wo 2015/197095 A1 [N 00 0O 0 R Y O

(43) International Publication Date

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Ny
Organization é
International Bureau -,

=

\

30 December 2015 (30.12.2015)

WIPOIPCT

(10) International Publication Number

WO 2015/197095 A1l

(51

eay)

(22)

(25)
(26)
1

(72

74

31

International Patent Classification:
F16H 61/688 (2006.01) F16H 61/04 (2006.01)

International Application Number:
PCT/EP2014/001758

International Filing Date:
27 June 2014 (27.06.2014)

English
Publication Language: English

Applicant: VOLVO TRUCK CORPORATION [SE/SE];
SE-405 08 Géteborg (SE).

Inventor: BJERNETUN, Johan; Hasselvdgen 67, S-435
38 Mdlnlycke (SE).

Agent: JORNRUP, Emil; VOLVO TECHNOLOGY
CORPORATION, Dept. BF14100, M1.7, SE-405 08 Géte-
borg (SE).

Designated States (unless otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,

Filing Language:

(84)

BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM,
DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
HN, HR, HU, ID, IL, IN, IR, IS, JP, KE, KG, KN, KP, KR,
KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD, ME,
MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ,
OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA,
SC, SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM,
TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM,
ZW.

Designated States (uniess otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, SZ, TZ,
UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,
TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
EE, ES, FL, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM,
TR), OAPI (BF, BJ, CF, CG, CIL, CM, GA, GN, GQ, GW,
KM, ML, MR, NE, SN, TD, TG).

Published:

with international search report (Art. 21(3))

(54) Title: A METHOD FOR CONTROLLING A DRIVETRAIN OF A VEHICLE FOR IMPROVED DRIVER COMFORT

/—‘IO
pg
A// 30
FIG. 1

(57) Abstract: The invention relates to a method to control a drivetrain of a vehicle, wherein said drivetrain comprises a multi-clutch
transmission adapted to be driven with power shift or with power cut shitt dependent on vehicle parameters. Said method comprises
the steps of determining a shift-type of a previous shift, determining a shitt-type of a first subsequent gear shift and if said sub -
sequent shift is of a different shift-type than said previous gear shift modulating characteristics of said first subsequent gear shift
such that the characteristics of said first subsequent gear shift is adapted to the characteristics of the previous gear shift.
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A method for controlling a drivetrain of a vehicle for improved driver comfort

TECHNICAL FIELD

The invention relates to a method for controlling a drivetrain of a vehicle. The invention
can be applied in heavy-duty vehicles, such as trucks, buses and construction equipment.
Although the invention will be described with respect to a heavy-duty vehicle, the
invention is not restricted to this particular vehicle. The method of the present invention

may also be used in other vehicles such as e.g. passenger cars.

BACKGROUND

For a multi clutch transmissions such as e.g. a Dual Clutch Transmission (DCT) a gear
change can be performed either by conventional power cut shift or by power shift. During
power cut shift the torque delivered by the Internal Combustion Engine (ICE) to the
wheels is removed before a current, first gear is disengaged. This is done by disengaging
the clutch of the current, first gear. This causes a temporarily interruption of torque
transferred from an ICE to the wheels of a vehicle, something which is noticeable for a
driver. Subsequently a new, second gear is engaged by engaging the clutch of the second
gear. Once again, when subsequently applying the torque this will be noticed by the
driver. During power shift the transition from the current, first gear to the second gear is
performed without torque interruption. This is accomplished by that the clutch of the first
gear slips out while the clutch of the second gear slips in such that both clutches transfer
torque during an overlapping period. Thus, power shift without torque interruption is

preferred from a driver comfort perspective, but power shift leads to higher wear of the

" clutches. Also, when applying power shift it is not possible to skip gears which is

beneficial from a fuel consumption perspective.

If an upcoming gear change of a multi-clutch transmission is performed by power cut shift
or power shift can be determined based on a number of parameters such as fuel
efficiency, vehicle weight, driver request, road inclination and clutch wear. Typically gear
change performed by power cut shift are performed at low range whereas gear change by
power shift is performed at high range. Power cut shift is also generally favourable when
the torque delivered by the engine is constant, such as during high way driving at constant
speed, where a torque interruption is not that noticeable for the driver. For gear change

during acceleration, or when driving uphill, the change can advantageously be performed

CONFIRMATION COPY
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by power shift. If the upcoming gear change is performed by power shift or power cut shift
is also dependent on between which gears the upcoming gear change is to be performed.
Power shift can only be performed for sequential gear shifts whereas during power cut

shift intermediate gears can be skipped.

