
(12) STANDARD PATENT (11) Application No. AU 2009265944 B2
(19) AUSTRALIAN PATENT OFFICE

(54) Title
System and method for transferring electric energy to a vehicle

(51) International Patent Classification(s)
B60M 3/04 (2006.01) B60L 5/00 (2006.01)

(21) Application No: 2009265944 (22) Date of Filing: 2009.07.02

(87) WIPONo: WO10/000495

(30) Priority Data

(31) Number (32) Date (33) Country
0812344.0 2008.07.04 GB

(43) Publication Date: 2010.01.07
(44) Accepted Journal Date: 2013.05.23

(71) Applicant(s)
Bombardier Transportation GmbH

(72) Inventor(s)
Vollenwyder, Kurt;Meins, Jurgen

(74) Agent / Attorney
Griffith Hack, GPO Box 1285, Melbourne, VIC, 3001

(56) Related Art
US 2005/0161300 A1 
US 7733676 B2



(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Organization
International Bureau

(43) International Publication Date 
7 January 2010 (07.01.2010)

(10) International Publication Number

PCT WO 2010/000495 Al

(51) International Patent Classification:
B60M 3/04 (2006.01) B60L 5/00 (2006.01)

(21) International Application Number:
PCT/EP2009/004961

(22) International Filing Date:
2 July 2009 (02.07.2009)

(25) Fifing Language: English

(26) Publication Language: English

(30) Priority Data:
0812344.0 4 July 2008 (04.07.2008) GB

(71) Applicant (for all designated States except US): BOM
BARDIER TRANSPORTATION GMBH [DE/DE]; 
Schoneberger Ufer 1, 10785 Berlin (DE).

(72) Inventors; and
(75) Inventors/Applicants for US only): MEINS, Jurgen 

[DE/DE]; Am Hasengarten 18, 38126 Braunschweig 
(DE). VOLLENWYDER, Kurt [CA/CA]; 170 Chelsea 
Road, Kingston, Ontario (CA).

(74) Agent: BRESSEL UND PARTNER; Radickestrasse 48, 
12489 Berlin (DE).

(81) Designated States (unless otherwise indicated, for every 
kind of national protection available): AE, AG, AL, AM,

AO, AT, AU, AZ, BA, BB, BG, BH, BR, BW, BY, BZ, 
CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM, DO, 
DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT, 
HN, HR, HU, ID, IL, IN, IS, JP, KE, KG, KM, KN, KP, 
KR, KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD, 
ME, MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, 
NO, NZ, OM, PE, PG, PH, PL, PT, RO, RS, RU, SC, SD, 
SE, SG, SK, SL, SM, ST, SV, SY, TJ, TM, TN, TR, TT, 
TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

(84) Designated States (unless otherwise indicated, for every 
kind of regional protection available): ARIPO (BW, GH, 
GM, KE, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, ZM, 
ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ, 
TM), European (AT, BE, BG, CH, CY, CZ, DE, DK, EE, 
ES, FI, FR, GB, GR, HR, HU, IE, IS, ΓΓ, LT, LU, LV, 
MC, MK, MT, NL, NO, PL, PT, RO, SE, SI, SK, SM, 
TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, GW, 
ML, MR, NE, SN, TD, TG).

Declarations under Rule 4.17:
— of inventorship (Rule 4.l7(iv))

Published:
— with international search report (Art. 21(3))

W
O

 20
10

/0
00

49
5 A

l

(57) Abstract: The invention relates to a system for transferring electric energy to a vehicle (81; 92), in particular to a track bound 
vehicle such as a light rail vehicle, wherein the system comprises an electric conductor arrangement (12) for producing an alternat
ing electromagnetic field and for thereby transferring the energy to the vehicle (81; 92), the electric conductor arrangement (12) 
comprises at least two lines (1, 2, 3), wherein each line (1, 2, 3) is adapted to carry a different one of phases of an alternating elec
tric current, the conductor arrangement comprises a plurality of segments (TI, T2, T3, T4, T5), wherein each segment (TI, T2, T3, 
T4, T5) extends along a different section ofthe path oftravel ofthe vehicle, each segment (TI, T2, T3, T4, T5) comprises sections 
of the at least two lines and each segment (TI, T2, T3, T4, T5) can be switched on and off separately of the other segments.
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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).

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 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 (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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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

5 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.

10 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.

15 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.

20

SUMMARY OF THE INVENTION

According to a basic idea employed in embodiments ofthe present invention energy is 

transferred from an electric conductor arrangement, which is arranged along the track, to

25 the vehicle travelling on the track without havinc 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.

3 0 Preferably, the conductor arrangement is located in and/or under the track, for example 

under the surface of the ground on which the vehicle travels. However, the invention also 

includes the case that at least a part ofthe conductor arrangement is located sideways of 

the track, for example when the track is located in the country side or in a tunnel.

3 5 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.

271S488_1 (GHMatters) P85958.AU 23/06/11
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The principle of transferring the energy by electromagnetic fields has the advantage that 

the conductor arrangement can be electrically insulated against contact. For example the 

wires or lines ofthe conductor arrangement can be buried in the ground. No pedestrian

5 may unintentionally contact the buried lines. Fuithermore, the problem of wear and tear of 

a current collector, which is used to contact standard overhead lines or live rails is solved.

As principally disclosed in WO 95/30556 A2, the vehicle which is travelling on the track 

may comprise at least one coil and the electromagnetic field generates an electric

10 alternating voltage in the coil which can be usee to operate any electric load in the vehicle, 

such as a propulsion motor, or can be used to charge an energy storage system, such as 

conventional batteries and/or super caps.

In particular, the present invention provides a system for transferring electric energy to a

15 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 the energy to the vehicle;

- the electric conductor arrangement comprises at least two lines, wherein each line 

is adapted to carry a different one of phases of an alternating electric current;

20 - the conductor arrangement comprises a plurality of segments, wherein each

segment extends along a different section of the path of travel of the vehicle, each segment 

comprises sections of the at least two lines and each segment can be switched on and off 

separately of the other segments;

- the conductor arrangement is arranged in such a manner that at least two

2 5 consecutive segments can be operated at a time, wherein corresponding lines for carrying

the same phase of the alternating current in the consecutive sections are connected in 

series to each other;

- a switch or an arrangement of switches is located at an interface between two 

consecutive segments ofthe conductor arrange nent; and

3 0 - wherein the switch or the arrangement or switches is operated in such a manner

that, if only one of the two consecutive segments is operated at the same time, the lines of 

the segment which is operated are connected tc a common star point or to a power supply 

system, and that, if both consecutive segments are operated at the same time, the 

corresponding lines ofthe consecutive segments are connected in series to each other.

35

The invention also provides a method for transferring electric energy to a vehicle, in 

particular to a track bound vehicle such as a light rail vehicle, wherein

2715488_1 (GHMatters) P859S8.AU 23/06/11
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- an electromagnetic field is produced by an electric conductor arrangement located 
along the track thereby transferring the electric energy to the vehicle;

- the electromagnetic field is produced by conducting at least a first phase of an 

alternating current in a first line ofthe electric conductor arrangement and by conducting at

5 least a second phase of the alternating current in a second line of the electric conductor 

arrangement the electric conductor arrangement;

- 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, wherein each segment extends along a different section of the

10 path of travel of the vehicle and wherein each segment comprises sections of the at least 

two lines;

- at least two consecutive segments are operated at the same time, wherein 

corresponding lines for carrying the same phase of the alternating current in the 

consecutive sections are connected in series to each other;

15 - if only one of the two consecutive segments is operated at a time, the lines of the

segment which is operated are connected to a common star point or to a power supply 

system; and

- if the two consecutive segments are operated at the same time, the 

corresponding lines of the consecutive segments are connected in series to each other.

