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AN ELECTRIC CURRENT MEASURING ARRANGEMENT, A
VOLTAGE SOURCE CONVERTER AND A METHOD FOR
OPERATION OF THE CONVERTER

TECHNICAL FIELD OF THE INVENTION

The present invention relates to an electric current measuring
arrangement configured to measure an electric current in an
electric power converter, which converter comprises
e a half bridge with two current valves connected in series
and each comprising a rectifying diode and at least a first
of the valves has a semiconductor device of turn-off type
connected in anti-parallel therewith, a midpoint of the half
bridge between the two current valves being connected to a
first of opposite sides of the half bridge and opposite ends
of the series connection of the valves being connected to a
second of said opposite sides of the half bridge, and
e a gate drive unit having a gate drive part configured to
control the semiconductor device of at least the first of the
current valves to turn on and off to transfer electric power
between said first and second sides of the half bridge.

The invention is not restricted to any particular location of an
electric power converter to be subjected to an electric current
measurement by such an arrangement, but the use thereof in a
track-bound vehicle, such as a rail vehicle, will in some parts of
this disclosure be explained for illuminating the invention but
accordingly not restrict the invention to that application.

The half bridge in said measuring arrangement may in that
particular application be present in any of the voltage source
converters included in a track-bound vehicle 1 shown in Fig. 1,
where it is schematically illustrated how electric power may be fed
to the vehicle 1 from an AC-supply line 2 and used in the vehicle.
The vehicle is configured to move along the AC-supply line 2,
which acts as an AC-source when transferring electric power to
the vehicle and an AC-load when receiving electric power from the
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vehicle when braking. The AC-supply line 2 may for example carry
a single phase alternating voltage of 15 kV and 16 2/3 Hz (Sweden,
Germany etc.) or 25 kV and 50 Hz (Denmark, China, India etc.).
The vehicle has a transformer 3 for transforming the voltage from
the supply line 2 to a suitable level. A secondary winding 4 of the
transformer is connected to a line converter module 5 for
delivering a direct voltage of for example 0,8-3 kV on the output
thereof. The two poles 6, 7 of that direct voltage link are connected
to a machine converter module 8 including a voltage source
converter being controlled to deliver a three phase alternating
voltage on the output thereof to a traction motor 9 in the form of
an electric machine for driving the vehicle. The two direct voltage
poles 6, 7 are also connected to the input of an auxiliary converter
module 10 including a voltage source converter controlled to
deliver a three phase alternating voltage on the output thereof to
a distribution network to sockets arranged in the track-bound
vehicle such as for connection of computers, and to lightening,
heating and other appliances.

In case of a direct current fed track-bound vehicle the supply line
will instead be a DC-supply line, and the transformer and the line
converter module shown in Fig. 1 will then normally be replaced
by a filter.

The converter modules of an electric power converter shown in
Fig. 1 will have a gate drive unit mentioned in the introduction and
how this may operate is for example disclosed in EP 3 236 567 A1.
The half bridges controlled by a said gate drive unit and which may
be subjected to current measurements may be the half bridges
present in the converters and having the midpoint connected to an
AC phase on the AC side of the converter or a half bridge forming
a brake or overvoltage chopper included in the converter. Another
possibility is that the half bridge in question is included in a voltage
step-up chopper of a battery charger connected to the output of a
said auxiliary converter module through a rectifier for charging
auxiliary batteries arranged in the track-bound vehicle to supply
all DC auxiliary loads and electronics of the vehicle.
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BACKGROUND ART

For the control of an electric power converter as the one
schematically illustrated in Fig. 1 it is crucial to know the value of
currents flowing in connection with the various half bridges
included therein and mentioned above. It is for that sake known to
have costly and bulky currents sensors arranged where these
currents are to be measured.

