
WO 2011/076433PCT/EP2010/007985 1 System and Method for Transferring
Electric Energy to a Vehicle The invention relates to a system and a method
for transferring electric energy to a vehicle, in particular to a track
bound vehicle such as a light rail vehicle (e.g. a tram). 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 a system for transferring electric energy to a vehicle which is
not necessarily (but preferably) a track bound vehicle. 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 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.  WO
2011/076433PCT/EP2010/007985 2 WO 95/30556 A2 describes a road way-powered
electric vehicle system. The all-electric vehicle has one or more on-board
energy storage elements or devices that can be rapidly charged or energized
with energy obtained from an electrical source, such as a network of
electromechanical batteries. The energy storage elements may be charged
while the vehicle is in operation. The charging occurs through a network of
power coupling elements, e.g. coils embedded in the road way. 



Placing the coils at selected locations along the length of the roadway has
the disadvantage that the energy storage on board the vehicle needs a large
storage capacity. In addition, if the vehicle does not reach the next coil
in time, the vehicle might run out of energy for propulsion or other
purposes. Therefore, at least for some applications, it is preferred to
transfer energy to the vehicle continuously along the path of travel, i.e.
along the track. US 5,821,728 discloses charging of batteries of a moving
electric vehicle using an electromagnetic field extended along the center
line of a driving lane. Means for producing the field comprise a series of
inductive coils, switches and sensors. For operating the field winding
switches a high pitch sound or other type wave form is transmitted from the
vehicle by a transmitter antenna and is received by the sensors located
adjacent to the switches. Although US 5,821,728 proposes a system which is
capable of continuously transferring energy to the vehicle while the
vehicle is driving, the system has several disadvantages. One disadvantage
is the fact that the different coils for producing the electromagnetic
field are connected to a power supply line which carries an alternating
current. Therefore, the power supply line also produces an electromagnetic
field. In order to improve the EMC (Electromagnetic Compatibility) the
coils (more generally speaking: the segments of the conductor arrangement
for producing the electromagnetic field) may be fed by a direct current
line. Each segment may comprise an inverter for converting the direct
current to an alternating current for producing the electromagnetic field.
WO 2011/076433PCT/EP2010/007985 3 Furthermore, the coils and the power
supply line of US 5,821,728 produce electromagnetic waves at different
frequencies. At least some of these frequencies may disturb the devices and
systems in the environment. Producing a constant alternating current in the
line or lines of the segment has several advantages compared to the
operation of the segment at constant voltage. One advantage is that the
constant current may be a sinus function of time. This means that only a
single frequency of electromagnetic waves is produced. Operating the
segment at constant voltage in contrast produces non-sinusoidal functions
which means that harmonics at different frequencies 



are produced. However, constant current operation has also disadvantages.
In particular, it is difficult to detect if any vehicle above the segment
on the track actually receives energy by receiving the electromagnetic
waves. The current would be the same during energy transfer as if there is
no vehicle above the segment. A vehicle which is traveling on the track
will comprise at least one receiver (see for example the level controlled
armature of US 5,821,728) for receiving the electromagnetic energy
transmitted by the waves or field which is produced by the segment.
Typically, the receiver, which may also be called pick-up, comprises
conductor windings for at least one phase. There are many possible reasons
for a malfunction or damage of the receiver. At least one of the windings
may be defect or shorted to other windings. Mechanical vibrations might
occur and disturb the operation of the receiver. A cooling device for
cooling the receiver might fail. In all these cases and in case of an
overload the receiver should not receive any electromagnetic waves, i.e.
should not be provided with further energy and should not be operated any
longer. However, if the segment on the track continues with the emission of
electromagnetic waves, the receiver and/or connected parts may overheat and
catch fire. EMC requires that segments are switched off if there is no
vehicle above the segment. Therefore, a segment should be switched on
preferably when it is fully covered by a vehicle and should be switched off
again when it is no longer fully covered by the vehicle. Since it is
difficult to detect for constant current operation that a vehicle is
actually covering the segment and is receiving energy, it might happen that
a non-covered segment is still emitting electromagnetic waves.  WO
2011/076433PCT/EP2010/007985 4 It is an object of the present invention to
provide a system for transferring electromagnetic energy from a track to a
vehicle, in particular to a track bound vehicle, which reduces unnecessary
production of electromagnetic fields, wherein the receiver and the parts
and devices which are connected to the receiver within the vehicle are
protected in case of failure and overload. It is a further object of the
invention to provide a corresponding vehicle and a corresponding method of
transferring electromagnetic energy to the vehicle. The system comprises an
electric conductor arrangement for producing an alternating electromagnetic
field and for thereby transferring electromagnetic energy to the vehicle.
The conductor arrangement comprises at least one and preferably a plurality
of consecutive segments, wherein each segment extends along a different
section of the path of travel of the vehicle. Each segment can be switched
on and off separately of the other segments, if there are more than one
segments. As mentioned above, the vehicle comprises at least one receiver
for receiving the electromagnetic energy which is produced by the segment
or segments. 



