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(57) A device for wirelessly receiving electric energy
to be transferred from a source (2) of alternating current
by electromagnetic coupling through a conducting trans-
mitter loop (3) has a conducting receiver loop (4) in which
a current is induced and a capacitor (5) connected into
the receiver loop and charged with electric energy
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A DEVICE FOR WIRELESSLY RECEIVING ELECTRIC ENERGY

through the current induced in the receiver loop. A recti-
fying member (10) is connected into the receiver loop at
a second location (11) spaced with respect to a first lo-
cation (8) for connection of the capacitor and configured
to allow a rectified portion of the current induced in the
receiver loop to only flow in one direction therethrough.
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Description
TECHNICAL FIELD OF THE INVENTION

[0001] The present invention relates to a device for
wirelessly receiving electric energy to be transferred from
a source of alternating current by electromagnetic cou-
pling through a conducting transmitter loop connected to
this source, said device comprising at least one conduct-
ing receiver loop configured to receive electric energy
from a said source in the form of current induced therein
through electromagnetic coupling when placed close to
a said conducting transmitter loop, at least one capacitor
connected into said receiver loop for being charged with
electric energy through said current induced in the re-
ceiver loop, an arrangement configured to allow a portion
of the current induced in said receiver loop to only reach
one pole of the capacitor for charging the capacitor and
not flow in opposite direction and discharge the capacitor,
and a capacitance connected to the receiver loop to tune
this to a determined frequency.

[0002] Suchadevice maybe usedinany type of equip-
ment to be wirelessly fed with electric energy, i.e. be en-
ergized by so called tele-powering. Such an equipment
in the form of a balise to be arranged between two rails
of a railway track to transmit data through antennas
mounted beneath railway vehicles passing the balise is
only one example of this type of equipment.

[0003] The particular application of the invention in a
balise will hereinafter be discussed for illuminating the
invention and the problems to be solved thereby without
for that sake restricting the invention thereto.

[0004] Balisesare usedby railwaysto sendinformation
from the track side to passing trains. There are many
ways to do this, and one method for this is to be found
in the standard ERTMS, European Rail Traffic Manage-
ment System. The balise linkis based on electromagnetic
coupling, that is, the balise on the ground and the ATP
(Automatic Train Protection) antenna on the train consti-
tute an air transformer whenever the antenna is located
above (or in the direct vicinity of) the balise. The link is
bi-directional and the frequencies used are radio short
wave. The downlink is used to transmit power to the
balise, which is accordingly received by the device de-
fined in the introduction. The uplink is used to transmit
data to the train, and the transmitter of such an uplink is
powered by the electric energy received by said device.
AU 2013206087 B2 is a document disclosing tele-pow-
ering of a balise in general.

[0005] Since the contact distance between a standard-
size balise on the ground and the ATP antenna on the
train is about 1 m, it means that the contact duration is
highly speed dependent. Modern trains can travel at 100
m/s, which means that it takes 10 ms to move 1 m. This
means that the time allowed for the balise to be tele-
powered by the train and for the balise to send its ATP
telegram comes to about 10 ms. This is a technical chal-
lenge. The railway track companies would like to have
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smaller balises and at the same time allow higher train
speeds on their tracks, which means that the contacttime
for said tele-powering will be shrinking to levels requiring
improvements in balise efficiency for meeting these de-
mands.

BACKGROUND ART

[0006] Fig. 1 illustrates schematically the structure of
a known device of the type defined in the introduction as
used in a balise. 100 illustrates a source of alternating
currentarranged on board a rail vehicle. This source gen-
erates an alternating current in a conducting transmitter
loop 101 on board the vehicle. When this transmitter loop
101 passes over a conducting receiver loop 102 in a said
balise the alternating current in the transmitter loop 101
will through electromagnetic coupling generate a current
in the receiver loop. The transmitter loop 101 and the
receiver loop 102 have not to have the same shape and
size for obtaining this. The currentinduced in the receiver
loop 102 is rectified by the use of a bridge of diodes
103-106, which forms an arrangement configured to al-
low a rectified portion of the current induced in the re-
ceiver loop to only reach one pole of a capacitor 107
connected into the receiver loop for being charged with
electric energy through the currentinduced in the receiv-
er loop. The charge (DC voltage) across the capacitor
107 may then be used for powering other electrical de-
vices, such as a microprocessor. Furthermore, a capac-
itance in the form of a capacitor 108 is connected to the
receiver loop to tune this to the frequency of transmitters
of rail vehicles passing the balise.