SUMMARY OF THE INVENTION

The object of the present invention is to provide an electric current
measuring arrangement of the type defined in the introduction able
to deliver a reliable current measurement value without the use of
a costly and bulky current sensor, a voltage source converter
according to the preamble of the appended independent claim
directed thereto provided with such an arrangement as well as a
method for operation of such a voltage source converter.

This object is with respect to the electric current measuring
arrangement obtained by providing such an arrangement with the
features listed in the characterizing part of appended patent claim
1.

Thus, by measuring the voltage drop across the rectifying diode of
one of the current valves of the half bridge when the diode is
conducting and when the gate drive part is controlling the
semiconductor device of the other current valve to be off and/or
the voltage drop across a semiconductor device, when it is
conducting, controlled by the gate drive part to be turned on, it
may be utilized that such a voltage drop value depends on the
value of the current flowing through the current valve, and by
knowing the temperature of the rectifying diode or semiconductor
device in question a reliable value of said current may be
calculated. The voltage drop measurement may for example be
carried out as disclosed in EP 3 236 567 A1 or WO 2020/104204
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A1. The temperature measurement may for example be carried out
by a temperature sensor arranged on a plate or board on which
the current valves are mounted, or even better by a temperature
sensor incorporated in the semiconductor device and diode
module. The expression “measuring the temperature in the vicinity
of a current valve” as used in this disclosure includes both
measuring the temperature outside and close to the current valve
and inside the current valve.

According to an embodiment of the invention the arrangement is
configured to measure an electric current in an electric power
converter which further comprises a battery charger having said
half bridge operating as a step-up battery chopper with a DC
source connected to said midpoint of the half bridge with a DC
voltage thereof applied across said first current valve and a battery
to be charged connected to said second side of the half bridge,
and said calculating unit is configured to calculate and deliver a
value of the current flowing through the current valve for which a
voltage drop measurement is carried out and by that deliver a
value of a battery chopper input current flowing into the battery
charger from said DC source. The battery chopper input current
measurement enabled by such an arrangement is used for the
protection of the battery charger against high current and also to
estimate the temperature of a transformer connected to the input
of the battery charger to protect this against overheating. It is
possible to obtain this without any need of a costly and bulky
battery chopper input current sensor.

In a voltage source converter according to the invention it is
possible to have an electric current measuring arrangement
according to the invention for omitting a costly and bulky current
sensor, but it is also possible to use the arrangement for checking
the functionality of a current sensor used in such a voltage source
converter.

According to an embodiment of the invention the voltage source
converter comprises a current sensor configured to measure the
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current between said midpoint of the half bridge and said AC
load/source and a member configured to compare the current
value delivered by said calculating unit and the value of the current
measured by the current sensor and by the result of this
comparison deliver a judgement of the state of said sensor.
Conventional such current sensors used for phase current
measurements may be subjected to a failure making them able to
measure current only in one direction, and such a failure may then
be detected in a voltage source converter according to this
embodiment of the invention.

According to another embodiment of the invention the voltage
source converter comprises three said half bridges each having a
said gate drive unit with said first and second gate drive parts for
creating a three phase AC fundamental voltage and current on said
AC side and it is then possible to have a separate current sensor
in at least two of the three half bridges to measure the current
between said midpoint of the half bridge and said AC load/source.

According to another embodiment of the invention said three half
bridges comprises a said voltage drop measuring member and a
member configured to compare the current value delivered by said
calculating unit for the half bridge and the value of the current
measured by the respective current sensor and by the result of this
comparison deliver a judgement of the state of the sensor. The
state of the at least two current sensors for at least two phases
may by that be checked.

