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Providing a land vehicle, in particular a rail vehicle or a road automobile, with electric energy
by induction

The invention relates to an arrangement for providing a land vehicle, in particular a rail
vehicle or a road automobile, with electric energy. An electromagnetic field is produced on a
primary side located on the track of the vehicle and/or located at a stop of the vehicle by a
source (typically windings and/or coils of an electric conductor). The magnetic component of
the electromagnetic field is received on a secondary side onboard the vehicle above the
source of the electromagnetic field. By magnetic induction on the secondary side, the electric
energy is produced. The invention also relates to a corresponding method of providing a land
vehicle with electric energy. Furthermore, the invention relates to a land vehicle, in particular
a rail vehicle or a road automobile, comprising the arrangement.

However, some but not all aspects of the present invention relate to a system which includes
the primary side and the secondary side. Rather, one aspect of the invention only relates to
the primary side and another aspect of the invention only relates to the secondary side.

The terms "primary side" and "secondary side" are used corresponding to the terminology
which is used for transformers. In fact, the electric parts of a system for transferring electric
energy from a vehicle track or from vehicles stop to the vehicle by induction (inductive power
transfer system, in short: IPT system) form a kind of transformer. The only difference
compared to a conventional transformer is the fact that the vehicle, and thus the secondary
side, can move.

WO 2010/000495 A1 describes a system and method for transferring electric energy to a
vehicle. The energy can be transferred to the vehicle while the vehicle is moving. While the
present invention may relate to such a system, it is not restricted to the transfer of energy to
moving vehicles. Rather, the energy maybe transferred while the vehicle temporarily stops
(such as a bus at a bus stop) or while the vehicle is parked.

The vehicle may be any land vehicle, including track bound vehicles, such as conventional
rail vehicles, mono-rail vehicles, trolley busses and vehicles which are guided on a track by
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other means. Other examples of land vehicles are road automobiles, including busses which
are not track bound. For example, the vehicle may be 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).

WO 2010/000495 A1 describes an example of serpentine windings on the primary side for
producing the electromagnetic field. The primary side conductor assembly of the present
invention, which is made of electrically conducting material that produces the
electromagnetic field during operation while the electrically conducting material carries an
alternating electric current, may have the same or a different configuration. In any case, at
least sections and/or parts of the primary side conductor assembly has/have a length and a
width, so that the primary side conductor assembly comprises lateral edges. For example, as
described in WO 2010/000495 A1, sections of the primary side conductor assembly may
extend along the track of the vehicle so that there are two lateral edges on opposite sides of
the primary side conductor assembly. Other configurations are possible such as elongated
electric conductors extending in the direction of travel, coils of electric conductors having
several windings and arrangements of electric conductors having different configurations.

The features of a primary side conductor assembly which are described in the foregoing
description may also apply to a secondary side conductor assembly, with the exception that
this assembly is located on board the vehicle.

In any case, there is a gap between the primary side conductor assembly and the secondary
side conductor assembly which causes emissions of the electromagnetic field, which is
produced by the primary side conductor assembly, to the surroundings. In addition, an
electric current flows through the secondary side conductor assembly during operation and
this electric current also causes an electromagnetic field, which is denoted by
“electromagnetic stray field” in the following. This stray field also causes emission of
electromagnetic radiation to the surroundings.

Corresponding limit values, in particular of the electromagnetic or magnetic field strength,
must be observed. In principle, the larger the gap between the primary side and the
secondary side, the larger the field strength in the surroundings.

It is an object of the present invention to reduce the emission of magnetic radiation to the
surroundings of a system for providing a land vehicle with electric energy by induction.
Alternatively, it is an object of the present invention to increase the transfer power from the
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primary side to the secondary side without increasing the emissions to the surroundings
compared to conventional systems.

According to a basic idea of the present invention, magnetizable material is used to shield
the surroundings from the electromagnetic field(s) produced by the primary side conductor
assembly and/or produced by the secondary side conductor assembly. Therefore, a shielding
assembly made of magnetizable material is combined with the conductor assembly. The
shielding assembly or a part of the shielding assembly extends sideways of the respective
conductor assembly on the same height level (in short: level) as the conductor assembly. In
addition or alternatively, the shielding assembly or a part of the shielding assembly extends
above and/or below the respective conductor assembly. As a result, regions which are
located beyond the magnetizable material (if viewed from the conductor assembly) are
shielded from the magnetic field produced by the conductor assembly.

