sufficient, one of the clutches is also driven in such a manner
that the drivers’s desired vehicle acceleration is achieved.

A further development of the invention may provide that
the type of shifting and therefore also the type of loading of
the twin-clutch transmission is preferably determined before
the beginning of the shift. The determination of the type of
shifting is preferably carried out in the method according to
the invention in order to optimize gear changing as a
function of the type of shifting. However, it is also possible
that the determination of the type of shifting as a separate
method is used independent of the gear shifting strategy.
Thus, a method according to the invention is also provided
in which the determination of the power flow in a transmis-
sion is possible, especially in a dual clutch transmission. If
this method is used within the context of the proposed
twin-clutch shifting strategy, the comfort in gear shifting can
be further improved.

Accordingly, various methods are indicated for the deter-
mination of the power flow in the twin-clutch transmission,
with which it is determined whether a pull operation or push
operation is present in the transmission. Preferably, three
situations can be considered for twin-clutch gear shifting in
reference to which the determination of the power flow in
the drivetrain is possible. The pull/push estimate may pref-
erably be carried out directly before shifting, thus, before the
beginning of the clutch change, so that the result obtained is
advantageously as current as possible. It is also possible to
carry out this estimate at another suitable moment.

According to another design of the invention, three pos-
sible methods are presented as examples to determine the
loading state of the transmission.

According to a further development of the invention, the
state may be considered in which one clutch is disengaged
and the other clutch is slipping or gripping. In this case, by
linear reduction or the like of the clutch torque of the
torque-transmitting clutch, said clutch may be brought into
the slipping state if it is not already slipping. At the begin-
ning of the clutch slip phase, it can be decided whether the
drivetrain is under pull loading or push loading. If the slip
is positive on the clutch transmitting torque and, thus, the
engine speed w,,,. is greater than the speed of the active
transmission input shaft ©,,, .. there is a pull loading.
When there is negative slip, the transmission is under push
loading. Accordingly, the following conditions result:

Pull loading: 6, Z0;,,psqn(poSitive slip)

Pull loading: 0,,,g<0;,,q4(negative slip)
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According to another further development of the inven-
tion, the state in which a clutch grips may be considered. In
this sitvation, the entered engine torque T,,, and the
dypamic engine torque w,,,J,,, are considered. If engine
torque T, is greater than the dynamic engine torque
O 4yq Jeng> the transmission is in the pulling state, i.e., the
engine would be accelerated if he engaged clutch is disen-
gaged at this moment. In the reverse case, a pushing state
exists if, specifically, the entered engine torque T, is
smaller than the dynamic engine torque w,,,,,"J,,z» ©,,, being
the engine acceleration and J,,. being the moment of inertia
of the engine. From these the following conditions arise:

J

Pulling state: Tengéo.)mg- eng

Pushing state: T, <®,,.J

eng' Y eng

Finally, according to another design of the invention, the
state can be considered in which neither of the clutches is
gripping. In this situation, a pull mede may be defined by the
sum of the transmitted torque of the clutches being positive.
Transferred clutch torque

transferred
Taip

is equal to the minimum value from set clutch torque T, 5
and the slip limit of the clutch T ,;"%#. From these the
following conditions arise:

Trramfe rred

Pull loading: sign(Weng — ia - Wyenicte) - ia - Topa +

. . . trarsferred
Sigh (Weng — B~ Wyenicie) 18 Teip =0

transferred
rans

Push loading: sign (Weng — is - Wyenicte) " ia * Teia

. . . transferred
Sign (Weng — ip - Wyenicte ) 5 Teip <0

In this context, m,,;;,. is the vehicle speed, i, is the
overall gear ratio of the first transmission input shaft, i5 is
the overall gear ratio of the second transmission input shaft,

transferred
TclA

is the transferred clutch torque of the first clutch and

transferred
TclB

is the transferred clutch torque of the second clutch.

Using the indicated methods for the determination of the
pulling/pushing state, it is advantageously possible to use
the appropriate shifting strategy (pull-up shift, push-up shift,
pull-downshift or push-downshift) during a twin-clutch
shift. In this way, unnecessary changes from the pulling state
to the pushing state or vice-versa, and therefore also running
through the transmission lash, which can have a negative
effect on the comfort of the driver, are prevented. Conse-
quently, the impact on comfort is minimized by the pre-
sented twin-clutch strategy.

Within the context of a next design, the slip limits of the
two clutches may be determined by the method according to
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the invention. Preferably, the slip limit T, of the first
clutch (A) may be determined according to the following
formula:

Tyenicte ip

,- T+ 285 |7,
slip _ A A

TclA -

Teng = Jeng Jyenicte

J eng )
4

To evaluate or determine the slip limit, it is necessary to
know the running resistance T, of the vehicle or the
external vehicle torque T, .. Therefore, it may be pro-
vided according to another design of the invention presented
here that at least one possibly simple and precise method is
specified for the determination of the external vehicle torque
in the twin-clutch transmission.

