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Description

[0001] The invention relates to a receiving device for
receiving a magnetic field and for producing electric en-
ergy by magnetic induction, in particular for use but not
limited to the use by a vehicle. The invention also relates
to a method of manufacturing such a receiving device
and to a method of operating such a receiving device.
The invention can be applied in the field of wireless trans-
fer of energy, in particular to vehicles, such as road au-
tomobiles, busses and rail vehicles. In particular, the re-
ceiving device can be adapted to produce electric power
at least at rates in the kilowatt range, e.g. 20 kW.
[0002] GB 2501482 A describes 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 electromagnetic field on a secondary
side onboard the vehicle above the source of the elec-
tromagnetic field and by magnetic induction on the sec-
ondary side. A secondary side conductor assembly is
made of electrically conducting material which produces
an electromagnetic stray field during operation while the
electrically conducting material carries an alternating
electric current. A secondary side shielding assembly
made of magnetizable material shields regions, which
are located beyond the magnetizable material, from the
electromagnetic stray field.
[0003] As described in GB 2501482 A, the secondary
side conductor assembly and the secondary side shield-
ing assembly may be parts of the same receiving device
for receiving the magnetic field from the primary side. For
example, the present invention may relate to a receiving
device as disclosed by GB 2501482 A, which also com-
prises a capacitor arrangement comprising at least one
capacitor, which is electrically connected to the conduc-
tor assembly.
[0004] In an inductive power transfer (IPT) system, the
transfer of electric power is performed using two sets of
windings of electric conductors, e.g. three-phase wind-
ings. A first set is installed on the primary side (e.g. on
the ground) and can be fed by a wayside power converter.
The second set of windings (comprising at least one coil
of an electric line) is installed on the secondary side, such
as on the vehicle. For example, the second set of wind-
ings can be attached underneath the vehicle. The device
comprising the second set of windings is often referred
to as pickup or receiver. In particular, the first set of wind-
ings and the second set of windings form a medium fre-
quency (e.g. in the range of 1 kHz to 200 kHz) transformer
to transform electric energy to the secondary side. This
can be done in a static state (when there is no motion
between the primary and the secondary side) and in a
dynamic state (when the secondary side, such as the
vehicle, moves).
[0005] Due to a clearance or gap, which is compara-
tively large compared to conventional transformers, be-

tween the primary windings and the secondary windings,
the operational behaviour of this transformer differs from
the behaviour of conventional transformers which have
a closed magnetic core with negligible or small air gaps.
The large air gap results in smaller mutual inductive cou-
pling and larger leakage inductances.
[0006] To be able to transfer energy at high power lev-
els, a capacitor arrangement is used in order to compen-
sate the reactance of the inductors at the operating fre-
quency e.g. in the middle frequency region. The combi-
nation of the inductance and the capacitance forms a
resonant circuit. A perfect impedance cancellation hap-
pens if impedance values of the inductance and the ca-
pacitance are chosen such that the resonance frequency
of the resonant circuit is equal to the frequency of an
alternating electric current through the primary side wind-
ings. Such a resonant circuit is tuned.
[0007] In short, the purpose of the capacitor arrange-
ment of the secondary side receiver is to form an electric
circuit having a resonance frequency which is defined by
the capacitance of the capacitor arrangement and by the
inductance of the windings.
[0008] During operation of the system, significant
changes of the receiver’s electric properties have been
observed. This refers to the electric properties of the elec-
tric lines and of the capacitor arrangement, including the
inductance of the windings and the capacitance of the
capacitor arrangement, as well as the magnetic proper-
ties of the magnetizable material. These changes of the
electric properties affect the resonance frequency.
[0009] It is an object of the present invention to provide
a receiving device for receiving a magnetic field and for
producing electric energy by magnetic induction, a meth-
od of manufacturing such a receiving device and a meth-
od of operating such a receiving device which allow for
keeping the electric properties constant.
[0010] US 2013/0249477 A1 discloses systems, meth-
ods and apparatuses for wireless power transfer. The
apparatus comprises a casing with at least one projecting
member projecting from an inner side of a surface of a
casing. An induction coil and other components such as
insulating layers and magnetically permeable members
are positioned around at least one of the projecting mem-
bers.
[0011] JP 2010-268660 A discloses a noncontact pow-
er transmission device which is equipped with a second-
ary resonance coil capable of delivering power between
itself and a primary resonance coil. The power transmis-
sion device includes a resonator that includes the sec-
ondary resonance coil and has a cooler for cooling the
secondary resonance coil.
[0012] GB 2 507 741 A discloses a cable bearing ele-
ment comprising a cover structure for covering a guiding
channel, wherein the cover structure comprises means
of guiding a fluid or flux convection. The cover structure
may comprise fluid channels for cooling an electric line
placed in the guiding channel of the cable bearing ele-
ment by a fluid which flows through the guiding means
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of the cover structure.
[0013] EP 2 667 390 A1 discloses a contactless power
transfer core used for a power transmission coil or a pow-
er reception coil of a contactless power transfer appara-
tus. Cooling insulating oil can be introduced in the hous-
ing of a device that comprises the core.
[0014] EP 0 651 404 A1 discloses a transformer that
is used to charge the battery of an electric automobile.
Heat exchangers are positioned directly within the trans-
former. Each of the heat exchangers has a fluid inlet and
a fluid outlet for a cooling fluid.
[0015] The invention is based on the findings that the
electric lines of the receiver and the capacitor(s) of the
capacitor arrangement produce heat. The same applies
to the shielding assembly made of magnetizable material
of the receiver. The magnetic field reverses the polariza-
tion of the magnetizable material with the operating fre-
quency. Especially for the resonant circuits, it is important
to keep the operating temperature in a predefined tem-
perature region. Otherwise, the receiver’s electric prop-
erties and, therefore, the resonance frequency change.
This would significantly reduce the efficiency of energy
transfer. It is therefore proposed to keep the temperature
of the receiving device constant or within a defined tem-
perature region. Another advantage is that the lifetime of
the at least one capacitor of the capacitor arrangement
is increased due to smaller operating temperatures. In
addition, smaller temperature changes in the course of
operation increase the lifetime.
[0016] In practice, corresponding means for keeping
the temperature constant shall be efficient and shall re-
quire little space.
[0017] According to a basic idea of the present inven-
tion, a first cooling structure comprising conduits for guid-
ing a flow of a cooling fluid in order to cool the receiving
device is used within the receiving device. The first cool-
ing structure is placed in between a first field shaping
arrangement comprising magnetizable material adapted
to shape magnetic field lines of the magnetic field and
the capacitor arrangement. Thereby, the first cooling
structure can be used to cool both the first field shaping
arrangement and the capacitor arrangement. In particu-
lar, the first cooling structure is in direct mechanical con-
tact with both arrangements so that there is efficient heat
transfer to the first cooling structure. In any case, using
the first cooling structure for both arrangements reduces
the effort required for providing and operating the cooling
system and requires little space.
[0018] In particular, a receiving device is proposed for
receiving a magnetic field and for producing electric en-
ergy by magnetic induction, in particular for use by a ve-
hicle, wherein

- the receiving device comprises at least one coil of
at least one electric line and wherein the magnetic
field induces an electric voltage in the at least one
coil during operation in order to transfer energy to
the receiving device,

- the receiving device and the at least one coil are
adapted to receive the magnetic field from a receiv-
ing side of the receiving device,

- the receiving device comprises a first field shaping
arrangement comprising magnetizable material
adapted to shape magnetic field lines of the magnetic
field,

- the first field shaping arrangement is placed behind
the at least one coil, if viewed from the receiving side
of the receiving device,

- the receiving device comprises a capacitor arrange-
ment comprising at least one capacitor, which is
electrically connected to the coil,

- the capacitor arrangement is placed behind the first
field shaping arrangement, if viewed from the receiv-
ing side of the receiving device,

- the receiving device comprises a first cooling struc-
ture comprising conduits for guiding a flow of a cool-
ing fluid in order to cool the receiving device,

- the first cooling structure is placed in between the
first field shaping arrangement and the capacitor ar-
rangement.

[0019] The present invention also covers a corre-
sponding method of operating the receiving device. Since
the capacitor arrangement is placed behind the first field
shaping arrangement, the receiving device has a com-
pact, space-saving configuration and the capacitor ar-
rangement is protected from influences of the magnetic
field which is received by the receiving device from the
primary side of the IPT system.
The first cooling structure preferably comprises a plate
of electrically conductive material which contains the con-
duits for conducting the cooling fluid. In particular, the
plate has a width and length measured in the directions
transverse to the direction from the plate to the receiving
side, wherein the thickness of the plate measured in the
direction from the plate to the receiving device is smaller
than the width and length. Therefore and since the first
cooling structure is placed in between the first field shap-
ing arrangement and the capacitor arrangement, the
electrically conducting material shields the area beyond
(if viewed from the at least one coil of the receiving device)
the first cooling structure from electromagnetic fields.
This either increases the shielding effect provided by the
first field shaping arrangement or the thickness of the
first field shaping arrangement can be reduced.
[0020] In particular, the first cooling structure is elec-
trically insulated from any magnetically or electrically
conducting parts of the receiving device.
[0021] Preferably, the first cooling structure fully cov-
ers the first field shaping arrangement. Therefore, cooling
efficiency is increased.
[0022] If viewed from the receiving side, the first field
shaping arrangement is placed behind the at least one
coil, since the area opposite to the first field shaping ar-
rangement shall be shielded from the magnetic field. Ac-
cording to a preferred embodiment, the receiving device