According to a basic concept of the invention, the vehicle comprises at
least one enable signal transmitter which repeatedly or continuously emits
an enable signal to the track. The enable signal is received by a signal
receptor of each segment if the receiver of the vehicle is traveling above
the segment. The enable signal received enables the operation of the
segment. If the enable signal is not received or is not received any more
within an expected period of time, the segment is not operated, i.e. the
alternating current line or lines of the segment do not carry an
alternating current for producing the electromagnetic field for providing
the vehicle with energy. Although preferred, the enable signal is not
necessarily a continuous signal. Rather, the enable signal can be
transmitted repeatedly, for example every one or two seconds. A continuous
signal is understood to be a signal which is transmitted continuously
without any interruption or is transmitted quasi-continuously, according to
a working cycle of the signal transmitter. Typically, the working cycle is
in the range of some milliseconds. Assuming that a vehicle travels at a
speed of 30 m/s and assuming that the length of each segment is in the
range of 15 m, a working cycle of less than 0.1 s should be sufficient.
Preferably, the enable signal is only transmitted from the vehicle to the
track if at least one pre-determined condition is fulfilled: (a) the
temperature of the receiver and/or other components for receiving and using
the electromagnetic energy within the vehicle, does  WO
2011/076433PCT/EP2010/007985 5 not exceed a pre-determined threshold value,
and/or (b) the receiver and the system for using the electromagnetic energy
within the vehicle is ready for operation. In particular, the condition or
conditions are monitored, for example by using corresponding measurement
sensors for measuring the temperature or by using a control device which
outputs a signal corresponding to the operational state of the system, and
the enable signal transmitter is only operated to transmit the enable
signal if the monitoring device or system allows the transmission.
Allowance can be realized in particular by passing the necessary electric
current for operation of the signal transmitter and/or by transmitting a
control signal to the signal transmitter. If monitoring comes to the result
that the enable signal should not be transmitted to the track, the electric
current is not passed, for example by opening a switch or fuse, and/or the
control signal which controls the signal transmitter to transmit the enable
signal is not transmitted to the signal transmitter and/or a control signal
is transmitted to the signal transmitter which instructs the signal
transmitter not to transmit the enable signal. "Monitoring" does not
necessarily require an intelligent monitoring device. Rather, a temperature
sensitive switch and/or fuse can be used as monitoring device only. In
particular, the following is proposed: A system for transferring electric
energy to a vehicle, in particular to a track bound vehicle such as a light
rail vehicle, wherein the system comprises an electric conductor
arrangement for producing an alternating electromagnetic field and for
thereby transferring electromagnetic energy to the vehicle, 



the conductor arrangement comprises at least one and preferably a plurality
of consecutive segments, wherein each segment extends along a different
section of the path of travel of the vehicle, - each segment can be
switched on and off separately of any other segment,  the vehicle comprises
at least one receiver for receiving the electromagnetic energy, the vehicle
comprises at least one signal transmitter adapted to repeatedly or
continuously emit an enable signal towards the track,  a signal receptor is
assigned to each segment, wherein the signal receptor enables the segment
to produce the alternating electromagnetic field while the signal receptor
receives the enable signal, wherein a segment control is adapted to stop
the operation of the segment when the enable signal is no longer received
by the signal receptor of the segment,  WO 2011/076433PCT/EP2010/007985 6 -
the vehicle comprises a transmitter control arrangement adapted to stop
transmitting the enable signal if the receiver and/or if any device
combined with the receiver is not to be operated. In addition, a
corresponding vehicle is proposed. In particular, the vehicle is to be
operated using the system for transferring electric energy to the vehicle
of the present invention. The vehicle comprises at least one receiver for
receiving electromagnetic energy of an alternating electromagnetic field.
Furthermore, the vehicle comprises at least one signal transmitter adapted
to repeatedly or continuously emit an enable signal towards the track. A
first signal transmitter is arranged - with respect to the direction of
travel - in front of the receiver and a second signal transmitter is
arranged - with respect to the direction of travel - behind the receiver.
Furthermore, a method for transferring electric energy to a vehicle is
proposed, enabling the segment to produce the alternating electromagnetic
field while a signal receptor receives the enable signal, wherein the
operation of the segment is stopped when the enable signal is no longer
received by the signal receptor of the segment. 



