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(57) ABSTRACT

Provided herein is an inductive power transfer pad for
inductive power transfer to a vehicle. The inductive power
transfer pad includes a stationary part and a movable part.
The movable part includes a primary winding structure. The
movable part is movable between a retracted state and an
extended state. The power transfer pad is designed or
controllable such that the movable part is only movable to a
position from a set of predetermined positions. The set of
predetermined positions is a subset of the set of all positions
between the retracted and the extended state. A method of
operating an inductive power transfer pad and an inductive
power transfer system are also provided herein.
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INDUCTIVE POWER TRANSFER PAD,
SYSTEM FOR INDUCTIVE POWER
TRANSFER AND METHOD OF OPERATING
INDUCTIVE POWER TRANSFER PAD

[0001] The invention relates to an inductive power transfer
pad and a system for inductive power transfer, in particular
to a vehicle. Furthermore, the invention relates to a method
of operating an inductive power transfer pad.

[0002] Electric vehicles, in particular a track-bound
vehicle, and/or a road automobile, can be operated by
electric energy which is transferred by means of an inductive
power transfer. Such a vehicle may comprise a circuit
arrangement, which can be a traction system or a part of a
traction system of the vehicle, comprising a receiving device
adapted to receive an alternating electromagnetic field and to
produce an alternating electric current by electromagnetic
induction. Furthermore, such a vehicle can comprise a
rectifier adapted to convert an alternating current (AC) to a
direct current (DC). The DC can be used to charge a traction
battery or to operate an electric machine. In the latter case,
the DC can be converted into an AC by means of an inverter.
[0003] The inductive power transfer is performed using
two sets of e.g. three-phase windings. A first set is installed
on the ground (primary windings) and can be fed by a
wayside power converter (WPC). The second set of wind-
ings is installed on the vehicle. For example, the second set
of windings can be attached underneath the vehicle, in the
case of trams under some of its wagons. For an automobile
it can be attached to the vehicle chassis. The second set of
windings or, generally, the secondary side is often referred
to as pick-up-arrangement or receiver. The first set of
windings and the second set of windings form a high
frequency transformer to transfer electric energy to the
vehicle. This can be done in a static state (when there is no
movement of the vehicle) and in a dynamic state (when the
vehicle moves).

[0004] In particular in the case of road automobiles, a
stationary primary unit comprises a plurality of elements
which are often arranged spatially separated.

[0005] GB 1306403.5 (not yet published) discloses an
inductive power transfer pad, in particular an inductive
power transfer pad of a system for inductive power transfer
to a vehicle, comprising a housing, a primary winding
structure, a connecting terminal, wherein the inductive
power transfer pad further comprises an inverter, wherein
the inverter is arranged within the housing, wherein an input
side of the inverter is electrically coupled to the connecting
terminal and an output side of the inverter is electrically
coupled to the primary winding structure.

[0006] Also known are inductive power transfer systems
which comprise a movable primary element. U.S. Pat. No.
5,654,621 A discloses an inductive transmitter having a
primary element and a secondary element which is attached
to the vehicle, wherein the primary element is power driven
to move in all three spatial coordinates with a predetermined
spatial area.

[0007] DE 102010042395 Al discloses a system for
inductive charging of a battery of a vehicle, wherein a
primary coil is automatically placeable.

[0008] DE 102007033654 A1l discloses a base unit with a
driving means to reduce a distance between a primary
conductor and a secondary coil.

[0009] US 2010/0235006 Al discloses a movable auto-
mated charging apparatus comprising a base, a scissor lift, a
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pedestal, a joint and a charger. The charger is configured to
mate with a vehicle receptacle physically or via proximity.
[0010] Itisan object of the present invention to provide an
inductive power transfer pad, a system for inductive power
transfer and a method of operating an inductive power
transfer pad which enhances an operational safety and a
motion control of the power transfer pad, in particular for a
set of chargeable vehicles with different ground clearances.
[0011] The object is accomplished by means of the sub-
ject-matters of claims 1, 15 and 16. Advantages embodi-
ments of the invention are indicated by the characteristics of
the dependent claims.

[0012] An inductive power transfer pad, in particular a
transfer pad of a system for inductive power transfer to a
vehicle, is proposed. The inductive power transfer pad (IPT
pad) can be part of a primary unit of a system for inductive
power transfer. The power transfer pad comprises a station-
ary part and a movable part, wherein the movable part
comprises a primary winding structure. The primary wind-
ing structure generates an alternating (electro-) magnetic
field if the primary winding structure is energized or sup-
plied with an operating current.

[0013] Further, the movable part is movable between a
retracted state and an extended state. The power transfer pad
can comprise at least one actuating means, wherein the
movable part is movable by the at least one actuating means.
In the context of this invention, the term “actuating means”
can denote an entity of all components or elements by which
the movement of the movable part is generated. The term
“actuating means” can thus comprise at least one actuator
and/or at least one lifting mechanism. Further, the actuating
means can comprise coupling means for mechanically cou-
pling the actuator and the lifting means and/or at least one
guiding means for guiding the movement of the movable
part.

[0014] The movable part can be movable at least into a
first direction, in particular by the at least one actuating
means. The first direction can be oriented parallel to a main
propagation direction of the electromagnetic field generated
by the primary winding structure. In particular, the first
direction can be oriented perpendicular to the bottom surface
of'the power transfer pad or a surface of the ground on which
the power transfer pad is mounted, wherein the first direction
is directed away from the ground. In the retracted state, an
upper surface of the movable part can be arranged within the
same plane as an upper surface of the stationary part.
[0015] In the context of this invention, the first direction
can also be defined as a vertical direction. In the following,
terms as “upper”, “lower”, “above”, “under”, “lowest”,
“highest”, “bottom” refer to the vertical direction.

