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CONTROL METHOD AND CONTROL UNIT
FOR A DRIVETRAIN

[0001] The invention relates generally to a method and a
control unit for operating a drive train of a motor vehicle.

BACKGROUND

[0002] From hybrnid vehicles, drive trains for motor
vehicles are known, which include multiple prime movers,
a transmission, and a driven end. It 1s known that the first
prime mover acts on a first input shaft, and a second prime
mover acts on another, second input shaft. A transmission
output shaft differs from the first input shaft, on which the
first prime mover acts, and from the second input shaft, on
which the second prime mover acts. The first prime mover
1s preferably an internal combustion engine and the second
prime mover 1s preferably an electric machine which can be
operated as a motor and as a generator. The transmission of
such a drive train includes multiple shift elements, wherein,
in every engaged gear of the transmission, a first number of
shift elements 1s engaged and a second number of shift
clements 1s disengaged. In order to implement a gearchange
from an actual gear into a target gear, a shift element, which
1s engaged 1n the actual gear and 1s disengaged 1n the target
gear, 1s disengaged, and a shift element, which 1s disengaged
in the actual gear and 1s engaged in the target gear, 1s
engaged. For the case in which these are friction-locking
shift elements, such as brakes or clutches, the disengage-
ment and engagement of the involved shift elements can
take place during the slip operation thereof. During slip
operation, friction torques and drag torques occur, however,
which negatively affect the fuel consumption of the motor
vehicle. Form-locking shift elements, such as constant-mesh
shift elements, in the case of which no friction torques occur
during operation, are therefore being utilized to an increas-
ing extent in transmissions of motor vehicles. In order to
disengage such a form-locking shift element, the form-
locking shift element must be relieved of load so that the
form-locking shift element can be disengaged with a high
level of comiort. In order to engage such a form-locking
shift element, a synchronization of the particular shift ele-
ment 1s necessary, 1.¢., a differential speed at shift-element
halves of the particular form-locking shift element must be
reduced before the engagement.

[0003] DE 10 2014 220 070 Al describes a method for
operating a drive train including multiple prime movers,
wherein a first prime mover acts on a first input shaft and a
second prime mover acts on a second, other input shatt. In
order to implement a gearchange from an actual gear into a
target gear, the shift element to be disengaged for the target
gear 1s relieved of load with the aid of a torque-controlled
operation of a first prime mover and with the aid of a
torque-controlled operation of the second prime mover,
wherein the shift element, which has been relieved of load,
1s subsequently disengaged. Thereafter, the rotational speed
of the first prime mover and the rotational speed of the
second prime mover are adapted to the target gear with the
aid of a speed-controlled operation of the first prime mover
and/or with the aid of a speed-controlled operation of the
second prime mover, so that the shift element to be engaged
for the target gear 1s synchronized. Thereatter, the shait
clement to be engaged 1s engaged.

[0004] DE 10 2010 061 824 Al describes one further
method for operating a drive train including multiple prime
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movers and a transmission. The transmission includes mul-
tiple form-locking shift elements. A planetary transmission
cooperates with the transmission. A bypass shift element
cooperates with the planetary transmission. The bypass shift
clement 1s a form-locking shift element which can be
relieved of load by setting target torques at both prime
movers. For the case 1n which the particular target torque has
been reached at both prime movers, the bypass shift element
can be disengaged without load. Moreover, 1t 1s provided to
detect the torques of the two prime movers, at which the
bypass shift element 1s actually disengaged. These torques
are stored and are utilized within the scope of an adaptation
for the next disengagement process of the bypass shift
clement.

SUMMARY OF THE INVENTION

[0005] Example aspects of the invention provide a new
type of method for operating a drive train of a motor vehicle
and creating a control unit for carrying out the method.
[0006] The method according to the invention 1s utilized
for operating a drive train of a motor vehicle, which includes
multiple prime movers, a transmission, and a driven end, and
wherein the transmission includes multiple shift elements.
Preferably, a first prime mover acts on a first input shatt, and
a second prime mover preferably acts on a second input
shaft. The method according to the invention includes at
least the following steps. In order to implement a gearchange
from an actual gear into a target gear, a shift element, which
1s engaged 1n the actual gear and 1s disengaged 1n the target
gear, 1s disengaged, and a shift element, which 1s disengaged
in the actual gear and 1s engaged in the target gear, i1s
engaged. In order to implement the gearchange, target
torques are determined for the first and the second prime
movers at least depending on a driver-demanded output
torque. For the case in which a form-locking shift element
1s disengaged for the gearchange to be implemented, the
form-locking shift element to be disengaged 1s relieved of
load or 1s approximately relieved of load, via an actuation of
the first and the second prime movers depending on the
calculated target torques, 1n such a way that, while providing
a load transfer, the target torque i1s decreased at one of the
prime movers and the target torque 1s increased at another
one of the prime movers, 1in order to disengage the shiit
clement to be disengaged in a load-free or approximately
load-free manner while providing the driver-demanded out-
put torque at the driven end. The form-locking shift element
to be disengaged 1s already actuated with a defined actuating
pressure or a defined actuating force in the direction of
disengagement during the load transfer, before a theoretical
relief from load or a theoretical approximate relief from load
depending on the target torques. Monitoring is carried out to
determine whether and at which actual torques of the first
and the second prime movers the form-locking shift element
to be disengaged begins to move. The actual torques of the
first and the second prime movers, at which the form-locking
shift element to be disengaged begins to move, are deter-
mined as actual torques at which the form-locking shift
clement to be disengaged has actually been relieved of load
or has been approximately relieved of load.

[0007] With the aid of the present invention, a form-
locking shift element of a transmission can be disengaged 1n
a particularly advantageous manner.

[0008] Inorder to relieve or approximately relieve the load
on the form-locking shift element to be disengaged, a load
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transier takes place on the basis of target torques for the two
prime movers. During the load transfer, the target torque 1s
increased at one of the prime movers and the target torque
1s decreased at another one of the other prime movers, 1n
order to relieve the form-locking shift element to be disen-
gaged of load while maintaining the driver-demanded output
torque.

