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Description

1. Field of the Invention

[0001] The present invention relates, generally to a
method of controlling a dual clutch transmission and,
more specifically, to a method for automatically control-
ling the gear shifting process by controlling the torque
transfer of the clutches of a dual clutch transmission.

2. Description of the Related Art

[0002] Generally speaking, land vehicles require a
powertrain consisting of three basic components. These
components include a power plant (such as an internal
combustion engine), a power transmission, and wheels.
The power transmission component is typically referred
to simply as the "transmission." Engine torque and speed
are converted in the transmission in accordance with the
tractive-power demand of the vehicle. Presently, there
are two typical transmissions widely available for use in
conventional motor vehicles. The first, and oldest type is
the manually operated transmission. These transmis-
sions include a foot operated start-up or launch clutch to
engage and disengage the driveline with the power plant
and a gearshift lever to selectively change the gear ratios
within the transmission. When driving a vehicle having a
manual transmission, the driver must coordinate the op-
eration of the clutch pedal, the gearshift lever and the
accelerator pedal to achieve a smooth and efficient shift
from one gear to the next. The structure of a manual
transmission is simple and robust and provides good fuel
economy by having a direct power connection from the
engine to the final drive wheels of the vehicle. Addition-
ally, since the operator is given complete control over the
timing of the shifts, the operator is able to dynamically
adjust the shifting process so that the vehicle can be driv-
en most efficiently. The disadvantages of the manual
transmission is that there is an interruption in the drive
connection during gear shifting and that there is a great
deal of required physical interaction on the part of the
operator to shift gears.
[0003] The second, and newer choice for the transmis-
sion of power in a conventional motor vehicle is an au-
tomatic transmission. First and foremost, automatic
transmissions offer ease of operation. The driver of a
vehicle having an automatic transmission is not required
to use both hands, one for the steering wheel and one
for the gearshift, and both feet, one for the clutch and
one for the accelerator and brake pedal in order to safely
operate the vehicle. In addition, an automatic transmis-
sion provides greater convenience in stop and go situa-
tions, because the driver is not concerned about contin-
uously shifting gears to adjust to the ever-changing
speed of traffic. Although conventional automatic trans-
missions avoid an interruption in the drive connection
during gear shifting, they suffer from the disadvantage
of reduced efficiency because of the need for hydroki-

netic devices, such as torque converters, interposed be-
tween the output of the engine and the input of the trans-
mission for transferring kinetic energy therebetween.
[0004] At low speed ratios, RPM output/RPM input,
torque converters multiply or increase the torque trans-
lation from the engine. During torque multiplication, the
output torque is greater than the input torque for the
torque converter. However, at high speed ratios there is
no torque multiplication and the torque converter be-
comes a fluid coupling. Fluid couplings have inherent slip.
Torque converter slip exists when the speed ratio is less
than 1.0 (RPM input > than RPM output of the torque
converter). The inherent slip reduces the efficiency of the
torque converter.
[0005] While torque converters provide a smooth cou-
pling between the engine and the transmission, the slip-
page of the torque converter results in a parasitic loss,
thereby decreasing the efficiency of the entire powertrain.
Further, the torque converter itself requires pressurized
hydraulic fluid in addition to any pressurized fluid require-
ments for the actuation of the gear shifting operations.
This means that an automatic transmission must have a
large capacity pump to provide the necessary hydraulic
pressure for both converter engagement and shift chang-
es. The power required to drive the pump and pressurize
the fluid introduces additional parasitic losses of efficien-
cy in the automatic transmission.
[0006] In an ongoing attempt to provide a vehicle trans-
mission that has the advantages of both types of trans-
missions with fewer of the drawbacks, combinations of
the traditional "manual" and "automatic" transmissions
have evolved. Most recently, "automated" variants of
conventional manual transmissions have been devel-
oped which shift automatically without any input from the
vehicle operator. Such automated manual transmissions
typically include a plurality of power-operated actuators
that are controlled by a transmission controller or some
type of electronic control unit (ECU) to automatically shift
synchronized clutches that control the engagement of
meshed gear wheels traditionally found in manual trans-
missions. The design variants have included either elec-
trically or hydraulically powered actuators to affect the
gear changes. However, even with the inherent improve-
ments of these newer automated transmissions, they still
have the disadvantage of a power interruption in the drive
connection between the input shaft and the output shaft
during sequential gear shifting. Power interrupted shifting
results in a harsh shift feel which is generally considered
to be unacceptable when compared to smooth shift feel
associated with most conventional automatic transmis-
sions.
[0007] To overcome this problem, other automated
manual type transmissions have been developed which
can be power-shifted to permit gearshifts to be made
under load. Examples of such power-shifted automated
manual transmissions are shown in U.S. Pat. No.
5,711,409 issued on Jan 27, 1998 to Murata for a Twin-
Clutch Type Transmission, and U.S. Pat. No. 5,966,989
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issued on Apr 04, 2000 to Reed, Jr. et al for an Electro-
mechanical Automatic Transmission having Dual Input
Shafts. These particular variant types of automated man-
ual transmissions have two clutches and are generally
referred to simply as dual, or twin, clutch transmissions.
The dual clutch structure is most often coaxially and co-
operatively configured so as to derive power input from
a singular engine flywheel arrangement. However, some
designs have a dual clutch assembly that is coaxial but
with the clutches located on opposite sides of the trans-
missions body and having different input sources. Re-
gardless, the layout is the equivalent of having two trans-
missions in one housing, namely one power transmission
assembly on each of two input shafts concomitantly driv-
ing one output shaft. Each transmission can be shifted
and clutched independently. In this manner, uninterrupt-
ed power upshifting and downshifting between gears,
along with the high mechanical efficiency of a manual
transmission is available in an automatic transmission
form. Thus, significant increases in fuel economy and
vehicle performance may be achieved through the effec-
tive use of certain automated manual transmissions.
[0008] The dual clutch transmission structure may in-
clude two disc clutches each with their own clutch actu-
ator to control the engagement and disengagement of
the two-clutch discs independently. While the clutch ac-
tuators may be of the electro-mechanical type, since a
lubrication system within the transmission is still a ne-
cessity requiring a pump, some dual clutch transmissions
utilize hydraulic shifting and clutch control. These pumps
are most often gerotor types, and are much smaller than
those used in conventional automatic transmissions be-
cause they typically do not have to supply a torque con-
verter. Thus, any parasitic losses are kept small. Shifts
are accomplished by engaging the desired gear prior to
a shift event and subsequently engaging the correspond-
ing clutch. With two clutches and two inputs shafts, at
certain times, the dual clutch transmission may be in two
different gear ratios at once, but only one clutch will be
engaged and transmitting power at any given moment.
To shift to the next higher gear, first the desired gears on
the input shaft of the non-driven clutch assembly are en-
gaged, then the driven clutch is released and the non-
driven clutch is engaged.
[0009] This requires that the dual clutch transmission
be configured to have the forward gear ratios alternat-
ingly arranged on their respective input shafts. In other
words, to perform up-shifts from first to second gear, the
first and second gears must be on different input shafts.
Therefore, the odd gears will be associated with one input
shaft and the even gears will be associated with the other
input shaft. In view of this convention, the input shafts
are generally referred to as the odd and even shafts.
Typically, the input shafts transfer the applied torque to
a single counter shaft, which includes mating gears to
the input shaft gears. The mating gears of the counter
shaft are in constant mesh with the gears on the input
shafts. The counter shaft also includes an output gear

that is meshingly engaged to a gear on the output shaft.
Thus, the input torque from the engine is transferred from
one of the clutches to an input shaft, through a gear set
to the counter shaft and from the counter shaft to the
output shaft.
[0010] Gear engagement in a dual clutch transmission
is similar to that in a conventional manual transmission.
One of the gears in each of the gear sets is disposed on
its respective shaft in such a manner so that it can free-
wheel about the shaft. A synchronizer is also disposed
on the shaft next to the freewheeling gear so that the
synchronizer can selectively engage the gear to the shaft.
To automate the transmission, the mechanical selection
of each of the gear sets is typically performed by some
type of actuator that moves the synchronizers. A reverse
gear set includes a gear on one of the input shafts, a gear
on the counter shaft, and an intermediate gear mounted
on a separate counter shaft meshingly disposed between
the two so that reverse movement of the output shaft may
be achieved.
[0011] While these power-shift dual clutch transmis-
sions overcome several drawbacks associated with con-
ventional transmissions and the newer automated man-
ual transmissions, it has been found that controlling and
regulating the automatically actuated dual clutch trans-
missions is a complicated matter and that the desired
vehicle occupant comfort goals have not been achievable
in the past. There are a large number of events to properly
time and execute within the transmission to achieve
smooth and efficient operation, not only during the power-
shifting events, but also throughout the entire operating
range of the transmission as well. To this point, conven-
tional control schemes and methods have generally
failed to provide this capability. Accordingly, there exists
a need in the related art for better methods of controlling
the operation of dual clutch transmissions.
[0012] One particular area of control improvement that
is needed is in the power-shifting of the dual clutch trans-
mission. As discussed above, power shifting is actually
the automatic gear shifting process of the dual clutch
transmission. The nature of the dual clutch transmission,
that is, the manual style configuration discussed above
that employs automatically actuated disc type clutches,
requires accurate control of the clutch engagement and
thus the torque transferred across them during the gear
shifting process. More specifically, it is desirable to op-
erate the clutches of the dual clutch transmission so that
the automatic gear shifting process is smoothly and effi-
ciently controlled by varying the amount of torque trans-
ferred across each clutch as the clutch driving the off-
going gear is minimized and the clutch driving the on-
coming clutch is maximized.
[0013] Control of the torque transferred across the
clutches during the gear shifting process is required to
provide smooth operation, avoid hard or noticeable lock-
up of the on-coming clutch to the transmission, and to
provide efficient engine-to-transmission interaction dur-
ing either upshifts or downshifts. The prior art dual trans-
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mission clutch control schemes are incapable of ade-
quately providing for fine control of clutch torque transfer
to satisfy this need. Current control methods do have the
general capability to operate the clutches as needed.
However, they lack the ability to finely control the torque
transferred across the clutches to achieve the high de-
gree of accuracy needed for smooth shifting between the
gears of the transmission. Additionally, current control
methods for the clutches of a dual clutch transmission
generally concern themselves with simple engagement
and disengagement of the clutch assemblies and fail to
adequately provide for the corresponding control of all
aspects of the shift process including engine speed con-
trol during the shift and the differences in upshifting and
downshifting.
[0014] In that regard, some prior control methods for
the gear shifting of dual clutch transmissions have at-
tempted to overcome these inadequacies by using a con-
trol algorithm. For example, one known method provides
an algorithm to control the movement of electrical clutch
actuators, and thus the engagement of the clutches, to
prevent torque interruption during upshifts of a dual clutch
transmission. While the application of this particular al-
gorithm is functionally adequate for its intended use, it
still has certain drawbacks that leave room for improve-
ment.
[0015] Particularly, while this and other known dual
clutch transmission shifting approaches attempt to pro-
vide a power-shift in which there is no interruption of
torque transfer, none of the current methods provides for
a smooth and efficient torque transfer from one clutch to
the other so that the shift and subsequent change in en-
gine speed avoids a change in vehicle speed or is smooth
enough to go unnoticed by the driver. For example, one
existing control method applies its upshift algorithm so
that, as the shift is performed, a swap of the engagement
between the on-coming and off-going clutch is accom-
plished by increasing and decreasing the torque trans-
ferred across the respective clutches in such a manner
as to follow exponential curves. This means that although
no complete break or interruption in torque transfer oc-
curs, the changeover in the clutches is non-linear so that
the total torque transferred will vary as the clutches swap.
The non-linear switchover of the clutches results in a total
torque transfer that is uneven causing an uncontrolled
change in engine speed resulting in a change in vehicle
speed during the shift. This results in inefficient torque
transfer and imparts poor ride characteristics to the ve-
hicle.
[0016] Additionally, certain prior art methods utilize an
engine performance map that predicts expected engine
output torque and sets the clutch position based on those
predictions so that this control method is reactive to pre-
dicted engine output. The drawback of this control ap-
proach is that a wide variety of variants that cannot be
predicted can influence the engine torque output. These
unpredicted variables can subsequently cause great in-
accuracies in the control of the clutches. On the other

