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DESCRIPTION

[0001] The invention relates to an arrangement for providing a vehicle with electric energy, wherein the arrangement comprises
a generating device adapted to generate an alternating electromagnetic field and relates to an arrangement for providing a
vehicle with electric energy, wherein the arrangement comprises a receiving device adapted to receive the magnetic component
of the alternating electromagnetic field in order to produce an alternating electric current by magnetic induction. In particular, the
electric current flows to an electric load while the magnetic induction causes an alternating electric voltage in the receiving device.

[0002] In addition, the invention relates to a vehicle comprising the arrangement. Furthermore, the invention relates to a system
for transferring energy to a vehicle, wherein the system comprises the receiving device and the generating device. The invention
also relates to a method of manufacturing the arrangement and to a method of operating a vehicle by means of the receiving
device which receives the magnetic component of an alternating electromagnetic field and produces an alternating electric
current by magnetic induction.

[0003] WO 2010/031595 A2 discloses an arrangement for providing a vehicle, in particular a track bound vehicle, with electric
energy, wherein the arrangement comprises a receiving device adapted to receive the magnetic component of an alternating
electromagnetic field and to produce an alternating electric current by electromagnetic induction. The receiving device comprises
a plurality of windings and/or coils of electrically conducting material, wherein each winding or coil is adapted to produce a
separate phase of the alternating electric current.

[0004] The present invention can be applied to any land vehicle, in particular track bound vehicles, such as rail vehicles (e.g.
trams), but also to road automobiles, such as individual (private) passenger cars or public transport vehicles (e.g. busses).
Preferably, the primary side conductor arrangement of the generating device which produces the alternating electromagnetic field
is integrated in the track, road or parking area of the vehicle so that the electric lines of the primary side conductor arrangement
extend in a plane which is nearly parallel to the surface of the road, track or parking area on which the vehicle may travel or may
be parked.

[0005] Details of a preferred embodiment of the primary side conductor arrangement are described in WO 2010/031595 A2. For
example, the current lines of the primary side conductor arrangement may extend along the track or road in a serpentine manner,
i.e. some sections of the lines extend transversely to the travel direction and some sections of the lines extend in the direction of
travel, thereby connecting the transversely extending sections. In particular, as illustrated in Fig. 5 and Fig. 12 of WO
2010/031595 A2, the primary side conductor arrangement preferably produces a magnetic wave which propagates in the
direction of travel or opposite to the direction of travel. The speed of the wave is determined by the distance of the transversely
extending sections and by the frequency of the alternating current which is carried by the different phases of the primary side
electric conductor arrangement.

[0006] As also described by WO 2010/031595 A2, the receiving device can be located at the underside of a vehicle and may be
covered by a ferromagnetic body, such as a body in the shape of a slab or plate. A suitable material is ferrite. The body bundles
and redirects the field lines of the magnetic field and therefore reduces the field intensity above the body to nearly zero.

[0007] However, such a body of ferromagnetic material or, alternatively, a shield of electrically conducting material, cannot
reduce the field intensity of the magnetic field to zero at locations sideways of the body or shield. In particular, while persons are
entering or leaving the vehicle, they might pass the area sideways of the receiving device. Therefore, corresponding limits of the
field intensity apply and must not be exceeded.

[0008] US 2011/0315496 A1 describes a contactless power transfer system for a mobile asset. The system includes a primary
loop. A secondary receiving coil is disposed on the mobile asset and coupled to a traction motor for receiving power from the
primary loop.

[0009] DE 10 2007 014 712 A1 describes an installation for the non-contact transfer of energy which includes at least one
primary conductor system and a pick-up, including at least on secondary winding inductively coupled to the primary conductor
system. The secondary winding includes at least one flat ribbon cable, which has at least two electrical conductors extending in
parallel. The secondary winding is made up of part windings, which in each case are formed from one of the electrical conductors.

[0010] US 2008/129246 A1 describes a noncontact type power feeder system for feeding power to a mobile object comprising a
power feeding portion and a power receiving portion. The power feeding portion is provided in a surface on which the mobile
object runs. The power receiving portion is provided in the lower part of the mobile object at a position facing to the power supply
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portion. Each of the power feeding portion and the power receiving portion is composed of windings formed in an oval shape.

[0011] It is an object of the present invention to provide an arrangement for providing a vehicle with electric energy, a vehicle
comprising the arrangement, a system comprising the arrangement, a method of manufacturing the arrangement and a method of
operating a vehicle by means of a receiving device which reduce the field intensity sideways of the generating device and/or
sideways of the receiving device.

[0012] The attached claims define the scope of protection.

[0013] In particular, the generating device may have the serpentine (alternatively called: meandering) configuration described in
WO 2010/031595 A2. A preferred modification of the serpentine configuration will be described later.

[0014] Alternatively or in addition, the receiving device may have a "flat" configuration. An example of such a "flat" configuration
is described by WO 2010/031595 A2, in particular in connection with Fig. 13 to 17 of the document. "Flat" in this context means
that the phase lines (i.e. the electric lines of the different phases) of the receiving device extend or approximately extend in a
horizontal direction, if the primary side conductor arrangement and the track or road of the vehicle also extend in the horizontal
direction. However, since such a receiving device typically comprises more than one turn or winding and furthermore comprises
more than one phase line, there are crossings of electric lines, if viewed from above. Consequently, despite the flat configuration
it is impossible that all sections of the electric lines are located within a flat area having the thickness of a single electric line.

[0015] Furthermore, at least one of the phase lines may comprise a coil having more than one turn. A turn is understood to be a
section of the phase line which extends around a central axis of the coil. In other words: the section is turning around the central
axis. Not in every case all turns perform a complete circulation around the central axis. Rather, in particular the last and first turn
of a coil may not perform a complete circulation around the central axis so that electric connections to and from the coil can be
made at appropriate locations and in an appropriate manner. On the other hand, if the coil has at least three turns, at least one of
the turns is not the first and not the last turn and typically performs a complete circulation around the central axis.

