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METHOD AND DEVICE FOR OPERATING A
DRIVETRAIN

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application 1s a national stage of, and claims
priority to, Patent Cooperation Treaty Application No. PCT/
EP2017/058953, filed on Apr. 13, 20177, which application 1s

hereby incorporated herein by reference 1n 1ts entirety.

BACKGROUND

[0002] A motor vehicle drive tramn can include at least a
first shaft and a second shatt, a first clutch having at least one
first friction surface pairing, and an electric drive, the first
shaft and the second shait being coupleable to one another
via the at least one first friction surface pairing. For cooling
the first clutch, a fluid such as hydraulic fluid i1s used via
which a drag torque of the first clutch 1s influenced after the
first clutch 1s disengaged.

[0003] In particular, the first clutch, the first shaft, and the
second shaft are integral parts of a common axle of a motor
vehicle, wherein a drive torque of a further drive unit (an
internal combustion engine, a further electric drive, etc.) 1s
transmittable via the first shaft to the second shaft, and via
the second shatt to a first wheel of the motor vehicle.
[0004] The first clutch may 1n particular be individually
controlled, so that the first wheel 1s drivable by an essentially
freely settable component of the drive torque of the drive
unit.

[0005] A further drive torque may be transmitted to the
wheel by means of the electric drive of the first shaft. The
first shaft 1n particular 1s decoupleable from the drive unait.
[0006] There 1s a constant need for improving drive trains
of motor vehicles, e.g., to achieve a preferably free distri-
bution of the drive torques, provided via the different drive
units, to the wheels (known as torque vectoring, for
example). The control of the distribution should take place
as dynamically as possible.

SUMMARY

[0007] The present disclosure relates to a method and
device for operating a drive train of a motor vehicle. A
method for operating a drive train of a motor vehicle 1s
disclosed, wherein the drive train includes at least a first
shaft and a second shatt, a first clutch having at least one first
friction surface pairing, and an electric drive. The first shaft
and the second shait are coupleable to one another via the at
least one first friction surface pairing, wherein for cooling
the first clutch, a flmd 1s used via which a drag torque of the
first clutch 1s influenced after the first clutch 1s disengaged.
The method includes at least the following steps:

[0008] a) Rotating the first shatt and the second shaft when
the first clutch 1s at least partially engaged;

[0009] b) Disengaging the first clutch;

[0010] c¢) Accelerating the first shaft by means of the
electric drive and discharging the fluid from the area of
the at least one first friction surface pairing;

wherein the drag torque of the first clutch 1s reduced by the
accelerated discharge of the fluid.

[0011] It has been found that immediately after the first
clutch 1s disengaged, a drag torque 1s present that decreases
over time. This drag torque 1s intluenced by the fluid which
1s provided for cooling the first clutch, and which after the
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disengagement 1s present between at least the first pair of
friction surfaces. However, this drag torque influences the
drive torque that 1s transmitted to the first wheel, so that 1t
1s more difficult to regulate the drive torque that 1s to be
transmitted to the first wheel. It has been determined in
particular that this drag torque, in particular at low travel
speeds of the motor vehicle, decreases only slowly or has a
high value.

[0012] The method 1s designed in particular so that the
fluid 1s removed as quickly as possible from the clutch, or at
least from the area of the first friction surface pairing. This
may be achieved by accelerating the first shait immediately
after disengaging the clutch (i.e., when the first friction
surface pairing 1s released). Due to the increase in the
rotational speed of the first shaft, in particular a (higher)
centrifugal force 1s transmitted to the fluid, as the result of
which the fluid 1s at least partially removed more quickly, at
least from the area of the first friction surface pairing.
[0013] The accelerated discharge of the tluid, at least from
the area of the first friction surface pairing, may result in the
drag torque at the first friction surface pairing being
decreased in an accelerated manner. Thus, quicker indi-
vidual regulation, independent of other influences, of the
drive torque transmitted to the first wheel 1s possible.
[0014] In particular, at least the first shaft has a first
rotational speed 1n step a) and immediately prior to step b),
wherein 1n step ¢) the first shaft 1s accelerated by the electric
drive to a second rotational speed that 1s greater than the first
rotational speed, 1n particular at least 100 revolutions per
minute, possibly at least 500 revolutions per minute, par-
ticularly possibly at least 750 revolutions per minute, greater
than the first rotational speed. The second rotational speed
may 1n particular be at least 1500 revolutions per minute
greater than the first rotational speed.

[0015] In particular, the rotational speed of the second
shaft 1s not (significantly) influenced by increasing the first
rotational speed of the first shaft.

