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Description
BACKGROUND

[0001] Chargeable systems, such as vehicles, have
been introduced that include locomotion power derived
from electricity received from an energy storage device
such as a battery. For example, hybrid electric vehicles
include on-board chargers that use power from vehicle
braking and traditional motors to charge the vehicles. Ve-
hicles that are solely electric generally receive the elec-
tricity for charging the batteries from other sources. Bat-
tery electric vehicles are often proposed to be charged
through some type of wired alternating current (AC) such
as household or commercial AC supply sources. The
wired charging connections require cables or other sim-
ilar connectors that are physically connected to a power
supply. Cables and similar connectors may sometimes
be inconvenient or cumbersome and have other draw-
backs. It is desirable to provide wireless charging sys-
tems that are capable of transferring power in free space
(e.g., via awireless field) to be used to charge the electric
vehicle to overcome some of the deficiencies of wired
charging solutions. Additionally, wireless charging sys-
tem should be capable of coordinating multiple base pads
to properly coordinate the transfer of power continuously
to a moving receiver over an extended distance of travel
in a practical manner. US 2012/161530 discloses a wire-
less power feeder which feeds power from a feeding coil
in the ground to a receiving coil incorporated in an EV by
wireless using a magnetic field resonance phenomenon
between the feeding coil and receiving coil.

SUMMARY OF THE INVENTION

[0002] The embodiments disclosed herein each have
severalinnovative aspects, no single one of which is sole-
ly responsible for the desirable attributes of the invention.
Without limiting the scope, as expressed by the claims
that follow, the more prominent features will be briefly
disclosed here. After considering this discussion, one will
understand how the features of the various embodiments
provide several advantages over current dynamic wire-
less charging systems.

[0003] One embodiment of this invention comprises a
device for distributing power, the device comprising a
first set of charging coils configured to provide wireless
charging coils, a second set of charging coils configured
to provide wireless power, a second set of switches con-
figured to selectively control power to the second set of
charging coils, and a control unit configured to control
the firstand second sets of switches. Thefirstand second
sets of charging coils may be interleaved, and the first
set of switches may be configured to respectively couple
one charging coil of the first set of charging coils to the
control unit, and the second set of switches may be con-
figured to respectively couple one charging coil of the
second set of charging coils to the control unit.
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[0004] Inanotherembodiment, theinvention may com-
prise a method for distributing power, the method com-
prising selectively coupling one charging coil of a first set
of charging coils, the charging coils configured to provide
wireless power, to a control unit via a first set of switches.
The method further comprises selectively coupling one
charging coil of a second set of charging coils, the charg-
ing coils configured to provide wireless power, to the con-
trol unit via a second set of switches. The method further
comprising generating, via the one charging coil of the
first set of charging coils and the one charging coil of the
second set of charging coils, wireless fields to distribute
power. The first and second sets of charging coils are
interleaved.

[0005] An alternate embodiment may comprise a de-
vice for distributing power, the device comprising a first
set of means for providing wireless power, a second set
of means for providing wireless power, afirst setof means
for selectively controlling configured to selectively pro-
vide power to the first set of wireless power providing
means, a second set of means for selectively controlling
configured to selectively provide power to the second set
of wireless power providing means, and means for con-
trolling the first set of selectively controlling means and
the second set of selectively controlling means. The first
and second sets of wireless power providing means are
interleaved. Each of the first set of selectively controlling
means is further configured to respectively couple one
of the first set of wireless power providing means to the
controlling means, and each of the second set of selec-
tively controlling means is further configured to respec-
tively couple one of the second set of wireless power
providing means to the controlling means.

BRIEF DESCRIPTION OF THE DRAWINGS

[0006] The above-mentioned aspects, as well as other
features, aspects, and advantages of the present tech-
nology will now be described in connection with various
embodiments, with reference to the accompanying draw-
ings. The illustrated embodiments, however, are merely
examples and are notintended to be limiting. Throughout
the drawings, similar symbols typically identify similar
components, unless context dictates otherwise. Note
that the relative dimensions of the following figures may
not be drawn to scale.

FIGURE 1 is afunctional block diagram of a wireless
power transfer system, in accordance with one ex-
ample of an implementation.

FIGURE 2 is a functional block diagram of a wireless
power transfer system, in accordance with another
example implementation.

FIGURE 3 is a schematic diagram of a portion of
transmit circuitry or receive circuitry of FIGURE 2
including a transmit or receive antenna, in accord-
ance with some example implementations.
FIGURE 4 illustrates a schematic view of an electric
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vehicle with at least one vehicle pad traveling along
a roadway where various components of a dynamic
wireless charging system are installed beneath the
roadway.

FIGURE 5aiillustrates a schematic view of a modular
base array network (BAN) module comprising a par-
alleled power distribution network.

FIGURE 5b shows an embodiment of the base array
network (BAN) module depicted in Fig. 5a as con-
tained within an example of a modular enclosure.
FIGURE 6 illustrates an example of an installation
of multiple BAN modules from Fig. 5 in a roadway
while connected to a conduit and an enclosure.
FIGURE 7 depicts a schematic and corresponding
perspective view of two consecutive examples of
embodiments of BAN modules of Figs. 4-6.
FIGURE 8 illustrates a flowchart depicting one meth-
od of distributing wireless power.

DETAILED DESCRIPTION OF THE PREFERRED EM-
BODIMENT

[0007] In the following detailed description, reference
is made to the accompanying drawings, which form a
part of the present disclosure. The illustrative embodi-
ments described in the detailed description, drawings,
and claims are not meant to be limiting. Other embodi-
ments may be utilized, and other changes may be made,
without departing from the spirit or scope of the subject
matter presented here. It will be readily understood that
the aspects of the present disclosure, as generally de-
scribed herein, and illustrated in the Figures, can be ar-
ranged, substituted, combined, and designed in a wide
variety of different configurations, all of which are explic-
itly contemplated and form part of this disclosure.
[0008] Wireless power transfer may refer to transfer-
ring any form of energy associated with electric fields,
magnetic fields, electromagneticfields, or otherwise from
a transmitter to a receiver without the use of physical
electrical conductors (e.g., power may be transferred
through free space). The power output into a wireless
field (e.g., a magnetic field or an electromagnetic field)
may be received, captured by, or coupled by a "receive
antenna" to achieve power transfer.

[0009] An electric vehicle is used herein to describe a
remote system, an example of which is a vehicle that
includes, as part of its motion capabilities, electrical pow-
erderived from a chargeable energy storage device (e.g.,
one or more rechargeable electrochemical cells or other
type of battery). As non-limiting examples, some electric
vehicle may be hybrid electric vehicles that include be-
sides electric motors, a traditional combustion engine for
direct locomotion or to charge the vehicle’s battery. Other
electric vehicles may draw all locomotion ability from
electrical power. The electric vehicle is not limited to an
automobile and may include motorcycles, carts, scoot-
ers, and the like. By way of example and not limitation,
a remote system is described herein in the form of the
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electric vehicle (EV). Furthermore, other remote systems
that may be at least partially powered using a chargeable
energy storage device are also contemplated (e.g., elec-
tronic devices such as personal computing devices and
the like).

[0010] The terminology used herein is for the purpose
of describing particular embodiments only and is not in-
tended to be limiting of the disclosure. It will be under-
stood by those within the art that if a specific number of
a claim element is intended, such intent will be explicitly
recited in the claim, and in the absence of such recitation,
no such intent is present. For example, as used herein,
the singular forms "a", "an" and "the" are intended to in-
clude the plural forms as well, unless the context clearly
indicates otherwise. As used herein, the term "and/or"
includes any and all combinations of one or more of the
associated listed items. It will be further understood that
the terms "comprises," "comprising,"” "includes," and "in-
cluding," when used in this specification, specify the pres-
ence of stated features, integers, steps, operations, ele-
ments, and/or components, but do not preclude the pres-
ence or addition of one or more other features, integers,
steps, operations, elements, components, and/or groups
thereof. Expressions such as "at least one of," when pre-
ceding a list of elements, modify the entire list of elements
and do not modify the individual elements of the list.
[0011] FIG. 1isafunctionalblockdiagram ofawireless
power transfer system 100, in accordance with one ex-
ample implementation. An input power 102 may be pro-
vided to a transmitter 104 from a power source (not
shown in this figure) to generate a wireless (e.g., mag-
netic or electromagnetic) field 105 for performing energy
transfer. A receiver 108 may couple to the wireless field
105 and generate an output power 110 for storing or con-
sumption by a device (not shown in this figure) coupled
to the output power 110. Both the transmitter 104 and
the receiver 108 are separated by a distance 112.
[0012] Inoneexampleimplementation, the transmitter
104 and the receiver 108 are configured according to a
mutual resonant relationship. When the resonant fre-
quency of the receiver 108 and the resonant frequency
of the transmitter 104 are substantially the same or very
close, transmission losses between the transmitter 104
and the receiver 108 are minimal. As such, wireless pow-
er transfer may be provided over a larger distance in con-
trast to purely inductive solutions that may require large
antenna coils which are very close (e.g., sometimes with-
in millimeters). Resonant inductive coupling techniques
may thus allow for improved efficiency and power transfer
over various distances and with a variety of inductive coil
configurations.

[0013] The receiver 108 may receive power when the
receiver 108 is located in the wireless field 105 produced
by the transmitter 104. The wireless field 105 corre-
spondsto aregionwhere energy output by the transmitter
104 may be captured by the receiver 108. The wireless
field 105 may correspond to the "near-field" of the trans-
mitter 104 as will be further described below. The trans-
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mitter 104 may include a transmit antenna or coil 114 for
transmitting energy to the receiver 108. The receiver 108
may include a receive antenna or coil 118 for receiving
or capturing energy transmitted from the transmitter 104.
The near-field may correspond to a region in which there
are strong reactive fields resulting from the currents and
charges in the transmit coil 114 that minimally radiate
power away from the transmit coil 114. The near-field
may correspond to aregion that is within aboutone wave-
length (or a fraction thereof) of the transmit coil 114.
[0014] As described above, efficient energy transfer
may occur by coupling a large portion of the energy in
the wireless field 105 to the receive coil 118 rather than
propagating most of the energy in an electromagnetic
wave to the far field. When positioned within the wireless
field 105, a "coupling mode" may be developed between
the transmit coil 114 and the receive coil 118. The area
aroundthetransmitantenna 114 and thereceive antenna
118 where this coupling may occur is referred to herein
as a coupling-mode region.

[0015] FIG. 2is afunctional block diagram of awireless
power transfer system 200, in accordance with another
example implementation. The system 200 may be a wire-
less power transfer system of similar operation and func-
tionality as the system 100 of Fig. 1. However, the system
200 provides additional details regarding the compo-
nents of the wireless power transfer system 200 than Fig.
1. The system 200 includes a transmitter 204 and a re-
ceiver 208. The transmitter 204 may include a transmit
circuitry 206 that may include an oscillator 222, a driver
circuit 224, and a filter and matching circuit 226. The os-
cillator 222 may be configured to generate a signal at a
desired frequency that may be adjusted in response to
a frequency control signal 223. The oscillator 222 may
provide the oscillator signal to the driver circuit 224. The
driver circuit 224 may be configured to drive the transmit
antenna 214 at, for example, a resonant frequency of the
transmit antenna 214 based on an input voltage signal
(VD) 225. The driver circuit 224 may be a switching am-
plifier configured to receive a square wave from the os-
cillator 222 and output a sine wave. For example, the
driver circuit 224 may be a class E amplifier.