20

It is one advantage of such a system that electromagnetic fields for transferring energy to 

the vehicles can be produced where necessary. As a result, losses during the operation of 

the system are reduced. Furthermore, EMC requirements can be met more easily, since 

unnecessary electromagnetic fields are avoided.

25

A segment is understood to be a part ofthe conductor arrangement, wherein each 

segment produces 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 ofthe at least two lines ofthe conductor arrangement, wherein each line is

3 0 adapted to carry a different one of the phases o: 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 oy a corresponding number of lines. In

3 5 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.

271S488_1 (GHMatters) P85950.AU 23/06/11

P85950.AU


WO 2010/000495 PCT/EP2009/004961

5

If the corresponding lines of consecutive segments (which are operated at the same time) 

are connected in series to each other, a star point connection at the interface between the 

consecutive segments is not the only possibility. An alternative may be to connect the 

lines of the consecutive segments in a delta-connection fashion to the power supply 

system. However, this may cause a short interruption of the power supply to a particular 

segment, when a consecutive segment is switched on, since the line ends of the particular 

segment need to be switched over from the powersupply system to the corresponding 

lines of the consecutive section. In contrast, the solution with star point connections can 

avoid this interruption, as will be described in the description of the attached figures.

Preferably, segments are operated (i.e. the lines of the segments carry an alternating 

current which produces an electromagnetic field) only, while corresponding sections of the 

path of travel are occupied by a vehicle. Consequently, it is preferred that segments at 

sections of the path, which are not occupied by a vehicle, are switched off.

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 (or in some cases like in tunnels sideways of) the track are switched on, 

the vehicle shields the environment from the electromagnetic field which is produced by 

the conductor arrangement. 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. Therefore, the segments may part of a row of consecutive segments, 

wherein the row extends 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 of the row, 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.
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A “corresponding section” is understood to be a section which has - in lengthwise 

direction along the path of travel - the same extension as the corresponding segment of 

the conductor arrangement. “Continuous transfer of electric energy” means that the 

receiving device of the vehicle is always in a section when the corresponding segment is 

operated (i.e the lines of the segment carry an alternating current for producing an 

electromagnetic field in order to provide energy to the vehicle). It might happen that there 

is a short interruption (e.g. of some milli-seconds) of the current flow through the lines 

when a consecutive segment is switched on or when the first segment is switched off. 

Despite that, the transfer of electric energy is “continuous”, since the receiving device of 

the vehicle is located in a section when the corresponding segment is operated. However, 

it is preferred that the transfer of electric energy is also interruption-free. Examples of such 

an interruption-free transfer will be described below. Interruption-free transfer is 

particularly easy to achieve if the lines of the consecutive sections are connected in series 

to each other. Therefore it is preferred that the conductor arrangement is arranged in such 

a manner that at least two consecutive segments can be operated at the same time, 

wherein corresponding lines for carrying the same phase of the alternating current in the 

consecutive sections are connected in series to each other. For example, the interface 

between the consecutive segments may comprise a switch an arrangement or switches 

which may connect or disconnect the corresponding lines.

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 travelling on the path, such as a vehicle having 

reseeding 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.

The switching process may be controlled using at least one of the lines of the segments 

which are switched off. Preferably, the occupation of a respective section of the track by a 

vehicle may be detected, in particular by detecting a voltage and/or a current in the lines 

of the segment which is caused by inductive coupling of the vehicle to the lines and/or 

which is caused by electromagnetic fields produced by the vehicle. Correspondingly, a 

measurement device may be connected to at least one of the lines. Preferably, a plurality 

of or all of the lines of the segment is connected to a measurement device and/or to the 

same measurement device. The measurement device or devices is/are adapted to detect 

the occupation of the respective section of the track by a vehicle by detecting a voltage
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and/or a current in the line or a separate loop which is caused by inductive coupling of the 

vehicle to the line and/or which is caused by electromagnetic fields produced by the 

vehicle.

The system may be adapted to switch on a segment before a receiving device of a vehicle 

for receiving the transferred energy enters the section of the path of travel where the 

segment is located.

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). As a result, 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. Furthermore, it is preferred that only 

segments are switched on, which are fully covered by a vehicle on the track. On the other 

hand, the event that a vehicle is entering the region above a particular line segment can 

be detected (as mentioned above) and this line segment is switched on, as soon as the 

vehicle enters the region above the next following line segment.

Accordingly, line segments are switched off before the vehicle leaves the region above the 

line segment. Preferably they are switched off before they are no longer fully covered by 

the vehicle.

If the conductor arrangement comprises more than one line, detecting the events that the 

vehicle enters or leaves a particular line segment, can be performed using one of the lines 

only. However, the other lines can be switched on and off correspondingly, i.e. the 

conductor arrangement comprises sections, wherein all lines in other sections can be 

switched on and off together.

According to a preferred embodiment of the invention, at least one of the lines in at least 

one of the segments (preferably all lines in all of the segments) may be arranged in such a 

manner that the line produces - at each point in time while the alternating electric current 

is flowing through the line - a row of successive magnetic poles of an electromagnetic 

field, wherein the successive magnetic poles have alternating magnetic polarities. The row 

of successive magnetic poles extends in the travel direction of the vehicle which is defined 

by the track or by the path of travel. Alternatively, the at least one line comprises a
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plurality of sections which extend transversely to the travel direction of the vehicle which is 

defined by the track or path of travel. In this case, the sections of the same line are 

arranged in a row along the path of travel (e.g. the track) in such a manner that - at each 

point in time while an alternating electric current is flowing through the line - the alternating 

current flows through successive sections in the row altematingly in opposite directions.

The magnetic poles produced by the lines and/or the sections of the different lines are - at 

each point in time - in a repeating sequence extending in the travel direction, wherein the 

repeating sequence corresponds to a sequence of the phases. For example in the case of 

a three-phase alternating current, having the phases U, V, W, a section carrying phase U 

is followed by a section carrying phase V which in turn is followed by a section carrying 

phase W and this sequence of phases U, V, W is repeated several times in the direction 

of the track, i.e. in the travel direction. An example will be described later with reference to 

the attached figures.

In the preferred embodiment of the invention which is mentioned above, the at least one 

line produces - at each point in time while the alternating electric current is flowing 

through the line - a row of successive magnetic poles of an electromagnetic field, wherein 

the successive magnetic poles have alternating magnetic polarities. In other words: At a 

given point in time the alternating current in the line produces - in the direction of travel - 

a magnetic field having a magnetic field vector which is oriented in a first direction in a first 

region of the line, followed by a second region of the line where the field vector of the 

magnetic field is oriented in the opposite direction of the first direction, followed by another 

region of the line where the magnetic field vector is oriented again in the first direction and 

so on. However, it is not always the case that the first direction and the direction of the 

magnetic field vector in the following region of the line are exactly oriented in opposite 

direction. One reason may be that the line is not arranged exactly in a regular, repeating 

manner. Another reason may be non-symmetrical influences of other lines of the 

conductor arrangement. A further reason may be external electromagnetic fields. Also, the 

vehicle which is travelling on the track will influence the resulting electromagnetic field.

