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(57) ABSTRACT

A system and method for electrical charging is disclosed. The
electrical charging system comprises a first charging coil and
an energy storage device coupled to the first charging coil.
The energy charging system further comprises an energy
charging station comprising a second charging coil disposed
on a movable positioner, wherein the second charging coil is
coupleable to an electrical energy source, at least one drive
mechanism configured to translate the movable positioned,
and a system controller. The system controller is configured
to detect an event indicative of a proximity of the first charg-
ing coil to the energy charging station, translate the movable
positioner such that the second charging coil is substantially
aligned with, and closely spaced apart from, the first charging
coil to form an electrical transformer, and initiate a charging
cycle configured to transfer electrical energy to the at least
one energy storage device via the electrical transformer.
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SYSTEM AND METHOD FOR CHARGING AN
ENERGY STORAGE SYSTEM FOR AN
ELECTRIC OR HYBRID-ELECTRIC
VEHICLE

BACKGROUND

[0001] Embodiments of the invention relate generally to an
electrical charging system and, more particularly, to a system
and method for charging an energy storage system of electric
or hybrid-electric vehicle.

[0002] Electric vehicles and hybrid-electric vehicles are
typically powered by one or more energy storage devices,
either alone or in combination with an internal combustion
engine. In pure electric vehicles, the one or more energy
storage devices power the entire drive system, thereby elimi-
nating the need for an internal combustion engine. Hybrid-
electric vehicles, on the other hand, include energy storage
device power to supplement power supplied by an internal
combustion engine, which greatly increases the fuel effi-
ciency of the internal combustion engine and of the vehicle.
[0003] Traditionally, the energy storage device in an elec-
tric or hybrid-electric vehicle included at least one battery
capable of being charged via 120 V or 240 V power from a
conventional electrical outlet. A power cord would be manu-
ally connected between the energy storage device and the
electrical outlet to initiate the recharging cycle, preferably
during off-peak utility hours. However, this charging tech-
nique may be quite time consuming and may, for example,
require up to 12 hours to fully charge the energy storage
device. Furthermore, the conductive engagement between the
energy storage device and the electrical outlet tends to limit
the location of charging stations, as environmental conditions
such as rain, snow, and fog, etc. may reduce charging perfor-
mance.

[0004] Another method of charging the energy storage
device in electric or hybrid-electric vehicles is known as
inductive charging. Inductive charging uses a first induction
coil to create an alternating electromagnetic field from within
a charging station located externally to the vehicle. This first
induction coil is usually located within a “paddle” or other
device to form one half of an electrical transformer. A second
induction coil is located within the vehicle, and when the
“paddle” or other device containing the first induction coil is
placed in close proximity to the second induction coil within
the vehicle, the two induction coils form an electrical trans-
former that transfers power via the electromagnetic field and
converts it into electrical current to charge the vehicle’s
energy storage device. Unlike conventional conductive
charging, inductive charging involves no exposed conduc-
tors, and thus environmental conditions such as rain, snow,
and fog do not greatly affect the charging performance. How-
ever, the user must still manually place the two induction coils
in proximity to one another. Thus, to initiate a charging cycle,
the user must exit the vehicle, thereby becoming exposed to
the environmental conditions.

[0005] Therefore, it is desirable to provide an electrical
charging station for an electric and/or hybrid-electric vehicle
having an alternative, “hands-free” mode of initiating the
charging operation between the charging station and the
vehicle.

BRIEF DESCRIPTION OF THE INVENTION

[0006] Embodiments of the invention provide an electrical
charging system, the electrical charging system comprising a
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first charging coil and at least one energy storage device
coupled to the first charging coil. The energy charging system
further comprises an energy charging station comprising a
second charging coil disposed on a movable positioner,
wherein the second charging coil is coupleable to an electrical
energy source, at least one drive mechanism configured to
translate the movable positioned, and a system controller. The
system controller is configured to detect an event indicative of
a proximity of the first charging coil to the energy charging
station, translate the movable positioner such that the second
charging coil is substantially aligned with, and closely spaced
apart from, the first charging coil to form an electrical trans-
former, and initiate a charging cycle configured to transfer
electrical energy to the at least one energy storage device via
the electrical transformer.