[0009] FEven before the theoretical relief from load or the
theoretical approximate relief from load, the form-locking
shift element to be disengaged 1s actuated during the load
transfer with the defined actuating pressure or the defined
actuating force.

[0010] Monitoring 1s carried out to determine whether and
at which actual torques of the prime movers the form-
locking shift element to be disengaged begins to move.
These torques are detected 1n order to determine, 1n this way,
the actual torques, which are applied by the prime movers,
at which the form-locking shift element to be disengaged 1s
actually load-free or approximately load-iree.

[0011] According to one advantageous refinement of the
invention, the target torques are adapted depending on a
deviation between the target torques of the first and the
second prime movers, which bring about a theoretical relief
from load or a theoretical approximate relief from load of the
form-locking shift element to be disengaged, and the actual
torques of the first and the second prime movers, at which
the form-locking shift element to be disengaged has actually
been relieved of load or has been approximately relieved of
load. In this way, an adaptation for the target torques of the
prime movers can be made available in a particularly
advantageous manner. In a subsequent disengagement of a
form-locking shift element, the disengagement can then take
place with higher quality.

[0012] According to one advantageous refinement of the
invention, a point 1n time 1s determined, depending on the
target torques of the prime movers, at which the form-
locking shift element to be disengaged 1s theoretically
relieved of load or 1s theoretically approximately relieved of
load. Already during a defined interval before this point 1n
time of the theoretical relief from load or approximate relief
from load, the shift element to be disengaged 1s actuated
with the defined actuating pressure or the defined actuating
force 1n the direction of disengagement during the load
transfer. For the case in which i1t 1s detected that the
form-locking shift element to be disengaged begins to move
within this interval or at the determined point 1n time, the
corresponding actual torques of the first and the second
prime movers are determined, the load transfer 1s termi-
nated, and the form-locking shift element to be disengaged
1s actuated with a higher actuating pressure or a greater
actuating force for complete disengagement. For the case 1n
which the shift element to be disengaged does not begin to
move at the defined point 1n time, the shift element to be
disengaged 1s actuated with the defined actuating pressure or
the defined actuating force 1n the direction of disengagement
for, at most, a defined interval after this point in time while
the load transfer continues or during an equidirectional
increase and/or reduction of the target torques of the first and
the second prime movers. For the case in which 1t 1s detected
that the form-locking shift element to be disengaged begins
to move within the maximum permissible interval after the
determined point 1n time of the theoretical relief from load
or approximate relief from load, the actual torques of the
prime movers are determined, the load transfer or the
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equidirectional increase and/or reduction of the target
torques of the first and the second prime movers 1s termi-
nated, and the form-locking shift element to be disengaged
1s actuated with a higher actuating pressure or a greater
actuating force for complete disengagement. For the case 1n
which it 1s detected that the form-locking shift element to be
disengaged does not begin to move within the interval after
the determined point in time of the theoretical relief from
load or approximate relief from load, the load transfer or the
optional equidirectional increase and/or reduction of the
target torques of the first and the second prime movers 1s
terminated, and the form-locking shift element to be disen-
gaged 1s actuated with a higher actuating pressure or a
greater actuating force for complete disengagement.

[0013] With the aid of these details, the actual torques of
the prime movers, with the aid of which the form-locking
shift element to be disengaged has actually been relieved of
load or approximately relieved of load, can be determined 1n
a particularly advantageous manner. The equidirectional
increase and/or reduction of the target torques for the prime
movers 1s advantageous for the case in which the torque
deviations are equidirectional at both prime movers, 1.e., the
torque deviations cannot cancel each other out. The equidi-
rectional increase and/or reduction of the target torques at
the prime movers 1s preferably carried out when 1t could not
be determined, during a preceding gearchange, that the
form-locking shift element to be disengaged begins to move
during the load transfer.

[0014] Preferred refinements result from the following
description.

BRIEF DESCRIPTION OF THE DRAWINGS

[0015] Exemplary embodiments of the invention are
explained in greater detail with reference to the drawings,
without being limited thereto. Wherein:

[0016] FIG. 1 shows a diagram of a drive train of a motor
vehicle;
[0017] FIG. 2 shows timing charts for illustrating the

phases of a gearchange;

[0018] FIG. 3 shows timing charts for illustrating the
invention;
[0019] FIG. 4 shows timing charts for further illustrating

the 1nvention; and

[0020] FIG. S shows a block diagram for further illustrat-
ing the invention.

DETAILED DESCRIPTION

[0021] Reterence will now be made to embodiments of the
invention, one or more examples of which are shown in the
drawings. Each embodiment 1s provided by way of expla-
nation of the invention, and not as a limitation of the
invention. For example, features 1llustrated or described as
part of one embodiment can be combined with another
embodiment to yield still another embodiment. It 1s intended
that the present invention include these and other modifica-
tions and variations to the embodiments described herein.

[0022] The present invention relates to a method for
operating a drive train of a motor vehicle, which includes an
automatic or automated transmission, and a control unit for

carrying out the method.

[0023] FIG. 1 shows a diagram of a drive train of a motor
vehicle, 1n which the method according to the invention 1s
preferably utilized. The drive train from FIG. 1 includes two
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prime movers 1, 2, a transmission 3, and a driven end 4. The
transmission 3 preferably includes one planetary gear stage
5.

[0024] The two prime movers 1, 2 act on different 1input
shafts or transmission shafts of the transmission 3, namely
the first prime mover 1 acts on a first input shaft 6 and the
second prime mover 2 acts on another, second 1nput shatt 7.
The prime movers 1 and 2 do not have a constant transmis-
sion ratio, but rather a wvariable transmission ratio with
respect to one another. The two mput shafts 6, 7 are diflerent
from a transmission output shaft 8.