[0016] In step c) the first shaft 1s possibly accelerated over
a time period of at least 0.1 second, 1n particular at least 0.3
seconds, possibly at least 0.5 second. “Acceleration” means
in particular that the first rotational speed 1s continuously
increased within the time period. Afterward, the electric
drive 1s possibly switched off, or does not transmit 1ts own
drive torque to the first shatt.

[0017] In particular, following the acceleration the first
shaft 1s held at an increased rotational speed over a time
period of at least 0.1 second, in particular at least 0.3
seconds, possibly at least 0.5 second. At the end or after this
time period elapses, the electric drive 1s possibly switched
oil, or does not transmit 1ts own drive torque to the first shaft.

[0018] In step c) the first shait may be accelerated over a
time period of at most 2.0 seconds, 1n particular at most 1.0
second, possibly at most 0.5 second.

[0019] In particular, following the acceleration the first
shaft 1s held at an increased rotational speed over a time
period of at most 2.0 seconds, in particular at most 1.0
second, possibly at most 0.5 second.

[0020] The dnive train may (additionally) have a third
shaft and a second clutch having at least one second friction
surface pairing. The first shaft and the third shait are
coupleable to one another via the at least one second friction
surface pairing. For cooling the second clutch, a fluid 1s used
via which a drag torque of the second clutch 1s influenced
after the second clutch 1s disengaged. In step b) the second



US 2020/0132137 Al

clutch 1s disengaged (in particular at the same time as the
first clutch), wherein 1n step ¢) the fluid 1s discharged from
the area of the at least one second friction surface pairing.
[0021] In particular, the operations of steps b) and c¢) with
regard to the second clutch and the third shaft take place
simultaneously with the operations at the first clutch and the
second shaft. It 1s possibly not important whether the second
clutch 1s 1n the disengaged or the engaged state prior to step
b). In particular, according to step a) and immediately prior
to step b), the first shaft and the third shaft rotate with an at
least partially engaged second clutch.

[0022] In particular, step ¢) takes place only when a first
rotational speed of the first shait immediately prior to step b)
1s at most 2500 revolutions per minute, in particular at most
2000 revolutions per minute, possibly at most 1500 revolu-
tions per minute.

[0023] The accelerated discharge of the fluid, at least from
the areas of the first or second friction pairing, 1s particularly
ellective at low rotational speeds of the first shaft. Therefore,
the method finds application possibly or solely for ranges up
to this maximum rotational speed of the first shatt.

[0024] In particular, the drive train has a further drive unit
(for example, an internal combustion engine, a further
electric drive, etc.), wherein a drive torque of the drive unit
1s transmittable via the first shaft at least to the second shaft,
and via the second shaft to a first wheel of the motor vehicle,
wherein the further drive unit 1s decoupled from the first
shaft prior to step c).

[0025] In particular, it 1s possible that the first shaft 1s
accelerated via the electric drive. A drive torque that 1s
provided by the electric drive for accelerating the first shaft
(in this time segment) 1s not provided for driving the wheels
of the motor vehicle. In addition, the first shaft 1s decoupled
from as many other components of the drive train as
possible, so that control of the first shaft may take place that
1s possibly rapid with low electrical power requirements and
low consumption of electrical energy.

[0026] In particular, 1t 1s possible that the method
described herein 1s switchable, or 1s carried out only 1n
certain or predefined driving states or operating modes.
Electrical consumption (by the electric drive) may thus be
mimmized when a highly dynamic control of the wheels
driven via the second or third shaft is not necessary or
desired.

[0027] A drive train for a motor vehicle can iclude at least
a first shaft and a second shaft, a first clutch having at least
one first friction surface pairing, and an electric drive. The
first shaft and the second shait are coupleable to one another
via the at least one first friction surface pairing. The drive
train 1s configured and suited for carrying out the presently
disclosed and claimed method, and can thus carry out the
method. For this purpose a control unit, for example having
at least one electronic memory module, may be provided,
into which software 1s integrated which appropnately
executes or specifies the method steps and/or the activation
or deactivation of the components of the drive train.

[0028] In particular, the first shaft and the second shafit are
integral parts of a common axle of the motor vehicle, a first

wheel of the motor vehicle being connectable to the first
shaft via the second shaft.

[0029] In particular, the drive train has a third shaft and a
second clutch having at least one second {iriction surface
pairing, wherein the first shaft and the third shaft are
coupleable to one another via the at least one second friction
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surface pairing; wherein the third shaft 1s also an integral
part of the axle, a second wheel of the motor vehicle being
connectable to the first shaft via the third shatt.