[0007] Inaccordance with another aspect of the invention,
a method of charging a vehicle is shown, the method com-
prising detecting a vehicle in proximity to an energy charging
station, wherein the vehicle comprises a first charging coil
and the energy charging station comprises a second charging
coil disposed on a movable armature, and initiating a charge
cycle request based on the detection of the vehicle. The
method further comprises manipulating the movable arma-
ture such that the second charging coil is moved in the direc-
tion of the first charging coil, detecting a position of the first
charging coil by at least one of determining a level of energy
transfer between the first charging coil and the second charg-
ing coil and detecting an ultrasonic signal emitted from a
location near the first charging coil. Additionally, the method
comprises manipulating the movable armature to align the
second charging coil with the first charging coil to form an
electrical transformer, and charging an energy storage device
of'the vehicle by way of the electrical transformer.

[0008] Inaccordance with another aspect of the invention,
an energy charging apparatus is described. The energy charg-
ing apparatus comprises a primary charging coil located on a
movable armature, wherein the primary charging coil is elec-
trically connected to an electrical energy source, at least one
drive mechanism configured to translate the movable arma-
ture in at least two dimensions and a system controller. The
system controller is configured to detect the presence of a
secondary charging coil located externally to the energy
charging apparatus, detect the location of the secondary
charging coil, and translate the movable armature and pri-
mary charging coil in the direction of the secondary charging
coil such that the primary charging coil is substantially
aligned with, and closely spaced apart from, the secondary
charging coil. The system controller is further configured to
initiate a charging cycle to charge at least one energy storage
device, wherein the at least one energy storage device is
charged via at least one of an electrical transformer formed by
the primary charging coil and the secondary charging coil and
a conductive electrical coupler.

[0009] Various other features and advantages will be made
apparent from the following detailed description and the
drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010] The drawings illustrate preferred embodiments
presently contemplated for carrying out the invention.
[0011] In the drawings:

[0012] FIG. 1 is a cross-sectional view of an inductive
charging configuration in accordance with an embodiment of
the invention.
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[0013] FIG. 2 is a front view of a magnetic core and charg-
ing coil in accordance with an embodiment of the invention.
[0014] FIG. 3 is a prospective view of a charging coil posi-
tioning system in accordance with an embodiment of the
invention.

[0015] FIG. 4 is a schematic view of an inductive charging
system in accordance with an embodiment of the invention.
[0016] FIGS.5A-5C show aschematic view of an inductive
charging system in accordance with another embodiment of
the invention.

[0017] FIG. 6 is a flow diagram regarding an inductive
charging method in accordance with embodiments of the
invention.

DETAILED DESCRIPTION

[0018] A system and method for electrical energy charging
of an energy storage device for a vehicle or other device is
shown, wherein the energy storage device is coupled to an
energy charging assembly without the need for manual user
application or interference.

[0019] Referring to FIG. 1, a cross-sectional view of a
contactor-less charging interface 100 in accordance with an
embodiment of the invention is shown. Charging interface
100 comprises two magnetic cores 102, 104. Magnetic cores
102, 104 are preferably “pot core”-type structures, but other
magnetic core structures may also be suitable. Magnetic core
102 comprises a charging coil 106 disposed therein, while
magnetic core 104 comprises a charging coil 110 disposed
therein. FIG. 2 illustrates a front view of magnetic core 102 or
magnetic core 104 and respective charging coil 106, 110
along line 2-2. As can be seen in FIG. 2, charging coil 106,
110 encompasses a portion of magnetic core 102, 104 and is
also surrounded by a portion of magnetic core 102, 104.
[0020] As shown in FIG. 1, magnetic core 102 and mag-
netic core 104 (along with their respective charging coils 106,
110) are entirely separate structures, each being retained in a
different device. For example, magnetic core 102 is prefer-
ably retained in a charging assembly housing 116 that is
attached to an armature 108 that is capable of being manipu-
lated in a plurality of dimensions, as will be described in
further detail below. On the other hand, magnetic core 104 is
preferably retained on or within a vehicle and is protected by
a thin, non-electrically-conductive barrier 112. In an exem-
plary embodiment of the invention, magnetic core 104 is
disposed in the front bumper region of the vehicle, where it
can be protected by barrier 112, barrier 112 being formed of
any suitable non-electrically-conductive material (e.g., plas-
tic). However, embodiments of the invention are not limited
to such a configuration.