[0016] Thefilter and matching circuit 226 may filter out
harmonics or other unwanted frequencies and match the
impedance of the transmitter 204 to the transmit antenna
214. As a result of driving the transmit antenna 214, the
transmit antenna 214 may generate a wireless field 205
to wirelessly output power at a level sufficientfor charging
a battery 236 of the electric vehicle 605, for example.
[0017] Thereceiver 208 may include areceive circuitry
210 thatmay include a matching circuit 232 and a rectifier
circuit 234. The matching circuit 232 may match the im-
pedance of the receive circuitry 210 to the receive an-
tenna 218. The rectifier circuit 234 may generate a direct
current (DC) power output from an alternate current (AC)
power input to charge the battery 236, as shown in FIG.
2. The receiver 208 and the transmitter 204 may addi-
tionally communicate on a separate communication
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channel 219 (e.g., Bluetooth, Zigbee, cellular, etc.). The
receiver 208 and the transmitter 204 may alternatively
communicate via in-band signaling using characteristics
of the wireless field 205.

[0018] The receiver 208 may be configured to deter-
mine whether an amount of power transmitted by the
transmitter 204 and received by the receiver 208 is ap-
propriate for charging the battery 236.

[0019] FIG. 3 is a schematic diagram of a portion of
the transmit circuitry 206 or the receive circuitry 210 of
FIG. 2, in accordance with some example implementa-
tions. As illustrated in FIG. 3, a transmit or receive cir-
cuitry 350 may include an antenna 352. The antenna 352
may also be referred to or be configured as a "loop" an-
tenna 352. The antenna 352 may also bereferred to here-
in or be configured as a "magnetic" antenna or an induc-
tion coil. The term "antenna" generally refers to a com-
ponent that may wirelessly output or receive energy for
coupling to another "antenna." The antenna may also be
referred to as a coil of a type that is configured to wire-
lessly output or receive power. As used herein, the an-
tenna 352 is an example of a "power transfer component"
of a type that is configured to wirelessly output and/or
receive power.

[0020] The antenna 352 may include an air core or a
physical core such as a ferrite core (not shown in this
figure). Air core loop antennas may be more tolerable to
extraneous physical devices placed in the vicinity of the
core. Furthermore, an air core loop antenna 352 allows
the placement of other components within the core area.
In addition, an air core loop may more readily enable
placement of the receive antenna 218 (FIG. 2) within a
plane of the transmit antenna 214 (FIG. 2) where the
coupled-mode region of the transmit antenna 214 may
be more powerful.

[0021] As stated, efficient transfer of energy between
the transmitter 104 (transmitter 204 asreferencedin FIG.
2) and the receiver 108 (receiver 208 as referenced in
FIG. 2) may occur during matched or nearly matched
resonance between the transmitter 104 and the receiver
108. However, even when resonance between the trans-
mitter 104 and receiver 108 are not matched, energy may
be transferred, although the efficiency may be affected.
For example, the efficiency may be less when resonance
is not matched. Transfer of energy occurs by coupling
energy from the wireless field 105 (wireless field 205 as
referenced in FIG. 2) of the transmit coil 114 (transmit
coil 214 as referenced in FIG. 2) to the receive coil 118
(receive coil 218 as referenced in FIG. 2), residing in the
vicinity of the wireless field 105, rather than propagating
the energy from the transmit coil 114 into free space.
[0022] Theresonantfrequency of the loop or magnetic
antennas is based on the inductance and capacitance.
Inductance may be simply the inductance created by the
antenna 352, whereas, capacitance may be added to the
antenna’s inductance to create a resonant structure at a
desired resonant frequency. As a non-limiting example,
a capacitor 354 and a capacitor 356 may be added to
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the transmit or receive circuitry 350 to create a resonant
circuit that selects a signal 358 at a resonant frequency.
Accordingly, for larger diameter antennas, the size of ca-
pacitance needed to sustain resonance may decrease
as the diameter or inductance of the loop increases.
[0023] Furthermore, as the diameter of the antenna
increases, the efficient energy transfer area of the near-
field may increase. Other resonant circuits formed using
other components are also possible. As another non-lim-
iting example, a capacitor may be placed in parallel be-
tween the two terminals of the circuitry 350. For transmit
antennas, the signal 358, with a frequency that substan-
tially corresponds to the resonant frequency of the an-
tenna 352, may be an input to the antenna 352.

[0024] InFIG. 1, the transmitter 104 may output a time
varying magnetic (or electromagnetic) field with a fre-
quency corresponding to the resonant frequency of the
transmit coil 114. When the receiver 108 is within the
wireless field 105, the time varying magnetic (or electro-
magnetic) field may induce a current in the receive coil
118. As described above, if the receive coil 118 is con-
figured to resonate at the frequency of the transmit coil
114, energy may be efficiently transferred. The AC signal
induced in the receive coil 118 may be rectified as de-
scribed above to produce a DC signal that may be pro-
vided to charge or to power a load.

[0025] Many current wireless vehicle charging sys-
tems require the electric vehicle being charged to be sta-
tionary, i.e., stopped near or above the wireless charging
system such that the electric vehicle maintains presence
within the wireless field generated by the wireless charg-
ing system for transferring charge. Thus, while the elec-
tric vehicle is being charged by such a wireless charging
system, the electric vehicle may not be used for trans-
portation. Dynamic wireless charging systems that are
capable of transferring power across free space may
overcome some of the deficiencies of stationary wireless
charging stations.

[0026] On aroadway with a dynamic wireless charging
system comprising a plurality of the base pads placed
linearly along a path of travel, the electric vehicle may
travel near the plurality of the base pads while traveling
on the road. Should the electric vehicle desire to charge
its batteries or source energy to power the electric vehicle
while traveling, in order to extend its range or reduce the
need to charge later, the electric vehicle may request the
dynamic wireless charging system activate the base
pads along the electric vehicle’s path of travel. Such dy-
namic charging may also serve to reduce or eliminate
the need for auxiliary or supplemental motor systems in
addition to the electric locomotion system of the electric
vehicle (e.g., a secondary gasoline engine of the hy-
brid/electricvehicle). As such, dynamicwireless charging
systems and methods that efficiently and effectively ac-
tivate the base pads along a path of travel of the electric
vehicle are needed.

[0027] FIGURE 4 illustrates a schematic view of an
electric vehicle 405 with at least one vehicle pad 406
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traveling along a roadway 410 where various compo-
nents of a paralleled distribution network of a dynamic
wireless charging system 400 for providing wireless pow-
er to electric vehicles 405 are installed beneath or beside
the roadway 410. The roadway 410 is shown as extend-
ing from the left side of the page to the right side of the
page, with the electric vehicle 405 traveling along the
roadway 410 from left to right in the direction of travel.
The electric vehicle 405 may comprise one or more ve-
hicle pads 406. As depicted in Fig. 4, the electric vehicle
405 is passing above base pads 415a-415r as installed
in the roadway 410 in the direction of travel. In an alter-
nate embodiment, the base pads 415 may be installed
on top of the surface of the roadway 410, beside the
roadway 410, or flush with the surface of the roadway
410, orinany embodimentwhich would allow the wireless
transfer of energy to electric vehicles 405 traveling along
the roadway 410.

[0028] The base pads 415a-415r may emit a wireless
field (not shown in this figure) when activated and wire-
lessly transfer power to the electric vehicle 405 via at
least one vehicle pad 406. As depicted, directly below
the base pads 415a-415r are switches 420a-420r, to
which the base pads 415a-415r may be electrically con-
nected. Each of the switches 420a-420r may be further
connected to local controllers 425a-425f via distribution
circuits 421a-421f. The local controllers 425a-425f may
also be connected to a power supply/inverter 435 via a
backbone 430. The distribution controller 445 may also
be connected to the power supply/inverter 435. The pow-
er supply/inverter 435 may be further connected to power
source 440. As depicted, groups of base pads 415,
switches 420, and local controllers 425 may be compo-
nents of Base Array Network (BAN) modules 450a-450c.
As shown, the respective components of the BAN mod-
ules 450 are shaded to indicate respective common cur-
rent paths (a detailed discussion of the BAN modules
450 is provided above in reference to Figs. 5a and 5b).
[0029] A base pad 415 may comprise a coil capable
of generating a wireless field (not shown here) for trans-
ferring power wirelessly. As used herein, charging pad
and base pad may refer to the same components. In
some embodiments, the base pad 415 may comprise an
apparatus that is configured to generate the wireless field
for transferring wireless power; the apparatus may com-
prise one or more inductive coils or other devices capable
of generating the wireless field. In some other embodi-
ments, the base pad 415 may refer to the individual in-
ductive coils or similar devices capable of generating the
wireless field for wireless power distribution. Any struc-
ture capable of generating the wireless field to transfer
power wirelessly may function as the base pad 415 in
the system described herein. Similarly, avehicle pad 406,
as will be discussed below, may similarly describe an
apparatus comprising at leastone inductive coil or similar
device or may indicate the inductive coil or similar device
directly.

[0030] As the electric vehicle 405 and vehicle pad 406
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travel through the dynamic wireless charging system 400
and above individual base pads 415a-415r, distribution
controller 445 may communicate with the electric vehicle
405, the power supply/inverter 435, and the local con-
trollers 425a-425f. Dependent upon the position of the
electric vehicle 406 in relation to the dynamic wireless
charging system 400, the distribution controller 445 may
instruct the power supply/inverter 435 to generate a cur-
rent and distribute it to the backbone 430. The backbone
430 may serve to supply all connected local controllers
425a-425f with current which may be further distributed
to the base pads 415a-415r to wirelessly transfer power
to an electric vehicle 405.

[0031] Thelocal controllers 425a-425f may control the
current from the backbone 430 or may regulate the cur-
rent from the backbone 430. In some embodiments, the
local controllers 425 in each BAN module 450 may com-
prise individual control units capable of independent con-
trol from each other. In some other embodiments, the
local controllers 425 may in each BAN module 450 may
comprise a single, shared control unit or processor that
controls both of the local controllers 425 while each local
controller maintains independent power distribution com-
ponents and power inputs from the backbone 435 and
the ability to operate and function independently from the
operation of the other local controller 425 though sharing
a single processor. The controlled or generated current
may be distributed by the local controllers 425a-425f to
each connected base pad 415a-415r. The distribution
circuits 421a-421f may identify the electrical structure
through which the current from the local controllers 425a-
425f is distributed to the base pads 415a-415r. The
switches 420a-420r function to connect each base pad
415a-415r may allow the current supplied by the local
controller 425a-425f to reach the connected base pad
415a-415r. The base pads415a-415r may generate wire-
less fields when receiving current through a switch 420a-
420r from the local controller 425a-425f and may couple
to a vehicle pad 406 to wirelessly transfer power to the
electric vehicle 405.

