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(57) Abstract: A converter arrangement (30) comprises a first chopper circuit (40a) for connecting a positive input (32a) or a neutral
point (50) with a positive output (34a), wherein the first chopper circuit (40a) comprises a first switch arrangement (42a), a first inductor
(44a) and a first capacity (46a), wherein the first switch arrangement (42a) is adapted for connecting the first inductor (44a) with the
positive input (32a) or with the neutral point (50), the first inductor (44a) interconnects the first switch arrangement (42a) with the
positive output (34a) and the first capacity (46a) interconnects the positive output (34a) with the neutral point (50). The converter
arrangement (30) further comprises a second chopper circuit (40b) for connecting a negative input (32b) or the neutral point (50) with a
negative output (34b), wherein the second chopper circuit (40b) comprises a second switch arrangement (42b), a second inductor (44b)
and a second capacity (46b), wherein the second switch arrangement (42b) is adapted for connecting the second inductor (44b) with

the negative input (32b) or with the neutral point (50), the second inductor (44b) interconnects the second switch arrangement (42b)
with the negative output (34b) and the second capacity (46b) interconnects the negative output (34b) with the neutral point (50). The
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converter arrangement (30) further comprises an overvoltage protection device (52) adapted for shott- circuiting the positive output
(34a) and the negative output (34b), when an overvoltage is measured between the positive output (34a) and/or the negative output
(34b) and the neutral point (50, 54).
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DESCRIPTION

Converter arrangement with neutral point clamped choppers

FIELD OF THE INVENTION

The invention relates to a converter arrangement and a traction vehicle.

BACKGROUND OF THE INVENTION

Battery powered trains may be useful to replace Diesel powered vehicles on non-
electrified lines. However, the huge demand for batteries in street bound e-mobility is
defining the requirements of the typical available battery cells. These battery cells are
typically designed for low voltage operation, in particular for an operation voltage of about

800 VDC.

On the other hand, the typical system voltage for rail propulsion systems is medium
voltage, such as about 2000 V DC, this is usually due to increased power demand compared
to electrical car. Because of this, the rail propulsion system has to be connected via a DC-
to-DC converter with the energy storage system. This may be done with a galvanically
separated converter, which, however, may have comparable high losses, reducing the

operation distance of the traction vehicle.

The scientific article of Sommer et al, “Analysis of a low loss turn-off network for GTO
chopper for international railway cars operating under different railway supply voltages”,
Proceedings of the international conference on industrial electronics, Control and
instrumentation (IECON), Kobe, Oct. 28 — Nov. 1, 1991, 28 October 1991, pages 656-661,
relates to a low loss turn-off snubber circuit for a railway vehicle. As shown, such a circuit
comprises two chopper circuits connected symmetrically with a split DC link on the input

side.

CN 205 901 353 U relates to a high power charging device, which may be used in
domestic trams. A circuit is shown, which comprises two half-bridge circuits connected in
parallel to a catenary line, each of which has an individual DC link. An over-voltage

protection circuit is mentioned.

SY



10

15

20

25

30

WO 2020/207683 PCT/EP2020/056357
2

US 2018/234 010 A1 relates to a multi-power conversion device with three pairs of half-
bridges connected in parallel and series to a split DC link on an input side. On their output

side, all half-bridges supply one capacitor.

CN 207 225 097 U shows a converter used in railway applications, which supplies two
loads. The converter has an input rectifier and two output inverters, which are connected in

parallel to a DC link supplied by the input rectifier.

DESCRIPTION OF THE INVENTION

It is an objective of the invention to provide a simple designed converter with low losses,
which is adapted for interconnecting an input power converter with an energy storage
system. It is a further objective of the invention to increase the operation distance of a

traction vehicle.

These objectives are achieved by the subject-matter of the independent claims. Further
exemplary embodiments are evident from the dependent claims and the following

description.

A first aspect of the invention relates to a converter arrangement, for example for a
traction vehicle. The converter arrangement may interconnect a railway propulsion system
with an energy storage system. However, it also may be possible that the converter
arrangement is employed in a high power MV marine propulsion. In general, the converter
arrangement may be used in any kind of means of transportation, in particular those, which

do not have a continuous external power supply from an electrical grid.

According to an embodiment of the invention, the converter arrangement comprises a

first chopper circuit and a second chopper circuit, which may be both neutral point clamped.