[0021] Although not shown in FIG. 1, and as discussed
below in FIG. 4, both charging coil 106 and charging coil 110
are respectively coupled to at least one electrical energy
source. For example, charging coil 106 may be coupled to an
electrical utility grid and/or battery, while charging coil 110
may be coupled to a vehicle’s energy storage system. When
energized, charging coil 106 acts as a transformer primary
winding, and charging coil 110 acts as a transformer second-
ary winding. As charging coils 106, 110 are brought into close
proximity to one another such that charging coils 106,110 are
substantially aligned and separated only by an air gap 114, a
relatively efficient electrical transformer results, thereby
enabling contactor-less, inductive energy transfer between
charging coils 106, 110. Air gap 114 is preferably small (i.e.,
0.1 inches or less) so as to minimize the leakage inductance of
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the electrical transformer. However, it is also possible for
magnetic core 102 to directly contact non-electrically-con-
ductive barrier 112, thereby eliminating air gap 114 while still
maintaining a magnetic gap between magnetic core 102 and
magnetic core 104.

[0022] Referring to FIG. 3, a positioning device 300 in
accordance with an embodiment of the invention is shown.
Positioning device 300 is part of a charging station and is
configured to manipulate charging assembly housing 116 in
the x, y, and z-dimensions to enable positioning and align-
ment of magnetic core 102 and charging coil 106 with mag-
netic core 104 and charging coil 110 shown in FIG. 1. When
avehicle or other device is brought into immediate proximity
with positioning device 300, the presence of the vehicle or
other device is sensed, and charging assembly housing 116 is
moved in one or more dimensions so as to substantially align
charging coil 106 with charging coil 110. A plurality of step-
per motors 302 and lead screws 304 may be utilized to
mechanically drive charging assembly housing 116 inthe x, y,
and z-dimensions until charging coil 106 and charging coil
110 are substantially aligned, as shown in FIG. 1. It is to be
noted that positioning device 300 is not limited to the use of
stepper motors and lead screws to drive charging assembly
housing 116, as any suitable controllable drive mechanism
(e.g., servo motors) and structure would suffice. Furthermore,
positioning device 300 is not limited to movement in the x, y,
and z-dimensions, and may move in only one or two dimen-
sions.

[0023] Turning now to FIG. 4, a detailed schematic of the
energy charging system in accordance with an embodiment of
the invention is shown. Referring first to vehicle 402, charg-
ing coil 110 is electrically coupled to a battery 406 via the
vehicle’s electronic components 408. Electrical components
408 are not limited to the configuration as shown, and can be
the vehicle’s existing components, such as an Energy Man-
agement System (EMS) already present in an electric or
hybrid-electric vehicle. As to charging station 404, charging
coil 106 is shown to be electrically coupled to an electrical
energy source 410. Electrical energy source 410 can be an
electrical utility grid and/or a battery. Furthermore, while a
3-phase connection to electrical energy source 410 is shown,
it is to be understood that embodiments of the invention are
not limited as such.