[0016] Inthe retracted state, the movable part, in particular
an upper surface of the movable part, can be positioned at a
retracted position, in particular with respect to the first
direction, e.g. a predetermined lowest vertical position. In
the retracted state, a height of the power transfer pad, i.e. a
distance of the highest portion of the power transfer pad, e.g.
the upper surface of the movable part, from a mounting
portion of the power transfer pad along the first direction can
be minimal. Correspondingly, in the retracted state, the
movable part, in particular an upper surface of the movable
part, can be positioned at an extended position, e.g. a
predetermined highest vertical position. In the extended
state, the height of the power transfer pad can be maximal.
The mounting portion can correspond to a bottom surface of
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the power transfer pad. The mounting portion can be used to
mount the power transfer pad to a mounting structure, in
particular to a surface of a route. Retracted state and the
extended state can be defined by mechanical elements, e.g.
stop elements, and/or by the design of the actuating means.

[0017] The height in the retracted state can be chosen from
an interval from 50 mm to 110 mm, in particular from an
interval from 70 mm to 90 mm. Preferably, the height in the
retracted state can be equal to 80 mm. The height in the
extended state can e.g. be chosen from an interval of 95 mm
to 155 mm, in particular from an interval from 115 mm to
135 mm. Preferably, the height in the extended state can be
equal to 125 mm.

[0018] According to the invention, the power transfer pad
is designed and/or controllable such that the movable part is
only movable (or movable only) to a position from a set of
predetermined positions, wherein the set of predetermined
positions is a subset of the set of all positions between the
retracted and the extended state. In other words, the movable
part is only movable to a set of selected discrete positions
along the range of all theoretically possible positions
between the retracted state and the extended state. The set of
predetermined positions can comprise at least the position of
the movable part in the retracted state and the position of the
movable part in the extended state. In addition, the set of
predetermined position can comprise one or more, but not
all, positions between the position of the movable part in the
retracted state and the position of the movable part in the
extended state.

[0019] The positions can denote positions along a trajec-
tory of the movable part, wherein the movable part is moved
along said trajectory from the retracted state to the extended
state and vice versa. Also, the positions can denote positions
with respect to the aforementioned first direction, e.g. ver-
tical positions.

[0020] The power transfer pad can e.g. comprise at least
one position sensing means for determining the position of
the movable part. Depending on the sensed position of the
movable part, the movement can be controlled, e.g. by a
control unit, such that the movable part is moved to a
selected position from a set of predetermined positions.

[0021] Alternatively or in addition, the power transfer pad,
in particular the movable part, more particular at least one
lifting or guiding means or mechanism for guiding the
movement of the movable part, can comprise at least one,
preferably multiple, stop element(s), wherein the at least one
stop element is designed and/or arranged such that the
movement of the movable part is restricted to a movement
into the positions of the set from predetermined positions.
The at least one stop element can e.g. be a mechanical
element.

[0022] This advantageously allows a simple design of the
power transfer pad and/or implementation of the motion
control.

[0023] In another embodiment, the movable part is only
movable to the retracted state or to the extended state. In
other words, the movable part is only movable to the
position of the movable part in the retracted state, i.e. the
retracted position, and to the position of the movable part in
the extended state, i.e. the extended position. This means
that the set of predetermined positions comprises only two
positions.
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[0024] This advantageously further simplifies the design
of the power transfer pad and/or implementation of the
motion control.

[0025] In another embodiment, the movable part is, in
particular only, movable in steps. The movement of the
movable part can e.g. be a one-step movement, e.g. a
movement between the retracted state and the extended state
and vice versa, or a multiple-step movement. If the move-
ment is a multiple-step movement, the steps can have equal
length or can have different lengths.

[0026] In another embodiment, the movable part is mov-
able to a position from the set of predetermined positions
such that at least a minimal air gap height is provided,
wherein the minimal air gap height is larger than zero. This
e.g. means that a movement of the movable part to one
position of the predetermined set of positions is controllable
such that at least a minimal air gap height is provided. The
air gap denotes an air gap between the power transfer pad
and a vehicle.

[0027] The minimal air gap height can be equal to the
distance between the ground clearance of a vehicle and the
movable part, e.g. the upper surface of the movable part.
[0028] The ground clearance, which can also be referred to
as ride height, can be defined as the shortest distance
between a flat, level surface and any part of the vehicle other
than those part designed to contact the ground (such as tires,
tracks etc.). The ground clearance can e.g. be provided in an
unloaded configuration, e.g. with no cargo and no passen-
gers.

[0029] The power transfer pad can comprise means for
determining the air gap height or a ground clearance of a
vehicle approaching the power transfer pad and/or arranged
above the power transfer pad. This will be explained later.
[0030] This embodiment advantageously provides a safety
interval, i.e. the air gap, between the vehicle and the power
transfer pad which reduces the risk of a collision between
vehicle and power transfer pad.

[0031] In another embodiment, the power transfer pad, in
particular the movable part, is controllable interval-depen-
dent, wherein the retracted state is assigned to a first interval
of ground clearances of a set of chargeable vehicles and the
extended state is assigned to another interval of ground
clearances of the set of chargeable vehicles, wherein the
power transfer pad is designed and/or controllable such that
in the retracted state and the extended state a minimal air gap
height is provided, wherein the minimal air gap height is
larger than zero.

