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(57) Abréegée/Abstract:

The Invention relates to an arrangement for providing a plurality of vehicles (162), in particular track bound vehicles, with electric
energy. The arrangement comprises an electric conductor arrangement for producing alternating electromagnetic fields and for
thereby transferring electromagnetic energy to the vehicles (162). The conductor arrangement comprises a plurality of consecutive
segments (157), whereln each segment (157) comprises at least one phase line (135a, 135b, 135c¢) for carrying a phase of an
alternating current. Corresponding phase lines of neighbouring consecutive segments are connected In series to each other. The
arrangement comprises a direct current power supply line for supplying electric energy to the segments (157). A switching device
(INV) for producing the alternating current of the conductor arrangement from the current carried by the power supply line Is
connected to each interface between two neighbouring consecutive segments (157). The arrangement comprises a control device
(159) for controlling the operation of the switching devices (152) in such a manner that a first active sector (157b) of the conductor
arrangement Is operated to produce an electromagnetic field in order to transfer electromagnetic energy to a first vehicle (162a),
wherein a first switching device (INV A) Is connected to a first end of the first sector (157b) and a second switching device (INV 1) Is
connected to a second end of the first sector (157b) opposite to the first end, wherein the first (INV A) and second switching device
(INV 1) are controlled to operate at a phase shift. A second active sector (157¢e) Is operated to transfer energy to a second vehicle
(162b). A third switching device (INV 3) Is connected to a first end of the second sector (157¢e) and a fourth switching device (INV
4) Is connected to a second end of the second sector (157¢e), wherein the third (INV 3) and fourth (INV 4) switching device are
controlled to operate at a phase shift. The first to fourth switching device are controlled to produce no voltage across the phase
ine(s) of further segments (157¢, 157d) In between the first (157b) and second (157¢e) active sector.
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(57) Abstract: The mvention relates to an arrangement for providing a plurality of vehicles (162), in particular track bound vehi-
cles, with electric energy. The arrangement comprises an electric conductor arrangement for producing alternating electromagnetic
fields and for thereby transterring electromagnetic energy to the vehicles (162). The conductor arrangement comprises a plurality
of consecutive segments (157), wherein each segment (157) comprises at least one phase line (135a, 135b, 135¢) for carrying a

phase of an alte

mating current. Corresponding phase lines of neighbouring consecutive segments are connected in series to each

other. The arrangement comprises a direct current power supply line for supplying electric energy to the segments (157). A
switching device (INV) for producing the alternating current of the conductor arrangement from the current carried by the power
supply line 1s connected to each interface between two neighbouring consecutive segments (157). The arrangement comprises a
control device (159) for controlling the operation of the switching devices (152) i such a manner that a first active sector (157b)
of the conductor arrangement 1s operated to produce an electromagnetic field in order to transter electromagnetic energy to a first
vehicle (162a), wherein a first switching device (INV A) 1s connected to a first end of the first sector (157b) and a second switch-
ing device (INV 1) 1s connected to a second end of the first sector (157b) opposite to the first end, wherein the first (INV A) and
second switching device (INV 1) are controlled to operate at a phase shift. A second active sector (157¢) 1s operated to transier en-
ergy to a second vehicle (162b). A third switching device (INV 3) 1s connected to a first end of the second sector (157¢) and a
fourth switching device (INV 4) 1s connected to a second end of the second sector (157¢), wherein the third (INV 3) and fourth
(INV 4) switching device are controlled to operate at a phase shift. The first to fourth switching device are controlled to produce
no voltage across the phase line(s) of further segments (157¢, 157d) i between the first (157b) and second (157¢) active sector.
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Providing a plurality of vehicles, in particular track bound vehicles, with electric energy

The invention relates to an arrangement and a method for providing a plurality of vehicles,
In particular track bound vehicles, with electric energy. In particular, the track bound

vehicle may be a light rail vehicle (e.g. a tram).

In particular track bound vehicles, such as conventional rail vehicles, mono-rail vehicles,
trolley busses and vehicles which are guided on a track by other means, such as other
mechanical means, magnetic means, electronic means and/or optical means, require
electric energy for propulsion on the track and for operating auxiliary systems, which do
not produce traction of the vehicle. Such auxiliary systems are, for example, lighting
systems, heating and/or air condition system, the air ventilation and passenger
information systems. However, more particularly speaking, the present invention is related
to transferring electric energy to a vehicle which is not necessarily (but preferably) a track
bound venhicle. Generally speaking, the vehicle may be, for example, a vehicle having an
electrically operated propulsion motor. The vehicle may also be a vehicle having a hybrid
propulsion system, e.g. a system which can be operated by electric energy or by other
energy, such as electrochemically stored energy or fuel (e.g. natural gas, gasoline or

petrol).

Track bound vehicles, in particular vehicles for public passenger transport, usually
comprise a current collector (alternatively a device) for mechanically and electrically
contacting a line conductor along the track, such as an electric rail or an overhead line. At
least one propulsion motor on board the vehicles is fed with the electrical power from the

external track or line and produces mechanical propulsion force.

Trams and other local or regional trains are operated usually via overhead lines within
cities. However, especially in historic parts of cities, overhead lines are undesirable. On

the other hand, conductor rails in the ground or near the ground cause safety problems.
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Inductively transferring energy from the track to the vehicle, i.e. producing electromagnetic
fields, is subject to restrictions regarding EMC (electromagnetic compatibility). On one
hand, electromagnetic fields may interfere with other technical devices. On the other
hand, people and animals should not be subjected to electromagnetic fields permanently.

At least, the respective limit values for field intensity must be observed.