According to another embodiment of the invention the voltage
source converter comprises a further half bridge with two current
valves connected in series and configured to be connected to said
opposite poles of a DC source/load, a first of said current valves
comprising a semiconductor device of turn-off type and a rectifying
diode connected in anti-parallel therewith, and the other current
valve comprising at least a rectifying diode with the same
conducting direction as the rectifying diode in the first current
valve as seen in the direction of said series connection, and with
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a resistor connected in parallel with said other current valve, the
converter comprising a gate drive unit having a gate drive part
configured to control the semiconductor device of said first valve
to turn on and off making this half bridge functioning as a brake
chopper while burning electric power in said resistor when having
the semiconductor device of the first valve turned on, said electric
current measuring arrangement having a voltage drop measuring
member applied to this further half bridge, and said calculating unit
being configured to use information about the voltage drop
measured by this member and the temperature associated with the
current valve in question to calculate and deliver a value of the
current flowing through the resistor. It is then possible to have a
member in the voltage source converter configured to compare the
value delivered of the current flowing through the resistor with an
expected resistor current value and deliver a judgement of the
state of the resistor by the result of this comparison. The purpose
of the resistor is to protect the converter from overvoltage by
burning excessive energy of said DC source and burn the energy
coming from the traction motor at braking when no feedback
possibilities are possible, e.g. when the voltage of the supply line
is higher than the acceptable level. The invention makes it
possible to detect when there is no brake chopper current when
activated and a faulty resistor can by that be detected without
having a dedicated costly and bulky current sensor. In case of a
short-circuited brake resistor this may also be detected.

According to another embodiment of the invention the voltage
source converter is configured to have said half bridges thereof
connected to a DC source/load in the form of a DC supply line, and
it comprises a unit configured to determine the line current flowing
between said DC supply line and the voltage source converter by
combining the results of current values delivered by the current
sensors of the three half bridges and the value of the resistor
current calculated. In the regulation of the traction motor power in
a DC-fed system it is of vital importance to be aware of the line
current which has to be limited to a maximum value for the actual
line voltage. A value of this line current may in this embodiment of
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the voltage source converter be obtained by adding the result of
the current value measurements of the brake chopper current to
the phase current values obtained by the current sensors without
the need of any physical sensor for the chopper current which
saves costs and space for such a sensor.

According to another embodiment of the invention the
semiconductor devices of the current valves are IGBTs (Insulated
Gate Bipolar Transistors) or MOSFETs (Metal Oxide
Semiconductor Field Effect Transistors).

The invention also relates to a method for measuring an electric
current in an electric power converter according to the appended
independent method claim. The advantages of such a method and
possible embodiments thereof appear clearly from the above
discussion of the electric current measuring arrangement and the
voltage source converter according to the invention.

The invention also relates to a firmware product, a computer
program product, an electronic converter control unit and a track-
bound vehicle according to the appended claims directed thereto.

Further advantages as well as advantageous features of the
invention will appear from the following description of
embodiments of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

With reference to the appended drawings, below follows a specific
description of embodiments of the invention cited as examples. In
the drawings:

Fig. 1 is a very schematic view illustrating how different types of
converters of the type to which the present invention is
directed may be arranged and controlled in a track-bound
vehicle,
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Fig. 2 is a very schematic view illustrating the principles of
current measuring in a half bridge according to the
invention,

Fig. 3 is a graph illustrating the voltage drop U across a
semiconductor device versus current | in forward (to the
right of the U ordinate) and backward (to the left of the U
ordinate) direction making it possible to translate a
measured voltage value to a current through the
semiconductor device and the diode, respectively. The
forward and backward voltage drops have in the reality
different curves.

Fig. 4 illustrates schematically a machine converter module
connected to a traction motor in a DC-fed system to which
the present invention is applied,

Fig. 5 is a simplified graph of phase current versus time
measured by a current sensor shown in Fig. 4 when
subjected to a failure,

Fig. 6 is a schematic circuit diagram of a battery charger with
step up chopper to which current measurements
according to the invention are applied, and

Fig. 7 is a schematic view illustrating an electronic converter
control unit for implementing the invention.