The first chopper circuit connects a positive input or a neutral point with a positive output,
wherein the first chopper circuit comprises a first switch arrangement, a first inductor and a
first capacity, wherein the first switch arrangement is adapted for connecting the first
inductor with the positive input or with the neutral point, the first inductor interconnects the
first switch arrangement with the positive output and the first capacity interconnects the

positive output with the neutral point.

The second chopper circuit connects a negative input or the neutral point with a negative
output, wherein the second chopper circuit comprises a second switch arrangement, a second

inductor and a second capacity, wherein the second switch arrangement is adapted for
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connecting the second inductor with the negative input or with the neutral point, the second
inductor interconnects the second switch arrangement with the negative output and the

second capacity interconnects the negative output with the neutral point.

The inputs of the converter arrangement may be connected to a DC link, which may be
on a medium voltage, i.e. a voltage of more than 1000 V, such as between 1500 and 2000 V.
The outputs of the converter arrangement may be connected to an energy storage system or
any series-connected auxiliary device, which are designed for low voltage, i.e. a voltage of
less than 1000 V, such as between 500 V and 900 V. Since two neutral point clamped
chopper circuits are used, smaller inductors and capacitors may be used, resulting in lower

Costs.

A voltage difference between the outputs and the inputs may become smaller and the two
neutral point clamped choppers may operate with a very efficient duty cycle. The inductors
may be comparable small water cooled inductors, which can be integrated inside the

converter housing. An additional forced ambient air cooling may not be necessary.

According to an embodiment of the invention, the converter arrangement further
comprises an overvoltage protection device is adapted for short-circuiting the positive output
with the negative output, when an overvoltage is measured between the positive output and
the negative output, between the positive output and the neutral point and/or between the

negative output and the neutral point.

It also may be possible that the overvoltage protection device adapted for short-circuiting
the positive output with the neutral point, when an overvoltage is measured between the
positive output and the neutral point. The overvoltage protection device also may be adapted
for short-circuiting the negative output with the neutral point, when an overvoltage is

measured between the negative output and the neutral point.

As the converter arrangement does not have galvanic separation, the overvoltage
protection device may be beneficial in the case of a fault. Also the overvoltage protection

device may be integrated in the propulsion system and/or the input power converter.

The overvoltage protection device with neutral point connection may apply a low voltage
insulation on the output and/or energy storage side and a medium voltage insulation on the
input and/or propulsion side. The overvoltage protection device may separately monitor the

upper and lower voltage.

According to an embodiment of the invention, the overvoltage protection device

comprises a first semiconductor switch connecting the positive output and the neutral point
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and a second semiconductor switch connecting the neutral point with the negative output.
The overvoltage protection device may comprise a controller and sensors measuring the
above-mentioned voltages. In the case of a measured overvoltage, it may switch the first and
second semiconductor switch into a conducting state. This may blow fuses or more general

a overcurrent protection devices as described below.

Every semiconductor switch may be composed of a controllable semiconductor device,

such as an IGBT or thermistor with an antiparallel free-wheeling diode.

According to an embodiment of the invention, the converter arrangement comprises an
auxiliary device connected between the positive output and the negative output. The
auxiliary device may be a power supply and/or may comprise an inverter for generating an
AC voltage from the DC voltage provided between the positive output and the negative

output.

According to an embodiment of the invention, the converter arrangement comprises a
first auxiliary device and a second auxiliary device connected between the positive output
and the negative output. Additionally to series-connected battery storage devices, any type
of low voltage devices, which may require a symmetric voltage with respect to ground, may
be connected to the converter arrangement without a galvanic separation. Such auxiliary

devices may include auxiliary inverters, an auxiliary distribution grid, etc.

According to an embodiment of the invention, the first auxiliary device is a first energy
storage device and the second auxiliary device is a second energy storage device. Both
energy storage devices may battery storage devices. A battery storage device may comprise
one or more battery cells. The battery cells may be interconnected for forming a low voltage
battery storage, i.e. having an operation voltage below 1000 V, such as 500 V to 900 V. For
example, two standard low voltage battery storage devices, which also may be used in e-
mobility application, may be used. It also may be possible that the energy storage devices

are provided with supercapacitors.