Since power cut shift involves an interruption in torque delivery whereas power shift does
not the two different shift methods is experienced differently by a driver. This is
undesirable from a driveability and driver comfort perspective, especially when two

consecutive shifts are performed by different shift-types.

US 2004/0166990 A1 discloses one method for controlling a dual clutch transmission
such that a gear change performed by power shift of the dual clutch transmission is
performed smoothly. The method includes the steps of determining when a shift has been
commanded, then sensing the speed of the driven member of the off-going clutch,
determining the desired clutch torque and slip profile for the changeover of the clutches
and sensing the speed of the driven member of the on-coming clutch to determine a
target engine speed profile. The method 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 decreasing 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
and to cause the engine to track the target engine speed profile. Finally, the pressure
applied to the on-coming clutch is varied, 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. US 2004/0166990 A1 only discloses how to perform

power shifts smoothly.

Thus, there is still a need for further improvements.

SUMMARY

An object of the present invention is to provide a method for controlling a drivetrain of a
vehicle comprising a multi-clutch transmission, wherein the method improves the
driveability and driving comfort of the vehicle. The object is achieved by a method
according to claim 1. Further advantages with the present invention are highlighted in the

dependent claims.
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As previously stated, the gear shift of a multi-clutch transmission such as a DCT can be
performed either by power cut shift or by power shift. Which shift-type that is selected is
dependent on e.g. fuel efficiency and between which gears the shift is performed. Which

shift-type that is preferred may e.g. be dependent on vehicle parameters.

According to the present invention when the gear shift is performed by power shift the
gear shift is provided with shift characteristics such that if the previous shift was
performed by power cut shift the transition in shift characteristics in relation to a most
recent shift is smooth. This means that the gear shift is performed in a manner such that
the gear shift is experienced more or less similar to the most recent gear shift. In order to
obtain such smooth transition said method comprises the steps of:
¢ determining a shift-type of a previous shift, wherein the previous shift is the most
recent shift performed by the multi-clutch transmission, and
e determining a shift-type of a first subsequent shift, wherein the first subsequent

shift is the shift directly following the previous shift.

Further, the method additionally comprises the steps of evaluating if said first subsequent
shift is of a different shift-type than said previous shift, and if so:

e modulating characteristics of said first subsequent shift such that the
characteristics of said first subsequent shift is adapted to the characteristics of the
shift-type of said previous shift, and

o shifting said multi-clutch transmission, such that said first subsequent shift adopts

said modulated characteristics.

By modulating the characteristics of a subsequent shift after the characteristics of a
previous shift, and then adopt those modulated characteristics for the subsequent shift it
is possible to make the change of shift-type between consecutive shifts less noticeable for
a driver. This is preferable from a driveability perspective and is something that is

appreciated by the driver.

There are many different known methods that can be used in order to determine what
gear that preferably should be engaged and which shift-type that should be used. It is
even possible to look even further and also determine what gear that should be engaged
subsequently of the next gear and how that shift should be performed. The more
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information regarding upcoming route, traffic and ambient conditions that is available the
more accurate are such predictions. The methods for predicting upcoming shifts are
considered to be known for a person working within the field of transmission for vehicles.
The possible methods for determining the upcoming shifts is not part of the invention per
se and is not further discussed herein. Note that if the gear that should be engaged is not
the subsequent gear in order, meaning that at least one gear step is skipped, the shift is

always performed by power cut shift.

There are a number of shift parameters that can be controlled and adapted in order to
control the characteristics of a performed gear shift. According to yet one aspect of the
present invention the characteristics of a shift-type comprises at least one of; length of
shift sequence (the time during which the shift is performed), length of power cut (the time
during which no clutch is engaged and no torque is transferred from the ICE to the
wheels), speed of clutch engage and disengage (how fast the respective clutch is
engaged/disengaged) and shift torque levels (the torque transferred before and after the
shift). Thus, at least one of such characteristics can be controlled and adapted in order to

control the characteristics of a performed gear shift.