In many cases, the track of the vehicle is not used by just one vehicle, but by several
vehicles. Therefore, a continuous line may be used to produce the electromagnetic fields
for providing energy to several vehicles. However, this causes fields where no vehicle Is
present. Consequently, the continuous line may be divided in segments which can be
operated separately of each other. On the other hand, dividing the continuous line into
segments which are electrically separated requires additional equipment, such as

switches, connecting lines and/or inverters.

It is an object of the present invention to provide an arrangement and a method for
transferring energy to a vehicle which reduces the emission of electromagnetic fields
compared to the operation of a continuous line along the track and which requires a small

amount or number of electric or electronic components, such as lines, switches and/or

inverters.

According to the present invention energy is transferred from an electric conductor
arrangement, which is arranged along the track, to the vehicles travelling on the track
without having electric contact between the vehicle and the conductor arrangement. The
conductor arrangement carries an alternating current which generates a respective
electromagnetic field and the electromagnetic field is used to transfer the electric energy

to the vehicle.

For example, the conductor arrangement is located in and/or under the track, e.g. under
the surface of the ground on which the vehicles travel. However, the invention also
includes the case that at least a part of the conductor arrangement is located sideways of
the track, for example when the track is located in the country side or in a tunnel. The
frequency of the alternating current which flows through the conductor arrangement may

be in the range of 5-100 kHz, in particular in the range of 10-30 kHz, preferably about 20

KHz, for example.
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The conductor arrangement comprises a plurality of consecutive segments, wherein each
segment extends along a different section of a path of travel of the vehicles. Each of the
consecutive segments comprises at least one phase line for carrying a phase of an
alternating current for producing the alternating electromagnetic field. Corresponding
phase lines of neighbouring consecutive segments for carrying the same phase of the
alternating current are connected in series to each other. Such a series connection
reduces the number of electric or electronic components needed to operate the segments.

In particular, the number of inverters and cables can be reduced.

For example, there are three phases of the alternating current and, correspondingly, three
phase lines in each segment. The phase shift of the currents which flow through the
different phase lines may be, as usual, 120 degrees. However, the invention also covers

arrangement having only one or two phases or more than three phases.

Furthermore, the arrangement comprises a power supply line for supplying electric energy
to the segments. The power supply line may be a direct current (DC) or alternating current
(AC) power supply line. In case of an AC power supply line the alternating current is to be
converted to the desired alternating current of the conductor arrangement. In case of a DC
power supply line the direct current is to be inverted, i.e. an inverter is required for
inverting the direct current carried by the power supply line to the alternating current of the
conductor arrangement. The converter or inverter is connected to each interface between
two neighbouring consecutive segments, thereby connecting the power supply line with
the phase lines of the neighbouring consecutive segments. In the following, the term
“switching device” is used as a general expression for the converter, inverter or other

arrangement of switches.

Using a DC power supply line has the advantage that no compensating means, such as
capacities, are needed in order to compensate the inductance of the alternating current
power supply line. Since the current in the DC supply line is a direct current, losses due to
any inductance compensation do not occur. Furthermore, an alternating current In the
power supply line would also cause an electromagnetic field. This field can be shielded
from the environment, e.g. by burying the supply line in the ground and/or by using metal
shields, but shielding or burying causes extra costs. Also, filters for filtering undesired

frequencies are not required for the DC supply line.
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In addition, the switching devices connecting the power supply line and the phase lines
can be operated in such a manner that desired sectors (comprising one or more than one
of the consecutive segments) of the conductor arrangement are active (produce the
electromagnetic field) and other sectors are not active (do not produce an electromagnetic
field). If segments are active only while a vehicle is traveling within the respective region
of the path of travel, energy is saved and EMC requirements can easily be fulfilled. In
other words: the concept of the preferred embodiment of the present invention is to

produce the alternating current locally and preferably where and when necessary.

For example, the lengths of the segments along the path of travel are shorter than the
length of a vehicle in the travel direction and the segments may be operated only if a
vehicle is already occupying the respective region of the path of travel along which the
segment extends. In case of a rail vehicle, “occupied” means that the vehicle is driving on
the rails along which the segment extends. Preferably, the segments are operated only if
the vehicle is fully occupying the respective region of the path of travel. For example, the
rail vehicle is longer (in the direction of travel) than the segment and the vehicle’s front
and end are driving beyond the limits of the segment, if viewed from the center of the
segment. Therefore a segment may also be switched on (i.e. the alternating current
through the segment is starting to flow) before a receiving device of a vehicle for receiving

the transferred energy enters the region of the path of travel along which the segment

extends.

In case of a DC power supply line, an inverter is used as switching device. Typically, the
inverters comprise two electrically controllable semiconductor switches (e.g. Insulated
Gate Bipolar Transistors) in series to each other for each phase of the alternating current
in the conductor arrangement. The inverter produces the alternating current by repeatedly
switching on and off the switches. This technology of manufacturing and operating

inverters is well known in practice.