[0025] In the exemplary embodiment shown, the first
prime mover 1 1s an 1internal combustion engine which acts
on the first mnput shait 6 which, in the exemplary embodi-
ment shown, 1s the transmission 1nput shaft of the transmis-
sion 3. In the exemplary embodiment shown, the second
prime mover 2 1s an electric machine which acts on the
second 1nput shait 7, 1.e., a second transmission shait of the
transmission 3, wherein, in the exemplary embodiment
shown, the second input shaft 7 1s made available by the
planetary gear stage 5, namely by a ring gear thereof, 1n the
exemplary embodiment shown. It 1s pointed out that, alter-
natively, both prime movers 2 and 3 can be electric
machines.

[0026] The transmission output shaft 8 of the transmission
3 acts on a driven end 4 of the drive train i1n order to
ultimately make a driver-input torque available at the driven
end 4. The transmission output shaft 8 corresponds to the
output shaft. In the shown exemplary embodiment from
FIG. 1, the first prime mover 1 1s a transmission-external
prime mover and the prime mover 2 1s a transmission-
internal prime mover.

[0027] According to FIG. 1, the transmission 3 includes
multiple shift elements 9, wherein only two shift elements 9
are shown, by way of example, in FIG. 1. A first shait
element 9 according to FIG. 1 1s connected between the
transmission input shatt 6 and the planetary gear stage 5, and
a second shift element 9 1s connected between the planetary
gear stage 5 and the transmission output shaft 8. In the
exemplary embodiment shown, both shift elements 9 are
form-locking shift elements, for example, constant-mesh
shift elements.

[0028] In the exemplary embodiment from FIG. 1, a
separating clutch 10 1s connected between the first prime
mover 1 and the transmission mput shaft 6 of the transmis-
sion 3. The separating clutch 10 1s preferably designed as a
friction-locking clutch, wherein the first prime mover 1 can
be decoupled from the transmission input shaft 6 with the aid
of the separating clutch. The separating clutch 10 1s an
optional assembly and can even be dispensed with.

[0029] FIG. 1 also shows a control unit 21 which, 1n the
exemplary embodiment shown, controls the operation of the
first prime mover 1 and the transmission 3, including the
second prime mover 2, by way of an open-loop and/or
closed-loop system.

[0030] This control unit 21 1s preferably a hybrid control
unit. According to the dashed-line arrows, the control unit 21
exchanges data with the first prime mover 1 as well as with
the transmission 3 in order to control the operation of the
first prime mover 1, the transmission 3, and the second prime
mover 2 by way of an open-loop and/or closed-loop system.

[0031] For the case in which a gear has been engaged 1n
the transmission 3, a first number of shift elements 9 of the
transmission 3 1s engaged and a second number of shift

Oct. 17,2019

clements 9 of the transmission 3 1s disengaged. In order to
implement a gearchange 1n the transmission 3 from an actual
gear 1nto a target gear, a shift element 9, which 1s engaged
in the target gear, must be disengaged, and a shift element 9,
which 1s disengaged in the actual gear, must be engaged,
wherein the invention relates to details for disengaging a
form-locking shift element 9 during such a gearchange.

[0032] At least for the purpose of implementing a gearch-
ange and also for driving while the actual gearchange 1s not
being implemented, target torques for operating the first
prime mover 1 and the second prime mover 2 are determined
at least depending on a driver-demanded output torque and
preferably also depending on a specified power distribution
between the first prime mover 1 and the second prime mover
2 and/or depending on an actual gear and/or depending on a
target gear and/or depending on a specified shifting speed
and/or depending on an actual output speed.

[0033] In this case, it 1s preferably provided, at least for
implementing a gearchange and preferably also for driving
while the actual gearchange 1s not being implemented, to
determine the target torques for the first prime mover 1 and
the second prime mover 2 in such a way that the particular
target torque 1s composed of a static torque component and
a dynamic torque component 1n each case. The particular
static torque component determines a basic distribution of
energy between the two prime movers 1 and 2. The particu-
lar dynamic torque component 1s utilized for dynamic com-
pensation.

[0034] Details regarding a gearchange from an actual gear
into a target gear are described with reference to FIG. 2,
wherein curve profiles which can form during the imple-
mentation of a gearchange are shown in FIG. 2. FIG. 2
shows multiple curve profiles 11 to 20, which can form
during implementation of a gearchange. Curve profile 11
represents an actual gear of a gear shift to be implemented.
Curve profile 12 represents a desired gear of a gear shift to
be implemented. Curve profile 13 represents a driver-de-
manded output torque. Curve profile 14 represents a target
torque of the first prime mover 1. Curve profile 15 represents
a target torque of the second prime mover 2. Curve profile
16 represents an actual rotational speed of the first prime
mover 1. Curve profile 17 represents an actual rotational
speed of the second prime mover 2. Curve profile 18
represents an output speed. Curve profile 19 represents the
condition of a shift element 9 to be disengaged. Curve
profile 20 represents the condition of a shift element 9 of the
transmission 3 to be engaged. FIG. 2 also illustrates phases
P1 to P7 of the gearchange, namely a phase P1 “initializa-
tion”, a phase P2 “load transfer”, a phase P3 “decoupling”,
a phase P4 “speed transition”, a phase PS5 “coupling”, a
phase P6 “return of load”, and a phase P7 “conclusion”. The
phases P2 to P6 are to be associated with the actual gearch-
ange. The phases P1 and P7 lie outside the actual gearch-
ange. A phase P0 indicates normal driving at a constant drive
ratio without a shift request. A transition between the indi-
vidual phases P0 to P7 takes place at the times t1, t2, {3, t4,
tS, t6, t7 and t8. The transition between the individual phases
takes place on the basis of transition conditions predefined
on the control side.