To implement this strategy, the determination of external
vehicle torque T,_,,,. in the twin-clutch transmission is
necessary. Therefore, the external torques that affect the
vehicle, such as the air resistance, the friction resistance
between the road and the wheels, the incline of the road
(gravitational force of the motor vehicle while driving
up/down hills) and/or the operation of the vehicle brake are
taken into consideration.

If, for example, clutch A grips and clutch B is disengaged
or slips, external vehicle torque T may be determined
from the following equation:

vehicle

Jveticte
Tehicte = ia '[weng(Jeng +—

iy

]—ng+|l’.'§—1|-n,g]

According to a further development of the invention, the
state may also be considered in which first clutch A grips and
second clutch B is preferably disengaged. In this situation it
can be brought into the slipping state by linear reduction of
the clutch torque of torque-transmitting clutch A. In particu-
lar after the grip-to-slip transition of clutch A, the external
vehicle torque may be determined. It is also possible that the
external vehicle torque is determined after a slip-to-grip
transition. In these two methods, the external vehicle torque
results from the following equation:

1

Ia 'Jeng

Tyenicte =

sl : 2
(Jvenicte * Teng — $180{Weng — L4  Wyeticte}* 14 - Jeng + Jvenicie}  Tein)

Within the context of a further development, the state may
be considered in which none of the clutches is gripping. In
this case, the following equation produces the external
vehicle torque:

T, vehicle

Oy enicte™, :zehicle_Sign(O‘)eng_iA'('Uvehic[e)'iA T or4sign(0g,g—ip
Ovenicte) ip T eip
In the aforementioned equations, o
(0, erscr 18 the vehicle speed, o, is the engine acceleration,
©,.5:070 18 the vehicle acceleration, T,,, is the engine torque,
J ong 15 the moment of inertia of the engine, i, is the overall
gear ratio of the first, old transmission input shaft, i is the
overall gear ratio of the second, new transmission input

g 15 the engine speed,



US 7,094,176 B2

5

shaft, T ,, is the transmitted clutch torque of the first, old
clutchand T_,; is the transmitted clutch torque of the second,
new clutch.

In the strategy presented here for determination of the
external vehicle torque in a twin-clutch transmission, it is
especially advantageous that in this way the calculations of
the slip limits of the clutches are possible and, thus, the
implementation of the method of the invention for carrying
out gear shifting in the transmission control in the simplest
possible way is possible.

It is conceivable that the method for determination of the
external vehicle torque T, ;. 15 also used independent of
the proposed shifting strategies.

In the method of the invention for carrying out gear
shifting, four main shifting situations can be distinguished
according to another design of the invention:

Pull upshifts, an upshift being transmitted with positive
torque from the engine to the output torque. Conse-
quently, the engine pulls the vehicle (normal type of
upshift).

Push upshift: upshift with negative torque that is trans-
mitted from the engine to the output torque. Conse-
quently, the engine pushes the vehicle (e.g., upshift
while driving downhill after an acceleration).

Pull downshift: downshift with positive torque that is
transmitted from the motor to the output. Consequently,
the engine pulls the vehicle (e.g., kickdown).

Push downshift: downshift with negative torque that is
transmitted from the motor to the output. Consequently,
the engine pushes the vehicle (normal type of down-
shift).

In the method of the present invention, different shifting
strategies are used as a function of the particular type of
shifting that is present.

In the context of a further development, the engine torque,
for example, can be increased during an upshift in pulling
mode or a pulling upshift in order to form a slip reserve and
keep the engine speed above the speed of the old transmis-
sion input shaft that is assigned to the starting gear. After
that, for example, the old clutch that is assigned to the
starting gear can be disengaged with a constant ramp func-
tion, and the new clutch that is assigned to the target gear can
be engaged with the same ramp function, the engine torque
being reduced to a minimum in order to synchronize the
engine speed with the speed of the new transmission input
shaft that is assigned to the target gear, and the torque of the
electric motor being driven in such a manner that the vehicle
acceleration desired by the driver is achieved.

A next design of the invention may provide that the engine
torque is reduced to a minimum during an upshift in push
mode or push upshifting in order to synchronize the engine
speed with the speed of the new transmission. After that, the
vehicle acceleration can be driven using the old clutch. If the
engine speed drops below the speed of the new shaft, the old
clutch can be disengaged and the new clutch can be engaged
with a constant ramp function. Finally, the torque of the
electric motor can be driven in such a manner that the
vehicle acceleration desired by the driver is achieved.