Shielding the surroundings from the electromagnetic field is effected in particular by reducing
the strength of the magnetic component of the electromagnetic field.

In particular, the following is proposed: An arrangement for providing a land vehicle, in
particular a rail vehicle or a road automobile, with electric energy by producing an
electromagnetic field on a primary side located on the track of the vehicle and/or located at a
stop of the vehicle, by receiving the magnetic component of the electromagnetic field on a
secondary side onboard the vehicle above the source of the electromagnetic field and by
magnetic induction on the secondary side, wherein the arrangement comprises
- aprimary side conductor assembly made of electrically conducting material which
produces the electromagnetic field during operation while the electrically conducting
material carries an alternating electric current,
- aprimary side shielding assembly made of magnetizable material
wherein the primary side shielding assembly or a part of the primary side shielding assembly
extends sideways of the primary side conductor assembly on the same level as the primary
side conductor assembly, thereby shielding regions, which are located beyond the
magnetizable material, from the electromagnetic field.

In addition or alternatively, an arrangement is proposed for providing a land vehicle, in
particular a rail vehicle or a road automobile, with electric energy by producing an
electromagnetic field on a primary side located on the track of the vehicle and/or located at a
stop of the vehicle, by receiving the magnetic component of the electromagnetic field on a
secondary side onboard the vehicle above the source of the electromagnetic field and by
magnetic induction on the secondary side, wherein the arrangement comprises
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- asecondary side conductor assembly made of electrically conducting material which
produces an electromagnetic stray field during operation while the electrically
conducting material carries an alternating electric current,

- asecondary side shielding assembly made of magnetizable material

wherein the secondary side shielding assembly or a part of the secondary side shielding
assembly extends sideways of the secondary side conductor assembly on the same level as
the secondary side conductor assembly, thereby shielding regions, which are located beyond
the magnetizable material, from the electromagnetic stray field.

Furthermore, a method is proposed of providing a land vehicle, in particular a rail vehicle or a
road automobile, with electric energy by producing an electromagnetic field on a primary side
located on the track of the vehicle and/or located at a stop of the vehicle, for receiving the
magnetic component of the electromagnetic field on a secondary side onboard the vehicle
above the source of the electromagnetic field by magnetic induction on the secondary side,
wherein

- the electromagnetic field is produced by conducting an alternating electric current
through a primary side conductor assembly made of electrically conducting material,

- regions, which are located sideways of the primary side conductor assembly, are
shielded from the electromagnetic field using a primary side shielding assembly, which
or a part of which extends sideways of the primary side conductor assembly on the
same level as the primary side conductor assembly, wherein the primary side shielding
assembly is made of magnetizable material.

In addition or alternatively, a method is proposed of providing a land vehicle, in particular a
rail vehicle or a road automobile, with electric energy by receiving, on a secondary side
onboard the vehicle, a magnetic component of the electromagnetic field produced on a
primary side located below the vehicle on the track of the vehicle and/or at a stop of the
vehicle, and by using magnetic induction on the secondary side, wherein

- the electromagnetic field is received by a secondary side conductor assembly made of
electrically conducting material which produces an electromagnetic stray field during
operation while the electrically conducting material carries an alternating electric
current,

- regions, which are located sideways of the secondary side conductor assembly, are
shielded from the electromagnetic stray field using a secondary side shielding
assembly, which or a part of which extends sideways of the secondary side conductor
assembly on the same level as the secondary side conductor assembly, wherein the
secondary side shielding assembly is made of magnetizable material.
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In any case, it is preferred that the primary side shielding assembly made of magnetizable
material also extends below the primary side conductor assembly. In addition or alternatively,
the secondary side shielding assembly made of magnetizable material may also extend
above the secondary side conductor assembly. Preferably, all lateral edges of the primary
side conductor assembly and/or secondary side conductor assembly are shielded by the
primary or secondary side shielding assembly in the manner described above or below. In
particular, the magnetizable material may continuously extend from the region next to one
lateral edge of the conductor assembly to the region next to another lateral edge (e.g.
located opposite to the first lateral edge). As a result, more regions of the surroundings are
shielded from the electromagnetic field.

Preferably, a primary side shielding assembly is used at the same time or in the same
system as a secondary side shielding assembly. Both shielding assemblies are made of
magnetizable material and shield the respective conductor assembly sideways of the
conductor assembly.