Thus, according to the present invention if said previous shift is determined to be of power
shift-type and said first subsequent shift is determined to be of power cut shift-type the
method comprises;
o modulating said power cut shift such that the characteristics of said power cut shift
is similar to a power shift.
Such modulation may comprise that the shift is performed with a more aggressive clutch

position, wherein a faster torque ramp-up is obtained.

If instead said previous shift is determined to be of power cut shift-type and said first
subsequent shift is determined to be of power shift-type the method comprises;
e modulating said power shift such that the characteristics of said power shift is
similar to a power cut shift.
Such modulation may comprise that the shift is performed with slower torque ramp and
that the torque delivered during gear shift may be temporarily decreased to e.g. 50% of
the requested torque. The time during which the gear shift is performed may also be

prolonged.
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By applying the disclosed method power cut shift can have shift characteristics of a
normal power cut shift or have shift characteristics modulated such that the characteristics
of the power cut shift is smoother and thereby have characteristics which more or less
resembles a power shift. The opposite applies for a power shift. A power shift can be
modulated to have characteristics making the shift to be more or less similar to a power
cut shift.

As previously has been stated, according to existing methods it is possible to not only
predict the next in line upcoming shift but also later following subsequent shifts. According
to one aspect of the present invention said method further comprises the steps of:
e determining a shift-type of a second subsequent shift, wherein the second
subsequent shift is directly subsequent of the first subsequent shift.
Further, if said first subsequent shift or said second subsequent shift is of a different shift-
type than said previous shift the method comprises:
e modulating characteristics of said first subsequent shift, such that characteristics
of said first subsequent shift is adapted to both said previous and said second

subsequent shift.

This aspect of the present invention has the advantage that the characteristics of the
subsequent shift may be modulated to be adapted not only to the previous shift but also to
the second subsequent shift. Even if the previous shift and the first subsequent shift is of
the same shift-type the shift characteristics of the first subsequent shift may be adapted to
the characteristics of the second subsequent shift, if the first and second subsequent

shifts are performed by different shift-types.

This aspect of the present invention has the advantage that the adaption of shift
characteristics is performed over a sequence of shifts, enabling an even lesser difference

between subsequent shifts of different shift-types.

In one aspect of the method, when said previous shift is determined to be of power cut
shift-type, said first subsequent shift is determined to be of power shift-type and said
second subsequent shift is determined to be of power shift-type;
e modulating the characteristics of said first subsequent shift of power shift-type,
such that the characteristics of said first subsequent shift is:
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o adapted to the characteristics of said previous shift of power cut shift-type,
and
o that the characteristics of said first subsequent shift also is adapted to the
characteristics of said second subsequent shift of power shift-type.
Modulating the characteristics of the first subsequent shift of power shift-type such that
the characteristics of the first subsequent shift is adapted both to the previous shift of
power cut shift-type and to the subsequent second subsequent shift of power shift-type
will make the transition from a power cut shift-type to a power shift-type as unnoticeable

as possible for a driver.

In order for the characteristics of the first subsequent shift of power shift-type to be more
like the shift characteristics of the previous shift of power cut shift-type the torque
transferred during the gear shift of power cut-type may be temporarily reduced and the
time during which the gear shift is performed may be longer than for a normal power shift.

This is discussed more in detail in the following sections.

For aspects of the present invention where also the shift-type of the second subsequent
shift is known the shift characteristics of the first subsequent shift may be adapted both
according to the shift characteristics of the previous shift and the second subsequent shift.
Thus, even if the previous shift and first subsequent shift is performed by the same shift-
type the shift characteristics of the first subsequent shift can be adapted according to the
second subsequent shift if the first and second subsequent shift is predicted to be
performed by different shift-types. In this case where both the shift-type of the previous
shift and the shift-type of the second subsequent shift is known the shift characteristics of
the first subsequent shift can be adapted to be between the shift characteristics of the
previous and second subsequent shift such that the shift characteristics differences

between respective shifts is minimized. This will be discussed more in detail later.

According to the latter discussed aspects of the present invention only one second
subsequent shift is considered. However, according to other aspects of the present
invention also a number of thereafter subsequent gear shifts may be considered. The
number of subsequent gear shifts considered are dependent on which.shift prediction

method that is used and how far ahead in time shifts can be predicted.