[0007] Once the tele-powering is started by electro-
magnetic coupling the time it takes to charge the capac-
itor 107 to a determined voltage level decides the point
of time at which a transmitter in the balise may send its
ATP telegram to the antennas of the rail vehicles passing.
This does then also decide at which speed a train may
pass the balise and still receive a said telegram with im-
portant information therefrom. Accordingly, it is a desire
to be able to shorten the charging time of said capacitor
for enabling higher train speeds and/or smaller balises
with respect to balises provided with a known device
shown in Fig. 1.

SUMMARY OF THE INVENTION

[0008] The object of the presentinvention is to provide
a device of the type defined in the introduction being im-
proved with respect to such devices already known by
addressing the problems thereof discussed above.
[0009] This object is according to the invention ob-
tained by providing such a device with the features listed
in the characterizing part of appended patent claim 1.
[0010] Accordingly, said capacitor is connected into
the receiverloop by having opposite poles thereof directly
connected to the receiver loop at a first location the-
realong, and the arrangement comprises at leastone rec-
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tifying member, such as a rectifying diode, connected
into the receiver loop at a second location therealong
spaced with respect to the first location and configured
to allow a rectified portion of the current induced in the
receiver loop to only flow in one direction therethrough.
Furthermore, the capacitance for said tuning is connect-
ed into the receiver loop at said second location.
[0011] The voltage across said capacitor will be higher
than in the known device in which it will be a voltage drop
across each diode, since the diode bridge has been re-
placed by said rectifying member connected into the re-
ceiver loop. This means that the time it will take to charge
the capacitor to a predetermined level will be shortened,
so that in the case of the device used in a balise a trans-
mitter in the balise powered by the capacitor will earlier
be able to send a message to the train passing allowing
this to pass the balise with a higher speed than a balise
provided with a known device. Thus, the critical wake up
time of the balise will be shortened by a device according
to the invention.

[0012] According to an embodiment of the invention
said first and second locations are at opposite positions
along said receiver loop, which means that the rectifying
member and the tuning capacitance are arranged in one
side of the receiver loop and the capacitor to be charged
on the opposite side, which keeps the receiver device
balanced and less sensitive to stray capacitances than
an unbalanced receiver device.

[0013] According to another embodiment of the inven-
tion said tuning capacitance is connected in parallel to
said rectifying member, and the rectifying member is ac-
cording to another embodiment preferably a rectifying
diode. The tuning capacitance may then be formed by
the inherent capacitance of the diode or be provided by
a capacitor connected in parallel to the diode.

[0014] According to another embodiment of the inven-
tion the general shape and size of the receiver loop de-
fined by receiver loop portions between said first and
second locations are substantially identical to the shape
and size of a said conducting transmitter loop from which
the receiver loop is configured to receive electric energy,
which may increase the efficiency of the tele-powering
by electromagnetic coupling, and it is then advantageous
that the general shape of the receiver loop is symmetrical
with rectifying member and capacitor to be charged on
opposite sides.