hand, a more accurate approach would be to actively and
directly control the torque transfer across clutches to ef-
fect the engine output.
[0017] DE 19939334, which is considered to represent
the closest prior art, discloses a double clutch gear box
that includes two lay shafts connectable to an output shaft
through shiftable gear stages. Each of the lay shafts is
associated with a friction clutch through which it is con-
nectable to the drive motor. The system between gears
is controlled and/or regulated by the clutches in the drive
motor. For upshifts in drive mode and/or downshifts in
coast mode from the time when the engine transfers no
more torque and the clutch of the target gear is in the
sliding stage, the torque of the drive motor is regulated
so that the speed of the drive motor is adapted to the
changed gear ratio and at the end of this adaption, the
clutch moves from sliding state to adhesive state.
[0018] Other prior art systems are disclosed in EP
1316463, WO 03/074907 and JP 1188748.
[0019] Accordingly, there remains a need in the art for
a method to operatively and actively control the gearshifts
in a dual clutch transmission so that both upshifts and
downshifts are efficiently and smoothly performed by pro-
viding control over the torque transfer of the clutches.
[0020] According to the present invention, there is pro-
vided a method of controlling the torque transferred
across each of the two clutches of a dual clutch trans-
mission during a gear shift, wherein the first of the two
clutches is the off-going clutch and the second of the two
clutches is the on-coming clutch, said method includes
the steps of: determining when a shift has been com-
manded; sensing the speed of the driven member of the
off-going clutch; determining a desired clutch torque and
slip profile for the changeover of the clutches; sensing
the speed of the driven member of the on-coming clutch
determining a target engine speed profile based on the
speed of the driven member of the off-going clutch, the
clutch torque and slip profile, and the speed of the driven
member of the on-coming clutch; simultaneously control-
ling the torque transfer across each clutch so that the
torque output of the transmission will be changed over
from the off-going clutch to the on-coming clutch by lin-
early decreasing the torque transferred across the off-
going clutch while linearly increasing the torque trans-
ferred across the on-coming clutch in an inversely pro-
portional rate to follow the clutch torque and slip profile
and to cause the engine to track the target engine speed
profile; and varying the pressure applied to the on-coming
clutch once the on-coming clutch is transferring all of the
output torque, to cause the engine to continue to track
the target engine speed profile so that vehicle speed is
maintained.
[0021] The method in accordance with the invention
has the advantage that it controls the powershifts of the
dual clutch transmission by controlling the torque transfer
across the clutches in such a manner as to maintain ve-
hicle speed during each shift event, albeit acceleration
or deceleration and whether the vehicle and drivetrain
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are under negative or positive torque conditions. The
method of the present invention considers and accounts
for all the situations encountered when shifting the dual
clutch transmission and thereby overcomes the inability
of prior methods to control the engine and clutch speeds
so that the speed and momentum of the vehicle are not
interrupted. This is a substantial improvement over the
prior methods of dual clutch shift control, which do not
consider all the various conditions and situations in which
a shift may occur. Furthermore, the shifts are also ac-
complished smoothly and efficiently so that there is no
hard or distinctive "feel" to the shift, thereby improving
overall drivability and comfort of the vehicle. The smooth
shifting of the dual clutch transmission is provided by the
linear and inversely proportional change over from the
off-going clutch to the on-coming clutch and the supple-
ment varying of the clutch pressures to maintain the
speed of the vehicle during shifting.
[0022] In order that the invention may be well under-
stood, there will now be described an embodiment there-
of, given by way of example, reference being made to
the accompanying drawings, in which:

Figure 1 is a generalized schematic illustration of a
dual clutch transmission that may be controlled by
the method of the present invention;
Figure 2 is a schematic illustration of the electro-
hydraulic control circuit for the clutch actuators of a
dual clutch transmission that may be controlled by
the method of the present invention;
Figure 3 is a block diagram flowchart of the method
of the present invention for controlling a dual clutch
transmission during a shift event;
Figure 4 is a block diagram flowchart of the method
of the present invention for controlling a dual clutch
transmission during a positive torque upshift event;
Figure 5 is a block diagram flowchart of the method
of the present invention for controlling a dual clutch
transmission during a negative torque downshift
event;
Figure 6 is a block diagram flowchart of the method
of the present invention for controlling a dual clutch
transmission during a negative torque upshift event;
Figure 7 is a block diagram flowchart of the method
of the present invention for controlling a dual clutch
transmission during a positive torque downshift
event;
Figure 8 is a representative graph of the method of
the present invention for controlling a dual clutch
transmission of the engine speed and clutch torque
transfer over time during a positive torque upshift
event;
Figure 9 is a representative graph of the method of
the present invention for controlling a dual clutch
transmission of the engine speed and clutch torque
transfer over time during a negative torque downshift
event;
Figure 10 is a representative graph of the method of

the present invention for controlling a dual clutch
transmission of the engine speed and clutch torque
transfer over time during a negative torque upshift
event; andFigure 11 is a representative graph of the
method of the present invention for controlling a dual
clutch transmission of the engine speed and clutch
torque transfer over time during a positive torque
downshift event.

DETAILED DESCRIPTION OF THE PREFERRED EM-
BODIMENT(S)

[0023] A representative dual clutch transmission that
may be controlled by the present invention is generally
indicated at 10 in the schematic illustrated in Figure 1.
Specifically, as shown in Figure 1, the dual clutch trans-
mission 10 includes a dual, coaxial clutch assembly gen-
erally indicated at 12, a first input shaft, generally indi-
cated at 14, a second input shaft, generally indicated at
16, that is coaxial to the first, a counter shaft, generally
indicated at 18, an output shaft 20, a reverse counter
shaft 22, and a plurality of synchronizers, generally indi-
cated at 24.
[0024] The dual clutch transmission 10 forms a portion
of a vehicle powertrain and is responsible for taking a
torque input from a prime mover, such as an internal com-
bustion engine and transmitting the torque through se-
lectable gear ratios to the vehicle drive wheels. The dual
clutch transmission 10 operatively routes the applied
torque from the engine through the dual, coaxial clutch
assembly 12 to either the first input shaft 14 or the second
input shaft 16. The input shafts 14 and 16 include a first
series of gears, which are in constant mesh with a second
series of gears disposed on the counter shaft 18. Each
one of the first series of gears interacting with one of the
second series of gears to provide the different gear ratios
sets used for transferring torque. The counter shaft 18
also includes a first output gear that is in constant mesh
with a second output gear disposed on the output shaft
20. The plurality of synchronizers 24 are disposed on the
two input shafts 14, 16 and on the counter shaft 18 and
are operatively controlled by the plurality of shift actuators
(not shown) to selectively engage one of the gear ratio
sets. Thus, torque is transferred from the engine to the
dual, coaxial clutch assembly 12, to one of the input
shafts 14 or 16, to the counter shaft 18 through one of
the gear ratio sets, and to the output shaft 20. The output
shaft 20 further provides the output torque to the remain-
der of the powertrain. Additionally, the reverse counter
shaft 22 includes an intermediate gear that is disposed
between one of the first series of gears and one of the
second series of gears, which allows for a reverse rota-
tion of the counter shaft 18 and the output shaft 20. Each
of these components will be discussed in greater detail
below.
[0025] Specifically, the dual, coaxial clutch assembly
12 includes a first clutch mechanism 32 and a second
clutch mechanism 34. The first clutch mechanism 32 is,
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in part, physically connected to a portion of the engine
flywheel (not shown) and is, in part, physically attached
to the first input shaft 14, such that the first clutch mech-
anism 32 can operatively and selectively engage or dis-
engage the first input shaft 14 to and from the flywheel.
Similarly, the second clutch mechanism 34 is, in part,
physically connected to a portion of the flywheel and is,
in part, physically attached to the second input shaft 16,
such that the second clutch mechanism 34 can opera-
tively and selectively engage or disengage the second
input shaft 16 to and from the flywheel. As can be seen
from Figure 1, the first and second clutch mechanisms
32, 34 are coaxial and co-centric such that the outer case
28 of the first clutch mechanism 32 fits inside of the outer
case 36 of the second clutch mechanism 34. Similarly,
the first and second input shafts 14, 16 are also coaxial
and co-centric such that the second input shaft 16 is hol-
low having an inside diameter sufficient to allow the first
input shaft 14 to pass through and be partially supported
by the second input shaft 16. The first input shaft 14 in-
cludes a first input gear 3 8 and a third input gear 42. The
first input shaft 14 is longer in length than the second
input shaft 16 so that the first input gear 38 and a third
input gear 42 are disposed on the portion of the first input
shaft 14 that extends beyond the second input shaft 16.
The second input shaft 16 includes a second input gear
40, a fourth input gear 44, a sixth input gear 46, and a
reverse input gear 48. As shown in Figure 1, the second
input gear 40 and the reverse input gear 48 are fixedly
disposed on the second input shaft 16 and the fourth
input gear 44 and sixth input gear 46 are rotatably sup-
ported about the second input shaft 16 upon bearing as-
semblies 50 so that their rotation is unrestrained unless
the accompanying synchronizer is engaged, as will be
discussed in greater detail below.
[0026] In the preferred embodiment, the counter shaft
18 is a single, one-piece shaft that includes the opposing,
or counter, gears to those on the inputs shafts 14, 16. As
shown in Figure 1, the counter shaft 18 includes a first
counter gear 52, a second counter gear 54, a third coun-
ter gear 56, a fourth counter gear 58, a sixth counter gear
60, and a reverse counter gear 62. The counter shaft 18
fixedly retains the fourth counter gear 58 and counter
gear 60, while first, second, third, and reverse counter
gears 52, 54, 56, 62 are supported about the counter
shaft 18 by bearing assemblies 50 so that their rotation
is unrestrained unless the accompanying synchronizer
is engaged as will be discussed in greater detail below.
The counter shaft 18 also fixedly retains a first drive gear
64 that meshingly engages the corresponding second
driven gear 66 on the output shaft 20. The second driven
gear 66 is fixedly retained on the output shaft 20. The
output shaft 20 extends outward from the transmission
10 to provide an attachment for the remainder of the pow-
ertrain.
[0027] In the preferred embodiment, the reverse coun-
ter shaft 22 is a relatively short shaft having a single re-
verse intermediate gear 72 that is disposed between, and

