ENERGY CONVERSION DEVICE FOR AN
ELECTRICALLY DRIVEN VEHICLE

The invention relates to an energy conversion device for a
vehicle, in particular a rail vehicle, which has in at least
one mode a unit operating as a generator unit and having at
least one synchronous machine, and which has at least one
energy diverting unit that is provided for the purpose of
diverting at least some of the electrical energy generated by

the generator unit, and at least one resistor unit.

Vehicles are already known that have drive motors having the
function of an electrical generator in a braking mode. The
energy generated in the braking mode may be stored, or fed
back to an electrical supply network. Where there is
insufficient capacity for storage and/or feeding back, it has
already been proposed that at least some of the electrical

energy generated should be diverted to a resistor unit.

DE 101 60 612 Al discloses a traction drive having a traction
converter and a permanently excited synchronous machine. A
braking moment can be generated in a synchronous machine, also
designated a synchronous motor, in a simple manner in that the
terminals of the synchronous machine are connected to
resistors. The specification describes switching over to a
group of resistors in order to brake the vehicle safely,
wherein the braking moment is selected by way of the
parameters of the machine and the resistance value and the

speed of rotation.

The object of the invention is to improve the diversion of

energy to the resistor unit.
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For this purpose, it is proposed that the energy diverting
unit should have at least one control unit that is provided
for the purpose of selecting operating modes from a plurality
of operating modes, in each of which the resistor unit
provides a different resistance value. As a result, an
advantageous flexibility can be achieved in respect of a
braking moment to be generated and/or a braking performance of
the vehicle to be generated. In particular, for these
variables it is advantageously possible to combine a number of
characteristic curve sections of different characteristic
curves, which are each associated with a resistance wvalue,
with one another in order to provide an optimized braking
procedure, by activating operating modes from the plurality
one after the other. The control unit is in particular
provided for successively selecting operating modes from the
plurality of operating modes. An order in which the operating
modes are activated one after the other may be established in
advance. This order may in particular be determined by a

sequence of falling or rising resistance values.

The unit that operates as a generator unit may in particular
include at least one electric motor in the form of a
synchronous machine, wherein this electric motor is provided
in a first mode - also called the drive mode - for generating
a torque, that is to say for converting electrical energy into
mechanical energy, and in a second mode - also called the
braking mode - generates a braking moment and in so doing,
acting as a generator, converts mechanical energy into

electrical energy.

Here, permanently excited synchronous machines have the
advantage that they generate a voltage as soon as they start

rotating. This voltage can be converted to current by way of


lcc
Rectangle


3

resistors and can accordingly be converted into a braking

moment.

The term “resistor unit” should be understood to mean a unit
that is provided for the purpose of establishing an electrical
resistance in the flow of the electrical energy to be
diverted. It serves in particular to convert the electrical

energy passing through it into thermal energy.

The energy conversion device is suitable for a vehicle, in
particular a rail vehicle, in which at least in a braking mode
at least some of the electrical energy generated by the
generator unit - as well as being diverted to the energy
diverting unit - can be fed to an energy absorbing unit. An
energy absorbing unit of this kind may in particular be formed
by a power supply to which the vehicle is connected up, an
energy storage unit and/or an internal energy supply of the
vehicle that is provided for supplying electrical consumers -
in the case of rail vehicles in particular, also called
auxiliaries. The energy conversion device may in this case
advantageously serve to support the energy absorbing unit, for
example if the absorption capacity of the latter is restricted

and/or insufficient.

If the vehicle is equipped with a mechanical braking unit, in
particular a friction brake, that is provided in a braking
mode for reducing a speed of rotation of the generator, then
the energy conversion device advantageously serves to generate
a desired braking moment in at least one speed range and in

cooperation with the braking unit.
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The control unit brings about a switchover between two
operating modes of the plurality of operating modes, in

particular in dependence on a detected parameter.

