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(57) Abstract: The present invention relates to a method for controlling a vehicle (1) in association with a descent (200), the vehicle
(1) having a powertrain (3) comprising: a drive unit (2) configured to provide propulsion power; an auxiliary brake device (4); and
a first cooling circuit (10) comprising a first coolant (12); wherein the drive unit (2) and the auxiliary brake device (4) are arranged
to be selectively connected or disconnected with/from the first cooling circuit (10), wherein the drive unit (10) has a first maximum
temperature and the auxiliary brake device (4) has a second maximum temperature higher than the first maximum temperature, the
method comprising: controlling (s101) the drive unit (2) to reduce the provided propulsion power when the vehicle (1) is approaching an
upcoming descent (200), which fulfils predetermined criteria; disconnecting (s102) the drive unit (2) from the first cooling circuit (10);
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connecting (s103) the auxiliary brake device (4) with the first cooling circuit (10); and controlling (s104) the auxiliary brake device
(4) to brake to vehicle (1) down the descent (200). The invention also relates to a powertrain (3) and a vehicle (1) comprising such a
powertrain. The invention also relates to a computer program and a computer-readable medium for carrying out the method.



WO 2020/185138 PCT/SE2020/050146

10

15

20

25

30

A method for controlling a vehicle in association with a descent, a powertrain,

a vehicle, a computer program and a computer-readable medium.

TECHNICAL FIELD

The invention relates to a method for controlling a vehicle in association with
a descent. The invention also relates to a powertrain and a vehicle comprising
such a powertrain. The invention also relates to a computer program and a

computer-readable medium for carrying out the method.

BACKGROUND

Vehicles with other drive units than internal combustion engines are becoming
more and more common. Hybrid vehicles comprising an internal combustion
engine and an electrical machine/motor have been known for a while but
companies are constantly looking for other solutions to reduce the impact on

the environment. Such other solution may be fuel cell arrangements.

Cooling of a fuel cell is crucial and the maximum temperature for a fuel cell is
relatively low. This means that the coolant cooling the fuel cell must have a
relatively low temperature. An auxiliary brake in a fuel cell vehicle may have a
higher maximum temperature than the fuel cell. An auxiliary brake is commonly
known as a brake different from a main braking system (wheel brakes). An
auxiliary brake in a fuel cell vehicle may be a retarder, a brake resistor, an air
compression brake or any other auxiliary brake system. To maximize the
performance of the auxiliary brake, the coolant should have a temperature as
close as possible to the maximum temperature of the auxiliary brake. Separate
cooling circuits is thereby required for the fuel cell and the auxiliary brake.
Separate cooling circuits may be required for any vehicle having a drive unit

with a lower maximum temperature than an auxiliary brake.
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Document US2010273079 A1 discloses a fuel cell drive for a motor vehicle
and a fuel cell cooling assembly comprising several cooling units for cooling

different fuel cell units.

SUMMARY

An object of the present invention is to achieve a new and advantageous
method for controlling a vehicle in association with a descent, where the
vehicle has a drive unit with a lower maximum temperature than an auxiliary
brake. Another object of the present invention is to achieve a new and
advantageous method for controlling a vehicle in association with a descent,
which increases the performance of an auxiliary brake when required. Another
object of the invention is to achieve a new and advantageous powertrain,

vehicle, computer program and computer-readable medium.

The herein mentioned objects are achieved by a method, a powertrain, a
vehicle, a computer program, and a computer-readable medium according to

the independent claims.

Hence, according to an aspect of the present invention, a method, performed
by a control device, for controlling a vehicle in association with a descent is
provided. The vehicle has a powertrain comprising: a drive unit configured to
provide propulsion power; an auxiliary brake device; and a first cooling circuit
comprising a first coolant; wherein the drive unit and the auxiliary brake device
are arranged to be selectively connected or disconnected with/from the first
cooling circuit, wherein the drive unit has a first maximum temperature and the
auxiliary brake device has a second maximum temperature higher than the
first maximum temperature. The method comprises: controlling the drive unit
to reduce the provided propulsion power when the vehicle is approaching an
upcoming descent, which fulfils predetermined criteria; disconnecting the drive

unit from the first cooling circuit; connecting the auxiliary brake device with the
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first cooling circuit; and controlling the auxiliary brake device to brake to vehicle

down the descent.

According to another aspect of the invention, a powertrain for a vehicle is
provided. The powertrain comprises: a drive unit configured to provide
propulsion power; an auxiliary brake device; and a first cooling circuit
comprising a first coolant; wherein the drive unit and the auxiliary brake device
are arranged to be selectively connected or disconnected to the first cooling
circuit, wherein the drive unit has a first maximum temperature) and the
auxiliary brake device has a second maximum temperature higher than the
first maximum temperature. The powertrain further comprises a control device
configured to: control the drive unit to reduce the provided propulsion power
when the vehicle is approaching an upcoming descent, which fulfils
predetermined criteria; disconnect the drive unit from the first cooling circuit;
connect the auxiliary brake device with the first cooling circuit; and control the

auxiliary brake device to brake to vehicle down the descent.

According to another aspect of the invention, a vehicle is provided. The vehicle

comprises a powertrain as disclosed herein.

A vehicle may comprise a plurality of cooling circuits for cooling various
components in the vehicle. A drive unit, auxiliary brake or any other object of
a vehicle has a maximum temperature, which means that the object should not
have a temperature above the maximum temperature or the object may
malfunction. Thus, the coolant cooling the object should have a temperature
below the maximum temperature of the object in order to be able to cool the
object and thereby maintain the maximum temperature. A vehicle having a
drive unit and an auxiliary brake device with different maximum temperatures
is restricted to the lowest maximum temperature in the case where the drive
unit and the auxiliary brake device are connected to the same cooling circuit.
Typically, heat rejection is dependent on the temperature difference between

the coolant and the ambient air. With a higher temperature of the coolant, more
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heat will be rejected. According to the invention, the drive unit has a lower
maximum temperature than the auxiliary brake device. This means that when
the drive unit and the auxiliary brake device are connected to the first cooling
circuit, the first coolant should not have a temperature higher than the first
maximum temperature of the drive unit. However, this also means that the
performance of the auxiliary brake device cannot be optimized since the
auxiliary brake device only can be used to temperatures lower than its second
maximum temperature. By configuring the powertrain according to the
invention, such that the drive unit and the auxiliary brake device can be
selectively connected to, or disconnected from, the first cooling circuit, the
performance of the auxiliary brake device can be optimized despite the fact
that the drive unit and the auxiliary brake device are connectable to the same
cooling circuit. Thus, when the vehicle is approaching a certain descent, which
fulfils predetermined criteria, the drive unit is controlled so that it provides a
reduced amount of propulsion power. This way, the drive unit will require less
cooling. The drive unit can thereby be disconnected from the first cooling circuit
without the risk of overheating. It is then ensured that the auxiliary brake device
is connected to the first cooling circuit and the auxiliary brake device is
controlled to brake the vehicle down the descent. When the auxiliary brake
device is activated, the auxiliary brake device requires cooling. Thus, the
auxiliary brake device must first be connected to the first cooling circuit. By
disconnecting the drive unit from the first cooling circuit, the first coolant is no
longer restricted to the first maximum temperature of the drive unit, but can
have a temperature similar to the second maximum temperature of the
auxiliary brake device. The auxiliary brake device can thereby be operated to
a higher temperature and the performance of the auxiliary brake device can

be optimized.