meshingly engaged with, the reverse input gear 48 on
the second input shaft 16 and the reverse counter gear
62 on the counter shaft 18. Thus, when the reverse gear
48, 62, and 72 are engaged, the reverse intermediate
gear 72 on the reverse counter shaft 22 causes the coun-
ter shaft 18 to turn in the opposite rotational direction
from the forward gears thereby providing a reverse rota-
tion of the output shaft 20. It should be appreciated that
all of the shafts of the dual clutch transmission 10 are
disposed and rotationally secured within the transmis-
sion 10 by some manner of bearing assembly such as
roller bearings, for example, shown at 68 in Figure 1.
[0028] The engagement and disengagement of the
various forward and reverse gears is accomplished by
the actuation of the synchronizers 24 within the trans-
mission. As shown in Figure 1 in this example of a dual
clutch transmission 10, there are four synchronizers 74,
76, 78, and 80 that are utilized to shift through the six
forward gears and reverse. It should be appreciated that
they are a variety of known types of synchronizers that
are capable of engaging a gear to a shaft and that the
particular type employed for the purposes of this discus-
sion is beyond the scope of the present invention. Gen-
erally speaking, any type of synchronizer that is movable
by a shift fork or like device may be employed. As shown
in the representative example of Figure 1, the synchro-
nizers are two sided, dual actuated synchronizers, such
that they engage one gear to its shaft when moved off of
a center neutralized position to the right and engage an-
other gear to its shaft when moved to the left.
[0029] It should be appreciated that the operation of
the dual clutch transmission 10 is managed by some type
of control device such as an electronic control unit (ECU)
that oversees the functioning of the transmission 10, or
by an electronic control unit for the vehicle in which the
dual clutch transmission 10 may be installed. Regard-
less, there exists a control device, beyond the scope of
this invention, that controls and operates the dual clutch
transmission through a stored control scheme or series
of control schemes of which the present invention is
merely a part. The control device having the capability
of providing the proper voltages, signals, and/or hydraulic
pressures to operate the transmission 10 and particularly
the clutch engagement functions. Thus, the control meth-
od of the present invention as described below may be
a standalone process or merely a portion, such as a sub-
routine, or series of sub-routines, of a larger control
scheme within the ECU.
[0030] The first and second clutch mechanisms 32 and
34 of the dual, coaxial clutch assembly 12 are operatively
engaged and disengaged in a coordinated manner rela-
tive to the actuator of the various gear sets by the syn-
chronizer 24 to selectively transfer torque to the output
shaft 20. By way of example, if torque is being transferred
to the drive wheels of the vehicle to initiate movement
from a standing start, the lowest, or first, gear ratio of the
dual clutch transmission 10 will likely be engaged. There-
fore, as seen in Figure 1, synchronizer 78 will be driven
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to the left to engage the first counter gear 52 to the counter
shaft 18 and the first clutch mechanism 32 will be en-
gaged to transfer torque from the engine to the output
shaft 20 through the first gear set. When vehicle speed
increases and the ECU determines that the conditions
require a shift to the second gear set, synchronizer 80
will first be driven to the right to engage the second coun-
ter gear 54 to the counter shaft 18. Then the second
clutch mechanism 34 will be engaged as the first clutch
mechanism 32 is disengaged. In this manner, a power-
shift, where no power interruption occurs, is effected. Ad-
ditionally, while engaged and driving a particular gear,
the first and second clutch mechanisms 32 and 34 are
controlled by certain stored routines that provide varying
amounts of engagement force to the clutch discs and
thereby operatively control the amount of torque trans-
ferred across the clutches and the resultant engine
speed. Of particular concern to this application is the
speed control routine that causes the engine speed to
track a predetermined target speed for given input pa-
rameters by varying the applied engagement pressure
across the clutch discs. In that regard, the actuating com-
ponents of the first and second clutch mechanisms 32
and 34 are not shown and it should be appreciated there
may be of any number of suitable known devices that are
capable of selectively varying the applied engagement
pressure between the clutch discs, such as, but not lim-
ited to mechanical actuators, hydro-mechanical actua-
tors, electro-mechanical actuators, or fully electrical ac-
tuators.
[0031] For example, in one embodiment of the dual
clutch transmission 10, the first and second clutch mech-
anisms 32 and 34 of the dual, coaxial clutch assembly
12 are actuated by hydraulic pressure supplied by the
first and second clutch actuator solenoids, respectively.
The clutch actuator solenoids are schematically repre-
sented, and generally indicated at 120 and 122 in Figure
2, and as shown, are supplied with pressurized hydraulic
fluid by a regulating circuit generally indicated at 82. It
should be appreciated that, as previously mentioned, the
actuation of the components of the dual clutch transmis-
sion 10 may be electrical rather than electro-hydraulic,
and in that case, the first and second clutch actuator so-
lenoids 120, 122 would be replaced by some type of phys-
ical drive devices to operatively engage the first and sec-
ond clutch mechanisms 32 and 34.
[0032] As shown in Figure 2, for this example of a dual
clutch transmission 10, there are two on/off solenoids,
generally indicated at 124 and 126, and two enable
valves, generally indicated at 128 and 130 that provide
the operative hydraulic pressure to the clutch actuator
solenoids 120 and 122. A main pressure supply line 92
that is operatively connected to a source of pressurized
hydraulic fluid from a pump within the transmission 10
(not shown) provides the two on/off solenoids 124 and
126 with pressurized hydraulic fluid. The on/off solenoids
124 and 126 each have a selectively movable valve mem-
ber 134 disposed within a valve body 136 that has internal

hydraulic flow passages 138 and 140. When energized,
the valve members 134 of the on/off solenoids 124 and
126 are driven to the left, as illustrated, by actuators 142
and 144 respectively. The on/off solenoids 124 and 126
then selectively provide hydraulic pressure though pres-
sure lines 148 and 150 to act upon the right sides of
enable valves 128 and 130, as illustrated in Figure 2. In
their normally de-energized state, biasing member 152
causes the valve member 134 to be driven back to the
right and any residual pressure in pressure lines 148 or
150 is bled off and routed back to the fluid sump, shown
at 90.
[0033] The enable valves 128 and 130 also each have
a selectively movable valve member 154 disposed within
a valve body 156 that has internal hydraulic flow passag-
es 158 and 160. The applied hydraulic pressure from the
on/off solenoids 124 and 126 act to push the valve mem-
bers 154 of the enable valves 128 and 130 to the left to
open the internal hydraulic passage 158 and provide hy-
draulic pressure to clutch actuator solenoid 120 and 122
through the pressure supply lines 160 and 162. In their
normally de-energized state biasing member 166 causes
the valve member 154 to be driven back to the right and
any residual pressure in pressure lines 160 or 162 is bled
off and routed back to the fluid sump, shown at 90.
[0034] Though beyond the scope of this invention and
not shown here, the two enable valves 128 and 130 are
also in fluid communication with, and hydraulically feed,
the synchronizer actuator solenoids that drive the syn-
chronizers 24 of the transmission 10 between their en-
gaged and neutralized positions. Thus, it should be ap-
preciated that two on/off solenoids 124 and 126, and two
enable valves 128 and 130 also have other hydraulic
switching functions within the transmission 10, such that
the on/off solenoids 124 and 126 are selectively operable
to provide and remove hydraulic actuating pressure and
prevent uncontrolled actuation of the mechanisms within
the transmission 10.
[0035] When the on/off solenoids 124 and 126 are ac-
tuated and the enable valves 128 and 130 have charged
the pressure supply lines 162 and 164 to the clutch ac-
tuator solenoids 120 and 122, the first and second clutch
mechanisms, generally indicated at 32 and 34, are con-
trollable. The clutch actuator solenoids 120 and 122 are
in fluid communication with the clutch mechanisms 32
and 34 through clutch pressure lines 170 and 172 re-
spectively. Each of the clutch actuator solenoids 120 and
122 have a selectively movable valve member 176 dis-
posed within a valve body 178 that has internal hydraulic
flow passages 180 and 182. The clutch actuator sole-
noids 120 and 122 also have external hydraulic feedback
passages 184. A solenoid 188 selectively drives the valve
member 176 operatively from its de-energized position
biased to the left as illustrated in Figure 2 to its energized
position which allows the flow of pressurized hydraulic
fluid to flow through internal passage 182 out the clutch
pressure line 170, 172 to the clutch 32, 34.
[0036] The clutch actuator solenoids 120 and 122 are
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current controlled, variable regulating valves, such that
a given control current applied to solenoids 188 will result
in a particular pressure output in the clutch pressure lines
170, 172. Regulation of the clutch actuator solenoids
120,122 is further provided by the pressure feedback
through passages 184. Similar to the on/off solenoids
124 and 126 and the enable valves 128 and 130, the
clutch actuator solenoids 120 and 122 have internal pas-
sages 180 to send residual pressure from the clutch pres-
sure lines 170 and 172 back to the sump 90 when the
solenoid is de-energized.
[0037] The method of the present invention is generally
indicated at 200 in Figure 3 and controls the torque trans-
ferred across each of the two clutches of a dual clutch
transmission during a gear shift, wherein the first of the
two clutches is the off-going clutch and the second of the
two clutches is the on-coming clutch. Thus, the method
operatively controls the shifting process by controlling
the torque transfer across the clutches 32 and 34 of the
dual clutch transmission 10 for either a downshift or an
upshift. The method begins at the start entry block 202
and includes the steps of determining when a shift has
been commanded at process block 204, sensing the
speed of the driven member of the off-going clutch at
process block 206, determining the desired clutch torque/
slip profile for the changeover of clutches during the shift
at process block 208, and sensing the speed of the driven
member of the on-coming clutch at process block 210.
[0038] The determination of the desired clutch torque/
slip profile is based on the application of any one of a
variety of torque/slip profiles, which may be maintained
in a lookup table or otherwise stored in accessible mem-
ory within an ECU. These torque/slip profiles are prede-
termined and are mathematically expressed as the
change in clutch torque and slip over time. Different pro-
files may be used in different situations and for different
gear changes. The profiles are derived based on the gen-
erally shift "feel" that is desired. However, it has been
determined that the most desirable clutch torque/slip pro-
file for the dual clutch transmission is the one which pro-
vides a linear ramp up and ramp down of the respective
clutches. The linear profile provides a smooth and effi-
cient transition from the off-going clutch to the on-coming
clutch.
[0039] A target engine speed profile is then determined
at process block 212 based on the , the off-going clutch
speed, the clutch torque/slip profile, and the on-coming
clutch speed. The method then simultaneously controls
the torque transfer across each clutch so that the torque
output of the transmission will be changed over from the
off-going clutch to the on-coming clutch by linearly de-
creasing the torque transferred across the off-going
clutch while linearly increasing the torque transferred
across the on-coming clutch in an inversely proportional
rate to follow the clutch torque and slip profile (process
block 208) and cause the engine to track the target engine
speed profile at process block 214. In other words, the
total torque for the clutch changeover is determined and

as each clutch is controlled independently, the total
torque is linearly apportioned between each clutch during
the changeover. Then at process block 216, the method
varies the pressure applied to the on-coming clutch, once
the on-coming clutch is transferring all of the output
torque, to cause the engine to continue to track the target
engine speed profile so that vehicle speed is maintained
[0040] More specifically, if the transmission is perform-
ing an upshift operation in response to an engine throttle
position that is causing positive torque to occur, then the
vehicle is accelerating or in a positively driven steady
state. Positive torque is generated when the engine is
providing power, and thus torque, to the transmission
and drive train. Therefore, maintaining vehicle speed in
this sense actually means maintaining the same rate of
acceleration during the upshift so that the gear change
is not felt by the occupant of the vehicle. Likewise, if a
downshift is being performed in response to a lowered
engine throttle position causing negative torque to occur,
then the vehicle is decelerating. Negative torque is gen-
erated when the vehicle is slowing such that the vehicle’s
inertia, as delivered through the transmission, exceeds
the torque provided by the engine so that the transmis-
sion is attempting to drive the engine. Maintaining vehicle
speed in this sense actually means maintaining the same
rate of deceleration during the downshift so that the gear
change is not felt by the occupant of the vehicle. These
two shifting situations are the ones that occur most com-
monly. In the first situation, the vehicle is accelerating
(positive torque) and the transmission is upshifting
through the gears in response. In the second situation,
the engine throttle is reduced and the vehicle is deceler-
ating (negative torque) so that the transmission would be
downshifting in response. Referring to Figure 3, when
the shift is completed and either the vehicle acceleration
or deceleration is maintained at process step 216, then
the method of the present invention exits at step 218.
[0041] When discussing a target engine speed profile
that is used to control the engagement of the clutches to
regulate the speed of the engine, and thus the vehicle
during the shift, the term "target engine speed" and its
associated concepts may take on a number of connota-
tions in common practice and the terminology used here
should be clearly understood. In general use, the phrase
"target engine speed" may be used in an "engine speed
control" scheme or strategy. The term "engine speed con-
trol" as used herein means holding the engine to a spe-
cific speed (RPM), or limiting the engine to a specific
speed, or controlling the engine speed (and thus, its ac-
celeration) over its operating range. Thus, engine speed
control using a target engine speed may use a target that
is either a static point, or involve dynamic control. In this
case, during the shift activity of the transmission, the
method of the present invention provides target engine
speeds that are in actuality constantly changing, or dy-
namic. Target engine speed profiles are based on the
clutch speeds and the desired slip across the clutches.
Thus, the engine speed is caused to track the target en-
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gine speed profile by the control of the torque transfer
across the clutches of the dual clutch transmission.
[0042] In operation, once the ECU, or other control de-
vice, makes a determination (by some other set of control
parameters beyond the scope of this invention) that a
shift is required, the method of the present invention is
initiated. More specifically, and by way of non-limiting
examples, the method steps generally indicated in Figure
3 may include those depicted in detail in Figures 4 -7. As
previously mentioned, there are two general conditions
of torque transfer across an engaged clutch that involve
either positive or negative torque. Positive torque exists
where the engine is providing power to the remainder of
the drive train and negative torque exists where the inertia
of the vehicle is providing greater energy to the drivetrain
than the engine so that the transmission is attempting to
drive the engine. It should be appreciated that a neutral
torque condition may also exist where neither the engine
nor the vehicle drivetrain are imparting a transfer of
torque to one another. However, with the vehicle moving
such that a shift may be necessary, this condition is likely
very transient with no appreciable impact on the shift ac-
tions of the transmission. As such, it will not be consid-
ered herein.
[0043] In the course of vehicle operation, the transmis-
sion will be called upon to upshift or downshift when either
positive or negative torque is occurring. Thus, four par-
ticular shifting situations exist. In addition to the two shift-
ing situations mentioned above (positive torque upshift
and negative torque downshift), a positive torque down-
shift and a negative torque upshift may also be encoun-
tered. Generally speaking, a positive torque downshift
will most likely occur in a vehicle "accelerate to pass"
condition. This is where the engine throttle position is set
to cause the engine and vehicle to accelerate or maintain
a speed but it is desirable to rapidly accelerate to pass
another vehicle. In this case, the engine throttle position
will be maximized causing a commanded downshift to
the next lower gear in an attempt to immediately increase
the engine speed to place it in a higher torque generating
RPM range.
[0044] The negative torque upshift most often occurs
when the vehicle is traveling downhill and the engine
throttle position is reduced so that the vehicle is coasting
and its inertia exceeds the engine torque output. In this
case, the negative torque from the drive train and trans-
mission is driving the engine causing it to increase in
speed. In some situations this is effectively "engine brak-
ing" and may be a desired effect. However, if the braking
effect becomes excessive so that the engine is driven
undesirably high into its RPM range an upshift may be
commanded, which will cause the transmission to shift
into the next higher gear so that the engine is driven at
a lesser speed. It should be appreciated that the condi-
tions described above concerning the necessity for any
particular shifting situation within the dual clutch trans-
mission are used in an illustrative manner and other con-
ditions may also exist that would precipitate like respons-