In particular, the following method is proposed: A method for transferring
electric energy to a vehicle, in particular to a track bound vehicle such
as a light rail vehicle, wherein an alternating electromagnetic field is
produced by an electric conductor arrangement located along the track
thereby transferring the electromagnetic energy to the vehicle, at least
one segment or a plurality of consecutive segments of the conductor
arrangement are switched on and off separately of other segments in order
to generate the electromagnetic field in a restricted region of the path of
travel of the vehicle only where the vehicle is traveling, wherein each
segment extends along a different section of the path of travel of the
vehicle, the electromagnetic energy is received using at least one receiver
arranged at the vehicle, an enable signal is repeatedly or continuously
emitted from the vehicle towards the track, - the segment is enabled to
produce the alternating electromagnetic field while a signal receptor
receives the enable signal, wherein the operation of the segment  WO
2011/076433PCT/EP2010/007985 7 is immediately stopped when the enable
signal is no longer received by the signal receptor of the segment, 



transmission of the enable signal is stopped if the receiver and/or if any
device combined with the receiver is not to be operated. Stopping the
transmission of the enable signal depending on the situation within the
vehicle overcomes the disadvantage of the prior-art. If the receiver or any
connected device or system is not ready to operate or is overloaded, the
enable signal is no longer transmitted, the signal receptor at the track
does not receive the enable signal any more and, therefore, the operation
of the segment is stopped. As a result, the specific disadvantages of
operating the segment at constant current are overcome. In particular, the
presence of the vehicle (or the absence of any vehicle) is reliably
detected and it cannot happen that operation at constant current is
continued while the receiver system in the vehicle is overloaded.
Preferably, the enable signal which is transmitted from the signal
transmitter to the track is directed from top to bottom, i.e. downwards, so
that the transmitted enable signal cannot be detected or received at other
segments which are not located under the signal transmitter. In particular,
the signal transmitter is located at a low height level, preferably
underneath the car body of the vehicle, for example at the height of a
bogie or slightly above a bogie of the vehicle. This ensures that
components of the enable signal which might be strayed sideways do not
reach other segments than the segment directly below the vehicle. The
transmission of the enable signal may be realized by inductive coupling or
by other procedures. Inductive coupling means that the signal is
transferred by electromagnetic waves which induce a voltage in a receiving
antenna of the segment. Preferably, the signal receptor is realized as a
receiving loop having at least one winding of a conductor. Therefore, it is
preferred that the signal receptor which is assigned to each segment
comprises a loop of an electric conductor, wherein the receiving area is
defined by the area surrounded by the loop. If the track is extending in
horizontal direction, the area is therefore also a horizontal area.
Preferably, the length of the area is equal or nearly equal to the length
of the segment. The width of the area may be in the range of some
centimeters and is preferably smaller than 50 cm. A small width has the
advantage that the receiving area is less sensitive to stray components of
the enable signal, especially  WO 2011/076433PCT/EP2010/007985 8 stray
components of enable signals transmitted from vehicles on parallel tracks
do not enable the operation of the segment. More generally speaking, the
receiving area extends along the path of travel of the vehicle from the
limits of the segment to a preceding segment to the limits of the segment
to a following segment. Thereby, the repeatedly or continuously transmitted
enable signal is received by the receiving area as long as the signal
transmitter travels directly above the segment. More generally speaking,
the signal receptor may comprise a receiving area for receiving the enable
signal, wherein the receiving area extends along a section of the path of
travel of the vehicle, in particular along a section which has nearly the
length of a segment in travel direction. In particular, "nearly" means that
the length of the receiving area is equal to the length of the segment plus
or minus 20 % of the length of the segment. The proposed solution has the
advantage that a segment is only operated if the signal transmitter is
located directly above the segment. If the signal transmitter has been
moved from a segment to a consecutive segment the signal receptor of the
segment no longer receives the enable signal. Depending on the question if
another signal transmitter is located above the segment, or not, the
operation of the segment will be stopped. Preferably, a coded enable signal
is transmitted. "Coded" means that the signal comprises a code which is
recognized by the signal receptor of the segment. Therefore, other signals
which may be received by the signal receptor will not enable the operation
of the segment. A preferred procedure of coding the enable signal is
Frequency Shift Keying (FSK). This 



coding procedure is well-known in the art of signal transmission. FSK is a
frequency modulation scheme in which digital information is transmitted
through discrete frequency changes of a carrier wave. Details of FSK are
described in the English version of WIKIPEDIA, the free encyclopedia, for
example. However, any other coding scheme can be used. Preferably, the
control arrangement comprises at least one switch and/or fuse adapted to
prevent the signal transmitter from emitting the enable signal, wherein the
at least one switch and/or fuse is/are responsive to at least one of the
following: temperature of the receiver, temperature of a current converter
for converting an electric current produced by the receiver, operability of
the receiver, of the current converter and/or of a system of the vehicle
which uses the electromagnetic energy received by the receiver. Further
details of  WO 2011/076433PCT/EP2010/007985 9 the monitoring have been
explained above. In particular, operability is not given for example if any
device is overloaded and/or if the driver or a control center has not given
permission to operate the vehicle using the energy from the segment or from
the consecutive segments. The line or lines which are interrupted by the
switch and/or fuse may be control signal line(s) or line(s) for providing
the signal transmitter with electric energy. In particular, the line may be
a first line energizing a relay thereby keeping the relay in a closed state
while the enable signal is transmitted, wherein the relay is de-energized
and therefore in the open state interrupting a second line to the at least
one signal transmitter if the first line is interrupted. If the switch
and/or fuse opens (i.e. interrupts) a line and, therefore, the signal
transmitter no longer emits the enable signal, the operation of the segment
is stopped. The switch and/or fuse are preferably effective with all signal
transmitters which are assigned to the receiver. For example, two signal
transmitters may be assigned to the receiver, one in front of the receiver
and one behind the receiver with respect to the direction of travel. Both
signal transmitters are switched off or are disabled if the switch and/or
fuse opens the line. 