[0024] Referring still to FIG. 4, a method of initiating a
charging cycle according to an embodiment of the invention
will be described. First, vehicle 402 is maneuvered into a
position near to charging station 404. The user of vehicle 402
then activates a switch (not shown) to excite charging coil 110
at a reduced power, thereby creating a magnetic field which
emanates from charging coil 110. The magnetic field emanat-
ing from charging coil 110 is then sensed by both charging
c0il 106 and a vehicle presence sensor 412 at charging station
404. In one embodiment of the invention, upon detection of
the magnetic field emanating from charging coil 110, charg-
ing coil 106 is also energized and translated in both the
x-dimension and the y-dimension using, for example, posi-
tioning device 300 described above with respect to FIG. 3. As
charging coil 106 is moved in the x-dimension and y-dimen-
sion relative to vehicle 402, a maximum power seeker 414
detects whether or not the transfer of power to vehicle 402 via
charging coils 106, 110 is increasing or decreasing. If the
power delivered to vehicle 402 is determined to be increasing,
coil 106 is nearing alignment with coil 110 in the x- and/or
y-dimension, and thus movement of coil 106 in the same
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direction is continued. However, if power delivered to vehicle
402 is decreasing during movement of charging coil 106, the
direction of movement of charging coil 106 is reversed, as
charging coils 106, 110 are moving farther apart in the x- and
y-dimensions. To determine the power delivered to vehicle
402, the DC link voltage and current of charging station 404
are simply multiplied (via multiplier 416). Maximum power
seeker 414 then uses the delivered power calculation from
multiplier 416 to determine the location of maximum power
in the x- and y-dimensions.

[0025] While charging coil 106 is translated in the x- and
y-dimensions, charging coil 106 is also simultaneously trans-
lated in the z-dimension (that is, in the direction of vehicle
402 and charging coil 110). The power transfer between
charging coils 106, 110 grows as charging coil 106
approaches vehicle 402 in the z-dimension, and thus the posi-
tion at which charging coil 106 and charging coil 110 are
closest to one another (without physical contact) is inherently
the position of maximum power transfer in the z-dimension.
When it is detected that charging coil 106 is suitably spaced
apart from charging coil 110 in the z-dimension, and charging
coils 106, 110 are sufficiently aligned in the x- and y-dimen-
sions, the translation of charging coil 106 stops, and a charg-
ing cycle is initiated, thereby inductively transferring electri-
cal energy to battery 406 via the electrical transformer formed
by energized charging coils 106, 110.

[0026] Usingthe above approach, very little power is drawn
from the vehicle’s battery 406 during the period in which
alignment of charging coil 106 with charging coil 110 is being
sought. Instead, the high power available from electrical
energy source 410 is used to generate a relatively large signal
in charging coil 106, thereby allowing automatic alignment
between charging coils 106, 110 to be achieved without fur-
ther depleting battery 406.

[0027] In an alternative method for achieving alignment
between charging coils 106, 110 and initiating a charging
cycle, it is also possible to utilize vehicle presence sensor 412
to determine alignment between charging coils 106, 110. That
is, as charging coil 106 is alternately translated in both the x-
and y-dimensions, vehicle presence sensor 412 senses the
magnetic field emitted by charging coil 110. If a signal gen-
erated by vehicle presence sensor 412 in response to the
sensed magnetic field is increasing, translation of charging
c0il 106 in the x- and y-dimensions in that particular direction
is continued. However, if the signal generated by vehicle
presence sensor 412 is decreasing, the direction of translation
of charging coil 106 is reversed, as central alignment in the x-
and y-dimensions is not being achieved. As the position of
charging coil 106 in the x- and y-dimensions is being
adjusted, charging coil 106 is concurrently translated in the
z-dimension (that is, in the direction of the vehicle and charg-
ing coil 110). As stated above, the maximum power transfer
position in the z-dimension is inherently the position at which
charging coil 106 and charging coil 110 are closest to one
another. Thus, when the position of maximum signal genera-
tion by vehicle presence sensor 412 is determined (signifying
x- and y-dimension alignment) and charging coil 106 meets
vehicle 402 (signifying sufficient z-dimension alignment),
the translation of charging coil 106 stops and a charging cycle
is initiated, thereby inductively transferring electrical energy
to battery 406 via the electrical transformer formed by ener-
gized charging coils 106, 110.