[0035] For dniving while the actual gearchange 1s not
being implemented, 1.e., for the phases P0, P1, and P7, the
target torque for the first prime mover 1 1s preferably
determined according to the following equations (1) to (3):
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Mym-sorr = Mypmge = Mympe g0 + MyMpg g, (1)
ProZyy, (2)
M YMEG—stat abyy X fVMG
(1 —proz,,,) PI d (3)
M VMEG-dyn — Iredgy X it . 30 . P lab

[0036] For driving while the actual gearchange 1s not
being implemented, 1.e., for the phases P0, P1, and P7, the
target torque for the second prime mover 2 i1s preferably
determined according to the following equations (4) to (6):

MEepm-sorr = Mempe, = MEMpe_ 0 + MEmpe_ 4, (4)
proz S
MEMFG—srar = Mabw X = = ( )
iEM
PrO%pyp Pl d (6)

MEMFG—dyH — J}"L’dcx x iEM X % x df (nab)
GX

wherein

[0037] Mgy, 1s the target torque My, 5o, for the second
prime mover,

[0038] Mg,,,. 1s the static torque component of the
target torque for the second prime mover,

[0039] Mg, . 1s the dynam1c torque component of the
target torque for the second prime mover,

[0040] My, 1s the target torque My, o7, for the first
prime mover,

[0041] My, . 1s the static torque component of the

target torque for the first prime mover,

[0042] My, . 1s the dynam1c torque component of the
target torque  for the first prime mover,

[0043] M, 1s the driver-demanded output torque,

[0044] proz, , 1s the specified power distribution between
the first and the second prime movers,

0045] I 1S an operative transmission ratio of the actual
EM,, P
gear for the second prime mover,

[0046] 1,,, 1s an operative transmission ratio of the actual
gear for the first prime mover,

[0047] I, 1s a reduced inertia moment of the overall
drive 1n the current actual gear relative to a transmission
output shatft,

[0048] n_, 1s the actual output speed, and
[0049] PI 1s the constant 7.
[0050] The determination of the target torques My, o7z

and My, <7, T0r the two prime movers 1, 2 according to
the equations (1) to (6) 1s illustrated in FIG. 2 with the aid
of a block 22.

[0051] For the actual implementation of a gearchange and,
in fact, for the phases P3, P4, and PS5, the target torque for
the first prime mover 1 i1s determined according to the
following equations (7) to (9):

Mym-sorL = Mymgy = Mvmgy e + MyMaw_gn, (7)

1 g (3)

i (or — )

MVMGW—srar o Mab X
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-continued
Pl d (9)
MyMaw gy, = (1 +J13) Xiyp X 35 X E(nab)
[0052] For the actual implementation of a gearchange, 1.¢.,

for the phases P3, P4, and P35, the target torque for the
second prime mover 2 i1s determined according to the
following equations (10) to (12):

Mem-sorr = Memgy = MEmgy_ g0 + MEMGy_g,,, (10)
1 1 (11)
MEMGW—srar - Mab X i o X (1 — i)
. | Pl d (12)
MEmgy_gp, = (3 +J31) X lige Xiypgyy — (g — 1] X 3G % 7 Vab)
wherein
[0053] Mg, 1s the target torque My, o, , for the second

prime mover,

[0054] Mg, . 1s the static torque component of the
target torque for the second prime mover,

[0055] Mg, . 1s the dynamlc torque component of the
target torque for the second prime mover,

[0056] M,,,  1s the target torque My, g, for the first
prime mover,
[0057] My, 1s the static torque component of the

W-stat

target torque for the first prime mover,

[0058] My, . 1s the dynamlc torque component of the
target torque "for the first prime mover,

[0059] M, 1s the driver-demanded output torque,
[0060] I, 1s an inertia moment of the second input shaft.
[0061] 15, 1s a coupling 1nertia moment of a planetary gear

set relative to the first input shaft,
[0062] I, 1s an inertia moment of the first input shatit.

[0063] I,; 1s a coupling 1nertia moment of the planeta
13 plng P ry
gear set relative to the second input shatt.

[0064] 1,. 1s a coupling ratio of the planetary gear set,

[0065] 1,. 1s an output ratio of the planetary gear set,

[0066] 1,,,  1s aratio for the first prime mover in the target
gear,

[0067] n_, 1s the actual output speed, and

[0068] PI 1s the constant .

[0069] The determination of the target torques M., <77

and M,,, <7, for the two prime movers 1, 2 according to
the equations (7) to (12) 1s illustrated 1n FIG. 2 with the aid
of a block 23.

[0070] During the phases P2 and P6, 1.¢., during the phase
P2 “load transfer” and the phase P6 “return of load”,
equations (1) to (6) as well as the equations (7) to (12) apply
for the determination of the target torques M., <»,, and
Mz, /o7 7 Tor the two prime movers 1 and 2.

[0071] During the phases P2 “load transter” and P6
“return of load”, first target torques for the prime movers 1
and 2 are determined according to the equations (1) to (6)
and second target torques for the prime movers 1 and 2
according to the equations (7) to (12). The following there-
fore applies 1n the phases P2 “load transter” and P6:

Mypnrsorr=f (M WPG’MBMGW) (13)

Mgarsorr :ﬂMEMpG,MEMGW) (14)
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[0072] During the phase P2 “load transfer”, a transition
takes place from the first target torques of the block 23
“driving gear” to the second target torques of the block 24
“power distribution”, preferably linearly 1n a timed manner.
[0073] During the phase P6 “return of load”, a transition
takes place from the second target torques of the block 24
“power distribution” to the first target torques of the block
23 “dniving gear”, preferably linearly in a timed manner
once again.

[0074] In the phases P4 “speed transition” and PS5 “cou-
pling”, a speed controller 24 (see FIG. 2) can be advanta-
geously activated 1n order to determine further dynamic
torque components for the target torques of the prime
movers 1 and 2 for the phases P4 and P35 and, 1f necessary,
P6 as well.

[0075] In the speed controller, at least one actual speed
profile of one of the prime movers 1, 2 forming as a result
of the target torques of the prime movers 1, 2 1s compared
with a corresponding specified speed profile of the particular
prime mover 1, 2, wherein, 1n the case of a deviation, the
speed controller 24 intervenes 1n an assisting manner in
order to bring the actual speed of the particular prime mover
up to the specified speed thereot. In this case, the rotational
speed of the first prime mover 1, in particular of the internal
combustion engine, as well as the rotational speed of the
second prime mover 2, in particular of the electric machine,
can be controlled by a closed-loop system with the aid of the
speed controller 24.