Preferably, the primary side shielding assembly extends from sideways of the primary side
conductor assembly to a level above the level of a lateral edge of the primary side conductor
assembly, thereby also shielding regions, which are located beyond the magnetizable
material and at a higher level as the lateral edge, from the electromagnetic field.

Therefore, the shielded regions of the surroundings are enlarged, which is especially useful if
the gap between the primary side conductor assembly and the secondary side conductor
assembly is large. The same advantage applies to the following preferred embodiment of the
secondary side shielding assembly, which extends from sideways of the secondary side
conductor assembly to a level below the level of a lateral edge of the secondary side
conductor assembly, thereby also shielding regions, which are located beyond the
magnetizable material and at a lower level as the lateral edge, from the electromagnetic stray
field.

According to the most preferred embodiment, the primary side shielding assembly extends
into a region above the lateral edge of the primary side conductor assembly, thereby
shielding regions, which are located beyond the magnetizable material and above the lateral
edge, from the electromagnetic field. The wording “above the lateral edge” means that the
magnetizable material is also located directly above the lateral edge of the conductor
assembly, i.e. above if viewed in the vertical direction.

Therefore, the emission of electromagnetic radiation towards regions of the surroundings
which are located diagonal above the primary side conductor assembly is significantly
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reduced. This embodiment is particularly useful if the gap between the primary and the
secondary side conductor assembly is very large. This embodiment is based on the
consideration that such a shielding of the lateral edges slightly reduces efficiency of energy
transfer to the secondary side, but significantly reduces emissions to the surroundings.
Therefore, significantly higher transfer power to the secondary side can be achieved using
the same primary side conductor assembly. For example, significantly higher electric
currents may flow through the primary side conductor assembly.

The same advantage applies to the following embodiment of the secondary side shielding
assembly which extends into a region below the lateral edge of the secondary side conductor
assembly, thereby shielding regions, which are located beyond the magnetizable material
and below the lateral edge, from the electromagnetic stray field. In particular, significantly
higher electric currents may flow through the secondary side conductor assembly without
violation of the applicable limits for the magnetic field. The wording “below the lateral edge”
means that the magnetizable material is also located directly below the lateral edge of the
conductor assembly, i.e. below if viewed in the vertical direction.

Using magnetizable material as shielding material has the advantage that flux lines of the
magnetic field are guided within the material. Compared to the situation without the presence
of the shielding material, at least some of the magnetic flux lines cannot permeate the
magnetizable material. Instead, these magnetic flux lines are redirected in the direction of
extension of the magnetizable material.

In particular, magnetizable material can be used which has small electric conductibility, for
example ferrites. As a result, the effects of electric currents which are induced in the
shielding material are reduced.

More generally speaking, the magnetizable material may be ferromagnetic, paramagnetic or
ferrimagnetic. It is preferred that the magnetizable material has a magnetic susceptibility of at
least 10, preferably at least 50.

According to another aspect of the present invention, the primary side conductor assembly
and/or the secondary side conductor assembly is/are enclosed by the shielding assembly,
wherein the outer shell made of the magnetizable material which encloses the conductor
assembly has an opening through which the electromagnetic field propagates between the
primary side and the secondary side. Especially in the region of the lateral edges of the
conductor assembly, the shell may have the configuration described elsewhere in the
description.
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If the conductor assembly on the primary side or the secondary side comprises a plurality of
parts, wherein each part comprises electrically conductive material which carries an electric
current during operation, each of the parts may be shielded by a separate shielding
assembly made of magnetizable material. Furthermore, it is possible that the shielding
assemblies on the primary side or on the secondary side are mechanically connected to
each other, i.e. the magnetizable material continuously extends along the electric conductors
of different parts of the conductor assembly. For example, individual shielding assemblies
may have a cross-sectional shape of a C or U, wherein the opening of the C-profile or U-
profile is oriented towards the other side of the system for transferring electric energy by
induction from the primary side to the secondary side. If, for example, two parts of the
conductor assembly are shielded by shielding assemblies which are mechanically connected
to each other, other cross-sectional shapes are possible, such as the shape of an E-profile in
case of two parts. Again, the openings of the E are oriented towards the other side of the
system. In any case, e.g. in the case of a C, U or E, it is preferred (as mentioned above) that
the section of the shielding assembly which extends towards the other side of the system
nearby the lateral edge of the shielded conductor assembly further extends into the gap
between the primary side and secondary side of the system. For example, in case of a
C-profile, the free ends of the C extend inwardly towards each other and leave a gap in
between each other which is the opening of the shell mentioned above.