[0032] It is further possible that each position of the set of
predetermined positions is assigned to an interval of ground
clearances, wherein the power transfer pad is designed
and/or controllable such that the movable part is movable to
a selected position from the set of predetermined positions
such that at least a minimal air gap height is provided
[0033] This is equivalent to the feature that the height of
the power transfer pad in the retracted state and the height
of the power transfer pad in the extended state each take a
predetermined value, wherein the predetermined values are
chosen depending on the different intervals of ground clear-
ances such that the minimal air gap height is provided.
[0034] An interval of ground clearances can comprise one,
preferably more than one, different ground clearances. The
set of chargeable vehicles comprises multiple vehicles with
different ground clearances designed to be charged by the
power transfer pad, i.e. comprising a receiving device with
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a secondary winding structure in order to receive the elec-
tromagnetic field generated by the primary winding struc-
ture. The ground clearance can, in particular, denote the
minimal distance between the receiving device, in particular
a bottom surface of the receiving device, and a flat, level
surface of the route on which the vehicle is driving.

[0035] In an interval-dependent control, the movable part
can be movable to the retracted state if a vehicle with a
ground clearance of the first interval is to be charged by the
power transfer pad, e.g. approaches and/or is arranged above
the power transfer pad. Accordingly, the movable part can be
movable to the extended state if a vehicle with a ground
clearance of the other interval is to be charged by the power
transfer pad. Also, the movable part can be movable to a
selected position of the set of predetermined positions which
is assigned to a respective interval.

[0036] Inthis case, the minimal air gap height can be equal
to the distance between the minimal ground clearance of an
interval of ground clearances and the movable part, e.g. the
upper surface of the movable part, in the corresponding
state.

[0037] In other words, the power transfer pad is designed
and/or controllable such that the movable part is movable to
a selected position of a set of predetermined positions, e.g.
a set of two positions, wherein each position is assigned to
another interval of ground clearances.

[0038] This advantageously provides a very simple con-
trol of the power transfer pad and an increased operational
safety as a safety interval, i.e. the minimal air gap height,
between the proposed power transfer pad in each position is
always provided. Thus, the risk of a mechanical contact
between the proposed power transfer pad and a part of the
vehicle, e.g. the receiving device, is minimized, even if the
vehicle is heavy loaded and/or has a flat tire.

[0039] The movable part can comprise a housing in which
a primary winding structure is arranged. Further, the mov-
able part can comprise at least one connecting terminal for
a power connection of the primary winding structure and
other electric elements, e.g. an converter, which can be
arranged in the stationary part.

[0040] In particular, the power transfer pad can provide an
elevated charging pad which can be mounted on a mounting
surface, e.g. of a route.

[0041] In another embodiment, the movable part is con-
trollable depending on a vehicle category, wherein the first
interval of ground clearances is assigned to a first category
and the other interval of ground clearances is assigned to
another category. This means that the first interval can
comprise the ground clearances of the vehicles of the first
category and the other interval the ground clearances of the
vehicles of the other category.

[0042] The vehicle can be a vehicle which is arranged
above and/or approaching the power transfer pad. A category
of vehicles can comprise multiple vehicles. The category of
the vehicle can be a model-dependent or type-dependent
category. It is, for instance, possible to categorize the
vehicles according to a vehicle classification. A vehicle
classification system can e.g. be defined by law or regula-
tion. An example for a vehicle classification system is e.g.
the US EPA size class classification, the Euro NCAP struc-
ture category-classification, the Euro NCAP class-classifi-
cation and the Euro marked segment-classification. Another
classification system is a vehicle segment classification.
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[0043] Vehicles can e.g. be classified depending on at least
one vehicle characteristic, e.g. depending on their dimen-
sions, e.g. a length and/or a height, weight, capacity, power,
number of seats, payload, etc. Vehicle categories can e.g. be
a micro car, a subcompact car, a compact car, a mid-size car,
an entry-level luxury car, a full size car, a convertible, a
roadster, a compact SUV, a full-size SUV etc.

[0044] Also, a vehicle can be categorized depending on its
ground clearance. This can e.g. mean that at least two
intervals of ground clearances are defined, wherein a cat-
egory corresponds to one of the at least two intervals of
ground clearances.

[0045] The interval of ground clearances of the vehicles of
each of category can differ from one another. These intervals
can partially overlap or be totally distinct from one another.
Each category has a minimal ground clearance and a maxi-
mal ground clearance.

[0046] In particular, the movable part can be moved to a
predetermined category-dependent position of the set of
predetermined positions, i.e. height, wherein the predeter-
mined I position is assigned to each category. The category-
dependent position can be different from one another.
[0047] This advantageously provides a simple control
mechanism for the proposed power transfer pad.

[0048] A set of chargeable vehicles can be divided into
more than one category of vehicles, e.g. at least two cat-
egories, wherein the retracted state, in particular the
retracted position, is defined such that the minimal air gap
height is provided between the movable part and the mini-
mal ground clearance of the category comprising the vehicle
with the minimal ground clearance. Further, the extended
state, in particular the extended position, is defined such that
the minimal air gap height is provided between the movable
part and the minimal ground clearance of the category
comprising the vehicle with the maximal ground clearance.
[0049] The first and the second interval differ from one
another. The first and the second interval can at least
partially overlap or be totally distinct from one another. In
particular, the minimal ground clearance of the first interval
is smaller than the minimal ground clearance of the second
interval, wherein the maximal ground clearance of the
second interval is higher than the maximal ground clearance
of the first interval.