[0032] During operation, the electric vehicle 405 may
travel along the roadway 410 with its vehicle pad 406
positioned and configured to receive powerfrom the base
pads 415. Each of the base pads 415a-415r may gener-
ate awireless field. The base pads 415a-415rmay couple
with vehicle pads 406 passing through the wireless field
generated by the base pad 415 and may wirelessly trans-
fer power from the base pads 415 to the vehicle pad 406,
where the wireless power may be used by the systems
of the electric vehicle 405. In an embodiment, the vehicle
pad 406 may comprise one or more vehicle pads 406
positioned at one or more locations along the electric
vehicle 405. In an embodiment, the positions of the ve-
hicle pads 406 on the electric vehicle 406 may be deter-
mined by the positioning of the base pads 415 in relation
to the roadway 410 and the electric vehicle 405 path of
travel. In some embodiments, the vehicle pads 406 may
comprise at least one of a polarized coupling system
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(e.g., a double-D coil) and a quadrature coil. In another
embodiment, the vehicle pads 406 may comprise com-
bined double-D quadrature coils. In some other embod-
iments, the vehicle pads 406 may comprise coils of an-
other type. In some other embodiments, the vehicle pads
406 may comprise one of circular coils and solenoidal
coils, or a combination of any of the above mentioned
coils.

[0033] The electric vehicle 405 or its operator may de-
termine that utilizing the dynamic wireless charging sys-
tem 400 is beneficial. In some embodiments, utilizing the
dynamic wireless charging system 400 may require pre-
liminary communications between the electric vehicle
405 and the charging system 400. These initial commu-
nications may involve the distribution controller 445.
These communications may initiate the charging proce-
dure for both the electric vehicle 405 and the dynamic
wireless charging system 400 and verify the electric ve-
hicle 405 may use the dynamic wireless charging system
400. Additionally, the preliminary communications may
involve activating the vehicle pad 406 of the electric ve-
hicle 405 and indicating to the electric vehicle 405 or its
operator the proper alignment of the path of travel of the
electric vehicle 405 so it may travel above the base pads
415a-415r. In an alternate embodiment, the distribution
controller 445 may not be involved with the initial com-
munications and may instead only be involved with com-
municating with the electric vehicle 405 to determine the
electric vehicle 405 position within the dynamic wireless
charging system 400 as it travels above the base pads
415a-415r.

[0034] While passing through the wireless fields gen-
erated by the base pads 415, the vehicle pad 406 may
be selectively connected to a charging circuit configured
to charge an energy storage device (not shown in this
figure) using power received by the vehicle pad 406 or
directly to the electric vehicle 405 to selectively power
the electronics of the electric vehicle 405 and provide
power for locomotion. These selections may be made by
the operator of the electric vehicle 405, by the electric
vehicle 405, or by the dynamic wireless charging system
400. Thus, the wireless power received by the vehicle
pad 406 may enable the electric vehicle 405 to extend
its range and reduce its need for a subsequent charging
cycle. The level of the coupling between the base pads
415 and the vehicle pad 406 may impact the amount of
power transferred or the efficiency with which the power
is transferred to the electric vehicle 405 via the wireless
field.

[0035] The distribution controller 445 may communi-
cate with the power supply/inverter 435 and the local con-
trollers 425a-425f to provide communications and con-
trol. In another embodiment, the distribution controller
445 may also be communicated with to the electric ve-
hicle 405. In some embodiments, the communications
and control connection between the distribution control-
ler 445, the local controllers 425, the power supply/in-
verter 435, and electricvehicle 405 may be wireless, such
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that the distribution controller 425 and the electric vehicle
405 need not be physically connected, or wired. In some
additional embodiments, the distribution controller 445
may be integrated into the local controllers 425 or any of
the power generating devices (power supply/inverter 435
and power source 440). The distribution controller 445
may function to coordinate the activation and deactiva-
tion of base pads 415 and may coordinate any commu-
nications or actions between multiple BAN modules 450.
The coordination from the distribution controller 445,
combined with the more localized current distribution with
the local controllers 425 regulating the current flow to
specific base pads 415 helps create a more efficient and
more responsive dynamic wireless charging system 400,
as the current is already on a path to the base pads 415,
simply needing a signal from the local controller 425
and/or the distribution controller 445 to have the switch
420 couple the base pad 415 to the current and activate
it. Distribution controller 445 may operate to control the
activation of individual base pads 415 as an electric ve-
hicle 405 travels along the roadway 410 using dynamic
wireless charging system 400. The distribution controller
445 may provide controls to the power source 440 and
power supply/inverter 435 based upon the demand of
the base pads 415 and the need to provide a transfer of
power at a given moment. In another embodiment, the
distribution controller 445 may simply coordinate com-
munications between BAN modules 450 or local control-
lers 425, while the local controllers 425 control the base
pad 415 sequencing. In some other embodiment, the dis-
tribution controller 445 may activate the BAN module
450, but leave the timing of base pad 415 activations to
the local controller 425. Alternatively, the distribution con-
troller 445 may communicate only non-critical informa-
tion to the local controllers 425 and not provide base pad
415 activation information.

[0036] After activating the power supply/inverter 435,
the distribution controller 445 may obtain information re-
garding the vector or path of the electric vehicle 405 and
the speed of the electric vehicle 405. The distribution
controller 445 may obtain this information from the elec-
tric vehicle 405 itself or from various sensors or load anal-
ysis of the base pads 415. In relation to the location of
the electric vehicle 405 and the vehicle pad 406, the dis-
tribution controller 445 may send signals to the local con-
trollers 425 in the vicinity of the electric vehicle 405 to
activate specific base pads 415 dependent upon the lo-
cation of the electric vehicle 405 at a moment in time.
For example, as indicated by the moment captured in
Fig. 4, the distribution controller 445 may be communi-
cating with the electric vehicle 405 to determine the po-
sition of the vehicle pad 406 in relation to the dynamic
wireless charging system 400, local controllers 425c and
425d to command them to activate base pads 415j and
415k to wirelessly transfer power to the vehicle pad 406.
[0037] As the electric vehicle 405 continues to travel
down the roadway 410 towards the right side of the page,
the distribution controller 445 will continue to communi-
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cate with the electric vehicle 405 and successively send
commands to local controllers 425¢-425f so as to activate
base pads 4151-415r at the appropriate times according
to when the electric vehicle 405 is above the respective
base pad 415. In an alternate embodiment, distribution
controller 445 may communicate with local controllers
425 down the roadway 410 to coordinate power transfers
to the electric vehicle 405. As another alternative, each
of the BAN modules 450 may sense the presence of the
electric vehicle 405 and autonomously and selectively
activate one of the base pads 425 based on a detected
presence of the electric vehicle 405. In another embod-
iment, the BAN modules 450 may receive a signal from
a neighboring BAN module 450. This signal may com-
prise information regarding the electric vehicle 405
speed, position, and direction, or may comprise a sighal
to activate. The received signal may come directly from
the neighboring BAN module 450 or via the distributed
controller 445.

[0038] The powersource 440 and power supply/invert-
er 435, as discussed above, may provide the power used
by the dynamic wireless charging system 400. As shown,
the power source 440 and the power supply/inverter 435
may be located off the roadway 410 and a distance away
from a path of travel. This location may help eliminate
the need to run high voltage power lines supplying alter-
nating current (AC) power along the length of a roadway
410 itself which may provide a safety challenges and
make installation and maintenance of the roadway 410
and dynamic wireless charging system 400 dangerous.
Additionally, placing the power source 440 and the power
supply/inverter 435 in a single location off the roadway
410 itself may help reduce the cost of the dynamic wire-
less charging system 400 by allowing a single power
source 440 and power supply/inverter 435 to be used
with multiple BAN modules 450 and the base pads 415
contained therein. As such, current generated from the
power source 440 and power supply/inverter 435 may
be distributed amongst various base pads 415 over a
greater distance, which may reduce the number of power
sources 440 and power supply/inverters 435 required for
adynamic wireless charging system 400 serving a large
expanse of roadway 410. The power source 440 and the
power supply/inverter 435 may be installed in a manner
that is easy to maintain, service, or replace, e.g., located
in a rack or installed in an accessible housing. Such an
installation may ensure that the highly complex compo-
nents of the dynamic wireless charging system 400 may
be more easily accessed than the lower complexity com-
ponents that are installed in the roadway 410. In some
embodiments, the distributed controller 445 may be in-
stalled within the enclosure with the power source 440
and the power supply/inverter 435.

[0039] The powersource 440 and the power supply/in-
verter 435 may be sized to provide sufficient current to
alarge number of base pads 415. For example only, the
power source 440 and the power supply/inverter 435 may
be sized at 25 or 50 kW. In another embodiment, the
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power source 440 and the power supply/inverter 435 may
be of a size greater than 50 kW. The size of the power
source 440 and the power supply/inverter 435 may be
determined by the number of base pads 415, the number
or type of electric vehicle 405 to be charged, and/or the
number of local controllers 425 being supplied by the
power source 440 and power supply/inverter 435. A 25
kW power supply/inverter may be sufficient to provide a
wireless charge to between one and three electric vehi-
cles 405 concurrently. A larger number of local controllers
425 being supplied by the power source 440 and power
supply/inverter 435 may require these components be of
size greater than 50 kW. In an embodiment, the power
source 440 and power supply/inverter 435 may produce
the 85 kHz current that may be required by the base pads
415 to produce wireless fields capable of transferring en-
ergy. In an alternate embodiment, a current of a higher
or lower kHz value may be generated dependent on the
base pads 415 being utilized to transfer wireless power.
[0040] The backbone 430 may connect the power
source 440 and power supply/inverter 435 to local con-
trollers 425 that receive a current from the power sup-
ply/inverter 435 an the power source 440. The backbone
430 may be of any length such that the current supplied
to the local controllers 425 may not be deteriorated or
degraded due to interference or distance of transmission
so as to make the current unusable by the local control-
lers 425, switches 420, or base pads 415 or such that
the current supplied to the base pads 415 may not create
difficulty for generating wireless fields with the current,
for example, if the required voltage becomes too high.
The backbone 430 may be a loop conductor that distrib-
utes the high frequency (HF) power and may be capable
of synchronizing base pads that are near each other to
a single phase. The backbone 430 may be considered a
phase reference that also distributes the power. Accord-
ingly, the backbone 430 may be used for phase meas-
urements or for keeping associated components (e.g.,
local controllers 425) in phase alignment. Additionally,
the backbone 430 may have a constant magnitude, which
may provide for the measuring of real power draw, etc.,
of associated components. In an embodiment, the back-
bone 430 may be constructed in a manner such that the
local controllers 425 and any other devices sourcing pow-
er from the backbone 430 by coupling with the backbone
430 wirelessly. This wireless coupling may be similar to
the coupling seenin transformers or in wireless charging.
This wireless manner of coupling to source power may
enhance the safety, reliability, and durability of the power
transfer between the backbone 430 and the local con-
trollers and other devices sourcing power from the back-
bone 430. Another benefit of a wireless connection be-
tween the backbone 430 and the local controllers 425
may be the ability to locate the local controllers 425 an-
ywhere along the backbone 430 or easily move the local
controllers 425 without requiring any physical modifica-
tions to either component. In another embodiment, the
backbone 430 may be constructed such that local con-
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trollers 425 and any other devices sourcing power from
the backbone 430 physically connect to the backbone
430 via an electrical connection.