10

15

20

25

30

WO 2015/197095 PCT/EP2014/001758

The degree of adaption of characteristics of a gear shift in order to resemble the
characteristics of a subsequent gear shift or even thereafter subsequent gear shift may be
set according to e.g. driver preferences or reliability of the gear shift prediction method

used.

Taking not only a first subsequent shift in consideration but also a second subsequent
shift enables that the difference in characteristics between power shift and power cut shift
can be modulated to be even less noticeable. This will improve the driveability and the
driver comfort. This is possible since transition in gear shift behaviour between power shift
and power cut shift can be apportioned over a plurality of shifts, making the difference in

shift characteristics between consecutive shifts less noticeable.

According to yet another aspect of the present invention the method further involves a
combustion engine of the vehicle drivetrain wherein;

e modulating a control scheme of said combustion engine during said subsequent
shift, such that it enhance the modulated characteristics of said subsequent shift,
and

e controlling said combustion engine during said subsequent shift, according to said
modulated control scheme.

By controlling the combustion engine together with the shift characteristics of the multi-
clutch transmission it is possible to enhance the effect of the adaption of shift
characteristics and get an even smoother and less noticeable gear shift. This improves

the driveability of the vehicle even more.

According to one aspect of the present invention the vehicle is a heavy-duty vehicle,
wherein the heavy-duty vehicle is provided with a main transmission and a range
transmission. The main transmission is of a multi-clutch type enabling power shift
between even and uneven gear steps in the main transmission. The main transmission
can also be shifted by using power cut shift. If power cut shift is applied gears can be
skipped and shift from an uneven gear to another uneven gear, or from an even gear to
another even gear, is possible. The range transmission, for which shift between low
register gears and high register gears is performed, is shifted by power cut shift. The

method of the present invention is most efficient for multi-clutch transmissions with a large
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number of gears, such as 12, 14 or 16 used in multi-clutch transmissions for heavy-duty

vehicles, but is also applicable for passenger cars.

The present invention additionally comprises:

- a computer program comprising program code means for performing the steps of
any aspect of a method of the present invention, when said program is run on a
computer,

- a computer readable medium carrying a computer program comprising program
code means for performing the steps of any aspect of a method of the present
invention, when said program product is run on a computer, and

- a control unit for controlling a vehicle provided with a drivetrain at least comprising
a dual clutch transmission, the control unit being configured to perform the steps of

the method according to any aspect of a method of the present invention.

Further advantages and advantageous features of the invention are disclosed in the

following description and in the dependent claims.

BRIEF DESCRIPTION OF THE DRAWINGS
With reference to the appended drawings, below follows a more detailed description of

embodiments of the invention cited as examples.

In the drawings:

Fig. 1 shows a schematic view of a heavy-duty vehicle,

Fig. 2 shows a schematic block diagram over one aspect of the present invention,

Fig. 3 shows a schematic block diagram over another aspect of the present invention, and
Fig. 4a-4d explains the difference in time vs. torque characteristics for a power shift and a

power cut shift.

DETAILED DESCRIPTION OF EXAMPLE EMBODIMENTS OF THE INVENTION

Fig. 1 shows a heavy-duty vehicle 10 comprising a drivetrain 20. The drivetrain 20
comprises a combustion engine 50, a multi-clutch transmission 30 and a control unit 40.
The combustion engine 50 is connected to the multi-clutch transmission 30 such that the
torque delivered by the combustion engine 50 for propulsion of the vehicle 10 is

controllable by the multi-clutch transmission 30. The combustion engine 50 and the multi-
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clutch transmission 30 is connected to and controlled by the control unit 40. Fig. 1 shows

a very simplified embodiment and fig. 1 should not be seen as limiting.

The multi-clutch transmission 30 is adapted to be controlled to perform gear shifts as
either a power shift or as a power cut. Which shift-type that is selected is dependent on
vehicle parameters. Typically, if e.g. the driving currently is static, such as when driving at
constant speed on a highway, or when gears are skipped power cut shift is preferably
used whereas if the driving is dynamic, such as when accelerating during a take-over,
power shift is preferably used. A driver will generally anticipate power cut shift with torque
interruption to be more noticeably than power shift. According to the present invention the
multi-clutch transmission is controlled such that the characteristics of consecutive gear
shifts are modulated to be adapted after one another. This will make the difference
between shifts of power shift-type and of power cut shift-type less significant for a driver

which will improve the driver comfort.