DETAILED DESCRIPTION OF EMBODIMENTS OF THE
INVENTION

Fig. 2 illustrates very schematically the principles of the current
measurements according to the present invention showing a half
bridge 11 with two current valves 12, 13 connected in series and
having opposite ends connected to opposite poles 6, 7 of a DC
source/load and a midpoint 14 between the two current valves
forming an AC side of the converter. Each current valve has here
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a semiconductor device 15, 16 of turn-off type in the form of an
IGBT and a rectifying diode 17, 18 connected in anti-parallel
therewith. The semiconductor devices are controlled to turn on and
off through gate drive parts 19, 20 of a gate drive unit 21 in
common. Turn-off types semiconductor devices are in this
disclosure defined as semiconductor devices acting as IGBTs and
MOSFETs by being able to be controlled to be abruptly turned off
enabling creating of a Pulse Width Modulation pattern thereby.

It is shown through boxes 22 and 23 how the voltage drop across
each current valve is measured. During a half period of the AC
current on the AC side of the converter a semiconductor device 15
is controlled to turn on and off current is flowing through the
semiconductor device 15 to the AC side when turned on and
through the rectifying diode 18 of the lower current valve when the
semiconductor device 15 is turned off. Voltage drop values U
measured will be depending upon said current | as shown in Fig.
3 but also the temperature of the current valves and especially the
semiconductor devices thereof. The voltage measurement values
are sent further to a unit 24 for signal processing while carrying
out a temperature adaption of the voltage measurements made
possible by information from a temperature sensor 25 measuring
the temperature in the vicinity of the semiconductor device and
the rectifying diode of the respective current valve. The unit 24 is
configured to use information of the voltage drop and temperature
measurements to calculate a value of the current flowing through
the respective current valve and by that to or from the AC-side of
the converter. Information about the current measured may then
be sent through a voltage insulation block 26 to a converter control
unit 27 controlling the converter. Accordingly, measurements of
the current flowing in said half bridge may be carried out without
a need of any bulky and costly current sensor. Here the
temperature compensation is carried out in the gate drive unit 21,
but it is within the scope of the invention to carry out the
temperature compensation in the converter control unit instead.
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Fig. 4 illustrates a voltage source converter 30 having four half
bridges 31-34, three for three phases of the AC side thereof and
one half bridge 34 forming a brake or overvoltage chopper. All four
half bridges have a gate drive unit not shown. The brake chopper
comprises a first 35 and second 36 current valve connected in
series with a resistor 37 connected in parallel with the second
current valve. The gate drive unit for this chopper not shown is
configured to control the semiconductor device of the first current
valve 35 to turn on and off making this half bridge functioning as
a brake chopper while burning electric power in the resistor 37. A
voltage drop measuring member in an electric current measuring
arrangement according to the invention is applied to the brake
chopper half bridge and a temperature sensor 44 is configured to
measure the temperature in the vicinity of the semiconductor
device of the first current valve of this half bridge for enabling a
calculating unit 43 of the arrangement to calculate and deliver a
value of the current flowing through the resistor. A member 38 is
configured to compare the value delivered of the current flowing
through the resistor with an expected resistor current value and by
that deliver a judgement of the state of the resistor by the result of
this comparison. A traction motor may have for instance four sets
of four half bridges as shown in Fig. 4 included in the converter
control unit and connected in parallel. If then a faulty brake
chopper resistor is detected it is possible to still run the motor with
a lower power by using the other three brake chopper resistors.

Furthermore, it is shown in the figure how each phase is provided
with a current sensor 39-41, and these sensors are configured to
send current information to a unit 42 also receiving information of
the current through the resistor 37 from the electric current
measuring arrangement according to the invention, so that in the
case of DC source/load in the form of a DC supply line connected
to the converter 30 the line current flowing between said DC supply
line and the voltage source converter may be determined. A
member 45 may also compare current values calculated with
values of currents measured by the current sensors 39-41 for
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delivering a judgement of the state thereof. This comparing
member may be included in the converter control unit.