3 4 



EP 3 195 335 B1

4

5

10

15

20

25

30

35

40

45

50

55

comprises a further, second cooling structure comprising
conduits for guiding a flow of a cooling fluid in order to
cool the receiving device, wherein the second cooling
structure is placed in between the at least one coil and
the first field shaping arrangement. Thereby, cooling ef-
ficiency is further increased and the receiving device has
a compact configuration, since the second cooling struc-
ture is placed in between the at least one coil and the
first field shaping arrangement. Preferably, the second
cooling structure is in direct mechanical contact with the
at least one coil and/or with the first field shaping arrange-
ment. Therefore, efficiency of heat transfer is improved.
[0023] In particular, the second cooling structure com-
prises a plate of electrically non-conductive, non-mag-
netic and non-magnetizable material which contains the
conduits. Therefore, the magnetic shielding properties of
the first field shaping arrangement are not affected. This
embodiment solves the problem that the magnetic field
lines of the magnetic field should not be influenced by a
cooling structure in between the at least one coil and the
magnetizable material.
[0024] In particular, as described in GB 2501482 A, at
least one coil may comprise lateral end regions on op-
posite sides of the at least one coil, wherein the lateral
end regions are connected by electric lines of the at least
one coil extending in a central region in between the lat-
eral end regions. The lateral end regions are surrounded
on at least two sides of the lateral end regions, including
a lateral outer side of the lateral end region, by (on each
lateral end region) a second field shaping arrangement
comprising magnetizable material adapted to shape
magnetic field lines of the magnetic field, wherein a third
cooling structure comprising conduits for guiding a flow
of a cooling fluid in order to cool the receiving device is
placed on the lateral outer side of the lateral end region.
[0025] It is preferred that the third cooling structure
comprises a plate of electrically conductive material
which contains the conduits for conducting the cooling
fluid. Optionally, it has at least one of the features men-
tioned above for the first cooling structure. The electri-
cally conducting material shields the area beyond (if
viewed from the lateral end region) the third cooling struc-
ture from electromagnetic fields. This either increases
the shielding effect provided by the second field shaping
arrangement or the thickness of the second field shaping
arrangement can be reduced.
[0026] Preferably, a fourth cooling structure compris-
ing conduits for guiding a flow of a cooling fluid in order
to cool the receiving device is placed in each case in
between the second field shaping arrangement and the
lateral end region of the at least one coil.
[0027] In particular, the lateral end regions may be sur-
rounded on three sides by the second field shaping ar-
rangement so that a cross section of the second field
shaping arrangement is shaped as a C-profile or U-pro-
file. The three sides are the lateral outer side as well as
the sides in front of and behind the lateral end region if
viewed from the receiving side. In particular, the fourth

cooling structure may surround the lateral end region on
the three sides and its cross section may be shaped as
a C-profile or U-profile, corresponding to the shape of
the second field shaping arrangement. Optionally, the
second field shaping arrangement may be enclosed by
heat conducting material (in particular made of metal,
such as aluminum) having a cross section shape of a C-
profile or U-profile, corresponding to the shape of the
second field shaping arrangement. Such a heat conduct-
ing material improves the heat transfer, not only to the
third cooling structure, but also to the surrounding area
and/or to a housing of the receiver. Metal or another elec-
trically conducting material also improves the shielding
of the exterior from the electromagnetic field of the IPT
system.
[0028] In particular, the fourth cooling structure com-
prises a plate of electrically non-conductive, non-mag-
netic and non-magnetizable material which contains the
conduits. Therefore, the magnetic shielding properties of
the second field shaping arrangement are not affected.
Again, the magnetic field lines of the magnetic field are
not influenced by the cooling structure in between the
electric lines of the at least one coil and the magnetizable
material.
[0029] Long conduits for conducting the cooling fluid
may cause a significant cooling fluid pressure drop and
may require correspondingly high power for pumping the
cooling fluid through the conduits. Furthermore, the flow
of the cooling fluid nearby the cooling fluid inlet may be
turbulent while, due to the pressure drop, the flow of the
cooling fluid, nearby the cooling fluid outlet may be lam-
inar. Consequently, the heat transfer into the cooling fluid
would significantly differ.
[0030] To overcome these problems, it is proposed to
connect at least one of the cooling structures mentioned
above to a fluid inlet which branches off into a plurality
of conduits in the cooling structure and to connect the
cooling structure to a fluid outlet which reunites the flow
of cooling fluid within the plurality of conduits. These
branching and reuniting conduit regions may be located
within the cooling structure and/or outside of the cooling
structure. As a result, the total cross sectional area for
the flow of cooling fluid is increased. Despite the large
cross sectional area, the cooling fluid flow is preferably
turbulent within the conduits in the cooling structure. For
example, the diameter of individual conduits having cir-
cular cross-sectional areas may be the same for all con-
duits within the same cooling structure and may be in the
range from 5 to 7 mm, in particular 6 mm. In addition or
alternatively, there may be four to eight conduits, in par-
ticular six conduits, which branch off from the same fluid
inlet and which are reunited by the fluid outlet. The cross
sectional area of a fluid inlet tube common to and branch-
ing off into the plurality of conduits in the cooling structure
may be in the range from 16 to 24 mm, in particular 20
mm. Therefore, and not restricted to this specific exam-
ple, the cross sectional area may be reduced by branch-
ing off the plurality of conduits and the flow may become
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turbulent.
[0031] In practice, the at least one cooling structure of
the receiving device may be combined with a heat ex-
changer external to the receiving device, so that cooling
fluid circulates through the at least one cooling structure
and the heat exchanger, which are connected by at least
one forward conduit and one return conduit, and so that
heat of the cooling fluid returning to the heat exchanger
through the return conduit is transferred via the heat ex-
changer, in particular transferred to the ambient air.
[0032] In particular, the plurality of conduits can be con-
sidered as hydraulically parallel conduits, even if the con-
duits are not mechanically arranged in parallel to each
other. According to a preferred embodiment, the cross
sections of the hydraulically parallel conduits are equal
in shape and size so that the cross sectional area of a
single conduit times the number of hydraulically parallel
conduits is equal to the total cross sectional area avail-
able for conducting cooling fluid through the cooling
structure. In this manner, each conduit can contribute to
fluid flow and heat transport in the same manner.
[0033] Receivers may have regions with temperatures
higher than other regions. These regions may be called
hotspots. Examples are the regions of individual capac-
itors of the capacitor arrangement. Another example is
a region having a larger number of electric lines of the at
least one coil than other regions, since electric currents
through the lines produce heat losses due to the ohmic
resistance. On the other hand, the capability of the cool-
ing fluid to absorb heat generally decreases from inlet to
outlet of the cooling structure, since the temperature of
the cooling fluid generally increases from inlet to outlet.
This means that the heat transfer from hotspots to the
cooling fluid nearby the outlet is generally less efficient
than from hotspots nearby the inlet.
[0034] Therefore, it is proposed that at least one con-
duit of at least one of the cooling structures comprises a
forward section for guiding incoming cooling fluid from a
fluid inlet and a return section for guiding cooling fluid
from the forward section to a fluid outlet, wherein the
forward section and the return section extend side-by-
side to each other and are mechanically connected to
each other by a supporting material of the first cooling
structure for supporting the at least one conduit. Since
the forward section and the return section are connected
to each other by the supporting material, they extend
side-by-side, but at a distance to each other. In particular,
the longitudinal axes of the forward section and the return
section are parallel to each other. The supporting mate-
rial is preferably a material having a high coefficient of
heat conductivity, for example metal and in particular alu-
minum. These or other materials having a high heat con-
ductivity coefficient are not only preferred in the context
of this embodiment, but generally if the material may be
an electrically conductive material.
[0035] Placing the forward section and the return sec-
tion side-by-side allows for heat transfer from the warmer
fluid closer to the fluid outlet to the cooler fluid closer to

the fluid inlet. Therefore, the embodiment tends to equal-
ize the cooling fluid temperature and heat transfer from
hotspots located closer to the fluid outlet is improved. In
the region of hotspots heat can be transferred to the cool-
ing fluid within the forward section as well as within in
other regions heat can be transferred from the return sec-
tion to the forward section. As a result, the use of the total
heat capacity of the cooling structure, including the heat
capacity of the cooling fluid, and the use of the heat trans-
port capability of the cooling fluid is improved.
[0036] In particular, there may be one return section
within the cooling structure for each forward section and
the return section is located next to the forward section
of the same conduit, i.e. they are connected by material
supporting the conduit and there is no other forward or
return section in between.
[0037] Preferably, the cooling fluid is a liquid, such as
oil, or may contain water, optionally mixed with anti-freez-
ing agent. It is preferred that a liquid is used which is
dielectric and, therefore, does not interfere with the mag-
netic field, in particular a magnetic field having a frequen-
cy in the kHz range.
[0038] The magnetizable material may be iron or pref-
erably a ferrite. The magnetizable material redirects field
lines of the magnetic field which intrude into the material.
It may be ferromagnetic material and/or ferrimagnetic
material (such as a ferrite). Ferrites typically used in prac-
tice have the advantage that they have a high heat con-
duction coefficient. However, it is preferred that any gaps
between neighboring ferrite elements and/or between
ferrite material and the cooling structure are filled by a
filler material, such as a heat conducting paste.
[0039] The plate material of the cooling structure(s) be-
hind the magnetizable material (if viewed from the at least
one coil) may be a metal, in particular aluminum or a
metal alloy. The conduits may be tubes made of the same
or another metal, in particular copper.
[0040] The electrically non-conductive, non-magnetic
and non-magnetizable plate material of the correspond-
ing cooling structure(s) is preferably a ceramic material,
for example a ceramic material consisting of or compris-
ing an aluminum oxide. Alternatively, it may be any plastic
material having a sufficiently small electrical conductivity.
The conduits may be tubes made of PTFE (polytetrafluor-
oethylene) or made of other plastic, such as polyvi-
nylchloride.
[0041] Many electrically non-conductive, and non-
magnetic materials which can be used for a cooling struc-
ture having these properties, are poor heat conductors
compared to metals, which are electrically conductive.
Therefore, it is preferred to use/have at least one cooling
structure made of electrically non-conductive and non-
magnetic material in a region between a coil and a field
shaping arrangement and to use/have at least one further
cooling structure made of electrically conductive material
having a higher heat conductivity than the material of the
electrically non-conductive cooling structure in a region
beyond a field shaping arrangement, if viewed from the
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coil. In particular, the same cooling fluid may consecu-
tively flow through conduits within the electrically non-
conductive and within the electrically conductive cooling
structure. The cooling provided by the electrically non-
conductive cooling structure may not be as effective as
the cooling provided by the electrically conductive cooling
structure, but it removes heat from a central region of the
receiving device. On the other hand, the cooling provided
by the electrically conductive structure will effectively cool
the receiving device, although not directly in contact with
the at least one coil.
[0042] Furthermore, it is preferred that the receiver
comprises a housing made of heat conducting material,
such as metal, in particular aluminum, so that heat trans-
fer through the housing and by natural convection to the
surrounding is improved. In particular, at least one struc-
ture and/or arrangement of the receiver, for example, the
capacitor arrangement, a holding structure for holding
electric lines of the at least one coil, the third cooling
structure and/or magnetizable material (such a ferrite) of
the second field shaping arrangement may be in contact
with the inside of the housing. This improves heat transfer
to the housing.
[0043] In addition or alternatively to a housing, there
may be a further cooling structure comprising at least
one conduit for guiding cooling fluid behind the capacitor
arrangement, if viewed from the at least one coil or from
the first field shaping arrangement. The same may apply
to the area which is located on the receiving side, i.e.
during the operation of the IPT system between the at
least one coil and the primary side of the IPT system.
Alternatively, this or these further cooling structure(s)
may not comprise conduits. In particular, it is preferred
that the capacitor arrangement is sandwiched in between
two cooling structures having or not having conduits. One
of the cooling structures of the sandwich is placed in be-
tween the capacitor arrangement and the first field shap-
ing arrangement. Another one of the cooling structures
of the sandwich is placed in between the capacitor ar-
rangement and the side of the receiving device which is
opposite to the receiving side. In particular, the cooling
structures on the opposite sides of the capacitor arrange-
ment, which form the sandwich together with the capac-
itor arrangement, each may have the shape of a plate.
In particular, the capacitors of the capacitor arrangement
may be electrically insulated against the cooling struc-
tures, at least one of which may be an electrically con-
ductive cooling structure. It is further preferred that the
capacitor arrangement is in material contact with each
of the cooling structures on its opposite sides. For exam-
ple, electrically insulating, but thermally conductive ma-
terial (e.g. pads) may be provided in between the capac-
itors of the capacitor arrangement and the cooling struc-
tures for this purpose.
[0044] One way of manufacturing a cooling structure
for the receiver is to provide a plate of heat conducting
material with grooves and to insert the conduits into the
grooves, preferably by inserting a single conduit in each