However, it is not necessary that opposite lateral edges of the conductor assembly are
shielded by the same shielding assembly or in the same manner by the shielding assembly.
Therefore, the cross-sectional shape may be the shape of a L-profile, for example, wherein
one of the limbs of the L-profile may extend transversely within the gap between the primary
side and the secondary side of the system. Alternatively, one of the two limbs of the L-profile
may extend behind the conductor assembly (if viewed from the conductor assembly on the
other side of the system) and the other limb of the L-profile may extend sideways of the
conductor assembly. In any case, two L-profiles of magnetizable material may be used to
shield the opposite lateral edges of a conductor assembly.

As principally known in the art, the type of magnetizable material may be adapted to the
frequency of the alternating current, and therefore to the frequency of the electromagnetic
field, which is generated during operation of the system. For example, the frequency is in the
medium frequency range of some kHz.

According to an embodiment of the invention, the magnetizable material may be cut-out or
may comprise gaps in between magnetizable material on the same side of the system.
Despite these gaps, the magnetic flux lines are guided in the direction across the gap or
transversely to the direction across the gap (depending on the configuration of the conductor
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assembly). Despite the gap, only a small amount of the electromagnetic field leaks through
the gap to the surroundings, because the magnetizable material guides the magnetic flux
lines within the material and the shape of the magnetic flux lines can only slightly deform in
the gap nearby the magnetizable material.

For example, a lateral edge of the conductor assembly may be shielded by magnetizable

material. Along the extension of the lateral edge in a direction transversely to the direction
which connects the primary side and the secondary side, the magnetizable material of the
shielding assembly comprises at least one gap and preferably several gaps.

A gap in between parts of the magnetizable material has the advantage that the required
amount of magnetizable material is reduced and, therefore, weight and costs are saved.

According to a further aspect of the present invention, the primary side conductor assembly
and/or the secondary side conductor assembly, which extend in a direction transverse to the
direction from the primary side to the secondary side, thereby defining edges where the
extension of the conductor assembly terminates, is/are combined with magnetizable material.
This magnetizable material shields the surroundings from the magnetic field(s) produced by
the primary side conductor assembly and/or produced by the secondary side conductor
assembly. In addition, this magnetizable material extends along the extension of the
respective conductor assembly and further extends beyond at least one of the edges of the
respective conductor assembly. In other words: the magnetizable material covers at least
partially the conductor assembly, if viewed from the surroundings, and the cover extends
beyond the edge of the conductor assembly. The word “cover” not only includes cases, in
which the magnetizable material is located above the secondary side conductor assembly or
below the primary side conductor assembly, but also includes cases, in which the
magnetizable material is located in the horizontal direction of the conductor assembly, i.e. is
located on the same level as the conductor assembly. In the latter case, extending beyond
the edge means that the magnetizable material extends beyond the edge in horizontal
direction and/or in vertical direction.

Due to the extension beyond the respective edge, the shielding effect is improved.

If shielding assembly of magnetizable material is elongated in a longitudinal direction and
has a cross-sectional shape of a C or a U (see above), thereby enclosing at least part of the
conductor assembly, it is preferred that the shielding assembly extends beyond the edge or
edges of the conductor assembly in the longitudinal direction.

In the following, examples of the invention will be described with reference to the attached
figures. The figures show:
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Fig. 1 schematically a vehicle comprising a receiver (sometimes also called: pickup) for
receiving an electromagnetic field which is generated by a primary side conductor
assembly,

Fig. 2 an arrangement comprising a primary side or secondary side conductor assembly and
further comprising a shielding assembly made of magnetizable material,

Fig. 3 athree-dimensional representation of part of an arrangement comprising a conductor
assembly and a shielding assembily,

Fig. 4 schematically a cross-sectional view of a secondary side arrangement comprising a
conductor assembly and a shielding assembly,

Fig. 5 schematically a cross-sectional view of a conventional arrangement comprising a
secondary side conductor assembly and a shielding plate made of magnetizable
material, wherein the shielding plate is located above the conductor assembly,

Fig. 6 a modification of the arrangement shown in Fig. 5 comprising a shielding assembly
made of magnetizable material, wherein the shielding assembly also shields regions
sideways of the conductor assembly from the electromagnetic stray field which is
produced during operation of the conductor assembly,

Fig. 7 schematically a top view of a conductor assembly covered by a shielding assembly,
illustrating that the shielding assembly extends beyond edges of the conductor
assembly.