It is now proposed in order to solve the object defined above that the arrangement
comprises a control device for controlling the operation of the switching device in such a
manner that:

e a first active sector of the conductor arrangement, which sector comprises at least

one of the consecutive segments, is operated to produce an electromagnetic field
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in order to transfer electromagnetic energy to a first vehicle, wherein a first
switching device is connected to a first end of the first sector and a second
switching device is connected to a second end of the first sector opposite to the
first end so that the first switching device and the second switching device are
connected by at least one phase line of the first sector, each phase line consisting
of the phase line or the phase lines of one or more than one segment
corresponding to the number of the segments of the first sector, wherein the first
and second switching device are controlled to operate at a phase shift so that an
alternating voltage is produced across each phase line of the first sector,

e a second active sector of the conductor arrangement, which comprises at least
one of the consecutive segments, is operated to produce an electromagnetic field
in order to transfer electromagnetic energy to a second vehicle, wherein a third
switching device is connected to a first end of the second sector and a fourth
switching device is connected to a second end of the second sector opposite to the
first end so that the third switching device and the fourth switching device are
connected by at least one phase lines of the second sector, each phase line
consisting of the phase line or the phase lines of one or more than one segment
corresponding to the number of the segments of the sector, wherein the third and
fourth switching device are controlled to operate at a phase shift so that an
alternating voltage is produced across each phase line of the second sector,

e if there are further segments of the plurality of consecutive segments of the
conductor arrangement connecting the segments of the first and second sector
and if none of the further segments is to be operated to transfer electromagnetic
energy to a vehicle, the first to fourth switching device are controlled to produce no

voltage (i.e. zero voltage) across the phase line(s) of the further segments.

In addition, the following is proposed: A method of providing a plurality of vehicles, in

particular track bound vehicles, with electric energy, wherein:

an electric conductor arrangement is operated to produce alternating electromagnetic
fields, thereby transferring electromagnetic energy to the vehicles,

the conductor arrangement comprises a plurality of consecutive segments (11, T2, T3,
T4, T5) which are operated separately, wherein each segment (T1, T2, T3, T4, T5)

extends along a different section of a path of travel of the vehicles,
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. each of the consecutive segments comprises at least one phase line which IS used to
carry a phase of an alternating current for producing the alternating electromagnetic
field,

- corresponding phase lines of neighbouring consecutive segments for carrying the
same phase of the alternating current are used in series connection to each other,

- a power supply line is used for supplying electric energy to the segments,

- switching devices (e.g. converters, inverters or another arrangement of switches) are
used for generating the alternating current of the conductor arrangement from the
current carried by the power supply line, such a switching device being connected to
each interface between two neighbouring consecutive segments, thereby connecting
the power supply line with the phase lines of the neighbouring consecutive segments,

- the operation of the switching devices are controlled in such a manner that:

e 2 first active sector of the conductor arrangement, which comprises at least one of
the consecutive segments, is operated to produce an electromagnetic field in order
to transfer electromagnetic energy to a first vehicle, wherein a first switching
device is connected to a first end of the first sector and a second switching device
s connected to a second end of the first sector opposite to the first end so that the
first switching device and the second switching device are connected by at least
one phase line of the first sector, each phase line consisting of the phase line or
the phase lines of one or more than one segment corresponding to the number of
the segments of the first sector, wherein the first and second switching device are
controlled to operate at a phase shift so that an alternating voltage IS produced
across each phase line of the first sector,

e a second active sector of the conductor arrangement, which comprises at least
one of the consecutive segments, is operated to produce an electromagnetic field
in order to transfer electromagnetic energy to a second vehicle, wherein a third
switching device is connected to a first end of the second sector and a fourth
switching device is connected to a second end of the second sector opposite to the
first end so that the third switching device and the fourth switching device are
connected by at least one phase lines of the second sector, each phase line
consisting of the phase line or the phase lines of one or more than one segment
corresponding to the number of the segments of the sector, wherein the third and
fourth switching device are controlled to operate at a phase shift so that an

alternating voltage is produced across each phase line of the second sector,
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e if there are further segments of the plurality of consecutive segments of the
conductor arrangement connecting the segments of the first and second sector
and if none of the further segments is to be operated to transfer electromagnetic
energy to a vehicle, the first to fourth switching device are controlled to produce no

voltage across the phase line(s) of the further segments.

As mentioned above, it is a basic idea of the present invention to use a conductor
arrangement for producing the electromagnetic field or fields which has consecutive
segments. The consecutive segments extend along the track of the vehicles. The phase
lines of the consecutive segments can be realised in different manner. For example, the
phase lines may be coils or straight lines or mixtures thereof. However, it is preferred that
the phase lines extend along a serpentine-like path in the direction of travel of the

vehicles.

Since the phase lines of consecutive segments are electrically connected to each other
and since the operation should include situations where at least some of the segments are
not active, wherein these non-active segments are located in between active segments,
the control of the switching devices is performed in a special manner: The switching
devices at the opposite end of the non-active segment or segments are operated to
oroduce no voltage across the phase lines of the non-active segment(s). This is achieved
by operating the switching devices at the opposite ends in phase, i.e. the switching
devices have no phase shift. For example, regarding a specific phase line, the ends of this
nhase line are connected to the same potential of the DC power supply line at the same
time, and the potential at the ends is changed at the same time to the other potential of

the DC power supply line.

A plurality of consecutive segments which are active at the same time or which are non-
active at the same time is called a “sector”. The term “sector” also includes the case that
the sector consists of a single segment. For example, while two vehicles are driving on the
same track using the same conductor arrangement for receiving energy, the first vehicle
receives energy by an electromagnetic field produced by a first active sector of the
conductor arrangement and the second vehicle receives energy by an electromagnetic
field produced by a second active sector of the conductor arrangement. In between the
first active sector and the second active sector, there is a non-active (passive) sector.

Since the switching devices at the opposite ends of the non-active sector are controlled to
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be operated in phase (with no phase shift), and since the switching devices at the
opposite ends of the first and second active sector are operated with a phase shift to
produce a voltage across the active sectors, all switching devices, which are operated at a
time, are coordinated regarding their operation. Preferably, the control of the switching
devices is coordinated. For example, a control signal line may extend along the track and
each switching device of the conductor arrangement is connected to the control signal
line. Control signals may be transferred via the control signal iine to each switching device
which is located at the end of an active or non-active sector. The other switching devices,
which are not located at the end of a non-active or active sector, may be switched off

completely or may be operated as well.