[0030] The drive train possibly has a further drive unit
(internal combustion engine, further electric drive, etc.),
wherein a drive torque of the drive unit 1s transmittable via
the first shaft at least to the second shaft (optionally addi-
tionally to the third shatt), and via the second shaft to a first
wheel (optionally via the third shaft to a second wheel on the
same axle) of the motor vehicle, the drive unit being
decoupleable from the first shaft via at least a third clutch.

[0031] In particular, at least one control unit 1s provided
that imtiates and controls the carrying out of the method. In
particular, the control unit may regulate in such a way that
the method described herein 1s switchable, or 1s carried out
only 1n certain driving states or operating modes.

[0032] The statements concerning the method similarly
apply for the drive train, and vice versa. In this regard,
technical features that have been mentioned in conjunction
with the method may also be used, singly or 1n combination
with one another, for further characterization of the drive
train, and vice versa.

[0033] Inparticular, at least the first clutch (and optionally
at least also the second clutch) 1s a multiplate clutch,
wherein when the clutch 1s engaged, the friction surfaces on
the plates (which are respectively situated on an outer plate
carrier or on an inner plate carrier) rest against one another
and transmit a drive torque. When the clutch 1s disengaged,
the plates are spaced apart from one another, so that no drive
torque 1s transmittable. In particular, a first plate situated on
the outer plate carrier forms a friction pairing with a second
plate situated on the nner plate carrier.

[0034] As a precaution, 1t 1s noted that the ordinal numbers
used heremn (“first,” “second,” “third,” . . . ) are used
primarily (only) to distinguish between multiple similar
objects, variables, or processes; 1.e., 1n particular no depen-
dency and/or sequence of these objects, variables, or pro-
cesses relative to one another are/is necessarily specified. If
a dependency and/or sequence 1s necessary, this 1s explicitly
indicated herein, or 1s readily apparent to those skilled 1n the
study of the embodiment specifically described.

SUMMARY OF THE DRAWINGS

[0035] The invention and the technical field are explained
in greater detail below with reference to the figures. It 1s
pointed out that the invention 1s not to be construed as being
limited by the illustrated exemplary embodiments. In par-
ticular, unless explicitly stated otherwise, 1t 1s also possible
to extract partial aspects of the information shown in the
figures and combine them with other components and find-
ings from the present description and/or figures. Identical
objects are denoted by the same reference numerals, so that
explanations concerning other figures may possibly be
supplementally used. The figures schematically show the
following;:

[0036] FIG. 1: shows a partial side view of a drive train 1n
Cross section;

[0037] FIG. 2: shows a motor vehicle having a drive train;
and

[0038] FIG. 3: shows a diagram with multiple curves of a

drag torque.
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DESCRIPTION

[0039] FIG. 1 shows a partial side view of a drive train 1
in cross section. The drive train 1 includes a first shaft 3 and
a second shaift 4, a first clutch S having first friction surface
pairings 6, and an electric drive 7. The first shaft 3 and the
second shaft 4 are coupleable to one another via the first
friction surface pairings 6. The first clutch 5 1s a multiplate
clutch, wherein when the clutch 5 1s engaged, the friction
surtfaces on the plates 21 (which are respectively situated on
an outer plate carrier 23 or on an 1nner plate carrier 22) rest
against one another and transmit a drive torque. When the
first clutch 5 1s disengaged, the plates 21 are spaced apart
from one another, so that no drive torque 1s transmittable. A
first plate 21 situated on the outer plate carrier 23 forms a
first friction surface pairing 6 with a second plate 21 that 1s
situated on the inner plate carrier 22, adjacent to the first
plate 21. The first clutch 3 1s supplied with a fluid 8 (o1l, for
example) via a fluid (feed) line 24 for cooling the clutch 5.

[0040] The method 1s directed to removing the fluid 8 as
quickly as possible from the first clutch 5 or at least from the
area of the first friction surface pairing 6 (1.e., the contact
zone of the plates 21 with one another). This 1s achieved by
accelerating the first shaft 3 by means of the dnve 7
immediately after the first clutch S 1s disengaged (1.e., when
the first friction surface pairings 6 are released by separating
the plates 21 from one another). Due to the increase in the
rotational speed of the first shaft 3 (from the first rotational
speed 10 to a second rotational speed 11; see FIG. 2), a
centrifugal force 1s transmitted to the fluid 8, as the result of
which the fluid 8 1s removed, at least partially, more quickly
at least from the area of the first friction surface pairings 6.

[0041] As a result of the accelerated discharge of the fluid
8, at least from the area of the first friction surface pairings
6, the drag torque 9 (see FIG. 3) 1s decreased at the first
friction surface pairings 6 1n an accelerated manner. Thus,
quicker individual regulation, independent of other influ-

ences, of the drive torque 16 transmitted to the first wheel 17
1s possible (see FIG. 2).