[0050] In the case that only two categories are defined, the
movable part can be controlled such that it is only movable
to two category-dependent heights, in particular to the
retracted state and the extended state. This advantageously
further simplifies the motion control of the proposed power
transfer pad.

[0051] In another embodiment, a maximal movement of
the movable part, in particular along the first direction, is
determined depending on the minimal ground clearance of
the interval comprising the maximal ground clearance of all
intervals.

[0052] In particular, the maximal movement can be deter-
mined such that the desired minimal air gap height, i.e. the
difference between the minimal ground clearance of the
interval with the maximal ground clearance and the position
of the movable part in the extended state takes a value larger
than zero. The position of the movable part in the extended
state can be the sum of the position of the movable part in
the retracted state and the maximal movement. The maximal
movement can e.g. be chosen from an interval from 25 mm
to 65 mm, in particular from an interval from 35 mm to 55
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mm. Preferably, the maximal movement is equal to 45 mm.
This provides a good trade-off between a safety interval and
power transfer efficiency.

[0053] In another embodiment, the minimal air gap height
is chosen from an interval from 20 mm to 60 mm. In
particular, the minimal air gap can be chosen from an
interval from 35 mm to 45 mm.

[0054] In another embodiment, the movable part com-
prises at least one object detection means. The object
detection means can denote a system for detecting a foreign
object, in particular a metal object, within a charging volume
of the power transfer pad. Alternatively or in addition, the
object detection means can be denote a system for detecting
a moving object within the charging volume. The charging
volume can denote a volume through which at least a
predetermined portion, e.g. 80%, 90% or 95%, of the
electromagnetic field generated by the primary winding
structure extends. The charging volume can also denote the
volume through which the total electromagnetic field gen-
erated by the primary winding structure extends. Also, the
charging volume can denote the volume above the power
transfer pad, e.g. above the primary winding structure. A
charging surface can denote a bottom surface of the charging
volume. In particular, the charging surface can be an upper
surface of the movable part.

[0055] The at least one object detection means can com-
prise at least one inductive sensing system, wherein an
active or passive detection can be performed by the induc-
tive sensing system. In each case, the inductive sensing
system can comprise one or multiple detection winding(s).
Multiple detection windings can be arranged in an array
structure wherein the array structure covers the charging
surface of the power transfer pad. In the case of an active
detection, one or more excitation winding(s) can be used. An
active object detection can be performed by monitoring
properties of an excitation field generated by the excitation
winding(s). In the case of a passive detection, only one or
more passive winding(s) are used. A passive object detection
can be performed by monitoring properties of the passive
winding(s), in particular an inductance. Such an inductive
detection system is disclosed in GB 1222712.0 (not yet
published) or in GB 1311289.1 (not yet published). In the
context of this invention, a detection system can be designed
according to one of the embodiments as claimed in GB
1222712.0 or in GB 1311289.1 which are incorporated by
reference.

[0056] The at least one object detection means can also
comprise at least one capacitive sensing system. Such a
capacitive detection system is disclosed in GB 1222713.8
(not yet published). In the context of this invention, a
detection system can be designed according to one of the
embodiments as claimed in GB 1222713.8 which is incor-
porated by reference.

[0057] The object detection means can also be an image-
based object detection means, wherein such an image-based
detection means can e.g. comprise an image capturing
device, e.g. a camera.

[0058] This advantageously allows a better surveillance of
the charging volume which changes its spatial position
according to the movement of the movable part. Since the
object detection means is part of the movable part, the
charging volume can be monitored in each position of the
movable part.
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[0059] In another embodiment, the stationary part com-
prises at least one DC connecting terminal for connecting
the stationary part to an external DC voltage supply means
and at least one converter, wherein an input side of the
converter is electrically coupled to the DC connecting
terminal and an output side of the converter is electrically
coupled to the primary winding structure. The external DC
voltage supply means can e.g. be a DC voltage source or an
electric element or circuit providing a DC voltage, e.g. an
external rectifier. The external DC voltage supply means can
e.g. be integrated into a so-called wall box, wherein the wall
box can fed by a household electric network and provide a
DC voltage.

[0060] The stationary part can comprise a housing. The
converter can be arranged within the housing. In particular,
the converter can be arranged within an inner volume of the
housing of the stationary part. The housing of the stationary
part can be a part of a housing of the power transfer pad. The
converter can be designed as an inverter.

[0061] The proposed embodiment advantageously allows
connecting an arbitrary DC input voltage to the DC con-
necting terminal of the power transfer pad, wherein the
desired AC output voltage to energize the primary winding
structure is generated by the pad-sided converter. This, in
turn, increases a usability of the proposed power transfer pad
since the power transfer pad can be operated independent
from an input voltage. For example, the power transfer pad
can be installed in a garage of a private house or in a parking
slot of an automobile, wherein the power transfer pad can be
connected to a household electric network or a battery
providing DC battery voltage with an arbitrary output volt-
age level. In particular, the power transfer pad can be
installed on the ground such that a vehicle can be positioned
above the power transfer pad. The power transfer pad can be
supplied by an arbitrary DC input voltage and operation is
not restricted to an AC input voltage with desired charac-
teristics, e.g. a desired amplitude and/or frequency.

[0062] Alternatively or in addition, the stationary part
comprises an AC connecting terminal for connecting the
stationary part to an external AC voltage supply means,
wherein the converter is coupled to the AC connecting
terminal via a rectifier. The external AC voltage supply
means can e.g. be an AC voltage source or an electric
element or circuit providing an AC voltage, e.g. an external
AC network such as a household network.