[0076] According to a first vanant, the further dynamic
torque components of the target torque for the first prime
mover 1 and for the second prime mover 2 are determined
with the aid of the speed controller 24, including bringing
the rotational speed up to the rotational speed of the first
prime mover 1, as follows:

MEMReg:(J3+J3 I)XI'O*XPID[}’Z Wsoﬂ_n Wist] (1 4)
MWReg:(J1+J1 3)XPID[7Z Wsoﬂ—n Wisr] (1 5)
wherein
[0077] Mg, 1s the further dynamic torque component of

the target torque for the second prime mover,

[0078] MWReg 1s the further dynamic torque component of
the target torque for the first prime mover,

[0079] I, 1s an 1nertia moment of the second input shaft,

[0080] I;, 1s a coupling 1nertia moment of a planetary gear
set relative to the first input shatt,

[0081] I, 1s an inertia moment of the first input shaft,

[0082] I,, 1s a coupling inertia moment of the planetary
gear set relative to the second input shatt,

[0083] 1, 1s a coupling ratio of the planetary gear set,

[0084] n,,, 1saspecitied speed of the first prime mover
for a PID control function,

[0085] n,,, 1san actual speed of the first prime mover for
the PID control function, and

[0086] PID 1s a PID control function.

[0087] According to a second variant, the dynamic torque
components of the target torques for the prime movers 1 and
2 are determined, with the aid of the speed controller 24,
including bringing the rotational speed up to the rotational
speed of the second prime mover 2, as follows:

Memg,, = (Js + J31) X PID|ngy , — NEw;,, | (16)

soll
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-continued

1 (17)
X PID[nEMsoH — REM

Myumg,, = (J1 +J13) X -

i

wherein

[0088] M, Mp, 1s the further dynamic torque component of
the target torque for the second prime mover,

[0089] MVMReg 1s the further dynamic torque component of
the target torque for the first prime mover,

[0090] I, 1s an 1nertia moment of the second 1nput shatft,

[0091] 1, 1s a coupling 1nertia moment of a planetary gear
set relative to the first input shaft,

[0092] I, 1s an inertia moment of the first input shaft,

1S a coupling 1ertia moment ol the planeta
[0093] 1,5 1 pling 1nerti { the pl Iy
gear set relative to the second input shatt,

[0094]

[0095] ng,, 15 a specified speed of the second prime
mover for a PID control function,

15+ 1S @ coupling ratio of the planetary gear set,

[0096] n,, 1s an actual speed of the second prime mover
for the PID control function, and

[0097] PID 1s a PID control function.

[0098] The speed controller 24 outputs, as output param-
eters, the further dynamic torque components of the target
torque of the two prime movers 1, 2. In the case of an active
speed controller 24, the following applies:

M VMGw =M WGW-srar+M VMg W-dyn+M VMPReg (18)
MEgar GW:MEM GW—srar+MEM GW-dyn-I-MEMReg (19)
[0099] FIG. 2 shows the curve profiles 11 to 20 for a

special case of the implementation of a gearchange with a
constant driver-demanded output torque 13, wherein, during
the phase PO “normal driving” 1n a fixed actual gear, the
complete drive torque 1s made available by the first prime
mover 1, but no output torque 1s made available by the
second prime mover 2. Before the point in time t1, the shift
clement 20 to be engaged 1s 1n the disengaged condition and
the shift element 19 to be disengaged 1s 1n the engaged
condition.

[0100] Beilore the point 1in time t1, the motor vehicle 1s
operated 1n the phase P0 1n an engaged actual gear without
a shift request at a constant drive ratio. Therefore, according
to the signal curve 12, there 1s no shift request. According to
the signal curve 13, the driver-demanded output torque 1s
constant. According to the signal curve 14, only the first
prime mover 1 makes a torque available at the driven end.
According to the signal curve 15, the second prime mover
does not make any output torque available.

[0101] At the point in time t1, there 1s a shift request.
Starting at the point in time tl, the actual gear therefore
deviates from the target gear, according to the curve profiles
11 and 12, and so, at the point in time tl, a transition takes
place to the phase P1 “initialization of the gear shift imple-
mentation”. During the phase P1 “initialization”, the tran-
sition from normal driving into the actual shift sequence
beginning with the phase P2 “load transfer” 1s coordinated,
wherein shift-specific requirements such as the target gear,
the shifting speed, the selection of the mvolved shift ele-
ments, and the like, are determined.

[0102] In addition, conditioning requirements can also be
output 1n the phase P1 “imtialization”, such as a torque
reserve for the first prime mover, or the like.
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[0103] At the point in time t2, a transition takes place from
the phase P1 “imitialization™ into the phase P2 “load trans-

2?

fer”.

[0104] During the phase P2, the target torque for the first
prime mover and the target torque for the second prime
mover are determined via the equations (1) to (6) within the
scope of the block 22 as well as via the equations (7) to (12)
within the scope of the block 23, wherein a transition takes
place here from the target torques predefined by the block 22
to the target torques predefined by the block 23. During the
phase P2 “load transter”, the shift element to be disengaged
1s unloaded with the aid of the target torques of the prime
movers and, therefore, 1s relieved of load or 1s approxi-
mately relieved of load.

[0105] At the point in time t3, a transition to the phase P3
“decoupling” takes place, wherein, during the phase P3,
according to the signal curve 19, the shift element to be
disengaged for the gearchange 1s transferred from the
engaged condition into the disengaged condition. In so
doing, the transmission 3 changes over from a condition I
“coupled” (see FIG. 2) into a condition II “decoupled” (see
FIG. 2). Due to the disengagement of the shift element to be
disengaged, one additional rotational degree of freedom
between the prime movers 1 and 2 1s made available 1n the
transmission 3. This additional degree of freedom i1s a
precondition for the subsequent speed transition 1n the phase
P4 “speed transition”.