[0016] In case of such a coil, the thickness of the coil measured in the direction of the central axis may be equal to the number of
turns multiplied by the thickness of the electric line which performs the turns, for example. However, depending on the specific
configuration of the coil, the thickness may be, alternatively, greater or smaller than the thickness mentioned before. For example,
the consecutive turns may be wound around the central axis of the coil to form a spiral. This reduces the thickness of the coil, but
also reduces the effective area of the coil compared to a coil having the same number of turns which all have the size of the outer
turn of the spiral. In any case, it is preferred that all coils of the same phase line are formed in the same manner, e.g. all coils are
spirals or all coils comprise turns which are stacked upon each other. However, the outlines of at least one end coil preferably
enclose a smaller area than another coil or other coils. In case of a spiral end coil, the outer turn of the spiral would therefore be
wound at a smaller winding radius or would enclose a smaller area than the outlines of another coil or of the other coils.

[0017] An embodiment of the present invention may comprise a plurality of coils, e.g. at least three coils, which are coils of the
same phase line. This means that the electric line of at least one of the phase lines forms the at least three coils. A coil is
understood to comprise at least one turn and, in case of more than one turn, a plurality of turns is arranged in such a manner,
that sections of the different turns extend in parallel to each other, or extend approximately parallel to each other, and, optionally,
have the same shape (such as rectangular, circular, etc.). A possible shape of the outline of the turns is rectangular, since a

sequence of consecutive coils, each coil having rectangular turns, can be arranged to cover a rectangular effective area, which is
the sum of the areas which are covered by the individual coils. However, in line with the attached claims, coils forming the end of
the coil arrangement are tapered and have a conical outline or the outline of a frustum of a cone. The area which is "covered" by
an individual coil is the area across which magnetic flux lines of a magnetic field may extend, wherein the magnetic flux which
corresponds to these flux lines causes magnetic induction by inducing a corresponding electric voltage in the coil.

[0018] Preferably, the central axes of a plurality of coils extend in parallel to each other. This applies to coils of different phase
lines for carrying different phases of an alternating current and/or applies to coils of the same phase line.

[0019] Plural coils of at least one of the phase lines (and preferably of all phase lines) may be located next to each other so as to
perform a sequence of consecutive coils which covers an effective area in a plane that extends perpendicularly to the central
axes of the coils. In case of at least three coils, there is a first end coil and a second end coil at the opposite ends of the
sequence and there is at least one middle coil in between the end coils of the sequence. Preferably, the first end coil and the
second end coil are tapered towards their end.

[0020] Preferably, the effective area of the coils is the sum of the areas which are covered by the individual coils of the
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sequence, i.e. the coils do not overlap. However, a small overlapping area does not significantly reduce the effective area.
Furthermore, there may be a small distance between the areas of neighboring coils in the sequence of coils, so that the effective
area is not a continuous area. However, it is preferred that the distance is small (e.g. smaller than 2% of the longitudinal direction
of the sequence of coils, which is the direction extending from the first end coil to the second end caoil).

[0021] In particular, at least two of the coils of the coil arrangement are coils of the same phase line which are consecutively
arranged in the longitudinal direction thereby defining at least one border zone so that a first and a second of the at least two
coils of the same phase line border on each other, optionally with a gap or overlapping each other, wherein the first coil is an end
coil located at the first end or at the second end of the coil arrangement. The first coil (and optionally as well the second cail, if
there are only two consecutive coils) is a coil which is tapered towards the respective end of the coil arrangement in the
longitudinal direction. Due to its tapered configuration along its extension towards the first end or towards the second end of the
coil arrangement -- the tapered coil covers a smaller area per unit length in the longitudinal direction in an end region at the first
end or second end compared to a border region at the border zone. Generally speaking, the tapered region covers a smaller
area per unit length, because it is narrower.

[0022] This is, for example, in contrast to standard coils, the turns of which follow a curved path in the end region and in the
same manner in the border region. These standard coils are typically symmetric with respect to a straight line which extends
transversely to the longitudinal direction in the middle of the longitudinal extension of the coil. Some curvature of the turns in the
end region and in the border region of the coil is necessary, since electric lines cannot be bent so as to form a rectangle.
Therefore, the curved path of the turns in the end region and in the border region is not considered as tapering in the sense of
the present application. Rather, tapering of a coil having turns means that there is a continuously decreasing width in the
longitudinal direction towards the end of the coil in addition to any curvature of the turns.

[0023] For example, at least one third of the extension of the end coil in the longitudinal direction, or at least one half of the
extension and in particular cases more than half of the extension up to the whole extension of the coil in the longitudinal direction
may have a tapered configuration, according to the present invention.

[0024] The invention is based on the following findings: The electric current, which flows through the phase line or phase lines
during operation of the generating device, produces the electromagnetic field the magnetic component of which is to be received
by the receiving device. In addition, the electric current, which flows through the phase line or phase lines during operation of the
receiving device while the receiving device receives the magnetic component of the electromagnetic field and delivers electric
power to any load in the vehicle, also produces an electromagnetic field, which may be called parasitic field. The electromagnetic
fields which are produced by some of the different sections of the phase line(s) of the receiving device compensate each other by
interference. The same applies to the electromagnetic fields which are produced by some of the different sections of the phase
line(s) of the generating device.

[0025] With respect to the receiving device, this means for example that there are regions sideways of the middle section of a
sequence of coils in which the field intensity is small or even close to zero. With respect to the generating device, this means for
example that the field produced by meandering sections of the phase line or phase lines compensate each other and produce
small or zero field intensity. "Field intensity” in this context means the amplitude of the flux density of the fluctuating
electromagnetic field, in particular of the magnetic field. However, there are also regions sideways of the end regions of the
generating device and of the receiving device having higher field intensities. The reason is that there is not a compensating
section for each section. In addition, the fields produced by phase line sections at the ends may superpose each other, so that
increased field amplitudes result.