Conventional, separate current sensors 39-41 used for phase
current measurements may use +24V, 0V and -24V supply. If
either +24V or -24V is lost then the sensors are able to measure
current only in one direction, which is illustrated in Fig. 5 by the
current value Ir delivered thereby and differing from the actual
current |n obtained by the current measurement according to the
invention not only by a factor k, so that the failing sensor may in
this way be detected.

Fig. 6 illustrates a half bridge 50 in the form of a step up battery
chopper used for charging a battery 51 to supply DC auxiliary
loads 52 and electronics in a track-bound vehicle. A three phase
voltage emanating from an auxiliary converter module of the
electric power converter in a track-bound vehicle is connected to
a rectifier 53, and the DC source 54 obtained thereby is connected
to a midpoint 55 of the half bridge with a DC voltage thereof
applied across the lower current valve 56, and the battery 51 to be
charged is connected to the other side of the half bridge. Thus, the
semiconductor device 58 of the current valve 56 is controlled to
turn on and off for charging the battery, in which the current flowing
into the midpoint is flowing through this semiconductor device or
when this is turned off through the rectifying diode 57. The gate
drive unit in the electric current measuring arrangement according
to the invention is configured to measure the voltage drop across
the semiconductor device 58 in the valve 56 or across the
rectifying diode 57 when conducting and to calculate the battery
chopper input current by also considering a temperature measured
in the vicinity of the valve in question. This means that no separate
current sensor has to be used for measuring the battery chopper
input current which has to be measured for the protection of the
battery charger against high current. This current measurement is
also used to estimate battery charger input transformer
temperature to protect it against overheating.
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Computer program code for implementing a method according to
the invention is with advantage included in a computer program
which can be read into the internal memory of a computer, e.g. the
internal memory of an electronic converter control unit of a track-
bound vehicle. Such a computer program is with advantage
provided with a computer program product comprising a data
storage medium which can be read by a computer and which has
the computer program stored on it. Fig. 7 illustrates very
schematically an electronic converter control unit 60 comprising
an execution means 61, e.g. a central processor unit (CPU) for
execution of computer software. The execution means 61
communicates with a memory 62, e.g. of the RAM type, via a data
bus 63. The electronic converter control unit 60 also comprises a
non-transitory data storage medium 64, e.g. in the form of a flash
memory or a memory of the ROM, PROM, EPROM or EEPROM
type. The execution means 61 communicates with the data storage
medium 64 via the data bus 63. The computer program comprises
computer program code for implementing a method according to
the invention. Even better is to have the functions of the method
for measuring an electric current in an electric power converter
completely performed by a programmable digital circuit in the form
of a Field-Programmable Gate Array, an FPGA, having a plurality
of parallel signal branches making it operating faster than a
computer microprocesson and the logical function of which may be
changed by sending new programs thereto through a cable.
Reference is made to WO 00/10243 showing such control.

The invention is of course in no way restricted to the embodiments
described above, since many possibilities for modifications thereof
are likely to be obvious to one skilled in the art without having to
deviate from the scope of the invention defined in the appended
claims.

In some of the current valves of the half bridges shown in the
figures only a rectifying freewheeling diode is needed, as in the
lower valve in the brake chopper and in the upper valve in the
battery step-up chopper, but it may be rational to in spite of that



WO 2022/268595 PCT/EP2022/066261
13

have the same type of current valves everywhere in the electric
system in question.

The diode may also be built in in the semiconductor device and
not be a separate part.
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Claims

1. An electric current measuring arrangement configured to
measure an electric current in an electric power converter,
which converter comprises

e a half bridge (11, 31-34, 50) with two current valves (12,
13, 35, 36, 56) connected in series and each comprising
a rectifying diode (17, 18, 57) and at least a first of the
valves has a semiconductor device (15, 16, 58) of turn-
off type connected in anti-parallel therewith, a midpoint
(14, 55) of the half bridge between the two current valves
being connected to a first of opposite sides of the half
bridge and opposite ends of the series connection of the
valves being connected to a second of said opposite sides
of the half bridge, and