However, the principle of alternating magnetic poles produced by the same line of the 

conductor arrangement at each point in time has the advantage that the resulting 

electromagnetic field strength sideways of the conductor arrangement as a very small 

intensity which decreases rapidly with increasing distance to the conductor arrangement.

In other words, the oppositely oriented magnetic fields in the regions of the line are
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superimposed sideways of the line and compensate each other. Since it is desirable to 

have very small electromagnetic field strength on both sides of the track, it is preferred 

that the at least one line of the electric conductor arrangement is located in and/or under 

the track wherein the sections of the line which extend transversely to travel direction 

extend in a horizontal plane. In this context, “horizontal” also covers the case that the 

track may form a bent and is slightly inclined. Correspondingly the respective “horizontal” 

plane of the line sections may also be inclined slightly. Horizontal is therefore referred to 

the standard case that the track is extending in a horizontal plane. The same applies to 

the case that the path of travel or track is leading upwardly onto a hill or downwardly from 

the hill. Some percentages of inclination of the path are negligible for the compensation of 

the magnetic fields sideways of the path.

Since the field intensity sideways of the path is very small, energy can be transferred to 

the vehicle at high power and EMC limit values (e.g. 5 uT for the sideways magnetic field 

intensity) can be met easily at the same time.

According to a particularly preferred embodiment, the at least one line in the at least one 

segment of the electric conductor arrangement extends along the path of travel or track in 

a serpentine manner, i.e. sections of the line which extend in the direction of travel are 

followed in each case by a section which extends transversely to the travel direction which 

in turn is followed again by a section which extends in the direction of travel. In case of a 

plural-phase system preferably all lines of the conductor arrangement are arranged in this 

manner. The line may be realized by a cable.

The expression “serpentine” covers lines having a curved configuration and/or having 

straight sections with sharply bent transition zones to neighbouring sections. Straight 

sections are preferred, since they produce more homogenous fields.

In particular, the alternating current in the at least one line of the at least one segment 

produces an electromagnetic wave which moves in or opposite to the direction of travel 

with a velocity proportional to the distance of consecutive magnetic poles of the line and 

proportional to the frequency of the alternating current. Preferably, at least some of the 

sections which extend transversely to the travel direction, and preferably all of these 

sections, extend over a width which is greater than the width of a receiving device of a 

vehicle on the track for receiving the transferred energy. For example, the width of the 

sections may be greater than maximum width of the vehicles which may occupy the track.
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One advantage of the embodiment is that the alternating current which flows through the 

sections produces a nearly homogenous intensity of the magnetic field in the region where 

the receiving device may be located.

A further embodiment of the system or method of the present invention guaranties that the 

alternating magnetic field intensity is constant over time. To achieve this goal, the lines of 

the conductor arrangement are connected to an AC (alternating current) constant-current 

source which is adapted to feed the lines with an alternating current, the mean value of 

which is constant (or nearly constant) independently of the power which is transferred 

from the electric conductor arrangement to the vehicle or to the vehicles.

According to a preferred embodiment of the AC constant-current source, it comprises an 

electrical arrangement which transforms AC voltage to AC current. This electrical 

arrangement may comprise - in each line - an input inductivity at an input side of the 

constant-current source and an output inductivity at an output side of the constant-current 

source, wherein the input side is connected to a voltage source, wherein the output side is 

connected to line sections along the path of travel, wherein each line comprises a 

connection point between the input side and the output side and wherein each connection 

point is connected to a common same star point via a capacity.

If only one vehicle is powered by the primary side power source (which is feeding the 

conductor arrangement) at a time, a constant AC voltage can be applied to the track side 

electric conductor arrangement alternatively. Because of the presence of one vehicle only, 

any interferences of load distribution are avoided. In this case, the AC current through the 

conductor arrangement (which is caused by the constant AC voltage supply) depends on 

the load strength. Therefore, the electrical losses of the primary side electric conductor 

arrangement are load dependent and the current is not constant, as in the case 

(described above) of a constant AC current supply.

The energy source (or power source) may be (this also applies to other embodiments of 

the system) a conventional inverter for producing an AC voltage from a constant DC 

voltage.

Preferably, the electric conductor arrangement is located under the track, e.g. under 

ground.
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The at least one line comprises an inductivity which is used to transfer the electric energy 

to the vehicle or vehicles and further comprises a leakage inductivity which does not 

contribute to the energy transfer to the vehicle or vehicles, wherein the leakage inductivity 

is compensated by a capacity located in the same line so that the resulting impedance of 

the capacity and the leakage inductivity is zero. Such a zero impedance has the 

advantage that the reactive power of the system is minimized and, therefore, the design of 

the active power components is minimized as well.

Principles and details regarding the reception of energy within the vehicle will be 

described with reference to the attached figures. However, some features are described in 

the following: The receiving device of the vehicle may comprise a coil of a conductor or of 

conductors or it may comprise a plurality of coils. The advantage of plural coils of a plural 

phase receiving device is that it is easier and means less effort to smooth the fluctuations 

of the received currents or voltages.

Preferably, the at least one coil is positioned only a few centimetres above the primary 

side conductor arrangement, because the magnetic coupling between primary and 

secondary coils will decrease with increasing distance. E.g., the at least one coil is 

positioned not more than 10 cm above the ground, preferably not more than 5 cm and 

most preferred 2 - 3 cm above the ground. In particular, this applies if the conductor 

arrangement is located under the ground. The line or lines of the conductor arrangement 

may be located not more than 2 cm below the surface of the ground, preferably not more 

than 1 cm.

Preferably, the receiving device which receives the transferred energy is movable in 

vertical direction so that it can be brought in a position closely above ground and it can be 

lifted into a higher position when the receiving device is not used.

Preferably, the receiving device comprises a plurality of coils which are arranged at 

different positions in the direction ofthe travel. For example, the distance between the 

coils may be equal to the distance of the sections of different phases of the conductor 

arrangement along the track, wherein these sections are sections which extend 

transversely to the travel direction. However, it is not necessary to place the different coils 

of the vehicle at the same distance to each other like the distance of the sections.
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Embodiments and examples of the present invention will now be described with reference 

to the attached figures. The figures show:

Fig. 1 schematically a three-phase conductor arrangement which extends along a 

track,

Fig. 2 a diagram showing alternating currents through the three-phases of the 

arrangement according to Fig. 1 as functions of time,

Fig. 3 magnetic field lines of a magnetic field, which is produced by the conductor 

arrangement according to Fig. 1, while a receiving device of a vehicle is 

located above the shown region of the conductor arrangement, wherein the 

direction of travel of the magnetic field distribution extends in the plane of the 

figure from right to left or from left to right,

Fig. 4 another diagram showing a region of the magnetic field which is produced by 

the conductor arrangement, while a load is connected to the receiving device 

in the vehicle,

Fig. 5 a diagram showing schematically the movement of the magnetic wave

produced by the conductor arrangement along the track and showing the 

movement of the receiving device due to the movement of the vehicle on the 

track,

Fig. 6 a schematic circuit diagram of the conductor arrangement according to Fig. 1 

which is connected to an AC voltage source via an electrical arrangement 

which is transforming a voltage of the source into a constant alternating 

current which is fed into the conductor arrangement,

Fig. 7 a circuit diagram showing a receiving device of a vehicle having coils for three 

different phases, wherein the receiving device is connected to an AC/DC- 

converter,

Fig. 8 a rail vehicle which is travelling on a track along which a conductor 

arrangement extends,

Fig. 9a-c three consecutive points in time of a situation in which a rail vehicle travels on 

a track, wherein the track is provided with a plurality of consecutive line 

segments of a conductor arrangement, wherein the line segments can be 

switched on and off for providing the vehicle with energy,

Fig. 10 an arrangement similar to the arrangement shown in Fig. 8 including a circuit 

diagram of a conductor arrangement along the track, wherein the conductor 

arrangement comprises line segments which can be switched on and off, and

SUBSTITUTE SHEET (RULE 26)