[0106] In the phase P4 “speed transition”, the rotational
speeds are transitioned, in a controlled manner, to the new
specified speed determined on the basis of the new target
gear with the aid of a transition function which 1s preferably
an S-shaped transition function. A specified speed can be
either a specified speed of the first prime mover 1 or,
alternatively, a specified speed of the second prime mover 2.
For the purpose of stabilization, the speed controller 24 1s
preferably activated in the phase P4.

[0107] Adfter the speed transition in the phase P4, a tran-
sition takes place at the point in time tS to the phase P5
“coupling”, wherein the speed controller 24 remains active
in the phase P5. In the phase P35, after the speed transition
has taken place, the new ratio of the target gear 1s made
available with the aid of the shift element to be engaged 1n
the phase PS according to the signal curve 20, and the
additional degree of freedom between the prime movers 1
and 2, which was acquired in the phase P3, 1s eliminated 1n

the phase PS5.

[0108] In the phase P6, a return of load takes place,
wherein, in the phase P6, the target torques for the prime
movers are determined via the equations (1) to (6) within the
scope of the block 22 as well as via the equations (7) to (12)
within the scope of the block 23, wherein a transition from
the target torques of the block 23 to the target torques of the
block 22 takes place. A complete return of load, as shown in
FIG. 2, 1s not absolutely necessary.

[0109] In the phase P7, the gearchange 1s concluded and a
coordinated transition back into the normal driving opera-
tion of the phase P0 takes place. In the phase P7, special
conditioming requirements or feedback can be communi-
cated in order to analyze the shift sequence and, therefore,
the gearchange.

[0110] As mentioned above, the present invention relates
to those details of a gearchange, which are utilized for
relieving or approximately relieving the load of a form-
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locking shift element 9 of the transmission, which 1s to be
disengaged for the gearchange to be implemented.

[0111] These details are described 1n greater detail in the
following with reference to FIGS. 3 and 4, wherein FIGS. 3
and 4 show the actuation of the shift element 9 to be
disengaged with a defined pressure or a defined force for the
phases P2, P3, P4, P5, and P6, as a further curve profile 25,
in addition to the curve profiles 14, 15, and 19.

[0112] As mentioned above, target torques My, , <7, and
M., <or 7 are calculated for implementing a gearchange for
the above-described phases for both prime movers 1, 2. In
order to now relieve or approximately relieve the load of the
form-locking shift element 9, which 1s to be disengaged for
the gearchange, during the phase P2, the two prime movers
1 and 2 are actuated during the phase P2 depending on the
calculated target torques My, o7, and Mz,  <,-, While
providing a load transfer, wherein, during a load transfer, the
target torque 1s reduced at one of the prime movers and the
target torque 1s increased at another one of prime movers, in
order to relieve or approximately relieve the load of the shift
clement 9 to be disengaged, and to subsequently disengage
the shift element 9 without load or approximately without
load, while maintaining the driver-demanded output torque
at the driven end 4.

[0113] Thus, FIG. 3 shows that, in the exemplary embodi-
ment shown, during the phase P2, the target torque M, .
sorr of the first prime mover 1 1s reduced, according to the
curve profile 14, and the target torque My ,, -7, at the
second prime mover 2 1s increased, according to the curve

profile 15.

[0114] Depending on the target torques My, , .,,, and
M., <orr, Which are utilized for actuating the two prime
movers 1 and 2, a point in time can be determined, at which
the form-locking shift element 9 to be disengaged 1s theo-
retically relieved of load or 1s theoretically approximately
relieved of load. This 1s the case at the point 1n time t3 in
FIG. 3. The point 1n time t3 in FIG. 3 therefore corresponds
to the point 1n time at which the form-locking shift element
9 to be disengaged 1s theoretically relieved of load or 1s
theoretically approximately relieved of load, depending on
the target torques 14, 15 or M., cr7s Mzascorz-

[0115] According to FIG. 3, the form-locking shiit ele-
ment 9 to be disengaged 1s actuated with a defined actuating
pressure or a defined actuating force in the direction of
disengagement already before the point in time 13, 1.e.,
betore the theoretical relief from load or the theoretical
approximate relief from load, wherein this defined actuating
pressure or this defined actuating force 1s relatively low. This

relatively low actuating pressure or this relative actuating
force 1s visualized in FIG. 3 with the aid of p1/F1.

[0116] During the load transfer in the phase P2, 1.e., in the
phase 1n which the target torque i1s reduced at one of the
prime movers and the target torque 1s increased at the other
prime mover, and 1n which the form-locking shift element 9
to be disengaged has already been actuated with the defined
actuating pressure or the defined actuating force pl/F1,
monitoring 1s carried out to determine whether and at which
actual torques of the two prime movers 1, 2 the form-locking
shift element 9 to be disengaged begins to move. The actual
torques of the prime movers 1, 2, at which the form-locking
shift element 9 to be disengaged begins to move, are
determined as actual torques at which the form-locking shift
clement 9 to be disengaged has actually been relieved of
load or has been approximately relieved of load.
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[0117] In FIG. 3, the point 1n time at which the shift
clement 9 to be disengaged 1s theoretically relieved of load
or 1s theoretically approximately relieved of load, depending
on the target torques 14 and 15, 1s marked as t3. Already 1n
the defined first interval Atl before this point 1in time t3, the
shift element 9 to be disengaged 1s actuated with the defined
actuating pressure or the defined actuating force p1/F1 in the

direction of disengagement during the load transfer in the
phase P2.