In the method according to the invention, the engine
torque may be increased when there is a downshift in pulling
meode or a pulling downshift in order to synchronize the
engine speed with the speed of the new transmission input
shaft. The vehicle acceleration is driven with the old clutch.
If the engine speed climbs above the speed of the new shaft,
the old clutch may be disengaged using a constant ramp
function and the new clutch engaged. Finally, the torque of
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the electric motor is driven in such a manner that the vehicle
acceleration desired by the driver is achieved.

According to a next further development, when there is a
downshift in push mode or a push downshift, the engine
torque may be reduced to a minimum in order to form a slip
reserve and keep the engine torque below the speed of the
old transmission input shaft. Moreover, the old clutch can be
disengaged with a constant ramp function and the new
clutch can be engaged with the same ramp function. Then
the engine torque may be increased in order to synchronize
the engine speed with the speed of the new transmission
input shaft. Finally, the torque of the electric motor may be
driven in such a manner that the vehicle acceleration desired
by the driver is achieved.

The aforementioned shifting strategies for the individual
types of gear shifting may also be modified and combined
with each other if desired in order to further improve the
proposed method for carrying out a shifting, especially
regarding shifting comfort.

BRIEF DESCRIPTION OF THE DRAWINGS

Additional advantages and advantageous designs arise
from the dependent claims and the drawings described
below. In the drawing:

FIG. 1 shows a diagrammatic model of a drive train of a
vehicle having a twin-clutch transmission;

FIG. 2 shows a simulation of a pulling upshift with
electric motor support according to a method of the inven-
tion;

FIG. 3 shows a simulation of a pushing upshift with
electric motor support according to a method of the inven-
tion;

FIG. 4 shows a simulation of a pulling downshift with
electric motor support according to a method of the inven-
tion;

FIG. 5 shows a simulation of a pushing downshift with
electric motor support according to a method of the inven-
tion;

FIG. 6 shows a flow diagram of the method of the
invention;

FIG. 7 shows a flow diagram of the drive of the electric
motor;

FIG. 8 shows a flow diagram of a possible pull/push
estimate; and,

FIG. 9 shows a flow diagram of a possible estimate of an
external vehicle torque.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENT

FIG. 1 illustrates a diagrammatic model of the drive train
of a vehicle having a twin-clutch transmission. The method
of the invention is explained in reference to the model. The
model comprises an internal combustion engine with a
torque that is equal to the moment of inertia J,,, and an
overall engine torque T,,,.. The first transmission input shaft
is connected to the engine via a first clutch so that a
maximum torque T, can be transmitted and is connected to
a first gear having a ratio i, with the output shaft. The second
transmission input shaft is likewise connected to the engine
via a second clutch so that a maximum torque T,z may be
transmitted and is also connected to the output shaft via a
second gear having the ratio i5. Moreover, an electric motor
is provided with a moment of inertia J,,,,,,. and a torque

and is permanently engaged with the second transmis-

emotor |

sion input shaft via a gear ratio i,,. The output shaft or
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driven shaft is connected to the engine via a moment of
inertia of the vehicle J ,, .., which is affected by a running
resistance T,,,,.;,- The following simplifications are pro-
vided in the model:

Gears on both transmission input shafts are pre-selected,
i.e., no gear synchronization is simulated.

The engine, the electric motor and the clutch dynamics are
assumed to be linear and there is no response time
before the feedback signal. That means the change of
the torque begins immediately after the request and
with a constantly defined ramp in relation to the
requested torque. The real dynamic behavior of the
engine can exert a significant effect in the shifting
strategy.

Play in the drive train is not taken into consideration in the
model.

Damping and elasticity in the drive train is also not taken
into account in the model.

FIGS. 2 to 5 illustrate the method of the invention, or the
shifting strategy for different types of shifting with electric
motor support. In each of these figures three diagrams are
shown one after the other, the speed of the motor, the first
transmission input shaft and the second transmission input
shaft as well as the clutch slip being shown over time in the
top diagram. In the center diagram, the clutch torque T, , of
the first clutch, the clutch torque Tz of the second clutch,
the engine torque T, and the torque T, of the electric
motor are represented over time, different driving states 1 to
11 being indicated (driving state 1 “Begin”, driving state 2
“Driving with shaft A”, driving state 3 “Prepare upshift”,
driving state 4 “Torque transmission on Shaft B”, driving
state 5 “End upshift”, driving state 6 “Driving with shaft B”,
driving state 7 “Prepare downshift”, driving state 8 “Torque
transmission on shaft A”, driving state 9 “End downshift”,
driving state 10 “Neutral”, driving state 11 “Other”). While
in the bottom diagram, the speed of the vehicle and the
vehicle acceleration are illustrated over time. What is note-
worthy is that the shifting can be carried out more quickly
if the torque ramp of the clutches and of the engine are
increased and the new clutch has a higher torque during
phase 3.