[0028] Referring still to FIG. 4, although charging coils
106, 110 are brought into close proximity with one another
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via one of the methods described above so as to initiate a
charging cycle, leakage inductance between charging coils
106, 110 may still be relatively large. As such, charging
station 404 further employs a resonant power converter 418.
Resonant power converter 418 comprises a resonant capaci-
tor 420, which is resonated with the transformer leakage
inductance. This configuration enables reduced volt-amp rat-
ing of the charging circuitry, and also enables low-loss, soft
switching of the semiconductors of resonant power converter
418 to be achieved, thereby mitigating the effects of the
leakage inductance between charging coils 106, 110.

[0029] While the above methods of translating charging
c0il 106 of charging station 404 pertain to translation in three
dimensions (x, y, and z), embodiments of the invention are not
limited to such a configuration. For example, as discussed
above, charging coil 110 is preferably located within a
bumper region of vehicle 402, but charging coil 110 may be
located in an alternative region of vehicle 402 (i.e., a roof
structure). If the location of charging coil 106 within a
bumper or alternative region is generally consistent through-
out a particular class or make of vehicle, changing the eleva-
tion or location of charging coil in the x-dimension or y-di-
mension may be unnecessary, and thus charging station 404
may only be configured to translate charging coil 106 in two
dimensions, i.e., the x- and z-dimensions, or y- and z-dimen-
sions. The vehicle’s bumper or alternate structure itself could
also be used to guide charging coil 106 into the proper eleva-
tion or location relative to charging coil 110. For example, a
contour could be added to the housing component of charging
coil 106 to guide the housing component of charging coil 106
along a sloping surface of the vehicle’s bumper or alternate
structure until charging coil 106 is aligned with charging coil
110 in the x-dimension or y-dimension. Furthermore, in the
event that a vehicle (or fleet of vehicles) to be charged does
not belong to the particular class or make for which charging
station 404 is configured, adjustments or replacements of the
translatable components of charging station 404 can be made
to alter the y-dimension elevation setting of charging coil 106.

[0030] Itisalso possible for the translation of charging coil
106 to be limited to only the z-dimension. That is, vehicle 402
may be guided into a particular parking position via channels
or small guide strips on either side of the vehicle’s tires as well
as adjustable guide strips in front of and behind the vehicle’s
tires, thereby substantially limiting the possible deviation of
vehicle 402 in the x-dimension. A contoured housing com-
ponent of charging coil 106, along with the surface of the
vehicle’s bumper or alternative structure, could then be used
further align charging coil 106 with charging coil 110 in the
x-dimension (as well as the y-dimension, as discussed above).
Thus, only translation of charging coil 106 in the z-dimension
would be necessary, further simplifying the components of
charging station 404. Translation in the z-dimension could be
even further simplified by using a spring-and-damper
arrangement, where the vehicle’s user would activate a switch
from within the vehicle to initiate translation of charging coil
106 in the z-dimension, wherein the vehicle’s bumper or
alternative structure simply guides charging coil 106 in the x-
and/or y-dimensions until proper alignment between charg-
ing coil 106 and charging coil 110 is achieved. Translation of
charging coil 106 in the z-dimension could be stopped by a
mechanical switch, which measures resisting force, or by a
limit switch with a protruding pin that indicates close prox-
imity of charging coil 106 with the vehicle’s bumper and,
consequently, charging coil 110. Alternatively, an electronic
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sensing device, such as an ultrasonic sensor, could also be
used to stop translation of charging coil 106 in the z-dimen-
sion when charging coil 106 is sufficiently near to charging
coil 110 to form an efficient electronic transformer.