Fig. 2 schematically shows a block diagram over the method disclosed in claim 1 of the
present invention. The method as disclosed in claim 1 is initiated by an operation of
determining the shift-type of a previously performed shift, ST1, wherein the shift-type may
be either of power shift-type or of power cut shift-type. Subsequently, an operation where
the shift-type of a first subsequent shift is determined by utilizing any of the known
methods for determination of shift-type of a first subsequent shift, ST2, is performed. The
possible methods for determining the first subsequent shifts is not part of the invention per
se and is not further discussed herein. Thereafter an operation of evaluating whether the
previous shift was performed by the same shift-type as the first subsequent shift,
ST2=ST1?, is performed. If the most recent shift was performed by the same shift-type as
is determined that the first subsequent shift will be performed according to, thus
ST2=ST1, the first subsequent shift is performed without further measures taken at the
shift operation, PC/PS. The first subsequent shift is performed either as a shift of power
shift-type or of as a shift of power cut shift-type with normal shift characteristics of

respective shift-type.

If the most recent shift was performed according to a shift-type other than what is
determined that the first subsequent shift will be performed according to, thus ST2 # ST1,
a shift characteristics modulating operation is initiated, sc-ST2 => sc-ST1. This means

that the previous shift was either performed as a shift of power shift-type, and that said
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first subsequent shift is determined to be performed as a shift of power cut shift-type, or
that the previous shift was performed as a shift of power cut shift-type, and that the first
subsequent shift is determined to be performed as a shift of power shift-type. During the
shift characteristics modulating operation, sc-ST2 => sc-ST1, the characteristics of the
first subsequent shift is modulated such that the characteristics is adapted to the
characteristics of the previous shift. The shift is subsequently performed in the gear shift
operation, PC/PS, wherein the shift is performed with the modulated shift characteristics.
By performing the gear shift with modulated characteristics, the difference in shift comfort

when changing shift-type will be less noticeable for the driver.

Fig. 3 schematically shows a block diagram over an aspect of the present invention where
the method also considers a second subsequent shift. The second subsequent shift may
be determined according to any known method. By also determining the second
subsequent shift it is possible to adapt the shift characteristics of the first subsequent shift
also to the shift characteristics of the second subsequent shift which will give an even
smoother transition over the shift sequence and even better driver comfort. Thus,
according to the embodiment of the method shown in fig. 3 subsequently of the operation
of determining the shift-type of the previously performed shift, ST1, and the operation of
determination of shift-type of the first subsequent shift, ST2, an operation of determining a
shift-type of a second subsequent shift, ST3, is performed. Unlike the embodiment of the
present invention shown in fig. 2, it is not required that the previous shift and the first
subsequent shift are of different shift-types if the aspect of the present invention shown in
fig. 3 is applied. For the embodiment shown in fig. 3 it is sufficient that the shift-type of the
previous shift and/or the shift-type of the second subsequent shift is different than the
shift-type of the first subsequent shift in order for the method to be executed. Hence, an
operation of evaluating whether the previous shift was performed by the same shift-type
as the first or second subsequent shift, ST2=ST1=8T37?, is performed. If ST2=ST1=ST3
the shift is performed as a normal shift of respective shift-type. If the first subsequent shift
is different from the previous and/or second subsequent shift, thus if ST2 # ST1, ST2 #
ST3 or ST2 # ST1 and ST3, the shift characteristics of the first subsequent shift is
adapted according to what previously has been disclosed. If ST2 # ST1, the
characteristics of the first subsequent shift ST2 is modulated to be adapted to the shift
characteristics of the previous shift, if ST2 # ST3, at least the characteristics of the first
subsequent shift ST2 is modulated to be adapted to the shift characteristics of the second
subsequent shift and if ST2 # ST1 and ST3, at least the characteristics of the first
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subsequent shift ST2 is modulated to be adapted to the shift characteristics of both the
previous shift and the second subsequent shift. The modulation of shift characteristics
operation is performed at a shift characteristics modulating operation, sc-ST2 => sc-
(ST1,ST3). The shift is subsequently performed in the gear shift operation, PC/PS,

wherein the shift is performed with modulated shift characteristics.