Further objects, advantages and novel features of the present invention will
become apparent to one skilled in the art from the following details, and also
by putting the invention into practice. Whereas examples of the invention are

described below, it should be noted that it is not restricted to the specific details
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described. Specialists having access to the teachings herein will recognise

further applications, modifications and incorporations within other fields, which

are within the scope of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

For better understanding of the present invention and further objects and

advantages of it, the detailed description set out below should be read together

with the accompanying drawings, in which the same reference notations

denote similar items in the various diagrams, and in which:

Figure 1

Figure 2

Figure 3

Figure 4

Figure 5

Figure 6

Figure 7

schematically illustrates a side view of a vehicle according to an
example;

schematically illustrates details of a powertrain of a vehicle
according to an example;

schematically illustrates details of a powertrain of a vehicle
according to an example;

schematically illustrates details of a powertrain of a vehicle
according to an example;

schematically illustrates details of a powertrain of a vehicle
according to an example;

schematically illustrates a block diagram of a method for
controlling a vehicle in association with an upcoming descent
according to an example; and

schematically illustrates a control device or computer according

to an example.
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DETAILED DESCRIPTION

Cooling of components in vehicles is crucial for their performance and
durability. To ensure cooling of a drive unit and enable increase of the
performance of an auxiliary brake, a method, a powertrain and a vehicle

according to the disclosure has been developed.

Hence, according to an aspect of the present disclosure, a method, performed
by a control device, for controlling a vehicle in association with a descent is
provided. The vehicle has a powertrain comprising: a drive unit configured to
provide propulsion power; an auxiliary brake device; and a first cooling circuit
comprising a first coolant; wherein the drive unit and the auxiliary brake device
are arranged to be selectively connected or disconnected with/from the first
cooling circuit, wherein the drive unit has a first maximum temperature and the
auxiliary brake device has a second maximum temperature higher than the
first maximum temperature. The method comprises: controlling the drive unit
to reduce the provided propulsion power when the vehicle is approaching an
upcoming descent, which fulfils predetermined criteria; disconnecting the drive
unit from the first cooling circuit; connecting the auxiliary brake device with the
first cooling circuit; and controlling the auxiliary brake device to brake to vehicle

down the descent.

The drive unit having a first maximum temperature means that the drive unit is
configured to function properly up to a first maximum temperature. Similarly,
the auxiliary brake device having a second maximum temperature means that
the auxiliary brake device is configured to function properly up to a second
maximum temperature. To maintain a temperature below the maximum
temperature during operation of the drive unit and the auxiliary brake device
respectively, the drive unit and the auxiliary brake device must be cooled by
means of the first cooling circuit and the first coolant. Furthermore, the
temperature of the first coolant should be below the maximum temperature of

the drive unit and the auxiliary brake device respectively. The first maximum
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temperature of the drive unit may be between 70-80 degrees Celsius. The
second maximum temperature of the auxiliary brake device may be between
100-120 degrees Celsius. Thus, if the drive unit and the auxiliary brake device
are both connected with the first cooling circuit, the temperature of the first
coolant is restricted by (should be below) the first maximum temperature of the
drive unit, since this temperature is lower than the second maximum
temperature of the auxiliary brake device. The auxiliary brake device will then
not be able to operate optimally. When a vehicle is travelling downhill, auxiliary
brakes may be required to brake the vehicle typically to reduce wear of wheel
brakes. Depending on the descent, optimal performance of the auxiliary brake
device may be required. Therefore, when the vehicle is approaching a descent
fulfilling certain criteria, the drive unit is disconnected from the first cooling
circuit, so that the temperature of the first coolant instead is restricted by the
second maximum temperature of the auxiliary brake device and the
performance of the auxiliary brake device can thereby be increased. It is to be
understood that there may be a delay before disconnecting the drive unit from
the first cooling circuit, in order to remove any residual heat remaining in the
drive unit. Furthermore, in the event that the auxiliary brake has a maximum
temperature, which is lower than the maximum temperature of the drive unit,
a similar solution may be used where the auxiliary brake device is
disconnected from the first cooling circuit to optimize the performance of the

drive unit.

The first cooling circuit may comprise a first radiator and a first fan. The first
radiator may be arranged in fluid communication with the drive unit and the
auxiliary brake device. The same first radiator is thus arranged to cool both the
drive unit and the auxiliary brake device. The first cooling circuit may further
comprise a first pump arranged in fluid communication with the drive unit
and/or a second pump arranged in fluid communication with the auxiliary brake
device. The first cooling circuit may further comprise a reservoir
accommodating the first coolant. The first cooling circuit may also comprise

conduits/passages/pipes for the coolant to flow between the various
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components according to conventional cooling circuits. The drive unit and the
auxiliary brake device being arranged to be selectively connected with, or
disconnected from, the first cooling circuit means that the drive unit and the
auxiliary brake device are arranged to be selectively connected with, or
disconnected from, the first radiator. Thus, the drive unit and the auxiliary brake
device are arranged to be cooled by means of the first cooling circuit, but are
arranged to be selectively connected with, or disconnected from, the first

radiator.

The drive unit may comprise a fuel cell arrangement or an electrical machine.
The auxiliary brake device is a brake device in addition to a main braking
system of the vehicle. The main braking system may comprise conventional
wheel brakes. The auxiliary brake device may comprise a retarder, a brake

resistor, an air compression brake or any other auxiliary brake system.