es from the transmission.
[0045] Figure 4 depicts the additional method steps
required to perform a positive torque upshift and that are
distinctive from the other types of shifts. This portion of
the method of the present invention is generally indicated
at 220. Once initialized at the start block 222, the method
steps move to process block 224, which determines that
a shift has been properly commanded, then to process
block 226 to sense the speed of the driven member of
the off-going clutch, to process block 228 to determine
the desired clutch torque/slip profile for the changeover
of clutches during the shift at process block, and to proc-
ess block 230 to sense the speed of the driven member
of the on-coming clutch. These values are used at proc-
ess block 232 to determine a first time period during which
the torque output of the transmission will be changed
over from the off-going clutch to the on-coming clutch
based on the clutch speeds and the clutch torque and
slip profile. It should be appreciated that the reference to
clutch speed throughout this specification is taken to sim-
ply mean the rotational speed of the driven member of
the particular clutch assembly being discussed.
[0046] Once the first time period is determined, a first
target engine speed profile is determined based on the
speed of the driven member of the on-coming clutch
(process block 230) and the length of the first time period
(process block 232) for completing the clutch change
over at process block 234. After the determination of the
first time period and first target engine speed, the torque
transfer across each clutch is simultaneously controlled
so that the torque transferred across the off-going clutch
is linearly decreased while the torque transferred across
the on-coming clutch is linearly increased at an inversely
proportional rate to follow the clutch torque and slip profile
(process block 228) and to cause the engine to track the
target engine speed profile (process block 234) during
the first time period (process block 232) at process block
236. Once the on-coming clutch is transferring all of the
output torque in the higher gear, its speed is sensed again
at process block 238. Then, a second time period is de-
termined during which the engine speed will be reduced
and vehicle speed maintained by increasing the pressure
applied to the on-coming clutch at process block 240. At
process block 242, a second target engine speed profile
is determined based on the speed of the on-coming clutch
and the length of the second time period for completing
the reduction in engine speed.
[0047] The method steps continue at process block
244 in which the pressure applied to the on-coming clutch
is increased to cause the engine to track the second tar-
get engine speed profile so that vehicle speed is main-
tained in the higher gear. This occurs due to the fact that
as the clutch pressure is increased, the torque trans-
ferred to the drivetrain increases and this increase of
torque transfer across the clutch pulls down the speed
of the accelerating engine. Since the vehicle is acceler-
ating under positive torque and the transmission is up-
shifting through the gears in response to the acceleration,
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maintaining vehicle speed in this sense actually means
maintaining the same rate of acceleration during the up-
shift so that the gear change is not felt. Finally, at process
block 246 the pressure applied to the on-coming clutch
is decreased a small predetermined amount to allow the
engine and vehicle to further accelerate in the higher gear
in continued response to the engine throttle position once
the engine and engaged clutch speeds are essentially
equal. When these steps are completed and the vehicle
continues to accelerate in the higher gear, the method
of the present invention exits at step 248.
[0048] The method of the present invention and its in-
terrelation to the control of the torque transfer across the
two clutches of the dual clutch transmission during the
shift event is graphically illustrated in Figure 8. A graph
of the relative speeds of the two clutches versus a relative
time line is generally indicated at 400 and a graph of the
relative level of torque transfer of the two clutches versus
the same relative time scale is generally indicated at 420.
In the positive torque upshift, as described above, the
generally increasing speed of the on-coming clutch is
shown as line 404 and the generally increasing but much
higher relative increasing speed of the off-going clutch
is shown as line 406. The positive torque upshift will
cause the delivery of the output torque of the engine to
be changed over from the clutch driving the lower gear
to the clutch driving the higher gear. Therefore, as the
first time period at 408 and the first target engine speed
profile at 410 are determined (process blocks 232 and
234, Figure 4), the engine speed 412 is caused to track
the first target engine speed profile 410. This occurs as
the simultaneous linear clutch change over (process
block 236, Figure 4) takes place. This is illustrated by the
change in the on-coming and off-going clutch torque lines
422 and 424 of 420 (Figure 8) during the first time period
408.
[0049] Then, the second time period at 414 and a sec-
ond target engine speed profile at 416 are determined
(process blocks 240 and 242, Figure 4), which causes
the engine speed 412 to track the second target engine
speed profile 416. The second target engine speed pro-
file 416 and the subsequent change in engine speed is
shown in Figure 8 as decreasing due to process block
244 (Figure 4) increasing the clutch pressure to draw the
engine speed down to meet the rising of the on-coming
clutch 404. The increased clutch pressure causes greater
torque transfer, shown at 402 in Figure 8, so that as en-
gine speed decreases the increased torque transfer con-
tinues to maintain the acceleration of the vehicle. Finally,
process block 246 (Figure 4) decreases the clutch pres-
sure of the now fully engaged on-coming clutch so that
the engine and vehicle will continue the acceleration as
the engine and clutch speed become equal. This is shown
in Figure 8 at 405 where the control of the on-coming
clutch torque 422 exits the second time period 414.
[0050] Figure 5 depicts the additional method steps
required when operating conditions call for a negative
torque downshift that are distinctive from the other types

of shifts. This portion of the method of the present inven-
tion is generally indicated at 250. Once initialized at the
start block 252, the method steps move to process block
254, which determines that a shift has been properly com-
manded, then to process block 256 to sense the speed
of the driven member of the off-going clutch, to process
block 258 to determine the desired clutch torque/slip pro-
file for the changeover of clutches during the shift, and
to process block 260 to sense the speed of the driven
member of the on-coming clutch. These values are used
at process block 262 to determine a first time period dur-
ing which the torque output of the transmission will be
changed over from the off-going clutch to the on-coming
clutch based on the clutch speeds and the clutch torque
and slip profile.
[0051] Once the first time period is determined, a first
target engine speed profile is determined based on the
speed of the driven member of the on-coming clutch
(process block 260) and the length of the first time period
(process block 262) for completing the clutch change
over at process block 264. After the determination of the
first time period and first target engine speed, the torque
transfer across each clutch is simultaneously controlled
so that the torque transferred across the off-going clutch
is linearly decreased while the torque transferred across
the on-coming clutch is linearly increased at an inversely
proportional rate to cause the engine to track the target
engine speed profile (process block 264) during the first
time period (process block 262) at process block 266 to
follow the clutch torque and slip profile (process block
258) and to cause the engine to track the first target en-
gine speed profile during the time period thereby main-
taining the vehicle deceleration during the clutch change-
over.
[0052] Once the on-coming clutch is transferring all of
the output torque in the lower gear, its speed is sensed
again at process block 268. Then, a second time period
is determined at process block 270 during which the en-
gine speed will be increased to maintain the deceleration
in vehicle speed by increasing the pressure applied to
the on-coming clutch. Then at process block 272, a sec-
ond target engine speed profile is determined based on
the speed of the on-coming clutch and the length of the
second time period for completing the increase in engine
speed. The method steps continue at process block 274
in which the pressure applied to the on-coming clutch is
decreased to cause the engine to track the second target
engine speed profile so that vehicle speed is further re-
duced in the lower gear. The increase of clutch pressure
allows the negative torque from the drive train to speed
the engine to meet the decreasing yet higher relative
speed of the on-coming clutch. Then as process block
276, the pressure applied to the on-coming clutch is de-
creased a predetermined amount to allow the engine and
vehicle to further decelerate in the lower gear in response
to the engine throttle position once the engine and en-
gaged clutch speeds are essentially equal. As previously
discussed, since the vehicle is decelerating under neg-
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ative torque and the transmission is downshifting through
the gears in response to the deceleration, maintaining
vehicle speed in this sense actually means maintaining
the same rate of deceleration during the downshift so
that the gear change is not felt by the vehicle occupants.
When these steps are completed and the vehicle contin-
ues to decelerate in the lower gear, the method of the
present invention exits at step 278.
[0053] The method of the present invention and its in-
terrelation to the control of the torque transfer across the
two clutches of the dual clutch transmission during the
negative torque downshift event is graphically illustrated
in Figure 9. A graph of the relative speeds of the two
clutches versus a relative time line is generally indicated
at 430 and a graph of the relative level of torque transfer
of the two clutches versus the same relative time scale
is generally indicated at 450. In the negative torque down-
shift, as described above, the generally decreasing
speed of the off-going clutch is shown as line 434 and
the generally decreasing but much higher relative de-
creasing speed of the on-coming clutch is shown as line
436. The negative torque downshift will cause the deliv-
ery of the output torque of the engine to be changed over
from the clutch driving the higher gear to the clutch driving
the next lower gear. Therefore, as the first time period at
438 and the first target engine speed profile at 440 are
determined (process blocks 262 and 264, Figure 5), the
engine speed 442 is caused to track the first target engine
speed profile 440. This occurs as the simultaneous linear
clutch change over takes place (process block 266, Fig-
ure 5), which is illustrated by the change in the on-coming
and off-going clutch torque lines 452 and 454 of 450 (Fig-
ure 9) during the first time period 438.
[0054] Then, the second time period at 444 and a sec-
ond target engine speed profile at 446 are determined
(process blocks 270 and 272, Figure 5), which causes
the engine speed 442 to track the second target engine
speed profile 446. The second target engine speed pro-
file 446 and the subsequent change in engine speed is
shown in Figure 9 as increasing due to process block
247 (Figure 5) increasing the clutch pressure to allow the
negative torque from the drive train to speed the engine
to meet the decreasing yet higher relative speed of the
on-coming clutch 436. The increased clutch pressure
causes greater torque transfer, shown at 432 in Figure
9 so that as engine speed is driven higher the increased
torque transfer continues to maintain the deceleration of
the vehicle. Finally, process block 276 (Figure 5) de-
creases the clutch pressure of the now fully engaged on-
coming clutch so that the engine and vehicle will continue
the deceleration as the engine and clutch speed become
equal. This is shown in Figure 9 at 435 where the control
of the on-coming clutch torque 452 exits the second time
period 444.
[0055] Figure 6 depicts the additional method steps
required when operating conditions call for a negative
torque upshift that are distinctive from the other types of
shifts. This portion of the method of the present invention