[0063] In this case, the stationary part can also comprise a
rectifier. The rectifier can also be arranged within the afore-
mentioned housing. It is also possible that an input side of
the converter is electrically coupled to the DC connecting
terminal and an output side of the converter is electrically
coupled to the primary winding structure, wherein the con-
verter allows an AC/AC conversion.

[0064] It is possible that the power transfer pad comprises
only the AC connecting terminal or only the AC connecting
terminal. However, it is also possible that the power transfer
pad comprises both terminals, the DC terminal and the AC
connecting terminal. In the case wherein the stationary part
comprises at least one AC connecting terminal, the power
transfer pad can be operated by an external AC voltage. This
further increases the usability of the power transfer pad.
[0065] The power transfer pad, in particular the stationary
part, can comprise another AC connecting terminal for
connecting an output side of the converter to the primary
winding structure, wherein the other AC connecting terminal
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is connected to the output of the convertor. Further, the
power transfer pad, in particular the stationary part, can
comprise at least one filter element for filtering an AC output
voltage/current provided by the converter.

[0066] Further, the power transfer pad, in particular the
stationary part, can comprise a control unit for controlling an
operation of the converter. The control unit can be arranged
within the housing of the stationary part.

[0067] Further, the power transfer pad, e.g. the stationary
part and/or the movable part, can comprise a vehicle detec-
tion system. Elements of the vehicle detection system can
e.g. be a sensor and a corresponding control unit for an
evaluation of output signals of the sensor. The vehicle
detection system denotes a system by which a presence of a
vehicle in the surrounding of the power transfer pad can be
detected. The vehicle detection system can e.g. comprise an
inductive or capacitive sensor element for detecting a
vehicle. Preferably, the vehicle detection system can be
provided by a winding structure, e.g. a coil. Further, the
power transfer pad, in particular the stationary part and/or
the movable part, can comprise at least one RFID (radio
frequency identification) unit. Using the RFID unit, a
vehicle and, if applicable, a position and/or orientation of a
vehicle with respect to the power transfer pad can be
detected. Thus, the RFID unit can be used as an element, in
particular a sensor of a vehicle detection system.

[0068] Further, the power transfer pad, in particular the
movable part, can comprise at least one guiding means for
guiding a magnetic flux. In particular, the power transfer pad
can comprise a ferrite arrangement, wherein the ferrite
arrangement can e.g. comprise one or more ferrite bars or
slabs. The guiding means can be used to guide a magnetic
flux of the electromagnetic field which is generated if the
primary winding structure is energized along a desired path.
[0069] Further, the inductive power transfer system, in
particular the stationary part, can comprise a compensating
unit for compensating a reactance, e.g. a self-inductance, of
a primary winding structure. By providing or operating the
compensating unit, the self-inductance of the primary wind-
ing structure can be compensated which advantageously
allows operating the primary winding structure only with a
desired active power. The compensating unit can e.g. com-
prise one or more compensating capacitors which can e.g. be
connected in series to phase lines of the primary winding
structure.

[0070] Further, the power transfer pad, in particular the
stationary part, can comprise a human-machine-interface
and/or at least one signal transmitting and receiving means.
The signal transmitting and receiving means can e.g. be
designed in order to allow a signal and/or data transmission
between a vehicle and the power transfer pad. The human-
machine-interface allows providing an input to e.g. the
control unit which controls the operation of the converter.
The human-machine-interface can also be provided by a
monitor or a display which displays information on a status
of the power transfer pad, e.g. if a charging process in
progress, to a user. For this purpose, the power transfer pad
can also comprise a display and/or input means, such as a
keyboard.

[0071] Further, at least one phase line of the primary
winding structure can have a meandering course. Alterna-
tively, at least one phase line of the primary winding
structure can be designed such that a course of the phase line
provides an even number or uneven number of sub-windings
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which are arranged adjacent to each other. In this context, a
sub-winding denotes a, preferably complete, conductor loop,
which encloses a predetermined area. The conductor loop
can provide or comprise one turn or multiple turns of a
respective sub-winding. Adjacent to each other means that
central axes of said sub-windings, in particular the axes of
symmetry, are spaced apart from one another, e.g. with a
predetermined distance, along a common straight line which
can e.g. correspond to a direction of extension of the primary
winding structure. Further, the course of at least one phase
line of the primary winding structure can be 8-shaped. This
means that the phase line comprises two, e.g. circular-
shaped, sub-windings which are arranged adjacent to each
other. In particular, the primary winding structure can com-
prise three phase lines.

[0072] Further, the inductive power transfer pad, in par-
ticular the movable part, can comprise a cable bearing
element. The cable bearing element can be adapted position
and/or to hold a plurality of line section of one or more
electric lines which can provide the phase line(s) of the
primary winding structure.

[0073] Further, the inductive power transfer pad, in par-
ticular the stationary part, can comprise a magnetic shielding
element. The magnetic shielding element can be used to
shield an external area of the power transfer pad from an
electromagnetic field generated during inductive power
transfer.

[0074] Generally, the proposed power transfer pad can
comprise or provide one or more features of the power
transfer pad disclosed in GB 1306403.5, wherein the dis-
closure of GB 1306403.5 is incorporated into the present
disclosure by reference. In particular, the proposed power
transfer pad can comprise the features of a power transfer
pad according to one of the claims of GB 1306403.5.