Controlling the drive unit to reduce the provided propulsion power when the
vehicle is approaching an upcoming descent, which fulfils predetermined
criteria, may comprise reducing the provided propulsion power to essentially
zero. Thus, the drive unit may be deactivated. By reducing the work of the drive
unit, the drive unit requires less cooling. Today, vehicles typically comprises
different systems for reducing costs, reducing fuel consumption, improving
driving performance etc. One common strategy is to reduce the vehicle speed
before reaching a top of a descent and let the vehicle regain speed when going
downhill and thereby converting potential energy to kinetic energy. Thus,
reducing the propulsion power provided by means of the drive unit may be

performed at a certain distance before reaching the top of the descent.

The method may comprise identifying an upcoming descent, which fulfils the
predetermined criteria. The control device may collect data relating to the
surroundings and upcoming descents from various vehicle sensors, vehicle
systems, navigation systems and map data. The control device may further

identify an upcoming descent, which fulfils the predetermined criteria based on
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this collected data. According to an example, the predetermined criteria
comprises that the upcoming descent has a certain length and/or a certain
gradient. When the descent has a certain length and/or gradient the vehicle
may have to be braked in order to avoid acceleration of the vehicle. However,
the acceleration also depends on the vehicle weight. The predetermined
criteria relating to the descent may thus depend on the vehicle weight.
Typically, the higher the decent is or the larger the gradient of the descent is,
the more likely is it the auxiliary brake device will be required to brake the
vehicle down the descent. The predetermined criteria may thus comprise that
the height of the descent is above a predetermined threshold and/or that the
gradient of the descent is larger than a predetermined threshold. The
predetermined criteria may be stored in the control device. The current vehicle
weight may also be stored in the control device. The control device may
comprise a list of predetermined criteria associated with different vehicle
weights, saved in a database. The control device may thus compare the
collected data relating to the descent with the list to determine if the criteria are
fulfilled. When travelling downhill the vehicle is typically operated to maintain
a desired vehicle speed or to avoid a runaway condition. Braking the vehicle
can be performed by using the main braking system of the vehicle and/or by
using the auxiliary brake device. When the auxiliary brake device is used, it
needs cooling and to be able to optimize the performance of the auxiliary brake
device, the drive unit may be disconnected from the first cooling circuit. The
predetermined criteria may thus be that the descent is configured, such that
the auxiliary brake device is required to brake the vehicle down the descent,
to avoid runaway behaviour or maintain a desired vehicle speed. Thus, the
method steps may only be performed when the vehicle is approaching a

descent where the auxiliary brake device is required to brake the vehicle.

According to an example of the present disclosure, disconnecting the drive unit
from the first cooling circuit comprises controlling a first valve arrangement.
The first cooling circuit may thus comprise a first valve arrangement arranged

in fluid communication with the drive unit. The first valve arrangement may be
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controlled to different states and thereby disconnect or connect the drive unit
with/from the first cooling circuit/the first radiator. WWhen the drive unit is
connected with the first cooling circuit, the coolant is allowed to flow through
the drive unit, via the first valve arrangement on to the first radiator and back
to the drive unit. Thus, first coolant leaving the drive unit is directed by means
of the first valve arrangement to the first radiator when the drive unit is
connected to the first cooling circuit, and then back to the drive unit. This may
be referred to as the drive unit circuit. The powertrain may further comprise a
bypass circuit. The bypass circuit may be arranged in fluid communication with
the first valve arrangement and the drive unit, so that the first coolant can be
selectively directed to the bypass circuit instead of to the first radiator of the
first cooling circuit. Thus, when the first valve arrangement is controlled to
disconnect the drive unit from the first cooling circuit, the first coolant is allowed
to flow through the drive unit, via the first valve arrangement to the bypass
circuit and back to the drive unit. Disconnecting the drive unit from the first
cooling circuit thus comprises controlling the first valve arrangement to let the

first coolant bypass the first radiator.

The method may comprise ensuring that the auxiliary brake device is
connected with the first cooling circuit. When the method is initiated, both the
drive unit and the auxiliary brake device may be connected with the first cooling
circuit. Connecting the auxiliary brake device with the first cooling circuit may
comprise controlling a second valve arrangement. The first cooling circuit may
thus comprise a second valve arrangement arranged in fluid communication
with the auxiliary brake device. The second valve arrangement may be
controlled to different states and thereby disconnect or connect the auxiliary
brake device with/from the first cooling circuit. When the auxiliary brake device
is connected with the first cooling circuit, the first coolant is allowed to flow via
the second valve arrangement through the auxiliary brake device, on to the
first radiator and back to the auxiliary brake device. This may be referred to as

the auxiliary brake circuit. When the second valve arrangement is controlled to



WO 2020/185138 PCT/SE2020/050146

10

15

20

25

30

11

disconnect the auxiliary brake device from the first cooling circuit, the first

coolant is not allowed to flow through the auxiliary brake device.

Alternatively, connecting the auxiliary brake with the first cooling circuit may
comprise activating the auxiliary brake device. Thus, the powertrain may be
configured, so that the auxiliary brake device automatically is connected to the
first cooling circuit when the auxiliary brake device is activated. Similarly, when
the auxiliary brake device no longer is used, the auxiliary brake device may
automatically be disconnected from the first cooling circuit. The auxiliary brake
device being connected to the first cooling circuit may thus mean that the first

coolant is allowed to flow through the auxiliary brake device.

The first cooling circuit may comprise/be divided into a drive unit circuit and an
auxiliary brake circuit. The drive unit circuit may comprise the first pump and
the auxiliary brake circuit may comprise the second pump. The first pump and
the second pump are arranged to enable a flow of the coolant through the drive

unit respectively the auxiliary brake.

According to an example, the method further comprises controlling the
powertrain, so that propulsion power is provided by means of an energy
storage unit of the powertrain before the vehicle has reached the top of the
descent. It is to be understood that a vehicle comprising a fuel cell also
comprises an electrical machine for propulsion of the vehicle. Vehicles
comprising fuel cells often comprises an energy storage unit, such as a battery.
Typically, in the event that the fuel cell generates too much energy the energy
storage unit will store the excess energy and in the event that the fuel cell
generates too little energy, the energy storage unit may provide energy to the
electrical machine. As previously mentioned, it is common to reduce the
vehicle speed before the top of a descent. However, in order to be able to
disconnect the drive unit from the first cooling circuit in a safe way, the
temperature of the drive unit may be substantially decreased before

disconnecting the drive unit from the first cooling circuit. The drive unit may
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therefore be controlled to reduce the propulsive power at a distance from the
top of the descent, sufficient to cool and disconnect the drive unit. However,
the vehicle driver may not appreciate reducing the vehicle speed too much
before reaching the top of the descent and therefore the energy storage unit
may be used to provide energy to the electrical machine and thereby to provide
propulsion power. This way, the vehicle speed is not affected by the reduce of
propulsion power provided by the drive unit. Thus, the method may comprise
controlling the energy supply to the electrical machine, so that the energy is
provided by the energy storage unit instead of the drive unit. Energy may be
provided by the energy storage unit automatically as a consequence of
reducing the propulsion power provided by the drive unit. Thus, controlling the
powertrain to provide propulsion power by means of an energy storage unit
may be performed automatically by controlling the drive unit to reduce the
provided propulsion power. However, depending on the configuration of the
powertrain, active control of the powertrain may be required to provide
propulsion power by means of the energy storage unit. Controlling the
powertrain to provide propulsive power by means of the energy storage unit
before the vehicle has reached the top of the descent may mean that the
powertrain is controlled to provide propulsive power by means of the energy
storage unit until the vehicle has reached the top of the descent, or at least for
a period of time before the vehicle has reached the top of the descent. WWhen
the vehicle is operated down the descent, the energy storage unit may instead

be charged by converting kinetic energy to electric energy.