[0031] In any of the above embodiments regarding the
alignment of charging coil 106 with charging coil 110 for
charging purposes, it may be further advantageous to include
an electromagnetic or mechanical locking device to constrain
the placement of charging coil 106 with respect to charging
coil 110 such that an acceptable air gap is maintained between
charging coils 106, 110 before a charging cycle is initiated
and/or during the charging cycle itself. Furthermore, it may
also be advantageous for charging station 404 to also receive
a control input that confirms that the air gap between charging
coils 106, 110 is within acceptable limits, that charging coil
106 is correctly positioned with respect to charging coil 110,
and that no other faults are present in the charging system or
utility grid. A visual or audible indication from either vehicle
402 or charging station 404 is presented to the user if any such
fault is detected. Additionally, if a fault is detected, the charg-
ing cycle could be terminated by charging station 404, and a
fault code can be communicated to the user, identifying the
faulty vehicle and/or charging station components.

[0032] Inaddition to their use for inductive charging of the
energy storage device of vehicle 402, charging coils 106, 110
may also be used for information communication between
vehicle 402 and charging station 404. Such communications
may regard the state-of-charge of battery 406, billing infor-
mation, or other related information. A modulated frequency
(or frequencies) between the harmonics of the charging cur-
rent may be used to communicate information between
charging coils 106, 110. Simple filtering techniques could
provide isolation to protect the communication signals from
interference from the charge current and its harmonics. Infor-
mation could also be communicated through charging coils
106, 110 using modulated signals at frequencies considerably
higher than the power switching frequency and not at the
harmonic of the switching frequency, wherein the power
switching frequency is expected to be in the range of 20 kHz
to 100 kHz, thus providing additional benefit of substantially
reducing audible noise in the power electronics and associ-
ated electrical components during charging operation. In this
way, not only is contactor-less charging between charging
station 404 and vehicle 402 possible, but contactor-less com-
munication between charging station 404 and vehicle 402 is
possible, too.

[0033] Next, considering FIGS. 5A-5C, another embodi-
ment is shown. FIG. 5A shows an electric or hybrid-electric
vehicle 502 parked in the near vicinity of a charging station
504. Vehicle 502 has a receptacle recess 506 disposed therein,
preferably on (but not limited to) the front end of vehicle 502.
Receptacle recess 506 is enclosed by a receptacle door 508.
FIG. 5B illustrates that vehicle 502 further comprises a
rechargeable battery 510 coupled to an inductive charge cou-
pling device 512. Inductive charge coupling device 512 com-
prises a charging coil such as charging coil 110 described
above with respectto FIGS. 1 and 4, wherein the charging coil
of inductive charge coupling device 512 is disposed directly
adjacent to receptacle recess 506. When receptacle door 508
of vehicle 502 is opened, an ultrasonic signal 514 is emitted
from receptacle recess 506. A sensor on charging station 504
detects ultrasonic signal 514 from receptacle recess 506 and
initiates a charging sequence. That is, upon detection of ultra-
sonic signal 514, charging station 504 deploys a recharging
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interface 516, as is illustrated in FIG. 5C. Recharging inter-
face 516 preferably comprises an armature translatable in the
X-, y-, and z-dimensions, but is not limited as such. Recharg-
ing interface 516 also comprises a charging coil disposed
therein such as charging coil 106 described above with
respect to FIGS. 1 and 4.

[0034] Upon detection of ultrasonic signal 514, recharging
interface 516 is automatically maneuvered by charging sta-
tion 504 to be positioned within receptacle recess 506. This
guidance and positioning may be performed using an ultra-
sonic receiver disposed on recharging interface 516, which
detects ultrasonic signal 514. Charging station 504 controls
movement of recharging interface 516 until the charging coil
disposed within recharging interface 516 is substantially
aligned with, and appropriately spaced from, the charging
coil within inductive charge coupling device 512. When such
alignment is detected, a charging cycle is initiated, and induc-
tive charging of rechargeable battery 510 begins. When
charging of rechargeable battery 510 is complete, recharging
interface 516 is automatically removed from receptacle
recess 506, receptacle door 508 is closed, and the charging
sequence is ended.