There are several possibilities regarding the source of the control signals which are
transferred to the switching devices. One possibility is to use one of the switching devices
as master. The master outputs the control signals to the other switching devices. Another
possibility is to use a separate central control unit which outputs the control signals to all
switching devices. There are other possibilities, for exampie that each switching device
comprises a data storage storing the control data for operation of the switching device for
at least a period of time. In this case, the start of the period of time can be coordinated for
all switching devices which are to be operated. However, this option seems to be less

flexible and more sensitive to failure.

Still another possibility is to use a distributed control algorithm with hard switches or
software control in each switching device. It is decided in each switching device when the
segment is switched on or off and which phase of the alternating current in the segment is
produced. For example, the switching devices communicate via an electronic
communications means, such as CAN bus or Ethernet, and each switching device
coordinates the operation with its neighbouring switching devices. The switching device,
which starts operation first, can produce an arbitrary phase and the other switching

devices receive the information about the phase from this first switching device and start

operation accordingly.

if there are more than two vehicles travelling on the same track and if the same conductor
arrangement is used to transfer energy to the vehicles, there will be a further sector of at

least one segment which is active. For example, if there are three vehicles and if the first

vehicle is travelling in the range of the first active sector,
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- the first active sector is followed by a first passive (non-active) sector,

- the first passive sector is followed by the second active sector for transferring energy
to the second vehicle,

- the second active sector is followed by a second passive sector and

- the second passive sector is followed by the third active sector for transferring energy
to the third vehicle.

Then, the switching devices at the ends of the first active sector and the switching devices

at the ends of the third active sector are operated in phase. “In phase” in this context

means that the switching devices at the opposite ends of the same .active sector are

operated at a phase shift to produce a voltage across the phase lines of the sector, but

that the switching devices of the first and third active sector which are located at the same

side (in the direction of travel) of the first and third active sector are operated in phase.

Furthermore. since the switching devices at the opposite ends of the passive sectors are

operated in phase, the switching devices at the ends of the second active sector are

operated with a phase shift compared to the switching devices at the opposite ends of the

first and third active sector.

Generally, not only related to the example of the preceding paragraph, but also related to
other embodiments of the invention, it is preferred that switching devices of the same
conductor arrangement which are operated at a phase shift are operated with a phase
shift of 180° which means that the phase shift corresponds to half a cycle of the operation.
The cycle is related to the electric potential at the alternating current side of the switching
device as a function of time. If the electric potential at the alternating current side is
produced by switching on and off each switch of the switching device just one time during
each cycle, a nearly rectangular shape of the alternating current side potential is
produced. In this case, the switching cycle of the switches of the switching device is
identical with the cycle of the electric potential. However, it is also possible, that the
switches of the switching device are operated at a higher frequency in order 1o produce
other shapes (i.e. another time dependent behaviour) of the electric potential at the

alternating current side of the switching device.

Example and further embodiments of the invention will be described with reference to the

attached drawings. The figures show:
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Fig. 1 schematically a rail vehicle which is travelling on a track, wherein the track is
orovided with a conductor arrangement for transferring electromagnetic field
energy to the vehicle,

Fig. 2 a circuit diagram of parts of the conductor arrangement,

Fig. 3 a circuit diagram similarly to the diagram of Fig. 2, wherein the time dependent
behaviour of the electric potential at the alternating current side of the inverters of
the arrangement is illustrated,

Fig. 4 schematically two rail vehicles travelling on the same track and a series of
consecutive segments of a conductor arrangement for transferring energy to the
vehicles, wherein the inverters are operated in a manner which does not
correspond to the present invention,

Fig. 5 a presentation similarly to the picture shown in Fig. 4, wherein the inverters are
operated in a manner according to the present invention,

Fig. 6 the arrangement comprising two rail vehicles as shown in Fig. 5 but in a later stage
of operation, and

Fig. 7 an arrangement similar to the arrangements shown In Fig. 5 and 6, wherein three

rail vehicles are travelling on the same track and are provided with energy by the

same conductor arrangement.

Fig. 1 shows a rail vehicle 162, for example a tram. The vehicle 162 comprises two energy
storages 163a, 163b located at the roof of the vehicle. The energy storages 163 may be,
for example, conventional batteries and/or capacitors. A receiver 161 for recelving an
electromagnetic field and for converting the field by induction to electric energy is located
at the bottom of the vehicle 162. The travel direction within the schematic drawing of Fig.

1 is from left to right or from right to left. As shown below of the vehicle 162, a conductor

arrangement extends along the track of the vehicle 162.

The conductor arrangement comprises a series of consecutive segments 157. Fig. 1
shows six consecutive segments 157a — 157f. At each interface between two
neighbouring consecutive segments (for example, segments 157b, 157¢c or segments
157d, 157e are neighbouring consecutive segments) an inverter 152 1s connected to the
phase lines of each of the two neighbouring consecutive segments. Fig. 1 shows five
inverters 152a — 152e. The phase lines are located on the alternating current side of the
respective inverters 152. On the direct current side, each inverter 152 is connected to a

DC power supply comprising two power supply lines 141a, 141b at different electric
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potential. The DC power supply lines are fed by a central DC power source 151. Although
the specific described here comprises a DC power supply, an AC power supply may be

used instead. In this case, the inverters are replaced by corresponding converters or by

an arrangement of switches.