Furthermore, the method may comprise connecting the drive unit with the first
cooling circuit when the temperature of the first coolant is below the first
maximum temperature of the drive unit. At the bottom of the descent, the power
of the auxiliary brake device will be reduced and the temperature of the first
coolant will quickly decrease. When the temperature of the first coolant is
below the first maximum temperature of the drive unit the drive unit can be
cooled by the first cooling circuit and maintain its first maximum temperature.

Thus, it is safe to connect the drive unit with the first cooling circuit again.
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Connecting the drive unit with the first cooling circuit may comprise controlling
the first valve arrangement, so that the first coolant flowing through the drive

unit is allowed to flow through the first radiator.

The method may also comprise disconnecting the auxiliary brake device from
the first cooling circuit, when the auxiliary brake device no longer is operating.
Disconnecting the auxiliary brake device from the first cooling circuit may
comprise controlling the second valve arrangement or it may comprise
deactivating the auxiliary brake device, whereby it is automatically

disconnected from the first cooling circuit.

According to an example, the method further comprises connecting an
auxiliary cooling arrangement of the powertrain with the drive unit, when the
drive unit is disconnected from the first cooling circuit. When the drive unit is
disconnected from the first cooling circuit, it may still require some cooling to
remove heat. The need for cooling will, however, be smaller since the drive
unit is controlled to provide less propulsion power. By connecting the drive unit
with an auxiliary cooling arrangement, required cooling of the drive unit can be

obtained while cooling the auxiliary brake by means of the first cooling circuit.

The auxiliary cooling arrangement may comprise an auxiliary radiator arranged
in fluid communication with the drive unit. The auxiliary radiator is suitably of
smaller size and capacity than the first radiator of the first cooling circuit. The
auxiliary cooling arrangement may also comprise an auxiliary fan arranged in
association with the auxiliary radiator. The auxiliary radiator may be arranged
in the bypass circuit or in any other convenient way. The auxiliary radiator may,
for example, be arranged before the first valve arrangement. The auxiliary
cooling arrangement may thereby be connected with the drive unit by
controlling the first valve arrangement. Thus, by controlling the first valve
arrangement, first coolant leaving the drive unit will be directed to the bypass

circuit and flow through the auxiliary radiator to the drive unit. The first coolant
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in the bypass circuit will thereby be cooled by the auxiliary radiator and will

cool the drive unit.

According to another example, the auxiliary cooling arrangement comprises a
heat exchanger arranged in fluid communication with the drive unit and a
second cooling circuit with a second cooling medium. The second cooling
circuit is suitably colder than the first cooling circuit. Thus, the second cooling
medium has a lower temperature than the first coolant in the first cooling circuit.
The heat exchanger may be arranged in the bypass circuit or before the first
valve arrangement. The second cooling circuit may be arranged to be in fluid
communication with the heat exchanger by controling a third valve
arrangement. Thus, by controlling the third valve arrangement, the second
cooling medium may be allowed to flow through the heat exchanger and
thereby cool the first coolant in fluid communication with the heat exchanger.
The second cooling circuit may be a cooling circuit for power electronics of the
vehicle. Alternatively, the second cooling circuit may be a cooling circuit for
motor oil or coolant, battery cooling or similar. It is to be understood that exactly
how the second cooling circuit is configured or is connected with the heat
exchanger is not essential for the function of the present disclosure as long as
the second cooling medium selectively can flow through the heat exchanger

and thereby cool the drive unit.

The auxiliary cooling arrangement may alternatively comprise a second
cooling circuit with a second coolant, arranged to be in fluid communication
with the drive unit by controlling a fourth valve arrangement, so that the first
coolant is mixed with the second coolant. The auxiliary cooling arrangement
may thereby be connected with the drive unit by controlling the fourth valve
arrangement. The second cooling circuit may be arranged in fluid
communication with the bypass circuit, upstream of the drive unit. When the
fourth valve arrangement is controlled to an open stage, second coolant from
the second cooling circuit will mix with the first coolant in the bypass circuit.

The second coolant suitably has a lower temperature than the first coolant in
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the bypass circuit. Thus, the mixed coolant passing the drive unit will have a
lower temperature and the drive unit will thereby be cooled. The second
cooling circuit may be a cooling circuit for power electronics of the vehicle.
Alternatively, the second cooling circuit may be a cooling circuit for a battery.
The same amount of fluid entering the bypass circuit from the second cooling
circuit should be removed/returned from the bypass circuit to the second
cooling circuit. Thus, some of the mixed coolant may be returned to the second
cooling circuit before entering the drive unit. Alternatively, mixed coolant
downstream/after the drive unit may be returned to the second cooling circuit.
It is to be understood that exactly how the second cooling circuit is configured
or is connected with the drive unit/bypass circuit is not essential for the function
of the present disclosure as long as the second coolant selectively can be

mixed with the first coolant for cooling the drive unit.

According to another aspect of the present disclosure, a powertrain for a
vehicle is provided. The powertrain comprises: a drive unit configured to
provide propulsion power; an auxiliary brake device; and a first cooling circuit
comprising a first coolant; wherein the drive unit and the auxiliary brake device
are arranged to be selectively connected or disconnected to the first cooling
circuit, wherein the drive unit has a first maximum temperature and the
auxiliary brake device has a second maximum temperature higher than the
first maximum temperature. The powertrain further comprises a control device
configured to control the drive unit to reduce the provided propulsion power
when the vehicle is approaching an upcoming descent, which fulfils
predetermined criteria; disconnect the drive unit from the first cooling circuit;
connect the auxiliary brake device with the first cooling circuit; and control the

auxiliary brake device to brake to vehicle down the descent.