groove. The conduits may be embedded in a filler mate-
rial filling gaps in between the conduit and the groove
surface. The filler may be a paste or an adhesive, such
as a two-compound adhesive and/or a thermally activat-
ed adhesive. The conduits within the cooling structure
may have a generally circular cross-section. Optionally,
the conduit wall can be flattened (so that the round shape
of the conduit wall becomes straighter) at the surface of
the cooling structure. In this case, the surface of the cool-
ing structure may be formed locally by the flattened con-
duit wall, which may be formed by the filler material oth-
erwise.
[0045] The receiver may be part of a vehicle as men-
tioned above. Furthermore, the system comprising the
primary side arrangement for producing the magnetic
field which is received by the receiver and further com-
prising the receiver can be improved by cooling the re-
ceiver efficiently. Therefore, aspects of the invention re-
late to a vehicle comprising the receiver and relate to the
system.
[0046] At least one of the cooling structures of the re-
ceiving device is preferably used to warm up the receiving
device during an initial phase of operating the receiving
device. The initial phase may be a phase before and/or
at the beginning of the production of electric energy by
magnetic induction. In particular, the first cooling struc-
ture is used to warm up the first field shaping arrangement
and the capacitor arrangement during an initial phase of
operating the receiving device. Thereby, the cooling
structure not only cools the receiving device, but also
provides for elevated operating temperatures in the initial
phase of operation. This embodiment is based on the
findings that the electric properties, and therefore the res-
onance frequency, may differ from the normal operating
state, even if the temperature is too small.
[0047] The cooling fluid through the at least one cooling
structure is preferably pumped. Therefore, the flow
through the conduits is forced by operating at least one
pump. There may be an individual pump for each cooling
structure. Alternatively, the same pump may pump cool-
ing fluid through a plurality of the cooling structures of
the same receiver.
[0048] Preferably, the pump or at least one of the
pumps is controlled by a controller and the cooling fluid
pressure or pressure increase generated by the pump
can be adjusted and amended by the controller. Further-
more, it is preferred that the receiving device comprises
at least one temperature sensor attached to an arrange-
ment or device which is cooled by a cooling structure or
the cooling structure which is associated with the pump.
In particular, the at least one temperature sensor can be
attached to a hotspot. During operation of the receiving
device, the controller controls the pump so that the fluid
pressure or pressure increase generated by the pump is
increased if the temperature measured by the tempera-
ture sensor increases or (according to further embodi-
ment) if the temperature rises up to a predetermined
threshold value or (according to another embodiment) if
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the temperature rises above a predetermined threshold
value. In particular, one temperature sensor may be at-
tached to the capacitor arrangement. One temperature
sensor or another temperature sensor may be attached
to a region of the coil arrangement with more electric
lines (in particular with a higher density of electric lines)
than in other regions of the coil arrangement.
[0049] If the temperature measured by the at least one
temperature sensor decreases or is below (or not above)
a predetermined threshold value, the fluid pressure or
pressure increase generated by the pump is preferably
reduced or is in a lower region of a range of possible fluid
pressures or pressure increases.
[0050] In particular during an initial phase of operating
the receiving device, an external heating device (such
as an electrical heating) can be in contact with a forward
conduit conducting the cooling fluid into the at least one
cooling structure. The control may control the pump so
that the fluid pressure or pressure increase is adapted
and the heat which is transported into the receiving de-
vice is controlled. For example, the heat power may be
controlled to be smaller at the beginning of the initial
phase compared to the end of the initial phase.
[0051] Examples of the invention will be described with
reference to the attached drawing. The figures of the
drawing show:

Fig.1 a three dimensional view of an example of a
housing (i.e. a case) of a receiving device,

Fig. 2 a view of a side face of the case shown in Fig.
1,

Fig. 3 an exploded view of the receiving device with
the housing shown in Fig. 1 and Fig. 2 showing
interior components of the receiving device,
according to a specific embodiment, i.e. the
interior components may be varied,

Fig. 4 an example of an arrangement of coils, in par-
ticular the arrangement shown in Fig. 3,

Fig. 5 a particular example of a base part of the re-
ceiver in Fig. 3 with a specific embodiment of
an arrangement of components for positioning
and/or fixing interior components of the receiv-
ing device,

Fig. 5 schematically a cooling structure comprising
conduits for guiding a flow of a cooling fluid in
order to cool the receiving device, which may
be the first or second cooling structure of the
receiving device,

Fig. 6 an arrangement of capacitors and connecting
lines in an exploded view,

Fig. 7 schematically a cross section of a cooling
structure having a plate shaped carrier mate-
rial with grooves in which conduits are embed-
ded,

Fig. 8 schematically a top view for illustrating heat
transfer from cooling fluid within a return sec-
tion to cooling fluid in a forward section of a
conduit as well. As for illustrating heat transfer

from a hotspot to the cooling fluid,
Fig. 9 a first cooling structure which is to be placed

between magnetizable material and a capac-
itor arrangement, wherein forward sections
and return sections of conduits within the first
cooling structure are connected to forward
sections and return sections of a third cooling
structure to be placed next to a lateral end re-
gions of the at least one coil of the receiving
device,

Fig. 10 connecting conduits and one element of the
third cooling structure shown in Fig. 9,

Fig. 11 a schematic cross section of a further embod-
iment of a receiving device having first to fourth
cooling structures,

Fig. 12 a variant of the area of the receiving device
shown on the right-hand side of Fig. 11 and

Fig. 13 schematically a road vehicle and an arrange-
ment for inductively transferring energy to the
road vehicle, wherein a receiving device for
receiving a magnetic field is integrated at the
bottom of the vehicle.

[0052] The receiving device 1 shown in Fig. 1 and Fig.
2 comprises a case having a base plate 2 and a top part
or cover 3. While the base plate 2 forms a planar surface
on the underside (the receiving side of the receiving de-
vice to be housed by the case), the top surface formed
by the cover 3 is not planar as a whole, but only comprises
planar regions. The cover 3 has three elongated protrud-
ing portions 5, 6a, 6b which protrude to the top side (the
side opposite to the receiving side of the case or receiving
device).
[0053] In the embodiment shown in Fig. 1 and Fig. 2,
the cover 3 forms the main sections of the side surfaces
of the case 1. In alternative embodiments, the case may
have a planar upper part, may comprise more than two
parts forming the outer surfaces and/or larger parts of
the side surfaces may be formed by the base part which
corresponds to the base plate 2 in Fig. 1 and Fig. 2.
[0054] The side surfaces of the case at the face side
comprise a cooling fluid inlet opening 8a and a cooling
fluid outlet opening 8b.
[0055] According to the specific embodiment shown in
Fig. 1 and Fig. 2, the protruding portions 5, 6a, 6b of the
cover 3 are elongated, i.e. in each case comprise a lon-
gitudinal axis along which they extend. The central pro-
truding portion 5 has an opening in the side face shown
in Fig. 2 which opens to a tubular connecting part 7 that
can be used for receiving electric connection lines or ca-
bles in order to electrically connect the capacitors and
the electric lines of the at least one coil.
[0056] Variations of the embodiment shown in Fig. 1
and Fig. 2 are possible, such as a case having no pro-
truding portion at the top.
[0057] The exploded view of Fig. 3 shows a specific
embodiment of a receiving device, wherein the compo-
nents of the receiving device are housed by the case
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shown in Fig. 1 and Fig 2.
[0058] The base part 2 of the case carries a holding
device 12 for holding other interior components of the
receiving device, in particular electric lines that form in
each case two coils of three phases. In addition, the hold-
ing device 12 comprises a plurality of columns for sepa-
rating, holding and/or fixing components of the receiving
device which are located above the coils. When the cover
3 of the case is mounted to the base plate 2 of the case,
the outer rim of the cover 3 abuts on a sealing 11 which
is positioned in the periphery of the holding device 12
and is supported by the rim of the base plate 2.
[0059] A coil arrangement 31 is positioned within pre-
defined receiving spaces of the holding device 12. Since
the different electric lines (phase lines) for producing the
different phases of an alternating current form coils which
overlap each other if viewed from the top (from the cover
3), the phase lines of at least two of the phases rise near-
by the longitudinal sides of the coil arrangement so that
they extend along the longitudinal side one upon the oth-
er, where they overlap. These regions are possible
hotspots. Details of a specific embodiment of this kind
are shown in Fig. 4 and will be described later.
[0060] An arrangement 61, 71 of magnetizable mate-
rial, in particular ferrimagnetic material or alternatively
ferromagnetic material, is placed above the coils. Tiles
61 of the magnetizable material may be stacked upon
each other. The height of the magnetizable material may
differ and may be larger above (i.e. behind) regions where
the density (number per length) of the electric lines of the
coil arrangement 31 is higher. In this case, compensating
material 71 may be placed where the height of the mag-
netic material is smaller so that the height of the total
arrangement of magnetic material and compensating
material 71 is constant or, at least, varies less than the
height of the magnetizable material.
[0061] A first cooling structure 81 is arranged in be-
tween the arrangement of magnetizable material and the
capacitor arrangement 111, which is placed behind
(above in the embodiment shown) magnetizable materi-
al.
[0062] As an optional feature, a second cooling struc-
ture 51 is arranged in between the arrangement of mag-
netizable material and the coils. This second cooling
structure 51 is made of electrically non-conductive and
non-magnetizable material.
[0063] An insulation layer 91 made of electrically insu-
lating material may optionally be placed on top of the first
cooling structure 81. The insulation layer 91 has cutouts
95, 96 so that columns of the holding device 12 and elec-
trical connections 38, 39, 40 (see Fig. 4) can extend
through the cutouts 95, 96.
[0064] The capacitor arrangement 111 is placed on a
sheet-like carrier 101, such as a conventional circuit
board. There is a cutout 100 in the carrier 101 so that the
electric connections 38, 39, 40 between the capacitor
arrangement 111 and the coil arrangement 31 can extend
through the cutout 100. In particular, the capacitor ar-