[0118] For the case 1n which 1t 1s detected that the form-
locking shift element 9 to be disengaged begins to move
within the first interval Atl or at the determined point 1n time
t3, the corresponding actual torques of the first prime mover
1 and the second prime mover 2 are determined, the load
transfer 1s terminated, and the form-locking shift element 9
to be disengaged 1s actuated with a higher actuating pressure
or a greater actuating force for complete disengagement.
FIG. 3 shows an embodiment 1n which the shift element 9
to be disengaged does not begin to move until the defined
point 1 time t3. Therefore, according to FIG. 3, the shiit
clement 9 to be disengaged 1s actuated with a defined
actuating pressure or a defined actuating force in the direc-
tion of disengagement beyond the point 1n time t3, as the
load transfer continues, and, 1n fact, beyond the point in time
t3 by a defined second interval At2. This defined second
interval At2 1s maximally limited. For the case in which it 1s
detected that the form-locking shiit element 9 to be disen-
gaged begins to move within the maximally limited second
interval At2, as 1s the case in FIG. 3 at the point 1n time tx,
the corresponding actual torques M, . ;«-and M., , ;.01 the
prime movers 1, 2 are determined, the load transier i1s
terminated, and the form-locking shift element 9 to be
disengaged 1s actuated with a higher actuating pressure or a
greater actuating force p2/F2 for complete disengagement,
in order to therefore transition into the phase P3 “decou-
pling”. Due to the extended load transier up to the point in
time tx, the target torques 14 and 15 then deviate, 1n the
subsequent phases, from the target torques 14 and 15 which
would form 11 the load transfer has been terminated already
at the point 1n time t3.

[0119] For the case 1n which the form-locking shift ele-
ment 9 to be disengaged does not begin to move during the
maximally limited, defined second interval At2 either, the
load transter 1s likewise terminated and the form-locking
shift element 9 to be disengaged 1s actuated with an elevated
actuating pressure or an elevated actuating force p2/F2 for
complete disengagement, 1n order to bring the gearchange to
an end within a defined permissible maximum shiit time.

[0120] According to FIG. 3, a load transter therefore takes
place 1n the phase P2, in that the target torque 14, 1.e.,
M. <or s 18 reduced at the first prime mover and the target
torque 15, 1.e., M., <»7s 15 Increased at the second prime
mover. At the point in time t3, the shift element to be
disengaged 1s theoretically relieved or approximately
relieved of load. If 1t 1s detected that the shift element 9 to
be disengaged does not begin to move during the interval
Atl before the point imn time t3 1s reached, despite the
actuation to disengage, the load transfer and the actuation of
the shift element, which 1s to be disengaged, with the defined
actuating pressure or the defined actuating force p1/F1 are
extended beyond the point 1n time t3 and, in fact, by the
second interval At2 which 1s limited. If it 1s detected that the
shift element 9 to be disengaged begins to move, the load
transfer 1s terminated and the actuating pressure or the
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actuating force 25 p2/F2 for the shift element 9 to be
disengaged 1s increased, in order to completely disengage
the shift element 9.

[0121] Those target torques M., <77 and Mz, . <577, ON
the basis of which the shift element 9 to be disengaged was
theoretically relieved of load or theoretically approximately
relieved of load at the point 1n time t3, are visualized in FIG.
3. Moreover, the actual torques My, ;o and My, . ;o are
visualized, at which the form-locking shift element to be
disengaged actually begins to move at the point 1n time tx
and, therefore, 1s actually relieved of load or 1s approxi-
mately relieved of load. Moreover, deviations AM ., , and
AM ., are shown, 1.e., amounts by which the actual torques
M . 7o and My, . .o~ deviate from the corresponding target
torques My, sorz and Mgassorz-

[0122] On the basis of this deviation AM;,, and AM_,,
between the target torques My, , <77 and M., <, Of the
prime movers 1 and 2, which bring about a theoretical relief
from load or a theoretical approximate relief from load of the
form-locking shift element 9 to be disengaged, and the
actual torques My, , ;< and M, ., 01 the prime movers 1
and 2 at which the form-locking shift element 9 to be
disengaged 1s actually relieved of load or 1s approximately
relieved of load, the target torques for the prime movers can
be adapted, in order to make an adapted target torque
Miscorr.s and Mz, . -, , available for the particular
prime mover for a subsequent gearchange.

[0123] Thus, FIG. 5§ shows a characteristic curve for each
of the two target torques 14, 15, to which the torques
M ,corr and Mz, . -, are made available as an 1nput
parameter, 1n order to make an adapted target torque and
Mz, <orr.4 avallable as an output parameter, wherein, 1n
FIG. §, the corresponding target torque M., , <, and M., .
sorr was adapted, depending on the deviation AM;,,, and
AM., . for a defined operating point. The adaptation pret-
erably takes place across all operating points.

[0124] The adaptation preferably takes place in such a way
that the deviations AM,,, and AM_,, are not utilized fully
and, therefore, unfiltered, for correcting the target torques
M seorr and Mz, . <77, but rather are weighted with a
factor k1 and k2, respectively, wherein the particular factor

k1 and k2 1s less than 1.

[0125] FIG. 4 shows a modification of FIG. 3. The phases
P2, P3, P4, PS5, and P6 of a gearchange are shown in FIG.
4.

[0126] In FIG. 4 as well, a point 1n time t3 for the prime

movers 1, 2 1s determined depending on the target torques
14,151, M., cor7s Mzas corr, at which the form-locking
shift element 9 to be disengaged 1s theoretically relieved of
load or 1s theoretically approximately relieved of load.

[0127] In FIG. 4 as well, a defined mterval before this
point 1n time t3 1s marked, namely as the third interval 1n this
case, during which the shift element 9 to be disengaged 1s
actuated with the defined actuating pressure or the defined
actuating force pl/F1 for disengagement, wherein this

defined third interval 1s marked as At3 in FIG. 4.

[0128] Monitoring 1s carried out to determine whether the
shift element 9 to be disengaged begins to move. If 1t 1s
detected that the shift element to be disengaged begins to
move within the interval At3 or at the point 1n time t3, the
corresponding actual torques of the prime movers 1, 2 are
determined, the load transfer 1s terminated, and the form-
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locking shift element 9 to be disengaged 1s actuated with a
higher actuating pressure or a greater actuating force for
complete disengagement.

[0129] A case 1s shown 1 FIG. 4, as 1s also shown 1n FIG.
3, in which the shift element 9 has not yet begun to move at
the point 1n time t3, 1.e., up to the point in time of the
theoretical reliet from load or the theoretical approximate
reliel from load, despite the actuation of the form-locking
shift element 9 with the defined actuating pressure or the
defined actuating force p1/F1.