According to yet another aspect of the present disclosure, a control device
configured for controlling a vehicle in association with a descent is provided. It
will be appreciated that all the embodiments described for the method aspect

of the disclosure performed by the control device are also applicable to the
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control device aspect and the powertrain aspect of the disclosure. That is, the
control device may be configured to perform any one of the steps of the method

according to the various examples described above.

Thus, the control device may be configured to disconnect the drive unit from
the first cooling circuit by controlling a first valve arrangement. The control
device may be configured to connect the auxiliary brake device with the first
cooling circuit by controlling a second valve arrangement. The control device
may be configured to control the powertrain to provide propulsion power by
means of an energy storage unit of the powertrain before the vehicle has
reached the top of the upcoming descent. Furthermore, the control device may
be configured to connect the drive unit with the first cooling circuit when the
temperature of the first coolant is below the maximum temperature of the drive
unit. The control device may also be configured to connect the auxiliary cooling
arrangement with the drive unit, when the drive unit is disconnected from the

first cooling circuit.

It is to be understood that the control device performing the disclosed method
may be implemented as a separate entity or distributed in two or more physical
entities. The control device may comprise one or more control units and/or
computers. The control device may thus be implemented or realised by the
control device comprising a processor and a memory, the memory comprising
instructions, which when executed by the processor causes the control device
to perform the herein disclosed method steps. The control device is comprised

in the vehicle.

According to another aspect of the present disclosure, a vehicle is provided.
The vehicle comprises a powertrain, and thus a control device, as disclosed

herein.

The present disclosure will now be further illustrated with reference to the

appended figures.
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Figure 1 schematically illustrates a side view of a vehicle 1 approaching a
descent 200 according to an example. The exemplified vehicle 1 may be a
heavy vehicle in the shape of a truck, bus or similar. The vehicle 1 has a
powertrain 3, comprising a drive unit 2, an auxiliary brake device 4, and a first
cooling circuit 10 comprising a first coolant (not shown). The descent 200 has
a top/start 210 and a bottom/end 220. The powertrain 3 is further described
with regard to Figures 2-5.

Figure 2 schematically illustrates details of a powertrain 3 for a vehicle
according to an example. The powertrain 3 may be comprised in a vehicle 1
as disclosed in Figure 1. As disclosed above, the powertrain 3 comprises a
drive unit 2, an auxiliary brake device 4, and a first cooling circuit 10 comprising
a first coolant 12. The direction of the flow of the first coolant 12 in the first
cooling circuit 10 is illustrated by arrows in the figure. The drive unit 2 and the
auxiliary brake device 4 are arranged to be selectively connected or
disconnected with/from the first cooling circuit 10. The drive unit 2 has a first
maximum temperature and the auxiliary brake device 4 has a second
maximum temperature. The second maximum temperature may be higher
than the first maximum temperature. The powertrain 3 also comprises a control
device 100. The first cooling circuit 10 comprises a reservoir 14 for the first

coolant 12.

The first cooling circuit 10 comprises a first radiator 20. The first cooling circuit
10 may also comprise a first fan 22 arranged in association with the first
radiator 20. The first radiator 20 may be arranged in fluid communication with
the drive unit 2 and the auxiliary brake device 4. The first cooling circuit 10 may
further comprise a first pump 30 arranged in fluid communication with the drive
unit 2 and/or a second pump 32 arranged in fluid communication with the

auxiliary brake device 4.
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The first cooling circuit 10 may comprise a first valve arrangement 40 arranged
in fluid communication with the drive unit 2. The first valve arrangement 40
may be controllable to different states and thereby disconnect or connect the
drive unit 2 with/from the first cooling circuit 10 and more specifically, the first
radiator 20. The powertrain 3 may further comprise a bypass circuit 50. The
bypass circuit 50 may be arranged in fluid communication with the first valve
arrangement 40 and the drive unit 2, so that the first coolant 12 can be
selectively directed to the bypass circuit 50 instead of to the first radiator 20 of
the first cooling circuit 10. When the first valve arrangement 40 is controlled to
disconnect the drive unit 2 from the first radiator 20, the first coolant 12 is
allowed to flow through the drive unit 2, via the first valve arrangement 40 to
the bypass circuit 50 and back to the drive unit 2. When the drive unit is
disconnected from the first radiator 20, the first valve arrangement 40 is
controlled to let the first coolant 12 bypass the first radiator 20. When the drive
unit 2 is connected with the first radiator 20, the first coolant 12 is allowed to
flow through the drive unit 2, via the first valve arrangement 40 on to the first

radiator 20 and back to the drive unit 2.

The first cooling circuit 10 may also comprise a second valve arrangement 60
arranged in fluid communication with the auxiliary brake device 4. The second
valve arrangement 60 is controllable to different states to disconnect or
connect the auxiliary brake device 4 with/from the first radiator 20. The second
valve arrangement 60 may comprise a non-return valve, check valve or similar.
When the auxiliary brake device 4 is connected with the first radiator 20, the
first coolant 12 is allowed to flow via the second valve arrangement 60 through
the auxiliary brake device 4, on to the first radiator 20 and back to the auxiliary
brake device 4. When the auxiliary brake device 4 is disconnected from the
first radiator 20, the second valve arrangement 60 may prevent the first coolant

12 from flowing through the auxiliary brake device 4.
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The powertrain 3 may further comprise an energy storage unit 300 configured
to selectively provide energy/propulsive power. The energy storage unit 300

may comprise a battery.

The control device 100 of the powertrain 3 may be configured to control the
drive unit 2 to reduce the provided propulsion power when the vehicle 1 is
approaching an upcoming descent 200, which fulfils predetermined criteria.
The control device 100 may also be configured to disconnect the drive unit 2
from the first cooling circuit 10, connect the auxiliary brake device 4 with the
first cooling circuit 10, and control the auxiliary brake device 4 to brake the

vehicle 1 down the descent 200.