Hlustrated in FIG. 2 is a pulling upshift. In this figure the
pulling torque on the output should be maintained during the
overall torque transfer from the old transmission input shaft
to the new transmission input shaft. This is achieved by
increasing the engine speed above the speed of the old
transmission input shaft. In this situation, the old clutch is
disengaged in order to reduce the vehicle acceleration and
engaged in order to increase the vehicle acceleration. These
reactions can cancel each other out. The torque of the
electric motor is used to adjust or drive the vehicle accel-
eration.

The torque of the old clutch is reduced up to the slip limit
and then engine torque T, increased until the old clutch
slips. Engine torque T,,, is controlled above the vehicle
acceleration desired by the driver in order to ensure that the
engine speed is maintained above the speed of the old
transmission input shaft. The torque transmitted by the old
clutch is reduced over a constant ramp to the value zero,
while the torque transmitted by the new clutch is increased
with the same ramp to the slip limit or slightly above it. The
torque T,,,.,,, of the electric motor is controlled in such a
manner that the driver desired vehicle acceleration is
achieved. If the torque on the old disengaged clutch assumes
the zero value, the engine torque T, is reduced to a
minimum torque in order to accelerate the engine synchro-
nization. The new clutch is driven up to the slip limit or
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slightly over it, it being possible to further regulate the
vehicle acceleration with the electric motor. If the engine
speed is almost synchronized with the speed of the new
transmission input shaft, the engine torque T,,, is increased
to just below the driver’s desired engine torque in order to
achieve a continuously gentle slip-to-grip transition. The
vehicle acceleration can then be driven further with the

electric motor.

Tustrated in FIG. 3 is a pushing upshift with support of
an electric motor according to the proposed shifting strategy.
In this illustration it is noteworthy that the peak in the
acceleration curve is a numerical effect of the simulation
process and consequently is not to be expected for the
vehicle.

The pushing torque should be maintained at the output
during the entire torque transition from the old transmission
input shaft to the new transmission input shaft. This is
normally achieved by a reduction of the engine speed below
the speed of the new transmission input shaft before the
torque transmission. Otherwise, the disengagement of the
old clutch and the engagement of the new clutch lead to an
increase in the vehicle acceleration. However, with the
support of torque T ,,,, ., of the electric motor, it is possible,
on the other hand, to make it so that the torque transmission
can be carried out before the engine speed is below the speed
of the new transmission input shaft. In this case, the new
clutch can support the synchronization of the engine speed
and therefore significantly accelerate the shifting.

The torque of the old clutch is reduced down to the slip
limit and then engine torque T, is reduced until the old
clutch slips. After that, engine torque T,,,, is reduced to a
minimum, the transmitted torque of the old clutch being
reduced to the value zero via a constant ramp, while the
transmitted torque of the new clutch is increased with the
same ramp to the slip limit or slightly above it, torque
T ofthe electric motor being controlled in such a manner
that the drivers’s desired vehicle acceleration is achieved.
The new clutch is driven up to the slip limit or slightly above
it, it being possible to further regulate the vehicle accelera-
tion with the electric motor until the motor synchronization
is achieved. Engine torque T, is increased to just below the
drivers’s desired engine torque in order to achieve a con-
tinuous slip-to-grip transition if the engine speed is almost
synchronized with the speed of the new transmission input
shaft. The vehicle acceleration can then be driven further
with the electric motor.

Tlustrated in FIG. 4 is a simulation of a pulling downshift
with the support of the electric motor. In this figure it is
noteworthy that the shifting can be carried out more quickly
if the torque ramps of the clutches and of the engine are
increased and the new clutch takes on a higher torque during
phase three.

The pulling torque should be maintained at the output
during the overall torque transfer from the old transmission
input shaft to the new transmission input shaft. This is
normally achieved by an increase of the engine speed above
the speed of the new transmission input shaft before the
torque transfer. Otherwise, the disengagement of the old
clutch and the engagement of the new clutch lead to the
reduction of the vehicle acceleration. However, the support
oftorqueT,,,,,,, of the electric motor can make it so that the
torque transfer may be carried out before the engine speed
is above the speed of the new transmission input shaft. In
this case, the new clutch can support the synchronization of
the engine speed and thereby accelerate the shifting signifi-
cantly.
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The torque of the old clutch is reduced down to the slip
limit and then engine torque T, is increased until the old
clutch slips. Thereafter, engine torque T, is driven by the
vehicle acceleration desired by the driver. The transmitted
torque of the old clutch is reduced via a constant ramp to the
value zero, while the transmitted torque of the new clutch is
increased with the same ramp to the slip limit or slightly
above it. Torque T, of the electric motor is controlled in
such a manner that the driver’s desired vehicle acceleration
is achieved. The new clutch is driven up to the slip limit or
slightly above it, it being possible to further regulate the
vehicle acceleration with the electric motor until the motor
synchronization is achieved. Engine torque T, is increased
up to just below the driver’s desired engine torque in order
to achieve a continuous slip-to-grip transition if the engine
speed is almost synchronized with the speed of the new
transmission input shaft. The vehicle acceleration may then
be further driven with the electric motor.