[0041] The local controllers 425a-425f receive a cur-
rent from the backbone 430 and distribute this current to
the base pads 415a-415r to which the local controllers
425a-425r are electrically connected via distribution cir-
cuits 421a-421f and switches 420a-420r. In some em-
bodiments, the local controllers 425a-425f may function
as an on/off control point or switch to allow current to flow
from the backbone 430 to the respective distribution cir-
cuit 421a-421f. In another embodiment, the local control-
ler 425a-425f may perform more regulatory control Ad-
ditionally, the local controller 425 may produce a variable
output current from the backbone 430 current. For ex-
ample, the local controller may produce any amount of
output current between zero and the maximum current
available at the backbone 430 to feed to the base pads
415, e.g., the local controller may produce anywhere be-
tween 0% and 100% of the coupled voltage or current
from the backbone 430 to feed to the base pads 415. In
some other embodiment, the local controller 425a-425f
may each comprise a tuning circuit or network to tune
the current flowing to the base pad 415 currently activat-
ed. In an embodiment, the tuning circuit or network may
be configured to function with only one base pad 415
being activated. In another embodiment, the tuning circuit
or network may be configured to function with multiple
base pads 415 being activated. An alternate embodiment
may provide that the tuning circuit or network may be
configured to function with a single base pad 415 or with
multiple base pads 415 being activated and receiving a
current from the local controller 425.

[0042] When the local controllers 425a-425f receive a
signal from the distribution controller 445 to activate a
specific base pad 415, the respective local controller 425
that is connected to the base pad 415 to be activated
may generate a signal to the switch 420 that is between
the base pad 415 to be activated and the local controller
425. For example, at the moment depicted in Fig. 4, local
controller 425¢ may receive a signal from the distribution
controller 445 to activate base pad 415i. In one embod-
iment, in response, the local controller 425¢c may be con-
figured to generate a signal to the switch 420i to instruct
the switch 420i to connect base pad 415i to the distribu-
tion circuit 421c. In another embodiment, the local con-
troller 425 may send the received signal on to the switch
420. In some other embodiment, distribution controller
445 may communicate directly with the switch 420 and
the local controller 425. At the same time, local controller
425d may be receiving a signal from the distribution con-
troller 445, which may cause the local controller 425d to
generate a signal to the switch 420j to instruct the switch
420j to connect base pad 415j to the distribution circuit
421d. As the vehicle 405 continues in the direction of
travel, local controller 425d-425f may receive commands
from the distribution controller 445 to activate specific
base pads 415k-415r. In response to the commands, the
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specific local controller 425 that distributes power to the
indicated base pad 415 may instruct the switch 415 cor-
responding to the base pad 415 to connect the base pad
415 to the respective distribution circuit 421d-f. The local
controllers 425a-425f may further control the currentfrom
the backbone 430 or may regulate the current from the
backbone 430.

[0043] The switches 420a-420r may control the flow of
current from the distribution circuits 421a-421f and the
local controllers 425a-425f to the respective base pads
415a-415r connected downstream of the switches 420a-
420r. Switches 420a-420r may comprise a device or cir-
cuitry that allows current from the local controller 425 to
pass to the respective base pad 415a-415r to which the
switch 420 is connected. In an embodiment, the switch
420 operates in response to a signal from the local con-
trollers 425. This embodiment may provide for a lower
cost system where the local controller 425 may be less
complex and need not control its power distribution di-
rectly. In another embodiment, the local controller 425
may selectively distribute the current received from the
backbone 430 to a specific switch 420 and base pad 415
instead of distributing it blindly to the entire distribution
circuit 421. In another embodiment, the switch may pass
current to the connected base pad 415 in response to a
signal from the distribution controller 445. In some em-
bodiments, the switch 420 may pass current to the base
pad 415 by default withoutreceiving a signal from another
device. In an embodiment, when the local controller 425
draws current from the backbone 430 to distribute it to
one of the connected base pads 415, the local controller
425 may distribute the current to the entire distribution
circuit 421. In that embodiment, switches 420 may be
used to couple specific base pads 415 to the current of
the distribution circuit 421 based upon the signal or the
default condition. Inanother embodiment, the distribution
circuits 421 may comprise the wiring or other circuitry
necessary to connect individual switches 420 to the local
controllers 425 based on what base pads 415 are to re-
ceive current. In some embodiments, the switches 420a-
420r may be incorporated into the base pads 415a-415r
or into the local controllers 425a-425f, or into the distri-
bution circuits 421a-421f.

[0044] The base pads 415a-415r may be connected
directly to respective switches 420a-420r and may be
located directly below the roadway 410 such that they
may be capable of providing wireless power to electric
vehicles 405 passing along the roadway 410 above. The
base pads 415a-415r of Fig. 4 may be depicted as being
adjacent to each other. In another embodiment, the base
pads 415a-415r may be installed in an overlapping man-
ner (as referenced in Fig. 7). In some other embodiment,
the base pads 415 may be installed in a manner where
some base pads 415 overlap with other base pads 415
while some base pads 415 may be adjacent to without
overlapping other base pads 415.

[0045] As depicted, the base pads 415 from consecu-
tive local controllers 425 may be interleaved or interlaced

10

15

20

25

30

35

40

45

50

55

such that a single local controller 425 never provides
power to consecutive base pads 415. Thus, the base
pads 415 from a first local controller 425 may be proxi-
mally interleaved or interlaced with the base pads 415
controlled by a second local controller 425 when the two
local controllers 425 are within the same base array net-
work 450, as will be described in more detail below. The
interleaving of the base pads 415 means that alternating
base pads 415 are powered by different local controllers
425, and one local controller never needs to power two
base pads 415. Providing a plurality of local controllers
425 that may feed multiple base pads 425 may provide
for a more cost effective system where the local control-
lers 425 may be utilized in a more efficient manner as
they will be in use while supplying currentto multiple base
pads 425. Additionally, preventing a single local control-
ler 425 from providing current to consecutive base pads
415 helps reduce the power rating requirements of the
all the components between the backbone 430 and the
base pads 415, as each component therein need only
be capable of handling the current load of a single base
pad 415. In a non-parallel and non-interleaved distribu-
tion system, any device that may feed current to more
than a single base pad 415 may need to be rated at the
higher current required to feed two or more base pads
415 concurrently, as may be necessary to provide
smooth power transfers across multiple base pads 415.
[0046] FIGURE 5a illustrates a schematic view of the
base array network (BAN) modules 450 and the compo-
nents comprising the BAN module 450. Fig. 5a depicts
BAN module 450 as a modular device comprising a plu-
rality of base pads 415a-415f, a plurality of switches
420a-420f, and a plurality of local controller 425a and
425b within a modular enclosure (not shown in this fig-
ure). As depicted, local controller 425a may be connected
to distribution circuit 421a, which is connected to switch-
es 420a, 420c, and 420e, which lead to base pads 42543,
425¢, and 425e. Similarly, local controller 425b may be
connected to distribution circuit 421b, switches 420b,
420d, and 420f, and base pads 425b, 425d, and 425f, in
that order. As shown, the respective components of the
BAN modules 450 are shaded to indicate the common
power distribution paths. The base pads 415 are laid out
in a manner such that base pads 415 from different local
controllers 425 alternate in their layoutin the BAN module
450. For example, base pads 415a, 415c, and 415e that
may be connected to local controller 425a via switches
420a, 420c, and 420e, respectively, may be installed
within the BAN module 450 in an interleaved manner with
base pads 415b, 415d, and 415f that may be connected
to local controller 425b via switches 420b, 420d, and
420f, respectively. Therefore, the pattern of installed
base pads 415 in order of electric vehicle 405 travel may
be 415a, 415b, 415¢, 415d, 415e, and 415f.

[0047] The BAN module 450 asdepictedin Fig. 5a may
be roughly two meters long. Each of the local controllers
425a and 425b may function to distribute current to a
subset of the base pads 415a-415f via distribution circuits
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421a and 421b and switches 420a-420f. The local con-
trollers 425a and 425b may be connected to a distribution
circuit421aand 421b, respectively. Thus, each local con-
troller 425 may distribute received current via a respec-
tive distribution circuit 421. Accordingly, distribution cir-
cuit 421a may connect local controller 425a to three or
more base pads 415a, 415¢, and 415e via three or more
switches 420a, 420c, and 420e, while distribution circuit
421b may connect local controller 425b to three or more
base pads 415b, 415d, and 415f, via three or more
switches 415b, 415d, and 415f. These connections may
allow the local controllers 425 to distribute a current re-
ceived from the backbone 430 to each of the switches
420. These connections also may allow the local control-
ler 425 to distribute a control signal received from the
distribution controller 445 to a destination device.
[0048] The switches 420a-420f may function to selec-
tively couple the base pads 415a-415f, respectively, to
the respective distribution circuit 421. The selective cou-
pling may be in response to a signal received from one
of local controllers 425a or 425b or from the distributed
controller 445. When coupled, the base pad 415 may be
capable of receiving a current from the local controller
425 via distribution circuit 421. In an embodiment, the
local controllers 425a-425f may control a current flow to
the base pads 415a-415r and may control the direction
of the current flow through the base pads 415a-415r. In
an alternate embodiment, the switches 420a-420r, the
distribution circuit421, or the base pads 415a-415r them-
selves may control the direction of the current flow
through the base pads 415a-415r. The control of the cur-
rent flow direction through the base pad 415 may provide
for minimizing mutual coupling and cross coupling be-
tween concurrently activated base pads 415 and adja-
cent base pads 415. The controlling of the current by the
distribution circuits 421, local controllers 425 or the
switches 420 discussed above may comprise at least
one of controlling the magnitude of the current or the
phase of the current being sent to the base pads 415.
Such controlling by the distribution circuits 421, the local
controllers 425, or the switches 420 may provide for the
manipulation of the wireless fields generated by the base
pads415. Insome embodiments, the phase of the current
flow through the connected base pad 415 may be limited
to one of zero or 180 degrees. In some other embodi-
ments, the phase of the current flow may be any value
between zero and 360 degrees. In operation, the BAN
450 of Fig. 5a may operate as a sub-tree network of the
dynamicwireless charging system 400. The BAN module
450 may function as a self-contained unit where its inter-
nal components may be coordinated and preassembled
and connected such that the BAN module 450 is de-
signed to distribute and control the current distribution
over a limited distance. As depicted, internally there are
two local controllers, 425a and 425b, two distribution cir-
cuits 421aand 421b, switches 420a-420f, and base pads
415a-415f.