[0035] As an alternative to guiding the charging coil of
recharging interface 516 into proximity with the charging coil
of inductive charge coupling device 512 via detected ultra-
sonic signal 514, it is also possible to guide the respective
charging coils into relative alignment by measuring the
inductive coupling of a low-level test charging signal, similar
to that which is described above with respect to FIG. 4.
Furthermore, the relative positions of the charging coil of
recharging interface 516 and the charging coil of inductive
charge coupling device 512 can be maintained during the
charging cycle by a mutual magnetic coupling force created
during charging.

[0036] While not shown in FIGS. 5A-5C, it is also possible
for a display to be presented to the user, the display being
disposed either within vehicle 502 or on charging station 504.
The display can instruct the user how to position vehicle 502
during final parking operations or can visually display the
amount of charge required, charging rates, charging time, etc.
After vehicle 502 is parked and the appropriate coupling of
inductive charge coupling device 512 and recharging inter-
face 516 is achieved, the user can enable a negotiation proto-
col, wherein the user may specify the charging cycle based
upon the time parked at charging station 504, the amount of
charge required for rechargeable battery 510, a charging
schedule, and/or charging rates. Additionally, a method of
payment may also be agreed upon as part of the negotiation
protocol.

[0037] Next, referring to FIG. 6, a charging method 600 for
inductive charging of an electric or hybrid-electric vehicle in
accordance with an embodiment of the invention is illus-
trated. At block 602, an electric or hybrid-electric vehicle is
parked in close proximity to a charging station, preferably
within several feet of the charging station. At block 604, a
charging signal is emitted from the vicinity of the vehicle’s
inductive charging coil, thereby initiating a charging
sequence. The charging signal can be emitted by energizing
the vehicle’s inductive charging coil, resulting in a detectable
magnetic field, or by way of an ultrasonic signal emitted from
the vicinity of the vehicle’s inductive charging coil. At block
606, a charging station detects the emitted charging signal,
and at step 608, the charging station translates a secondary
charging coil in the direction of the vehicle’s (primary) charg-
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ing coil based on the emitted charging signal. At block 610, a
determination is made whether the respective charging coils
are sufficiently aligned to create an efficient electrical trans-
former for the transfer of electrical energy between the charg-
ing station and the vehicle. If alignment is not sufficient 612,
step 608 is repeated to further translate the secondary charg-
ing coil. If alignment is sufficient 614, an inductive charging
cycle is initiated at block 616. Upon completion of the induc-
tive charging cycle, the secondary charging coil of the charg-
ing station is removed from the primary charging coil of the
vehicle at block 618, and charging method 600 is completed.
[0038] In view of the above embodiments, an efficient
inductive charging system for electric or hybrid-electric
vehicles is disclosed, wherein the charging system allows the
user to remain within the vehicle at all times during a charging
cycle, thus simplifying the charging process and protecting
the user from possible unpleasant environmental conditions.
[0039] While the above embodiments are related solely to
contactor-less inductive charging using separate charging
coils, embodiments of the invention are not limited as such.
That is, the above-described location and alignment methods
could also be utilized with a conventional “plug-in” or “con-
ductive”-type electrical coupler. A charging station’s
recharging interface may have a conventional conductive
electrical plug disposed thereon, which is automatically posi-
tioned and inserted into a conventional plug-in or conductive
interface receptacle located on or within the vehicle by way of
one of the positioning methods described above. More spe-
cifically, the respective charging coils may be utilized to
achieve proper alignment between the charging station’s
recharging interface and the vehicle’s recharging interface,
but the actual power transfer occurs via a conductive electri-
cal coupling as opposed to an inductive electrical coupling.
High-power electrical transfer can be provided through such
conductive electrical coupling via electrical contacts, while
the electrical transformer formed by the respective charging
coils can still be used for low-power communication and
alignment control. Using such a configuration, high-power
charging (i.e., rapid charging) is possible, and electrical
energy can be transferred at high efficiency and with reduced
electrical loss.