In the case of energy storage devices as auxiliary devices, a special control mode may be
applied, when the vehicle is operating off the grid and/or catenary free. The first and second
chopper may be switched in such a way, that the outputs and the inputs are continuously
connected with each other. For example, this may be achieved, by switching its
semiconductor switches permanently on state. In particular, no switching is needed. In such
a way, the energy storage devices may be directly connected to the DC link of the propulsion

system and/or an input power converter. This may be a very efficient way of battery powered
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driving and may directly increase the operation range of the vehicle. Alternatively, the size

of the energy storage systems may be reduced.

The converter arrangement may comprise a controller, in which the control mode is

implemented.

According to an embodiment of the invention, in a first operation mode, the controller is
adapted for switching the first switch arrangement of the first chopper and the second switch
arrangement of the second chopper, such that a voltage at the first and second input is
reduced to a second voltage at the output. The second voltage may be lower than the first
voltage. The first switch arrangement and the second first switch arrangement may be

switched regularly with a specific switching frequency, such as 1 kHz and above.

According to an embodiment of the invention, in a second operation mode, the controller
is adapted for switching the first switch arrangement of the first chopper and the second
switch arrangement of the second chopper, such that the positive input is continuously
connected with the positive output and that the negative input is continuously connected with

the negative output.

According to an embodiment of the invention, the overvoltage protection device
comprises a first semiconductor switch connecting the positive output and a midpoint
between the first auxiliary device and the second auxiliary device and a second
semiconductor switch connecting the midpoint with the negative output. It may be that the
part of the overvoltage protection device, which is short-circuiting the positive and the
negative output, is not connected to the neutral point of the chopper circuits but directly to a

midpoint between the auxiliary devices.

In this case, the overvoltage protection device may comprise a first diode connected (in
conduction direction) between the neutral point and the positive output and a second diode
connected (in conduction direction) between the negative output and the neutral point. These

diodes may protect the capacitors of the chopper circuits.

In general, the neutral point and/or the midpoint of the auxiliary devices may be grounded.

Such a grounding may be a hard grounding or a soft grounding.

According to an embodiment of the invention, the neutral point of the chopper circuits is
grounded. The neutral point may be grounded via a capacitor and/or a resistor, which may
be connected in parallel to the capacitor. This may be called soft grounding. However, it also
may be possible that the neutral point is directly connected to ground. This may be called

hard grounding.
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According to an embodiment of the invention, a midpoint between the first auxiliary
device and the second auxiliary device is directly connected to ground. In other words, the
midpoint may be hard grounded. This may be the case, when the midpoint and the neutral

point are separated and/or when the neutral point is soft grounded.

According to an embodiment of the invention, a midpoint between the first auxiliary
device and the second auxiliary device is connected to the neutral point. In such a way, the

midpoint may be grounded via the neutral point.

According to an embodiment of the invention, the converter arrangement further
comprises a DC link interconnecting the positive input and the negative input. The DC link
may be supplied by an input power converter, which is adapted for converting a grid voltage
and/or a generator voltage into the DC link voltage. The DC link may be part of the

propulsion system.

According to an embodiment of the invention, the neutral point is connected to a midpoint
of the DC link. When the DC link is a split DC link and/or a three-level DC link and has a
neutral point, the neutral point of the DC link may be connected to the neutral point of the

chopper circuits.

According to an embodiment of the invention, the converter arrangement further
comprises a first input side overcurrent protection device between the positive input and the
positive output. Furthermore, the converter arrangement may comprise a second input side
overcurrent protection device between the negative input and the negative output. The first
input side overcurrent protection device may be connected between the first inductor and the
positive output. The first input side overcurrent protection device may be connected between
the first inductor and the first capacity. The second input side overcurrent protection device
may be connected between the second inductor and the negative output. The second input
side overcurrent protection device may be connected between the second inductor and the

second capacity.

In general, an overcurrent protection device may be a fuse, a circuit breaker, a mechanical

switch, etc.

According to an embodiment of the invention, the converter arrangement further
comprises a first output side overcurrent protection device between the positive output and
the first auxiliary device and/or a second output side overcurrent protection device between
the negative output and the second auxiliary device. These overcurrent protection devices

may protect the series-connected auxiliary devices.
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According to an embodiment of the invention, the converter arrangement further
comprises a third output side overcurrent protection device connected to a midpoint between

the first auxiliary device and the second auxiliary device.

Such a overcurrent protection device may connect a midpoint of the overvoltage
protection device and/or the neutral point of the chopper circuits with the midpoint of the

series-connected auxiliary devices.