[0130] Therefore, in FIG. 4, the target torques M., . <77
Mz, corr O the prime movers 1, 2 are equidirectionally
increased and/or decreased with a defined amplitude and a
defined frequency, e.g., sinusoidally, after the point 1n time
t3 of the theoretical relief from load or the theoretical
approximate relief from load of the form-locking shift
clement 9 for a maximally limited, defined interval At4 after
the point 1n time t3, wherein, 1n so doing, the form-locking
shift element 9 1s further actuated with the defined actuating
pressure or defined actuating force p1/F1 1n the direction of
disengagement.

[0131] Therefore, 1n FIG. 3, while the load transfer 1s
extended after the point in time t3, in that one of the target
torques My, <77 OFf My, o7 1s reduced and the other
target torque My, <77 Or Mz, <7, 15 similarly increased,
in FIG. 4, after the pomt in time t3, the target torques
M corrs Meascory, Of the prime movers 1, 2 are equidi-
rectionally 1increased and/or decreased with a defined ampli-
tude and a defined frequency.

[0132] In FIG. 4, it 1s therefore detected, at the point 1n
time tx, that the form-locking shift element to be disengaged
begins to move 1n the defined interval Atd which 1s maxi-
mally limited on the control side, and so, at the point in time
tx, the equidirectional increase and/or reduction of the target
torques at the first prime mover 1 and the second prime
mover 3 1s terminated.

[0133] Moreover, beginning at the point in time tx, the
form-locking shift element to be disengaged 1s actuated with
a higher actuating pressure p2 or a greater actuating force F2
for complete disengagement in order to transition from the
phase P2 of the load transfer into the phase P3 of decoupling
at the point in time tx.

[0134] As a result of the equidirectional increase and/or
decrease of the target torques for the prime movers 1 and 2
up to the point in time tx, the target torques 14 and 15 then
deviate, 1n the subsequent phases, from the target torques 14
and 15 which would form 1f a transition into the phase P3 of
decoupling would have taken place at the point 1n time (3.

[0135] Whule, in the exemplary embodiment of FIG. 3, the
deviations AW, and AM_,, are such that they at least
partially cancel each other out, the deviations AM;, , and
AM_,, n FIG. 4 are such that they amplily one another.
Theretore, 1n FIG. 4, the equidirectional increase and/or
reduction of the target torques 14 and 15 for the prime
movers 1 and 2 with a defined amplitude and frequency
are/1s necessary in order to actually relieve the load or
actually approximately relieve the load of the form-locking
shift element 9 to be disengaged, at the point 1n time tx.

[0136] For the case in which the form-locking shift ele-
ment 9 to be disengaged does not begin to move during the
defined fourth interval Atd of FIG. 4, despite the equidirec-
tional increase and/or reduction of the target torques 14 and
15 of the two prime movers 1 and 2 and despite the actuation
of the shift element 9, which 1s to be disengaged, with the
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defined actuating pressure or the defined actuating force
p1/F1 1n the direction of disengagement, the equidirectional
increase and/or reduction of the target torques at the first and
the second prime movers 1s nevertheless terminated and the
form-locking shift element 9 to be disengaged 1s actuated
with a higher actuating pressure and a greater actuating force
for complete disengagement, in order to bring the gearch-
ange to an end.

[0137] The vaniant of FIG. 4 1s preferably carried out
during a gearchange when, during a preceding gearchange of
the same type, the variant of FIG. 3 did not induce the
form-locking shift element 9, which 1s to be disengaged, to
begin moving during the interval Atl or during the interval
At2.

[0138] Therefore, 1n the variant of FIG. 3, 1f a movement
of the form-locking shift element 9 to be disengaged was not
detected during the interval Atl or during the interval At2, 1t
1s inferred that the shift element 9 could not be relieved of
load or approximately relieved of load, and so, during a
subsequent gearchange, the variant of FIG. 4 1s selected 1n
order to check whether the form-locking shift element 9 to
be disengaged can be relieved of load or approximately
relieved of load by utilizing this variant.

[0139] The check to determine whether the form-locking
shift element 9 to be disengaged can be relieved of load or
approximately relieved of load can take place with the aid of
a position sensor associated with the form-locking shift
clement 9 to be disengaged.

[0140] With the aid of such a position sensor, monitoring
can be directly carried out to determine whether a form-
locking shift element 9 to be disengaged begins to move.

[0141] For the case in which the corresponding form-
locking shift element 9 does not include a position sensor of
this type, monitoring can also be indirectly carried out to
determine whether the form-locking shift element 9 to be
disengaged begins to move and, in fact, by evaluating a
speed signal of the first prime mover 1 and/or a speed signal
of the second prime mover 2 and/or a speed signal of the
driven end 4. In this case, however, the defined actuating
pressure or the defined actuating force p1/F1 during the
particular interval Atl, At2, At3, or Atd 1s higher than in the
case 1n which the monitoring to determine whether a form-
locking shift element 9 to be disengaged begins to move 1s
carried out with the aid of a position sensor. With the aid of
the elevated actuating pressure or the elevated actuating
force p1/F1, a slight preloading and the speed reaction of the
particular rotational speed to be evaluated 1s induced.

[0142] Since the actuating pressure or the defined actuat-
ing force 1s therefore selected to be higher in this case, 1n
order to induce a speed reaction at one prime mover or both
prime movers and/or at the driven end, the method 1s
noticeable to the driver at the driven end.

[0143] In order to be able to carry out an adaptation, the
torque threshold at which the form-locking shift element
disengages with a defined actuating pressure or a defined
actuating force must be known. This torque threshold 1is
preferably determined in advance, via testing, as a function
ol a temperature and/or ageing, and is stored on the control
side. In this case, the form-locking shift element 1s therefore
approximately relieved of load and 1s disengaged approxi-
mately without load.

[0144] The invention also relates to a control unit for
carrying out the method on the control side. In order to
implement a gearchange from an actual gear into a target