As mentioned before, a first signal transmitter may be arranged - with
respect to the direction of travel - in front of the receiver, so that the
enable signal emitted by the first signal transmitter enables a segment
before the receiver is reaching the segment. Reaching the segment means
that the receiver reaches a location directly above the segment.
Furthermore, a second signal transmitter may be arranged - with respect to
the direction of travel - behind the receiver, so that the enable signal of
the second signal transmitter continues enabling the segment until the
receiver is leaving the segment. Leaving the segment means that the
receiver is no longer located directly above the segment. As a result of
this arrangement, the segment may be operated shortly before the receiver
reaches the segment and is still operated, for a short period of time,
after the receiver has left the segment. Therefore, it is preferred that
the receiver is located at a distance to the front of the vehicle and at a
distance to the back of the vehicle - with respect to the direction of
travel. The segment is at least partly covered by the vehicle before the
receiver reaches the vehicle and is at least partly covered by the vehicle
when  WO 2011/076433PCT/EP2010/007985 10 the receiver has left the segment,
but is still enabled because the enable signal of the second signal
transmitter is received. It is particularly preferred that the sections of
the path of travel (along which the segments extend) are shorter than the
length of a vehicle on the track in the travel direction and that the
system is adapted to operate (and in particular to switch on) segments only
if a vehicle is occupying the respective section of the track where the
segment is located. Since only segments under the vehicle are switched on,
the vehicle shields the environment from the electromagnetic field which is
produced by the conductor arrangement. For example, the length of the
segments may be dimensioned in such a manner, that at least two of the
segments are covered lengthwise by a vehicle on the track, i.e. the minimum
length of a vehicle on the track is twice as long as the length of one
segment. Preferably, all line segments have the same length.
Correspondingly, the receiving device or receiving devices of the vehicle
for receiving the transferred energy may be located in the middle section
of the vehicle in lengthwise direction. Preferably, only segments are
operated which are fully occupied by a vehicle, i.e. - in lengthwise
direction along the path of travel - the operated segments do not extend
beyond the front of the vehicle and do not extend beyond the end of the
vehicle. Most preferred, segments are operated in such a manner that there
is continuous transfer of electric energy from the segments to the vehicle
while the vehicle is travelling along the path of travel. This means that a
first segment which is occupied by the vehicle may be operated, and before
the vehicle (or before the receiving device of the vehicle) enters the next
following segment, this next following segment is switched on. On the other
hand, the first segment may be switched off after the vehicle has left the
corresponding section of the path of travel. The number of consecutive
segments which are operated at the same time is not restricted to two.
Rather, three or more consecutive segments can be operated at the same
time, for example if a long vehicle is traveling on the path, such as a
vehicle having receiving devices at different locations. In this case, it
is preferred that segments are switched off only when the last receiving
device has left the section of the path which 



corresponds to the segment.  WO 2011/076433PCT/EP2010/007985 11 The
preferred embodiments which are described in the preceding paragraphs can
be realized easily with the arrangement having one signal transmitter in
front of the receiver and one signal transmitter behind the receiver, both
transmitters emit an enable signal to the track and a segment which
receives any of the enable signals is enabled. Each segment may comprise a
segment control which is connected to the signal receptor. Either the
signal receptor or the segment control is adapted to detect the reception
of the enable signal. If the signal is coded, the detection of the
reception includes the determination that the code is the expected code of
an enable signal. A segment is understood to be a part of the conductor
arrangement, wherein each segment can produce an electromagnetic field for
transferring energy to a vehicle, provided that the segment is switched on,
i.e. is operated. In particular, each segment may consist of sections of
the at least two lines of the conductor arrangement, wherein each line is
adapted to carry a different one of the phases of the alternating electric
current. Preferably, the electric conductor arrangement comprises three
lines, each line carrying a different phase of a three-phase alternating
current. However, it is also possible, that there are only two or more than
three-phases carried by a corresponding number of lines. In particular,
each of the segments may comprise sections of each of the lines, so that
each segment produces an electromagnetic field which is caused by the three
phases. The process of switching the segments on and off may be controlled
by interrupting or connecting the connection between a power supply line
and at least one of the lines of the segments which carry the phases of the
alternating current and/or by switching on or off a current converter which
converts (in particular inverts) a current in the power supply line to an
alternating current in the segment. Embodiments and examples of the
invention will be described with reference to the attached figures. The
figures show: Fig. 1an arrangement comprising a track for a rail vehicle
and the vehicle, wherein 