is generally indicated at 280. Once initialized at the start
block 282, the method steps move to process block 284,
which determines that a shift has been properly com-
manded, then to process block 286 to sense the speed
of the driven member of the off-going clutch, , to process
block 288 to determine the desired clutch torque/slip pro-
file for the changeover of clutches during the shift, and
to process block 290 to sense the speed of the driven
member of the on-coming clutch. These values are used
at process block 292 to determine a first time period dur-
ing which the engine speed will be reduced to maintain
vehicle speed by decreasing the pressure applied to the
off-going clutch.
[0056] Once the first time period is determined, a first
target engine speed profile is determined based on the
speed of the off-going clutch and the length of the first
time period for completing the reduction in engine speed
at process block 294. Then at process block 296, the
pressure applied to the off-going clutch is decreased to
cause the engine to track the first target engine speed
profile while the vehicle speed is maintained in the current
gear. At process block 298, the pressure applied to the
on-coming clutch is increased a small predetermined
amount to further cause the engine speed to decrease
prior to a clutch changeover to the higher gear. Once the
engine speed has been decreased by the on-coming
clutch, the speed of the off-going clutch is sensed at proc-
ess block 300.
[0057] A second time period is determined at process
block 302 during which the torque output of the transmis-
sion will be changed over from the off-going clutch to the
on-coming clutch based on the clutch speeds and the
clutch torque and slip profile. Once the second time pe-
riod is determined, a second target engine speed profile
based on the speed of the driven member of the on-com-
ing clutch (300) and the length of the second time period
(302) for completing the clutch change over is determined
at process block 304. After the determination of the sec-
ond time period and second target engine speed, process
block 306 causes the torque transfer across each clutch
to be simultaneously controlled so that the torque trans-
ferred across the off-going clutch is linearly decreased
while the torque transferred across the on-coming clutch
is linearly increased at an inversely proportional rate to
follow the clutch torque and slip profile (process block
288) and to cause the engine to track the second target
engine speed profile during the second time period there-
by maintaining the decreasing vehicle speed. When
these steps are completed and the vehicle continues to
decelerate in the lower gear, the method of the present
invention exits at step 308.
[0058] The method of the present invention and its in-
terrelation to the control of the torque transfer across the
two clutches of the dual clutch transmission during the
negative torque upshift event is graphically illustrated in
Figure 10. A graph of the relative speeds of the two clutch-
es versus a relative time line is generally indicated at 460
and a graph of the relative level of torque transfer of the
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two clutches versus the same relative time scale is gen-
erally indicated at 480. In the negative torque upshift, as
described above, the generally increasing speed of the
on-coming clutch is shown as line 464 and the generally
increasing but much higher relative increasing speed of
the off-going clutch is shown as line 466. The negative
torque upshift will cause the delivery of the output torque
of the engine to be changed over from the clutch driving
the lower gear to the clutch driving the higher gear. There-
fore, as the first time period at 468 and the first target
engine speed profile at 470 are determined (process
blocks 292 and 294, Figure 6), the engine speed 472 is
caused to track the first target engine speed profile 470.
This occurs as the pressure applied to the off-going clutch
is decreased (process block 296, Figure 6) thereby al-
lowing the engine speed to decrease, and the pressure
applied to the on-coming clutch is increased a small pre-
determined amount to further draw down the engine
speed. These changes are shown by the linear change
to the off-going clutch torque line 484 at 462 and the
change to the on-coming clutch torque line 482 at 486
(Figure 10) during the first time period 468.
[0059] Then, the second time period at 474 and a sec-
ond target engine speed profile at 476 are determined
(process blocks 302 and 304, Figure 6), which causes
the engine speed 472 to track the second target engine
speed profile 476. During the second time period 474,
the simultaneous clutch change over takes place (proc-
ess block 306, Figure 6), which is shown by the linear
change in the on-coming and off-going clutch torque lines
482 and 484 of 480 (Figure 10) during the second time
period 474. As the on-coming clutch is brought on, the
second target engine speed profile, and thus the engine
speed, is allowed to increase from its newly lowered rel-
ative value as the clutch and engine speed become es-
sentially equal. This occurs because the vehicle is up-
shifting in a negative torque situation to avoid having the
drivetrain excessively drive the engine in the lower gear
and upshifts in response.
[0060] Figure 7 depicts the additional method steps
required when operating conditions call for a positive
torque downshift that are distinctive from the other types
of shifts. This portion of the method of the present inven-
tion is generally indicated at 310. Once initialized at the
start block 312, the method steps move to process block
314, which determines that a shift has been properly com-
manded, then to process block 316 to sense the speed
of the driven member of the off-going clutch, to process
block 318 to determine the desired clutch torque/slip pro-
file for the changeover of clutches during the shift, and
to process block 320 to sense the speed of the driven
member of the on-coming clutch. These values are used
at process block 322 to determine a first time period dur-
ing which the engine speed will be increased by decreas-
ing the pressure applied to the off-going clutch.
[0061] Once the first time period is determined, a first
target engine speed profile is determining based on the
speed of the off-going clutch and the length of the first

time period for completing the increase in engine speed
at process block 324. Then at process block 326, the
pressure applied to the off-going clutch is decreased to
cause the engine speed to increase and track the first
target engine speed profile in preparation to shift from
higher gear to lower gear while maintaining the increas-
ing vehicle speed. At process block 328, the pressure
applied to the off-going clutch is momentarily increased
a predetermined amount to provide the maximum torque
available in the higher gear at the end of the first time
period immediately prior to a changeover to the lower
gear so that the increasing vehicle speed is maintained.
Once the engine speed has been decreased by the on-
coming clutch at 328, the speed of the off-going clutch
is sensed at process block 330.
[0062] A second time period is then determined at
process block 332 during which the torque output of the
transmission is changed over from the off-going clutch
to the on-coming clutch based on the clutch speeds and
the clutch torque and slip profile. Once the second time
period is determined, a second target engine speed pro-
file is determined based on the speed of the driven mem-
ber of the on-coming clutch and the length of the second
time period for completing the clutch change over. After
the determination of the second time period and second
target engine speed, process block 336 causes the
torque transfer across each clutch to be simultaneously
controlled so that the torque transferred across the off-
going clutch is linearly decreased while the torque trans-
ferred across the on-coming clutch is linearly increased
at an inversely proportional rate to follow the clutch torque
and slip profile (process block 318) and to cause the en-
gine to track the second target engine speed profile dur-
ing the second time period thereby maintaining the in-
creasing vehicle speed. When these steps are completed
and the vehicle continues to accelerate in the lower gear,
the method of the present invention exits at step 338.
[0063] The method of the present invention and its in-
terrelation to the control of the torque transfer across the
two clutches of the dual clutch transmission during the
positive torque downshift event is graphically illustrated
in Figure 11. A graph of the relative speeds of the two
clutches versus a relative time line is generally indicated
at 496 and a graph of the relative level of torque transfer
of the two clutches versus the same relative time scale
is generally indicated at 510. In the positive torque down-
shift, as described above, the generally increasing speed
of the off-going clutch is shown as line 494 and the gen-
erally increasing but much higher relative increasing
speed of the on-coming clutch is shown as line 496. The
positive torque downshift will cause the delivery of the
output torque of the engine to be changed over from the
clutch driving the higher gear to the clutch driving the
next lower gear. Therefore, as the first time period at 498
and the first target engine speed profile at 500 are deter-
mined (process blocks 322 and 324, Figure 7), the engine
speed 502 is caused to track the first target engine speed
profile 500. This occurs as the pressure applied to the
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off-going clutch is decreased (process block 326, Figure
7) thereby allowing the engine speed to increase, and
the pressure applied to the on-coming clutch is also in-
creased a small predetermined amount to aid in control-
ling the engine speed and to increase the speed on the
on-coming clutch. These changes are shown by the lin-
ear change to the off-going clutch torque line 514 at 492
and the change to the on-coming clutch torque line 512
at 516 (Figure 11) during the first time period 498.
[0064] Then, the second time period at 504 and a sec-
ond target engine speed profile at 506 are determined
(process blocks 332 and 334, Figure 7), which causes
the engine speed 502 to track the second target engine
speed profile 506. During the second time period 504,
the simultaneous linear clutch change over takes place
(process block 326, Figure 7), which is illustrated by the
change in the on-coming and off-going clutch torque lines
512 and 514 of 510 (Figure 11) during the second time
period 504. As the on-coming clutch is brought on, the
second target engine speed profile, and thus the engine
speed, is allowed to continue to increase from its newly
increased relative value as the clutch and engine speed
become essentially equal. This occurs because the ve-
hicle is downshifting in a positive torque situation to ac-
celerate the vehicle through lower gears.
[0065] It should be appreciated that during each gear-
shift event, as the torque output is about to change from
one clutch to the other, a preparatory portion of the shift
event must be accomplished. Thus, the method of the
present invention provides for the additional steps of per-
forming a preparatory clutch pressure fill without a trans-
fer of torque to the on-coming clutch and performing a
predetermined nominal reduction in the pressure applied
to the off-going clutch to cause a slight slip in preparation
of disengaging the off-going clutch. These preparatory
steps occur immediately prior to the first time period in
each of the shifting situations. As shown in Figure 8, the
preparatory period 427 starts at vertical line 425 with the
pressure fill of the on-coming clutch 426 and the nominal
reduction of pressure to the off-going clutch 428. It con-
tinues until the beginning of the first time period 408 at
vertical line 429. Likewise, the same preparatory steps
occur in the other shifting situations and are illustrated in
Figure 9, 10, and 11. In Figure 9, the preparatory steps
as shown as 456 and 458, which occur during the pre-
paratory period 457 between vertical lines 455 and 459.
In Figure 10, the preparatory steps as shown as 486 and
488, which occur during the preparatory period 487 be-
tween vertical lines 485 and 489. In Figure 11, the pre-
paratory steps as shown as 516 and 518, which during
occur the preparatory period 517 between vertical lines
515 and 519.
[0066] Additionally, it should be appreciated by those
having ordinary skill in the art that the method of the
present invention is also capable of controlling combina-
tions of the above described shifting situations. For ex-
ample, if a vehicle having a dual clutch transmission is
accelerating and a positive torque upshift is commanded,

it is possible for the driver to concurrently release the
vehicle’s throttle to a lower position in which a decelera-
tion is required. In this situation, it is possible that the
positive torque upshift may have only completed the
clutch changeover of the first time period before the
torque changes to negative and a negative downshift is
commanded. In this manner, the method of the present
invention is capable of moving immediately from the first
time period of the positive upshift to the first time period
of the negative downshift, if necessary, to control this
combined shift event. Thus, it can be seen that the meth-
od is also operable to move between the various shifting
situations as dynamically required by the operation of the
vehicle.
[0067] Therefore, the method of the present invention
overcomes the drawbacks and disadvantages of all prior
dual clutch transmission shift control methods by provid-
ing smooth and efficient shifting of the dual clutch trans-
mission. The method of the present invention provides
linear and inversely proportional changeovers from the
off-going clutch to the on-coming clutch and varies the
clutch pressures to maintain the speed of the vehicle dur-
ing shifting. This improves overall drivability and comfort
of the vehicle when compared with prior methods, which
use a non-linear changeover of the clutches that cause
uncontrolled changes in engine and vehicle speed that
results in inefficient torque transfer and poor ride char-
acteristics during the shift. Additionally, the method of
the present invention overcomes the drawbacks of prior
methods by directly and operatively controlling the torque
transfer across the clutches of the dual clutch transmis-
sion. In this manner, the method of the present invention
considers and accounts for the wide variety of variants
that influence the vehicle during the shift event.