[0049] The local controllers 425 may receive a power
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and control from a power source 440, inverter 435, or
distributed controller 445 outside the BAN module 450.
The local controllers 425a and 425b may function to se-
lectively and controllably distribute that power and control
to one or more of the internal components of the BAN
module 450, such as distribution circuit 421a, switches
420a, 420c, and 420e, and subsequently base pads
415a, 415c, and 415e, as to efficiently and effectively
charge the electric vehicle 405 via vehicle pads 406. For
example, local controller 425a may receive a currentfrom
a backbone 430 and a distribution signal from a distribu-
tion controller 445. The distribution signal may represent
asignal indicating which components to activate at a giv-
en moment in order to function appropriately in the dy-
namic wireless charging system 400 as an electric vehi-
cle is traveling through the system.

[0050] In some embodiments, the local controllers
425a and 425b may not receive a distribution signal, and
instead may receive a current only when they are to dis-
tribute the current to a downstream component. In some
other embodiments, the local controllers 425a and 425b
may not receive a current but rather be configured to
generate a current from an input power in response to a
distribution signal or in response to an input power being
provided. In some other embodiments, the local control-
lers 425 may be a combination of a power supply/inverter
435 and currentdistribution equipment, and may be con-
figured to provide power to a base pad 415 upon its own
determination of when to activate base pads 415 (e.g.,
using load monitoring or direct communications with the
electric vehicle 405). In an additional embodiment, the
local controller 425 may be configured to provide power
to the base pads 415 in response to a signal from the
electric vehicle 405. The signal from the electric vehicle
405 may comprise a direct communication from the elec-
tric vehicle 405 to the local controller 425 via wireless
communications (e.g., Bluetooth, Wi-Fi, etc.). In another
embodiment, the local controller 425 may be configured
to provide power to the base pads 415 in response to a
load monitoring communication or signal, wherein the
base pads 415 may determine the existence or position
of the electric vehicle 405 based on one of an induced
voltage or current signal from the vehicle pad 406. In
some other embodiments, the local controller 425 may
receive a signal to provide power to the base pads 415
that may be generated by a component of the previous
BAN module 450 (e.g., base pad 415 or local controller
425 of a previous BAN module 450) thatis communicated
to the current local controller 425. This communication
may be via any wired or wireless communication method.
This communication may comprise information informing
the current local controller 425 when to start providing
power or may comprise information regarding the electric
vehicle 405 position, speed, and/or direction. These com-
munications may be direct between local controllers 425
of the same or different BAN modules 450, or may be
directed through the distribution controller 445 and then
to other local controllers 425. For example, in one em-
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bodiment, a local controller 425a within BAN module
450a may communicate to local controller 425b within
BAN module 450a or local controller 425¢ within BAN
module 450b to start charging. In another embodiment,
the same local controller 425a may communicate to local
controller 425b or local controller 425¢ information re-
garding the electric vehicle 405 speed, position, or direc-
tion. In some other embodiments, the local controller 425
of the BAN module 450 may detect a voltage or current
signalinduced from the vehicle pad 406 from a previously
enabled BAN module and not rely upon communications
between local controllers. In such embodiments, the BAN
module may receive the induced voltage or current sig-
nals directly from the base pads 415 of the previous BAN
module. In some additional embodiments, the local con-
troller 425 of the BAN module 450 may detectaninduced
voltage or current signal from a previously enabled BAN
block.

[0051] In an embodiment, local controllers 425a and
425b may distribute a received current and/or communi-
cation to the respective distribution circuit421a and 421b
in their entirety in response to a signal from a distribution
controller 445, In another embodiment, the local control-
lers 425 may distribute the current and communications
to a specific switch via distribution circuit 421 wherein
the local controller 425 may have the ability to control the
power distribution directly. In some other embodiments,
the local controllers 425 may distribute the received cur-
rent by default without need of the signal from the distri-
bution controller 445. In some embodiments, the local
controllers 425 within a BAN module 450 may be config-
ured to communicate with each other, while other em-
bodiments may prohibit such interactions and keep the
local controllers 425 insulated from each other. The local
controllers 425 may provide fast base pad 415 sequenc-
ing where the current required for a base pad 415 to
generate a wireless field is essentially awaiting only a
signal instructing to couple the base pad 415 to the dis-
tribution circuit 421 and the current waiting therein, thus
eliminating any transfer times or intermediate control
times that may occur during bilateral communication.
[0052] The distribution circuit 421a may then, as dis-
cussed in more detail with reference to Fig. 4 above, con-
vey the current to all the switches 420 to which it is con-
nected, e.g., switches 420a, 420c, and 420e. In some
embodiments, the distribution circuit 421a itself may not
comprise any internal controls or may be unable to direct
the current in anything but a predetermined path or base
pad activation sequence. In another embodiment, the
distribution circuit 421a may comprise controls and com-
ponents to allow it to selectively distribute the current
along a dynamic path that the distribution circuit 421a
may control.

[0053] The switches 420a, 420c, and 420e may dis-
tribute received currentto the respective base pads 415a,
415c, and 415e. The switches 420 may respond to a
signal from the local controller 425 of distribution control-
ler 445 to activate the base pad 415 to which the switch
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420 is connected. In some embodiments, each switch
420a-420f may have a current connection with their re-
spective local controller 425 through the respective dis-
tribution circuit 421 and a separate communication or
control connection with their respective local controller
425. In some other embodiment, both the power wiring
and the communication or control connection may inte-
grated into the distribution circuits 421aand 421b to sim-
plify wiring in the BAN module 450. In another embodi-
ment, the signaling between the local controllers 425 and
switches 420 may be such that there is only a single
circuit between the local controllers 425 and switches
420. In some embodiments, the switches 420 may func-
tion to disconnect a base pad 415 from the distribution
circuit 421 so the base pad 415 not in use does not affect
the tuning or the current power path. In some embodi-
ments, the switch 420 may function to disconnect the
base pad 415 into a sensor capable of reflected load
monitoring.

[0054] Asdiscussed briefly above, any of the local con-
troller 425, distribution circuit 421, switch 420, and base
pad 415 may be configured to selectively control the di-
rection of current flow through the base pad 415. This
may be performed by reversing connection or more com-
plicated circuitry or conversion processes.

[0055] In use, modular device BAN module 450 may
be a self-contained component that may be installed into
adynamic wireless charging system 400. The BAN mod-
ule 450 and the dynamic wireless charging system 400
may be designed such that the BAN module 450 may be
installed and/or removed with minimal cost and difficulty.
For example, in a simplistic dynamic wireless charging
system 400, the BAN module 450 may be a "drop in"
module configured to wirelessly connect with all external
components (e.g., backbone 430, distribution controller
445, and electric vehicle 405). Maintaining wireless con-
nections with all external components may simplify in-
stallation or removal and may reduce installation and
maintenance costs where physical connections may be
minimized. In some other embodiment, the BAN module
450 may comprise individual connections for each input
required or expected. For example, in one embodiment,
the BAN module 450 may comprise a power connection
toreceive input currentfor each local controller 425 there-
in and a communication signal for each local controller
425 to receive a communication from the distribution con-
troller 445 and/or electric vehicle.

[0056] Additionally, the internal, parallel distribution
structure of a BAN module 450 provides distinct features
in operation of the dynamic wireless charging system
400. Inan embodimentwhere no local controller 425 may
provide power to more than one base pad 415 concur-
rently, the components of the power distribution path be-
tween the base pad 415 and the backbone may be sized
only to accommodate a single base pad 415 demands.
Thus, the components used in that power distribution
path need only be rated for the single load, helping reduce
the costs. Additionally, the interleaved layout of the base
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pads 415 may help provide smoother transitions between
base pads 425 where separate local controllers 425 may
be responsible for providing the power to the adjacent
(or overlapping) base pads 415. An interleaved layout of
base pads 415 may also provide for better component
usage. Without parallel power paths, each local controller
425 may provide power to a single base pad 415. In a
parallel structure, a single local controller 425 may not
provide power to multiple base pads 415. Thus, the local
controller 425 may sustain additional use over local con-
trollers 425 in non-paralleled systems, further increasing
the value and benefit of a paralleled distribution.

[0057] FIGURE 5b shows an example of an embodi-
ment of the BAN module 450 module as contained within
a modular enclosure. Fig. 4b may show the BAN module
as a complete and integrated unit. As shown, the BAN
module 450 may comprise a rectangular enclosure 505
containing therein the components of Fig. 5a, including
the base pads 415a-415f, the switches 420a-420f (not
shown in this figure), the distribution circuits 421a and
421b (not shown in this figure), and the local controllers
425a and 425 (not shown in this figure). The enclosure
may be of concrete or any other material such that the
components therein may remain protected from environ-
mental elements and improper interference, either phys-
ical or electrical. However, the enclosure material may
not be affected significantly by the magnetic fields pro-
duced by the base pads 415, nor may the material sig-
nificantly affect the magnetic fields produced by the base
pads 415. Additionally, the material may maintain the in-
tegrity of the components and connections within the
BAN module 450. As shown, the six base pads 415a-
415f may be visible along the top surface 455 of the BAN
module 450 in sequential order in the direction of travel
of electric vehicle 405. In another embodiment, the BAN
module 450 may be contained within a modular enclo-
sure of any shape as determined by the application.
[0058] The BAN enclosure may function to protect the
components of the BAN module 450 and simplify the im-
plementation of the components therein in a dynamic
wireless charging system 400. Utilizing the BAN module
450 and enclosure 505 may provide for centralized con-
nection points and ensure the components therein are
properly functioning, with internal connections having
been tested and verified to be correct.

[0059] The BAN enclosure 505 may be used to create
a module that may be easily inserted into a standard dy-
namic wireless charging system 400 and, as discussed
above, simplify installation, removal, maintenance, and
reduce associated costs. Installation and removal may
be simplified, and thus associated costs reduced where
the modular componentis of a standard shape and phys-
ical connections are minimized or standardized. In an
embodiment, the BAN enclosure 505 will be installed into
a roadway 410 such that the top surface 510 of the en-
closure 505 is flush with the top surface of the roadway
410. In such an embodiment, the top surface 510 of the
BAN enclosure 505 may expose the top surfaces of the
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base pads 415a-415f as shown or may cover the top
surfaces of the base pads 415a-415f. Leaving the top
surfaces of base pads 415 exposed may increase the
power transfer capable by the base pads 415 by reducing
any intermediate elements that may introduce interfer-
ence or other issues. However, leaving the top surfaces
of the base pads 415 exposed may increase risk of dam-
age to the base pads 415. In another embodiment, the
BAN enclosure 505 may be installed below the roadway
410 such that no portion of the BAN module 450 and
BAN enclosure 505 is exposed in the roadway 410.
[0060] FIGURE 6 illustrates an example of an installa-
tion of multiple BAN module 450 modules in a roadway
410 being connected to a conduit 610 and an enclosure
605. Fig. 6 shows a roadway 410 across the page. In the
center of the roadway 410 is a strip withinwhich is located
the BAN modules 450a and 450b. As shown, BAN mod-
ules 450aand 450b are already installed into theroadway
410, with BAN module 450c being shown above the road-
way 410 indicating installation alongside BAN module
450b. In some embodiments, connection 615 may be
located beneath the BAN modules 450, as seen below
BAN module 450c. In another embodiment, connection
615 may be located at the side of the BAN module 450,
or at any other location relative to the BAN module 450
conducive to or feasible for installation. The backbone
connection 615 is shown at conduit 610 below where the
BAN module 450 may be installed in the roadway 410.
Alternatively, the backbone connection 615 may not be
present in applications where power transfer between
the BAN modules 450 and the backbone 430 is via a
wireless connection (e.g., inductive, etc.). The conduit
610 runs along the length of the roadway 410 underneath
the BAN modules 450. At the end of the length of the
BAN modules 450a-450c, the conduit 610 runs across
the roadway to the side of the road and then vertically
into the enclosure 605.