e a gate drive unit (21) having a gate drive part (19, 20)
configured to control the semiconductor device of at least
the first of the current valves to turn on and off to transfer
electric power between said first and second sides of the
half bridge,

characterized in that the electric current measuring

arrangement comprises at least one of

a)

b)

a member (22, 23) configured to measure the voltage drop
across the rectifying diode (17, 18, 57) of one of said
current valves when it is conducting, and accordingly in the
case of a said semiconductor device in that current valve
the backward voltage drop of that device, when said gate
drive part is controlling the semiconductor device of the
other current valve to be off, and

a member (22, 23) configured to measure the voltage drop
across a said semiconductor device (15, 16, 58) when it is
conducting controlled by said gate drive part to be turned
on, and accordingly the forward voltage drop of that
semiconductor device,

that the arrangement further comprises a member (25, 44)
configured to measure the temperature in the vicinity of the
current valve for which a voltage drop measurement is
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carried out and a calculating unit (24, 43) configured to
receive voltage drop measurement values and temperature
values associated with the same of said current valves and
use this information to calculate and deliver a value of the
current flowing through this current valve.

An electric current measuring arrangement according to claim
1, characterized in_that it is configured to measure an
electric current in an electric power converter which further
comprises a battery charger having said half bridge (50)
operating as a step-up battery chopper with a DC source (54)
connected to said midpoint (55) of the half bridge with a DC
voltage thereof applied across said first current valve (58) and
a battery (51) to be charged connected to said second side of
the half bridge, and that said calculating unit is configured to
calculate and deliver a value of the current flowing through
the current valve for which a voltage drop measurement is
carried out and by that deliver a value of a battery chopper
input current flowing into the battery charger from said DC
source (54).

3. A voltage source converter comprising

e a half bridge (11, 31-34) with two current valves (12, 13,
35, 36) connected in series and configured to be
connected to opposite poles (6, 7) of a DC source/load,
each said current valve comprising a semiconductor
device (15, 16) of turn-off type and a rectifying diode (17,
18) connected in anti-parallel therewith, a midpoint (14)
of the half bridge between the two current valves forming
an AC side of the converter and being configured to be
connected to an AC load/source (9), and

e a gate drive unit (21) having a first gate drive part (19)
configured to control the semiconductor device of a first
of the current valves and a second gate drive part (20)
configured to control the semiconductor device of the
other, second of the current valves to turn on and off
according to a Pulse Width Modulation pattern for
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creating an AC fundamental voltage and current on said
AC side,
characterized in that the converter comprises an electric
current measuring arrangement according to claim 1.

A voltage source converter according to claim 3,
characterized in that it comprises a current sensor (39-41)
configured to measure the current between said midpoint of
the half bridge and said AC load/source (9) and a member (45)
configured to compare the current value delivered by said
calculating unit (43) and the value of the current measured by
the current sensor and by the result of this comparison deliver
a judgement of the state of said sensor (39-41).

A voltage source converter according to claim 3 or 4,
characterized in_that it comprises three said half-bridges
(31-33) each having a said gate drive unit (21) with said first
and second gate drive parts (19,20) for creating a three phase
AC fundamental voltage and current on said AC side.

A voltage source converter according to claim 5,
characterized in _that at least two of the three half bridges
(31-33) has a current sensor (39-41) configured to measure
the current between said midpoint of the half bridge and said
AC load/source (9).

A voltage source converter according to claim 6,
characterized in_that said three half bridges (31-33)
comprises a said voltage drop measuring member (22, 23) and
a member (38) configured to compare the current value
delivered by said calculating unit (43) for the half bridge and
the value of the current measured by the respective current
sensor (39-41) and by the result of this comparison deliver a
judgement of the state of the sensor.