WO 2010/000495 PCT/EP2009/004961

13

Fig. 11 an arrangement similar to the arrangement shown in Fig. 1, schematically 

illustrating a conductor arrangement between two rails of a railway,

Fig. 12 seven segments which extend along a path of travel of a vehicle, wherein only 

one of the segments is operated and wherein a second consecutive segment 

is switched on,

Fig. 13 the arrangement shown in Fig. 12, wherein two consecutive segments are 

operated and one of the segments is switched off,

Fig. 14 an arrangement having five segments which can be switched on and off and 

Fig. 15a-c a semiconductor switch arrangement for switching one phase, for example for

switching one phase in a feed line switch of Fig. 12 or 13.

Fig. 1 shows a conductor arrangement which may be located underground along a track, 

for example along the rails of a railway (see the arrangement shown in Fig. 11, for 

example). In the latter case, the rails extend from left to right in the view of Fig. 1. The 

arrangement shown in Fig. 1 may be one segment of a plurality of segments of the total 

conductor arrangement extending along the path of travel.

Fig. 1 is understood to be a schematic view. The three lines 1,2, 3 of the conductor 

arrangement comprise sections which extend transversely to the direction of travel (from 

left to right or right to left). Only some of the transversely extending sections of lines 1, 2,

3 are denoted by the reference numerals, namely three sections 5a, 5b and 5c of line 3, 

some further sections of the line 3 by “5”, one section 5x of line 2 and one section 5y of 

line 1. In the most preferred case, the arrangement 12 shown in Fig. 1 is located 

underground of the track so that Fig. 1 shows a top view onto the arrangement 12. The 

rails may extend from left to right, at the top and the bottom in fig. 1, i.e. the transversely 

extending line sections may be completely within the boundaries defined by the rails (see 

also Fig. 11).

For example, in the manner as shown in Fig. 6, the three lines 1,2,3 may be connected 

to a three-phase AC current source. Optionally, the current source may be connected to 

the arrangement shown in figure 1 via a feed line which extends along the path of travel of 

the vehicle and which may feed other segments with the current as well. At the time which 

is depicted in Fig. 1, a positive current 11 is flowing through line 3. “Positive” means, that 

the current flows from the current source into the line. The three lines 1, 2, 3 are 

connected at the other end of the arrangement together at a common star point 4. 

Consequently, at least one of the other currents, here the current I2 through the line 2 and
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the current I3 through the line 1, are negative. Generally speaking, the star point rule 

applies which means that the sum of all currents flowing to and from the star point is zero 

at each point in time. The directions of the currents through lines 1,2,3 are indicated by 

arrows. When the arrangement shown in figure 1 is one of a plurality of segments of the 

total conductor arrangement, the lines 1, 2, 3 may be connected to the star point 4 via a 

three-phase switch. In addition, a three-phase switch for connecting the three phases at 

the end of the star point connection to a feed line may also be provided. The function of 

such star point switches and feed lines switches will be described below.

The sections of line 3 and the corresponding sections of lines 1,2 which extend 

transversely to the direction of travel preferably have the same width and are parallel to 

each other. In practice, it is preferred there is no shift in width direction between the 

transversely extending sections of the three lines. Such a shift is shown in Fig. 1 for the 

reason that each section or each line can be identified.

Preferably, each line follows the same serpentine-like path along the track, wherein the 

lines are shifted in the direction of travel by one third of the distance between consecutive 

sections of the same line extending transversely to the direction of travel. For example, as 

shown in the middle of Fig. 1, the distance between consecutive sections 5 is denoted by 

TP. Within the region between these consecutive sections 5, there are two other sections 

which extend transversely to the direction of travel namely, section 5x of line 2 and section 

5y of line 1. This pattern of consecutive sections 5, 5x, 5y repeats at regular distances 

between these sections in the direction of travel.

The corresponding direction of the current which flows through the sections is shown in 

the left region of Fig. 1. For example, section 5a carries a current from a first side A of the 

arrangement 12 to the opposite side B of the arrangement. Side A is one side of the track 

(such as the right hand side in the direction of travel, when viewed from a travelling 

vehicle) and side B is the opposite side (e.g. the left side of the track), if the arrangement 

12 is buried in the ground under the track, or more generally speaking, extends in a 

horizontal plane.

The consecutive section 5b consequently carries an electric current at the same time 

which is flowing from side B to side A. The next consecutive section 5c of line 3 is 

consequently carrying a current from side A to side B. All these currents have the same 

size, since they are carried by the same line at the same time. In other words: the sections
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which extend transversely are connected to each other by sections which extend in the 

direction of travel.

As a result of this serpentine like line arrangement the magnetic fields which are produced 

by sections 5a, 5b, 5c,... of the line 3 produce a row of successive magnetic poles of an 

electromagnetic field, wherein the successive magnetic poles (the poles produced by 

section 5a, 5b, 5c,...) have alternating magnetic polarities. For example, the polarity of 

the magnetic pole which is produced by section 5a may correspond at a specific point in 

time a magnetic dipole, for which the magnetic north pole is facing upwardly and the 

magnetic south pole is facing downwardly. At the same time, the magnetic polarity of the 

magnetic field which is produced by section 5b is oriented at the same time in such a 

manner that the corresponding magnetic dipole is facing with its south pole upwardly and 

with its north pole downwardly. The corresponding magnetic dipole of section 5c is 

oriented in the same manner as for section 5a and so on. The same applies to lines 1 and 

2.

However, the present invention also covers the case that there is only one phase, that 

there are two phases or that there are more than three phases. A conductor arrangement 

having only one phase may be arranged as line 3 in Fig. 1, but instead of the star point 4, 

the end of the line 3 (which is located at the right hand side of Fig. 1) may be connected to 

the energy source (not shown in Fig. 1) by a connector line (not shown in Fig. 1) which 

extends along the track. A two-phase arrangement may consist of lines 3 and 2, for 

example, but the distance between the transversely extending sections of the two lines (or 

more generally speaking: of all lines) is preferably constant (i.e. the distances between a 

transversely extending section of line 3 to the two nearest transversely extending section 

of line 2 - in the direction of travel and in the opposite direction - are equal).

Figure 11 is intended to illustrate some dimensions of the conductor arrangement, for 

example the conductor arrangement shown in Fig. 1. Only parts of the three lines 111,

112, 113 are shown in figure 11 and connections to each other (e.g. via the star point 4 of 

figure 1) and to the power supply are omitted.

The serpentine like lines 111, 112,113 are located between two rails 116a, 116b of a 

railway for railway vehicles (such as regional or local trains, such as a tram). The 

expression "between" is related to the top view shown in figure 11. For example, the lines 

111,112, 113 may be located below the level of the rails 116.
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Each of the lines 111,112,113 comprises linear sections which extend transversely to the 

direction of the track, i.e. the longitudinal direction of the rails 116. These transversely 

extending sections are connected to the consecutive transversely extending sections of 

the same line via longitudinally extending sections, which extend in the longitudinal 

direction of the rails. The transversely and linearly extending sections have a length LB, 

which is preferably at least as large as half the distance RB between the rails. For 

example, the distance RB may be 1 m and the length of the transversely extending 

sections may be 50 cm or in the range of 50 to 75 cm.