[0061] The components shown in Fig. 6 are an exam-
ple of how the components of dynamic wireless charging
system 400 may be installed along a stretch of roadway
410. The enclosure 605 along the side of the roadway
410 may contain at least one of power supply/inverter
435, power source 440, and distribution controller 445.
As described above, the conduit 610 runs from the en-
closure 605 down below the surface and to the center of
the roadway 410, at which pointit turns and travels down
the length of the roadway 410 a given distance. In some
embodiments, the conduit 610 may be installed along
the side of the roadway 410 or between the center and
the side of the roadway 410, or in any other location along
the path of the roadway 410 such that BAN modules 450
may be connected to the conduit 610. The conduit 610
may comprise the backbone 430 by which current may
be conveyed from the power supply/inverter 435 and
power source 440 in the enclosure 605 to each of the
installed BAN modules 450. Alternatively, conduit 610
may represent a communication path by which commu-
nications between the distribution controller 445 within
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enclosure 605 and other dynamic wireless charging sys-
tem 400 components communicate. In an alternate em-
bodiment, conduit 610 may provide both backbone 430
and communication pathways.

[0062] Fig. 6 provides an indication of the simplicity of
installation involved using the modular BAN module 450
modules. Installation of the dynamic wireless charging
system 400 may involve only installing three individual
components: the enclosure 605 containing distribution
controller 445, power source 440, and power supply/in-
verter 435, the conduit 610 comprising the backbone 430
and potentially communication wiring, and the BAN mod-
ules 450. Maintaining the distribution controller 445, pow-
er source 440, and power supply/inverter 435 in enclo-
sure 605 alongside the roadway 410 as opposed to be-
neath the roadway 410 may maintain ease of mainte-
nance by allowing these components to be more acces-
sible in the need of servicing or maintenance. Installing
the conduit 610 beneath the roadway 410 may provide
for ease of connectivity to BAN modules 450 and addi-
tional safety by having the power run the length of the
system under the roadway 410 where accidental expo-
sure should be limited. Maintenance and installation
costs of the BAN module 450 may be reduced where
connections are minimized and the connections of the
components of BAN module 450 are completed when
the module 450 is assembled or constructed.

[0063] FIGURE 7 depictsaschematic and correspond-
ing perspective view of two consecutive example embod-
iments of BAN modules 450. As discussed above, each
of the BAN modules 450 comprise a plurality of base
pads 415, a plurality of switches 420, distribution circuits
421, and a plurality of local controllers 425. Specifically,
BAN module 450a comprises base pads 415a-415f,
switches 420a-420f, distribution circuits 421a and 421b,
and local controllers 425a and 425b. BAN module 450b
comprises base pads 415g-4151, switches 420g-4201,
distribution circuits 421c and 421d, and local controllers
425c and 425d. Each local controller 425a and 425b is
connected to distribution circuit 421a and 421b, respec-
tively, which connects each local controller 425a and
425b to half of the base pads 415 (base pads 415a, 415c,
and 415e to local controller 425a, base pads 415b, 415d,
and 415f to local controller 425b) via switches 420
(switches 420a, 420c, and 420e to local controller 425a,
switches 420b, 420d, and 420f to local controller 425b)
of the BAN module 450a. A similar connection structure
applies for BAN module 450b. The BAN modules 450
differ from depictions in other figures by showing the base
pads 415 in an overlapping orientation. This variation is
intended only to present an additional embodiment of the
layout of the base pads 415 within the BAN module 450
and is notintended to be limiting. Each base pad 415 not
on the ends of the BAN modules 450 may overlap with
two other base pads 415, while the two base pads on the
ends of the BAN modules 450 may overlap with only one
other base pad 415. The overlapping layout of the base
pads 415 may not affect the electrical connections or

10

15

20

25

30

35

40

45

50

55

13

layout of the base pads 415, the switches 420, the dis-
tribution circuits 421, or the local controllers 425. The
schematic shows each base pad 415 being at least par-
tially overlapped by the subsequent base pad 415. For
example, base pad 4153, the first base pad 415 in BAN
module 450ainthe direction of travel, is depicted as being
overlapped by base pad 415b, while 415b is shown over-
lapping base pad 415a and being overlapped by 415c.
This continues through BAN module 450a until base pad
415f is shown overlapping base pad 415e butis not over-
lapped by another base pad 415 because base pad 415f
is the final base pad 415 of BAN module 450a. A similar
layout applies to BAN module 450b and its base pads
415g-4151. In some embodiments, the base pads 415
at the edges of adjacent BAN modules 450 may not over-
lap with each other and instead be installed end-to-end.
In such an embodiment, as described above, base pads
415 on the ends of the BAN module 450 may overlap
with only one other base pad 415. In another embodi-
ment, the base pads 415 at the edges of adjacent BAN
modules 450 may overlap with each other, such that a
BAN module 450 may overlap another BAN module 450.
In this embodiment, base pads 415 at the ends of the
BAN module 450 may overlap with more than one other
base pad 415, one from the same BAN module 450 as
the edge base pad 415 and the edge base pad 415 of
the adjacent BAN module 450. As shown, the respective
components of the BAN modules 450 are shaded to in-
dicate respective power paths (a detailed discussion of
the BAN modules 450 is provided below in reference to
Figs. 4-6).

[0064] Shown above the schematic of the BAN mod-
ules 450a and 450b is an example of a perspective view
of the layout of the base pads 415a-4151 as may be
viewed from above the base pads 415 looking down on
the installation. As discussed above, each of the BAN
modules 450 comprise six base pads 415 (415a-415f for
BAN module 450a and 415g-4151 for BAN module
450b). The perspective view shows another view of the
overlapping base pads 415. This view more clearly indi-
cates the overlapping pattern/nature of the subsequent
base pads 415 overlapping preceding base pads 415.
The embodiment shown has the BAN modules 450a and
450b adjacent such that the edge base pads 415 are
end-to-end. In some embodiments, as shown here, the
base pads 415 at the edges of the BAN module 450 may
be of a smaller size than the base pads 415 that overlap
two or more base pads 415. In another embodiment, all
base pads 415 of the BAN module 450 may be of the
same size. In some other embodiments, the base pads
415 of the BAN module 450 may be of differing shapes,
dimensions, or sizes. As discussed above, therespective
base pads 415 of the BAN module 450 may be shaded
to indicate the distribution paths.

[0065] In some embodiment, as shown here in Fig. 7,
the base pads 415 on either end of the BAN module 450
may be of a smaller size than the remaining base pads
415 within BAN module 450 that overlap with two other
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base pads 415. In some embodiments, these end base
pads 415 may be half the size of the middle base pads
415 so as to provide a smooth transition between BAN
modules 450. In another embodiment, the end base pads
415 may be any fractional length of the center base pads
415,

[0066] FIGURE 8 illustrates a flowchart depicting one
method of distributing wireless power.

[0067] Block 805 of method 800 selectively couples
one base pad 415 (charging pads or charging coils) of a
first set of base pads 415 to a local controller 425 (control
unit) via a first set of switches 420. This coupling may be
performed by the respective switch 420 associated with
the one base pad 415. Coupling the base pad 415 (e.g.,
charging pad) may comprise activating and distributing
a current to the base pad 415 from the local controller
425 via the distribution circuit 421 to the switch 420 an
further to the base pads 415. Alternatively, the coupling
may be performed by the distribution circuit 421 compris-
ing the wiring and circuitry between the local controller
425 and the base pad 415 and/or switch 420. In some
embodiments, the switch 420 may be a component within
the base pad 415 or the local controller 425 or the distri-
bution circuit 421. Alternatively, coupling the base pad
415 may comprise preparing the base pad 415 to receive
a current and generate a wireless field.

[0068] At block 810, the one base pad 415 (charging
pads or charging coils) of a second set of base pads 415
to the local controller 425 (control unit) via a second set
of switches. This coupling may be performed by the re-
spective switch 420 associated with the one base pad
415. Coupling the base pad 415 (e.g., charging pad) may
comprise activating and distributing a current to the base
pad 415 from the local controller 425 via the distribution
circuit 421 to the switch 420 an further to the base pads
415. Alternatively, the coupling may be performed by the
distribution circuit 421 comprising the wiring and circuitry
between the local controller 425 and the base pad 415
and/or switch 420. In some embodiments, the switch 420
may be a component within the base pad 415 or the local
controller 425 or the distribution circuit 421. Alternatively,
coupling the base pad 415 may comprise preparing the
base pad415toreceiveacurrentand generate awireless
field.

[0069] Block 815 of method 800 generates, viathe one
base pad 415 of the first set of base pads 415 and the
one base pad 415 of the second set of base pads 415,
a wireless field per coupled base pad 415 to distribute
power, the first and second sets of charging coils being
interleaved. In some embodiments, the wireless field will
be the medium through which power is distributed wire-
lessly.

[0070] The various operations of methods described
above may be performed by any suitable means capable
of performing the operations, such as various hardware
and/or software component(s), circuits, and/or mod-
ule(s). Generally, any operationsillustrated in the Figures
may be performed by corresponding functional means
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capable of performing the operations.

[0071] Information and signals may be represented us-
ing any of a variety of different technologies and tech-
niques. For example, data, instructions, commands, in-
formation, signals, bits, symbols, and chips that may be
referenced throughout the above description may be rep-
resented by voltages, currents, electromagnetic waves,
magnetic fields or particles, optical fields or particles, or
any combination thereof.

[0072] The various illustrative logical blocks, modules,
circuits, and algorithm steps described in connection with
the embodiments disclosed herein may be implemented
as electronic hardware, computer software, or combina-
tions of both. To clearly illustrate this interchangeability
of hardware and software, various illustrative compo-
nents, blocks, modules, circuits, and steps have been
described above generally in terms of their functionality.
Whether such functionality is implemented as hardware
or software depends upon the particular application and
design constraints imposed on the overall system. The
described functionality may be implemented in varying
ways for each particular application, but such implemen-
tation decisions should not be interpreted as causing a
departure from the scope of the embodiments of the in-
vention.