Furthermore, a control signal line 158 also extends along the track of the vehicle 162.
Each inverter 152 comprises a control signal node which is connected to the control signal
line 158. For example, the control signal line 158 may be a data bus and each inverter
152 may comprise a corresponding bus controller for receiving and optionally sending
messages via the data bus to other devices. An individual address may be assigned to
each inverter 152 so that data packages comprising the address can be recognized by the
bus controller and the content of the package can be used to control the operation of the

respective inverter in a coordinated fashion with the operation of the other inverters 152.

Alternatively, or in addition, the control signal lines 158 may be used to broadcast the
same signal to all inverters. This signal may be, for example, a clock signal for
synchronising the operation of the inverters, or a status signal. In this case, the operation
patterns of the inverters may be stored in the inverters, may be controlled separately by a
control device, or may be controlled in other ways like using an algorithm comprising
decision trees in each inverter. The position of a vehicle may be known, determined, or
detected by sensors. For example, each segment 157 may be combined with one or more
detection sensors. The detection signal of the detection sensor is transferred to the
respective inverter or inverters so that the inverters required for operation can be operated
in phase or with no phase shift. As an example, a detection sensor may detect that the
vehicle 162 has reached the segment 157e. Therefore, inverter 152e Is switched on and is
operated with the same switching pattern (i.e. with no phase shift) as inverter 152d.
Furthermore, if another detection sensor which is monitoring the range of segment 157b
detects that the vehicle 162 is leaving the range of segment 157b, the detection sensor
may output a corresponding signal(s) to stop the operation of inverter 152a and — instead
—~ start the operation of inverter 152b with the same switching pattern as inverter 152a.
Consequently, the sector of consecutive segments which before started at the location of
inverter 152a and ended at the location of inverter 152d has been shifted to start with
nverter 152b and to end with inverter 152e. The term “switching pattern® refers to the time

dependent operation of the switches of the inverter. There are many ways of controlling
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the switching pattern, including with a separate controller or using individual intelligent

control units for each invertier.

For example, the inverter at the start of such a sector may be operated using a first
switching pattern and the inverter at the end of the same sector may be operated using a
second switching pattern wherein the first and the second switching pattern comprise a
phase shift, preferably a phase shift of 180°. If an inverter at the start of such a sector
(e.g. inverter 152a) has been switched off. it memorizes that it was operated using the first
switching pattern. “Memorizes” includes the case that the inverter or an external controi
device of the inverter can determine the switching pattern when it is started again. The
~ext time when a vehicle is entering the respective segment (here segment 157a) and —
therefore - the operation of the inverter 152a is started again, it uses the same switching
pattern, but in this case, the inverter 152a is the inverter at the end of the sector. “Start’

and “end” refers to a defined direction, e.g. the direction of travel of two vehicles on the

track.

Furthermore, inverter 152d which has been switched off, but was an inverter at the end of
the active sector. memorizes that it was operated using the second switching pattern.
Since the detection sensor of segment 157d (which is with respect to the defined direction
the segment before the inverter 152d) still detects the presence of a vehicle, the next
operation of the inverter 152d will be nerformed using the first switching pattern. If the
active sector consists of only one segment, the inverter at the end of the active sector
which will become (in the next step) the inverter at the start of the active sector always
changes the switching pattern. In other words: The question, whether the inverter changes

the switching pattern or not, depends on the question if the inverter is still located within

an active sector.

Generally speaking: The inverter at the start of an active sector, which is switched off and
is no longer located within an active sector, does not change the switching pattern when it
is started again to become the inverter at the end of another active sector. However, the
nverter at the end of an active sector changes the switching pattern to become the

nverter at the start of the sector. The sector can be called “moving sector” since it moves

with the vehicle to be provided with energy.
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As another example, when a vehicle is determined to be in a particular sector and ready
to receive power the rearmost inverter in the sector determines the switching pattern of
the other active sectors and sets its switching pattern appropriately. The other inverters in
the sector follow accordingly. If there are no other active sectors the rearmost inverter

uses the last pattern which was used before.

Fig. 2 shows a circuit diagram. A row of consecutive segments 137, 138, 139 of an
electric conductor arrangement for producing an electromagnetic field is partially shown in
the figure. Only one segment is fully shown, namely segment 138. The segments 137,
138, 139 each comprise three phase lines 135a, 135b, 135¢. Each phase line 135 of each
segment 137, 138, 139 comprises at one end of the phase line 135 a capacity 140 for

compensating the inductance of the phase line 135. As a result, the impedance Is zero.

As mentioned before, the present invention proposes not to use an alternating current
power supply line, but instead direct current power supply lines as shown In Fig. 2. The
two lines of the DC power supply are denoted by reference numerals 141a, 141b. In
oractice, one of these lines 141 may be realized by ground, for example by the rails of a

railway.

Each phase line 135 is connected to the different potentials of the DC supply lines 141 via
in each case one switch 147, 148. For example, phase line 135a is connected via
connection 144a to plus potential and minus potential. Within connection 144a, the switch
between phase line 135a and plus potential is denoted by reference numeral 147 and the
switch between the phase line 135a and minus potential is denoted by 143. The
connections 144b, 144c of the phase lines 135b, 135¢ to plus and minus potential (lines
141a, 141b) are constructed in the same manner. This description applies to interface 142
between segment 137 and segment 138. At the interface between segment 138 and
segment 139, the connections between the phase lines 135 and the DC supply line 141
are denoted by reference numerals 145a, 145b, 145¢. The switches between the phase
lines 135 and the plus potential of line 141a are denoted by 149 and the switches to the

minus potential are denoted by 150.