It also may be that the midpoint between the auxiliary devices is connected via

overcurrent protection devices with the respective auxiliary device.

According to an embodiment of the invention, the first capacity and the second capacity of
the chopper circuits are discrete devices, for example provided by capacitors. It also may be
that the first capacity and the second capacity are parasitic capacities of an energy storage
system, for example parasitic capacities of a battery storage system. The auxiliary device(s)

also may provide the first and second capacities.

According to an embodiment of the invention, the first switch arrangement comprises a
first half-bridge with an upper and lower semiconductor switch, the first half-bridge
interconnected between the positive input and the neutral point and providing a first midpoint
connected to the first inductor. Analogously, the second switch arrangement comprises a
second half-bridge with an upper and lower semiconductor switch, the second half-bridge
interconnected between the negative input and the neutral point and providing a second

midpoint connected to the second inductor.

For example, the chopper circuits may be realized with efficient low voltage IGBTs,
which may allow a high switching frequency, such as 4 kHz. In general, the chopper circuits

may be realized with IGBTs or SiC switches or any other type of switches.

A further aspect of the invention relates to a traction vehicle which comprises a converter
arrangement as described in the above and the below. The traction vehicle may be a tram or

a wagon of a train.

According to an embodiment of the invention, the traction vehicle further comprises a
DC link connected between the first input and the second input of the converter arrangement.
The DC link may be part of the propulsion system. The propulsion system may comprise an
input power converter for converting a grid voltage from an electrical grid and/or a generator
voltage from a generator into a DC link voltage of the DC link. When the grid is connected,

the converter arrangement may be used for charging the batteries from the grid.
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According to an embodiment of the invention, the traction vehicle further comprises at
least one electrical motor for driving the traction vehicle and a motor converter for
converting the DC link voltage into a motor voltage to be supplied to the at least one
electrical motor. When the grid is connected, the electrical motors may be supplied from the
electrical grid. When the grid is not connected, the electrical motors may be supplied from
energy storage devices via the converter arrangement.

These and other aspects of the invention will be apparent from and elucidated with

reference to the embodiments described hereinafter.

BRIEF DESCRIPTION OF THE DRAWINGS

The subject-matter of the invention will be explained in more detail in the following text

with reference to exemplary embodiments which are illustrated in the attached drawings.

Fig. 1 schematically shows a traction vehicle according to an embodiment of the
invention.

Fig. 2 schematically shows a circuit diagram of a converter arrangement according to an
embodiment of the invention.

Fig. 3 schematically shows a circuit diagram of a converter arrangement according to a
further embodiment of the invention.

Fig. 4 schematically shows a circuit diagram of a converter arrangement according to a
further embodiment of the invention.

Fig. 5 schematically shows a circuit diagram of a battery storage system for a converter
arrangement according to an embodiment of the invention.

Fig. 6 schematically shows a circuit diagram of a further battery storage system for a
converter arrangement according to an embodiment of the invention.

Fig. 7 schematically shows a circuit diagram of a power supply system for a converter

arrangement according to an embodiment of the invention.

The reference symbols used in the drawings, and their meanings, are listed in summary
form in the list of reference symbols. In principle, identical parts are provided with the same

reference symbols in the figures.
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DETAILED DESCRIPTION OF EXEMPLARY EMBODIMENTS

Fig. 1 shows a traction vehicle 10, which may be supplied via a catenary line 14 from an
electrical grid 16. The traction vehicle 10 comprises a propulsion system 18 with an input
power converter 20, a DC link 22 and a motor converter 24. The converter 20 converts a
voltage from the grid 16 into a voltage in the DC link 22. The motor converter 24 converts
the voltage in the DC link 22 into a voltage supplied to electrical motors 26, which drive the

traction vehicle 10.

The traction vehicle 10 furthermore comprises a energy storage system 28, which is
connected via a DC-to-DC converter arrangement 30 with the DC link 22. The energy
storage system 28 may be a battery storage system. When the electrical grid 16 is connected,
the energy storage system 28 may be charged via the converter arrangement 30 from the DC
link 22, which is supplied from the converter 20. When the electrical grid 16 is not
connected, the DC link 22 and in particular the electrical motors 26 may be supplied from

the energy storage system 28 via the converter arrangement 30.