The vehicle 4 which is shown in Fig. 1 comprises wheels 7a, 7b for traveling on a track 2. For
example, the vehicle 4 may be a road automobile (such as a private automobile or a bus) or
may be a track bound vehicle, such as a rail vehicle. Details of the road or railway are not
shown in Fig. 1.

There is an arrangement of electrically conducting material combined with (e.g. embedded
in) the track 2. For example, there are three phase conductors 1a, 1b, 1c for carrying the
three phases of a three-phase alternating current during operation. The electrically
conducting material which is embedded in the track or is part of the track 2 forms the primary
side conductor assembly. During operation, the primary side conductor assembly 1 produces
an electromagnetic field. The magnetic field lines F are schematically indicated in Fig. 1.
However, the field lines F are not completely shown. Rather, only the nearly homogeneous
area of the magnetic field in the gap between the primary side and the secondary side is
illustrated by flux lines.

The vehicle 4 comprises a receiver 4b for receiving the electromagnetic field and for
producing electric energy by magnetic induction. For this purpose, the receiver 4b comprises
a secondary side conductor assembly 5. In the specific embodiment shown, this secondary
side conductor assembly 5 comprises three phase lines 5a, 5b, 5¢ for producing a three-
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phase alternating current. The phase lines may be coils comprising several windings of an
elongated electric conductor. Optionally, each phase line may comprise a plurality of coils.

Fig. 1 also schematically shows an energy storage 4a for storing the electric energy which is
produced by the receiver 4b. Other electric and/or electronic parts on board the vehicle 4,
which may be used for providing the produced electric energy to any electric consumer, are
not shown in Fig. 1.

Fig. 2 schematically shows a top view or a bottom view of a primary side or secondary side
arrangement comprising a conductor assembly 8 and a shielding assembly 9 made of
magnetizable material. Fig. 2 illustrates the basic idea of a preferred embodiment of the
invention, namely using separate parts 9a — 9j of magnetizable material, wherein the parts
9a — 9j are located at distances to neighboring parts 9a — 9j, so that there are gaps in
between the parts 9a — 9j. At the same time, the different parts 9a — 9j are arranged so that
the conductor assembly 8 is enclosed together by the parts 9a — 9j and by the gaps in
between the parts 9a — 9j.

The arrangement shown in Fig. 2 may be the arrangement on the primary side of a system
for inductively transferring energy to a vehicle or may be the secondary side arrangement on
board the vehicle. In any case, the direction which connects the primary side and the
secondary side extends perpendicular to the image plane of Fig. 2.

The configuration of the conductor assembly 8 shown in Fig. 2 is just an example. Any other
configuration can be enclosed by the shielding assembly 9. In the example of Fig. 2, the
conductor assembly 8 comprises three coils 8a, 8b, 8c of electric lines. For example, each
coil may produce a different phase of a three-phase alternating current or may carry one
phase of a three-phase alternating current during operation.

As mentioned, the parts 9a — 9j of the shielding assembly 9 enclose the conductor assembly
8. The term “enclosed” refers to the top view or bottom view of the arrangement shown in
Fig. 2. If, for example, the illustration of Fig. 2 is a top view of a primary side arrangement, it
is preferred (but not required) that there is additional magnetizable material behind (i.e.
below) the conductor assembly 8, so that the regions below the conductor assembly 8 are
also shielded from the electromagnetic field. However, the shielding assembly 9 comprises
an opening 10 towards the other side of the system, so that the magnetic flux lines can
extend from the primary side to the secondary side conductor assembly through the opening
10.
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Fig. 3 shows a part of a coil 11 of a primary or secondary side conductor assembly. In the
foreground of the figure, a first section 11a of the coil 11 extends from right to left towards a
lateral edge, where the electric lines of the coil 11 are redirected and reversed.
Consequently, the background of Fig. 3 comprises the reversed section 11b of the coil 11
which extends in parallel to the first section 11a.