Nlustrated in FIG. 5 is a pushing downshift with the
support of the electric motor. It is noteworthy that in this
simulation the electric motor only slightly supports the
shifting procedure in order to achieve the desired vehicle
acceleration, which therefore nearly assumes the value zero.
The first peak for the vehicle acceleration is a numerical
effect in this simulation.

The pushing torque should be maintained at the output
during the entire torque transfer from the old transmission
input shaft to the new transmission input shaft. This is
normally achieved by a reduction of the engine speed below
the speed of the new transmission input shaft before the
torque transfer. In this situation the old clutch is disengaged
in order to increase the vehicle acceleration and the new
clutch is engaged in order to reduce the vehicle acceleration.
These reactions can cancel each other out. Torque T,,,,,,, of
the electric motor is used in order to adjust or drive the
vehicle acceleration.

The torque of the old clutch is reduced down to the slip
limit and then engine torque T,,,. is decreased until the old
clutch slips. After that the engine torque T, is reduced to
a minimum, the transmitted torque of the old clutch being
reduced via a constant ramp to the value zero, while the
transmitted torque of the new clutch is increased with the
same ramp to the slip limit or slightly above it, torque
T  ofthe electric motor being controlled in such a manner
that the driver’s desired vehicle acceleration is achieved. If
the torque on the old disengaged clutch assumes the value
zero, engine torque T, increases in order to be far enough
above the engine torque desired by the driver that the motor
synchronization is accelerated. The new clutch is driven up
to the slip limit or slightly above it, it being possible to
regulate the vehicle acceleration with the electric motor. If
the engine speed is nearly synchronized with the speed of the
new transmission input shaft, engine torque T,,,, is increased
to just above the driver’s desired engine torque in order to
achieve a continuous, gentle slip-to-grip transition. The
vehicle acceleration may then be further driven with the
electric motor.

Nlustrated in FIG. 6 is a flow diagram of the method
according to the invention for carrying out gear shifting with
a twin-clutch transmission (shifting strategy) for pulling
upshifts, pushing upshifts, pulling downshifts and/or push-
ing downshifts. With the shifting strategy, a comfortable
shifting is proposed, especially in an ESG transmission with
and without the support of an electric motor. Altogether, a
control strategy for gear ratio change is thus presented,
preferably for an ESG twin-clutch transmission. The goal of
this strategy is the control of the output torque or the vehicle
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acceleration in order to carry out a comfortable crossover
shift. The primary control means can thus be the electric
motor. If torque T,,,,,,, of the electric motor is not large
enough, one of the clutches or the like can also be used to
control the output torque.

In this control strategy, four different types of crossover
shifts in particular are defined, namely: pulling upshifts,
pushing upshifts, pulling downshifts and pushing down-
shifts. All of these shifting types can be carried out with
minimal bucking and a high level of comfort, a sufficient
torque T,,,.,., being provided by the electric motor or the
internal combustion engine. The pushing upshifts and the
pulling downshifts can clearly be carried out in a quicker,
more comfortable manner when the electric motor is used.
Furthermore, shifting strategies with the electric motor are
possible that reduce the energy input for the clutches in order
to thereby minimize the heat load and the wear.

In a pulling upshift, the engine torque T, is increased in
order to develop a slip reserve, and the engine speed is kept
above the speed of the old transmission input shaft. Then the
old clutch is disengaged with a constant ramp function and
the new clutch is engaged with the same ramp function.
Engine torque T,,, is reduced to a minimum in order to
synchronize the engine speed with the speed of the new
transmission input shaft that is assigned to the target gear.
Torque T,,,,,,, of the electric motor is driven in such a
manner that the vehicle acceleration desired by the driver is
achieved.

In a pushing upshift, engine torque T, is reduced to a
minimum in order to synchronize the engine speed with the
speed of the new transmission input shaft. Then the vehicle
acceleration is driven with the old clutch. If the engine speed
drops below the speed of the new shaft, the old clutch is
disengaged with a constant ramp function and the new
clutch is engaged. Finally, torque T, ,,, of the electric
motor is driven in such a manner that the driver’s desired
vehicle acceleration is achieved.