[0075] In another embodiment, the power transfer pad
comprises at least one DC voltage supply unit, e.g. the
aforementioned DC voltage supply means, wherein the DC
voltage supply unit is connected to a DC connecting termi-
nal of the stationary part. The DC voltage supply unit and the
power transfer pad can be provided by separate units. The
DC voltage supply unit can denote a DC voltage generation
unit. The DC voltage supply unit can e.g. be connected to a
household electric network, wherein the DC voltage supply
unit generates a predetermined DC voltage or DC current
depending on the power provided by the household network.
The DC supply unit can e.g. be a wall-mounted supply unit.

[0076] It is possible that the power transfer pad according
to one of the previously described embodiments and the DC
voltage supply unit are parts of an inductive power transfer
system which comprises both units.

[0077] In another embodiment, the power transfer pad, in
particular the stationary part, comprises at least one com-
munication means for communicating with a vehicle. The
communication means, e.g. the aforementioned signal trans-
mitting and receiving means, can allow a, e.g. wireless,
communication of a vehicle with the power transfer pad.

[0078] It is, for instance, possible that a vehicle approach-
ing and/or arranged above the power transfer pad commu-
nicates with the power transfer pad. In this way, a driver of
the vehicle can activate the inductive charging and/or choose
a duration of the charging process and/or choose character-
istics, such as the amount of power to be transferred, of the
inductive charging process.
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[0079] Also, at least one vehicle characteristic can be
transmitted from the vehicle to the power transfer pad, e.g.
if the vehicle is approaching the power transfer pad.
Depending on the at least one vehicle characteristic, the
ground clearance or an interval of ground clearances can be
determined by the power transfer pad, e.g. a control unit of
the power transfer pad, wherein the movable part can be
moved to the corresponding position. The at least one
characteristic can be the ground clearance of the vehicle or
a piece of information which allows to determine the ground
clearance. It is also possible that the vehicle can be assigned
to one of the aforementioned categories depending on the at
least one vehicle characteristic. The at least one vehicle
characteristic can be the vehicle category or a piece of
information which allows to assign the vehicle to a category.
Further, using the communication means, information can
be sent to the vehicle and then displayed to a driver on a
vehicle-sided display. In turn, driver can input information
via vehicle-sided input means, wherein the input data is sent
to the pad-sided receiving means.

[0080] In another embodiment, the power transfer pad
comprises a scissor lift. The scissor lift can be mechanically
coupled to an actuator. Further, the scissor lift can be a part
of the aforementioned actuating means. The movable part
can be mechanically connected to the scissor lift. By oper-
ating the scissor lift, the movable part can be moved into or
against the first direction.

[0081] Alternatively, the power transfer pad can comprise
an air actuator. In another alternative, the power transfer pad
can comprise a jack-like lift. The jack-like lift can denote a
lever mechanism, wherein lever mechanism allows moving
the movable part along the first direction if operated by an
actuator. A jack-like lift can also denote a piston-cylinder-
system. Alternatively, the power transfer pad can comprise
a sliding block guide. The sliding block guide can guide a
movement of the movable part along a trajectory, wherein a
direction of movement along the trajectory extends at least
partially parallel to the first direction.

[0082] In another embodiment, at least a portion of the
movable part is additionally movable in a second, i.e.
longitudinal, and/or a third, i.e. lateral, direction. The third
direction can e.g. be parallel to a direction of extension of
the primary winding structure. The third direction can be
oriented perpendicular to the first direction and the second
direction. The second and the third direction can define a
plane which is parallel to an upper surface of the movable
part. It is, for instance, possible that the movable part can
comprise a, in particular flat, translation stage. The transla-
tion stage can allow a movement in the second and/or the
third direction. The primary winding structure can be
mounted onto the translation stage. This advantageously
allow minimizing geometric dimensions of the primary
winding structure since undesired offset between a primary
winding structure and a secondary winding structure can be
compensated by moving the primary winding structure. The
translation stage can be mounted on the aforementioned
scissor lift, air actuator or jack-like lift.

[0083] Further, the power transfer pad can comprise a
protective bellow for protecting at least a part of the actua-
tion means. In particular, at least a part, preferably all,
elements of the actuating means can be arranged in an inner
volume of the protective bellow. A housing of the movable
part comprising the primary winding structure can provide a
top cover of the protective bellow.
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[0084] Alternatively or in addition, the movable part is
additionally rotatable or tiltable. In particular, the movable
part can be rotatable about a first axis and/or a third axis
and/or the lateral axis which extend parallel to the afore-
mentioned first direction, second direction and third direc-
tion respectively.

[0085] This advantageously allows changing a relative
orientation between the primary and the secondary winding
structure which can enhance a power transfer.

[0086] Further proposed is an inductive power transfer
system, in particular for an inductive energy transfer to a
vehicle. The power transfer system comprises an inductive
power transfer pad according to one of the previously
described embodiments. Further, the power transfer system
comprises at least one receiving device for receiving an
alternating electromagnetic field generated by a primary
winding structure of the inductive power transfer pad. In
particular, at least one dimension of the inductive power
transfer pad can be larger than a corresponding dimension of
the receiving device, e.g. a length, and/or a width, wherein
the length can be measured along the second direction and
wherein the width can be measured along the third direction.
[0087] This advantageously increases a positioning space
of a vehicle with the receiving device with respect to the
power transtfer pad.

[0088] Further proposed is a method of operating an
inductive power transfer pad, wherein the power transfer pad
comprises a stationary part and a movable part. The movable
part comprises a primary winding structure, wherein the
movable part is movable in between a retracted state and an
extended state. In particular, the power transfer pad can be
designed according to one of the previously described
embodiments.