rangement 111 can be fixed to the carrier 101, for exam-
ple by gluing, and the holding device 12 can be fixed to
the base plate 2 of the case, such as by gluing or screw-
ing. Preferably, screws are also used to fix the carrier
101 to the columns of the holding device 12.
[0065] A preferred embodiment of the coil arrange-
ment 31 is shown in Fig. 4. The coil arrangement consists
of six coils 33a, 33b, 35a, 35b, 37a, 37b, two coils per
phase line 32, 34, 36 of the three phases. The coils of
each phase line are placed next to each other on the
same height level of the receiving device. Fig. 4 shows
an exploded view of the coil arrangement 31.
[0066] To form the two coils of one phase, the respec-
tive phase line 32, 34, 36 is wound starting at one end
of a first coil around the area to be covered so as to form
the first coil and further extends around the area to be
covered by the second coils so as to form the second
coil. In the example shown in Fig. 4, each coil may com-
prise two to five windings. The number of the windings
of the phase lines 32, 34, 36 is not shown in the figures.
[0067] The coils of the different phases overlap each
other partially in the middle region of the coil arrangement
31. The phase lines 32, 34, 36 are placed one upon the
other where the coils overlap. Since transversally extend-
ing sections of the different phase lines 32, 34, 36, which
sections connect the longitudinal sides, are placed on
the same height level in the finished coil arrangement
31, at least the phase lines 34, 36 rise along their exten-
sion next to the longitudinal sides of the coils. The holding
device 12 defines spaces for receiving these transversely
extending sections of the phase lines, wherein the spac-
es are on the same height level.
[0068] Although the phase lines 32, 34, 36 are prefer-
ably electrically insulated at their surfaces, the coils 33,
35, 37 of the different phases can be placed upon each
other using distance pieces 41, 42, 43. These pieces are
placed in between the phase lines 32, 34, 36 where they
are placed one upon the other. Preferably, the distance
pieces are made of material having a high heat conduc-
tion coefficient, for example in the order of the heat con-
duction coefficient of metal.
[0069] The longitudinal section of the coil 33b of the
first phase is fully overlapped by the coils 35a, 35b of the
second phase. If the coils 35a, 35b are placed on top of
the coils 33a, 33b, the transversely extending section at
the side face of coil 35b is placed outside of the area
which is covered by the second coil 33b of the first phase.
The transversely extending section of the second phase
which comprises sections of the first coil 35a and the
second coil 35b is placed in the area around which the
phase line 32 of the second coil 33b of the first phase
extends. The transversely extending section of the first
coil 35a of the second phase is placed in the area around
which the phase line 32 of the first coil 33a of the first
phase extends. The corresponding arrangement can be
perceived from Fig. 3: the transversely extending sec-
tions of the coils are separated from and distanced to the
neighboring transversely extending section of another
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coil. In the middle region, there are two separating col-
umns 15 for mechanically connecting the interior parts
of the receiving device to each other. Each column 15 is
located in between two neighboring transversely extend-
ing sections.
[0070] The coils 35 of the second phase and the coils
37 of the third phase are shifted in a similar manner rel-
ative to each other as the first phase and the second
phase, but the shift length in longitudinal direction is twice
as large as the shift length of the first and second phase.
As a result, the transversely extending section at the side
face of the first coil 37a of the third phase is placed outside
of the area around which the phase line 32 of the first
coil 33a of the first phase extends. On the other hand,
the shift length in longitudinal direction of the third phase
relative to the first phase has the same amount as the
shift length of the first phase and the second phase, but
is oriented in the opposite direction if viewed from the
first phase coil arrangement.
[0071] At least one end of the phase line 32, 34, 36
which forms the coils of the respective phase is connect-
ed to a line section or forms a line section that extends
upwards from the coils. Respective upwardly extending
sections 38, 39, 40 are shown in Fig. 4. The other ends
of the phase lines 32, 34, 36 can directly be connected
to each other (not shown in Fig. 4) so as to form an elec-
trical star point. Since at least one end of each phase line
32, 34, 36 is connected to an upwardly extending section
38, 39, 40, the coil arrangement can be electrically con-
nected to the capacitor arrangement 111 located behind
the magnetizable material and behind at least the cooling
structure 81. In particular, the upwardly extending sec-
tions 38, 39, 40 are connected to in each case at least
one capacitor of the capacitor arrangement 111 shown
in Fig. 3.
[0072] The cooling structure 141 which is schematical-
ly shown in Fig. 5 may be the first cooling structure 81 or
the second cooling structure 51 shown in Fig. 3. A single
plate 143 defines channels for a plurality of conduits 145,
146 which are embedded in the plate 143. In particular,
the plate 143 may comprise grooves for the conduits 145,
147. The plurality of conduits 145, 147 may hydraulically
be connected in parallel to each other. This means that
the forward sections 146a, 148a of the conduits 145, 147
are connected to the same cooling fluid inlet (not shown
in Fig. 5). The return sections 146b, 148b of the conduits
145, 147 are connected to the same fluid outlet (not
shown). In practice, each plate shaped cooling structure
may comprise more conduits as shown in Fig. 5. The
forward and return sections of the conduits are connected
by curved sections 149, 150 so that the cooling fluid which
flows through the forward section is redirected and enters
the return section. Depending on the location of the cool-
ing structure within the receiving device and, therefore,
depending on the presence of a magnetic field for trans-
ferring energy to the receiving device, the material of the
plate 143 may be either a metal or ceramic. As an alter-
native to a ceramic material, another electrically non-con-

ductive and non-magnetizable material can be used.
[0073] Fig. 6 shows an enlarged view of the capacitor
arrangement 111. There is a plurality of block-shaped
capacitors 115, some of which are electrically connected
to each other by plate-like electrical connectors 116. The
capacitors 115 are carried by and preferably fixed on the
carrier 101. In addition, the capacitors 115 are electrically
connected to the respective coil in particular via the up-
wardly extending connecting sections 38, 39, 40 shown
in Fig. 4 and are electrically connected via connection
lines 112, 113, 114 to an external device, in particular to
a rectifier for rectifying alternating currents produced by
the receiving device. These external connection lines
112, 113, 114 can be guided through the connecting part
7 shown in Fig. 1 and Fig. 2.
[0074] Fig. 7 shows a cross section through a region
of a plate, which may be the plate 143 of Fig. 5. The
region has two grooves 151, 152 in which in each case
one conduit, namely a tube 155, 156 is embedded. Gaps
in between the groove 151, 152 and the tube 155, 156
are filled by a filler material 153. In case of the tube 155,
the filler material 153 completely encloses the tube 155
and also forms the surface of the cooling structure. The
tube 156 is a variant of the tube 155. It has a flattened
wall section 157 which forms the surface of the cooling
structure. The other wall sections of the tube 156 are
circular. The flattened wall section improves the heat
transfer from arrangements contacting the cooling struc-
ture via the flattened wall section 157 to the cooling fluid
inside the tube 156. In practice, it is preferred that all
conduits of the same cooling structure either have the
configuration of the tube 155 or the configuration of the
tube 156.
[0075] Fig. 8 shows a single conduit, which may be the
conduit 145 of Fig. 5. During operation of the cooling
structure, heat is transferred to the cooling fluid flowing
through the forward section 146a so that the temperature
of the cooling fluid increases in the course of the stream.
Therefore, the temperature of the cooling fluid flowing
through the return section 146b is higher than the tem-
perature of the cooling fluid flowing through the forward
section 146a. As a result and since the forward and return
sections are placed side-by-side, heat is transferred from
the cooling fluid in the return section 146b to the cooling
fluid in the forward section 146a. As indicated by the
lengths of arrows nearby the fluid inlet and outlet (on the
left-hand side in Fig. 8) and nearby the curved section
149 connecting the forward and return sections, the heat
transfer nearby the fluid inlet and outlet is greater than
the heat transfer nearby the curved section 149. The rea-
son is the higher temperature difference nearby the fluid
inlet and outlet.
[0076] In the middle region of the forward and return
section and in between the forward and return section,
there is a hotspot 144 having a higher temperature than
other regions of the receiving device and having a higher
temperature than the cooling fluid in any section of the
conduit 145. Consequently, heat is transferred from the
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hotspot 144 to the forward section 146a and to the return
section 146b.
[0077] Fig. 9 shows a three-dimensional view of a first
cooling structure 181 which is to be located between
magnetisable material and a capacitor arrangement of a
receiving device. Therefore, the cooling structure 181
may comprise a plate 143 made of electrically conducting
material in which conduits are embedded. In particular,
the first cooling structure 81 of Fig. 3 may be replaced
by the first cooling structure 181 of Fig. 9.
[0078] A combined fluid inlet and outlet unit 161 is at-
tached to the plate 143. Its fluid inlet connection 162
branches off within the unit 161 into a plurality of fluid
inlet conduits 100a connected in each case to one of the
forward sections of the fluid conduits within the plate 143.
The return sections which are also embedded in the plate
143 are connected to in each case one outlet conduit of
the unit 161 and are reunited by a collector of the unit
which connects the plurality of outlet conduits to the fluid
outlet connection 163 of the unit 161. Since the unit 161
provides for mechanical contact between the fluid inlet
conduits and the fluid outlet conduits, heat will be trans-
ferred from the outlet conduits to the inlet conduits and
the effect described above in connection with Fig. 8 is
enhanced, namely the temperature of the cooling fluid in
the outlet is reduced and temperature differences within
the cooling structure or cooling structures are reduced.
[0079] The forward and return sections embedded in
the first cooling structure 181 extend from the side of the
unit 161 to the opposite side of the plate 143. Some of
the forward sections and return sections are connected
on this opposite side by a connecting tube arrangement
166a, 166b to a third cooling structure which has two
separate elements 165a, 165b. Each of the elements 165
is to be placed next to a lateral end region of the at least
one coil of the receiving device. Each element 165 has
a plate 167a, 167b in which at least one forward section
and at least one return section of the cooling fluid conduits
is embedded. The connecting tube arrangement 166a,
166b connects each of the forward sections of the ele-
ments 165 to one forward section of the first cooling struc-
ture 181 and connects each return section of the ele-
ments 165 to one return section of the first cooling struc-
ture 181. Therefore, cooling fluid flows from the fluid inlet
connection 162 through at least some of the forward sec-
tions within the first cooling structure 181 via the con-
necting tube arrangements 166 into the forward sections
of the third cooling structure and is redirected by redi-
recting sections 169a, 169b into the return sections of
the third cooling structure. Having passed through the
return sections of the third cooling structure, the cooling
fluid flows back through the connecting tube arrangement
166 into return sections of the first cooling structure 181
and is collected by the collector of the unit 161.
[0080] Optionally, as shown in Fig. 9 and Fig. 10, the
third cooling structure may comprise additional cooling
fluid conduits 170, 171 which are not embedded in a plate
of the third cooling structure. These additional conduits