the track is equipped with a plurality of segments for producing
electromagnetic fields,  WO 2011/076433PCT/EP2010/007985 12 Fig. 2an
enlarged view of the vehicle and parts of the track of Fig. 1, Fig. 3a
preferred embodiment of a signal transmitter for transmitting an enable
signal from the vehicle to the track, wherein the figure also shows a
control arrangement for controlling the operation of the transmitter, Fig.
4an arrangement for processing received signals at the track. Fig. 1 shows
a vehicle 81, in particular a light rail vehicle, such as a tram. In this
specific embodiment, the tram comprises two receivers la, lb for receiving
electromagnetic fields which are produced by the track. The receivers la,
lb are located at the bottom of the vehicle 81, in a middle section of the
front part and back part of the vehicle 81. The receivers can be seen best
in the schematic side view of Fig. 2. The vehicle may have any other number
of receivers. The receivers la, lb are connected with other equipment
within the vehicle 81, such as with a converter (not shown) for converting
an alternating current produced by the receiver 1 to a direct current. For
example, the direct current can be used to charge batteries or 



other energy storages 5a, 5b of the vehicle 81. The receivers la, lb are
connected with a control device 3a, 3b for controlling the operation of
signal transmitters 2a, 2b, 2c, 2d which are also located at the bottom of
the vehicle 81, so that signals emitted by the signal transmitters are
emitted downwards towards the track. There is in each case one signal
transmitter 2a, 2c behind the receiver la, lb - with respect to the
direction of travel (the direction of travel extends towards the right in
Fig. 1 and Fig. 2) - and in each case one signal transmitter 2b, 2d in
front of the receiver la, 1 b. The signal transmitters are also connected
to the control device 3a, 3b. The track comprises a series of consecutive
segments T1, T2, T3, T4, T5 which can be operated separately of each other
and which produce during operation an electromagnetic field in order to
transfer energy to the vehicle 81. Each segment extends across a section of
the path of travel of the vehicle. In addition, there is a loop D1, D2, D3,
D4, 05 also extending along the section of the corresponding segment T.
Each loop D is a single or multiple loop of an electric conductor.
Electromagnetic waves produced by the signal transmitters 2 induce a
corresponding electric voltage in the loop D. Each loop D is connected to a
signal decoder 21a, 21b, 21c, 21d, 21e, 21f at the track for decoding any
signal which is transferred to the loop 0 using the electromagnetic wave.
The signal  WO 2011/076433PCT/EP2010/007985 13 decoder 21 is connected to a
control device 23a, 23b, 23c, 23d, 23e, 23f for controlling the operation
of the corresponding segment T. Fig. 1 also shows a connection from each
control device 23 to an inverter 24a, 24b, 24c, 24d, 24e, 24f. Furthermore,
each control device 23 is connected to a power supply line 25 which may
also be used as a control line for controlling the operation of the control
devices 23, in particular to enable or disable the control performed by the
control devices 23. The power supply line 25 is connected to a power supply
26 for producing direct current. If the power supply line 25 is also used
as control line, a central control unit 28 is connected to the line 25. The
operation of the arrangement shown in Fig. 1 and Fig. 2 is as follows:
While the vehicle 81 travels on the track, the transmitters 2 continuously
or repeatedly emit an enable signal towards the track. For example, the
signal transmitter 2a shown in Fig. 2 emits an enable signal which is
received by the loop D2. The signal causes a corresponding alternating
voltage by induction in the loop D2. Other wireless technologies of
transferring and receiving may be used instead. Since the enable signal
emitted by signal transmitter 2a is a coded signal, the decoder 21b which
is connected to the loop D2 detects that the received signal is the
expected coded signal. Therefore, the decoder 21b outputs a signal to
control device 23b so that the control device 23b receives the information
that the expected coded signal is received. As long as the signal
transmitter 2a travels directly above the loop D2, this process is
repeated. Optionally, the control device 23b may receive a further enable
or disable signal from the central control unit 28. If it receives a
disable signal, control device 23b does not control the segment T2 to
operate. However, if the control device 23b receives an enable signal from
the central control unit 28 and - at the same time, receives the
information from the decoder 21b that the expected coded signal is
received, it controls the inverter 24b to produce an alternating current
through the segment T2 so that an electromagnetic field is 