In a preferred embodiment of the invention, it is proposed
that the energy conversion device should have a detecting unit
for detecting at least one kinematic parameter of the vehicle,
wherein the control unit is provided for the purpose of
selecting operating modes from the plurality of operating
modes in dependence on the detected kinematic parameter. As a
result, it is possible to optimize the energy diversion very
largely automatically and in manner adapted to a current
operating situation - in particular to a current value of the
kinematic parameter. The kinematic parameter may in particular
be a linear velocity, a speed of rotation and/or a parameter
that is representative of at least one of these parameters,
such as a voltage parameter or a current parameter. The
control unit brings about a transition from a first operating
mode to a second operating mode of the plurality of operating
modes or vice versa, preferably when the kinematic parameter
or a variable determined therefrom reaches - that is to say

exceeds or falls below - a predetermined threshold value.

The proposed energy conversion device is used in particular in
a braking mode of the vehicle, wherein the generator unit is
formed by at least one electrical traction motor of the
vehicle taking the form of a synchronous machine. Here, the
resistor unit in particular corresponds to a braking resistor

unit.

As a result of suitably controlling the resistor unit, the
braking properties of the vehicle can advantageously be

improved. In particular, by varying the resistance value it is
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possible to select an optimized characteristic curve for the
braking effect, in particular for a braking moment and/or
braking performance, such that a high degree of efficiency can
be achieved in braking of the vehicle for a broad spectrum of
operational situations, in particular starting from high

speeds.

The energy conversion device may advantageously and in at
least one range of velocities generate a braking moment in
cooperation with a mechanical braking unit, in particular a

friction brake of the wvehicle.

The mechanical energy to be converted by the energy conversion
device in the braking mode is the kinetic energy, and where
appropriate additionally a potential energy, of the vehicle.
Using the proposed measure, it is possible to achieve a high
degree of safety in operation of a rail vehicle that is
intended for high speeds. The term “high speed” here should be
understood to mean in particular a velocity of at least

300 km/h, preferably at least 350 km/h. Using the measure
according to the invention, it is possible to perform braking
procedures starting from high speeds of this kind safely in

relation to conventional solutions.

A simple control of the resistor unit that is optimized in
respect of the vehicle velocity may be achieved if the
kinematic parameter is representative of the vehicle velocity.
As a result of the proposed measure, a braking effect that is
optimized for the high-speed range can be almost maintained in
a medium-speed range as well. Here, a first operating mode of
the plurality is in particular associated with the high-speed
range, while a second operating mode of the plurality is in

particular associated with the medium-speed range.
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Here, a “high-speed range” corresponds in particular to a
range of velocities between approximately 50% and 100% of the
maximum velocity - in the case of a rail vehicle intended for
high velocities, for example the range between approximately
175 km/h and the maximum velocity, for example 350 km/h - and
a “medium-speed range” corresponds in particular to a range
between approximately 10% and approximately 50% of the maximum
velocity - in the case of the said rail vehicle the range
between approximately 40 km/h and approximately 175 km/h. The
spectrum of velocities is divided into the high-speed range
and the medium-speed range in particular by defining a
velocity threshold value, which is preferably in a range
approximately 10% above and below half the maximum velocity.
The term “maximum velocity” should in particular be understood
to mean the maximum permitted velocity in a passenger

operation.

By switching from a first operating mode that is optimized for
the high-speed range to a second operating mode that is
optimized for the medium-speed range, it is possible to
combine advantageous characteristic curve sections that apply

to these velocity ranges.

In this context, it is possible to obtain an advantageous
characteristic curve for a braking moment of the vehicle if
the control unit is provided for the purpose of switching over
from a first operating mode of the plurality of operating
modes to a second operating mode of the plurality in the event
of a transition from a high-speed range to a medium-speed
range, for the purpose of reducing the resistance value. If
the plurality has two operating modes, then the resistance

value in the second operating mode is particularly
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advantageously at least 40% and at most 60% of the resistance
value in the first operating mode. Preferably, the resistance
value in the second operating mode has a value in a range from
5% below and above half the resistance value in the first

operating mode.

It is furthermore proposed that the resistor unit should be
arranged in a power supply unit that, in a drive mode of the
vehicle, supplies electrical power to the unit that operates
as a generator unit in a braking mode. As a result, a
structurally simple embodiment that takes up little space can

be achieved.