The transversely extending sections and the longitudinally extending sections of the same 

line are connected to each other by curved sections. The curvature corresponds, for 

example, to the curvature of a circle having a radius of 150 mm.

Figure 11 also schematically shows a shaded area 118 which is covered by a coil of a 

receiving device of a vehicle travelling on the rails 116. The width of the coil is equal to the 

lengths of the transversely extending sections of the lines. However, in practice, it is 

preferred that this width is smaller than the length of the transversely extending sections. 

This allows for a shift in the position of the coil in the direction transverse to the travel 

direction, as indicated by two arrows and a line below the shaded area 118. Such a shift 

would not influence the reception of energy by the coil, if the shift would not move the coil 

beyond the boundaries of the transversely extending sections.

As follows from the time dependent diagram shown in Fig. 2, the currents through the 

phases 1,2, 3 of Fig. 1 are phase currents of a conventional three-phase alternating 

current.

L1, L2, L3 in Fig. 2 denote that the serpentine like lines 1,2, 3 form inductivities.

As shown in Fig. 2, the peak current value of the currents may be in the range of 300 A 

respectively -300 A. However, greater or smaller peak currents are also possible. 300 A 

peak current is sufficient to provide propulsion energy to a tram for moving the tram along 

a track of some hundred meters to a few kilometres, for example within the historic town 

centre of a city. In addition, the tram may withdraw energy from an on-board energy 

storage, such as a conventional electrochemical battery arrangement and/or a super cap



WO 2010/000495 PCT/EP2009/004961

17

arrangement. The energy storage may be charged again fully, as soon as the tram has 

left the town centre and is connected to an overhead line.

The bent lines in Fig. 3 are field lines of the magnetic field which is produced by the 

sections of lines 1,2, 3 shown in Fig. 1. Fig. 3 depicts the situations at four different points 

in time which correspond to “0”, “30”, "60”, “90” on the time scale of Fig. 2. The time scale 

of Fig. 2 can also be interpreted as a scale showing the angle of the sinusoidal behaviour 

of the currents, which means that Fig. 2 shows the behaviour of the currents over one full 

period, i.e. the current values at the beginning of the period at “0” are the same as at the 

end of the period at “360”.

In the left of the four partial diagrams of Fig. 3, cross sections of transversely extending 

sections of lines 1,2, 3 are shown. Reference sign “11” denotes the current 11 which is 

flowing through a transversely extending section of line 1 and so on. These transversely 

extending sections extend perpendicularly to the image plane of Fig. 3, wherein the image 

plane is a vertical cut plane through the arrangement 12 of Fig. 1, wherein the image 

planes of Fig. 1 and Fig. 3 are perpendicular to each other and wherein the image plane 

of Fig. 3 extends in the direction of travel, cutting the sections 5 of Fig. 1 in two halves. In 

the upper regions of Fig. 3, electromagnetic coils 7 are schematically shown as flat 

rectangular framed areas. On top of these coils 7, which are parts of a receiving device of 

a vehicle for receiving the energy from the arrangement 12, ferromagnetic backbones 8 

are located in order to bundle and divert the magnetic field lines. These backbones 8 have 

the functions of a core of an electromagnet

Fig. 4 shows a similar view as the views shown in Fig. 3. However, the figure is meant to 

illustrate the hypothetical situation that coils in the vehicle (which is travelling on the track) 

induce current in the conductor arrangement of the track. In addition to Fig. 3, Fig. 4 also 

shows cross sections through electric conductors 41a, 41b in the regions 7a, 7b, 7c, 7d of 

the coil 7. In region 7a, 7b, a current which is oriented upwardly out of the image plane of 

Fig. 4 is flowing at the depicted point in time. On the right hand side of Fig. 4, where 

regions 7c, 7d of coil 7 are shown, the current is directed downwardly into the image plane 

of Fig. 4, as indicated by crossed lines. The electromagnetic field (illustrated by the field 

lines in Fig. 4) which is produced by the coil 7, is symmetric to the border line of sections 

7b and 7d, since the amounts of the currents in sections 7a to 7d are also symmetric to 

the border line.
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Fig. 5 shows another cut along a cutting plane which extends vertically and which extends 

in the travel direction. The wires or bundles of wires of lines 1, 3, 2 which are located in 

sections of the lines 1, 3, 2 which extend transversely to the direction of travel are shown 

in the upper half of Fig. 5. In total, seven sections of the arrangement 12 which extend 

transversely to the travel direction are shown in Fig. 5, at least partially. The first, fourth 

and seventh section in the row (from left to right) belong to line 1. Since the direction of 

the current 11 through section 5b (the fourth section in Fig. 5) is opposite to the direction of 

the current 11 through the sections 5a, 5c (the first and the seventh section in Fig. 5), and 

since the currents 11, I3, I2 are alternating currents, the produced electromagnetic wave is 

moving in the direction of travel at a speed vw. The wave is denoted by 9, the inductivity 

of the arrangement 12 by Lp.

The cross sections shown in the upper half of Fig. 5 represent a receiving device of a 

vehicle which is traveling in the direction of travel and at a speed vm and at the top of Fig. 

5 “2 TP” indicates that Fig. 5 shows a line segment of arrangement 12, the length of which 

is equal to twice the distance between three consecutive transversely extending sections 

of a line, here line 1.

The arrangement shown in Fig. 6 comprises a conductor arrangement 103,104,105, 

which may be the conductor arrangement 12 according to Fig. 1. In order to show their 

electric properties, equivalent circuit symbols are used in Fig. 6. The three-phase system 

103, 104, 105 carries phase currents 11, I2,13 in phases 1,2, 3. The inherent inductivities 

of the phases 1,2,3 are denoted by Lp1, Lp2, Lp3 which produce the electromagnetic 

field for transferring energy to any vehicle on the track. However, the lines 1,2,3 also 

comprise leakage inductivities Ls1, Ls2, Ls3, as indicated in block 104 in Fig. 6. The 

impedance of these undesired leakage inductivities is compensated by capacities Ck1, 

Ck2, Ck3 in the lines 1,2, 3 as shown in block 103.

The electric energy which is used to produce the electromagnetic fields in lines 1,2, 3 is 

generated by a three-phase voltage source 101. The phase sources for the phases are 

denoted by V1, V2, V3 in block 101. The produced voltages in the lines 1,2, 3 are 

denoted by U1, U2, U3. The voltage source is connected to the input of a constant-current 

source 102. An output of this source 102 is connected to the capacities in block 103. At 

the output of source 102 the currents 11,12, I3 are generated. These currents are constant 

over time, independently of the energy which is transferred from lines 1, 2, 3 to any 

vehicle on the track. At the input side of constant current source 102, the source 102
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comprises in each line 1, 2, 3 an input inductivity L1a, L2a, L3a. At the output side of the 

source 102, each line 1,2, 3 comprises an output inductivity L1b, L2b, L3b. In between 

the input and output inductivities, each line 1, 2, 3 is connected to a common star point 61 

via a capacity C1, C2, C3.