Fig. 4a shows a gear shift sequence, SS, of a heavy-duty vehicle .multi-clutch
transmission comprising the following gear shifts; gear 4 to gear 5, gear 5 to gear 6 and

gear 6 to gear 7.

Fig. 4b shows a time versus applied torque percentage %T behaviour for said gear shift
sequence SS of fig. 4a wherein the gear shifts are performed by power cut shifts. Fig. 4c
shows a time versus applied torque percentage %T behaviour for said gear shift
sequence SS wherein the gear shifts are performed by power shifts, except for the gear
shift from gear 6 to gear 7 which is performed by power cut shift. The embodiment of the
present invention shown in fig. 4a-4d applies for a heavy-duty vehicle with a multi-clutch
transmission with 12 gears (of which only the gear shift sequence of gear 4 to 7 is shown
in fig. 4a-4d). 6 gears in the low range and 6 gears in the high range. The gear shift from
the low range to the high range is always performed by power cut shift. Thus, for the
embodiment shown in fig. 4a-4d the gear change from gear 6 to gear 7 is always

performed by power cut shift.

The applied torque percentage %T expresses to what percentage the clutch transferring
the torque from the engine to the wheels is engaged. For a power cut shift the clutch is
completely disengaged during the gear change, thus the torque transferred is ramped
down to 0 temporarily. During power shift the torque transfer is essentially constant during
the gear change. However, in reality a gear shift is aiways associated with small loss in
transferred torque. Thus, also when using power shift the torque transferred is slightly
lowered. For clarification purposes fig. 4c-4d shows ideal power shifts with no such losses

and where no lowering of the torque transferred during respective gear shift is shown.

Fig. 4d shows a time versus applied torque percentage %T behaviour for said gear shift
sequence SS where an aspect of the present invention where the method considers the

previous and the second subsequent shift is applied. In fig. 4d the shift of gear 4 to gear 5
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is performed by power shift and the gear shift of gear 5 to gear 6 performed by power shift
with adapted shift characteristics. In fig. 4a-4d no gears are skipped.

As can be seen in fig 4b, for gear shifts performed by power cut shift the sequence of
events comprises; disengaging a clutch of the multi-clutch transmission such that the
torque transferred from the engine to the wheels is ramped down from a first torque
transfer level T1 to a zero torque transfer level TO. No torque is transferred at the zero
torque level. Subsequently a clutch is engaged such that the torque transfer level is

ramped up back to the torque transfer level T1 where the clutch is fully engaged.

In fig. 4c the gear shift sequence SS by ideal power shifts (and power cut shift for the gear
shift from gear 6 to 7) is disclosed. For the gear shifts of gear 4 to gear 5 and gear 5 to
gear 6 power shift is used wherein the first torque transfer level, T1, is held essentially
constant over respective gear shift. The torque transfer level can be held essentially
constant over the gear shift due to that the clutch slip during disengagement and
engagement of respective clutch overlap. No losses in transferred torque during
respective gear shift are considered. As previously stated, the gear shift from gear 6 to

gear 7 is according to the embodiment shown performed by power cut shift.

Fig. 4d discloses the gear shift sequence SS where an aspect of the present invention
where the method considers the previous and the second subsequent shift is applied. In
fig. 4d the gear shift of gear 4 to gear 5 and the gear shift of gear 5 to gear 6 are
performed by ideal power shifts and the gear shift of gear 6 to gear 7 is performed by
power cut shift. According to the aspect of the present invention where the method
considers a second subsequent shift the characteristics of a first subsequent shift is
modulated to be adapted to the characteristics of a previous shift, if said previous shift
and said first subsequent are performed according to different shift-types, and modulated
to be adapted to the characteristics of a second subsequent shift, if the first subsequent

and the second subsequent shifts are performed according to different shift-types.

Looking at the shifting of gear 5 to gear 6:
o the previous gear shift of gear 4 to 5 is performed by power shift,
o the first subsequent shift of gear 5 to 6 is determined to be performed by power
shift, and



10

15

20

WO 2015/197095 PCT/EP2014/001758
13

¢ the second subsequent gear shift of gear 6 to 7 is determined to be performed by
power cut shift.