[0042] FIG. 2 shows a motor vehicle 2 having a drive train
1. The motor vehicle 2 has four wheels, 1n each case two
wheels being situated on a common axle. The drive train 1
has a drnive unit 15 (internal combustion engine, further
electric drive, etc.), wherein a drive torque 16 of the drive
unit 15 (divided as necessary) 1s transmittable via a third
clutch to the first shatft 3, and via the first shaft 3 to the
second shaft 4 and additionally to the third shaft 12, and via
the second shatt 4 to a first wheel 17, and via the third shaft
12 to a second wheel 19 on the same axle 18 of the motor
vehicle 2. The drive umt 15 1s decoupleable from the first

shatt 3 via the third clutch 20.

[0043] The first shaft 3 and the second shaft 4 are couple-
able to one another via the first friction surface pairing 6,
wherein for cooling the first clutch §, a fluid 8 1s used via
which a drag torque 9 of the first clutch 5 1s influenced after
the first clutch § 1s disengaged. According to the method, in
step a) the first shaft 3 and the second shait 4 rotate when the
first clutch 5 1s at least partially engaged. The first clutch 5
1s disengaged in step b). In step c¢) the first shaft 3 1s
accelerated by the electric drive 7, so that the fluid 8 1s
discharged from the area of the first friction surface pairing
6 1n an accelerated manner. The drag torque 9 of the first
clutch 5 1s reduced due to the accelerated discharge of the

fluid 8.
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[0044] The first shaft 3 and the third shaft 12 are couple-
able to one another via the second friction surface pairing 14
of the second clutch 13. For cooling the second clutch 13, a
fluid 8 1s used via which a drag torque 9 of the second clutch
13 1s influenced after the second clutch 13 1s disengaged.
The second clutch 13 1s disengaged (1n particular simulta-
neously with the first clutch §) 1n step b), wherein 1n step c¢)
the fluid 8 1s also discharged from the area of the second
friction surface pairing 14 due to the acceleration of the first
shaft 3.

[0045] FIG. 3 shows a diagram having multiple curves 26,
27, 28 of a drag torque 9. The drag torque 9 1s plotted on the
vertical axis. The speed 29 of the motor vehicle 2, which 1s
proportional to the first rotational speed 10 (before the first
clutch 5 1s disengaged), 1s plotted on the horizontal axis.
[0046] Curves 26 and 28 have been determined on drive
trains 1 having the same design. The second curve 27 has
been determined on another known drive train 1, which also
has a first shaft 3 that 1s drivable via an electric drive 7.
[0047] The first curve 26 shows the value of a drag torque
9 that 1s present on a nondriven shaft (in this case the second
shaft 4, for example) shortly (approximately 0.5 second)
after the clutch 5 1s disengaged, for different values of the
speed 29 of the motor vehicle (and for different values of the
first rotational speed 10 of the first shaft 3). In the first curve
26, the first shaft 3 has not been accelerated after the first
clutch 5 1s disengaged.

[0048] The third curve 28 shows the value of a drag torque
9 that 1s present on a nondriven shaft (in this case the second
shaft 4, for example) shortly (approximately 0.5 second)
after the clutch 5 1s disengaged, for different values of the
speed 29 of the motor vehicle (and for different values of the
first rotational speed 10 of the first shaft 3, prior to disen-
gaging the first clutch 5). In the third curve 28, the first shaft
3 has been accelerated after the first clutch 5 1s disengaged.
[0049] It 1s shown that, in particular at low speeds 29 of
the vehicle 2 (i.e., at a low first rotational speed 10 of the first
shaft 3), a considerable reduction in the drag torque 9 may
be achieved.

[0050] The second curve 27 shows the value of a drag
torque 9 that 1s present on a nondriven shatt (in this case the
second shaft 4, for example) shortly (approximately 0.5
second) after the clutch 3 1s disengaged, for different values
of the speed 29 of the motor vehicle (and for different values
of the first rotational speed 10 of the first shaft 3, prior to
disengaging the first clutch §). In the second curve 26 as
well, the first shaft 3 has not been accelerated after the first
clutch 5 1s disengaged.

[0051] It 1s shown here that a considerable reduction (up
to 60% at the highest speed 29) in the drag torque 9 may be
achieved over the entire speed range, based on a comparison
of the second curve 27 to the third curve 28.