[0015] According to another embodiment of the inven-
tion the device comprises a plurality of said conducting
receiver loops superimposed and a rectifying member
connected into an individual receiver loop is configured
to allow current induced in that receiver loop to only flow
in the opposite direction therethrough with respect to
what a rectifying member in a neighbouring receiver loop
is configured to allow. This means that every second re-
ceiver loop will be active and charging the capacitor in
question during a half period of the alternating current of
a said source, and that the neighbouring receiver loops
will be active in that sense during the other half period of
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the alternating current, so that the capacitors are charged
all the time and a DC source formed by said capacitors
will be more efficient than in the case of only one receiver
loop, since losses with respect to the utility power will be
lower than for a device having only one receiver loop.
Furthermore, the currents in adjacent receiver loops will
be out of phase, which means that harmonics in the cur-
rents induced will also be out of phase and they will coun-
teract each other. This means that harmonics in the in-
duced currents are greatly reduced, which is a very de-
sirable property.

[0016] According to another embodiment of the inven-
tion all said at least one capacitor of the receiver loops
are interconnected to together form an assembly storing
electric energy, which accordingly results in an efficient
DC source to be used by equipment in which the device
according to the invention is integrated.

[0017] According to another embodiment of the inven-
tion said interconnected capacitors are connected in par-
allel to each other.

[0018] According to another embodiment of the inven-
tion said interconnected capacitors are connected in se-
ries to provide a voltage of said assembly formed by an
addition of the voltages across all said capacitors. The
way of interconnecting said capacitors chosen will be de-
pendent upon the type of load to be connected thereto.
A series connection may be selected when there is a
need to generate high voltages, and a parallel connection
when high currents are of more importance.

[0019] According to another embodiment of the inven-
tion the number of receiver loops is even, which results
in an optimum of the reduction of harmonics created in
the device.

[0020] The invention also relates to a balise according
to the preamble of the appended claim directed thereto
and which comprises a device according to the present
invention for wirelessly receiving electric energy from a
transmitter in a rail vehicle antenna. The advantages of
providing a balise with a device according to the present
invention appear clearly from the above discussion of the
device according to the invention and embodiments
thereof.

[0021] Further advantages and advantageous fea-
tures of the invention will appear from the description
following below.

BRIEF DESCRIPTION OF THE DRAWINGS

[0022] With reference to the appended drawings, be-
low follows a specific description of embodiments of the
invention cited as examples.

[0023] In the drawings:

Fig. 1 is a simplified view very schematically illus-
trating the structure of a known device of the
type to which the present invention belongs,

Fig. 2-4  are views corresponding to Fig. 1 of devices
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according to afirst, second and third, respec-
tively, embodiment of the invention, and
Fig. 5 is a graph showing the DC voltage across the
capacitor charged versus time obtained by
electromagnetic coupling for the devices
shown in Fig. 1, 2 and 3.

DETAILED DESCRIPTION OF EMBODIMENTS OF
THE INVENTION

[0024] A device 1 for wirelessly receiving electric en-
ergy to be transferred from a source 2 of alternating cur-
rent by electromagnetic coupling through a conducting
transmitter loop 3 is shown in Fig. 2. This device has a
conducting receiver loop 4 configured to receive electric
energy from said source 2 in the form of current induced
therein through electromagnetic coupling when placed
close to said conducting transmitter loop 3. A capacitor
5 is connected into the receiver loop by having opposite
poles 6, 7 thereof directly connected to the receiver loop
at a first location 8 therealong. An arrangement 9 config-
ured to allow a rectified portion of current induced in the
receiver loop to only reach one pole 6 of the capacitor 5
for charging the capacitor and not flow in opposite direc-
tion, which would discharge the capacitor, is formed by
adiode 10. This diode is connected into the receiver loop
at a second location 11 therealong spaced with respect
to the first location. A capacitance in the form of a capac-
itor 12 is connected into the receiver loop in parallel with
the diode 10 at said second location for tuning the re-
ceiver loop to a determined frequency.