Thus, said first subsequent shift is of the same shift-type as the previous shift, wherein
according to the aspects of the present invention for which the method does not consider
a second subsequent shift of the present invention the characteristics of the gear shift of
gear 5 to gear 6 is not affected. The first subsequent shift and the second subsequent
shift is determined to be performed by different shift-types. Thus, the shift characteristics
of the first subsequent shift will be modulated to be adapted according to the shift
characteristics of the second subsequent shift. This is shown in fig. 4d in that during the
gear shift the characteristics of the first subsequent shift is adapted such that the torque
transferred during the gear shift is ramped down to a second torque transfer level, T2,
wherein said second torque transfer level T2 is between the first torque transfer level T1

and the second torque transfer level TO.

By applying an aspect of the present invention where the method considers a previous
and a second subsequent shift the difference in shift characteristics between the previous
shift and the first subsequent shift, and subsequently between the first subsequent shift

and the second subsequent shift, can be minimized.

It is to be understood that the present invention is not limited to the embodiments
described above and illustrated in the drawings; rather, the skilled person will recognize
that many changes and madifications may be made within the scope of the appended

claims.
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CLAIMS

1. A Method to control a drivetrain (20) of a heavy duty vehicle (10), wherein said
drivetrain (20) comprises a multi-clutch transmission (30) adapted to be driven with a
power shift shift-type or a power cut shift shift-type dependent on vehicle parameters,
wherein a power shift-type is provided with shift characteristics of a smooth transition
characterised in that said method comprises the steps of:

¢ determining a shift-type of a previous shift,

e determining a shift-type of a first subsequent shift,

and if said first subsequent shift is of a different shift-type than said previous shift;

e modulating characteristics of said first subsequent shift, such that the
characteristics of said first subsequent shift is adapted to the characteristics of the
shift-type of said previous shift, and

e shifting said multi-clutch transmission (30), such that said first subsequent shift

adopts said modulated characteristics.

2. A method according to claim 1, wherein the characteristics of a shift-type comprises at
least one of; length of shift sequence, length of power cut, speed of clutch engage and

disengage, torque increase, torque decrease and shift torque levels.

3. A method according to claim 1 or 2, wherein when said previous shift is determined to
be of power shift shift-type and said first subsequent shift is determined to be of power cut
shift-type;

e modulating said power cut shift, such that the characteristics of said power cut

shift is similar to a power shift shift-type.

4. A method according to claim 1, 2 or 3, wherein when said previous shift is determined
to be of power cut shift-type and said first subsequent shift is determined to be of power
shift shift-type;

e modulating said power shift, such that the characteristics of said power shift is

similar to a power cut shift-type.

5. A method according to any of the previous claims 1 or 2, wherein said method further
comprises the steps of;

¢ determining a shift-type of a second subsequent shift,
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and if said first subsequent shift or said second subsequent shift is of a different shift-type
than said previous shift;

e modulating characteristics of said first subsequent shift, such that characteristics

of said first subsequent shift is adapted to both said previous and said second

subsequent shift.

6. A method according to claim 5, wherein when said previous shift is determined to be of
power cut shift-type and said first subsequent shift is determined to be of power shift shift-

type and said second subsequent shift is determined to be of power shift shift-type;
e modulating the characteristics of said first subsequent shift of power shift shift-

type, such that the characteristics of said first subsequent shift is:
o adapted to the characteristics of said previous shift of power cut shift shift-
type, and

o that the characteristics of said first subsequent shift is further adapted to

the characteristics of said second subsequent shift of power shift shift-type.

7. A method according to any of the preceding claims, wherein said drivetrain (20) further
comprises a combustion engine (50), the method further comprises the steps of;

e modulating a control scheme of said combustion engine (50) during said
subsequent shift, such that it enhance the modulated characteristics of said
subsequent shift, and

e controlling said combustion engine (50) during said subsequent shift, according to

said modulated control scheme.

8. A computer program comprising program code means for performing the steps of any

of claims 1-7, when said program is run on a computer.

9. A computer readable medium carrying a computer prograrh comprising program code
means for performing the steps of any of claims 1-8, when said program product is run on

a computer.

10. A control unit (40) for controlling a vehicle (10) provided with a drivetrain (20) at least
comprising a dual clutch transmission (30), the control unit (40) being configured to

perform the steps of the method according to any of claims 1-7.
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