The energy conversion device advantageously has at least one
current converter unit that, in the installed condition of the
energy conversion device, 1s connected to provide power
between the generator unit and the resistor unit. A current
that is generated in the operating modes by the generator unit
and is diverted to the resistor unit is thus carried by the
current converter unit. In a braking mode, the current
converter unit typically has the function of a rectifier,
which rectifies a current generated by the generator unit. The
rectified signal may in particular be fed to a so-called DC

link.

In this context, it is possible to obtain a structurally
simple embodiment if the resistor unit is connected up to a DC
link that may be fed from the current converter unit. Here,
the resistor unit is favorably connected in the DC link, in
particular between the positive and the negative DC link

busbar.
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As an alternative or in addition, it is proposed that the
energy conversion device should have at least one control
device that controls the current converter unit such that
operation thereof in the operating modes of the plurality of
operating modes includes at least one blocking of switching
valves of the current converter unit. This allows current to
be carried through the current converter unit efficiently and
with low loss. In particular, the current is guided via
freewheeling diodes that are each connected in parallel with a
switching valve. In this configuration, from a functional
point of view the current converter unit takes the form of a
diode bridge. The term “blocking” of a switching valve should
be understood in particular to mean putting the latter into a
non-conductive condition for a period of time that is longer
than the duration of a switching cycle of the current
converter unit. Here, the period of time preferably
corresponds at least to the time during which an operating

mode from the plurality of operating modes is being performed.

For the purpose of varying the resistance value of the
resistor unit, the latter may have at least one variable and
controllable resistance value. For the purpose of obtaining a
structurally simple embodiment of the energy diverting unit,
however, it is proposed that the resistor unit should have a
set of resistance arrangements and a switching device that is
in operative connection with at least one of the resistance
arrangements, wherein a switchover between operating modes of
the plurality of operating modes includes at least one
actuation of the switching device. Favorably, the at least one
control unit is in operative connection with the switching
device for the purpose of actuating the latter. The resistance

arrangements in particular take the form of ohmic resistors.
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The proposed embodiment of the energy diverting unit is based
on the use of a simple switching topology that is inexpensive
to implement and simple to control. This is particularly
advantageous since in this topology it is simpler to prove
safe control, which is required for the purposes of approval
of the vehicle, than it is for example with a special

converter control.

For switching over between two operating modes of the
plurality of operating modes, the switching device may change
the number of active resistance arrangements and/or a
switching topology of already active resistance arrangements,
for example by converting a parallel circuit to a series

clrcuit or vice versa.

If the switching device is in operative connection with all
the resistance arrangements, then it can deactivate all the
resistance arrangements in a work mode that is different from
the operating modes of the plurality of operating modes, in
particular in a drive mode. When an operating mode is selected
from the plurality of operating modes, it then activates at

least one of the resistance arrangements.

In a simple embodiment of the invention, it is proposed that,
using the switching device and when selecting an operating
mode from the plurality of operating modes, the control unit
should be provided for the purpose of activating a parallel
circuit of resistance arrangements of the set. Here, it is
possible on the transition to this operating mode to achieve a
simple reduction in the resistance value of the resistor unit.
Here, it is possible for example for the resistance value to
be halved in a particularly simple manner if resistance

arrangements that are to be switched in parallel have an
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identical or almost identical resistance value and, starting
from a configuration in a first operating mode with one active
resistance arrangement, a parallel circuit of the resistance

arrangements is activated in a second operating mode.

The terms “active” resistance arrangement and “active” circuit
should be understood to mean a resistance arrangement or
circuit that is connected up to an electrical circuit such
that it contributes to the effect of the energy diverting
unit. In other words, an active resistance arrangement or
active circuit is in a condition in which at least some of the
current generated by the generator unit flows through the
resistance arrangement or circuit. The term “activate” should
be understood to mean putting the resistance arrangement into

the active condition.

In an advantageous development of the invention, it is
proposed that the control unit should be provided for the
purpose of activating a first and a second resistance
arrangement alternately, in at least one operating mode of the
plurality of operating modes, using the switching device, as a
result of which a thermal load on the resistance arrangements

may advantageously be lessened.