The lateral edge of the coil 11, where the electric lines of the coil 11 are reversed, is
surrounded by magnetizable material of a shielding assembly 13 on three sides, namely the
bottom side, the side in horizontal direction and the top side. In the example shown, the
shielding assembly 13 comprises flat, plate-like parts 13a, 13b, 13c on these three sides of
the lateral edge of the coil 11. The shielding assembly 13 has the cross-sectional shape of a
U-profile. In practice, the U-profile may extend much further towards the foreground and/or
the background of Fig. 3 than shown in Fig. 3. In addition, the shielding assembly may
comprise further parts, such as a part shielding the region above the sections 11a, 11b or the
regions below the sections 11a, 11b.

The conductor assembly 21 which is shown in Fig. 4 comprises elements 21a, 21b and 21¢c
on different height levels. The conductor assembly 21 is not completely shown in Fig. 4.
Rather, the element 21a may extend further towards the right and may end at a lateral edge
which is configured in the same manner or similar manner as the lateral edge shown on the
left hand side of Fig. 4. The elements 21a, 21b, 21¢ may belong to different phase lines of
the conductor assembly 21.

The lateral edge of the conductor assembly 21, which is shown in Fig. 4, is surrounded by a
shielding assembly 23 in the same manner as has been described in connection with Fig. 3.
A first element 23a made of magnetizable material is placed above the lateral edge of
conductor assembly 21, a second part 23b of magnetizable material is placed on the left
hand side (in horizontal direction) of the lateral edge and a third part 23c of magnetizable
material is placed below the lateral edge. The parts 23a, 23b, 23c may be mechanically
connected to the elements 21a, 21b, 21c by electrically insulating material 25 which fills at
least some of the gaps between the elements 21a, 21b, 21¢ and the parts 23a, 23b, 23c. The
first element 23a of the shielding assembly 23 extends in horizontal direction beyond the
lateral edge of the conductor assembly 21.

There is an additional part 24 of magnetizable material which extends above the element 21a
in the area which starts on the right hand side of elements 21b, 21¢ and extends towards the
right, where the opposite lateral edge of the conductor assembly 21 may be located.
Therefore, the region above the element 21a is shielded from the magnetic field.
Consequently, the arrangement shown in Fig. 4 is a secondary side arrangement and the
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direction from the primary side to the secondary side extends from bottom to top in Fig. 4.
However, it would be possible to configure a primary side arrangement in the same manner
as shown in Fig. 4, wherein the configuration is symmetric to the horizontal line at the bottom
of Fig. 4. This horizontal line (not shown in Fig. 4) would divide the gap between the primary
side arrangement and the secondary side arrangement in two equal halves.

Fig. 4 also shows the effect of the shielding assembly 23, 24. A single magnetic flux line
extends from the bottom of Fig. 4 towards the element 213, but is redirected by the shielding
assembly 23 around the lateral edge of the conductor assembly 21 and follows the extension
from left to right of the part 24 made of magnetizable material.

The secondary side arrangement shown in Fig. 5 comprises a conductor assembly 21 which
is schematically represented by a broad line extending from left to right. The lateral edges
21b, 21c of the conductor assembly 21 are located at a higher level than the middle part 21a
of the conductor assembly 21.

There is a plate-like element 23a made of magnetizable material which is placed above the
middle section 21a and which constitutes a shielding assembly 23. The dashed horizontal
line 22 in Fig. 5 indicates the surface of a track of the vehicle or indicates the horizontal line
which divides the gap between the primary side arrangement (not shown in Fig. 5) and the
secondary side arrangement in two equal halves.

The electromagnetic stray field which is produced during operation of the conductor
arrangement 21 is represented by magnetic flux lines F only on the right hand side of Fig. 5.
These two magnetic flux lines F extend through an area 26 which is located sideways of the
conductor assembly 21. Consequently, the field strength of the electromagnetic stray field is
high in the area 26.

According to the invention, the arrangement shown in Fig. 5 is modified by additional parts or
sections of the shielding assembly 23 shown in Fig. 6.

Nearby both lateral edges 21b, 21c of the conductor assembly 21, three parts 23a, 23b, 23c
(which may alternatively be called sections) of magnetizable material are placed above,
sideways and below the lateral edge in a similar manner as shown in Fig. 3 and Fig. 4. In
addition, the central part 23a above the middle part 21a of the conductor assembly 21 is
connected to the top parts 23a via intermediate parts or sections 23d made of magnetizable
material.
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As a result, the magnetic field lines F of the electromagnetic stray field extend in a different
manner compared to the situation in Fig. 5. As a result, the field strength in the area 26
sideways of the lateral edge is much smaller.