produced by the segment T2. The operation of the other segments T is the
same as for segment T2. The other segments T are also connected to an
inverter 24 which is controlled by a control device 23 depending on the
detection result of decoder 21 which receives or does not receive a signal
from the connected loop D. In case of the situation shown in Fig. 1 and
Fig. 2, the  WO 2011/076433PCT/EP2010/007985 14 segments T2, T3, T4 are
operated to produce an electromagnetic field, since the signal transmitters
2a, 2b, 2c, 2d are traveling above the corresponding loops D2, D3, D4. In
the following, a preferred embodiment of a control device for controlling
the operation of signal transmitters is described. The control device shown
in Fig. 3 may be, for example the control device 3a or 3b of Fig. 1 and
Fig. 2. The signal transmitter 2 is schematically shown on the right hand
side in Fig. 3. It is connected to a signal encoder 31 which produces a
code which is pre-determined so that a corresponding signal decoder (for
example signal decoder 21 of Fig. 1 and Fig. 2) can decode and recognize
the expected signal. The signal encoder 31 is provided with electric energy
from a source not shown in Fig. 3, but the plus and minus potential lines
to encoder 31 are symbolized by a "+" and a "2 sign in Fig. 3. These two
lines 40a, 40b are connected to a relay 33 which is adapted to interrupt
line 40a and/or 40b depending on the operational state of a control
arrangement shown on the left of relay 33. The control arrangement
comprises two lines, a first line 41a marked with "+" and a second line 41b
marked with "-". In the preferred embodiment shown in Fig. 3, the
interruption of one of lines 41a, 41b is sufficient to trigger relay 33 to
interrupt both lines 40a, 40b. If lines 40 are interrupted, encoder 31 does
not operate and, therefore, signal transmitter 2 does not emit a coded
signal. It may produce an electromagnetic wave, but this wave is not coded
by the expected signal. The first and second line 41a, 41b comprise the
same type of elements. These elements and the lines 41a, 41b are redundant
in order to increase reliability and safety. Block 39 comprises a switch
31c in line 41a and a corresponding switch 32d in line 41b which are
adapted to switch off (i.e. interrupt) the corresponding line 41 if an
over-temperature (i.e. a temperature above a pre-determined threshold) is
detected in the range of a converter which is connected to the receiver 1.
The converter is, in particular, a rectifier for producing a direct current
from the alternating current produced by the receiver 1. The temperature
sensor which causes the switch 32 to interrupt line 41 may be a separate
temperature sensor connected to the switch 32 or may be integrated in
switch 32. The block 39 also comprises a fuse 30c, 30d in each of the first
and second line 41a, 41b which is also responsive to over-temperature.
However, the temperature which will cause the fuse 30 to melt and thereby
to interrupt line 41 is preferably higher than the pre- 



WO 2011/076433PCT/EP2010/007985 15 determined temperature which causes
switch 32 to open. Therefore, a smaller over-temperature which may happen
more often will only cause one of the switches or both switches 32 to open,
but will not melt the fuse or fuses 30. The block 39 is not necessarily an
arrangement of parts fixed to each other, but it may be such an
arrangement. The same applies to the block 38 which is described in the
following: Block 38 comprises the same type of elements as block 39, but
the temperature sensitive switches 32a in line 41a and 32b in line 41b and
the fuses 30a in line 41a and 30b in line 41b are sensitive to an
over-temperature of the receiver 1. The function of the elements 30, 32
corresponds to the function of switches 32 and fuses 30 as explained above.
There may be further blocks similar to blocks 38, 39, if other devices,
which are combined with the receiver, are to be monitored for
over-temperature. In addition, the control arrangement shown in Fig. 3
comprises a relay 36a, 36b having a signal input 37 for receiving a signal
(in particular a digital signal) from the control system of the vehicle.
The signal contains the information if or if not the receiver system
comprising the receiver 1 is ready to operate. If the signal contains the
information that the system is not ready to operate or - according to an
alternative embodiment - there is no signal containing the information that
the system is ready to operate, the relay 36 is in the open state so that
the lines 41a, 41b are interrupted. A similar arrangement, namely a relay
34a, 34b having a control signal input 35 is adapted to receive a control
signal (preferably a digital signal) containing the information if or if
not the vehicle is ready to be provided with electromagnetic energy from
the track. For example, the driver of the vehicle or a control center for
controlling the operation of the track may output the control signal to
signal input 35. If the vehicle is not ready to receive energy by induction
from the track, the relay 34a, 34b is in the open state so that lines 41a,
41b are interrupted. As a result, the relay 33 is only closed so that the
signal encoder 31 can operate, if there is no over-temperature of the
receiver and of the converter and if the receiver system, including the
converter is ready to operate and if a control signal indicating that the
vehicle  