Moreover, the invention takes as its starting point a method
for converting electrical energy that is generated in at least
one mode, by a unit that has at least one synchronous machine
and operates as a generator unit, in which at least some of
the electrical energy generated by the generator unit is
diverted via an energy diverting unit, and the energy

diverting unit has at least one resistor unit.
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It is proposed that, starting from a first operating mode, in
which the resistor unit provides a first resistance value,
there should be a switchover to a second operating mode, in
which the resistor unit provides a second, different
resistance value. The first and the second operating modes are
advantageously from a plurality of operating modes, wherein a
control unit is provided for selecting operating modes from

the plurality of operating modes.

The reader is referred to the statements on the energy
conversion device according to the invention for the

advantageous effects of the proposed method.

An exemplary embodiment of the invention will be explained. In

the figures:

Figure 1 shows a rail vehicle having multiple units in a side
view,

Figure 2 shows a drive unit of a multiple unit, having a power
supply unit,

Figure 3 shows the diversion of energy generated on braking to
a resistor unit of the power supply unit,

Figure 4 shows the braking moment that is generated by the
drive unit during energy diversion for a drive axle,
as a function of velocity, and

Figure 5 shows the braking performance generated during energy

diversion for a drive axle.

Figure 1 shows an exemplary rail vehicle 10 in a schematic
side view. It takes the form of a trainset of cars 12, each of
which is equipped for the transport of passengers. For this
purpose, the cars 12 have at least one passenger compartment,

which is provided for accommodating passengers. At least one
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of the cars 12 takes the form of a multiple unit that is
supported on at least one drive axle 16 that may be driven by
a drive unit 14 (see Figure 2). In the configuration shown
here, the rail vehicle 10 has at least four multiple units
that are each supported on at least two, in particular four,
drive axles 16. The multiple units are supported on the drive
axles 16 by two motor bogies 18, wherein in each case two
drive axles 16 are mounted on each motor bogie 18. Associated
with the drive axles 16 of a motor bogie 18 in each case is a
drive unit 14, illustrated in more detail in Figure 2. This
has two permanently excited synchronous machines as the
traction motors 20, each of which is connected to a different
drive axle 16 for driving. For the purpose of supplying the
traction motors 16 of a motor bogie 18 with electrical power,
the respective drive unit 14 has a power supply unit 22. This

is illustrated in more detail in Figure 2.

The rail vehicle 10 takes the form of an electrical vehicle
that draws its operating energy from an external power supply
24. For this purpose, it is known to have a current collector
25, which picks up the high voltage provided by the power
supply 24. This high voltage may be an alternating voltage and
have typical voltage values 15 kV 16 Hz 2/3 or 25 kV 50 Hz. As
an alternative, the high voltage may be a DC voltage and have
in particular typical values 1.5 kV or 3 kV. The rail vehicle
10 is in particular provided for operation with an alternating
voltage, although it may be suitable for both operation with

an alternating voltage and also operation with a DC voltage.

In an alternating voltage operation, the high voltage provided
by the power supply 24 is stepped down by a transformer unit
26. As can be seen in Figure 2, this may take the form of a

classic transformer or a current converter unit - 1in
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particular a so-called direct converter. The output from the
transformer unit 26 shown in Figure 2 is connected to provide

power to the power supply units 22.

The rail vehicle 10 moreover has a braking device, not shown
in more detail, that includes electrically and pneumatically

controllable friction brakes.

Figure 2 shows a circuit topology of one of the drive units
14. As described above, it has the traction motors 20 of the
corresponding motor bogie 18 and the power supply unit 22
associated therewith. The power input to the power supply unit
22 1s fed, in an alternating voltage operation, with the
output signal from the transformer unit 26. The power supply
unit 22 has a first current converter unit 28 on the input
side, and this rectifies this output signal - in the case of
an energy flow carried from the transformer unit 22 toward the
traction motors 20, in particular in a traction mode. In the
traction mode, the first current converter unit 28 accordingly
performs the function of a rectifier. The first current

converter unit 28 is in particular formed by an H bridge.

The power supply unit 22 moreover includes a DC link 30 that,
during operation, carries a DC voltage signal. In the traction
mode, the DC link 30 is fed with the signal that was rectified

by the first current converter unit 28.

Further, the power supply unit 22 has two current converter
units 32.1, 32.2 that are arranged on the motor side and are
each associated with one of the traction motors 20. In the
traction mode, the current converter units 32.1, 32.2 each
perform the function of an inverter, which generates an

alternating current from a direct current carried in the DC
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link 30. In particular, they each take the form of a pulsed-

control inverter.