[0040] Furthermore, the conductive (i.e., plug-in) interface
may also beused solely for communication purposes between
the charging station and the vehicle, such as the communica-
tion of the amount of charge required, charging rates, charg-
ing time, etc. Thus, at least one of inductive charging (via the
electrical transformer) and conductive charging (utilizing a
conventional plug-in interface) may still occur, but inductive
communication of relevant charging information is avoided.
[0041] Thus, in accordance with an aspect of the invention,
anelectrical charging system is shown, the electrical charging
system comprising a first charging coil and at least one energy
storage device coupled to the first charging coil. The energy
charging system further comprises an energy charging station
comprising a second charging coil disposed on a movable
positioner, wherein the second charging coil is coupleable to
an electrical energy source, at least one drive mechanism
configured to translate the movable positioned, and a system
controller. The system controller is configured to detect an
event indicative of a proximity of'the first charging coil to the
energy charging station, translate the movable positioner such
that the second charging coil is substantially aligned with, and
closely spaced apart from, the first charging coil to form an
electrical transformer, and initiate a charging cycle config-
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ured to transfer electrical energy to the at least one energy
storage device via the electrical transformer
[0042] Inaccordance with another aspect of the invention,
a method of charging a vehicle is shown, the method com-
prising detecting a vehicle in proximity to an energy charging
station, wherein the vehicle comprises a first charging coil
and the energy charging station comprises a second charging
coil disposed on a movable armature, and initiating a charge
cycle request based on the detection of the vehicle. The
method further comprises manipulating the movable arma-
ture such that the second charging coil is moved in the direc-
tion of the first charging coil, detecting a position of the first
charging coil by at least one of determining a level of energy
transfer between the first charging coil and the second charg-
ing coil and detecting an ultrasonic signal emitted from a
location near the first charging coil. Additionally, the method
comprises manipulating the movable armature to align the
second charging coil with the first charging coil to form an
electrical transformer, and charging an energy storage device
of'the vehicle by way of the electrical transformer.
[0043] Inaccordance with another aspect of the invention,
an energy charging apparatus is described. The energy charg-
ing apparatus comprises a primary charging coil located on a
movable armature, wherein the primary charging coil is elec-
trically connected to an electrical energy source, at least one
drive mechanism configured to translate the movable arma-
ture in at least two dimensions and a system controller. The
system controller is configured to detect the presence of a
secondary charging coil located externally to the energy
charging apparatus, detect the location of the secondary
charging coil, and translate the movable armature and pri-
mary charging coil in the direction of the secondary charging
coil such that the primary charging coil is substantially
aligned with, and closely spaced apart from, the secondary
charging coil. The system controller is further configured to
initiate a charging cycle to charge at least one energy storage
device, wherein the at least one energy storage device is
charged via at least one of an electrical transformer formed by
the primary charging coil and the secondary charging coil and
a conductive electrical coupler.
[0044] While the invention has been described in detail in
connection with only a limited number of embodiments, it
should be readily understood that the invention is not limited
to such disclosed embodiments. Rather, the invention can be
modified to incorporate any number of variations, alterations,
substitutions or equivalent arrangements not heretofore
described, but which are commensurate with the spirit and
scope of the invention. Additionally, while various embodi-
ments of the invention have been described, it is to be under-
stood that aspects of the invention may include only some of
the described embodiments. Accordingly, the invention is not
to be seen as limited by the foregoing description, but is only
limited by the scope of the appended claims.
1.-22. (canceled)
23. An energy charging system in a vehicle comprising:
a first charging coil;
at least one energy storage device;
electronic energy management components of the vehicle
coupled to the first charging coil and the at least one
energy storage device; and
a switch configured to excite the first charging coil at a
reduced power of the at least one energy storage device,
from the least one energy storage device through the
electronic energy management components, wherein
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the excited first charging coil is sensed by another charg-
ing coil in order to initiate a charging cycle of the at least
one energy storage device of the vehicle.
24. The energy charging system of claim 23 wherein the at
least one energy storage device is a battery.
25. The energy charging system of claim 24 wherein the
another charging coil is from a charging station for charging
the vehicle.
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