[0089] According to the invention, the movable part is
only moved to a, in particular selected, position from a set
of predetermined positions, wherein the set of predeter-
mined positions is a subset of the set of all positions between
the retracted and the extended state. In other words, the
movable part can only be moved to selected, but not all,
positions along a trajectory, wherein the movable part is
movable along said trajectory from the retracted state into
the extended state.

[0090] The proposed method can be performed by a power
transfer pad according to one of the previously described
embodiments.

[0091] Furthermore, the movable part can only be moved
to the retracted state or to the extended state. Furthermore,
the movable part can only be moved in steps. If the selected
position is reached, an operating voltage and/or current can
be supplied to the primary winding structure in order to
generate a desired electromagnetic field.

[0092] Thus, a simple design and/or motion control of the
power transfer pad is possible.

[0093] Inanother embodiment, the movable part is moved
to a position from the set of predetermined positions such
that at least a minimal air gap height is provided, wherein the
minimal air gap height is larger than zero. In this embodi-
ment, the air gap height, e.g. a distance between the movable
part and the vehicle, in particular the distance between a
ground clearance of the vehicle and the position of the
movable part, can be determined. This will be explained
later. Thus, a vehicle-dependent control is proposed,
wherein the movable part is moved into a vehicle-dependent
position.
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[0094] This advantageously allows a safe operation of the
power transfer pad with a movable part.

[0095] In another embodiment, the power transtfer pad, in
particular the movable part, is controlled interval-dependent,
wherein the movable part is moved to the retracted state if
avehicle with a ground clearance of a first interval of ground
clearances of a set of chargeable vehicles is to be charged,
wherein the movable part is moved to the extended state if
a vehicle with a ground clearance of another interval of
ground clearances is to be charged, wherein the power
transfer pad is designed and/or controlled such that in the
retracted state and the extended state a minimal air gap
height is provided, wherein the minimal air gap height is
larger than zero. In other words, the movable part is moved
to an interval-dependent position.

[0096] The retracted state is assigned to a first interval of
ground clearances of a set of chargeable vehicles and the
extended state is assigned to another interval of ground
clearances of the set of chargeable vehicles. Thus, each
position of the movable part covers one, preferably more
than one, ground clearance.

[0097] A vehicle to be charged can e.g. be detected if the
vehicle approaches the power transfer pad and/or arranged
above the power transfer pad. Also, the vehicle to be charged
can be detected if the vehicle notifies the power transfer pad,
i.e. registers for inductive charging, e.g. via a data and/or
signal transmission. As explained before, the interval can be
determined depending on at least one vehicle characteristic
which can also be transmitted from the vehicle to the power
transfer pad.

[0098] This advantageously allows a safe operation of the
power transfer pad with a movable part.

[0099] In a preferred embodiment, the movable part is
controlled depending on a category of a vehicle arranged
above or approaching the power transfer pad. The vehicle
can e.g. be assigned to one category of a set of pre-known
categories depending on at least one vehicle characteristic.
The at least one vehicle characteristic can e.g. be transmitted
from the vehicle to the power transfer pad while approach-
ing the power transfer pad or while being arranged above the
power transfer pad, e.g. by using the aforementioned com-
munication means. Depending on a determined category of
the vehicle, the movable part can be moved to a category-
dependent position. Thus, one single position can be
assigned to each category of vehicles.

[0100] This advantageously allows a very simple control
of the proposed power transfer pad.

[0101] In another embodiment, a minimal ground clear-
ance of a vehicle to be charged is determined. The minimal
ground clearance of the vehicle can e.g. determined depend-
ing on at least one vehicle characteristic. It is, of course,
possible that the minimal ground clearance is directly trans-
mitted from the vehicle to the power transfer pad. The
movement of the movable part, in particular the movement
into or against the first direction, is controlled depending on
the determined minimal ground clearance. In particular, the
movable part is moved to a position corresponding to the
interval in to which the minimal ground clearance is
assigned, wherein a difference between the minimal ground
clearance and the position along the first direction is equal
to or higher than the minimal air gap height.

[0102] In a preferred embodiment, the set of chargeable
vehicles is divided into more than one category of vehicles,
wherein a vehicle to be charged is identified and assigned to
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one of at least two categories of vehicles, wherein the
movable part is moved to a category-dependent position, in
particular to a category-dependent position along the afore-
mentioned first direction, e.g. the vertical direction.

[0103] In particular, the set of chargeable vehicles is
divided into two categories of vehicles. If a vehicle is
assigned to the first category of vehicles, the movable part
is moved to the retracted state, e.g. with the lowest vertical
position possible. If a vehicle is assigned to the second
category, the movable part is moved to the extended state,
e.g. with the highest vertical position possible. In this case,
the minimal ground clearance of the set of ground clearances
of the first category is smaller than the minimal ground
clearance of the second category of vehicles.

[0104] Further, the retracted state can be defined such that
the minimal air gap height is provided between the movable
part and the minimal ground clearance of the category
comprising the vehicle with the minimal ground clearance,
wherein the extended state is defined such that the minimal
air gap height is provided between the movable part and the
minimal ground clearance of the category comprising the
vehicle with the maximal ground clearance.

[0105] The invention will be described with reference to
the figures, wherein the figures show:

[0106] FIG. 1 a schematic side view of an inductive power
transfer pad,
[0107] FIG. 2 a perspective view on an inductive power

transfer pad in a retracted state,

[0108] FIG. 3 a perspective view on the inductive power
transfer pad shown in FIG. 2 in an extended state,

[0109] FIG. 4 a perspective view on another inductive
power transfer pad in an extended state,

[0110] FIG. 5 a perspective view on the inductive power
transfer pad shown in FIG. 4, and

[0111] FIG. 6 a perspective view on yet another inductive
power transtfer pad.