[0025] The diode bridge in the known device shown in
Fig. 1 has here been replaced by a single diode 10. This
means that the voltage across the charged capacitor will
be higher, since for instance in case of voltage therea-
cross of 4 V the voltage across the capacitor of the device
in Fig. 1 would only be approximately 3 V owing to a
voltage drop in the order of 0.2-0.5 V across each diode.
This higher voltage shortens the charging time needed
for reaching a predetermined voltage level, such as 3V,
of the capacitor for enabling this to be used as a source
for powering for instance a microprocessor. However,
charging of a capacitor will only take place every second
half period of the induced current, which lengthens the
charging time. By moving the diode 10 and the tuning
capacitor 12 to an opposite side of the receiver loop 4,
the receiver device will be kept balanced and less sen-
sitive to stray capacitances. Furthermore, the removal of
the diode bridge means that for a determined size of the
device the receiver loop 4 may be made larger resulting
in a more efficient transfer of energy and data while in-
teracting with the transmitter loop 3, or the device may
be made smaller without for that sake making the receiver
loop smaller. Thus, in the case of a balise provided with
said device the balise may be made smaller and the ca-
pacity thereof still be maintained with respect to transfer
efficiency and improved with respect to starting time of
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said data transfer.

[0026] A device according to a second embodiment of
the invention is shown in Fig. 3. This device has two con-
ducting receiver loops 20, 21 superimposed. A diode 22,
23 connected into an individual receiver loop is config-
ured to allow current induced in that receiver loop to only
flow in the opposite direction therethrough with respect
to what a diode in the other receiver loop is configured
to allow. This means that each receiver loop will be active
during "its" half-period. The capacitors 24, 25 of the two
receiver loops are interconnected and connected in par-
allel. Thus, charging goes on all the time, not just every
second half-period, so that a more efficient DC source
thanthe one inthe embodimentshownin Fig. 2is created.
This receiving device is also balanced. As mentioned
above the currents induced in the receiver loops are al-
ways out of phase, so that harmonics will also be out of
phase and they will counteract each other and by that
greatly reduced.

[0027] Fig. 4 illustrates a device according to a third
embodiment of the invention differing from that shown in
Fig. 3 by having the capacitors 24, 25 connected in series
which means that the voltage obtainable across the DC-
source obtained through the two capacitors will be dou-
bled with respect to that in the embodiment shown in Fig.
3. Which type of interconnection of the capacitors, in par-
allel or in series, is selected can be based on the need
to generate high voltages or high currents.

[0028] As example of a load which may be powered
by the DC voltage of the capacitor/capacitors charged a
transmitter 26 and a conducting transmitter loop 27 for
transmission of data in the case of having the receiving
device included in a balise are indicated in Figs 2-4.
[0029] The graph of Fig. 5 illustrates the DC voltage U
across the DC source formed by the capacitor (capacitors
in Fig. 3) charged versus time t for the three designs
shown in Fig. 1, Fig. 2 and Fig. 3. It appears clearly that
the charging-up process will be slower and the obtainable
voltage will be lower for the known device shown in Fig.
1(a), whereas the devices shown in Fig. 2(b) and Fig. 3
(c) perform similarly with respect to charging-up time and
voltage obtainable. If we assume that a DC voltage of
2.9 V is needed for starting a microprocessor powered
by this voltage source the time needed for this will for the
device shown in Fig. 1 be t; and for the devices shown
in Fig. 2 and 3 t, being approximately half as long. This
means for the case of having such a device in a balise a
possibility to allow considerably higher train speeds and
stillensuring a proper transfer of electric energy and mes-
sages between a train and the balise.

[0030] The invention is of course in no way restricted
to the embodiments described above, since many pos-
sibilities for modifications thereof are likely to be obvious
to one skilled in the art without having to deviate from the
scope of the invention defined in the appended claims.
[0031] Although not shown in the figures, it is pointed
out that each receiver loop may have more than one turn,
i.e. be amultiturn loop, and then in a suitable turn include
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a connection to the components shown to the left in the
figures and in a suitable turn include a connection to the
components shown to the right in the figures. These two
suitable turns may be the same or different depending
upon balancing issues.