170, 171 may be conduits of a fourth cooling structure
and may be embedded in a plate in between the lateral
end regions of the at least one coil and magnetisable
material for shielding the environment from magnetic
fields in the region of the lateral ends of the at least one
coil.
[0081] Fig. 11 shows a second embodiment of a re-
ceiver 200 having internal cooling structures. During op-
eration, electromagnetic fields are received from below.
Consequently, the receiving side is located at the bottom
where the bottom part 202 of the housing is located. A
plurality of coils 131 forming a plurality of phase lines
(three phase lines in the example shown) extend with
their central and lateral connecting section, which corre-
spond to the transversely extending line sections men-
tioned above, close to the bottom part 202 of the housing.
During operation, an electric voltage is induced by mag-
netic induction in these coils 131.
[0082] Since there is a plurality of phase lines, the coils
131 form lateral end sections 132a, 132b on opposite
sides of the receiving device 200. These lateral end sec-
tions 132 are enclosed on three sides by in each case
one (second) field shaping arrangement 186a, 186b
made of magnetisable material in the shape of a C-profile.
[0083] The central connecting region of the coils 131
is also covered by a (first) field shaping arrangement 185
made of magnetisable material which almost completely
covers the central region of the coils 131. The magnet-
isable material is located within a region behind the cen-
tral region of the coils 131, if viewed from the receiving
side.
[0084] Behind the first field shaping arrangement 185,
a capacitor arrangement 211 is placed, the capacitors of
which are electrically connected to the coils 131. The
capacitor arrangement 211 may be carried by and/or may
be in mechanical contact with a carrier plate 201 which
is preferably made of high heat conducting material such
as aluminium.
[0085] In order to cool the receiving device 200 during
operation, it comprises four cooling structures 165, 181,
182, 183 having, in each case, a plurality of conduits
embedded in a carrier material. The first cooling structure
181 is located in between the first field shaping arrange-
ment 185 and the capacitor arrangement 211. The first
cooling structure 181 is made of electrically conducting
material and improves the field shaping function provided
by the first field shaping arrangement 185. The first cool-
ing structure 181 comprises a plate in which the cooling
fluid conduits are embedded. The plate extends in be-
tween the first field shaping arrangement 185 and the
capacitor arrangement 211. On the bottom side, the
whole surface of the plate is in contact with the surface
on the top side of the first field shaping arrangement 185.
On the top side of the plate, the bottom surface of the
capacitor arrangement 211, which bottom surface is for
example formed by the carrier plate 201, is continuously
and completely in mechanical contact with the top sur-
face of the first cooling structure 181. The top surface of
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the capacitor arrangement 211 is preferably in full me-
chanical contact with the upper part 203 of the housing.
[0086] A second cooling structure 182 made of elec-
trically non-conducting and non-magnetisable material
is placed in between the central region of the coils 131
and the bottom surface of the first field shaping arrange-
ment 185. Optionally, as shown in Fig. 11, opposite side
regions of the second cooling structure 182 may be in
mechanical contact with the lateral side surfaces of the
first field shaping arrangement 185. In this case, the sec-
ond cooling structure 182 has the profile of a trough.
[0087] A third cooling structure comprising two sepa-
rate elements 165a, 165b on opposite sides of the hous-
ing interior of the receiving device is provided for cooling
the C-profiled second field shaping arrangements 186a,
186b. The elements 165a, 165b of the third cooling struc-
ture and the first cooling structure 181 may be arranged
in the manner shown in Fig. 9. Preferably, the conduits
and connecting tube arrangements are formed in the
same manner as shown in Fig. 9 and Fig. 10.
[0088] The surfaces on the interior side of the elements
165a, 165b are in full contact with the outer surface of
the C-profiled second field shaping arrangement 186a,
186b, optionally via a layer of heat conducting material,
such as aluminium (see special embodiment shown in
Fig. 12).
[0089] A fourth cooling structure 183a, 183b also hav-
ing a C-profile in the cross section shown is provided in
between the lateral end sections 132a, 132b of the coils
131 and the second field shaping arrangement 186a,
186b. It is in full mechanical contact on its outer sides
with the second field shaping arrangement 186a, 186b.
Figure 12 shows a variant with a different fourth cooling
structure.
[0090] Alterations of the embodiment shown in Fig. 11
are possible. For example, the second field shaping ar-
rangement and/or the fourth cooling structure may sur-
round the respective lateral end section of the coils on
one or two sides only, although this is not preferred. For
example, the second field shaping arrangement and the
fourth cooling structure are L-profiled, thereby extending
on the lateral outer side and on the top side of the re-
spective lateral end section. In addition or alternatively,
the second cooling structure and/or the fourth cooling
structure can be omitted. Furthermore, it is possible to
arrange the third cooling structure on the outside of the
second field shaping arrangement not only on the lateral
side, but also on the top side and/or the bottom side. In
this case, the respective element of the third cooling
structure may be L-shaped or C-shaped.
[0091] Fig. 12 shows the lateral end section 132a of
the coils on the right hand side of Fig. 11, but with a
variant of the cooling configuration. The three rectangular
areas denoted by reference numeral 232 schematically
indicate the regions where the electric lines for carrying
the different phases of the three-phase alternating cur-
rent can cross each other if viewed from the top or bottom.
Similarly to Fig. 11, the lateral end section 132a is em-

bedded in a C-profiled field shaping arrangement 286a,
e.g. made of ferrite. It may consist of different parts,
wherein each part having the form of a slab is positioned
on one side of the lateral end section 132a. On the inner
side of the field shaping arrangement 286a, towards the
lateral end section 132a of the coils, a fourth cooling
structure 283 is placed. It is made of electrically insulating
material and comprises three parts 284, 285, 287. A first
part 284 is placed at the top of the lateral end section
132a, and comprises a cooling plate with interior conduits
217. A second part 285 is placed on the outer lateral side
of the lateral end section 312a and comprises a cooling
plate having no interior conduits for guiding cooling fluid
in order to save space. Alternatively, it may comprise
interior cooling conduits. A third part 287 is placed at the
bottom of the lateral end section 132a, and comprises a
cooling plate with interior conduits 217.
[0092] On its outer side, the field shaping arrangement
286a is embraced by a C- profiled layer 221 of electrically
conducting heat conducting material, in particular metal,
preferably aluminum. It is an additional shield for shield-
ing the exterior from the electromagnetic field in the re-
gion of the lateral end section 132a. Furthermore, it pro-
vides for thermal contact between the field shaping ar-
rangement 286a and a housing cover 218 which is pref-
erably also made of heat conducting material, in partic-
ular metal, preferably aluminum. It also provides for ther-
mal contact between the field shaping arrangement 286a
and a third cooling structure 265a, comprising a plate
with interior fluid conducting conduits 214. The third cool-
ing structure 265a may be made of aluminum.
[0093] The receiving side at the bottom of the housing
is covered by an electrically insulating bottom cover 219.
[0094] Fig. 13 shows a road vehicle 241 having the
receiving device. Its location at the vehicle’s bottom is
schematically indicated by a block with reference numer-
al 243. A rectifier is schematically indicated by another
block with reference numeral 244. In particular, the re-
ceiving device may be placed in a corresponding recess-
es formed by the bottom surface of the car body of a road
vehicle 241. During wireless energy transfer to the vehi-
cle 241, a generating device 242 on the surface of the
road or parking place generates the magnetic field, in
particular by generating an alternating electromagnetic
field. The magnetic field is indicated by three curved lines.
The generating device 242 is provided with electric cur-
rent from corresponding equipment 245, which may in-
clude an inverter and/or an AC/AC converter.