Fig. 7 shows the rectangular outline of a shielding assembly 33 made of magnetizable
material covering a conductor assembly 31. The shielding assembly 33 comprises different
regions 33a, 33b, 33e, 33f. The conductor assembly comprises different parts or regions
31a, 31b, 31¢, 31d comprising in each case sections of electrically conducting lines. The
outline of the conductor assembly 31 and the limitations of its parts or regions 31a, 31b, 31c,
31d are shown by dashed lines, indicating that the conductor assembly 31 would not be
visible through the shielding assembly 33.

The horizontal direction in Fig. 7, for example, corresponds to the longitudinal direction of the
arrangement 31, 33, wherein the shielding assembly 33 may extend above the conductor
assembly on the secondary side of an IPT system. In particular, the arrangement 31, 33 may
be formed as shown in Fig. 6. In this case, the regions 31a, 31b, 31c¢, 31d of the conductor
assembly 31 correspond to the sections 21a, 21b, 21c¢, 21d of the conductor assembly 21
shown in Fig. 6 and the regions 33a, 33b of the shielding assembly 33 correspond to the
parts 23a, 23b of the shielding assembly 23 shown in Fig. 6.

Therefore, the C-shaped profile of the shielding assembly 23 or 33 extends in the longitudinal
direction beyond the edges (shown by vertical dashed lines in Fig. 7) of the conductor
assembly 31. The regions of the shielding assembly 33 which are located beyond the edges
of the conductor assembly 31 in longitudinal direction are denoted by reference numerals
33e, 33f in Fig. 7. Preferably, the regions 33e, 33f are also part of a C-shaped profile, as this
is the case for the parts 23a, 23b, 23c shown in Fig. 6, thereby enclosing the edge of the
conductor assembly on three sides.

In addition, as mentioned above in connection with Fig. 4, the regions 33a of the shielding
assembly 33 extend in lateral direction beyond the edges (shown by horizontal dashed lines
in Fig. 7) of the conductor assembly 31. |

As a result, the surroundings are shielded from magnetic fields produced by the IPT system
in a highly effective manner.
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Patent Claims

1.

An arrangement for providing a land vehicle (4), in particular a rail vehicle or a road
automobile, with electric energy by producing an electromagnetic field on a primary
side located on the track of the vehicle (4) and/or located at a stop of the vehicle (4),
by receiving the magnetic component of the electromagnetic field on a secondary side
onboard the vehicle (4) above the source of the electromagnetic field and by magnetic
induction on the secondary side, wherein the arrangement comprises
- aprimary side conductor assembly (8; 11) made of electrically conducting
material which produces the electromagnetic field during operation while the
electrically conducting material carries an alternating electric current,
- aprimary side shielding assembly (9; 13) assembly made of magnetizable
material
wherein the primary side shielding assembly (9; 13) or a part of the primary side
shielding assembly (9; 13) extends sideways of the primary side conductor assembly
(8; 11) on the same level as the primary side conductor assembly (8; 11), thereby
shielding regions, which are located beyond the magnetizable material, from the
electromagnetic field.

The arrangement of the preceding claim, wherein the primary side shielding assembly
(9; 13) assembly extends from sideways of the primary side conductor assembly (8;
11) to a level above the level of a lateral edge of the primary side conductor assembly
(8; 11), thereby also shielding regions, which are located beyond the magnetizable
material and at a higher level as the lateral edge, from the electromagnetic field.

The arrangement of the preceding claim, wherein the primary side shielding assembly
(9; 13) assembly extends into a region above the lateral edge of the primary side
conductor assembly (8; 11), thereby shielding regions, which are located beyond the
magnetizable material and above the lateral edge, from the electromagnetic field.