In a DC voltage mode, the DC voltage signal from the power
supply may be fed directly to the DC link 30 or may be
transformed using the current converter unit 28, which

operates as a voltage reduction unit.

In the traction mode of the rail vehicle 10, as described
above, electrical energy flows from the power supply 24
through the transformer unit 26 and the power supply unit 22 -
that is to say in particular the first current converter unit
28 - and the DC link 30 and the current converter units 32 to
the traction motors 20, which convert some of the electrical

energy concerned into kinetic energy.

In a braking mode of the rail vehicle 10, there is an energy
flow in the reverse direction, from the traction motors 20 at
least partly through the power supply unit 22 and the
transformer unit 26 to the power supply 24. In this braking
mode, the traction motors 20 form a generator unit 34 of an
energy conversion device 36 that converts the kinetic and
where applicable potential energy of the rail vehicle 10 into
another form of energy. The generator unit 34 generates

electrical energy from this energy in known manner.

In certain application situations, in which the feeding of
energy to the power supply 24 is to be restricted or is not
even possible, or in which this feeding is not sufficient to
generate a setpoint braking moment - as in particular in the
case of emergency braking at high speed - the electrical
energy generated by the generator unit 34 is diverted away

from being fed back to the power supply 24. For this purpose,
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the energy conversion device 36 has an energy diverting unit

38.

The energy diverting unit 38 has a resistor unit 40 that is
provided for the purpose of establishing a certain resistance
value in the flow of electrical energy to be diverted. It has
two resistance arrangements R1, R2 that each take the form of
an ohmic resistor. Because the resistor unit 40 is utilized in
the braking mode of the rail vehicle 10, the resistor unit 40
corresponds to a braking resistor unit. The resistor unit 40
is connected to the current converter units 32.1, 32.3 such
that energy generated by the traction motors 20 and carried by
them may be fed to the resistance arrangements R1, R2. This is
illustrated in the figure by heavy arrows. In the braking
mode, the current converter units 32.1, 32.2 are accordingly
arranged in the energy flow between the traction motors 20 -
and hence the generator unit 34 - and the resistor unit 40. In
other words, the current converter units 32.1, 32.2 are each
connected to the generator unit 38 on one side and the
resistor unit 40 on the other for the provision of power. In
particular, the resistor unit 40 is connected up to the DC
link 30, which is fed by the current converter units 32.1,
32.2 in the braking mode. The resistor unit 40 is connected
between the positive busbar and the negative busbar of the DC

link 30.

The energy diverting unit 38 moreover includes a control unit
44 that is provided for selectively setting a first operating
mode in which the resistor unit 40 provides a first resistance
value, or a second operating mode in which the resistor unit

40 provides a second resistance wvalue.
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For this purpose, the resistor unit 40 has a switching device
46 that may be actuated by the control unit 44 for selecting
the first or the second operating mode. This switching device
46 serves to selectively disconnect or connect the first
and/or the second resistance arrangement R1, R2 from or to the
energy flow generated by the generator unit 34. It has two
switching arrangements 48.a, 48.b that are respectively
associated with a different resistance arrangement R1 or R2.
In particular, the switching arrangements 48.a, 48.b may be

actuated independently of one another.

In the first operating mode of the energy diverting unit 38,
the first resistance value is provided in that one of the
resistance arrangements R1, R2 is connected to the generator
unit 34 such that power is provided. This connection is made
by closing the switching arrangement 48.a or 48.b. In the
second operating mode, the second resistance value is provided
in that both resistance arrangements R1, R2, in particular
connected to one another in parallel, are connected to the
generator unit 34 such that power is provided. This is done by
connecting up the resistance arrangement R2 or R1l, by closing
the switching arrangement 48.b or 48.a. If the resistance
values of the resistance arrangements R1, R2 are identical, by
connecting them in parallel it is possible to provide in the
second operating mode a resistance value of the resistor unit
40 that is half the resistance value in the first operating

mode.