Consequently, each interface 142, 143 can be connected and disconnected to/from the
supply line 141 by operating switches 147, 148 or 149, 130. The switches 147, 148

constitute a first inverter, together with a contro! of the switches 147, 148 which is not
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shown in Fig. 2. In the same manner, switches 149, 150 and a corresponding control for
controlling the switching operations of these switches constitute a second inverter at
interface 143. During operation of the inverters, the switches of the inverter are repeatedly
switched on and off to produce a desired alternating current at the interface 142, 143, i.e.
at the end of one of the segments 137, 138, 139. For example, the connection 144a for
connecting the DC supply line 141 to phase line 135a therefore comprises a series
connection of switch 147 and switch 148 wherein a connection is made between phase

line 135a and a contact point between the switches 147, 148.

The arrangement shown in Fig. 3 is similar to the arrangement shown in Fig. 2. The only
difference is that two consecutive segments 138, 139 and their respective interfaces to
neighboring segments are fully shown in Fig. 3. The inverters at the three interfaces

shown in Fig.3 are denoted by Inv1, Inv2, Inv3. The constitution of these inverters was

described with reference to Fig. 2.

In the situation shown in Fig. 3, the receiving device 161 of a vehicle is travelling along a
section of the path of travel and this section is defined by the extension of the segment
138 in the direction of travel. The receiving device 161 is moving from left to right in Fig.
14. The beginning of segment 138 is defined by the interface to segment 137 where
inverter Inv1 is located. The end of segment 138 is defined by the interface to segment
139 where inverter Inv2 is located. In the same manner, the beginning of segment 139
which is the neighboring segment of segment 138, is defined by the location of inverter

Inv2 and the end of segment 139 is defined by the location of inverter Inv3.

Furthermore, Fig. 3 shows schematically the electric potential produced by inverter Inv1
as a function of time (diagram 170a) and also shows the electric potential produced by
inverter Inv2 as a function of time (diagram 170b). The upper line (which is a rectangular
alternating voltage line in the example of Fig. 3, but may also be an alternating voltage
line of other shape) is denoted by letter A, indicating that this electric potential can be
measured at point A at the interface of phase line 135a. In the same manner, the electric
potentials at point B, the interface point of phase line 135b, and the electric potential at
point C, the interface point of phase line 135c, are shown in diagram 1/0a. Diagram 1700

shows the electric potential at corresponding interface points A’, B, C’ of inverter Inv2.
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The diagrams 170 are used to illustrate the phase shift between the inverters Inv1, Inv2.
At the time depicted in Fig. 3, this phase shift is 180° which means that the electric
potential at point A and at point A’ have the same absolute value, but the potential is
negative for point A’ when it is positive for point A and vice versa. The same applies to the
other phases at points B, B’ and C, C'. Since the alternating voltage produced by inverters
Inv1, Inv2 is a three phase alternating current, the phase shift between the three phases is
120°. More generally speaking, the inverters at the interfaces between consecutive
segments produce alternating voltages preferably having a constant time period (i.e. a
cycle of constant length) and constant peak voltages. The voltage level in the middle
between the two peak voltages is shown for each phase in diagrams 170 as a horizontal

line.

Other than shown in Fig. 3, not only one segment can be operated in the manner
described above (i.e. by producing a phase shift of the electric potential at the opposite
ends of the segment), but also two or more consecutive segments forming a sector can be
operated in this manner. In this case, it is sufficient to operate one inverter at one end of
the sector and one inverter at the opposite end of the sector. For example, in order to
operate the segments 138, 139, inverter Inv3 may be operated in the same manner as

inverter Inv2 and inverter Inv2 may be switched off at the same time (i.e. is not operated).

Coming back to the situation depicted in Fig. 3, the receiving device 161 is moving from
left to right. When receiving device 161 approaches the end of segment 138 the operation
of inverter Inv3 is started. Diagram 170c also shows the electric potentials as functions of
time at interface points A”, B”, C” at the location of inverter Inv3. There is no phase shift
between the electric potential produced by inverters Inv2, Inv3. Consequently, as long as
inverter Inv2 is operated, there is no voltage across segment 139 and no current is flowing

through segment 139.

As soon as the receiving device 161 reaches the interface between segments 138, 139
(or shortly before it reaches the interface) the operation of inverter Inv2 is stopped, 1.e. all
switches of inverter Inv2 stay open. Consequently, an alternating current is established
through the consecutive segments 138, 139. When the receiving device 161 has reached
segment 139, inverter Inv1 can be switched off. In order to prepare this, first inverter Inv2

is switched on again, but with no phase shift to inverter Inv1. This procedure can be
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repeated for the next consecutive segment 139a as soon as the receiving device 161

approaches the interface where inverter Inv3 is located.

Fig. 4 shows two vehicles 162a 162b travelling on the same track, for example from left to
right. Similarly to the situation depicted in Fig. 1, the consecutive segments of the
conductor arrangement are denoted by 157, followed by a letter from a — g. The same
notation is used in Fig. 5 to Fig. 7, but in Fig. 7 there are two additionai consecutive
segments 157h, 157i. The inverters in Fig. 4 to 7 are denoted by “INV” followed by letter A
or by a number from 1 to 7. Preferably, the inverters INV comprise a control signal input
which is connected to a control signal line 158, as shown in Fig. 5. The control signals to
the inverters INV may be output by a central control unit 159 which is also connected to

the control signal line 158.