In a pulling downshift, engine torque T, is increased in
order to synchronize the engine speed with the speed of the
new transmission input shaft. Then the vehicle acceleration
is driven with the old clutch. If the engine speed climbs
above the speed of the new shaft, the old clutch is disen-
gaged with a constant ramp function and the new clutch is
engaged. Torque T,,,,,,, of the electric motor is driven in
such a manner that the vehicle acceleration desired by the
driver is achieved.

In a pushing downshift, engine torque T, is reduced to
a minimum in order to develop a slip reserve and to keep the
engine speed under the speed of the old transmission input
shaft. Then the old clutch is disengaged with a constant ramp
function and the new clutch is engaged with the same ramp
function. The engine torque T, is increased in order to
synchronize the engine speed with the speed of the new
transmission input shaft. Torque T, ., of the electric motor
is driven in such a manner that the vehicle acceleration
desired by the driver is achieved.

FIG. 7 shows a flow diagram for the torque drive of the
electric motor.

It is provided in this figure that, to achieve the vehicle
acceleration desired by the driver, torque T,,,,,,, of the
electric motor is used as an additional torque (Box 101). In
the driving of torque T,,,,,,,,» the required vehicle accelera-
tion (Box 102) is determined as a function of specific vehicle
and/or transmission variables (Box 103). The gear ratio on
the transmission input shafts, the engine speed, the vehicle
speed and the vehicle acceleration, to name a few examples,
can be used as vehicle and/or transmission variables. After
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this, external vehicle torque T,,,,;;, 1s determined (Box 104)
and then a target torque of the electric motor is calculated
(Box 105) as a function of vehicle and/or transmission
variables (Box 106). For example, the aforementioned vari-
ables (Box 103) and also clutch torque T ,,, clutch torque
Tz the engine moment of inertia, the electric motor
moment of inertia, the vehicle moment of inertia and the
clutch state may be used as vehicle and/or transmission
variables. Finally, a check is made of whether the calculated
target torque of the electric motor is within predetermined
minimum and maximum limit values (Box 107). If yes, then
the target torque is used (Box 108). If torque T,,,,,,., of the
electric motor is not sufficient (Box 109), the clutch torque
of one of the two clutches’ acceleration can also be used to
control the vehicle acceleration (Box 110).

Tlustrated in FIG. 8 is a flow diagram that explains the
pull-push estimation used in the method of the invention.

In this figure a check is first made of whether one of the
clutches is disengaged. If a clutch is disengaged, a first
method is used to determine the loading state in which, by
linear reduction of the clutch torque of the torque-transmit-
ting clutch, said clutch is brought into a slipping state. After
that, a check is made as to whether positive slip (pulling
load) or negative slip (pushing load) is present.

If neither of the two clutches is disengaged and at least
one clutch is gripping, a second method is carried out in
which the entered engine torque T, and the dynamic
engine torque w,,,J,,. are taken into consideration. The
twin-clutch transmission is in pulling operation if entered

engine torque T, is greater than dynamic engine torque

0,5 0nee The pushing operation is present if the entered
engine torque T, is less than dynamic engine torque
W,

S%oulgd neither of the clutches be in the gripping state, the
pull/push state is defined by the sum of the clutch torques to
be transmitted being positive (pull state) or negative (push
state).

It is possible that the second and the third method are also
used if a clutch is disengaged. However, it has been shown
that the first method supplies more accurate values.

TMlustrated in FIG. 9 is a flow diagram of the estimation of
the external vehicle torque. Three different methods are
presented in the figure.

First a check is made of whether one of the clutches is
gripping. If, for example, clutch A is gripping and clutch B
is disengaged or slipping, external vehicle torque T
may be determined from the following equation:

vehicle

Jveticte ig
2| T+ |2 = 1| T
iy A

Tvenicte = ia+ [&)eng(Jeng +

If the state is considered in which clutch A is gripping and
clutch B is preferably disengaged, it is possible, by linear
reduction of the clutch torque of clutch A, which is trans-
mitting torque, said clutch is brought into the slipping state.
In particular following the grip-to-slip transition of clutch A,
the external vehicle torque can be determined. It is also
possible that the external vehicle torque is determined after
a slip-to-grip transition. In this second method, the external
vehicle torque emerges according to the following equation:

1

Teticte =
ia 'Jeng
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-continued

. i . 2
(Svenicte - ng - Slgn{“)mg —la 'wvehicle} ) {lA "]eng + ‘lvehicle} “Ton)

If the state is considered in which none of the clutches is
gripping, the external vehicle torque may be calculated from
the following equation:

T, vehicle

O, picre ™, vehicle_Sign(O‘)eng_iA.('ovehic[e).iA T, clA_Sign(O‘)eng_iB.