A voltage source converter according to claim 6 or 7,
characterized in that it comprises a further half bridge (34)
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with two current valves (35, 36) connected in series and
configured to be connected to said opposite poles (6, 7) of a
DC source/load, a first (35) of said current valves comprising
a semiconductor device of turn-off type and a rectifying diode
connected in anti-parallel therewith, and the other current
valve (36) comprising at least a rectifying diode with the same
conducting direction as the rectifying diode in the first current
valve as seen in the direction of said series connection, and
with a resistor (37) connected in parallel with said other
current valve (36), that it comprises a gate drive unit (21)
having a gate drive part configured to control the
semiconductor device of said first valve (35) to turn on and off
making this half bridge (34) functioning as a brake chopper
while burning electric power in said resistor (37) when having
the semiconductor device of the first valve turned on, that said
electric current measuring arrangement has a voltage drop
measuring member applied to this further half bridge, and that
said calculating unit (43) is configured to use information
about the voltage drop measured by this member and the
temperature associated with the current valve in question to
calculate and deliver a value of the current flowing through
the resistor.

A voltage source converter according to claim 8,
characterized in that it comprises a member (38) configured
to compare the value delivered of the current flowing through
the resistor (37) with an expected resistor current value and
deliver a judgement of the state of the resistor by the result of
this comparison.

A voltage source converter according to claim 8 or 9,
characterized in that it is configured to have said half bridges
thereof connected to a DC source/load (6, 7) in the form of a
DC supply line, and that it comprises a unit (42) configured to
determine the line current flowing between said DC supply line
and the voltage source converter by combining the results of
current values delivered by the current sensors (39-41) of the
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three half bridges and the value of the resistor current
calculated.

A voltage source converter according to any of claims 3-10,
characterized in that the semiconductor devices (15, 16, 58)
of the current valves (12, 13, 35, 36, 56) are IGBTs (Insulated
Gate Bipolar Transistors) or MOSFETs (Metal Oxide
Semiconductor Field Effect Transistors).

A method for measuring an electric current in an electric
power converter, which converter comprises
e a half bridge (11, 31-34, 50) with two current valves (12,
13, 35, 36, 56) connected in series and each comprising
a rectifying diode (17, 18, 57) and at least a first of the
valves has a semiconductor device (15, 16, 58) of turn-
off type connected in anti-parallel therewith, a midpoint
(14, 55) of the half bridge between the two current valves
being connected to a first of opposite sides of the half
bridge and opposite ends of the series connection of the
valves being connected to a second of said opposite sides
of the half bridge, and
e a gate drive unit (21) having a gate drive part (19, 20)
configured to control the semiconductor device of at least
the first of the current valves to turn on and off to transfer
electric power between said first and second sides of the
half bridge,
characterized in that the method comprises at least one of
steps a) and b) being
a) measuring the voltage drop across the rectifying diode (17,
18, 57) of one of said current valves when it is conducting
when said gate drive part is controlling the semiconductor
device of the other current valve to be off, and
b) measuring the voltage drop across a said semiconductor
device (15, 16, 58) when it is conducting controlled by said
gate drive part to be turned on,
and that the method comprises the further steps:




10

15

20

25

30

WO 2022/268595 PCT/EP2022/066261

13.

14.

15.

19

c) measuring the temperature in the vicinity of the current
valve for which a voltage drop measurement is carried out,
and

d) calculating and delivering a value of the current flowing
through this current valve by use of information of the
voltage drop and temperature measurements carried out in
the former steps.

A firmware product adapted for storing in a non-transitory data
storage medium which can be read by a Field-programmable
gate array (FPGA) and which causes said FPGA to implement
a method according to claim 12 or a computer program
product comprising a non-transitory data storage medium
which can be read by a computer and on which a computer
program is stored which comprises computer program code
for causing a computer to implement a method according to
claim 12 when the computer program is executed by a
computer .

An electronic converter control unit comprising an execution
means (61), a memory (62) connected to the execution means
and a non-transitory data storage medium (64) which is
connected to the execution means (61) and on which the
computer program code of a computer program according to
claim 13 is stored.

A track-bound vehicle (1) having at least one converter
according to any of claims 3-11.