As shown in Fig. 2, the converter arrangement 30 is connected with a positive input 32a
with the positive side of the DC link 22 and with a negative input 32b to a negative side of
the DC link 22. The converter arrangement 30 need not be connected to a energy storage
system 28 as shown in Fig.1, but also may be connected with a positive output 34a and a
negative output 34a to two series-connected auxiliary devices 36a, 36b. The auxiliary
devices 36a, 36b may be low voltage inverters, low voltage grids, etc. which may be part of

the vehicle 10.

As will be described with respect to Fig. 5 and 6, the auxiliary devices 36a, 36b also may

be low voltage battery storage devices.

Fig. 2 shows that the DC link 22 may comprise a two-level DC link without a midpoint,
which may be provided by the converter 20 and/or which may have a DC link capacitor 38.
The DC link 22 also may comprise a split DC link with two series connected DC link
capacitors 38’. In typical traction applications, the DC link voltage may be about 2000 V.

The converter arrangement 30 comprises a first chopper circuit 40a and a second chopper
circuit 40b, which are connected via the inputs 32a, 32b with the DC link 22. The first

chopper circuit 40a and the second chopper circuit 40b are connected via a neutral point 50.

The first chopper circuit 40a is adapted for connecting the positive input 32a or the neutral
point 50 with the positive output 34a. The first chopper circuit 40a comprises a first switch

arrangement 42a, a first inductor 44a and a first capacity 46a. The first switch arrangement
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42a is adapted for connecting the first inductor 44a with the positive input 32a or with the
neutral point 50, the first inductor 44a interconnects the first switch arrangement 42a with
the positive output 34a and the first capacity 46a interconnects the positive output 34a with

the neutral point 50.

Analogously, the second chopper circuit 40b is adapted for connecting the negative input
32b or the neutral point 50 with the negative output 34b. The second chopper circuit 40b
comprises a second switch arrangement 42b, a second inductor 44b and a second capacity
46b. The second switch arrangement 42b is adapted for connecting the second inductor 44b
with the negative input 32b or with the neutral point 50, the second inductor 44b
interconnects the second switch arrangement 42b with the negative output 34b and the

second capacity 46b interconnects the negative output 34b with the neutral point 50.

The first capacity 46a and the second capacity 46a may be provided by discrete devices,

i.e. by capacitors.

Furthermore, a first input side overcurrent protection device 48a, such as a fuse, may be
connected between the first inductor 44a and the first capacity 46a and a second input side
overcurrent protection device 48b, such as a fuse, may be connected between the second

inductor 44b and the second capacity 46b.

The converter arrangement 30 furthermore may comprise an overvoltage protection
device 52 adapted for short-circuiting the positive output 34a with the negative output 34b,
when an overvoltage is measured between the positive output 34a and the negative output

34b.

The overvoltage protection device 52 also may be connected to the neutral point 50 and/or
may be adapted for short-circuiting the positive output 34a, the neutral point 50 and the
negative output 34b, when an overvoltage is measured between the positive output 34a and
the neutral point 50 and/or an overvoltage is measured between the negative output 34b and

the neutral point 50.

The overvoltage protection device 52 also may be connected to a midpoint 54 between
the auxiliary devices 36a, 36b and/or may be adapted for short-circuiting the positive output
34a, the midpoint 54 and the negative output 34b, when an overvoltage is measured between
the positive output 34a and the midpoint 54 and/or an overvoltage is measured between the

negative output 34b and the midpoint 54.

SY



10

15

20

25

30

WO 2020/207683 PCT/EP2020/056357
11

The overvoltage protection device 52 may comprise a controller and sensors for
measuring the above-mentioned voltages and for actuating its semiconductor switches as

described above and below.

Fig. 2 furthermore shows that the neutral point 50 may be grounded. This may be done

via a grounding device 56, for example such as shown in Fig. 4 or directly.

Fig. 3 shows a further embodiment of a converter arrangement 30. The DC link 22 of Fig.
3 is a three-level DC link with a midpoint 58 between the two DC link capacitors 38’.

The neutral point 50 of the chopper circuits may be connected to the midpoint 58 of the
DC link. Furthermore, the neutral point 50 may be connected to the midpoint 54 of the

auxiliary devices 36a, 6b and/or may be directly, i.e. hard grounded.