The operation state of the inverters INV is symbolized in Fig. 4 to Fig. 7 by either *--
which means that the inverter is temporarily switched off and — therefore — does not
produce any electric potential on the alternating current side, or is symbolized by “X" and
an upwardly or downwardly pointing arrow which means that the inverter is operated at
the time. The upwardly pointing arrow means that a first switching pattern is used to
operate the inverter. The downwardly pointing arrow means that a second switching
nattern is used to operate the inverter. There is a phase shift which is caused by using the
different switching patterns. For example, as shown in the left of Fig. 4, the second
switching pattern is used for inverter INV A and the first switching pattern is used for
inverter INV 1 which produces a phase shift across 157b. Preferably, the phase shift

between the first and second switching pattern is 180°.

Fig. 4 shows a situation in which two segments, namely segments 157b, 157e, are active
and the remaining segments shown in Fig. 4 are non-active. The active segments 157D,

157e form active sectors comprising just one segment.

Between the sector of segment 157b and the sector of segment 157¢, there Is a further
sector comprising the segment 157¢, 157d. Since there is no vehicle travelling in the
range of this sector, the corresponding segments can be passive, i.e. should not produce
an electromagnetic field. However, since inverter INV 1 is operated using the first

switching pattern and since inverter INV 3 is operated using the second switching pattern,
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there is an electric voltage across each phase line in this sector and an electromagnetic

field is produced by segments 157c, 157d. This is not desirable.

In contrast to Fig. 4, Fig. 5 shows a preferred embodiment of the present invention. The
depicted situation is equal to the situation of Fig. 4 with one exception: The switching

patterns of inverters INV 3, INV 4 are changed. Inverter INV 3 is operated using the first
switching pattern which is the same switching pattern used for inverter INV 1. Therefore,
the sector comprising segments 157c, 157d is passive, since there IS no voltage across
the phase lines of the sector. In addition, the switching pattern used for inverter INV 4 is

the second switching pattern so that segment 157e is active.

Fig. 6 shows an operating state at a later stage of the situation shown in Fig. 5. Vehicle
162a has travelled from left to right, as indicated by an arrow pointing to the right.
Therefore. the active sector which consisted of segment 157b has been enlarged to also
comprise 157c¢. In order to enlarge the active sector, inverter INV 1 has been switched off
and inverter INV 2 has been switched on using the same switching pattern as inverter INV
1. There is still a passive sector between the two vehicles 162a, 162b which consists of

segment 157d only.

Fig. 7 shows a situation comprising three vehicles 162a, 162b, 162c. Each vehicle Is
occupying an active sector consisting of just one segment 157b, 157e, 157h. The first
active sector of segment 157b is produced by operating the inverter INV A at the start of
the sector using the second switching pattern and operating the inverter INV 1 at the end
of the first active sector using the first switching pattern. “Start” and "end” of a sector IS
referred to the direction of travel which is assumed to extend from left to right in Fig. 7.

However, the vehicles may also drive from right to left.

As described before, the first active sector is operated using a first combination of
switching patterns, namely the first pattern for the inverter at the end of the sector and the
second switching pattern for the inverter at the start of the active sector. The same
combination of switching patterns is used for the third active sector on the right hand side
of Fig. 7 which consists of segment 157h. However, since there is a second active sector
between the first and third active sector and since another combination of switching
patterns is used to operate the second active sector, there are passive sectors in between

the active sectors. The first passive sector is the sector consisting of segments 157¢c,
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157d and the second passive sector is the sector consisting of segment 157f, 157g. The
combination of switching patterns which is used for the second active sector is: The first
switching pattern for operating the inverter INV 3 at the start of the sector and using the

second switching pattern for operating the inverter INV 4 at the end of the second active

sector.

Assuming that the defined direction, in particular the direction of travel is from right to left,
the principle of changing or not changing the switching pattern of a particular inverter can
be described as follows. This principle was described before with reference to Fig. 1. As
soon as the second vehicle 162b has travelled from the range of segment 157e to the
range of segment 157d, the operation of inverter INV 4 at the start of the active sector Is
stopped. On the other hand, the following vehicle 162c will travel to the range of segment
157f. Therefore, the inverter INV 4 at the end of segment 157f will be switched on again
using the same switching pattern as before. This means that the switching pattern of an
inverter which was the inverter at the end of an active sector is not changed after stopping
and restarting the operation of the inverter. However, in contrast, the switching pattern of
an inverter at the end of an active sector is changed, either with or without an intermediate
phase of non-operation. If the active sector just comprises one segment, the switching
pattern is changed without an intermediate phase of non-operation. If the active sector
comprises more than one segment or if the active sector is enlarged to comprise more

than one segment, the operation of the inverter at the end of the active sector is first

stopped and than restarted using the other switching pattern.

The situations illustrated in Fig. 5 to Fig. 7 are just examples. However, the principles
which have been described with reference to these Figures can also be applied to other
operational situations. For example, the number of segments within the active or passive
sectors may differ. Furthermore, the lengths of the vehicles in relation to the length of the

segments may differ, and the method of controlling the detailed switching patterns may
differ.
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Claims

1.