An arrangement for providing a land vehicle (4), in particular a rail vehicle or a road

automobile, with electric energy by producing an electromagnetic field on a primary

side located on the track of the vehicle (4) and/or located at a stop of the vehicle (4),

by receiving the magnetic component of the electromagnetic field on a secondary side

onboard the vehicle (4) above the source of the electromagnetic field and by magnetic

induction on the secondary side, wherein the arrangement comprises

- asecondary side conductor assembly (5; 21) made of electrically conducting

material which produces an electromagnetic stray field during operation while the
electrically conducting material carries an alternating electric current,



WO 2013/160305 PCT/EP2013/058399
15

- asecondary side shielding assembly (23) made of magnetizable material
wherein the secondary side shielding assembly (23) or a part of the secondary side
shielding assembly (23) extends sideways of the secondary side conductor assembly
(5; 21) on the same level as the secondary side conductor assembly (5; 21), thereby
shielding regions, which are located beyond the magnetizable material, from the
electromagnetic stray field.

5. The arrangement of the preceding claim, wherein the secondary side shielding
assembly (23) extends from sideways of the secondary side conductor assembly (5;
21) to a level below the level of a lateral edge of the secondary side conductor
assembly (5; 21), thereby also shielding regions, which are located beyond the
magnetizable material and at a lower level as the lateral edge, from the
electromagnetic stray field.

6. The arrangement of the preceding claim, wherein the secondary side shielding
assembly (23) extends into a region below the lateral edge of the secondary side
conductor assembly (5; 21), thereby shielding regions, which are located beyond the
magnetizable material and below the lateral edge, from the electromagnetic stray field.

7. Aland vehicle (4), in particular a rail vehicle or a road automobile, comprising the
arrangement of one of claims 4 - 6.

8. A method of providing a land vehicle (4), in particular a rail vehicle or a road
automobile, with electric energy by producing an electromagnetic field on a primary
side located on the track of the vehicle (4) and/or located at a stop of the vehicle (4),
for receiving the magnetic component of the electromagnetic field on a secondary side
onboard the vehicle (4) above the source of the electromagnetic field by magnetic
induction on the secondary side, wherein

- the electromagnetic field is produced by conducting an alternating electric current
through a primary side conductor assembly (8; 11) made of electrically
conducting material,

- regions, which are located sideways of the primary side conductor assembly (8;
11), are shielded from the electromagnetic field using a primary side shielding
assembly (9; 13), which or a part of which extends sideways of the primary side
conductor assembly (8; 11) on the same level as the primary side conductor
assembly (8; 11), wherein the primary side shielding assembly (9; 13) is made of
magnetizable material.
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The method of the preceding claim, wherein the primary side shielding assembly (9;
13), which extends from sideways of the primary side conductor assembly (8; 11) to a
level above the level of a lateral edge of the primary side conductor assembly (8; 11),
is also used to shield regions from the electromagnetic field, which regions are located
beyond the magnetizable material and at a higher level as a lateral edge.

The method of the preceding claim, wherein the primary side shielding assembly (9;

13), which extends into a region above the lateral edge of the primary side conductor
assembly (8; 11), is also used to shield regions from the electromagnetic field, which
regions are located beyond the magnetizable material and above the lateral edge.

A method of providing a land vehicle (4), in particular a rail vehicle or a road
automobile, with electric energy by receiving, on a secondary side onboard the vehicle
(4), a magnetic component of the electromagnetic field produced on a primary side
located below the vehicle (4) on the track of the vehicle (4) and/or at a stop of the
vehicle (4), and by using magnetic induction on the secondary side, wherein

- the electromagnetic field is received by a secondary side conductor assembly (5;
21) made of electrically conducting material which produces an electromagnetic
stray field during operation while the electrically conducting material carries an
alternating electric current,

- regions, which are located sideways of the secondary side conductor assembly
(5; 21), are shielded from the electromagnetic stray field using a secondary side
shielding assembly (23), which or a part of which extends sideways of the
secondary side conductor assembly (5; 21) on the same level as the secondary
side conductor assembly (5; 21), wherein the secondary side shielding assembly
(23) is made of magnetizable material.

The method of the preceding claim, wherein the secondary side shielding assembly
(23), which extends from sideways of the secondary side conductor assembly (5; 21)
to a level below the level of a lateral edge of the secondary side conductor assembly
(5; 21), is also used to shield regions from the electromagnetic stray field, which
regions are located beyond the magnetizable material and at a lower level as a lateral
edge.

The method of the preceding claim, wherein the secondary side shielding assembly
(23), which extends into a region below the lateral edge of the secondary side
conductor assembly (5; 21), is also used to shield regions from the electromagnetic
field, which regions are located beyond the magnetizable material and below the
lateral edge.