[0073] The various illustrative blocks, modules, and
circuits described in connection with the embodiments
disclosed herein may be implemented or performed with
ageneral purpose processor, a Digital Signal Processor
(DSP), an Application Specific Integrated Circuit (ASIC),
a Field Programmable Gate Array (FPGA) or other pro-
grammable logic device, discrete gate or transistor logic,
discrete hardware components, or any combination
thereof designed to perform the functions described
herein. A general purpose processor may be a micro-
processor, but in the alternative, the processor may be
any conventional processor, controller, microcontroller,
or state machine. A processor may also be implemented
as a combination of computing devices, e.g., a combina-
tion of a DSP and a microprocessor, a plurality of micro-
processors, one or more microprocessors in conjunction
with a DSP core, or any other such configuration.
[0074] The steps of a method or algorithm and func-
tions described in connection with the embodiments dis-
closed herein may be embodied directly in hardware, in
a software module executed by a processor, or in a com-
bination of the two. If implemented in software, the func-
tions may be stored on or transmitted over as one or
more instructions or code on a tangible, non-transitory
computer-readable medium. A software module may re-
side in Random Access Memory (RAM), flash memory,
Read Only Memory (ROM), Electrically Programmable
ROM (EPROM), Electrically Erasable Programmable
ROM (EEPROM), registers, hard disk, a removable disk,
a CD ROM, or any other form of storage medium known
in the art. A storage medium is coupled to the processor
such that the processor can read information from, and
write information to, the storage medium. In the alterna-
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tive, the storage medium may be integral to the proces-
sor. Disk and disc, as used herein, includes compact disc
(CD), laser disc, optical disc, digital versatile disc (DVD),
floppy disk and Blu-ray disc where disks usually repro-
duce data magnetically, while discs reproduce data op-
tically with lasers. Combinations of the above should also
be included within the scope of computer readable me-
dia. The processor and the storage medium may reside
in an ASIC. The ASIC may reside in a user terminal. In
the alternative, the processor and the storage medium
may reside as discrete components in a user terminal.
[0075] For purposes of summarizing the disclosure,
certain aspects, advantages and novel features of the
inventions have been described herein. It is to be under-
stood that not necessarily all such advantages may be
achieved in accordance with any particular embodiment
of the invention. Thus, the invention may be embodied
or carried out in a manner that achieves or optimizes one
advantage or group of advantages as taught herein with-
out necessarily achieving other advantages as may be
taught or suggested herein.

Claims

1. Adevice (400) for distributing power along a path of
travel of an electric vehicle, the device comprising:

a first plurality of means for providing wireless
power;

a second plurality of means for providing wire-
less power;

a first plurality of means for selectively control-
ling configured to selectively provide power to
the first plurality of wireless power providing
means;

a second plurality of means for selectively con-
trolling configured to selectively provide power
to the second plurality of wireless power provid-
ing means; and

a first means for controlling the first plurality of
selectively controlling means, wherein the de-
vice is characterized by:

a second means for controlling the second
plurality of selectively controlling means,
the first and second pluralities of wireless
power providing means being interleaved,
thefirstand second controlling means being
configured to power only one wireless pow-
er providing means from each of the first
and second pluralities of wireless power
providing means, respectively, at a time
such that adjacentwireless power providing
means are powered from different control-
ling means based on one or more control
signals received in response to an electric
vehicle (405) arriving at the device, and
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each of the first plurality of selectively con-
trolling means further configured to respec-
tively couple one of the first plurality of wire-
less power providing means to the control-
ling means and each of the second plurality
of selectively controlling means further con-
figured to respectively couple one of the
second plurality of wireless power providing
means to the controlling means.

The device of claim 1, wherein the first plurality of
wireless power providing means comprises a first
plurality of charging coils (415).

The device of claim 1, wherein the second plurality
of wireless power providing means comprises a sec-
ond plurality of charging coils (415).

The device of claim 1, wherein the first plurality of
selectively controlling means comprises a first plu-
rality of switches (420).

The device of claim 1, wherein the second plurality
of selectively controlling means comprises a second
plurality of switches (420).

The device of claim 1, wherein the first and second
controlling means comprise afirst control and a sec-
ond control unit (425), respectively.

The device of claim 1, wherein the first controlling
means is further configured to couple to a power
source (440), via a first power path, coupled to the
first plurality of selectively controlling means and
wherein the second controlling means is further con-
figured to couple the power source, via a second
power path, to the second plurality of selectively con-
trolling means.

The device of claim 1, further comprising a means
for inverting (435) configured to generate a current
and a means for conveying the current configured
to provide the generated current from the means for
inverting to the first and second means for control-
ling.

The device of claim 1, wherein at least one selec-
tively controlling means of the first and second plu-
ralities of selectively controlling means is further con-
figured to limit a phase of a current flow through the
coupled wireless power providing means to be one
of zero or 180 degrees.

The device of claim 7, wherein the first and second
controlling means are further configured to receive
a current from the power source and distribute the
current to the first and second pluralities of selec-
tively controlling means via the firstand second pow-
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er paths.

The device of claim 1, wherein the first and second
controlling means is further configured to receive a
control signal from a system controller and activate
one of the selectively controlling means of the first
or second pluralities of selectively controlling means,
respectively, based on the control signal.

The device of claim 1, wherein the first and second
controlling means are each further configured to dis-
tribute power to a single wireless power providing
means via each of the first and second power paths,
respectively at a moment in time.

The device of claim 1, further comprising a means
for enclosing, wherein the first and second pluralities
of wireless power providing means, the first and sec-
ond controlling means, and the first and second plu-
ralities of selectively controlling means are each en-
closed within the enclosing means.

The device of claim 13, wherein the enclosing
means, the first and second pluralities of wireless
power providing means, the first and second control-
ling means, and the first and second pluralities of
selectively controlling means form a modular device.

A method (800) for distributing power along a path
of travel of an electric vehicle, the method compris-

ing:

selectively coupling (805) one charging coil of a
first plurality of charging coils (415) to a control
unit (425) via a first plurality of switches (420),
the charging coils configured to provide wireless
power;

generating (815), via the one charging coil of the
first plurality of charging coils, a wireless field to
distribute power; and

generating (815), via one charging coil of a sec-
ond plurality of charging coils another wireless
field to distribute power, wherein the method is
characterized by:

selectively coupling (810) the one charging
coil of the second plurality of charging coils
(415) to a second control unit via a second
plurality of switches; and

the first and second pluralities of charging
coils being interleaved and generating the
wireless fields via the first and second
charging coils via the first and second con-
trol units, respectively, at a same time such
that adjacent charging coils are powered
from different control units based on one or
more control signals received in response
to an electric vehicle arriving at the first and
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second pluralities of charging coils.

Patentanspriiche

Eine Einrichtung (400) zum Verteilen von Leistung
entlang eines Bewegungspfades eines Elektrofahr-
zeuges, wobei die Einrichtung Folgendes aufweist:

eine erste Vielzahl von Mitteln zum Vorsehen
von Drahtlosleistung;

eine zweite Vielzahl von Mitteln zum Vorsehen
von Drahtlosleistung;

eine erste Vielzahl von Mitteln zum selektiven
Steuern, die konfiguriert sind zum selektiven
Vorsehenvon Leistung an die erste Vielzahl von
Mitteln zum Vorsehen von Drahtlosleistung;
eine zweite Vielzahl von Mitteln zum selektiven
Steuern, die konfiguriert sind zum selektiven
Vorsehen von Leistung an die zweite Vielzahl
von Mitteln zum Vorsehen von Drahtlosleistung;
und

erste Mittel zum Steuern der ersten Vielzahl von
Mitteln zum selektiven Steuern, wobei die Ein-
richtung gekennzeichnet ist durch:

zweite Mittel zum Steuern der zweiten Viel-
zahl von Mittel zum selektiven Steuern, wo-
bei die ersten und zweiten Vielzahlen von
Mitteln zum Vorsehen von Drahtlosleistung
verschachtelt sind, wobei die ersten und
zweiten Mittel zum Steuern konfiguriert sind
zum Mit-Leistung-Versorgen von nur einem
der Mittel zum Vorsehen von Drahtlosleis-
tung von jeder der ersten bzw. zweiten Viel-
zahlen von Mitteln zum Vorsehen von
Drahtlosleistung zu einem Zeitpunkt, so
dass benachbarte Mittel zum Vorsehen von
Drahtlosleistung von unterschiedlichen
Steuermitteln mit Leistung versorgt werden
basierend auf einem oder mehreren Steu-
ersignalen, die ansprechend darauf emp-
fangen werden, dass ein Elektrofahrzeug
(405) an der Einrichtung ankommt, und wo-
bei jedes der ersten Vielzahl von Mitteln
zum selektiven Steuern weiter konfiguriert
ist zum entsprechenden Koppeln eines der
ersten Vielzahl von Mitteln zum Vorsehen
von Drahtlosleistung an die Steuermittel,
und wobei jedes der zweiten Vielzahl von
Mitteln zum selektiven Steuern weiter kon-
figuriert ist zum entsprechenden Koppeln
eines der zweiten Vielzahl von Mitteln zum
Vorsehen von Drahtlosleistung an die Steu-
ermittel.

2. Einrichtung nach Anspruch 1, wobei die erste Viel-

zahl von Mitteln zum Vorsehen von Drahtlosleistung
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eine Vielzahl von Ladespulen (415) aufweist.

Einrichtung nach Anspruch 1, wobei die zweite Viel-
zahl von Mitteln zum Vorsehen von Drahtlosleistung
eine zweite Vielzahl von Ladespulen (415) aufweist.

Einrichtung nach Anspruch 1, wobei die erste Viel-
zahl von Mitteln zum selektiven Steuern eine erste
Vielzahl von Schaltern (420) aufweist.

Einrichtung nach Anspruch 1, wobei die zweite Viel-
zahl von Mitteln zum selektiven Steuern eine zweite
Vielzahl von Schaltern (420) aufweist.

Einrichtung nach Anspruch 1, wobei die ersten und
zweiten Steuermittel eine erste Steuereinheit bzw.
eine zweite Steuereinheit (425) aufweisen.

Einrichtung nach Anspruch 1, wobei die ersten Steu-
ermittel weiter konfiguriert sind zum Koppeln an eine
Leistungsquelle (440), und zwar Uber einen ersten
Leistungspfad, der an die erste Vielzahl von Mitteln
zum selektiven Steuern gekoppelt ist und wobei die
zweiten Steuermittel weiter konfiguriert sind zum
Koppeln der Leistungsquelle, Uber einen zweiten
Leistungspfad, an die zweite Vielzahl von Mitteln
zum selektiven Steuern.

Einrichtung nach Anspruch 1, die weiter Folgendes
aufweist: Mittel zum Invertieren (435), die konfigu-
riert sind zum Generieren eines Stroms, und Mittel
zum Ubermitteln des Stroms, die konfiguriert sind
zum Liefern des generierten Stroms von den Mitteln
zum Invertieren an die ersten und zweiten Mittel zum
Steuern.