In the operating modes described above, an alternating
electrical current that is generated by a traction motor 20 is
carried via the associated current converter unit 32 in a
blocking mode of this current converter unit 32. In this

blocking mode, the switching valves - in particular power
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transistors, such as IGBTs - of the current converter unit 32
are permanently in a blocked condition, with the result that
the electrical current is carried exclusively via freewheeling
diodes that are connected in parallel with the switching
valves. As illustrated in Figure 3, the current converter unit
32 thus takes the form of a diode bridge (also called a “B6
bridge”) that rectifies the electrical current. Figure 3
illustrates, in an equivalent circuit diagram, the traction
motors 20 as the voltage source, having an equivalent
resistance and an equivalent inductance. The switching valves
are put into the blocking condition by a control device 50

that is illustrated schematically in Figure 3.

Switching between the first operating mode and the second
operating mode, that is to say in particular connecting up the
second resistance arrangement R2 or Rl in parallel with the
first resistance arrangement R1 or R2, is performed in
dependence on a kinematic parameter K of the rail vehicle 10.
In the embodiment shown here, the switching device 46 is
controlled on the basis of a parameter that depends on the
vehicle velocity V. This parameter K corresponds in particular
to a speed of rotation of a wheelset or a component of the
drive unit 14 that is coupled to the wheelset for driving.
This may be the speed of rotation of a wheel, the shaft of the
wheelset, or a gear component or motor shaft coupled thereto
for driving. For this purpose, the rail wvehicle 10 has a
detection unit 52 for detecting the parameter K that has
sensors for the speed of rotation (illustrated highly
schematically in Figure 2). The detection unit 52 is in
operative connection with the control unit 44, which serves to
evaluate detected measurement values. The parameter K may as

an alternative or in addition be obtained using further sensor
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arrangements, such as an inertial sensor or a positioning unit

such as a GPS sensor.

The switching device 46 is actuated by the control unit 44 if
it is determined from the monitored parameter K that, during a
braking procedure starting from an initial velocity, in

particular the maximum permitted velocity, the rail vehicle 10

reaches a pre-selected velocity threshold value GSW.

This is explained in more detail with reference to Figure 4.
This corresponds to a graph in which the braking moment M for
each drive axle 16 is illustrated as a function of the wvehicle
velocity V. When a braking procedure is initiated above the
threshold value GSW = 190 km/h, in particular at the maximum
permitted velocity of 350 km/h, the switching valves of the
current converter units 32 are put in the blocking condition
as described above, wherein some of the current generated by
the traction motors flows into the resistor unit 40, for
example as illustrated in Figure 3 into the first resistance
arrangement R1. The braking moment M in the range between the
maximum permitted velocity and the threshold value GSW has an
almost constant value. The course of the braking moment M for
this resistance value R = Rl in the first operating mode is
shown by the curve Mg:. To prevent the braking moment M from
falling below this wvalue, when the velocity threshold value
GSW is reached the switching device 46 is actuated by the
control unit 44. On switching over to the second operating
mode, that is to say on connecting up the resistance
arrangement R2, the resistor unit 40 has a resistance value

R =1/(1/R1 + 1/R2). The course of the braking moment M for
this resistance value is shown by the curve Mgrirz. As can be

seen from the figure, the braking moment M can be maintained
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at the previous value during further braking, at least for a

certain range of velocities from approximately 100 km/h.

Figure 5 shows a graph in which the braking performance L is
illustrated as a function of the velocity V. The curve Lg;
corresponds to the course of the braking performance L for the
resistance value R = Rl in the first operating mode. On the
switchover to the second operating mode described above, it is
possible to achieve an increase in the braking performance
below the velocity threshold value GSW, following the curve
Lzirz for the resistance value R = 1/(1/R1 + 1/R2), by

comparison with the configuration in which R = R1.

Moreover, it is advantageous if in the first operating mode,
in which only one of the resistance arrangements R1, R2 is
active, switchovers between the resistance arrangements R1 and
R2 are performed. These switchovers effected by the switching
device 46 serve to lessen the thermal load on the resistance
arrangements. They are performed periodically or on the basis
of the determined load conditions on the resistance
arrangements. These may for example be determined by detecting

the temperature of the resistance arrangements.