LIST OF REFERENCE NUMERALS

[0052] 1 drive tramn

[0053] 2 motor vehicle

[0054] 3 first shaft

[0055] 4 second shaft

[0056] S first clutch

[0057] 6 first friction surface pairing
[0058] 7 drive

[0059] 8 fluid

[0060] 9 drag torque

[0061] 10 first rotational speed
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[0062] 11 second rotational speed
[0063] 12 third shaft

[0064] 13 second clutch

[0065] 14 second iriction surface pairing
[0066] 15 drive umit

[0067] 16 drive torque

[0068] 17 first wheel

[0069] 18 axle

[0070] 19 second wheel

[0071] 20 third clutch

[0072] 21 plate

[0073] 22 inner plate carrier
[0074] 23 outer plate carrier
[0075] 24 fluid line

[0076] 25 rotational axis

[0077] 26 first curve

[0078] 27 second curve

[0079] 28 third curve

[0080] 29 speed

1.-11. (canceled)

12. A method for operating a drive train of a motor
vehicle, wherein the drive train includes at least a first shaft
and a second shaft, a first clutch having at least one first
friction surface pairing, and an electric drive, the first shaft
and the second shaft being coupleable to one another via the
at least one first friction surface pairing, wherein for cooling
the first clutch, a fluid 1s used via which a drag torque of the
first clutch 1s influenced after the first clutch 1s disengaged,
the method comprising:

a) rotating the first shaft and the second shait when the

first clutch 1s at least partially engaged;

b) disengaging the first clutch; and

¢) accelerating the first shaft by means of the electric drive

and discharging the fluid from an area of the at least one
first friction surface pairing;

wherein the drag torque of the first clutch 1s reduced by an

accelerated discharge of the fluid.

13. The method of claim 12, wherein at least the first shaft
has a first rotational speed 1n step a) and immediately prior
to step b), wherein 1n step ¢) the first shaft 1s accelerated by
the electric drive to a second rotational speed that 1s at least
100 revolutions per minute greater than the first rotational
speed.

14. The method of claim 12, wherein 1n step c¢) the first
shaft 1s accelerated over a time period of at least 0.1 second.

15. The method of claim 12, wherein 1n step c¢) the first
shaft 1s accelerated over a time period of at most 2.0
seconds.

16. The method of claim 12, wherein the drive train has
a third shaft and a second clutch having at least one second
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friction surface pairing, wherein the first shaft and the third
shaft are coupleable to one another via the at least one
second 1Iriction surface pairing, wherein for cooling the
second clutch, a flud 1s used via which a drag torque of the
second clutch 1s influenced after the second clutch 1s disen-
gaged; wherein 1n step b) the second clutch 1s disengaged,
and wherein 1n step ¢) the fluid 1s discharged from the area
of the at least one second iriction surface pairing.

17. The method of claim 12, wherein step ¢) takes place
only when a first rotational speed of the first shait immedi-
ately prior to step b) 1s at most 2500 revolutions per minute.

18. The method of claim 12, wherein the drive train has
a further drive unit, wherein a drive torque of the drive unit
1s transmittable via the first shatft at least to the second shatft,
and via the second shaft to a first wheel of the motor vehicle,
wherein the further drive unit 1s decoupled from the first
shaft prior to step c).

19. A dnive train for a motor vehicle, comprising at least
a first shaft and a second shaft, a first clutch having at least
one first friction surface pairing, and an electric drive, the
first shaft and the second shaift being coupleable to one
another via the at least one first friction surface pairing,
wherein the drive train 1s configured and suitable for carry-
ing out a method that includes:

a) rotating the first shaft and the second shaift when the

first clutch 1s at least partially engaged;

b) disengaging the first clutch; and

¢) accelerating the first shait by means of the electric drive

and discharging the fluid from the area of the at least
one first friction surface pairing;

wherein the drag torque of the first clutch 1s reduced by an

accelerated discharge of the fluid.

20. The drive train of claim 19, wherein the first shaft and
the second shait are integral parts of a common axle of the
motor vehicle, a first wheel of the motor vehicle being
connectable to the first shaft via the second shatt.

21. The drive train of claim 20, wherein the drive train has
a third shaft and a second clutch having at least one second
friction surface pairing, wherein the first shaft and the third
shaft are coupleable to one another via the at least one
second Iriction surface pairing; wherein the third shaft 1s
also an integral part of the axle, a second wheel of the motor
vehicle being connectable to the first shafit via the third shaft.

22. The drive train of claim 19, further comprising a
further drive unit, wherein a drive torque of the drive unit 1s
transmittable via the first shaft at least to the second shaft,
and via the second shaft to a first wheel of the motor vehicle,
the drive unit being decoupleable from the first shaft via at
least a third clutch.
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