Claims

1. A receiving device (1; 200) for receiving a magnetic
field and for producing electric energy by magnetic
induction, in particular for use by a vehicle (241),
wherein

- the receiving device (1; 200) comprises at least
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one coil (33, 35, 37; 131) of at least one electric
line and wherein the magnetic field induces an
electric voltage in the at least one coil (33, 35,
37; 131) during operation,
- the receiving device (1; 200) and the at least
one coil (33, 35, 37; 131) are adapted to receive
the magnetic field from a receiving side of the
receiving device (1; 200),
- the receiving device (1; 200) comprises a first
field shaping arrangement (61; 185) comprising
magnetizable material adapted to shape mag-
netic field lines of the magnetic field,
- the first field shaping arrangement (61; 185) is
placed behind the at least one coil (33, 35, 37;
131), if viewed from the receiving side of the
receiving device (1; 200),
- the receiving device (1; 200) comprises a ca-
pacitor arrangement (111; 211) comprising at
least one capacitor (115), which is electrically
connected to the at least one coil (33, 35, 37;
131),

characterized in that

- the capacitor arrangement (111; 211) is placed
behind the first field shaping arrangement (61;
185), if viewed from the receiving side of the
receiving device (1; 200),
- the receiving device (1; 200) comprises a first
cooling structure (81; 181) comprising conduits
(145, 147) for guiding a flow of a cooling fluid in
order to cool the receiving device (1; 200),
- the first cooling structure (81; 181) is placed in
between the first field shaping arrangement (61;
185) and the capacitor arrangement (111; 211).

2. The receiving device of claim 1, wherein the receiv-
ing device (1; 200) comprises a second cooling struc-
ture (51; 182) comprising conduits for guiding a flow
of a cooling fluid in order to cool the receiving device
(1; 200) and wherein the second cooling structure
(51; 182) is placed in between the at least one coil
(33, 35, 37; 131) and the first field shaping arrange-
ment (61; 185).

3. The receiving device of claim 2, wherein the second
cooling structure (51; 182) comprises a plate of elec-
trically non-conductive, non-magnetic and non-mag-
netizable material which contains the conduits.

4. The receiving device of one of claims 1 to 3, wherein
the at least one coil (131) comprises lateral end re-
gions (132a, 132b) on opposite sides of the at least
one coil (131), wherein the lateral end regions (132a,
132b) are connected by electric lines of the at least
one coil (131) extending in a central region in be-
tween the lateral end regions (132a, 132b), wherein
the lateral end regions (132a, 132b) are surrounded

on at least two sides of the lateral end regions (132a,
132b), including a lateral outer side of the lateral end
region, by in each case one second field shaping
arrangement (186a; 186b) comprising magnetizable
material adapted to shape magnetic field lines of the
magnetic field, wherein a third cooling structure
(165a, 165b) comprising conduits for guiding a flow
of a cooling fluid in order to cool the receiving device
(200) is placed in each case on the lateral outer side
of the lateral end region.

5. The receiving device of claim 4, wherein a fourth
cooling structure (183a, 183b) comprising conduits
for guiding a flow of a cooling fluid in order to cool
the receiving device (200) is placed in each case in
between the second field shaping arrangement
(186a; 186b) and the lateral end region of the at least
one coil (131).

6. The receiving device of claim 5, wherein the fourth
cooling structure (183a, 183b) comprises a plate of
electrically non-conductive, non-magnetic and non-
magnetizable material which contains the conduits.

7. The receiving device of one of claims 1 to 6, wherein
the first cooling structure (81; 181) fully covers the
first field shaping arrangement (61; 185).

8. The receiving device of one of claims 1 to 7, wherein
the first cooling structure (81; 181) comprises a plate
(143) of electrically conductive material which con-
tains the conduits (145, 147).

9. The receiving device of one of claims 1 to 8, wherein
the first cooling structure (181) is connected to a fluid
inlet (162) which branches off into a plurality of con-
duits (145, 147) in the first cooling structure (181),
and wherein the first cooling structure (181) is con-
nected to a fluid outlet (163) which reunites the flow
of cooling fluid within the plurality of conduits (145,
147).

10. The receiving device of one of claims 1 to 9, wherein
at least one conduit of the first cooling structure (141;
181) comprises a forward section (146a, 148a) for
guiding incoming cooling fluid from a fluid inlet and
a return section (146b, 148b) for guiding cooling fluid
from the forward section (146a, 148a) to a fluid outlet,
wherein the forward section (146a, 148a) and the
return section (146b, 148b) extend side-by-side to
each other and are mechanically connected to each
other by a supporting material of the first cooling
structure (141; 181) for supporting the at least one
conduit.

11. A method of operating a receiving device (1; 200)
for receiving a magnetic field and for producing elec-
tric energy by magnetic induction, in particular for
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use by a vehicle, using

- at least one coil (33, 35, 37; 131) of the receiv-
ing device (1; 200), the coil having at least one
electric line, wherein the magnetic field induces
an electric voltage in the at least one coil (33,
35, 37; 131) and wherein the receiving device
(1; 200) and the at least one coil (33, 35, 37;
131) receive the magnetic field from a receiving
side of the receiving device (1; 200),
- a first field shaping arrangement (61; 185) com-
prising magnetizable material adapted to shape
magnetic field lines of the magnetic field, while
the first field shaping arrangement (61; 185) is
placed behind the at least one coil (33, 35, 37;
131), if viewed from the receiving side of the
receiving device (1; 200),
- a capacitor arrangement (111; 211) comprising
at least one capacitor (115), which is electrically
connected to the at least one coil (33, 35, 37;
131),

characterized in that

- the capacitor arrangement (111; 211) is used
while being placed behind the first field shaping
arrangement (61; 185), if viewed from the re-
ceiving side of the receiving device (1; 200),
- a first cooling structure (81; 181) is used which
comprises conduits (145, 147) guiding a flow of
a cooling fluid in order to cool the receiving de-
vice (1; 200), while the first cooling structure (81;
181) is placed in between the first field shaping
arrangement (61; 185) and the capacitor ar-
rangement (111; 211).

12. The method of claim 11, wherein a second cooling
structure (51; 182) is used, the second cooling struc-
ture (51; 182) comprising conduits guiding a flow of
a cooling fluid in order to cool the receiving device
(1; 200) while the second cooling structure (51; 182)
is placed in between the at least one coil (33, 35, 37;
131) and the first field shaping arrangement (61;
185).

13. The method of claim 11 or 12, wherein the at least
one coil (131) comprises lateral end regions (132a,
132b) on opposite sides of the at least one coil (131),
wherein the lateral end regions (132a, 132b) are con-
nected by electric lines of the at least one coil (131)
extending in a central region in between the lateral
end regions (132a, 132b), wherein the lateral end
regions (132a, 132b) are surrounded on at least two
sides of the lateral end regions (132a, 132b), includ-
ing a lateral outer side of the lateral end region, by
in each case one second field shaping arrangement
(186a; 186b) comprising magnetizable material
adapted to shape magnetic field lines of the magnetic

field, wherein a third cooling structure (165a, 165b)
is used, the third cooling structure (165a, 165b) com-
prises conduits guiding a flow of a cooling fluid in
order to cool the receiving device (200) and is placed
in each case on the lateral outer side of the lateral
end region.

14. The method of one of claims 11 to 13, wherein the
first cooling structure (81; 181) is used to warm up
the first field shaping arrangement (61; 185) and the
capacitor arrangement (111; 211) during an initial
phase of operating the receiving device (1; 200).

15. The method of one of claims 11 to 14, wherein the
cooling fluid is guided from a fluid inlet (162) of the
receiving device, the fluid inlet (162) branching off
into a plurality of conduits (145, 147) in the first cool-
ing structure (141; 181), and the cooling fluid is re-
united from the plurality of conduits (145, 147) to a
fluid outlet (163) connected to the first cooling struc-
ture (141; 181).

Patentansprüche

1. Empfangsvorrichtung (1; 200) zum Empfangen ei-
nes Magnetfelds und zum Erzeugen elektrischer En-
ergie durch magnetische Induktion, insbesondere
zur Verwendung durch ein Fahrzeug (241), wobei

- die Empfangsvorrichtung (1; 200) wenigstens
eine Spule (33, 35, 37; 131) aus wenigstens ei-
ner elektrischen Leitung aufweist und wobei das
Magnetfeld während des Betriebs in der wenigs-
tens einen Spule (33, 35, 37; 131) eine elektri-
sche Spannung induziert,
- die Empfangsvorrichtung (1; 200) und die we-
nigstens eine Spule (33, 35, 37; 131) zum Emp-
fangen des Magnetfelds von einer Empfangs-
seite der Empfangsvorrichtung (1; 200) ausge-
staltet sind,
- die Empfangsvorrichtung (1; 200) eine erste
feldformende Anordnung (61; 185) aufweist, die
magnetisierbares Material aufweist, das zum
Formen von magnetischen Feldlinien des Mag-
netfelds ausgestaltet ist,
- die erste feldformende Anordnung (61; 185)
von der Empfangsseite der Empfangsvorrich-
tung (1; 200) gesehen hinter der wenigstens ei-
nen Spule (33, 35, 37; 131) angeordnet ist,
- die Empfangsvorrichtung (1; 200) eine Kon-
densatoranordnung (111; 211) aufweist, die we-
nigstens einen Kondensator (115) aufweist, der
elektrisch mit der wenigstens einen Spule (33,
35, 37; 131) verbunden ist,

dadurch gekennzeichnet, dass:
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- die Kondensatoranordnung (111; 211) von der
Empfangsseite der Empfangsvorrichtung (1;
200) gesehen hinter der ersten feldformenden
Anordnung (61; 185) angeordnet ist,
- die Empfangsvorrichtung (1; 200) eine erste
Kühlstruktur (81; 181) aufweist, die Kanäle (145,
147) zum Führen einer Strömung eines Kühlflu-
ids aufweist, um die Empfangsvorrichtung (1;
200) zu kühlen,
- die erste Kühlstruktur (81; 181) zwischen der
ersten feldformenden Anordnung (61; 185) und
der Kondensatoranordnung (111; 211) ange-
ordnet ist.