Fig. 7 shows a circuit diagram of an arrangement which may be located in a vehicle which 

is traveling on the track. The arrangement comprises a three-phase receiving device for 

receiving the electromagnetic field from the track and for producing electric energy there 

from. The receiving device comprises one coil or an arrangement of coils for each phase 

1a, 2a, 3a, wherein the coils are denoted by L71, L72, L73 (block 201). In the embodiment 

shown, the phases 1a, 2a, 3a are connected together at a common star point 71. Leakage 

inductivities (not separately shown in Fig. 7) of the phases 1a, 2a, 3a are compensated by 

capacities C71, C72, C73, as shown in block 202.

The output side of the receiving device 201,202, where the phase currents Is1a, Is2a,

Is3a are shown in Fig. 7 is connected to an AC/DC (alternating current / direct current) 

converter 203. The DC-side of the converter 203 is connected to lines 76a, 76b of an 

intermediate circuit. The lines 76a, 76b are connected to each other via a smoothing 

capacity C7d as indicated by “204”. The electric load, which may be provided with energy 

within the vehicle is denoted by a resistance RL at “205” which may be connected to the 

lines 76a, 76b of the intermediate circuit. “Ud” indicates that the load RI may cause a 

voltage drop, wherein Ud is the voltage in the intermediate circuit for example.

Fig. 8 shows a track 83 (here: a railway track having two rails) which is occupied by a 

track bound vehicle 81, such as a regional public transport train or a tram.

The arrangement shown comprises an electric conductor arrangement for producing an 

electromagnetic field, thereby transferring energy to the vehicle on the track. The 

conductor arrangement 89 is shown schematically. For example, the conductor 

arrangement may be designed as shown in Fig. 1. The conductor arrangement 89 (and 

this applies to other arrangements, not only to the example shown in Fig. 8) may be 

located underground or above ground. In particular in the case of railways having two rails 

on which wheels of rail vehicles may roll, the conductor arrangement may be located 

above ground between the rails on the level of a railway sleeper, or partly above ground, 

but under the railway sleepers. If the railway sleepers are made of concrete for example, 

the sleepers or the other construction for holding the rails may comprise holes and/or
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cavities, through which the line or lines of the conductor arrangement extends. Thereby, 

the railway construction may be used to hold the line(s) in the desired serpentine shape.

The track bound vehicle 81 comprises at its underside a receiving device 85 for receiving 

the electromagnetic field which is produced by the conductor arrangement 89. The 

receiving device 85 is electrically connected to an on-board electric network 86 so that the 

electric energy, which is induced in the receiving device 85 may be distributed within the 

vehicle 81. For example, auxiliary devices 90 and propulsion units 80, 84 for driving 

propulsion motors (not shown) in bogies 780a, 780b having wheels 88a, 88b, 88c, 88d 

may be connected to the distribution network 86. Furthermore, an energy storage 82, 

such as an electrochemical energy storage or an arrangement of capacitors, such as 

super caps, may also be connected to the distribution network. Therefore, the energy 

storage 82 may be charged by the energy received by the receiving device, in particular 

during stops of the vehicle 81 on the track. When the vehicle 81 is moving on the track, a 

part of the propulsion energy which is needed to move the vehicle 81 may be withdrawn 

from the energy storage 82 and at the same time the energy, which is received by the 

receiving device may contribute to the propulsion, i.e. may be part ofthe propulsion 

energy.

Fig. 9a-c illustrate the concept of a conductor arrangement 112 comprising sections which 

can be switched on and off so that only sections, which are switched on produce an 

electromagnetic field in order to transfer energy to the vehicle or vehicles on the track.

The examples of Fig. 9 show 5 segments T1, T2, T3, T4, T5 which are arranged in a row 

of successive segments along the track.

A vehicle 92, such as a tram, is traveling on the track. Underfloor of the vehicle 92 two 

receiving devices 95a, 95b for receiving electromagnetic field produced by the segments 

are provided. The receiving devices 95a, 95b may be redundant devices, wherein just one 

of the devices is necessary for operating the vehicle. This increases operation reliability. 

However, the devices 95a, 95b may also be non-redundant devices which may produce 

energy at the same time for operating the vehicle. However, it may happen in this case, 

that at least one of the devices 95 may not produce electric energy. Instead of two 

receiving devices, the vehicle may comprise more receiving devices.

The following description relates to all these cases and, in addition, to the case that the 

vehicle has just one receiving device.
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According to the examples shown in Fig. 9, the vehicle is moving from the left to the 

right.ln Fig. 9a, the vehicle 92 occupies the track above elements T2, T3 and partly 

occupies the track above elements T1 and T4. The receiving devices 95 or the receiving 

device are located always above elements which are fully occupied by the vehicle. This is 

the case, because the distance between the receiving devices to the nearest end of the 

vehicle in lengthwise direction is greater than the length of each segment of the conductor 

arrangement 112.

In the situation of Fig. 9a, the elements T2, T3 are switched on and all other elements T1, 

T4, T5 are switched off. In Fig. 9b, where the vehicle 92 fully occupies the track above 

elements T2, T3 and nearly fully occupies the track above element T4, element T2 has 

been switched off, because the receiving devices 95 or the receiving devices have/has 

already left the region above element T2, and element T4 will be switched on as soon as 

the vehicle fully occupies the region above the element T4. This state, when the element 

T4 is switched on is shown in Fig. 9c. However, in the meantime element T3 has been 

switched off.

Fig. 10 shows an arrangement which is similar to the arrangements shown in Fig. 9. In 

fact, it may be a different view of the same arrangement as shown in Fig. 9. However, Fig. 

10 shows additional parts of the arrangement. Each of the successive segments 103a, 

103b, 103c ofthe conductor arrangement for producing an electromagnetic field is 

connected via a separate switch 102a, 102b, 102c for switching on and off the element 

103, to a mainline 108. In the case of a three-phase alternating current system, the 

mainline 108 may comprise wires or cables for each phase. The far end of the mainline 

108 (at the right hand side of Fig. 10, but not shown) may comprise a common star point 

of all three-phases. On the opposite site of the mainline 108, it is connected to an energy 

source 101, such as the arrangement according to blocks 101, 102 as shown in Fig. 6.

Each of Fig. 12 and 13 shows a conductor arrangement having seven segments which 

can be switched on and off separately, wherein each figure shows two different switching 

states of the conductor arrangement.

The arrangements shown in Fig. 12 and 13 are examples and are intended to illustrate a 

preferred embodiment of the invention. However, the number of segments, which are part 

of the conductor arrangement can be varied in practice. In particular, there might be more
SUBSTITUTE SHEET (RULE 26)
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segments than seven, in particular if the length of the segments in the direction of travel of 

the vehicle (not shown in Fig. 12 and 13) is shorter than the length of the vehicle.

In Fig. 12 and 13 the segments are schematically shown and are denoted by reference 

signs T1 - T7. The arrangements shown in Fig. 9, may be part of the arrangement shown 

in Fig. 12 or 13. In particular, the conductor lines for carrying the phases of the alternating 

current may be arranged in the way described above, for example as shown in Fig. 1, 

which may be the illustration of a single segment, wherein the star point switch SE of the 

segment is omitted.

The arrangement shown in Fig. 12 and 13 comprise a three-phase feed line, which is 

shown above the consecutive line of segments T1 - T7. At each interface between two 

consecutive segments T1 - T7, there is a three-phase switch SP2 - SP7. These switches 

SP2 - SP7 connect the three phases ofthe feed line 135 with the interface between the 

two consecutive segments, provided that the switch SP2 - SP7 is closed. If the switch SP2 

- SP7 is not closed, i.e. is open, the respective interface is electrically insulated against 

the feed line.