[0026] In order to reduce the field intensities near the end or ends of the generating device or receiving device, in particular at
defined locations, at least one end of the device is tapered. The expression "tapered" means that the width of the phase line
arrangement decreases towards the end of the line arrangement. This does not necessarily mean that there are line sections of
the phase line or phase lines which delimit the area which is covered by the line arrangement and extend towards the end of the
line arrangement in a tapered fashion. This may be the case if the line arrangement comprises a coil of a phase line in the end
region of the line arrangement. In the following, a line arrangement which comprises at least one coil of a phase line is also
named coil arrangement. However, there are other possible line arrangements, for example the line arrangement similar to the
arrangement described in WO 2010/031595 A2, in which at least one phase line meanders, i.e. comprises first line sections which
extend transversely to the longitudinal direction of the line arrangement and further comprises second line sections which connect
in each case two first line sections. If the end section of a line arrangement comprises a meandering phase line, the lengths of
consecultive first line sections of the phase line decrease towards the end of the line arrangement. These lengths of the first line
sections that extend transversely to the longitudinal direction can be measured in the width direction and are therefore not
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necessarily equal to the length of a corresponding cable section, e.g. if the cable forms some ripples or corrugations in the first
line section. However, an outline of the line arrangement can be defined even for a meandering phase line or for meandering
phase lines, so that the outline includes the whole area of the line arrangement, but does not follow line sections of the line
arrangement towards the interior of the line arrangement. For example, line sections or line locations at the outer periphery of the
line arrangement can be connected by straight sections of the outline or by sections of the outline which are curved continuously.
As mentioned above, in case of a coil arrangement which comprises a coil of a phase line in the end region of the arrangement,
the outline of the arrangement may coincide with line sections.

[0027] In particular, an arrangement is proposed for providing a vehicle with electric energy; wherein the arrangement comprises
a receiving device adapted to receive the magnetic component of an alternating electromagnetic field and to produce an
alternating electric current by magnetic induction, wherein the receiving device comprises at least one phase line, each phase line
being adapted to carry a phase of the alternating electric current, wherein

¢ the at least one phase line is/are arranged to form a line arrangement which extends in a longitudinal direction transversely
to a flux line direction, in which magnetic flux lines of the electromagnetic field penetrate the line arrangement, so that the
line arrangement comprises a first end and a second end, the ends being located at opposite ends of the line arrangement
in the longitudinal direction,

e a width of the line arrangement, which width can be measured in a width direction extending transversely to the flux line
direction and transversely to the longitudinal direction, gradually decreases along the extension of the line arrangement
towards the first end and/or towards the second end.

[0028] Furthermore, a method is proposed of manufacturing an arrangement for providing a vehicle with electric energy, wherein
a receiving device of the arrangement is manufactured which is adapted - during operation - to receive the magnetic component
of an alternating electromagnetic field and to produce an alternating electric current by magnetic induction, wherein the receiving
device is equipped with at least one phase line, each phase line being adapted to carry - during operation - a phase of the
alternating electric current, wherein

¢ the at least one phase line is/are arranged to form a line arrangement which extends in a longitudinal direction transversely
to a flux line direction, in which magnetic flux lines of the electromagnetic field penetrate the line arrangement, so that the
line arrangement comprises a first end and a second end, the ends being located at opposite ends of the line arrangement
in the longitudinal direction,

¢ the line arrangement is formed in such a manner that a width of the line arrangement, which width can be measured in a
width direction extending transversely to the flux line direction and transversely to the longitudinal direction, gradually
decreases along the extension of the line arrangement towards the first end and/or towards the second end.

[0029] The "gradual decrease" is preferably restricted to a part of the extension of the line arrangement, namely to an end
region of the line arrangement. However, the size of the end region is not limited to a specific maximum percentage of the total
length of the line arrangement in the longitudinal direction. If the width of the line arrangement gradually decreases along the
extension of the line arrangement towards the first end and towards the second end, there is a point in the middle section of the
line arrangement where the width is maximal or there is a middle region in which the width is constant and larger than in the end
sections.

[0030] If the receiving device is used or is to be used during travel of the vehicle, the longitudinal direction of the line
arrangement is preferably parallel or identical to the direction of travel.

[0031] As mentioned above, another expression for the decrease of the width of the line arrangement towards the end is
"tapered" or "tapered configuration"”.

[0032] The line arrangement of the receiving device may be a coil arrangement. Therefore, an arrangement is proposed for
providing a vehicle with electric energy, wherein the arrangement comprises a receiving device adapted to receive the magnetic
component of an alternating electromagnetic field and to produce an alternating electric current by magnetic induction, wherein
the receiving device comprises at least one phase line, each phase line being adapted to carry a phase of the alternating electric
current, wherein

e each phase line forms at least one coil,
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e each coil consists of at least one turn of the phase line,

¢ the atleast one turn is turning around a central axis of the coil,

¢ the coil or the coils is/are arranged to form a coil arrangement which extends in a longitudinal direction transversely to the
central axis of the coil or transversely to the central axes of coils of the coil arrangement, so that the coil arrangement
comprises a first end and a second end, the ends being located at opposite ends of the coil arrangement in the longitudinal
direction,

e a width of the coil arrangement, which width can be measured in a width direction extending transversely to the central
axis/axes and transversely to the longitudinal direction, gradually decreases along the extension of the coil arrangement
towards the first end and/or towards the second end.

[0033] This corresponds to a method of manufacturing an arrangement for providing a vehicle with electric energy, wherein a
receiving device of the arrangement is manufactured which is adapted - during operation - to receive the magnetic component of
an alternating electromagnetic field and to produce an alternating electric current by magnetic induction, wherein the receiving
device is equipped with at least one phase line, each phase line being adapted to carry - during operation - a phase of the
alternating electric current, wherein

¢ at least one coil is formed by each phase line,

¢ each coil is formed by at least one turn of the phase line,

» the at least one turn is turning around a central axis of the coll,

¢ the coil or the coils is/are arranged to form a coil arrangement which extends in a longitudinal direction transversely to the
central axis of the coil or transversely to the central axes of coils of the coil arrangement, so that the coil arrangement
comprises a first end and a second end, the ends being located at opposite ends of the coil arrangement in the longitudinal
direction,

¢ the line arrangement is formed in such a manner that a width of the coil arrangement, which width can be measured in a
width direction extending transversely to the central axis/axes and transversely to the longitudinal direction, gradually
decreases along the extension of the coil arrangement towards the first end and/or towards the second end.