2. Empfangsvorrichtung nach Anspruch 1, wobei die
Empfangsvorrichtung (1; 200) eine zweite Kühlstruk-
tur (51; 182) aufweist, die Kanäle zum Führen einer
Strömung eines Kühlfluids aufweist, um die Emp-
fangsvorrichtung (1; 200) zu kühlen, und wobei die
zweite Kühlstruktur (51; 182) zwischen der wenigs-
tens einen Spule (33, 35, 37; 131) und der ersten
feldformenden Anordnung (61; 185) angeordnet ist.

3. Empfangsvorrichtung nach Anspruch 2, wobei die
zweite Kühlstruktur (51; 182) eine Platte aus elek-
trisch nicht leitfähigem, nichtmagnetischem und
nicht magnetisierbarem Material aufweist, die die
Kanäle enthält.

4. Empfangsvorrichtung nach einem der Ansprüche 1
bis 3, wobei die wenigstens eine Spule (131) seitli-
che Endbereiche (132a, 132b) an entgegengesetz-
ten Seiten der wenigstens einen Spule (131) auf-
weist, wobei die seitlichen Endbereiche (132a, 132b)
durch elektrische Leitungen der wenigstens einen
Spule (131) verbunden sind, die sich in einem zen-
tralen Bereich zwischen den seitlichen Endberei-
chen (132a, 132b) erstrecken, wobei die seitlichen
Endbereiche (132a, 132b) an wenigstens zwei Sei-
ten der seitlichen Endbereiche (132a, 132b), ein-
schließlich einer seitlichen Außenseite des seitli-
chen Endbereichs, in jedem Fall von einer zweiten
feldformenden Anordnung (186a; 186b) umgeben
sind, die magnetisierbares Material aufweist, das
zum Formen magnetischer Feldlinien des Magnet-
felds ausgestaltet ist, wobei eine dritte Kühlstruktur
(165a, 165b), die Kanäle zum Führen einer Strö-
mung eines Kühlfluids aufweist, um die Empfangs-
vorrichtung (200) zu kühlen, in jedem Fall auf der
seitlichen Außenseite des seitlichen Endbereichs
angeordnet ist.

5. Empfangsvorrichtung nach Anspruch 4, wobei eine
vierte Kühlstruktur (183a, 183b), die Kanäle zum
Führen einer Strömung eines Kühlfluids aufweist,
um die Empfangsvorrichtung (200) zu kühlen, in je-
dem Fall zwischen der zweiten feldformenden An-
ordnung (186a; 186b) und dem seitlichen Endbe-

reich der wenigstens einen Spule (131) positioniert
ist.

6. Empfangsvorrichtung nach Anspruch 5, wobei die
vierte Kühlstruktur (183a, 183b) eine Platte aus elek-
trisch nicht leitfähigem, nichtmagnetischem und
nicht magnetisierbarem Material aufweist, die die
Kanäle enthält.

7. Empfangsvorrichtung nach einem der Ansprüche 1
bis 6, wobei die erste Kühlstruktur (81; 181) die erste
feldformende Anordnung (61; 185) vollständig be-
deckt.

8. Empfangsvorrichtung nach einem der Ansprüche 1
bis 7, wobei die erste Kühlstruktur (81; 181) eine
Platte (143) aus elektrisch leitfähigem Material auf-
weist, die die Kanäle (145, 147) enthält.

9. Empfangsvorrichtung nach einem der Ansprüche 1
bis 8, wobei die erste Kühlstruktur (181) mit einem
Fluideinlass (162) verbunden ist, der sich in mehrere
Kanäle (145, 147) in der ersten Kühlstruktur (181)
verzweigt, und wobei die erste Kühlstruktur (181) mit
einem Fluidauslass (163) verbunden ist, der die Strö-
mung von Kühlfluid in den mehreren Kanälen (145,
147) wieder zusammenführt.

10. Empfangsvorrichtung nach einem der Ansprüche 1
bis 9, wobei wenigstens eine Leitung der ersten
Kühlstruktur (141; 181) einen Vorlaufabschnitt
(146a, 148a) zum Führen von einströmendem Kühl-
fluid von einem Fluideinlass und einen Rücklaufab-
schnitt (146b, 148b) zum Führen von Kühlfluid vom
Vorlaufabschnitt (146a, 148a) zu einem Fluidaus-
lass aufweist, wobei der Vorlaufabschnitt (146a,
148a) und der Rücklaufabschnitt (146b, 148b) sich
nebeneinander erstrecken und durch ein Trägerma-
terial der ersten Kühlstruktur (141, 181) zum Tragen
der wenigstens einen Leitung mechanisch miteinan-
der verbunden sind.

11. Verfahren zum Betreiben einer Empfangsvorrich-
tung (1; 200) zum Empfangen eines Magnetfelds
und zum Erzeugen elektrischer Energie durch ma-
gnetische Induktion, insbesondere zur Verwendung
durch ein Fahrzeug, die Folgendes verwendet:

- wenigstens eine Spule (33, 35, 37; 131) der
Empfangsvorrichtung (1; 200), wobei die Spule
wenigstens eine elektrische Leitung hat, wobei
das Magnetfeld in der wenigstens einen Spule
(33, 35, 37; 131) eine elektrische Spannung in-
duziert und wobei die Empfangsvorrichtung (1;
200) und die wenigstens eine Spule (33, 35, 37;
131) das Magnetfeld von einer Empfangsseite
der Empfangsvorrichtung (1; 200) empfangen,
- eine erste feldformende Anordnung (61; 185),
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die magnetisierbares Material aufweist, das
zum Formen von magnetischen Feldlinien des
Magnetfelds ausgestaltet ist, während die erste
feldformende Anordnung (61; 185) von der
Empfangsseite der Empfangsvorrichtung (1;
200) gesehen hinter der wenigstens einen Spule
(33, 35, 37; 131) angeordnet ist, ist,
- eine Kondensatoranordnung (111; 211), die
wenigstens einen Kondensator (115) aufweist,
der mit der wenigstens einen Spule (33, 35, 37;
131) elektrisch verbunden ist,

dadurch gekennzeichnet, dass:

- die Kondensatoranordnung (111; 211) verwen-
det wird, während sie von der Empfangsseite
der Empfangsvorrichtung (1; 200) gesehen hin-
ter der ersten feldformenden Anordnung (61;
185) angeordnet ist,
- eine erste Kühlstruktur (81; 181) verwendet
wird, die Kanäle (145, 147) aufweist, die eine
Strömung eines Kühlfluids führen, um die Emp-
fangsvorrichtung (1; 200) zu kühlen, während
die erste Kühlstruktur (81; 181) zwischen der
ersten feldformenden Anordnung (61; 185) und
der Kondensatoranordnung (111; 211) ange-
ordnet ist.

12. Verfahren nach Anspruch 11, wobei eine zweite
Kühlstruktur (51; 182) verwendet wird, wobei die
zweite Kühlstruktur (51; 182) Kanäle aufweist, die
eine Strömung eines Kühlfluids führen, um die Emp-
fangsvorrichtung (1; 200) zu kühlen, während die
zweite Kühlstruktur (51; 182) zwischen der wenigs-
tens einen Spule (33, 35, 37; 131) und der ersten
feldformenden Anordnung (61; 185) angeordnet ist.

13. Verfahren nach Anspruch 11 oder 12, wobei die we-
nigstens eine Spule (131) seitliche Endbereiche
(132a, 132b) an entgegengesetzten Seiten der we-
nigstens einen Spule (131) aufweist, wobei die seit-
lichen Endbereiche (132a, 132b) durch elektrische
Leitungen der wenigstens einen Spule (131) verbun-
den sind, die sich in einem zentralen Bereich zwi-
schen den seitlichen Endbereichen (132a, 132b) er-
strecken, wobei die seitlichen Endbereiche (132a,
132b) an wenigstens zwei Seiten der seitlichen End-
bereiche (132a, 132b), einschließlich einer seitli-
chen Außenseite des seitlichen Endbereichs, in je-
dem Fall von einer zweiten feldformenden Anord-
nung (186a; 186b) umgeben sind, die magnetisier-
bares Material aufweist, das zum Formen magneti-
scher Feldlinien des Magnetfelds ausgestaltet ist,
wobei eine dritte Kühlstruktur (165a, 165b) verwen-
det wird, wobei die dritte Kühlstruktur (165a, 165b)
Kanäle aufweist, die eine Strömung eines Kühlfluids
führen, um die Empfangsvorrichtung (200) zu küh-
len, und in jedem Fall auf der seitlichen Außenseite

des seitlichen Endbereichs angeordnet ist.

14. Verfahren nach einem der Ansprüche 11 bis 13, wo-
bei die erste Kühlstruktur (81; 181) zum Aufwärmen
der ersten feldformenden Anordnung (61, 185) und
der Kondensatoranordnung (111; 211) während ei-
ner anfänglichen Betriebsphase der Empfangsvor-
richtung (1; 200) verwendet wird.

15. Verfahren nach einem der Ansprüche 11 bis 14, wo-
bei das Kühlfluid von einem Fluideinlass (162) der
Empfangsvorrichtung geführt wird, wobei der Fluid-
einlass (162) sich in mehrere Kanäle (145, 147) in
der ersten Kühlstruktur (141; 181) verzweigt, und
das Kühlfluid aus den mehreren Kanälen (145, 147)
wieder zu einem Fluidauslass (163) zusammenge-
führt wird, der mit der ersten Kühlstruktur (141; 181)
verbunden ist.