Fig. 3 also shows an embodiment for the switching arrangements 42a, 42b of the chopper
circuits 40a, 40b. The first switch arrangement 42a comprises a first half-bridge 60a with an
upper semiconductor switch 62a and lower semiconductor switch 62b. The first half-bridge
60a is interconnected between the positive input 32a and the neutral point 50 and provides a
first midpoint 64a connected to the first inductor 44a. The second switch arrangement 42b
comprises a second half-bridge 60b with an upper semiconductor switch 62¢ and lower
semiconductor switch 62d. The second half-bridge 60b is interconnected between the
negative input 32b and the neutral point 50 and provides a second midpoint 64b connected

to the second inductor 44b.

Fig. 3 further shows an embodiment for the overvoltage protection device 52. The
overvoltage protection device 50 comprises a first semiconductor switch 66a connecting the
positive output 34a and the neutral point 50 and a second semiconductor switch 66b
connecting the neutral point 50 with the negative output 34b. Each of the switches 66a may
comprise a thyristor and a free-wheeling diode. The thyristor may be triggered, when the

overvoltage protection device 52 is activated.

Fig. 4 shows a further embodiment of a converter arrangement 30. In the case of Fig. 4,
the neutral point 50 and the midpoint 54 are not directly connected. The neutral point 50 is
softly grounded via a grounding device 56 with a capacitor 70 and a parallel resistor 72. The

midpoint 54 is hard grounded.

The capacitive grounded neutral point 50 may limit ground fault currents in the propulsion
system 18. The hard grounded midpoint 54 may provide maximum safety with a robust

circuit.
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In the case of Fig. 4, the overvoltage protection device 52 comprises a first semiconductor
switch 66a connecting the positive output 34a and the midpoint 54 and a second
semiconductor switch 66b connecting the midpoint 54 with the negative output 34b. It
furthermore comprises a first diode 68a connected between the neutral point 50 and the
positive output 34a and a second diode 68b connected between the negative output 34b and
the neutral point 50. The diodes 68a, 68b may be needed if the capacitors 46a, 46b are
realized as electrolytic capacitors, which may not be reverse charged. In particular, the diode
68a protects the capacitor 46a against reverse charging in the event that switch 62b makes a
short circuit and the capacitor 46a is unloading via inductor 44a and the defect switch 62b.
The diode 68a ma be free wheeling the reverse charging current. The same applies to the

diode 68a and the components of the chopper circuit 40b.

Fig. 5 shows a battery storage system 28, which is composed of two series-connected
battery storage devices 36a’, 36b’. Each battery storage device 36a’, 36b” may comprise
battery cells 76 and/or be provided with an own housing and may be separately protected

with overcurrent protection devices 74a, 74b, 74c, 74d, such as fuses.

In general, the battery storage devices 36a’, 36b’ also may be auxiliary devices 36a, 36b

as in Fig. 2 to 4 and vice versa.

The output side overcurrent protection device 74a may be connected between the positive
output 34a and the first auxiliary device 36a’. The output side overcurrent protection device
74b may be connected between the midpoint 54 and the first auxiliary device 36a’. The
output side overcurrent protection device 74¢ may be connected between the midpoint 54
and the second auxiliary device 36b’. The output side overcurrent protection device 74d may

be connected between the negative output 34b and the second auxiliary device 36b’.

Fig. 5 also shows that the capacities 46a, 46b may be provided by the energy and/or
battery storage system 28. For example, the capacities 46a, 46b may be parasitic capacities

of the battery cells 76.

As shown in Fig. 6, the battery storage system 28 may be realized as a series connection
of battery cells 76 in one housing with midpoint 54 provided between the battery cells 76.
An output side overcurrent protection device 74e may be connected to this midpoint 54. The
overcurrent protection device 74e also may be connected to the midpoint of the overvoltage
protection device 52, such as in Fig. 4, and/or the neutral point 50 of the chopper circuits

40a, 40b such as shown in Fig. 3.
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Fig. 7 shows that instead of two first auxiliary devices 36a, 36b one auxiliary device 36¢
may be used, which may be connected between the outputs 34a, 34b. For example, the
auxiliary device 36¢ may be a power supply unit. The neutral point 50 need not be connected

to the auxiliary device 36c¢.

In the case of a power supply unit, the auxiliary device 36¢c may comprise an internal DC
link 78 with two capacitors 80 connected in series, which are connected between the outputs
34a, 34b. The capacitors 80 also may provide the capacities 46a, 46b for the chopper circuits
40a, 40b.