At the respective interface, there is a electric connection between the corresponding lines 

of the consecutive segment (i.e. between the lines of both segments for carrying phase U, 

for carrying phase V and for carrying phase W) and, in addition, a three-phase connection 

to the respective switch SP2 - SP7. However, according to alternative embodiments, 

further switches for disconnecting the lines of at least one of the consecutive segments 

from the interface can be used.

Furthermore, each interface between two consecutive segments T1 - T7 is also connected 

to a switch SE2 - SE7. In the open state of the switch SE2 - SE7, there is no connection 

between the three phases U, V, W at the interface. However, in the closed state of the 

switch SE2 - SE7, the three phases U, V, W are shorted, i.e. a star point connection is 

realized.

In Fig. 12 and in the upper half of Fig. 13, the star point switch SE2 is closed and all other 

star point switches SE1 and SE3 - SE8 are open. In the lower half of Fig. 13, only star 

point switch SE3 is closed and all other star point switches SE1, SE2 and SE4 - SE8 are 

open.
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In the embodiment shown in Fig. 12 and 13, there are also feed line connector switches 

SP8 and SP1 at the beginning of segment T7 and at the end of the segment T1, 

respectively. Furthermore, there are star point switches SE8 and SE1 for realizing a star 

point connection at the beginning of segment T7 and at the end of segment T1, 

respectively.

The operation of the arrangement shown in Fig. 12 and 13 is as follows, for example: 

Starting with the situation illustrated in the upper half of Fig. 12, only segment T2 is 

operated. For example, a vehicle might occupy the section of the path of travel which 

extends along segment T2, i.e. the receiving device of the vehicle or the receiving devices 

of the vehicle may be in the section of segment T2. In particular, segment T2 may be 

arranged below the track of a rail vehicle and the receiving device(s) may be above 

segment T2.

In order to realize the operation of segment T2 as the only segment which is switched on, 

feed line switch SP3 is closed and star point switch SE2 is closed. All other feed line 

switches SP and all other star point switches SE are open. Consequently, the front end of 

segment T2 (“front end” is understood to be located on the right hand side of Fig. 12 and 

13) is connected to the feed line 135. Because the back ends of the three lines of 

segment T2 are shorted by closed star point switch SE2, the three lines in segment T2 are 

carrying the three phases of an alternating current and the desired electromagnetic field is 

generated in order to provide the vehicle with electric energy. Although the back ends of 

the lines of segment T3 are also connected to the feed line 135 via feed line switch SP3, 

the lines of segment T3 are not carrying an alternating current, since the front ends of the 

lines of segment T3 are neither connected to a common star point nor connected to the 

feed line.

The vehicle is travelling from the left hand side of Fig. 12 to the right hand side of Fig. 12. 

Consequently, the receiving device(s) of the vehicle will enter the section of the path of 

travel along segment T3. Preferably, before the receiving device actually enters segment 

T3, this segment is switched on so that it will be operated at the same time as segment 

T2, i.e. segments T2 and T3 are consecutive segments which are operated at the same 

time.

In order to switch on segment T3, first the feed line switch SP4 is closed. As a result, the 

series connection of the corresponding lines of segment T2 and T3 is connected to the
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feed line 135 via feed line switch SP4 and, at the other side of the series connection, it is 

still connected to a common star point via star point switch SE2. Therefore, a three-phase 

alternating current is carried by the lines of segments T2 and T3.

In a following step, feed line switch SP3 at the interface between the two consecutive 

segments T2, T3 is opened, as shown in the lower half of Fig. 12.

Next, as an option, segment T4 may be switched on in the same manner as segment T3, 

so that the three consecutive sections T2, T3, T4 are operated at the same time.

However, alternatively, segment T2 may be switched off (as will be described with 

reference to Fig. 13) before segment T4 is switched on. In any case, there is always at 

least one segment switched on and operated where the receiving device(s) of the vehicle 

is located while the vehicle is traveling on the path of travel.

The description above may not only apply to a three phase system. Rather, any conductor 

arrangement having consecutive segments, the lines of which can be connected in series 

to each other, can be operated by first closing the feed line switch and then opening the 

other feed line switch at the interface as described above. For example, the other 

conductor arrangement may have only two phases (and therefore only two lines in each 

segment) or more than three phases with a corresponding number of lines in each 

segment. Such an alternative conductor arrangement may also be operated in the manner 

described below in connection with Fig. 13.

In order to switch off segment T2, when segments T2 and T3 are operated at the same 

time, star point switch SE3 is closed first. As a result, the phases at the interface between 

the consecutive segments T2, T3, which are operated at the same time, are shorted and, 

therefore, the current through the segment T2 stops flowing. In a following step, star point 

switch SE2 can be opened.

The description in connection with Fig. 12 and 13 is just an example. As mentioned 

above, the conductor arrangement may be modified regarding the number of phases 

and/or regarding the realisation of the feed line switches and the star point switches. For 

example, there may be additional switches at the interfaces between consecutive 

segments in order to open or close the connection between the corresponding lines in the 

consecutive segments.
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However, according to the preferred embodiment which was described above, there is a 

connection at the front end of the segment which is operated or at the front end of the 

consecutive segments which are operated at a time. The “front end” means the side of the 

segment or segments which is located in the driving direction of the vehicle. Therefore, 

the vehicle is driving from left to right in the example given in Fig. 12 and 13. If the vehicle 

would drive from the right to the left, feed line switch SP2 and star point switch SE4 would 

be closed and all other switches would be open when segments T2 and T3 are operated. 

In this case, the front end would be left.

As mentioned, it is preferred that the feed line switch, which is closed, is located at the 

front end of the segment or segments which is/are operated. Therefore, the star point 

switch, which is also closed, is located at the back end of the segment or segments which 

is/are operated.

It should been noted that more than one vehicle may travel on the path of travel at the 

same time. For example, in order to provide a further vehicle with energy, segments T6 

and T7 may be operated at the same time as segment T2 in the situation shown in the 

upper half of Fig. 12. Consequently, star point switch SE6 and feed line switch SP8 would 

be switched on. The vehicles would drive in the same direction.

Fig. 14 shows an arrangement with five consecutive segments of a conductor 

arrangement. Segments T1 and T5 are located at the opposite ends of the conductor 

arrangement. Segments T2, T3, T4 are segments having a length smaller than the length 

of a vehicle which may travel on the corresponding path of travel.

A feed line 145 is connected to a power supply 147 (such as the constant alternating 

current source shown in Fig. 6). The feed line 145 extends along segments T2, T3, T4, 

but not along segments T1 and T5. In practice, segments T1 and T5 may also be shorter 

than the length of a vehicle which is to be supplied with energy. Furthermore, there may 

be more segments extending in parallel to the feed line.

At each interface between segments T2, T3 and T4, the lines of these segments are 

connected in series to each other. However, at the interfaces between segments T1, T2 

and T4, T5, there is a switch SC1, SC5 which disconnects the corresponding lines of the 

consecutive segments, if the switch is open.
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Similarly to the arrangements shown in Fig. 12 and 13, there are star point switches SE1 - 

SE4 at each interface between consecutive segments. Furthermore, also similarly to Fig. 

12 and 13 there is a feed line switch SEP1 - SP4 at each interface.