[0034] In particular, the coil arrangement may comprise a plurality of the coils which are arranged in the longitudinal direction in a
consecutive sequence and/or overlapping each other and wherein at least one of the coils of the coil arrangement at the first
and/or second end is tapered along the extension of the coil arrangement towards the respective end.

[0035] In particular, the receiving device may comprise a plurality of phase lines, each phase line being adapted to carry a
different one of a plurality of phase currents of the alternating electric current. Each phase line may form one or a plurality of coils
(e.g. at least three coils), each coil may consist of at least one turn of the phase line. The plurality of coils of the phase line or of
each phase line may be located next to each other so as to form a sequence of coils which covers an effective area in a plane
that extends perpendicularly to the central axes of the coils, so that there are a first and a second end coil at the opposite ends of
the sequence. In case of at least three coils, there is at least one middle coil in between the end coils of the sequence. Preferably,
at least both end coils are tapered. Optionally, middle coils can also be tapered along the extension of the coil arrangement in the
longitudinal direction towards the ends.

[0036] In addition, an arrangement is proposed for providing a vehicle with electric energy, wherein the arrangement comprises a
generating device adapted to generate an alternating electromagnetic field for producing an alternating electric current by
magnetic induction in a corresponding receiving device, wherein the generating device comprises at least one phase line, each
phase line being adapted to carry a phase of an alternating electric current, wherein

¢ the at least one phase line is/are arranged to form a line arrangement which extends in a longitudinal direction transversely
to a flux line direction, in which magnetic flux lines of the electromagnetic field penetrate the line arrangement, so that the
line arrangement comprises a first end and a second end, the ends being located at opposite ends of the line arrangement
in the longitudinal direction,

e a width of the line arrangement, which width can be measured in a width direction extending transversely to the flux line
direction and transversely to the longitudinal direction, gradually decreases along the extension of the line arrangement
towards the first end and/or towards the second end.
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[0037] Accordingly, a method is proposed of manufacturing an arrangement for providing a vehicle with electric energy, wherein
a generating device of the arrangement is manufactured which is adapted - during operation - to generate an alternating
electromagnetic field for producing an alternating electric current by magnetic induction in a corresponding receiving device,
wherein at least one phase line is provided for the generating device, wherein each phase line is adapted to carry - during
operation - a phase of an alternating electric current, wherein

¢ the at least one phase line is/are arranged to form a line arrangement which extends in a longitudinal direction transversely
to a flux line direction, in which - during operation - magnetic flux lines of the electromagnetic field penetrate the line
arrangement, so that the line arrangement comprises a first end and a second end, the ends being located at opposite
ends of the line arrangement in the longitudinal direction,

¢ the line arrangement is formed in such a manner that a width of the line arrangement, which width can be measured in a
width direction extending transversely to the flux line direction and transversely to the longitudinal direction, gradually
decreases along the extension of the line arrangement towards the first end and/or towards the second end.

[0038] Preferably, at least one phase line of the line arrangement meanders in the longitudinal direction, wherein this phase line
comprises first sections which extend transversely to the longitudinal direction and second sections connecting in each case two
first sections, the second sections extending substantially in the longitudinal direction, and wherein the lengths of the first sections
gradually decrease along the extension of the line arrangement towards the first end and/or towards the second end.

[0039] The tapered configuration of the line arrangement reduces the field intensity in particular sideways of the end region
which is tapered. One reason for this is that the field intensity which is produced by phase line sections (e.g. the "first" line
sections in case of a meandering line configuration) at the end or in the end region of the line arrangement, which line sections
extend transversely to the longitudinal direction, is reduced since the lengths of these line sections are reduced due to the
reduced width. This applies to locations in longitudinal direction in the ambience. For regions of the ambience sideways of the line
arrangement, another reason applies: at the same location sideways of the end region of the arrangement, the distance to the
nearest line section (e.g. a "second" line section in case of a meandering line configuration) is larger if the end region is tapered.

[0040] The invention also covers a vehicle comprising the arrangement with the receiving device of one of the embodiments
described in this description, wherein the arrangement is located at the bottom of the vehicle, so that the central axis of the coil or
the central axes of the coils extend in vertical direction, provided that the vehicle travels on a horizontal underground or horizontal
track.

[0041] Furthermore, the invention covers a system for transferring energy to a vehicle, wherein the system comprises an
arrangement with the primary side generating device, which is arranged along a path of travel of the vehicle or at a parking area
or stopping area of the vehicle, and wherein the system comprises the arrangement with the secondary side receiving device of
one of the embodiments described in this description.

[0042] Examples of the invention will be described in the following with reference to the attached figures.

Fig. 1
schematically shows a top view of an arrangement for providing a vehicle with electric energy, wherein the arrangement
comprises three phase lines, wherein each phase line forms a sequence of four coils which are placed next to each other,

Fig. 2
schematically shows a top view similar to Fig. 1 comprising a sequence of three coils of a phase lines,

Fig. 3
shows a partial top view of a conventional line arrangement comprising three meandering phase lines,

Fig. 4
shows a partial top view of a line arrangement comprising three meandering phase lines according to an example of the
present invention,

Fig. 5
shows the field intensities sideways of the line arrangements of Fig. 3 and Fig. 4 as functions of the position in longitudinal
direction,

Fig. 6
shows schematically a primary side conductor arrangement for producing an electromagnetic field, in particular for
producing a magnetic wave which propagates in the direction of travel of a vehicle, wherein the vehicle is also schematically
shown in the figure, and

Fig. 7
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schematically shows the vehicle of Fig. 6, including some devices within the vehicle.

[0043] Fig. 1 shows three sequences of coils, wherein each sequence is formed by a different phase line of a coil arrangement
(i.e. an arrangement of electric conductors) for carrying a three-phase alternating current. The arrangement may be part of a
generating device for generating an electromagnetic field on a primary side (e.g. track side) or may be part of a receiving device
mounted to a vehicle.