The control device 100 may further be configured to identify an upcoming
descent 200, which fulfils the predetermined criteria. The control device 100
may be configured to collect data relating to the descent 200 from various
vehicle sensors (not shown), vehicle systems (not shown), navigation systems
(not shown) and map data. The control device 100 may further be configured
to identify an upcoming descent 200, which fulfils the predetermined criteria
based on this collected data. According to an example, the predetermined
criteria comprises that the upcoming descent 200 has a certain length and/or
a certain gradient. The length of the descent 200 may be defined as the
distance between the top of the descent 210 and the bottom of the descent
220. The predetermined criteria may be that the descent 200 is configured,
such that the auxiliary brake device 4 is required to brake the vehicle 1 down
the descent 200. The predetermined criteria may be stored in the control
device 100. The vehicle weight may also be stored in the control device 100.
The control device 100 may comprise a list of predetermined criteria
associated with different vehicle weights, saved in a database. The control
device 100 may thus be configured to compare the collected data relating to
the descent 200 with the list to determine if the criteria are fulfilled. The control
device 100 may be configured to ensure that the auxiliary brake device 4 is

connected with the first cooling circuit 10.
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The control device 100 may be configured to disconnect the drive unit 2 from
the first cooling circuit 10/first radiator 20 by controlling the first valve
arrangement 40. The control device 100 may be configured to connect the
auxiliary brake device 4 with the first cooling circuit 10 by controlling the second
valve arrangement 60. The control device 100 may be configured to control
the powertrain 3 to provide propulsion energy by means of the energy storage
unit 300 before the vehicle 1 has reached the top 210 of the upcoming descent
200. Furthermore, the control device 100 may be configured to connect the
drive unit 2 with the first cooling circuit 10 when the temperature of the first

coolant 12 is below the first maximum temperature of the drive unit 2.

Figure 3 schematically illustrates details of a powertrain 3 for a vehicle
according to an example. The powertrain 3 may be comprised in a vehicle 1
as disclosed in Figure 1. The powertrain 3 may be configured as disclosed in

Figure 2.

In this example, the powertrain 3 further comprises an auxiliary cooling
arrangement 70. The auxiliary cooling arrangement 70 may be arranged to
selectively cool the drive unit 2, when the drive unit 2 is disconnected from the
first cooling circuit 10. Thus, the control device 100 may be configured to
connect the auxiliary cooling arrangement 70 with the drive unit 2, when the
drive unit 2 is disconnected from the first cooling circuit 10. The auxiliary
cooling arrangement 70 may comprise an auxiliary radiator 72 arranged in fluid
communication with the drive unit 2. The auxiliary radiator 72 is suitably of
smaller size and capacity than the first radiator 20 of the first cooling circuit 10.
The auxiliary cooling arrangement 70 may also comprise an auxiliary fan 74
arranged in association with the auxiliary radiator 72. The auxiliary radiator 72
may be arranged in the bypass circuit 50. The auxiliary cooling arrangement
70 may thereby be connected with the drive unit 2 by controlling the first valve
arrangement 40. Thus, by controlling the first valve arrangement 40, first

coolant 12 leaving the drive unit 2 will be directed to the bypass circuit 50 and
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flow through the auxiliary radiator 72 to the drive unit 2. The first coolant 12 in
the bypass circuit 50 will thereby be cooled by the auxiliary radiator 72 and will

cool the drive unit 2.

Figure 4 schematically illustrates details of a powertrain 3 for a vehicle
according to an example. The powertrain 3 may be comprised in a vehicle 1
as disclosed in Figure 1. The powertrain 3 may be configured as disclosed in

Figure 2.

In this example, the powertrain 3 further comprises an auxiliary cooling
arrangement 70. The auxiliary cooling arrangement 70 may be arranged to
selectively cool the drive unit 2, when the drive unit 2 is disconnected from the
first cooling circuit 10. Thus, the control device 100 may be configured to
connect the auxiliary cooling arrangement 70 with the drive unit 2, when the
drive unit 2 is disconnected from the first cooling circuit 10. The auxiliary
cooling arrangement 70 comprises a heat exchanger 76 arranged in fluid
communication with the drive unit 2 and a second cooling circuit 78 with a
second cooling medium 77. The second cooling circuit 78 is suitably colder
than the first cooling circuit 10. Thus, the second cooling medium 77 has a
lower temperature than the first coolant 12 in the first cooling circuit 10. The
second cooling circuit 78 may comprise a pump and other components but is
not part of the invention per se and is therefore illustrated with dashed lines.
The heat exchanger 76 may be arranged in the bypass circuit. The second
cooling circuit 78 may be arranged to be in fluid communication with the heat
exchanger 76 by controlling a third valve arrangement 80. The auxiliary cooling
arrangement 70 may thus comprise a third valve arrangement 80. By
controlling the third valve arrangement 80, the second cooling medium 77 may
be allowed to flow through the heat exchanger 76 and thereby cool the first
coolant 12 in fluid communication with the heat exchanger 76. The first coolant
12 in the bypass circuit 50 will thereby be cooled by the second cooling circuit
78, and will cool the drive unit 2. The second cooling circuit 78 may be a cooling

circuit for power electronics of the vehicle 1.
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Figure 5 schematically illustrates details of a powertrain 3 for a vehicle
according to an example. The powertrain 3 may be comprised in a vehicle 1
as disclosed in Figure 1. The powertrain 3 may be configured as disclosed in

Figure 2.

In this example, the powertrain 3 further comprises an auxiliary cooling
arrangement 70. The auxiliary cooling arrangement 70 may be arranged to
selectively cool the drive unit 2, when the drive unit 2 is disconnected from the
first cooling circuit 10. Thus, the control device 100 may be configured to
connect the auxiliary cooling arrangement 70 with the drive unit 2, when the
drive unit 2 is disconnected from the first cooling circuit 10. The auxiliary
cooling arrangement 70 comprises a second cooling circuit 78 with a second
coolant 77°, arranged to be in fluid communication with the drive unit 2 by
controlling a fourth valve arrangement 90, so that the first coolant 12 is mixed
with the second coolant 77’. The auxiliary cooling arrangement 70 may thereby
be connected with the drive unit 2 by controlling the fourth valve arrangement
80. The second cooling circuit 78 may be arranged in fluid communication with
the bypass circuit 50, upstream of the drive unit 2. When the fourth valve
arrangement 80 is controlled to an open stage, second coolant 77’ from the
second cooling circuit 78 will mix with the first coolant 12 in the bypass circuit
50. The second coolant 77’ suitably has a lower temperature than the first
coolant 12 in the bypass circuit 50. Thus, the mixed coolant entering the drive
unit 2 will have a lower temperature and the drive unit 2 will thereby be cooled.
The second cooling circuit 78 may be a cooling circuit for power electronics of
the vehicle 1. The second cooling circuit 78 may comprise a pump and other
components but is not part of the invention per se and is therefore illustrated
with dashed lines. Some of the mixed coolant may be returned to the second
cooling circuit 78 before entering the drive unit 2. Alternatively, some of the
mixed coolant is returned to the second cooling circuit 78 after leaving the drive

unit 2. This example is illustrated with dotted lines in the figure.
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Fig. 6 schematically illustrates a block diagram of a method for controlling a
vehicle in association with a descent according to an example. The method
relates to a vehicle as disclosed in Figure 1 and a powertrain as disclosed in
Figure 2, 3, 4 or 5. The method is performed by a control device 100 as

disclosed in Figure 2-5.