The auxiliary device 36¢ may comprise an inverter 82, which is also connected between
the outputs and/or which may provide on an output side 84 one or more phases 86 of an
auxiliary voltage. In this or these output phases 86 a sine filter 88 with an inductor 90 and a
capacitor 92 may be interconnected. The capacitors 92 of more than one phase 86 may be
star-connected and/or may be connected soft, hard or not to ground, for example via a
grounding device 94, which may be designed like the grounding device 56. A midpoint of
the internal DC link 78 may be connected to the star-point of the capacitors 92.

While the invention has been illustrated and described in detail in the drawings and
foregoing description, such illustration and description are to be considered illustrative or
exemplary and not restrictive; the invention is not limited to the disclosed embodiments.
Other variations to the disclosed embodiments can be understood and effected by those
skilled in the art and practising the claimed invention, from a study of the drawings, the
disclosure, and the appended claims. In the claims, the word “comprising” does not exclude
other elements or steps, and the indefinite article “a” or “an” does not exclude a plurality. A
single processor or controller or other unit may fulfil the functions of several items recited
in the claims. The mere fact that certain measures are recited in mutually different dependent
claims does not indicate that a combination of these measures cannot be used to advantage.

Any reference signs in the claims should not be construed as limiting the scope.

SY



10

15

20

25

30

WO 2020/207683

14
LIST OF REFERENCE SYMBOLS
10 traction vehicle
14 catenary line
16 electrical grid
18 propulsion system
20 input power converter
22 DC link
24 motor converter
26 electrical motor
28 energy storage system
30 converter arrangement
32a positive input
32b negative input
34a positive output
34b negative output
36a first auxiliary device
36b second auxiliary device
38 DC link capacitor
38’ DC link capacitor
40a first chopper circuit
40b second chopper circuit
42a first switch arrangement
42b second switch arrangement
44a first inductor
44b second inductor
46a first capacity
46b second capacity
48a first input side overcurrent protection device
48b second input side overcurrent protection device
50 neutral point
52 overvoltage protection device

54 midpoint

56 grounding device
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36a’
36b’
58
60a
60b
62a
62b
62c
62d
64a
64b
66a
66b
68a
68b
70
72
74a
74b
T4c
74d
T4e
76
36¢
78
80
82
84
86
88
90
92
94
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first battery storage device

second battery storage device

midpoint of DC link

first half-bridge

second half-bridge

first upper semiconductor switch

first lower semiconductor switch

second upper semiconductor switch
second lower semiconductor switch

first midpoint

second midpoint

first semiconductor switch

second semiconductor switch

first diode

second diode

capacitor

resistor

output side overcurrent protection device
output side overcurrent protection device
output side overcurrent protection device
output side overcurrent protection device
output side overcurrent protection device
battery cell

power supply unit

internal DC link

capacitor

inverter

output side

phase of auxiliary voltage

sine filter

inductor

capacitor

grounding device
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CLAIMS

1. A converter arrangement (30), comprising:

a first chopper circuit (40a) for connecting a positive input (32a) or a neutral point
(50) with a positive output (34a), wherein the first chopper circuit (40a) comprises a first
switch arrangement (42a), a first inductor (44a) and a first capacity (46a), wherein the first
switch arrangement (42a) is adapted for connecting the first inductor (44a) with the positive
input (32a) or with the neutral point (50), the first inductor (44a) interconnects the first switch
arrangement (42a) with the positive output (34a) and the first capacity (46a) interconnects

the positive output (34a) with the neutral point (50);,

a second chopper circuit (40b) for connecting a negative input (32b) or the neutral
point (50) with a negative output (34b), wherein the second chopper circuit (40b) comprises
a second switch arrangement (42b), a second inductor (44b) and a second capacity (46b),
wherein the second switch arrangement (42b) is adapted for connecting the second inductor
(44b) with the negative input (32b) or with the neutral point (50), the second inductor (44b)
interconnects the second switch arrangement (42b) with the negative output (34b) and the

second capacity (46b) interconnects the negative output (34b) with the neutral point (50);

a first auxiliary device (36a) and a second auxiliary device (36b) connected between

the positive output (34a) and the negative output (34b);

an overvoltage protection device (52) adapted for short-circuiting the positive output
(34a) and the negative output (34b), when an overvoltage is measured between the positive

output (34a) and/or the negative output (34b) and the neutral point (50);

wherein the overvoltage protection device (52) comprises a first semiconductor
switch (66a) connecting the positive output (34a) and a midpoint (54) between the first
auxiliary device (36a) and the second auxiliary device (36b) and a second semiconductor

switch (66b) connecting the midpoint (54) with the negative output (34b).