In order to compensate the leakage inductivity of the segments, capacities CF1 - CF5 are 

arranged at the interfaces between consecutive segments. More precisely speaking, there 

is at least one capacitor in each line so that at least three capacitors form the capacities 

CF1 - CF5. In addition, there are more capacities CT1 - CT8 and CT9 - CT18, which are 

arranged along the longer segments T1 and T5 to compensate for their leakage 

inductivities. All switches SP1 - SP4, SE1 - SE4 and SC1, SC5, the feed line 145, the 

capacities CF1 - CF5 and/or the power supply 147 may be located within the same unit 

149, such as a container. However, in practice, the feed line may extend along the path of 

travel and may be buried in the ground below the path of travel. It is preferred that the 

feed line is shielded so that electromagnetic fields produced by the phases of the feed line 

are prevented from penetrating into the environment, or, are significantly reduced 

regarding their field intensity.

As mentioned above, it is preferred that all consecutive segments which are operated at 

the same time are connected in series to each other and not in parallel to each other. The 

arrangement shown in Fig. 14 is an embodiment of the preferred version of the invention, 

namely using star point connections at the interfaces between consecutive segments. The 

ends of segments T1 and T5 (at the right hand side of segment T1 and at the left hand 

side of segment T5) are also star point connected, i.e. the three lines of segments T1 and 

T5 are shorted at the end. Consequently, in order to avoid situations where segments 

which are operated at the same time are electrically parallel to each other, switches SC1 

and SC5 are provided and are open if necessary.

Fig. 15a shows an arrangement of switches Z1, Z2 for switching a single phase. The 

switches Z1, Z2 are semiconductor switches, preferably IGBTs (Insulated Gate Bipolar 

Transistors), but may be also other semiconductors switches, such as GTOs (Gate Turn

Off Transistors).

The control electrodes 151, 152 of the switches Z1, Z2 are connected to a control device 

153. The control of the switches may be performed in any manner known in the art.

Further elements and connections for performing the control are not shown in Fig. 15a-c.

SUBSTITUTE SHEET (RULE 26)
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ln Fig. 15b and 15c, two different operating states ofthe switch arrangement are 

illustrated. In Fig. 15b, an electric current is flowing from the top through switch Z1 to 

the connection point 154 between switches Z1, 22 and, from there, through the free

wheeling diode D2 which is connected in pariillel to switch 72.

5

According to the illustration of Fig. 15c, the current flows in the opposite direction 

through the arrangement of switches, through the switch 22, then to the connection 

point 154 and then through the free-wheeling diode D1 which is connected in parallel 

to switch Z1.

10

In order to realize a star point switch (such as switches SE1 - SE8 in Fig. 12 and 13), 

only one semiconductor switch is required for each phase. For example based on the 
arrangement shown in Fig. 15, the lower half ofthe arrangement can be omitted, i.e. 

there is only switch Z1 and the corresponding free-wheeling diode D1 for each phase.

15 The three phases are connected to each other at the connection point 154. Other 

configurations of switches, such as traditional mechanic switches, are also possible.

In the claims which follow and in the preceding description of the invention, except 

where the context requires otherwise due to express language or necessary

2 0 implication, the word “comprise" or variations such as “comprises” or “comprising” is 
used in an inclusive sense, i.e. to specify the presence of the stated features but not to 

preclude the presence or addition of further features in various embodiments ofthe 
invention.

2 5 It is to be understood that, if any prior art publication is referred to herein, such

reference does not constitute an admission that the publication forms a part of the 
common general knowledge in the art, in Australia or any other country.

2715488-1 (GHMatters) P859S8.AU 23/06/11
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THE CLAIMS IN THE INVENTION ARE DEF NED AS FOLLOWS;

1. A system for transferring electric energy to a vehicle, in particular to a track 

bound vehicle such as a light rail vehicle, wherein

5 - the system comprises an electric conductor arrangement for producing an

alternating electromagnetic field and for thereby transferring the energy to the vehicle;

- the electric conductor arrangement comprises at least two lines, wherein each 

line is adapted to carry a different one of phases of an alternating electric current;

- the conductor arrangement comprises a plurality of segments, wherein each 
10 segment extends along a different section of the path of travel of the vehicle, each

segment comprises sections of the at least two lines and each segment can be 

switched on and off separately of the other segments;

- the conductor arrangement is arranged in such a manner that at least two 

consecutive segments can be operated at a time, wherein corresponding lines for

15 carrying the same phase of the alternating current in the consecutive sections are 

connected in series to each other;

- a switch or an arrangement of switches is located at an interface between two 

consecutive segments of the conductor arrangement; and
- wherein the switch or the arrangement or switches is operated in such a

2 0 manner that, if only one of the two consecutive segments is operated at the same time,

the lines of the segment which is operated are connected to a common star point or to 

a power supply system, and that, if both consecutive segments are operated at the 

same time, the corresponding lines of the consecutive segments are connected in 
series to each other.

25

2. The system of claim 1, wherein the segments are shorter than the length of a 

vehicle in the travel direction and wherein the system is adapted to operate segments 

only if a vehicle is occupying a respective section of the path of travel where the 
segment is located.

30

3. The system of claim 3, wherein the system is adapted to switch on the 

segments only if a vehicle is fully occupying a respective section ofthe path of travel.

4. A method for transferring electric energy to a vehicle, in particular to a track
3 5 bound vehicle such as a light rail vehicle, wherein

271S488_1 (GHMatters) P85958.AU 23/06/11
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- an electromagnetic field is produced by an electric conductor arrangement 

located along the track thereby transferring the electric energy to the vehicle;

- the electromagnetic field is produced by conducting at least a first phase of an 

alternating current in a first line of the electric conductor arrangement and by

5 conducting at least a second phase of the alternating current in a second line of the 

electric conductor arrangement the electric conductor arrangement;

- segments of the conductor arrangement are switched on and off separately of 

other segments in order to generate the electiomagnetic field in a restricted region of 

the path of travel of the vehicle, wherein each segment extends along a different

10 section of the path of travel of the vehicle and wherein each segment comprises 

sections of the at least two lines;

- at least two consecutive segments are operated at the same time, wherein 

corresponding lines for carrying the same phase ofthe alternating current in the 
consecutive sections are connected in series to each other;

15 - if only one of the two consecutive segments is operated at a time, the lines of

the segment which is operated are connected to a common star point or to a power 
supply system; and

- if the two consecutive segments are operated at the same time, the 

corresponding lines of the consecutive segments are connected in series to each
2 0 other.

5. The method of claim 4, wherein the lergths of the segments along the path of 

travel are shorter than the length of a vehicle in the travel direction and wherein 
segments are switched on only if a vehicle is already occupying the respective section

25 of the path of travel along which segment extends.

6. The method of claim 5, wherein the segments are switched on only if a vehicle 

is fully occupying the respective section of the path of travel.

3 0 7. The method of claim 5 or claim 6, wherein the occupation of a respective

section by a vehicle is detected by detecting a voltage and/or a current in the segment 
or in a separate loop, which voltage and/or a current is caused by inductive coupling of 

the vehicle to the line segment and/or which is caused by electromagnetic fields 
produced by the vehicle.

2715488_1 (GHMatters) P85958.AU 23/06/11
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8. The method of any one of claims 6 and 7, wherein a segment is switched on 

before a receiving device of a vehicle for receiving the transferred energy enters the 

section ofthe path of travel along which the segment extends.

5 9. A system for transferring power to a vehicle substantially as described herein

with reference to the accompanying drawings.

10. A method for transferring power to a vehicle substantially as described herein 

with reference to the accompanying drawings.

2715488_1 (GHMatters) P85958.AU 23/06/11
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