The description above refers to an embodiment in which the
plurality of operating modes comprises two operating modes. In
a variant embodiment, it is conceivable for more than two
operating modes to be implemented. For this purpose, the

resistor unit may have more than two resistance arrangements.
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Claims

1. An energy conversion device for a vehicle, in particular
a rail vehicle (10), which has in at least one mode a unit
operating as a generator unit (34) and having at least one
synchronous machine (20), and which has at least one energy
diverting unit (38) that is provided for the purpose of
diverting at least some of the electrical energy generated by
the generator unit (34), and at least one resistor unit (40),
characterized in that

the energy diverting unit (38) has at least one control unit
(44) that is provided for the purpose of selecting operating
modes from a plurality of operating modes, in each of which

the resistor unit (40) provides a different resistance value.

2. The energy conversion device as claimed in claim 1,
characterized by

a detecting unit (52) for detecting at least one kinematic
parameter (K) of the vehicle, wherein the control unit (44) is
provided for the purpose of selecting operating modes from the
plurality of operating modes in dependence on the detected

kinematic parameter (K).

3. The energy conversion device as claimed in claim 2,
characterized in that
the kinematic parameter (K) is representative of a velocity

(V) of the wvehicle.

4. The energy conversion device as claimed in claim 3,
characterized in that
the control unit (44) is provided for the purpose of switching

over from a first operating mode to a second operating mode in
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the event of a transition from a high-speed range to a medium-

speed range, for the purpose of reducing the resistance value.

5. The energy conversion device as claimed in one of the
preceding claims,

characterized by

a power supply unit (22) in which there is arranged the
resistor unit (40), and which, in a drive mode, supplies

electrical power to the unit.

6. The energy conversion device as claimed in one of the
preceding claims,

characterized by

at least one current converter unit (32.1, 32.2) that is
connected to provide power between the generator unit (34) and
the resistor unit (40), wherein the resistor unit (40) is
connected up to a DC link (30) that may be fed from the at

least one current converter unit (32.1, 32.2).

7. The energy conversion device as claimed in claim 6,
characterized by

a control device (50) that controls the at least one current
converter unit (32.1, 32.2) such that operation thereof in the
operating modes includes at least one blocking of switching

valves of the current converter unit (32.1, 32.2).

8. The energy conversion device as claimed in one of the
preceding claims,

characterized in that

the resistor unit (40) has a set of resistance arrangements
(R1, R2) and at least one switching device (46) that is in
operative connection with at least one of the resistance

arrangements (R1, R2), wherein a switchover between the
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operating modes includes at least one actuation of the

switching device (46).

9. The energy conversion device as claimed in claim 8,
characterized in that,

using the switching device (46) and when selecting an
operating mode from the plurality of operating modes, the
control unit (44) is provided for the purpose of activating or
deactivating a parallel circuit of resistance arrangements

(R1, R2) of the set.

10. The energy conversion device as claimed in claim 8 or 9,
characterized in that

the control unit (44) is provided for the purpose of
activating a first and a second resistance arrangement (R1,
R2) alternately, in at least one operating mode of the

plurality of operating modes, using the switching device (46).

11. A vehicle, in particular a rail vehicle (10), having an
energy conversion device (36) as claimed in one of the

preceding claims.

12. The vehicle as claimed in claim 11,

characterized by

taking the form of a rail vehicle (10) that is provided for
high-speed operation over at least 300 km/h, in particular for

high-speed operation over at least 350 km/h.

13. A method for converting electrical energy that is
generated in at least one mode, by a unit that has at least
one synchronous machine (20) and operates as a generator unit
(34), wherein at least some of the electrical energy generated

is diverted via an energy diverting unit (38), and wherein the
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energy diverting unit (38) has at least one resistor unit
(40),

characterized in that

a control unit (44) of the energy diverting unit (38) switches
over from a first operating mode, in which the resistor unit
(40) provides a first resistance value, to a second operating
mode, in which the resistor unit (40) provides a second,

different resistance value.

14. The method as claimed in claim 13,
characterized in that
it is carried out in a vehicle, in particular a rail vehicle

(10) .

15. The method as claimed in claim 14,

characterized in that

in the event of a transition from a high-speed range to a
medium-speed range the second resistance value is selected to

be smaller than the first resistance value.
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