WO 2011/076433PCT/EP2010/007985 16 is ready to receive electromagnetic
field energy from the track is input to the relay 34. In all other cases,
at least one of the lines 41a, 41b is interrupted so that relay 33 is in
the open state. Fig. 3 is a preferred example. Modifications are possible.
In particular, it is possible that the control arrangement only comprises
one control line 41. In addition or alternatively, the control line 41 or
the control lines 41a, 41b may comprise additional switches or relays the
switching state of which depends on further control information or
operational data of the vehicle. Alternatively, the control line 41 or the
control lines 41a, 41b may comprise less elements than shown in Fig. 3. For
example, one or both relays 34 36 may be omitted. Each combination of the
elements shown in Fig. 3 is possible, for example just an over-temperature
fuse 38 of the receiver, but no other of the elements shown in Fig. 3. Fig.
4 shows the signal decoder 21, for example the signal decoder 21b of Fig. 1
and 2. On the left hand side in Fig. 4, the decoder 21 is connected to loop
D. Depending on the question if decoder 21 receives the expected coded
signal, it outputs a signal to a relay 45. Optionally, as shown in Fig. 4,
additional elements 43a, 43b may be arranged in the connection between
decoder 21 and relay 45. For example, these additional elements may be
capacities or other devices for increasing or modifying the signal from the
decoder 21 to relay 45. The specific embodiment shown in Fig. 4 comprises
two connections from the decoder 21 to relay 45. The reason is that one of
the connections might fail. A second, redundant connection improves
reliability. The relay 45 in the specific embodiment shown has three
switches corresponding to three output lines (shown at the bottom of relay
45). In other embodiments, the relay 45 may have a different number of
output connections. For example, a single output connection to inverter 24
(see Fig. 1 and Fig. 2) is sufficient. However, the arrangement shown in
Fig. 4 is preferred, since it is more reliable. Two of the output
connections of relay 45 serve to connect the relay 45 with an inverter gate
drive 46, for example an inverter gate drive of inverter 24b of Fig. 1 and
Fig. 2. An inverter gate drive is the part of the control device of an
inverter which directly controls the 



WO 2011/076433PCT/EP2010/007985 17 operation of gates, i.e. controls
electrodes of electronic switches which are used to operate the inverter.
The third output of relay 45 serves to connect relay 45 to the inverter
control 37 of the same inverter. The inverter control is the part of the
inverter which controls the inverter gate drives. Consequently, there is a
control connection 48 between the inverter control and the inverter gate
drive. Since the inverter of a three-phase application typically has six
electronic switches, preferably all inverter gate drives are directly
connected to an output of relay 45. The two control lines from relay 45 to
inverter gate drive 46 shown in Fig. 4 are just examples. If relay 45 is in
the closed state, all outputs of relay 45 are connected to an energy
source, as indicated by "+" and "2 in Fig. 4. This is the case, if decoder
21 receives the expected coded signal and, accordingly, outputs a signal to
relay 45 to close the switches. Otherwise, if the signal decoder 21 does
not receive the expected coded signal from the loop D, it does not output a
signal to relay 45 or, alternatively, it outputs a open signal to open
relay 45, so that relay 45 is in the open state and none of the output
lines of relay 45 is connected to the energy source. Therefore, the
inverter cannot be operated and will not provide an alternating current to
the segment T.  WO 2011/076433PCT/EP2010/007985 18 



Claims 1. System for transferring electric energy to a vehicle (81), in
particular to a track bound vehicle such as a light rail vehicle, wherein
the system comprises an electric conductor arrangement for producing an
alternating electromagnetic field and for thereby transferring
electromagnetic energy to the vehicle (81), - the conductor arrangement
comprises at least one and preferably a plurality of consecutive segments
(Ti, T2, T3, T4, 15), wherein each segment (Ti, T2, 13, T4, 15) extends
along a different section of the path of travel of the vehicle (81), - each
segment (Ti, T2, T3, T4, T5) can be switched on and off separately of any
other segment, the vehicle (81) comprises at least one receiver (1) for
receiving the electromagnetic energy, the vehicle (81) comprises at least
one signal transmitter (2) adapted to repeatedly or continuously emit an
enable signal towards the track, a signal receptor (D1, D2, D3, D4) is
assigned to each segment (Ti, T2, T3, T4, T5), wherein the signal receptor
(D1, D2, D3, D4) enables the segment to produce the alternating
electromagnetic field while the signal receptor (D1, D2, D3, D4) receives
the enable signal, wherein a segment control (3) is adapted to stop the
operation of the segment when the enable signal is no longer received by
the signal receptor (D1, D2, D3, D4) of the segment, the vehicle (81)
comprises a transmitter control arrangement adapted to stop transmitting
the enable signal if the receiver and/or if any device combined with the
receiver is not to be operated. 2. The system of the preceding claim,
wherein the signal receptor (D1, D2, D3, 04) comprises a receiving area for
receiving the enable signal, wherein the receiving area extends along a
section of the path of travel of the vehicle (81). 3. The vehicle or system
of one of the preceding claims, wherein an alternating current of constant
magnitude is produced in each segment (Ti, T2, T3, 14, T5) while the
segment is operated. 