Claims

1. A method of controlling the torque transferred across
each of the two clutches (32,34) of a dual clutch
transmission (10) during a gear shift, wherein the
first (32) of the two clutches (32,34) is the off-going
clutch and the second (34) of the two clutches (32,34)
is the on-coming clutch (34), said method includes
the steps of:

determining when a shift has been commanded;
sensing the speed of the driven member (14) of
the off-going clutch (32);
determining a desired clutch torque and slip pro-
file for the changeover of the clutches (32,34);
sensing the speed of the driven member (16) of
the on-coming clutch (34) determining a target
engine speed profile based on the speed of the
driven member (14) of the off-going clutch (32),
the clutch torque and slip profile, and the speed
of the driven member (16) of the on-coming
clutch (34);
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simultaneously controlling the torque transfer
across each clutch (32,34) so that the torque
output of the transmission (10) will be changed
over from the off-going clutch (32) to the on-com-
ing clutch (34) by linearly decreasing the torque
transferred across the off-going clutch (32) while
linearly increasing the torque transferred across
the on-coming clutch (34) in an inversely pro-
portional rate to follow the clutch torque and slip
profile and to cause the engine to track the target
engine speed profile; and
varying the pressure applied to the on-coming
clutch (34) once the on-coming clutch (34) is
transferring all of the output torque, to cause the
engine to continue to track the target engine
speed profile so that vehicle speed is main-
tained.

2. A method of controlling the torque transferred across
each of the two clutches (32,34) of a dual clutch
transmission as set forth in claim 1, wherein the
transmission (10) is performing an upshift during a
positive torque application, said method further in-
cludes the steps of:

determining a first time period during which the
torque output of the transmission (10) will be
changed over from the off-going clutch (32) to
the on-coming clutch (34) based on the clutch
speeds and the clutch torque and slip profile;
determining a first target engine speed profile
based on the speed of the driven member (16)
of the on-coming clutch (34) and the length of
the first time period for completing the clutch
change over; and
simultaneously controlling the torque transfer
across each clutch (32,34) so that the torque
transferred across the off-going clutch (32) is
linearly decreased while the torque transferred
across the on-coming clutch (34) is linearly in-
creased at an inversely proportional rate to fol-
low the clutch torque and slip profile and to cause
the engine to track the target engine speed pro-
file during the first time period thereby maintain-
ing the vehicle acceleration during the change-
over.

3. A method of controlling the torque transferred across
each of the two clutches (32,34) of a dual clutch
transmission(10) as set forth in claim 2, wherein the
transmission is performing an upshift during a posi-
tive torque application, said method further including
the steps of:

determining a second time period once the on-
coming clutch (34) is transferring all of the output
torque in the higher gear during which the engine
speed is reduced and vehicle speed is main-

tained by increasing the pressure applied to the
on-coming clutch (34);
determining a second target engine speed pro-
file based on the speed of the on-coming clutch
(34) and the length of the second time period for
completing the reduction in engine speed;
increasing the pressure applied to the on-com-
ing clutch (34) to cause the engine to track the
second target engine speed profile so that ve-
hicle speed is maintained in the higher gear; and
decreasing the pressure applied to the on-com-
ing clutch (34) a predetermined amount to allow
the engine and vehicle to further accelerate in
the higher gear in response to the engine throttle
position once the engine and engaged clutch
speeds are essentially equal.

4. A method of controlling the torque transferred across
each of the two clutches (32,34) of a dual clutch
transmission (10) as set forth in claim 1, wherein the
transmission (10) is performing a downshift during a
negative torque application, said method further in-
cluding the steps of:

determining a first time period during which the
torque output of the transmission (10) will be
changed over from the off-going clutch (32) to
the on-coming clutch (34) based on the clutch
speeds and the clutch torque and slip profile;
determining a first target engine speed profile
based on the speed of the driven member (16)
of the on-coming clutch (34) and the length of
the first time period for completing the clutch
change over; and
simultaneously controlling the torque transfer
across each clutch (32,34) so that the torque
transferred across the off-going clutch (32) is
linearly decreased while the torque transferred
across the on-coming clutch (34) is linearly in-
creased at an inversely proportional rate to fol-
low the clutch torque and slip profile and to cause
the engine to track the first target engine speed
profile during the time period thereby maintain-
ing the vehicle deceleration during the clutch
changeover.

5. A method of controlling the torque transferred across
each of the two clutches (32,34) of a dual clutch
transmission as set forth in claim 4, wherein the
transmission (10) is performing a downshift during a
negative torque application, said method further in-
cluding the steps of:

determining a second time period once the on-
coming clutch (34) is transferring all of the output
torque in the higher gear during which the engine
speed will be increased to maintain vehicle
speed by increasing the pressure applied to the
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on-coming clutch (34);
determining a second target engine speed pro-
file based on the speed of the on-coming clutch
(34) and the length of the second time period for
completing the increase in engine speed;
decreasing the pressure applied to the on-com-
ing clutch (34) to cause the engine to track the
second target engine speed profile so that ve-
hicle speed is further reduced in the lower gear;
and
decreasing the pressure applied to the on-com-
ing clutch (34) a predetermined amount to allow
the engine and vehicle to further decelerate in
the lower gear in response to the engine throttle
position once the engine and engaged clutch
speeds are essentially equal.

6. A method of controlling the torque transferred across
each of the two clutches (32,34) of a dual clutch
transmission (10) as set forth in claim 1, wherein the
transmission (10) is performing an upshift having a
negative torque application, said method further in-
cluding the steps of:

determining a first time period during which the
engine speed will be reduced to maintain vehicle
speed by decreasing the pressure applied to the
off-going clutch (32);
determining a first target engine speed profile
based on the speed of the off-going clutch (32)
and the length of the first time period for com-
pleting the reduction in engine speed;
decreasing the pressure applied to the off-going
clutch (32) to cause the engine speed to de-
crease and track the first target engine speed
profile while maintaining vehicle speed in the
current gear; and
increasing the pressure applied to the on-com-
ing clutch (34) a small predetermined amount to
further cause the engine speed to decrease prior
to a clutch changeover to the higher gear.

7. A method of controlling the torque transferred across
each of the two clutches (32,34) of a dual clutch
transmission (10) as set forth in claim 6, wherein the
transmission (10) is performing an upshift having a
negative torque application, said method further in-
cludes the steps of:

determining a second time period during which
the torque output of the transmission (10) will be
changed over from the off-going clutch (32) to
the on-coming clutch (34) based on the clutch
speeds and the clutch torque and slip profile;
determining a second target engine speed pro-
file based on the speed of the driven member
(16) of the on-coming clutch (34) and the length
of the second time period for completing the

clutch change over; and
simultaneously controlling the torque transfer
across each clutch (32,34) so that the torque
transferred across the off-going clutch (32) is
linearly decreased while the torque transferred
across the on-coming clutch (34) is linearly in-
creased at an inversely proportional rate to fol-
low the clutch torque and slip profile and to cause
the engine to track the second target engine
speed profile during the second time period
thereby maintaining the decreasing vehicle
speed.

8. A method of controlling the torque transferred across
each of the two clutches (32,34) of a dual clutch
transmission (10) as set forth in claim 1, wherein the
transmission (10) is performing a downshift having
a positive torque application, said method further in-
cluding the steps of:

determining a first time period during which the
engine speed will be increased by decreasing
the pressure applied to the off-going clutch (32);
determining a first target engine speed profile
based on the speed of the off-going clutch (32)
and the length of the first time period for com-
pleting the increase in engine speed;
decreasing the pressure applied to the off-going
clutch (32) to cause the engine speed to in-
crease and track the first target engine speed
profile in preparation to shift from higher gear to
lower gear while maintaining the increasing ve-
hicle speed; and
momentarily increasing the pressure applied to
the off-going clutch (32) a predetermined
amount to provide the maximum torque availa-
ble in the higher gear at the end of the first time
period immediately prior to a changeover to the
lower gear so that the increasing vehicle speed
is maintained.

9. A method of controlling the torque transferred across
each of the two clutches (32,34) of a dual clutch
transmission (10) as set forth in claim 8, wherein the
transmission (10) is performing a downshift having
a positive torque application, said method further in-
cluding the steps of:

determining a second time period during which
the torque output of the transmission (10) will be
changed over from the off-going clutch (32) to
the on-coming clutch (34) based on the clutch
speeds and the clutch torque and slip profile;
determining a second target engine speed pro-
file based on the speed of the driven member
(16) of the on-coming clutch (34) and the length
of the second time period for completing the
clutch change over; and
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simultaneously controlling the torque transfer
across each clutch (32,34) so that the torque
transferred across the off-going clutch (32) is
linearly decreased while the torque transferred
across the on-coming clutch (34) is linearly in-
creased at an inversely proportional rate to fol-
low the clutch torque and slip profile and to cause
the engine to track the target engine speed pro-
file during the second time period thereby main-
taining the increasing vehicle speed.

Patentansprüche

1. Verfahren zum Steuern des über jede der beiden
Kupplungen (32, 34) eines Doppelkupplungsgetrie-
bes (10) übertragenen Drehmoments während eines
Gangwechsels, wobei die erste (32) der beiden
Kupplungen (32, 34) die ausrückende Kupplung ist
und die zweite (34) der beiden Kupplungen (32, 34)
die einrückende Kupplung (34) ist, wobei das Ver-
fahren die folgenden Schritte umfasst:

Bestimmen, wann ein Gangwechsel angeord-
net wurde;
Erfassen der Drehzahl des angetriebenen
Glieds (14) der ausrückenden Kupplung (32);
Bestimmen eines Kupplungsdrehmoment- und
-schlupfsollprofils für das Umschalten der Kupp-
lungen (32, 34);
Erfassen der Drehzahl des angetriebenen
Glieds (16) der einrückenden Kupplung (34);
Bestimmen eines Motordrehzahlzielprofils auf
der Basis der Drehzahl des angetriebenen
Glieds (14) der ausrückenden Kupplung (32),
des Kupplungsdrehmoment- und -schlupfprofils
und der Drehzahl des angetriebenen Glieds (16)
der einrückenden Kupplung (34);
gleichzeitiges Steuern der Drehmomentübertra-
gung über jede Kupplung (32, 34), so dass die
Drehmomentausgabe des Getriebes (10) von
der ausrückenden Kupplung (32) auf die einrük-
kende Kupplung (34) umgeschaltet wird, indem
das über die ausrükkende Kupplung (32) über-
tragene Drehmoment linear verringert wird,
während das über die einrükkende Kupplung
(34) übertragene Drehmoment mit einer umge-
kehrt proportionalen Rate linear erhöht wird, um
dem Kupplungsdrehmoment- und -schlupfprofil
zu folgen und zu bewirken, dass der Motor dem
Motordrehzahlzielprofil folgt; und
Variieren des an die einrückende Kupplung (34)
angelegten Drucks, sobald die einrückende
Kupplung (34) das gesamte Ausgangsdrehmo-
ment überträgt, um zu bewirken, dass der Motor
weiter dem Motordrehzahlzielprofil folgt, so
dass die Fahrzeuggeschwindigkeit aufrechter-
halten wird.

2. Verfahren zum Steuern des über jede der beiden
Kupplungen (32, 34) eines Doppelkupplungsgetrie-
bes übertragenen Drehmoments nach Anspruch 1,
wobei das Getriebe (10) während des Anlegens von
positivem Drehmoment einen Hochschaltvorgang
durchführt, wobei das Verfahren ferner die folgen-
den Schritte umfasst:

Bestimmen einer ersten Zeitdauer, während der
die Drehmomentausgabe des Getriebes (10)
auf der Basis der Kupplungsdrehzahlen und des
Kupplungsdrehmoment- und -schlupfprofils von
der ausrückenden Kupplung (32) auf die einrük-
kende Kupplung (34) umgeschaltet wird;
Bestimmen eines ersten Motordrehzahlzielpro-
fils auf der Basis der Drehzahl des angetriebe-
nen Glieds (16) der einrückenden Kupplung (34)
und der Länge der ersten Zeitdauer zur Durch-
führung der Kupplungsumschaltung; und
gleichzeitiges Steuern der Drehmomentübertra-
gung über jede Kupplung (32, 34), so dass das
über die ausrückende Kupplung (32) übertrage-
ne Drehmoment linear verringert wird, während
das über die einrückende Kupplung (34) über-
tragene Drehmoment mit einer umgekehrt pro-
portionalen Rate linear erhöht wird, um dem
Kupplungsdrehmoment- und -schlupfprofil zu
folgen und zu bewirken, dass der Motor während
der ersten Zeitdauer dem Motordrehzahlzielpro-
fil folgt und dabei die Fahrzeugbeschleunigung
während der Umschaltung aufrechterhält.