Oyenicte)ip Lo

In the aforementioned equations, w,,,, is the engine speed,
; is the vehicle speed, ®,,,. is the engine acceleration,
©, 5.0 18 the vehicle acceleration, T, is the engine torque,
J g 18 the moment of inertia of the engine, i, is the overall
ratio of the gear of the first, old transmission input shaft, i
is the overall ratio of the gear of the second, new transmis-
sion input shaft, T_,, is the transmitted clutch torque of the
first, old clutch and T_;; is the transmitted clutch torque of
the second, new clutch.

The patent claims submitted with the application are
proposed formulations without prejudice to the achievement
of further patent protection. The applicant reserves the right
to submit claims for further combinations of features pre-
viously only disclosed in the description and/or the draw-
ings.

References used in dependent claims refer to the further
development of the subject matter of the principal claim via
the features of the particular dependent claim; they are not
to be understood as a renunciation of achieving independent
protection for the combination of features for the dependent
claims that are referenced.

Since the subject matter of the dependent claims may
constitute separate and independent inventions in relation to
the state-of-the-art on the priority date, the applicant
reserves the right to make them the subject matter of
independent claims or division declarations. Furthermore,
they may also contain independent inventions that have a
design that is independent of the subject matter of the
preceding dependent claims.

The embodiments are not to be understood as a restriction
of the invention. Rather, numerous amendments and modi-
fications are possible within the context of the current
disclosure, especially those variants, elements and combi-
nations and/or materials that one skilled in the art may learn,
for example, by combining individual ones together with
those in the general description and embodiments in addition
to features and/or elements or methodological steps
described in the claims and contained in the drawings with
the aim of achieving the objective and leading to a new
subject matter or new methodological steps or sequences of
steps via combinable features, even as far as production,
testing and work procedures are concerned.

6]

vehicle

What we claim is:

1. A method for carrying out gear shifting in a twin-clutch
transmission having at least two transmission input shafts,
each of which is coupled via a respective clutch to an engine,
wherein after recognition of a desire to shift, a first clutch
from said respective clutches, assigned to the transmission
input shaft that is transmitting the torque, is disengaged up
to a slip limit and an engine torque(T,,,) is driven as a
function of a type of shifting in order to achieve a vehicle
acceleration desired by a driver, wherein a torque (T
of an electric motor is used as an additional torque.

emotor)
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2. The method as described in claim 1, wherein an
additional torque is used to achieve the vehicle acceleration
desired by the driver.

3. The method as described in claim 2, wherein, in the
driving of the torque (T,,,,,,,) of the electric motor, the
required vehicle acceleration is determined as a function of
specific vehicle and/or transmission variables, so that a
target torque of the electric motor is calculated and the
calculated target torque of the electric motor is used if the
target torque is within predetermined minimum and maxi-
mum limit values.

4. The method as described in claim 2, wherein said
respective clutches further comprise a second clutch and
wherein, when the torque (T,,,,,,) of the electric motor is
insufficient, the clutch torque of one of said first or second
clutches is used to control the vehicle acceleration.

5. The method as described in claim 1, wherein the type
of shifting is determined shortly before the beginning of the
shift.

6. The method as described in claim 5, wherein, when said
first clutch is disengaged and when said second clutch is
brought into the slipping state by a decrease of the clutch
torque of said first clutch, it being decided at the beginning
of the slip phase of said second clutch whether the drive train
is under pulling load or pushing load in which a check is
made of when the slip is positive or negative on said second
clutch.

7. The method as described in claim 6, wherein when
there is positive slip on said first clutch that is transmitting
torque, if an engine speed (w,,,.) is somewhat larger than a
speed of the active transmission input shaft (®,,,..4), @
pulling load is present, and when there is negative slip, if the
engine speed (w,,,.) is somewhat smaller than the speed of
Fhe active transmission input shaft (w;,,,,4), a pushing load
1s present.

8. The method as described in claim 5, wherein when the
clutch is gripping a check is made of whether the entered
engine torque (T,,,.) is larger than the dynamic engine torque
(o,

eng.
eng.Jeng .
9. The method as described in claim 8, wherein if the
entered engine torque (T,,,) is larger than the dynamic
engine torque (w,,,J,,.) the twin-clutch transmission is in
pulling mede, the engine being accelerated if the engaged
clutch is disengaged, and if the entered engine torque (T
is less than the dynamic engine torque (w
twin-clutch transmission is in pushing mode.

10. The method as described in claim 5, wherein the state
is considered in which none of the clutches is in the gripping
state.