2. The converter arrangement (30) of claim 1,

wherein the first semiconductor switch (66a) connects the positive output (34a) and
the neutral point (50) and the second semiconductor switch (66b) connects the neutral point

(50) with the negative output (34b).
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3. The converter arrangement (30) of claim 1 or 2,
wherein the neutral point (50) is grounded; or

wherein the neutral point (50) is grounded via a capacitor (70) and/or a resistor (72);

or

wherein the neutral point (50) is directly connected to ground.

4. The converter arrangement (30) of one of the previous claims, further comprising:
a DC link (22) interconnecting the positive input (32a) and the negative input (32b);

wherein the DC link (22) is supplied by an input power converter (20), which is

adapted for converting a grid voltage and/or generator voltage into the DC link voltage.

5. The converter arrangement (30) of claim 4,

wherein the neutral point (50) is connected to a midpoint (58) of the DC link (22).

6. The converter arrangement (30) of one of the previous claims, further comprising:

a first input side overcurrent protection device (48a) between the positive input (32a)

and the positive output (34a); and/or

a second input side overcurrent protection device (48b) between the negative input

(32b) and the negative output (34b).

7. The converter arrangement (30) of one of the previous claims, further comprising:

an auxiliary device (36¢) connected between the positive output (34a) and the

negative output (34b);

wherein the auxiliary device (36¢) comprises an inverter (82) for generating an AC
voltage from the Dc voltage provided between the positive output (34a) and the negative

output (34b).

8. The converter arrangement (30) of one of the previous claims,

wherein the first auxiliary device (36a) is a first battery storage device (36a’) and the

second auxiliary device (36b) is a second battery storage device (36b).
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9. The converter arrangement (30) of one of the previous claims,

wherein the overvoltage protection device (52) comprises a first diode (68a)
connected between the neutral point (50) and the positive output (34a) and a second diode

(68b) connected between the negative output (34b) and the neutral point (50).

10.  The converter arrangement (30) of one of the previous claims,

wherein the midpoint (54) between the first auxiliary device (36a) and the second

auxiliary device (36b) is directly connected to ground..

11.  The converter arrangement (30) of one of the previous claims,

wherein the midpoint (54) between the first auxiliary device (36a) and the second

auxiliary device (36b) is connected to the neutral point (50).

12.  The converter arrangement (30) of one of the previous claims, further comprising:

a first output side overcurrent protection device (74a) between the positive output

(34a) and the first auxiliary device (36a’); and/or

a second output side overcurrent protection device (74d) between the negative output

(34b) and the second auxiliary device (36b’); and/or

a third output side overcurrent protection device (74b, 74¢) connected to the midpoint

(54) between the first auxiliary device (36a’) and the second auxiliary device (36b”).

13.  The converter arrangement (30) of one of the previous claims,

wherein the first capacity (46a) and the second capacity (46b) are discrete devices;

and/or

wherein the first capacity (46a) and the second capacity (46b) are parasitic capacities

of an energy storage system (28).

14.  The converter arrangement (30) of one of the previous claims,

wherein the first switch arrangement (42a) comprises a first half-bridge (60a) with

an upper semiconductor switch (62a) and lower semiconductor switch (62b), the first half-
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bridge (60a) interconnected between the positive input (32a) and the neutral point (50) and
providing a first midpoint (64a) connected to the first inductor (44a),

wherein the second switch arrangement (42b) comprises a second half-bridge (60b)
with an upper semiconductor switch (62¢) and lower semiconductor switch (62d), the second
half-bridge (60b) interconnected between the negative input (32b) and the neutral point (50)

and providing a second midpoint (64b) connected to the second inductor (44b).

15. A traction vehicle (10), comprising:
a converter arrangement (30) according to one of the previous claims;

a DC link (22) connected between the first input (32a) and the second input (32b) of

the converter arrangement (30);

a input power converter (20) for converting a grid and/or generator voltage into a DC

link voltage of the DC link (22);
at least one electrical motor (26) for driving the traction vehicle (10);

a motor converter (24) for converting the DC link voltage into a motor voltage to be

supplied to the at least one electrical motor (26).
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