[0044] Each of the sequences G, R, B comprises four coils C. The individual coils are denoted by GCL, GCM1, GCM2, GCR for
sequence G, by RCL, RCM1, RCM2, RCR for sequence R and by BCL, BCM1, BCM2, BCR for sequence B. In the example, the
middle coils C have a rectangular shape, i.e. the area which is covered by the respective shape is rectangular. However, the end
coils GCL, RCL, BCL and GCR, RCR, BCR are tapered towards the end of the sequence.

[0045] This example illustrates an embodiment of the present invention, wherein the coil arrangement comprises coils of more
than one phase line (i.e. a plurality of phase lines), wherein the coils of the different phase lines are shifted relative to each other
in the longitudinal direction (the horizontal direction in the example of Fig. 1) and wherein each phase line is tapered in the
respective end region of the phase line. The term "end region" refers to the longitudinal direction, i.e. there are two opposite end
regions in the longitudinal direction.

[0046] Coming back to the example of Fig. 1, since each sequence G, R, B of coils C is formed by placing the individual coils C
next to each other, the effective area of each sequence G, R, B is rectangular in the middle sections and is shaped like a frustum
cone in the end regions. Furthermore, the coils C of the same phase line do not overlap, so that the effective area of the
sequence is equal to the sum of the areas which are covered by the coils C of the sequence G, R, B. In order to illustrate the
notation more clearly, for example the notation of the coil "GCL" means that the colil is part of the sequence G and that the caoil is
the left L coil (i.e. the first end coil) in the sequence G. The notation "GCM1" means that the coil C is part of the sequence G and
is the first middle M1 coil C. The notation "R" as the third letter in the notation of a coil (e.g. GCR) means that the caoil is the right
R coil (i.e. the second end coil) in the respective sequence. The three sequences G, R, B shown in Fig. 1 are spread in the
vertical direction of the figure, but this is done only for the purpose of illustration. In practice, it is preferred that there is no spread
in the direction perpendicular to the longitudinal direction which extends from the left coil to the right coil in each sequence and
which is the horizontal direction in Fig. 1.

[0047] The coils of the sequence G are shifted relative to each other by a first shift length SL1 and this first shift length SL1 is
constant for all pairs of the coils of sequence G and the same applies to the other sequences R and B. The same may also apply
to other arrangements which may comprise a different number of coils per sequence, e.g. the number of middle coils having a
rectangular shape may vary with different embodiments of the arrangement. The first shift length SL1 is illustrated by a double
line arrow. There are also single line arrows extending next to the coils C of the sequence G. These single line arrows illustrate
the direction of winding the phase line in order to produce the turns which constitute the coils C. The other sequences R, B are
formed in the same manner as the sequence G. However, the different sequences G, R, B are shifted relative to each other by a
second shift length SL2, which is also illustrated by a double line arrow for the sequences G, R. The third sequence B is also
shifted by the same second shift length SL2 relative to the second sequence R. This second shift length SL2 is 1/3 of the first
shift length SL1. Provided that the arrangement shown in Fig. 1 is a receiving device, an electromagnetic field, which has varying
periodic field intensity with respect to the longitudinal direction (such varying magnetic fields are shown in Fig. 2 - Fig. 4), wherein
the period length is equal to the first shift length SL1 multiplied by two, induces electric voltages of the same size in each line
section which extends transversely to the longitudinal direction, provided that these line sections are placed at the same position
in the longitudinal direction or at the same position plus or minus two times the first shift length SL1. Another precondition for the
induction of voltages of the same size is same line length, which does not apply to the line sections at the ends and the next
transversely extending line sections.

[0048] In particular, flux lines of an alternating magnetic field penetrate the line arrangement in the direction perpendicular to the
image plane of Fig. 1 and Fig. 2.

[0049] For one of the sequences of coils, namely for sequence G, Fig. 1 shows an example of a pattern of directions (indicated
by arrows) in which electric currents flow through the coils. This example is based on the assumption that an electromagnetic field
induces voltages in the coils of sequence G, wherein the field strength of the electromagnetic field varies periodically in the
longitudinal direction and the periodic lengths is equal to two times the second shift lengths SL2.

[0050] Variants of the arrangement shown in Fig. 1 are possible. The arrangement may not be a coil arrangement, the lines of
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which are represented by the solid, dashed or dotted lines in Fig. 1. Rather, these solid, dashed and dotted lines, with the
exception of the lines in the middle that extend transversely to the longitudinal direction, may represent the outline of the line
arrangement. The electric lines of the line arrangement may follow any suitable path within the outline. Especially in this case, the
complete line arrangement may be arranged within the outline defined by the solid lines (i.e. the dashed and dotted lines in Fig. 1
may be omitted).

[0051] The number of sequences and, therefore, the number of phase lines for carrying different phases of an alternating
current may vary. For example, the coil arrangement of Fig. 1 may have two or four phase lines for carrying different phases.
Only one of the end sections of the line arrangement or of a sequence of coils may be tapered. In addition or alternatively, a
tapered end section may be tapered in a different manner as shown in Fig. 1, for example the outline in the tapered section may
be curved instead of straight as shown in Fig. 1.

[0052] It is not required that the tapered end section extends in the longitudinal direction over the same length as the end cail, if
the line arrangement is a coil arrangement at all. Rather, the length of the tapered end section may be shorter or longer than the
length of the coil at the respective end. For example, referring to Fig. 1, the first middle coil GCM1 may also belong to the tapered
end section. In particular, half of the lengthwise extension of the first middle section GCM1 may be tapered so that the length of
the tapered end section is 1.5 times the length of a coil.

[0053] Fig. 2 shows an example of a sequence of three coils, a first end coil GCL, a middle coil GCM and a second end coil
GCR, wherein the three coils are formed by the same phase line. In the example, the tapered end sections at the opposite ends
of the sequence extend over two thirds of the respective end coil GCL, GCR. However, the tapered end section may extend over
a different fraction of the total extension of the coil or may extend over the whole extension of the coil in the longitudinal direction.