Claims

1. A device for wirelessly receiving electric energy to
be transferred from a source (2) of alternating current
by electromagnetic coupling through a conducting
transmitter loop (3) connected to this source,
said device comprising

+ at least one conducting receiver loop (4, 20,
21) configured to receive electric energy from a
said source in the form of currentinduced therein
through electromagnetic coupling when placed
close to a said conducting transmitter loop,

« at least one capacitor (5, 24, 25) connected
into said receiver loop (4, 20, 21) for being
charged with electric energy through said cur-
rent induced in the receiver loop,

« an arrangement (9) configured to allow a por-
tion of the current induced in said receiver loop
to only reach one pole of the capacitor for charg-
ing the capacitor and not flow in opposite direc-
tion and discharge the capacitor, and

* a capacitance (12) connected to the receiver
loop to tune this to a determined frequency,

characterized in that said at least one capacitor (5,
24, 25) is connected into the receiver loop by having
opposite poles thereof directly connected to the re-
ceiver loop (4, 20, 21) at a first location (8) the-
realong, that said arrangement comprises at least
one rectifying member (10, 22, 23) connected into
thereceiverloop atasecondlocation (11) therealong
spaced with respect to said first location and config-
ured to allow a rectified portion of the currentinduced
in the receiver loop to only flow in one direction there-
through, and that said capacitance (12) is connected
into the receiver loop at said second location (11).

2. Adevice according to claim 1, characterized in that
said first (8) and second (11) locations are at oppo-
site positions along said receiver loop (4, 20, 21).

3. A device according to claim 1 or 2, characterized
in that said tuning capacitance (12) is connected in
parallel to said rectifying member (10, 22, 23).

4. A device according to any of the preceding claims,
characterized in that said rectifying member is a
rectifying diode (10, 22, 23).

5. Adevice accordingto claim 4, characterized in that
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10.

1.

12.

13.

said tuning capacitance is an inherent capacitance
of said rectifying diode or is provided by a capacitor
(12) connected in parallel to said diode (10, 22, 23).

A device according to any of the preceding claims,
characterized in that the general shape and size
of the receiver loop (4, 20, 21) defined by receiver
loop portions between said first (8) and second (11)
locations are substantially identical to the shape and
size of a said conducting transmitter loop (3) from
which the receiver loop is configured to receive elec-
tric energy.

A device according to claim 6, characterized in that
said general shape of the receiver loop (4, 20, 21)
is symmetrical with rectifying member (10, 22, 23)
and capacitor (5, 24, 25) to be charged on opposite
sides.

A device according to any of the preceding claims,
characterized in that it comprises a plurality of said
conducting receiver loops (20, 21) superimposed,
and that a rectifying member (22, 23) connected into
an individual receiver loop is configured to allow cur-
rent induced in that receiver loop to only flow in the
opposite direction therethrough with respect to what
a rectifying member in a neighbouring receiver loop
is configured to allow.

A device according to claim 8, characterized in that
all said at least one capacitor (24, 25) of the receiver
loops are interconnected to together form an assem-
bly storing electric energy.

A device according to claim 9, characterized in that
said interconnected capacitors (24, 25) are connect-
ed in parallel to each other.

A device according to claim 9, characterized in that
said interconnected capacitors (24, 25) are connect-
ed in series to provide a voltage of said assembly
formed by an addition of the voltages across all said
capacitors.

A device according to any of claims 8-11, charac-
terized in that the number of receiver loops (20, 21)
is even.

A balise to be arranged between the two rails of a
railway track to transmit data to antennas mounted
beneath railway vehicles passing the balise, said
balise comprising

+ a conducting receiver loop (4, 20, 21) config-
ured to receive electric energy by electromag-
netic coupling from a transmitter in said rail ve-
hicle antennas when passing the balise,

« a transmitter (26) configured to be powered by
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the electric energy received by the receiverloop,
and

+ a conducting transmitter loop (27) configured
to be fed by said transmitter to transmit data to
said railway vehicle antennas passing the
balise,

characterized in that it comprises a device (1) ac-
cording to any of the preceding claims for wirelessly
receiving electric energy from a said transmitter.
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