Revendications

1. Dispositif de réception (1 ; 200) pour recevoir un
champ magnétique et pour produire de l’énergie
électrique par induction magnétique, en particulier
destiné à être utilisé par un véhicule (241), dans le-
quel

- le dispositif de réception (1 ; 200) comprend
au moins une bobine (33, 35, 37 ; 131) d’au
moins une ligne électrique et dans lequel le
champ magnétique induit une tension électrique
dans l’au moins une bobine (33, 35, 37 ; 131)
pendant le fonctionnement,
- le dispositif de réception (1 ; 200) et l’au moins
une bobine (33, 35, 37 ; 131) sont adaptés pour
recevoir le champ magnétique par un côté de
réception du dispositif de réception (1 ; 200),
- le dispositif de réception (1 ; 200) comprend
un premier agencement de mise en forme de
champ (61 ; 185) comprenant un matériau
aimantable adapté pour mettre en forme des li-
gnes de champ magnétique du champ magné-
tique,
- le premier agencement de mise en forme de
champ (61 ; 185) est placé derrière l’au moins
une bobine (33, 35, 37 ; 131), vu par le côté de
réception du dispositif de réception (1 ; 200),
- le dispositif de réception (1 ; 200) comprend
un agencement condensateur (111 ; 211) com-
prenant au moins un condensateur (115), qui
est électriquement relié à l’au moins une bobine
(33, 35, 37 ; 131),

caractérisé en ce que

- l’agencement condensateur (111 ; 211) est
placé derrière le premier agencement de mise
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en forme de champ (61 ; 185), vu par le côté de
réception du dispositif de réception (1 ; 200),
- le dispositif de réception (1 ; 200) comprend
une première structure de refroidissement (81 ;
181) comprenant des conduits (145, 147) pour
guider un écoulement d’un fluide de refroidisse-
ment afin de refroidir le dispositif de réception
(1 ; 200),
- la première structure de refroidissement (81 ;
181) est placée entre le premier agencement de
mise en forme de champ (61 ; 185) et l’agence-
ment condensateur (111 ; 211).

2. Dispositif de réception selon la revendication 1, dans
lequel le dispositif de réception (1 ; 200) comprend
une deuxième structure de refroidissement (51 ;
182) comprenant des conduits pour guider un écou-
lement d’un fluide de refroidissement afin de refroidir
le dispositif de réception (1 ; 200) et dans lequel la
deuxième structure de refroidissement (51 ; 182) est
placée entre l’au moins une bobine (33, 35, 37 ; 131)
et le premier agencement de mise en forme de
champ (61 ; 185).

3. Dispositif de réception selon la revendication 2, dans
lequel la deuxième structure de refroidissement (51 ;
182) comprend une plaque de matériau non conduc-
teur, non magnétique et non aimantable qui contient
les conduits.

4. Dispositif de réception selon l’une quelconque des
revendications 1 à 3, dans lequel l’au moins une bo-
bine (131) comprend des régions d’extrémité latéra-
les (132a, 132b) des côtés opposés de l’au moins
une bobine (131), dans lequel les régions d’extrémité
latérales (132a, 132b) sont reliées par des lignes
électriques de l’au moins une bobine (131) s’éten-
dant dans une région centrale entre les régions d’ex-
trémité latérales (132a, 132b), dans lequel les ré-
gions d’extrémité latérales (132a, 132b) sont entou-
rées sur au moins deux côtés des régions d’extré-
mité latérales (132a, 132b), incluant un côté exté-
rieur latéral de la région d’extrémité latérale, par
dans chaque cas un second agencement de mise
en forme de champ (186a ; 186b) comprenant un
matériau aimantable adapté pour mettre en forme
des lignes de champ magnétique du champ magné-
tique, dans lequel une troisième structure de refroi-
dissement (165a, 165b) comprenant des conduits
pour guider un écoulement d’un fluide de refroidis-
sement afin de refroidir le dispositif de réception
(200) est placée dans chaque cas sur le côté exté-
rieur latéral de la région d’extrémité latérale.

5. Dispositif de réception selon la revendication 4, dans
lequel une quatrième structure de refroidissement
(183a, 183b) comprenant des conduits pour guider
un écoulement d’un fluide de refroidissement afin de

refroidir le dispositif de réception (200) est placée
dans chaque cas entre le second agencement de
mise en forme de champ (186a ; 186b) et la région
d’extrémité latérale de l’au moins une bobine (131).

6. Dispositif de réception selon la revendication 5, dans
lequel la quatrième structure de refroidissement
(183a, 183b) comprend une plaque de matériau non
conducteur, non magnétique et non aimantable qui
contient les conduits.

7. Dispositif de réception selon l’une quelconque des
revendications 1 à 6, dans lequel la première struc-
ture de refroidissement (81 ; 181) recouvre entière-
ment le premier agencement de mise en forme de
champ (61 ; 185).

8. Dispositif de réception selon l’une quelconque des
revendications 1 à 7, dans lequel la première struc-
ture de refroidissement (81 ; 181) comprend une pla-
que (143) de matériau conducteur qui contient les
conduits (145, 147) .

9. Dispositif de réception selon l’une quelconque des
revendications 1 à 8, dans lequel la première struc-
ture de refroidissement (181) est reliée à un orifice
d’entrée de fluide (162) qui se sépare en une pluralité
de conduits (145, 147) dans la première structure de
refroidissement (181), et dans lequel la première
structure de refroidissement (181) est reliée à un ori-
fice de sortie de fluide (163) qui réunifie l’écoulement
de fluide de refroidissement à l’intérieur de la plura-
lité de conduits (145, 147).

10. Dispositif de réception selon l’une quelconque des
revendications 1 à 9, dans lequel au moins un con-
duit de la première structure de refroidissement
(141 ; 181) comprend une partie vers l’avant (146a,
148a) pour guider le fluide de refroidissement entrant
en provenance d’un orifice d’entrée de fluide et une
partie retour (146b, 148b) pour guider le fluide de
refroidissement de la partie vers l’avant (146a, 148a)
vers un orifice de sortie de fluide, dans lequel la partie
vers l’avant (146a, 148a) et la partie retour (146b,
148b) s’étendent l’une à côté de l’autre et sont mé-
caniquement reliées l’une à l’autre par un matériau
de support de la première structure de refroidisse-
ment (141 ; 181) pour supporter l’au moins un con-
duit.

11. Procédé d’exploitation d’un dispositif de réception
(1 ; 200) pour recevoir un champ magnétique et pour
produire de l’énergie électrique par induction ma-
gnétique, en particulier destiné à être utilisé par un
véhicule, utilisant

- au moins une bobine (33, 35, 37 ; 131) du dis-
positif de réception (1 ; 200), la bobine ayant au
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moins une ligne électrique, dans lequel le champ
magnétique induit une tension électrique dans
l’au moins une bobine (33, 35, 37 ; 131) et dans
lequel le dispositif de réception (1 ; 200) et l’au
moins une bobine (33, 35, 37 ; 131) reçoivent le
champ magnétique par un côté de réception du
dispositif de réception (1 ; 200),
- un premier agencement de mise en forme de
champ (61 ; 185) comprenant un matériau
aimantable adapté pour mettre en forme des li-
gnes de champ magnétique du champ magné-
tique, tandis que le premier agencement de mise
en forme de champ (61 ; 185) est placé derrière
l’au moins une bobine (33, 35, 37 ; 131), vu par
le côté de réception du dispositif de réception
(1 ; 200),
- un agencement condensateur (111 ; 211) com-
prenant au moins un condensateur (115), qui
est électriquement relié à l’au moins une bobine
(33, 35, 37 ; 131),

caractérisé en ce que

- l’agencement condensateur (111 ; 211) est uti-
lisé tandis qu’il est placé derrière le premier
agencement de mise en forme de champ (61 ;
185), vu par le côté de réception du dispositif de
réception (1 ; 200),
- une première structure de refroidissement (81 ;
181) est utilisée qui comprend des conduits
(145, 147) guidant un écoulement d’un fluide de
refroidissement afin de refroidir le dispositif de
réception (1 ; 200), tandis que la première struc-
ture de refroidissement (81 ; 181) est placée en-
tre le premier agencement de mise en forme de
champ (61 ; 185) et l’agencement condensateur
(111 ; 211) .

12. Procédé selon la revendication 11, dans lequel une
deuxième structure de refroidissement (51 ; 182) est
utilisée, la deuxième structure de refroidissement
(51 ; 182) comprenant des conduits guidant un écou-
lement d’un fluide de refroidissement afin de refroidir
le dispositif de réception (1 ; 200) tandis que la
deuxième structure de refroidissement (51 ; 182) est
placée entre l’au moins une bobine (33, 35, 37 ; 131)
et le premier agencement de mise en forme de
champ (61 ; 185).

13. Procédé selon la revendication 11 ou 12, dans lequel
l’au moins une bobine (131) comprend des régions
d’extrémité latérales (132a, 132b) des côtés oppo-
sés de l’au moins une bobine (131), dans lequel les
régions d’extrémité latérales (132a, 132b) sont re-
liées par des lignes électriques de l’au moins une
bobine (131) s’étendant dans une région centrale
entre les régions d’extrémité latérales (132a, 132b),
dans lequel les régions d’extrémité latérales (132a,

132b) sont entourées sur au moins deux côtés des
régions d’extrémité latérales (132a, 132b), incluant
un côté extérieur latéral de la région d’extrémité la-
térale, par dans chaque cas un second agencement
de mise en forme de champ (186a ; 186b) compre-
nant un matériau aimantable adapté pour mettre en
forme des lignes de champ magnétique du champ
magnétique, dans lequel une troisième structure de
refroidissement (165a, 165b) est utilisée, la troisiè-
me structure de refroidissement (165a, 165b) com-
prend des conduits guidant un écoulement d’un flui-
de de refroidissement afin de refroidir le dispositif de
réception (200) et est placée dans chaque cas sur
le côté extérieur latéral de la région d’extrémité la-
térale.

14. Procédé selon l’une quelconque des revendications
11 à 13, dans lequel la première structure de refroi-
dissement (81 ; 181) est utilisée pour réchauffer le
premier agencement de mise en forme de champ
(61 ; 185) et l’agencement condensateur (111 ; 211)
au cours d’une phase initiale de fonctionnement du
dispositif de réception (1 ; 200).

15. Procédé selon l’une quelconque des revendications
11 à 14, dans lequel le fluide de refroidissement est
guidé à partir d’un orifice d’entrée de fluide (162) du
dispositif de réception, l’orifice d’entrée de fluide
(162) se séparant en une pluralité de conduits (145,
147) dans la première structure de refroidissement
(141 ; 181), et le fluide de refroidissement est réunifié
à partir de la pluralité de conduits (145, 147) vers un
orifice de sortie de fluide (163) relié à la première
structure de refroidissement (141 ; 181).
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