[0054] Due to their tapered configuration along their extensions towards the end of the coil arrangement shown in Fig. 2, the end
coils GCL, GCR cover in each case a smaller area per unit length in the longitudinal direction in their end region next to the end
of the coil arrangement compared to their border region at the border zone to the middle coil GCM.

[0055] Connecting lines for connecting the different coils to each other and to external devices (such as a rectifier) are not
shown in the schematic drawings of Fig. 1 and Fig. 2.

[0056] Fig. 3 schematically shows a top view of a conventional line arrangement of a generating device for generating an
electromagnetic field on a primary side of a system for transferring energy to a vehicle. The line arrangement comprises three
phase lines U, V, W which meander in the longitudinal direction (horizontal direction in Fig. 3). Only part of the line arrangement is
shown. In particular, the line arrangement may continue in the same manner as shown on the right hand side of the figure. Close
to the end of the line arrangement shown on the left hand side of Fig. 3, the three phase lines U, V, W are connected to each
other so that a star point ST is formed.

[0057] Each of the phase lines U, V, W comprises first sections which extend transversely to the longitudinal direction and
comprises second line sections which connect in each case two first lines sections and at least partially extend in the longitudinal
direction. In Fig. 3, the first line sections of phase line W (indicated by solid line segments and crosses) are denoted by 1 a, 1 b, 1
c, 1d, 1 e, 11 The connecting second line sections of phase line W are denoted by 2a, 2b, 2c, 2d, 2e, 2f, wherein second line
section 2a connects first line section 1 a with a short line section 11 that connects the phase line W to the star point ST.

[0058] The first line sections of the different phases U, V, W produce an electromagnetic field during operation, the field intensity
of which rapidly decreases sideways of the line arrangement with increasing distance to the line arrangement. In the example
shown in Fig. 3, "sideways" means in a direction perpendicular to the longitudinal direction within the image plane of Fig. 3. The
same applies to the electromagnetic field which is produced by the second line sections, since the phase lines U, V, W are
operated at a phase shift and interference with cancellation occurs. However, there is an exception: at the end of the line
arrangement shown on the left hand side of Fig. 3, in the region of the star point ST, interference may compensate the
electromagnetic fields which are produced by the individual phase lines U, V, W, partially, but a significant field intensity can be
measured sideways of the end region and in the longitudinal direction towards the left.

[0059] In order to reduce the field intensity near the end region, a modified line arrangement is shown in Fig. 4. The end section
of the line arrangement on the left hand side shown in Fig. 4 is modified compared to the arrangement shown in Fig. 3. The
modification only refers to the section on the left hand side of first line section 1 b of phase line W. In this end section, the lengths
of the first line sections of all three phase lines U, V, W are gradually reduced towards the end. Consequently, the connecting
second line sections, such as the second line section 2a of phase line W, are also modified. For example, the second line
sections can i) either extend parallel to the outline of the line arrangement in its tapered end section (see for example section 2b)
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or i) the length of the first line sections (see for example section 1 a) can be reduced further so that the second line sections (see
for example section 2a) extend parallel to the longitudinal axis (horizontal direction in Fig. 4). Both principles i) and ii) can be
combined in the same embodiment of a line arrangement or only one of the principles i) or i) can be realized in an embodiment.

[0060] In the region of the star point ST, different configurations of the phase lines U, V, W are possible as indicated by the
dashed section 12 and the solid line section 13 of phase line U. In practice, either line section 12 or line section 13 is present.

[0061] The modified configuration of the line arrangement in Fig. 4 significantly reduces the field intensity near the end section.
In particular, the field intensity is significantly reduced towards the left of Fig. 4, in longitudinal direction. But also the field intensity
sideways of the end section is reduced, if the field intensity is measured at the same distance from the center line of the line
arrangement which extends in the longitudinal direction. The reason is that the distance to the nearest phase line is larger
compared to the arrangement of Fig. 3.

[0062] The end section of the line arrangement, which is shown on the left hand side of Fig. 4, is tapered like a frustum cone, as
indicated by two outlines.

[0063] The field intensity which is produced by the same three-phase alternating current through the line arrangement of Fig. 3
and through the line arrangement of Fig. 4 is schematically shown in Fig. 5. The field intensity |B| is shown as a function of the
position | for the two arrangements, provided that the opposite end sections are both tapered. Reference numeral lll denotes the
dependency of the field intensity for the line arrangement of Fig. 3 and reference numeral IV denotes the dependency of the field
intensity of the line arrangement shown in Fig. 4. It is apparent that the tapered configuration of the end sections reduces the
maximum field intensity and, in addition, the field intensity decreases faster towards zero in longitudinal direction near the end
sections with increasing distance to the end of the line arrangement in longitudinal direction. The field intensities shown in Fig. 5
are measured at a constant distance in lateral direction to the center line of the line arrangement.

[0064] Fig. 6 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. A primary side electric conductor arrangement is mounted to the track for producing an
electromagnetic field. It comprises segments T1, T2, T3 which can be operated independently of each other. In the situation
shown in Fig. 6, the middle segment T2 is operated only, since the receiving device 85 of the vehicle 81 is located above the
segment T2. For example, the primary side conductor arrangement may be designed as described in WO 2010/031595 A2 in
connection with Fig. 1 in the document or may be designed in the manner shown in Fig. 3 or 4 of the present description. As
shown in the attached Fig. 6, each of the successive segments T1, T2, T3 may be connected via a separate switch K1, K2, K3 for
switching on and off the segment T1, T2, T3 to a main line 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. 6, but
not shown) may comprise a common star point of all three-phases. Alternatively, the main line 108 may be a DC (direct current)
line and the switches K1, K2, K3 may comprise inverters for producing the alternating current through the segments T1, T2, T3.
The opposite site of the main line 108 is connected to an energy source 101.

[0065] The primary side conductor arrangement (i.e. the line arrangement of the generating device) 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 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. In case of a road, the primary
side conductor arrangement may also be located underground (i.e. integrated in the material of the road) and/or above ground.