The method comprises controlling s101 the drive unit 2 to reduce the provided
propulsion power when the vehicle 1 is approaching an upcoming descent 200,
which fulfils predetermined criteria; disconnecting s102 the drive unit 2 from
the first cooling circuit 10; connecting s103 the auxiliary brake device 4 with
the first cooling circuit 10; and controlling s104 the auxiliary brake device 4 to

brake the vehicle 1 down the descent 200.

The step of controlling s101 the drive unit 2 to reduce the provided propulsion
power when the vehicle 1 is approaching an upcoming descent 200 may

comprise reducing the provided propulsion power to essentially zero.

The method may comprise identifying an upcoming descent 200, which fulfils
the predetermined criteria. The step of controlling s101 the drive unit 2 to
reduce the provided propulsion power may comprise to first identify an
upcoming descent 200, which fulfils the predetermined criteria. The control
device 100 may collect data relating to the descent 200 from various vehicle
sensors, vehicle systems and map data. The control device 100 may further
identify an upcoming descent 200, which fulfils the predetermined criteria
based on this collected data. The predetermined criteria may comprise that the
upcoming descent 200 has a certain length and/or a certain gradient. \When
the descent 200 has a certain length and/or gradient the vehicle 1 may have
to be braked in order to avoid acceleration of the vehicle 1. The acceleration
also depends on the vehicle weight. The predetermined criteria relating to the
descent 200 may thus depend on the vehicle weight. The control device 100
may comprise a list of predetermined criteria associated with different vehicle

weights, saved in a database. The method may thus comprise comparing the
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collected data relating to the descent 200 with the list to determine if the criteria
are fulfilled. The predetermined criteria may be that the descent 200 is
configured, such that the auxiliary brake device 4 is required to brake the
vehicle 1 down the descent, to avoid runaway behaviour or maintain a desired
vehicle speed. Thus, the method steps mentioned above may only be
performed when the vehicle 1 is approaching a descent 200 where the auxiliary

brake device 4 is required to brake the vehicle 1.

The step of disconnecting s102 the drive unit 2 from the first cooling circuit 10
may comprise controlling the first valve arrangement 40. Disconnecting s102
the drive unit 2 from the first cooling circuit 10 may comprise controlling the

first valve arrangement 40 to let the first coolant 12 bypass the first radiator 20.

The step of connecting s103 the auxiliary brake device 4 with the first cooling
circuit 10 may comprise controling a second valve arrangement 60.
Alternatively, connecting s103 the auxiliary brake device 4 with the first cooling
circuit 10 may comprise activating the auxiliary brake device 4. Thus, the
powertrain 3 may be configured, so that the auxiliary brake device 4
automatically is connected to the first cooling circuit 10 when the auxiliary
brake device 4 is activated. It is to be understood that there may be situations
where the auxiliary brake device 4 already is connected to the first cooling
circuit 10 when the vehicle 1 is approaching the descent 200. In this case, the
method may instead comprise ensuring that the auxiliary brake device 4 is

connected with the first cooling circuit 10.

The method may further comprise controlling s105 the powertrain 3 so that
propulsive power is provided by means of an energy storage unit 300 of the
powertrain 3 before the vehicle 1 has reached the top 210 of the descent 200.
This way, the drive unit 2 is not required to propel the vehicle 1. The step of
controlling s105 the powertrain 3, so that propulsion power is provided by

means of an energy storage unit 300 may be performed just before, just after
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or essentially simultaneously as the step of controlling s101 the drive unit 2 to

reduce the provided propulsion power.

The method may also comprise connecting s106 an auxiliary cooling
arrangement 70 of the powertrain 3 with the drive unit 2, when the drive unit 2
has been disconnected s102 from the first cooling circuit 10. Connecting s106
the auxiliary cooling arrangement 70 may comprise controlling the first valve
arrangement 40 and/or a third valve arrangement 80 and/or a fourth valve
arrangement 90, depending on the configuration of the auxiliary cooling
arrangement 70 (se Figures 3-5). Connecting s106 the auxiliary cooling
arrangement 70 with the drive unit 2 may be automatically performed when
disconnecting s102 the drive unit 2 from the first cooling circuit 10, in the event
that the auxiliary cooling arrangement 70 is arranged in association with the

bypass circuit 50.

Furthermore, the method may comprise connecting s107 the drive unit 2 with
the first cooling circuit 10 when the temperature of the first coolant 12 is below
the first maximum temperature of the drive unit 2. Connecting s107 the drive
unit 2 with the first cooling circuit 10 may comprise controlling the first valve
arrangement 40, so that the first coolant 12 flowing through the drive unit 2 is

allowed to flow through the first radiator 20.

The method may also comprise disconnecting s108 the auxiliary brake device
4 from the first cooling circuit 10, when the auxiliary brake device 4 no longer
is operating. Disconnecting s108 the auxiliary brake device 4 from the first
cooling circuit 10 may comprise controlling the second valve arrangement 60
or it may comprise deactivating the auxiliary brake device 4, whereby it is

automatically disconnected from the first cooling circuit 10.

Figure 7 is a diagram of a version of a device 500. The control device 100
described with reference to Figures 2-5 may in a version comprise the device

500. The device 500 comprises a non-volatile memory 520, a data processing
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unit 510 and a read/write memory 550. The non-volatile memory 520 has a
first memory element 530 in which a computer programme, e.g. an operating
system, is stored for controlling the function of the device 500. The device 500
further comprises a bus controller, a serial communication port, I/0O means, an
A/D converter, a time and date input and transfer unit, an event counter and
an interruption controller (not depicted). The non-volatile memory 520 has also

a second memory element 540.

There is provided a computer programme P which comprises routines for
controlling a vehicle in association with a descent. The computer programme
P further comprises routines for controlling the drive unit to reduce provided
propulsion power when the vehicle is approaching an upcoming descent,
which fulfils predetermined criteria; disconnecting the drive unit from the first
cooling circuit; connecting the auxiliary brake device with the first cooling
circuit; and controlling the auxiliary brake device to brake the vehicle down the
descent. The computer programme P may also comprise routines for
controlling the powertrain to provide propulsion power by means of an energy
storage unit of the powertrain before the vehicle has reached the top of the
descent. The computer programme P may also comprise routines for
connecting the drive unit with the first cooling circuit when the temperature of
the first coolant is below the first maximum temperature of the drive unit. The
computer programme P may also comprise routines for connecting an auxiliary
cooling arrangement with the drive unit, when the drive unit is disconnected
from the first cooling circuit. The programme P may be stored in an executable
form or in a compressed form in a memory 560 and/or in a read/write memory
550.