3. Verfahren zum Steuern des über jede der beiden
Kupplungen (32, 34) eines Doppelkupplungsgetrie-
bes (10) übertragenen Drehmoments nach An-
spruch 2, wobei das Getriebe während des Anlegens
von positivem Drehmoment einen Hochschaltvor-
gang durchführt, wobei das Verfahren ferner die fol-
genden Schritte umfasst:

Bestimmen einer zweiten Zeitdauer, sobald die
einrückende Kupplung (34) das gesamte Aus-
gangsdrehmoment in dem höheren Gang über-
trägt, während der durch Erhöhen des an die
einrückende Kupplung (34) angelegten Drucks
die Motordrehzahl reduziert und die Fahrzeug-
geschwindigkeit aufrechterhalten wird;
Bestimmen eines zweiten Motordrehzahlziel-
profils auf der Basis der Drehzahl der einrücken-
den Kupplung (34) und der Länge der zweiten
Zeitdauer zur Durchführung der Motordrehzahl-
verringerung;
Erhöhen des an die einrückende Kupplung (34)
angelegten Drucks, um zu bewirken, dass der
Motor dem zweiten Motordrehzahlzielprofil
folgt, so dass die Fahrzeuggeschwindigkeit in
dem höheren Gang aufrechterhalten wird; und
Verringern des an die einrückende Kupplung
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(34) angelegten Drucks um ein vorbestimmtes
Ausmaß, um zu gestatten, dass der Motor und
das Fahrzeug in dem höheren Gang als Reak-
tion auf die Motordrosselklappenstellung weiter
beschleunigen, sobald die Motordrehzahl und
die Drehzahl der eingerückten Kupplung im We-
sentlichen gleich sind.

4. Verfahren zum Steuern des über jede der beiden
Kupplungen (32, 34) eines Doppelkupplungsgetrie-
bes (10) übertragenen Drehmoments nach An-
spruch 1, wobei das Getriebe (10) während des An-
legens von negativem Drehmoment einen Herunter-
schaltvorgang durchführt, wobei das Verfahren fer-
ner die folgenden Schritte umfasst:

Bestimmen einer ersten Zeitdauer, während der
die Drehmomentausgabe des Getriebes (10)
auf der Basis der Kupplungsdrehzahlen und des
Kupplungsdrehmoment- und -schlupfprofils von
der ausrückenden Kupplung (32) auf die einrük-
kende Kupplung (34) umgeschaltet wird;
Bestimmen eines ersten Motordrehzahlzielpro-
fils auf der Basis der Drehzahl des angetriebe-
nen Glieds (16) der einrückenden Kupplung (34)
und der Länge der ersten Zeitdauer zur Durch-
führung der Kupplungsumschaltung; und
gleichzeitiges Steuern der Drehmomentübertra-
gung über jede Kupplung (32, 34), so dass das
über die ausrückende Kupplung (32) übertrage-
ne Drehmoment linear verringert wird, während
das über die einrückende Kupplung (34) über-
tragene Drehmoment mit einer umgekehrt pro-
portionalen Rate linear erhöht wird, um dem
Kupplungsdrehmoment- und -schlupfprofil zu
folgen und zu bewirken, dass der Motor während
der Zeitdauer dem ersten Motordrehzahlzielpro-
fil folgt und dabei die Fahrzeugverlangsamung
während der Kupplungsumschaltung aufrecht-
erhält.

5. Verfahren zum Steuern des über jede der beiden
Kupplungen (32, 34) eines Doppelkupplungsgetrie-
bes übertragenen Drehmoments nach Anspruch 4,
wobei das Getriebe (10) während des Anlegens von
negativem Drehmoment einen Herunterschaltvor-
gang durchführt, wobei das Verfahren ferner die fol-
genden Schritte umfasst:

Bestimmen einer zweiten Zeitdauer, sobald die
einrückende Kupplung (34) das gesamte Aus-
gangsdrehmoment in dem höheren Gang über-
trägt, während der die Motordrehzahl zur Auf-
rechterhaltung der Fahrzeuggeschwindigkeit
durch Erhöhen des an die einrückende Kupp-
lung (34) angelegten Drucks erhöht wird;
Bestimmen eines zweiten Motordrehzahlziel-
profils auf der Basis der Drehzahl der einrücken-

den Kupplung (34) und der Länge der zweiten
Zeitdauer zur Durchführung der Motordrehzah-
lerhöhung;
Verringern des an die einrückende Kupplung
(34) angelegten Drucks, um zu bewirken, dass
der Motor dem zweiten Motordrehzahlzielprofil
folgt, so dass die Fahrzeuggeschwindigkeit in
dem niedrigeren Gang weiter reduziert wird; und
Verringern des an die einrückende Kupplung
(34) angelegten Drucks um ein vorbestimmtes
Ausmaß, um zu gestatten, dass sich der Motor
und das Fahrzeug in dem niedrigeren Gang als
Reaktion auf die Motordrosselklappenstellung
weiter verlangsamen, sobald die Motordrehzahl
und die Drehzahl der eingerückten Kupplung im
Wesentlichen gleich sind.

6. Verfahren zum Steuern des über jede der beiden
Kupplungen (32, 34) eines Doppelkupplungsgetrie-
bes (10) übertragenen Drehmoments nach An-
spruch 1, wobei das Getriebe (10) bei Anlegen von
negativem Drehmoment einen Hochschaltvorgang
durchführt, wobei das Verfahren ferner die folgen-
den Schritte umfasst:

Bestimmen einer ersten Zeitdauer, während der
die Motordrehzahl zur Aufrechterhaltung der
Fahrzeuggeschwindigkeit durch Verringern des
an die ausrückende Kupplung (32) angelegten
Drucks verringert wird;
Bestimmen eines ersten Motordrehzahlzielpro-
fils auf der Basis der Drehzahl der ausrückenden
Kupplung (32) und der Länge der ersten Zeit-
dauer zur Durchführung der Motordrehzahlver-
ringerung;
Verringern des an die ausrückende Kupplung
(32) angelegten Drucks, um zu bewirken, dass
sich die Motordrehzahl verringert und dem er-
sten Motordrehzahlzielprofil unter Aufrechter-
haltung der Fahrzeuggeschwindigkeit in dem
aktuellen Gang folgt; und
Erhöhen des an die einrückende Kupplung (34)
angelegten Drucks um ein geringes vorbe-
stimmtes Ausmaß, um weiter zu bewirken, dass
sich die Motordrehzahl vor einer Kupplungsum-
schaltung in den höheren Gang verringert.

7. Verfahren zum Steuern des über jede der beiden
Kupplungen (32, 34) eines Doppelkupplungsgetrie-
bes (10) übertragenen Drehmoments nach An-
spruch 6, wobei das Getriebe (10) bei Anlegen von
negativem Drehmoment einen Hochschaltvorgang
durchführt, wobei das Verfahren ferner die folgen-
den Schritte umfasst:

Bestimmen einer zweiten Zeitdauer, während
der die Drehmomentausgabe des Getriebes
(10) auf der Basis der Kupplungsdrehzahlen
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und des Kupplungsdrehmoment- und -schlupf-
profils von der ausrückenden Kupplung (32) auf
die einrükkende Kupplung (34) umgeschaltet
wird;
Bestimmen eines zweiten Motordrehzahlziel-
profils auf der Basis der Drehzahl des angetrie-
benen Glieds (16) der einrückenden Kupplung
(34) und der Länge der zweiten Zeitdauer zur
Durchführung der Kupplungsumschaltung; und
gleichzeitiges Steuern der Drehmomentübertra-
gung über jede Kupplung (32, 34), so dass das
über die ausrückende Kupplung (32) übertrage-
ne Drehmoment linear verringert wird, während
das über die einrückende Kupplung (34) über-
tragene Drehmoment mit einer umgekehrt pro-
portionalen Rate linear erhöht wird, um dem
Kupplungsdrehmoment- und -schlupfprofil zu
folgen und zu bewirken, dass der Motor während
der zweiten Zeitdauer dem zweiten Motordreh-
zahlzielprofil folgt und dabei die abnehmende
Fahrzeuggeschwindigkeit aufrechterhält.

8. Verfahren zum Steuern des über jede der beiden
Kupplungen (32, 34) eines Doppelkupplungsgetrie-
bes (10) übertragenen Drehmoments nach An-
spruch 1, wobei das Getriebe (10) bei Anlegen von
positivem Drehmoment einen Herunterschaltvor-
gang durchführt, wobei das Verfahren ferner die fol-
genden Schritte umfasst:

Bestimmen einer ersten Zeitdauer, während der
die Motordrehzahl durch Verringern des an die
ausrückende Kupplung (32) angelegten Drucks
erhöht wird;
Bestimmen eines ersten Motordrehzahlzielpro-
fils auf der Basis der Drehzahl der ausrückenden
Kupplung (32) und der Länge der ersten Zeit-
dauer zur Durchführung der Motordrehzahler-
höhung;
Verringern des an die ausrückende Kupplung
(32) angelegten Drucks, um zu bewirken, dass
sich die Motordrehzahl erhöht und dem ersten
Motordrehzahlzielprofil unter Aufrechterhaltung
der zunehmenden Fahrzeuggeschwindigkeit
vorbereitend auf das Schalten von einem höhe-
ren Gang in einen niedrigeren Gang folgt; und
kurzzeitiges Erhöhen des an die ausrückende
Kupplung (32) angelegten Drucks um ein vor-
bestimmtes Ausmaß, um am Ende der ersten
Zeitdauer unmittelbar vor einem Wechsel in den
niedrigeren Gang das in dem höheren Gang ver-
fügbare maximale Drehmoment bereitzustellen,
so dass die zunehmende Fahrzeuggeschwin-
digkeit aufrechterhalten wird.

9. Verfahren zum Steuern des über jede der beiden
Kupplungen (32, 34) eines Doppelkupplungsgetrie-
bes (10) übertragenen Drehmoments nach An-

spruch 8, wobei das Getriebe (10) bei Anlegen von
positivem Drehmoment einen Herunterschaltvor-
gang durchführt, wobei das Verfahren ferner die fol-
genden Schritte umfasst:

Bestimmen einer zweiten Zeitdauer, während
der die Drehmomentausgabe des Getriebes
(10) auf der Basis der Kupplungsdrehzahlen
und des Kupplungsdrehmoment- und -schlupf-
profils von der ausrückenden Kupplung (32) auf
die einrükkende Kupplung (34) umgeschaltet
wird;
Bestimmen eines zweiten Motordrehzahlziel-
profils auf der Basis der Drehzahl des angetrie-
benen Glieds (16) der einrückenden Kupplung
(34) und der Länge der zweiten Zeitdauer zur
Durchführung der Kupplungsumschaltung; und
gleichzeitiges Steuern der Drehmomentübertra-
gung über jede Kupplung (32, 34), so dass das
über die ausrückende Kupplung (32) übertrage-
ne Drehmoment linear verringert wird, während
das über die einrückende Kupplung (34) über-
tragene Drehmoment mit einer umgekehrt pro-
portionalen Rate linear erhöht wird, um dem
Kupplungsdrehmoment- und -schlupfprofil zu
folgen und zu bewirken, dass der Motor während
der zweiten Zeitdauer dem Motordrehzahlziel-
profil folgt und dabei die zunehmende Fahr-
zeuggeschwindigkeit aufrechterhält.