[0066] The track bound vehicle 81 comprises at its underside the receiving device 85 for receiving the electromagnetic field
which is produced by the primary side conductor arrangement. The receiving device 85 is electrically connected to an on-board
electric network 86 (see Fig. 7) so that the electric energy, which is induced in the receiving device 85 may be distributed within
the vehicle 81. For example, auxliary devices 90 and propulsion units 80, 84 for driving propulsion motors (not shown) in bogies
87a, 87b 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 and/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 85, 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 of the propulsion energy.
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[0067] The system for transferring energy to a vehicle as shown in Fig. 6 and Fig. 7 is just an example. For example, the
invention can be used alternatively for charging a bus of a public transport system while the bus stops for allowing passenger to
enter and leave the bus or can be used to charge batteries of an automobile while the automobile is parked.
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Patentkrav

1. Indretning til at forsyne et kgretgj (81) med elektrisk energi, hvor indretnin-
gen omfatter en modtagelsesindretning (85), der er indrettet til at modtage
den magnetiske komponent af et elektromagnetisk vekselstremsfelt og til at
fremstille en elektrisk vekselstram ved hjeelp af magnetisk induktion, hvor
modtagelsesindretningen (85) omfatter mindst én faseledning (U, V, W), hvor
hver faseledning (U, V, W) er indrettet til at beere en fase af den elektriske
vekselstrem,

hvor den mindst én faseledning (U, V, W) er indrettet til at danne en lednings-
indretning, som straekker sig i en laengderetning pa tveers af en feltlinjeret-
ning, i hvilken magnetiske feltlinjer af det elektromagnetiske felt traenger ind i
ledningsindretningen, saledes at ledningsindretningen omfatter en fgrste en-
de og en anden ende, som befinder sig over for hinanden i forhold til laengde-
retningen, kendetegnet ved, at

ledningsindretningen er tilspidsende i retning mod den ferste ende og/eller
den anden ende, hvor den har en konisk kontur eller kontur af en keglestub.

2. Indretning ifglge krav 1, hvor

- hver faseledning danner mindst én spole (C),

- hver spole (C) bestar af mindst én vinding af faseledningen,

- den mindst én vinding drejes omkring en midterakse af spolen,

- spolen eller spolerne (C) er indrettet til at danne en spoleindretning, som er
ledningsindretningen, og som straekker sig i leengderetningen péa tveers af
midteraksen af spolen eller pa tveers af midterakserne af spolerne (C) af spo-
leindretningen.

3. Indretning ifglge krav 2, hvor spoleindretningen omfatter en flerhed af de
spoler (C), som er anbragt i laengderetningen i en pa hinanden fglgende se-
kvens og/eller overlapper hinanden, og hvor mindst én af spolerne (GCL,
RCL, BCL, GCR, RCR, BCR) af spoleindretning hver iseer ved den ferste
og/eller anden ende er tilspidsende langs forleengelsen af spoleindretningen
mod enden.

4. Indretning ifglge krav 3, hvor mindst to af spolerne (C) af spoleindretnin-
gen er spoler af den samme faseledning, som er anbragt efter hinanden i
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laengderetningen og derved definerer mindst ét graenseomrade, hvor en for-
ste og en anden af de mindst to spoler (C) af den samme faseledning green-
ser op til hinanden, eventuelt med et mellemrum eller indbyrdes overlappen-
de, hvor den fgrste spole (GCL, RCL, BCL, GCR, RCR, BCR) er en ende-
spole, der er anbragt ved den fgrste ende eller ved den anden ende af spole-
indretningen, og hvor den farste spole - pa grund af sin tilspidsende konfigu-
ration langs forlaengelsen mod den fgrste ende eller mod den anden ende -
deaekker et mindre omrade per enhedsleengde i laengderetningen i et endeom-
rade ved den forste ende eller anden ende i sammenligning med en graense-
region ved graenseomradet.

5. Keretgj (81) omfattende indretningen ifelge et af kravene 1 til 3, hvor ind-
retningen er anbragt ved bunden af keretgjet (81), saledes at midterakserne
af spolerne (C) straekker sig i lodret retning, forudsat at kgretgjet (81) beveae-
ger sig pa en vandret undergrund eller et vandret spor.

6. Indretning til at forsyne et keretgj (81) med elektrisk energi, hvor indretnin-
gen omfatter en genereringsindretning, der er indrettet til at generere et elek-
tromagnetisk vekselstrgmsfelt for at fremstille en elektrisk vekselstram ved
hjeelp af magnetisk induktion i en tilsvarende modtagelsesindretning (85),
hvor genereringsindretningen omfatter mindst én faseledning (U, V, W), hvor
hver faseledning (U, V, W) er indrettet til at beere en fase af den elektriske
vekselstrem,

hvor

- den mindst én faseledning (U, V, W) er indrettet til at danne en ledningsind-
retning, som straekker sig i en leengderetning pa tveers af en feltlinjeretning, i
hvilken magnetiske feltlinjer af det elektromagnetiske felt traenger ind i led-
ningsindretningen, saledes at ledningsindretningen omfatter en fgrste ende
0og en anden ende, som befinder sig over for hinanden i forhold til laengderet-
ningen,

kendetegnet ved, at

ledningsindretningen er tilspidsende i retning mod den ferste ende og/eller
den anden ende, hvor den har en konisk kontur eller kontur af en keglestub.
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7. Indretning ifglge krav 6, hvor mindst én faseledning (U, V, W) af lednings-
indretningen snor sig i leengderetningen, hvor denne faseledning (U, V, W)
omfatter fgrste afsnit (1), som streekker sig pa tveers af leengderetningen, og
andre afsnit (2), som hver isaer forbinder to fgrste afsnit (1), hvor de andre
afsnit (2) streekker sig i det veesentlige i laengderetningen, og hvor laengderne
af de fegrste afsnit (1) gradvis aftager langs forlaengelsen af ledningsindret-
ningen mod den ferste ende og/eller mod den anden ende.