Einrichtung nach Anspruch 1, wobei wenigstens ei-
nes der Mittel zum selektiven Steuernder ersten und
zweiten Vielzahlen von Mitteln zum selektiven Steu-
ern weiter konfiguriert ist, eine Phase eines Strom-
flusses durch die gekoppelten Mittel zum Vorsehen
von Drahtlosleistung zu begrenzen, und zwar darauf
Null oder 180 Grad zu sein.

Einrichtung nach Anspruch 7, wobei die ersten und
zweiten Steuermittel weiter konfiguriert sind zum
Empfangen eines Stroms von der Leistungsquelle
und zum Verteilen des Stroms an die ersten und
zweiten Vielzahlen von Mitteln zum selektiven Steu-
ern Uber die ersten und zweiten Leistungspfade.

Einrichtung nach Anspruch 1, wobei die ersten und
zweiten Steuermittel weiter konfiguriert sind zum
Empfangen eines Steuersignals von einer System-
steuervorrichtung bzw. einem Systemcontroller und
zum Aktivieren eines der Mittel zum selektiven Steu-
ern der ersten bzw. zweiten Vielzahlen von Mitteln
zum selektiven Steuern basierend auf dem Steuer-
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signal.

Einrichtung nach Anspruch 1, wobei die ersten und
zweiten Steuermittel jeweils weiter konfiguriert sind
zum Verteilen von Leistung an ein einzelnes Mittel
zum Vorsehen von Drahtlosleistung ber jeden der
ersten bzw. zweiten Leistungspfade zu einem Zeit-
punkt.

Einrichtung nach Anspruch 1, die weiter Mittel auf-
weist zum Einfassen, wobei die ersten und zweiten
Vielzahlen von Mitteln zum Vorsehen von Drahtlos-
leistung, die ersten und zweiten Steuermittel und die
ersten und zweiten Vielzahlen von Mitteln zum se-
lektiven Steuern jeweils in den Einfassungsmitteln
eingefasst sind.

Einrichtung nach Anspruch 13, wobei die Einfas-
sungsmittel, die ersten und zweiten Vielzahlen von
Mitteln zum Vorsehen von Drahtlosleistung, die ers-
ten und zweiten Steuermittel und die ersten und
zweiten Vielzahlen von Mitteln zum selektiven Steu-
ern eine modulare Einrichtung bilden.

Ein Verfahren (800) zum Verteilen von Leistung ent-
lang eines Bewegungspfades eines Elektrofahrzeu-
ges, wobei das Verfahren Folgendes aufweist:

selektives Koppeln (805) einer Ladespule einer
ersten Vielzahl von Ladespulen (415) an eine
Steuereinheit (425) Uber eine erste Vielzahl von
Schaltern (420), wobei die Ladespulen konfigu-
riert sind zum Vorsehen von Drahtlosleistung;
Generieren (815), Uber die eine Ladespule der
ersten Vielzahlvon Ladespulen, eines Drahtlos-
feldes zum Verteilen von Leistung; und
Generieren (815) Uber eine Ladespule einer
zweiten Vielzahl von Ladespulen, eines weite-
ren Drahtlosfeldes zum Verteilen von Leistung,
wobei das Verfahren gekennzeichnet ist
durch:

selektives Koppeln (810) der einen La-
despule der zweiten Vielzahl von Ladespu-
len (415) an eine zweite Steuereinheit tber
eine zweite Vielzahl von Schaltern; und

wobei die ersten und zweiten Vielzahlen
von Ladespulen verschachtelt sind und Ge-
nerieren der Drahtlosfelder Uber die ersten
und zweiten Ladespulen Uber die ersten
bzw. zweiten Steuereinheiten zu einer glei-
chen Zeit, so dass die benachbarten La-
despulen von unterschiedlichen Steuerein-
heiten mit Leistung versorgt werden basie-
rend auf einem oder mehreren Steuersig-
nalen, die ansprechend darauf empfangen
werden, dass ein Elektrofahrzeug an den
ersten und zweiten Vielzahlen von La-
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despulen ankommt.

Revendications

Dispositif (400) destiné a distribuer de I'énergie le
long d’un trajet de déplacement d’'un véhicule élec-
trique, le dispositif comprenant :

une premiére pluralité de moyens pour fournir
de I'énergie sans fil ;

une seconde pluralité de moyens pour fournir
de I'énergie sans fil ;

une premiére pluralité de moyensde commande
sélective, configurés de maniére a fournir sélec-
tivement de I’énergie a la premiére pluralité de
moyens de fourniture d’énergie sans fil ;

une seconde pluralité de moyens de commande
sélective, configurés de maniére a fournir sélec-
tivement de I'énergie a la seconde pluralité de
moyens de fourniture d’énergie sans fil ; et

un premier moyen pour commander la premiére
pluralitét de moyens de commande sélective,
dans lequel le dispositif est caractérisé par :

un second moyen pour commander la se-
conde pluralité de moyens de commande
sélective, les premiére et seconde pluralités
de moyens de fourniture d’énergie sans fil
étant entrelacées, les premier et second
moyens de commande étant configurés de
maniére a alimenter uniquement un moyen
de fourniture d’énergie sans fil parmi cha-
cune des premiéere et seconde pluralités de
moyens de fourniture d’énergie sansfil, res-
pectivement, a un moment donné, de sorte
que des moyens de fourniture d’énergie
sans fil adjacents sont alimentés par diffé-
rents moyens de commande sur la base
d’unou plusieurs sighaux de commande re-
gus en réponse a larrivée d’'un véhicule
électrique (405) au niveau du dispositif, et
chaque moyen de la premiére pluralité de
moyens de commande sélective étant con-
figuré de maniére a coupler respectivement
un moyen de la premiere pluralité de
moyens de fourniture d’énergie sans fil aux
moyens de commande, et chague moyen
de la seconde pluralité de moyens de com-
mande sélective étanten outre configuré de
maniére a coupler respectivement un
moyen parmi la seconde pluralité de
moyens de fourniture d’énergie sans fil aux
moyens de commande.

Dispositif selon larevendication 1,dans lequella pre-
miére pluralité de moyens de fourniture d’énergie
sans fil comporte une premiére pluralité de bobines
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10.

1.

de charge (415).

Dispositif selon larevendication 1, dans lequel la se-
conde pluralité de moyens de fourniture d’énergie
sans fil comporte une seconde pluralité de bobines
de charge (415).

Dispositif selon larevendication 1, dans lequel la pre-
miére pluralité de moyens de commande sélective
comporte une premiere pluralité de commutateurs
(420).

Dispositif selon larevendication 1, dans lequel la se-
conde pluralité de moyens de commande sélective
comporte une seconde pluralité de commutateurs
(420).

Dispositif selon la revendication 1, dans lequel les
premier et second moyens de commande compor-
tent une premiére unité de commande et une secon-
de unité de commande (425), respectivement.

Dispositif selon larevendication 1, dans lequel le pre-
mier moyen de commande est en outre configuré de
maniére a se coupler a une source d’alimentation
(440), par l'intermédiaire d’un premier chemin d’ali-
mentation, couplée ala premiére pluralité de moyens
de commande sélective, et dans lequel le second
moyen de commande est en outre configuré de ma-
niere a coupler la source d’alimentation, par l'inter-
médiaire d’un second chemin d’alimentation, alase-
conde pluralité de moyens de commande sélective.

Dispositif selon la revendication 1, comprenant en
outre un moyen d’inversion (435) configuré de ma-
niere a générer un courant, et un moyen pour ache-
miner le courant configuré de maniére a fournir le
courant produit, du moyen d’inversion aux premier
et second moyens de commande.

Dispositif selon la revendication 1, dans lequel au
moins un moyen de commande sélective des pre-
miére et seconde pluralités de moyens de comman-
de sélective est en outre configuré de maniére a li-
miter une phase d’un flux de courant, a travers les
moyens de fourniture d’énergie sans fil couplés, a
zéro ou a 180 degrés.

Dispositif selon la revendication 7, dans lequel les
premier et second moyens de commande sont en
outre configurés de maniére a recevoir un courant
en provenance de la source d’alimentation et a dis-
tribuer le courant aux premiere et seconde pluralités
de moyens de commande sélective par l'intermé-
diaire des premier etsecond chemins d’alimentation.

Dispositif selon la revendication 1, dans lequel les
premier et second moyens de commande sont en
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outre configurés de maniére a recevoir un signal de
commande en provenance d’un contrbleur de sys-
téeme, et a activer 'un des moyens de commande
sélective de la premiére ou de la seconde pluralité
de moyens de commande sélective, respective-
ment, sur la base du signal de commande.

Dispositif selon la revendication 1, dans lequel les
premier et second moyens de commande sont en
outre chacun configurés de maniére a distribuer de
I'énergie a un unique moyen de fourniture d’énergie
sans fil, par I'intermédiaire de chacun des premier
et second chemins d’alimentation, respectivement,
a un moment donné.

Dispositif selon la revendication 1, comprenant en
outre un moyen d’enceinte, danslequel les premiére
et seconde pluralités de moyens de fourniture
d’énergie sans fil, les premier et second moyens de
commande, et les premiére et seconde pluralités de
moyens de commande sélective sont chacun(e) en-
fermé(e)s dans le moyen d’enceinte.

Dispositif selon la revendication 13, dans lequel le
moyen d’enceinte, les premiére et seconde pluralités
de moyens de fourniture d’énergie sans fil, les pre-
mier et second moyens de commande et les premie-
re et seconde pluralités de moyens de commande
sélective forment un dispositif modulaire.

Procédé (800) de distribution d’énergie le long d’un
trajet de déplacement d’'un véhicule électrique, le
procédé comprenant les étapes ci-dessous consis-
tant a:

coupler sélectivement(805) une bobinede char-
ge d’'une premiere pluralité de bobines de char-
ge (415) a une unité de commande (425), par
intermédiaire d’'une premiére pluralité de com-
mutateurs (420), les bobines de charge étant
configurées de maniére a fournir de I'énergie
sans fil ;

générer (815), par l'intermédiaire de ladite une
bobine de charge de la premiére pluralité de bo-
bines de charge, un champ sans fil pour distri-
buer de I'énergie ; et

générer (815), par I'intermédiaire d’'une bobine
de charge d’'une seconde pluralité de bobines
de charge, un autre champ sans fil pour distri-
buer de I'’énergie, dans lequel le procédé est ca-
ractérisé par les étapes ci-dessous consistant
a:

coupler sélectivement (810) ladite une bo-
bine de charge de la seconde pluralité de
bobines de charge (415) a une seconde uni-
té de commande, par l'intermédiaire d’'une
seconde pluralité de commutateurs ; et
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les premiere et seconde pluralités de bobi-
nes de charge étant entrelacées et géné-
rant les champs sans fil par I'intermédiaire
des premiéres et secondes bobines de
charge, par le biais des premieres et secon-
des unités de commande, respectivement,
a un méme moment, de sorte que des bo-
bines de charge adjacentes sont alimen-
tées par différentes unités de commande,
sur la base d’un ou plusieurs signaux de
commande recus en réponse a larrivée
d’un véhicule électrique au niveau des pre-
miére et seconde pluralités de bobines de
charge.
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