Revendications

1. Procédé de commande du couple transféré en tra-
vers de chacun des deux embrayages (32, 34) d’une
transmission à double embrayage (10) pendant un
changement de rapport, le premier (32) des deux
embrayages (32, 34) étant l’embrayage sortant et le
deuxième (34) des deux embrayages (32, 34) étant
l’embrayage entrant (34), ledit procédé comprenant
les étapes consistant à :

déterminer quand un changement de rapport a
été commandé ;
détecter la vitesse de l’organe entraîné (14) de
l’embrayage sortant (32) ;
déterminer un profil souhaité de couple et de
glissement d’embrayage pour le changement
entre les embrayages (32, 34) ;
détecter la vitesse de l’organe entraîné (16) de
l’embrayage entrant (34) ;
déterminer un profil de vitesse cible du moteur
sur la base de la vitesse de l’organe entraîné
(14) de l’embrayage sortant (32), du profil de
couple et de glissement d’embrayage et de la
vitesse de l’organe entraîné (16) de l’embrayage
entrant (34) ;
commander simultanément le transfert de cou-
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ple en travers de chaque embrayage (32, 34)
de telle sorte que le couple produit en sortie de
la transmission (10) soit modifié de l’embrayage
sortant (32) à l’embrayage entrant (34) en dimi-
nuant linéairement le couple transféré en travers
de l’embrayage sortant (32) tout en augmentant
linéairement le couple transféré en travers de
l’embrayage entrant (34) suivant un taux inver-
sement proportionnel pour suivre le profil de
couple et de glissement d’embrayage et
pour amener le moteur à suivre le profil de vi-
tesse cible du moteur ; et
faire varier la pression appliquée à l’embrayage
entrant (34) une fois que l’embrayage entrant
(34) transfère tout le couple de sortie, pour ame-
ner le moteur à continuer à suivre le profil de
vitesse cible du moteur de telle sorte que la vi-
tesse du véhicule soit maintenue.

2. Procédé de commande du couple transféré en tra-
vers de chacun des deux embrayages (32, 34) d’une
transmission à double embrayage selon la revendi-
cation 1, dans lequel la transmission (10) effectue
un changement de rapport vers le haut lors d’une
application de couple positif, ledit procédé compor-
tant en outre les étapes consistant à :

déterminer une première période de temps au
cours de laquelle le couple produit en sortie de
la transmission (10) est modifié de l’embrayage
sortant (32) à l’embrayage entrant (34) sur la
base des vitesses d’embrayage et du profil de
couple et de glissement d’embrayage ;
déterminer un premier profil de vitesse cible du
moteur sur la base de la vitesse de l’organe en-
traîné (16) de l’embrayage entrant (34) et de la
durée de la première période de temps pour
achever le changement d’embrayage ; et
commander simultanément le transfert de cou-
ple en travers de chaque embrayage (32, 34)
de telle sorte que le couple transféré en travers
de l’embrayage sortant (32) soit diminué linéai-
rement tandis que le couple transféré en travers
de l’embrayage entrant (34) est augmenté li-
néairement suivant un taux inversement propor-
tionnel pour suivre le profil de couple et de glis-
sement d’embrayage et pour amener le moteur
à suivre le profil de vitesse cible du moteur pen-
dant la première période de temps, ce qui per-
met de maintenir l’accélération du véhicule pen-
dant le changement.

3. Procédé de commande du couple transféré en tra-
vers de chacun des deux embrayages (32, 34) d’une
transmission à double embrayage (10) selon la re-
vendication 2, dans lequel la transmission effectue
un changement de rapport vers le haut lors d’une
application de couple positif, ledit procédé compre-

nant en outre les étapes consistant à :

déterminer une deuxième période de temps,
une fois que l’embrayage entrant (34) transfère
tout le couple de sortie dans le rapport supérieur,
au cours de laquelle la vitesse du moteur est
réduite et la vitesse du véhicule est maintenue
en augmentant la pression appliquée à l’em-
brayage entrant (34) ;
déterminer un deuxième profil de vitesse cible
du moteur sur la base de la vitesse de l’embraya-
ge entrant (34) et de la durée de la deuxième
période de temps pour achever la réduction de
vitesse du moteur ;
augmenter la pression appliquée à l’embrayage
entrant (34) pour amener le moteur à suivre le
deuxième profil de vitesse cible du moteur de
telle sorte que la vitesse du véhicule soit main-
tenue dans le rapport supérieur ; et
diminuer la pression appliquée à l’embrayage
entrant (34) d’une quantité prédéterminée pour
permettre au moteur et au véhicule d’accélérer
davantage dans le rapport supérieur en réponse
à la position du papillon du moteur une fois que
les vitesses du moteur et de l’embrayage em-
brayé sont essentiellement égales.

4. Procédé de commande du couple transféré en tra-
vers de chacun des deux embrayages (32, 34) d’une
transmission à double embrayage (10) selon la re-
vendication 1, dans lequel la transmission (10) ef-
fectue un changement de rapport vers le bas lors
d’une application de couple négatif, ledit procédé
comportant en outre les étapes consistant à :

déterminer une première période de temps au
cours de laquelle le couple produit en sortie de
la transmission (10) est modifié de l’embrayage
sortant (32) à l’embrayage entrant (34) sur la
base des vitesses d’embrayage et du profil de
couple et de glissement d’embrayage ;
déterminer un premier profil de vitesse cible du
moteur sur la base de la vitesse de l’organe en-
traîné (16) de l’embrayage entrant (34) et de la
durée de la première période de temps pour
achever le changement d’embrayage ; et
commander simultanément le transfert de cou-
ple en travers de chaque embrayage (32, 34)
de telle sorte que le couple transféré en travers
de l’embrayage sortant (32) soit diminué linéai-
rement tandis que le couple transféré en travers
de l’embrayage entrant (34) est augmenté li-
néairement suivant un taux inversement propor-
tionnel pour suivre le profil de couple et de glis-
sement d’embrayage et pour amener le moteur
à suivre le premier profil de vitesse cible du mo-
teur pendant la période de temps, ce qui permet
de maintenir la décélération du véhicule pen-
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dant le changement d’embrayage.

5. Procédé de commande du couple transféré en tra-
vers de chacun des deux embrayages (32, 34) d’une
transmission à double embrayage selon la revendi-
cation 4, dans lequel la transmission (10) effectue
un changement de rapport vers le bas lors d’une
application de couple négatif, ledit procédé compor-
tant en outre les étapes consistant à :

déterminer une deuxième période de temps,
une fois que l’embrayage entrant (34) transfère
tout le couple de sortie dans le rapport supérieur,
au cours de laquelle la vitesse du moteur est
augmentée pour maintenir la vitesse du véhicule
en augmentant la pression appliquée à l’em-
brayage entrant (34) ;
déterminer un deuxième profil de vitesse cible
du moteur sur la base de la vitesse de l’embraya-
ge entrant (34) et de la durée de la deuxième
période de temps pour achever l’augmentation
de vitesse du moteur ;
diminuer la pression appliquée à l’embrayage
entrant (34) pour amener le moteur à suivre le
deuxième profil de vitesse cible du moteur de
telle sorte que la vitesse du véhicule soit réduite
davantage dans le rapport inférieur ; et
diminuer la pression appliquée à l’embrayage
entrant (34) d’une quantité prédéterminée pour
permettre au moteur et au véhicule de décélérer
davantage dans le rapport inférieur en réponse
à la position du papillon du moteur une fois que
les vitesses du moteur et de l’embrayage em-
brayé sont essentiellement égales.

6. Procédé de commande du couple transféré en tra-
vers de chacun des deux embrayages (32, 34) d’une
transmission à double embrayage (10) selon la re-
vendication 1, dans lequel la transmission (10) ef-
fectue un changement de rapport vers le haut ayant
une application de couple négatif, ledit procédé com-
portant en outre les étapes consistant à :

déterminer une première période de temps au
cours de laquelle la vitesse du moteur est réduite
pour maintenir la vitesse du véhicule en dimi-
nuant la pression appliquée à l’embrayage sor-
tant (32) ;
déterminer un premier profil de vitesse cible du
moteur sur la base de la vitesse de l’embrayage
sortant (32) et de la durée de la première période
de temps pour achever la réduction de vitesse
du moteur ;
diminuer la pression appliquée à l’embrayage
sortant (32) pour amener la vitesse du moteur
à diminuer et à suivre le premier profil de vitesse
cible du moteur tout en maintenant la vitesse du
véhicule dans le rapport actuel ; et

augmenter la pression appliquée à l’embrayage
entrant (34) d’une petite quantité prédéterminée
pour amener davantage la vitesse du moteur à
diminuer avant un changement d’embrayage au
rapport supérieur.

7. Procédé de commande du couple transféré en tra-
vers de chacun des deux embrayages (32, 34) d’une
transmission à double embrayage (10) selon la re-
vendication 6, dans lequel la transmission (10) ef-
fectue un changement de rapport vers le haut ayant
une application de couple négatif, ledit procédé com-
portant en outre les étapes consistant à :

déterminer une deuxième période de temps au
cours de laquelle le couple produit en sortie de
la transmission (10) est modifié de l’embrayage
sortant (32) à l’embrayage entrant (34) sur la
base des vitesses d’embrayage et du profil de
couple et de glissement d’embrayage ;
déterminer un deuxième profil de vitesse cible
du moteur sur la base de la vitesse de l’organe
entraîné (16) de l’embrayage entrant (34) et de
la durée de la deuxième période de temps pour
achever le changement d’embrayage ; et
commander simultanément le transfert de cou-
ple en travers de chaque embrayage (32, 34)
de telle sorte que le couple transféré en travers
de l’embrayage sortant (32) soit diminué linéai-
rement tandis que le couple transféré en travers
de l’embrayage entrant (34) est augmenté li-
néairement suivant un taux inversement propor-
tionnel pour suivre le profil de couple et de glis-
sement d’embrayage et pour amener le moteur
à suivre le deuxième profil de vitesse cible du
moteur pendant la deuxième période de temps,
ce qui permet de maintenir la vitesse décrois-
sante du véhicule.

8. Procédé de commande du couple transféré en tra-
vers de chacun des deux embrayages (32, 34) d’une
transmission à double embrayage (10) selon la re-
vendication 1, dans lequel la transmission (10) ef-
fectue un changement de rapport vers le bas ayant
une application de couple positif, ledit procédé com-
portant en outre les étapes consistant à :

déterminer une première période de temps au
cours de laquelle la vitesse du moteur est aug-
mentée en diminuant la pression appliquée à
l’embrayage sortant (32) ;
déterminer un premier profil de vitesse cible du
moteur sur la base de la vitesse de l’embrayage
sortant (32) et de la durée de la première période
de temps pour achever l’augmentation de vites-
se du moteur ;
diminuer la pression appliquée à l’embrayage
sortant (32) pour amener la vitesse du moteur
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à augmenter et à suivre le premier profil de vi-
tesse cible du moteur en préparation au chan-
gement de rapport d’un rapport supérieur à un
rapport inférieur tout en maintenant la vitesse
croissante du véhicule ; et
augmenter momentanément la pression appli-
quée à l’embrayage sortant (32) d’une quantité
prédéterminée pour produire le couple maximal
disponible dans le rapport supérieur à la fin de
la première période de temps immédiatement
avant un changement au rapport inférieur de tel-
le sorte que la vitesse croissante du véhicule
soit maintenue.

9. Procédé de commande du couple transféré en tra-
vers de chacun des deux embrayages (32, 34) d’une
transmission à double embrayage (10) selon la re-
vendication 8, dans lequel la transmission (10) ef-
fectue un changement de rapport vers le bas ayant
une application de couple positif, ledit procédé com-
portant en outre les étapes consistant à :

déterminer une deuxième période de temps au
cours de laquelle le couple produit en sortie de
la transmission (10) est modifié de l’embrayage
sortant (32) à l’embrayage entrant (34) sur la
base des vitesses d’embrayage et du profil de
couple et de glissement d’embrayage ;
déterminer un deuxième profil de vitesse cible
du moteur sur la base de la vitesse de l’organe
entraîné (16) de l’embrayage entrant (34) et de
la durée de la deuxième période de temps pour
achever le changement d’embrayage ; et
commander simultanément le transfert de cou-
ple en travers de chaque embrayage (32, 34)
de telle sorte que le couple transféré en travers
de l’embrayage sortant (32) soit diminué linéai-
rement tandis que le couple transféré en travers
de l’embrayage entrant (34) est augmenté li-
néairement suivant un taux inversement propor-
tionnel pour suivre le profil de couple et de glis-
sement d’embrayage et pour amener le moteur
à suivre le profil de vitesse cible du moteur pen-
dant la deuxième période de temps, ce qui per-
met de maintenir la vitesse croissante du véhi-
cule.
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