8. Indretning ifglge krav 6, hvor indretningen er en spoleindretning, der om-
fatter en flerhed af de spoler (C), som er anbragt i leengderetningen i en pa
hinanden fglgende sekvens og/eller overlapper hinanden, og hvor mindst én
af spolerne (GCL, RCL, BCL, GCR, RCR, BCR) hver iszer ved den forste
ende og den anden ende af spoleindretningen er tilspidsende langs forleen-
gelsen af spoleindretningen mod enden af spoleindretningen.

9. Indretning ifelge krav 8, hvor mindst to af spolerne (C) af spoleindretnin-
gen er spoler af den samme faseledning, som er anbragt efter hinanden i
laengderetningen og derved definerer mindst ét graenseomrade, hvor en for-
ste og en anden af de mindst to spoler (C) af den samme faseledning graen-
ser op til hinanden, eventuelt med et mellemrum eller indbyrdes overlappen-
de, hvor den ferste spole (GCL, RCL, BCL, GCR, RCR, BCR) er en ende-
spole, der er anbragt ved den ferste ende eller ved den anden ende af spole-
indretningen, og hvor den fgrste spole - pa grund af sin tilspidsende konfigu-
ration langs forleengelsen mod den fgrste ende eller mod den anden ende -
daekker et mindre omréde per enhedslaengde i laengderetningen i et endeom-
rade ved den fgrste ende eller anden ende i sammenligning med en graense-
region ved graenseomradet.

10. Fremgangsmade til fremstilling af en indretning til at forsyne et keretgj
(81) med elektrisk energi, hvor en modtagelsesindretning (85) af indretningen
er fremstillet og indrettet til - under drift - at modtage den magnetiske kompo-
nent af et elektromagnetisk vekselstremsfelt og til at fremstille en elektrisk
vekselstream ved hjeelp af magnetisk induktion, hvor modtagelsesindretningen
(85) er udstyret med mindst én faseledning (U, V, W), hvor hver faseledning
(U, V, W) er indrettet til - under drift - at baere en fase af den elektriske vek-
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selstrem,

hvor

- den mindst én faseledning (U, V, W) er indrettet til at danne en ledningsind-
retning, som straekker sig i en leengderetning pa tveers af en feltlinjeretning, i
hvilken magnetiske feltlinjer af det elektromagnetiske felt traenger ind i led-
ningsindretningen, saledes at ledningsindretningen omfatter en ferste ende
0og en anden ende, som befinder sig over for hinanden i forhold til laengderet-
ningen,

kendetegnet ved, at

- ledningsindretningen er udformet pa en saédan made, at den er tilspidsende
i retning mod den fgrste ende og/eller den anden ende, hvor den har en ko-
nisk kontur eller kontur af en keglestub.

11 Fremgangsmade ifelge krav 10, hvor

- mindst én spole (C) dannes af hver faseledning,

- hver spole (C) dannes af mindst én vinding af faseledningen,

- den mindst én vinding drejes omkring en midterakse af spolen,

- spolen eller spolerne (C) er indrettet til at danne en spoleindretning, som er
ledningsindretningen, og som straekker sig i leengderetningen pa tveers af
midteraksen af spolen eller pa tveers af midterakserne af spolerne (C) af spo-
leindretningen.

12. Fremgangsmade ifglge krav 11, hvor spoleindretningen dannes af en
flerhed af de spoler (C), som er anbragt i laengderetningen i en pa hinanden
felgende sekvens og/eller overlapper hinanden, og hvor mindst én af spoler-
ne (GCL, RCL, BCL, GCR, RCR, BCR) af spoleindretning hver iseer ved den
farste og/eller anden ende er tilspidsende langs forleengelsen af spoleindret-
ningen mod enden.

13. Fremgangsmade til fremstilling af et keretgj (81), hvor fremgangsmaden
ifglge krav 11 eller 12 udfgres, og ledningsindretningen er anbragt ved bun-
den af kgretgjet (81), saledes at midterakserne af spolerne (C) streekker sig i
lodret retning, forudsat at keretgjet (81) bevaeger sig pa en vandret under-
grund eller et vandret spor.
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14. Fremgangsmade til fremstilling af en indretning til at forsyne et koretgj
(81) med elektrisk energi, hvor en genereringsindretning af indretningen er
fremstillet og indrettet til - under drift - at generere et elektromagnetisk vek-
selstremsfelt til at fremstille en elektrisk vekselstrgm ved hjeelp af magnetisk
induktion i en tilsvarende modtagelsesindretning (85), hvor mindst én fase-
ledning (U, V, W) er tilvejebragt til genereringsindretningen (85), hvor hver
faseledning (U, V, W) er indrettet til - under drift - at baere en fase af en elek-
trisk vekselstrom,

hvor

- den mindst én faseledning (U, V, W) er indrettet til at danne en ledningsind-
retning, som straekker sig i en leengderetning pé tveers af en feltlinjeretning, i
hvilken magnetiske feltlinjer af det elektromagnetiske felt - under drift - traen-
ger ind i ledningsindretningen, saledes at ledningsindretningen omfatter en
forste ende og en anden ende, som befinder sig over for hinanden i forhold til
lzengderetningen,

kendetegnet ved, at

- ledningsindretningen er udformet p& en saddan made, at den er tilspidsende
i retning mod den fgrste ende og/eller den anden ende, hvor den har en ko-
nisk kontur eller kontur af en keglestub.

15. Fremgangsmade ifglge krav 14, hvor mindst én faseledning (U, V, W) af
ledningsindretningen er indrettet til at sno sig i laengderetningen, saledes at
denne faseledning (U, V, W) omfatter fgrste afsnit (1), som straekker sig pa
tveers af laengderetningen, og andre afsnit (2), som hver isaer forbinder to
fgrste afsnit, hvor de andre afsnit streekker sig i det vaesentlige i leengderet-
ningen, og hvor leengderne af de ferste afsnit gradvis aftager langs forlaen-
gelsen af ledningsindretningen mod den fgrste ende og/eller mod den anden
ende.
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