11. The method as described in claim 10, wherein the
transmitted clutch torque

en)
'8

the

eng.Jeng))

(ng;tgferred)

is determined from the minimum value of the particular
clutch torque T, that is set and the slip limit of the
particular clutch

(Teia)

12. The method as described in claim 10, wherein in
pulling mode the following formula applies:
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Trramferred

SIgN(Werng — ia * Wyenicte) ia - Teia +

. . . transferred
Slgl(weng — g Wyehicle) " IB 'TclB =0

and in pushing mode the following formula applies:

Trramferred

SIg0(Weng — in " Wyenicte) ia * Teia +

transferred

SIgN(Werg — ip * Wyenicte)* i Teig <0

whereby,
O, .= vehicle speed,
i,=overall ratio of the gear of the first input shaft,
iz=overall ratio of the gear of the second input shaft,

Tangerred _ yonsmitted clutch torque of the first clutch and

ng,mf erred _ transmitted clutch torque of the second clutch.

13. The method as described in claim 1, wherein the slip
limit (T ,,*"7) of said first or second clutch is determined
according to the following formula:

Tyenicte
Tong + ———

lip is
Toh = |Teng = Jeng

Jeng

ip
—|.——1|'Tc15
ia

. ip
T - 81gn(1 - _—)-TC,B .
vehicle 17

A

14. The method as described in claim 13, wherein an
external vehicle torque (T, ,;,.;.) of the vehicle is determined
for determination of the slip limit

(1)

15. The method as described in claim 14, wherein the
external vehicle torque (T, ,;,.;.) of the vehicle is determined
when said first or second clutch is gripping and slipping
according to the following formula:

Jyeticte

| ip
Tehicte = ia '[ﬂ)eng(fmg + z ]— Tong + |l— - 1| : Tas}-
A A

16. The method as described in claim 14, wherein the
external vehicle torque (T,,,,.;.) of the vehicle when said
first clutch is just starting to slip and when said first clutch
is disengaged is determined according to the following
formula:

1
Tieticte = =
ia 'Jeng

. . 2
(Jvehicte * Teng — SIgMWeng — ia * Ovenicie }* {4 * Jeng + Jvenicte} - Tein)-

17. The method as described in claim 14, wherein, if
neither of said first and second clutches is gripping, the
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external vehicle torque (T,,,,,.;.) of the vehicle is determined
according to the following formula:

T, vehicle

Oyenicteveniele=SIEND 1.4 Oypiore) L a T =SIgN(O, 015

Oyenicte)ip Toip-

18. The method as described in claim 1, wherein, in an
upshift in pulling mode or a pulling upshift, the engine
torque (T, ) is increased in order to develop a slip reserve
and keep the motor speed above the speed of the old
transmission input shaft that is assigned to the starting gear,
said first clutch that is assigned to the starting gear is then
disengaged with a constant ramp function and said second
clutch assigned to the target gear is engaged with the same
ramp function, the engine torque (T,,,) is reduced to a
minimum in order to synchronize the engine speed with the
speed of the new transmission input shaft that is assigned to
the target gear, and the torque (T,,,,,,,,) of the electric motor
is driven in such a manner that the vehicle acceleration
desired by the driver is achieved.

19. The method as described in claim 1, wherein, in an
upshift in pushing mode or a pushing upshift, the engine
torque (T,,.) is reduced to a minimum in order to synchro-
nize the engine speed with the speed of the new transmission
input shaft, the vehicle acceleration is driven with said first
clutch, said first clutch is disengaged with a constant ramp
function if the engine speed drops below the speed of the
new shaft, said first clutch is disengaged with a constant
ramp function if the engine speed drops below the speed of
the new shaft, said first clutch is disengaged with a constant
ramp function and said second clutch is engaged and the
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torque (T,,,,,,) of the electric motor is driven in such a
manner that the vehicle acceleration desired by the driver is

achieved.

20. The method as described in claim 1, wherein, in a
downshift in pulling mode or a pulling downshift, the engine
torque (T,,,,) is increased in order to synchronize the engine
speed with the speed of the new transmission input shaft, the
vehicle acceleration is driven with said first clutch, said first
clutch is disengaged with a constant ramp function if the
engine speed climbs above the speed of the new shaft, said
first clutch is disengaged with constant ramp function and
the second clutch is engaged if the engine speed climbs
above the speed of the new shaft, and the torque (T,,,,,.,) of
the electric motor is driven in such a manner that the vehicle
acceleration desired by the driver is achieved.

21. The method as described in claim 1, wherein, in a
downshift in pushing mode or a pushing downshift, the
engine torque (T,,.) is reduced to a minimum in order to
develop a slip reserve and keep the engine speed under the
speed of the old transmission input shaft, said first clutch is
disengaged with a constant ramp function and said second
clutch is engaged with the same ramp function, the engine
torque (T,,.) is increased in otder to synchronize the engine
speed with the speed of the new transmission input shaft,
and the torque (T, ,.,) of the electric motor is driven in
such a manner that the vehicle acceleration desired by the
driver is achieved.