An arrangement for providing a plurality of vehicles (162), in particular track bound

vehicles, with electric energy, wherein:

- the arrangement comprises an electric conductor arrangement for producing
alternating electromagnetic fields and for thereby transferring electromagnetic
energy to the vehicles (162),

- the conductor arrangement comprises a plurality of consecutive segments (157),
wherein each segment (157) extends along a different section of a path of travel of
the vehicles (162),

- each of the consecutive segments (157) comprises at least one phase line (1392,
135b, 135¢) for carrying a phase of an alternating current for producing the
alternating electromagnetic field,

- corresponding phase lines of neighbouring consecutive segments for carrying the
same phase of the alternating current are connected in series to each other,

- the arrangement comprises a power supply line (141a, 141b) for supplying electric
energy to the segments (157),

- a switching device (152; INV), for producing the alternating current of the
conductor arrangement from the current carried by the power supply line (1413,
141b), is connected to each interface between two neighbouring consecutive
segments (157), thereby connecting the power supply line (141a, 141b) with the
ohase lines (135) of the neighbouring consecutive segments (157),

- the arrangement comprises a control device (152a; 159) for controlling the
operation of the switching devices (152) in such a manner that:

o a first active sector (157b) of the conductor arrangement, which sector
comprises at least one of the consecutive segments (157), is operated to
produce an electromagnetic field in order to transfer electromagnetic energy to
a first vehicle (162a), wherein a first switching device (INV A) is connected to a
first end of the first sector (157b) and a second switching device (INV 1) is
connected to a second end of the first sector (157b) opposite to the first end
so that the first switching device (INV A) and the second switching device (INV
1) are connected by at least one phase line of the first sector (157b), each
phase line consisting of the phase line or the phase lines of one or more than
one segment corresponding to the number of the segments of the first sector,

wherein the first (INV A) and second switching device (INV 1) are controiled to
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operate at a phase shift so that an alternating voltage is produced across each
phase line of the first sector (157b),

a second active sector (157e) of the conductor arrangement, which comprises
at least one of the consecutive segments (157), is operated to produce an
electromagnetic field in order to transfer electromagnetic energy to a second
vehicle (162b), wherein a third switching device (INV 3) is connected to a first
end of the second sector (157¢) and a fourth switching device (INV 4) is
connected to a second end of the second sector (157€) opposite to the first
end so that the third switching device and the fourth switching device are
connected by at least one phase lines of the second sector (157¢e), each
phase line consisting of the phase line or the phase lines of one or more than
one segment corresponding to the number of the segments of the sector
(157e), wherein the third (INV 3) and fourth (INV 4) switching device are
controlled to operate at a phase shift so that an alternating voltage Is produced
across each phase line of the second sector (157e),

if there are further segments (157¢, 157d) of the plurality of consecutive
segments of the conductor arrangement connecting the segments of the first
(157b) and second (157¢) sector and if none of the further segments (157c,
157d) is to be operated to transfer electromagnetic energy to a vehicle, the
first to fourth switching device are controlled to produce no voltage across the

phase line(s) of the further segments (157¢, 157d).

2. A method of providing a plurality of vehicles (162), in particular track bound vehicles,

with electric energy, wherein:

an electric conductor arrangement is operated to produce alternating
electromagnetic fields, thereby transferring electromagnetic energy to the vehicles
(162),

the conductor arrangement comprises a plurality of consecutive segments (1 57)
which are operated separately, wherein each segment (157) extends along a
different section of a path of travel of the vehicles (162),

each of the consecutive segments (157) comprises at least one phase line which is

used to carry a phase of an alternating current for producing the alternating

electromagnetic field,
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- corresponding phase lines of neighbouring consecutive segments (157) for
carrying the same phase of the alternating current are used in series connection to
each other,

- a power supply line (141a, 141b) is used for supplying electric energy to the
segments (157),

- switching devices (152; INV) are used for producing the alternating current of the
conductor arrangement from the current carried by the power supply line (141a,
141b), such a switching devices (152; INV) being connected to each interface
between two neighbouring consecutive segments (157), thereby connecting the
power supply line (141a, 141b) with the phase lines of the neighbouring
consecutive segments (157),

- the operation of the switching devices (152; INV) are controlled in such a manner
that:

e a first active sector (157b) of the conductor arrangement, which comprises at
least one of the consecutive segments (157), is operated to produce an
electromagnetic field in order to transfer electromagnetic energy to a first
vehicle (162a), wherein a first switching device (INV A) is connected to a first
end of the first sector and a second switching device (INV 1) is connected to a
second end of the first sector opposite to the first end so that the first switching
device (INV A) and the second switching device (INV 1) are connected by at
least one phase line of the first sector, each phase line consisting of the phase
line or the phase lines of one or more than one segment corresponding to the
number of the segments (157) of the first sector, wherein the first (INV A) and
second (INV 1) switching device are controlled to operate at a phase shift soO
that an alternating voltage is produced across each phase line of the first
sector,

e a second active sector (157¢e) of the conductor arrangement, which comprises
at least one of the consecutive segments (157), is operated to produce an
electromagnetic field in order to transfer electromagnetic energy to a second
vehicle (162b), wherein a third switching device (INV 3) is connected to a first
end of the second sector (157¢e) and a fourth switching device (INV 4) Is
connected to a second end of the second sector (157¢) opposite to the first
end so that the third switching device (INV 3) and the fourth switching device
(INV 4) are connected by at least one phase lines of the second sector (157¢),

each phase line consisting of the phase line or the phase lines of one or more
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than one segment (157) corresponding to the number of the segments (157)
of the sector (157¢), wherein the third (INV 3) and fourth (INV 4) switching
device are controlled to operate at a phase shift so that an alternating voltage
is produced across each phase line of the second sector (157¢e),

e if there are further segments (157c, 157d) of the plurality of consecutive
segments of the conductor arrangement connecting the segments of the first
and second sector (157e) and if none of the further segments (157c, 157d) is
to be operated to transfer electromagnetic energy to a vehicle, the first to

fourth switching device are controlled to produce no voltage across the phase
line(s) of the further segments (157¢, 1574d).
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