Where the data processing unit 510 is described as performing a certain
function, it means that the data processing unit 510 effects a certain part of the
programme stored in the memory 560 or a certain part of the programme

stored in the read/write memory 550.
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The data processing device 510 can communicate with a data port 599 via a
data bus 515. The non-volatile memory 520 is intended for communication with
the data processing unit 510 via a data bus 512. The separate memory 560 is
intended to communicate with the data processing unit 510 via a data bus 511.
The read/write memory 550 is adapted to communicating with the data

processing unit 510 via a data bus 514.

When data are received on the data port 599, they are stored temporarily in
the second memory element 540. When input data received have been
temporarily stored, the data processing unit 510 is prepared to effect code

execution as described above.

Parts of the methods herein described may be effected by the device 500 by
means of the data processing unit 510, which runs the programme stored in
the memory 560 or the read/write memory 550. When the device 500 runs the

programme, methods herein described are executed.

The foregoing description of the preferred embodiments of the present
invention is provided for illustrative and descriptive purposes. It is not intended
to be exhaustive or to restrict the invention to the variants described. Many
modifications and variations will obviously be apparent to one skilled in the art.
The embodiments have been chosen and described in order best to explain
the principles of the invention and its practical applications and hence make it
possible for specialists to understand the invention for various embodiments

and with the various modifications appropriate to the intended use.
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CLAIMS
1. A method, performed by a control device (100), for controlling a vehicle (1)
in association with a descent (200), the vehicle (1) having a powertrain (3)
comprising:
a drive unit (2) configured to provide propulsion power;
an auxiliary brake device (4); and
a first cooling circuit (10) comprising a first coolant (12);
wherein the drive unit (2) and the auxiliary brake device (4) are arranged to be
selectively connected or disconnected with/from the first cooling circuit (10),
wherein the drive unit (10) has a first maximum temperature and the auxiliary
brake device (4) has a second maximum temperature higher than the first
maximum temperature,
the method comprising:
identifying an upcoming descent (200), which fulfils predetermined
criteria and controlling (s101) the drive unit (2) to reduce the provided
propulsion power when the vehicle (1) is approaching the descent
(200);
disconnecting (s102) the drive unit (2) from the first cooling circuit (10);
connecting (s103) the auxiliary brake device (4) with the first cooling
circuit (10); and
controlling (s104) the auxiliary brake device (4) to brake to vehicle (1)
down the descent (200).

2. The method according to claim 1, wherein the predetermined criteria
comprises that the upcoming descent (200) has a certain length and/or a

certain gradient.

3. The method according to claim 1 or 2, wherein disconnecting (s102) the
drive unit (2) from the first cooling circuit (10) comprises controlling a first valve

arrangement (40).
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4. The method according to any one of the preceding claims, wherein
connecting (s103) the auxiliary brake device (4) with the first cooling circuit

(10) comprises controlling a second valve arrangement (60).

5. The method according to any one of the preceding claims, further
comprising:

controlling (s105) the powertrain (3) to provide propulsive power
by means of an energy storage unit (300) of the powertrain (3), before the
vehicle (1) has reached the top (210) of the descent (200).

6. The method according to any one of the preceding claims, further
comprising:

connecting (s107) the drive unit (2) with the first cooling circuit (10)
when the temperature of the first coolant (12) is below the first maximum

temperature of the drive unit (2).

7. The method according to any one of the preceding claims, further
comprising:

connecting (s106) an auxiliary cooling arrangement (70) of the
powertrain (3) with the drive unit (2), when the drive unit (2) is disconnected

from the first cooling circuit (10).

8. A computer program (P) comprising instructions which, when the program
is executed by a computer (100; 500), cause the computer (100; 500) to carry

out the method according to any one of the preceding claims.

9. A computer-readable medium comprising instructions, which when
executed by a computer (100; 500), cause the computer (100; 500) to carry

out the method according to any one of claims 1-7.

10. A powertrain (3) for a vehicle (1), the powertrain (3) comprising:

a drive unit (2) configured to provide propulsion power;
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an auxiliary brake device (4); and

a first cooling circuit (10) comprising a first coolant (12);
wherein the drive unit (2) and the auxiliary brake device (4) are arranged to be
selectively connected or disconnected to the first cooling circuit (10), wherein
the drive unit (2) has a first maximum temperature and the auxiliary brake
device (4) has a second maximum temperature higher than the first maximum
temperature, the powertrain (3) further comprising a control device (100)
configured to:

control the drive unit (2) to reduce the provided propulsion power when

the vehicle (1) is approaching an upcoming descent (200), which fulfils

predetermined criteria;

disconnect the drive unit (2) from the first cooling circuit (10);

connect the auxiliary brake device (4) with the first cooling circuit (10);

and

control the auxiliary brake device (4) to brake to vehicle (1) down the

descent (200).

11. The powertrain (3) according to claim 10, further comprising:

an energy storage unit (300),
wherein the control device (100) is configured to control the energy storage
unit (300) to provide propulsive power before the vehicle (1) has reached the

top (210) of the upcoming descent (200).

12. The powertrain (3) according to claim 10 or 11, wherein the control device
(100) is configured to connect the drive unit (2) with the first cooling circuit (10)
when the temperature of the first coolant (12) is below the first maximum

temperature of the drive unit (2).

13. The powertrain (3) according to any one of claim 10-12, further comprising:

an auxiliary cooling arrangement (70),
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wherein the control device (100) is configured to connect the auxiliary cooling
arrangement (70) with the drive unit (2), when the drive unit (2) is disconnected

from the first cooling circuit (10).

14. The powertrain (3) according to claim 13, wherein the auxiliary cooling
arrangement (70) comprises an auxiliary radiator (72) arranged in fluid

communication with the drive unit (2).

15. The powertrain (3) according to claim 13, wherein the auxiliary cooling
arrangement (70) comprises a heat exchanger (76) arranged in fluid
communication with the drive unit (2) and a second cooling circuit (78) with a

second cooling medium (77).

16. The powertrain (3) according to any one of claims 10-15, wherein the drive

unit (2) comprises a fuel cell.

17. The powertrain (3) according to any one of claims 10-15, wherein the

auxiliary brake device (4) comprises a retarder.

18. A vehicle (1), comprising a powertrain (3) according to any one of claims
10-17.
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