WO 2011/076433PCT/EP2010/007985 19 4. Vehicle (81) for operation using the
system of one of the preceding claims, in particular track bound vehicle
such as a light rail vehicle, wherein the vehicle (81) comprises at least
one receiver (1) for receiving the electromagnetic energy of an alternating
electromagnetic field, the vehicle (81) comprises at least one signal
transmitter (2) adapted to repeatedly or continuously emit an enable signal
towards the track for enabling the generation of the alternating
electromagnetic field, the vehicle (81) comprises a transmitter control
arrangement (3) adapted to stop transmitting the enable signal if the
receiver (1) and/or if any device combined with the receiver (1) is not to
be operated. 5. The vehicle or system of one of the preceding claims,
wherein the control arrangement (3) comprises at least one switch (32)
and/or fuse (30) adapted to prevent the signal transmitter (2) from
emitting the enable signal, wherein the at least one switch (32) and/or
fuse (30) is/are responsive to at least one of the following: temperature
of the receiver, temperature of a current converter for converting an
electric current produced by the receiver, operability of the receiver, of
the current converter and/or of a system of the vehicle which uses the
electromagnetic energy received by the receiver. 6. The vehicle or system
of the preceding claim, wherein the switch (32) and/or fuse (30) is/are
arranged in a line (41) and are adapted to interrupt the line (41) if the
at least one signal transmitter (2) is to be prevented from emitting the
enable signal. 7. The vehicle or system of the preceding claim, wherein the
line (41) is a first line energizing a relay (33) thereby keeping the relay
(33) in a closed state while the enable signal is transmitted and wherein
the relay (33) is de-energized and therefore in the open state interrupting
a second line (40) to the at least one signal transmitter (2) if the first
line (41) is interrupted. 



8. The vehicle or system of one of the preceding claims, wherein a first
signal transmitter (2b) is arranged - with respect to the direction of
travel - in front of the receiver (1), so that the enable signal emitted by
the first signal transmitter (2b) enables a segment (T2) before the
receiver (1) is reaching the region above the segment (T2), and a second
signal transmitter (2a) is arranged - with respect to  WO
2011/076433PCT/EP2010/007985 20 the direction of travel - behind the
receiver (1), so that the enable signal of the second signal transmitter
(2a) continues to enable the segment (T2) until the receiver (1) is leaving
the region above the segment (T2). 9. A method for transferring electric
energy to a vehicle (81), in particular to a track bound vehicle such as a
light rail vehicle, wherein - an alternating electromagnetic field is
produced by an electric conductor arrangement located along the track
thereby transferring the electromagnetic energy to the vehicle (81),  at
least one segment or a plurality of consecutive segments (Ti, T2, T3, T4,
T5) of the conductor arrangement are switched on and off separately of
other segments (Ti, T2, T3, T4, T5) in order to generate the
electromagnetic field in a restricted region of the path of travel of the
vehicle only where the vehicle (81) is traveling, wherein each segment (Ti,
T2, T3, T4, T5) extends along a different section of the path of travel of
the vehicle (81), the electromagnetic energy is received using at least one
receiver (1) arranged at the vehicle (81), 



an enable signal is repeatedly or continuously emitted from the vehicle
towards the track, the segment is enabled to produce the alternating
electromagnetic field while a signal receptor (D1, D2, D3, D4) receives the
enable signal, wherein the operation of the segment (Ti, T2, T3, T4, T5) is
stopped when the enable signal is no longer received by the signal receptor
(D1, D2, D3, D4) of the segment (Ti, T2, T3, T4, T5),  transmission of the
enable signal is stopped if the receiver (1) and/or if any device combined
with the receiver (1) is not to be operated. 10. The method of the
preceding claim, wherein the enable signal is no longer emitted if one or
more than one of the following events happen(s): a temperature of the
receiver (1) exceeds a predetermined maximum value; a temperature of a
current converter for converting an electric current produced by the
receiver exceeds a predetermined maximum value; the receiver, the current
converter and/or a system of the vehicle which uses the electromagnetic
energy received by the receiver are not ready to be operated.  WO
2011/076433PCT/EP2010/007985 21 11. The method of one of the preceding
claims, wherein a first enable signal is transmitted from a first location-
with respect to the direction of travel - in front of the receiver by a
first signal transmitter (2b), so that the enable signal emitted by the
first signal transmitter (2b) enables a segment (T2) before the receiver
(1) is reaching a region above the segment (T2), and a second enable signal
is transmitted from a second location - with respect to the direction of
travel - behind the receiver by a second signal transmitter (2a), so that
the enable signal of the second signal transmitter (2b) continues to enable
the segment (T2) until the receiver (1) is leaving the region above the
segment (T2). 



12. The method of one of the preceding claims, wherein a switch (32) and/or
fuse (30) is/are used to interrupt a line (41) if the at least one signal
transmitter (2) is to be prevented from emitting the enable signal. 13. The
method of the preceding claim, wherein the line (41) is a first line used
to energizing a relay (33) thereby keeping the relay (33) in a closed state
while the enable signal is transmitted and wherein the relay (33) is
de-energized and therefore in the open state interrupting a second line
(40) to the at least one signal transmitter (2) if the first line (41) is
interrupted. 14. The method of one of the preceding claims, wherein an
alternating current of constant magnitude is produced in each segment (Ti,
T2, T3, T4, T5) while the segment is operated. 