[0112] FIG. 1 shows a schematic side view of an inductive
power transfer pad 1. The inductive power transfer pad 1
comprises a stationary part 2 and a movable part 3, wherein
dashed lines show the movable part 3 in a retracted state and
solid lines show the movable part 3 in an extended state. The
movable part 3 comprises a plate member 4 and a lifting
mechanism (not shown) which is arranged within a protec-
tive bellow 5.

[0113] Also not shown in FIG. 1 is an actuator which is
mechanically coupled to the lifting mechanism such that the
movable part 3, in particular the plate member 4, is movable
in and against a vertical direction z. The vertical direction z
is oriented orthogonal to an upper surface 6 of the plate
member 4 and to a ground surface 7.

[0114] Within the plate member 4, a primary winding
structure (not shown), in particular for deleting metal objects
on the upper surface 6, can be arranged. Also, at least a part
of'elements of a foreign object detection system (not shown)
can be arranged within the plate member 4.

[0115] The power transfer pad 1 is installed on the ground
surface 7 which provides a driving surface for a vehicle (not
shown). The power transfer pad 1 comprises a housing 8.
Furthermore, the power transfer pad 1, in particular the
housing 8, provides a recess 9, wherein the movable part 3
is arranged within the recess 9 in the retracted state. The
recess 9 can have an arbitrary shape, in particular a cuboid
shape. The stationary part 2 comprises an inner housing 10,
wherein at least a part of the inner housing 10 can be
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provided by the housing 8 of the power transfer pad 1 or by
a separate housing. In the retracted state, the upper surface
6 of the plate member 4 is arranged within the same plane
as an upper surface of the housing 10 of the stationary part
2, wherein the plane is oriented orthogonal to the vertical
direction z. The aforementioned actuator can be arranged
within the recess 9. The movable part 3 can be moved only
to the retracted state or to the extended state, in particular by
a one-step movement. It is, however, also possible that the
movable part 3 can be moved to selected, but not all,
positions along the vertical directions.

[0116] Further shown is a first interval 11 of ground
clearances which ranges from a minimal ground clearance
H1S1 of the first interval 11 to a maximal ground clearance
H281 of the first interval I1. Further shown is a second
interval 12 of ground clearances which ranges from a mini-
mal ground clearance H1S2 of the second interval 12 to a
maximal ground clearance H2S2 of the second interval 12.
The first interval 11 comprises ground clearances of a first
category of vehicles, e.g. flat floor chassis vehicles. The
second interval 12 comprises ground clearances of a second
category of vehicles, e.g. SUVs.

[0117] The power transfer pad 1, in particular the station-
ary part 2, comprises a transmitter-receiving-device 11 for
communicating with a vehicle (not shown) approaching the
power transfer pad 1 and/or located above the power transfer
pad 1.

[0118] A category of the vehicle can be determined
depending on at least one vehicle characteristic, e.g. a
weight of the vehicle in an unloaded state. Said at least one
vehicle characteristic can be transmitted from the vehicle to
the power transfer pad 1, in particular via the transmitter-
receiving-device 11. Alternatively, a ground clearance of the
vehicle can be directly transmitted to the power transfer pad
1 via the transmitter-receiver-device 11.

[0119] Further, the transfer pad 1, in particular the station-
ary part 2, comprises a control unit 12, wherein the control
unit determines the vehicle category depending on the at
least one vehicle characteristic. Depending on an e.g. pre-
known assignment of a vehicle category to one of the
intervals 11, 12 of ground clearances, the corresponding
interval I1, 12 is determined, e.g. by the control unit. Further,
a vertical position of the movable part 3, in particular of the
upper surface 6 of the plate member 4, is controlled interval-
dependent. If a vehicle of the category assigned to the first
interval 11 is identified, the movable part 3 is moved to the
retracted state, e.g. to the lowest vertical position possible.
Thus, the retracted state covers all ground clearances of the
first interval I1. If a vehicle of the category assigned to the
second interval 12 is identified, the movable part 3 is moved
to the extended state, e.g. the highest vertical position
possible. Thus, the extended state covers all ground clear-
ances of the first interval 12. The first and the second interval
11, 12 comprise multiple ground clearance values which are
different from each other.

[0120] Further is shown that the vertical position of the
movable part 3 assigned to an interval I1, 12 is provided such
that a minimal air gap height Amin is provided. The minimal
air gap height Amin can be determined as the difference
between the minimal ground clearance H1S1, H1S2 of each
interval 11, 12 and the vertical position of the movable part
3, in particular of the upper surface of the plate member 4,
in the corresponding interval-dependent vertical position,
e.g. the retracted or the extended state.
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[0121] The feature that the movable part 3 is movable
interval-dependent such that a minimal air gap height Amin
can be equivalent to the features that the power transfer pad
1 has a minimal height in the retracted state and a maximal
height in the extended state, wherein the heights are chosen
interval-dependent such that a difference between the mini-
mal ground clearance H1S1 of the interval 11 with the
minimal ground clearance of all possible ground clearances
is equal to the desired minimal air gap height Amin and the
difference between the minimal ground clearance H1S2 of
the interval 12 with the maximal ground clearance H2S2 of
all possible ground clearances is also equal to the desired air
gap height Amin. In the embodiment shown in FIG. 1, the
minimal height of the power transfer pad 1 corresponds to an
installation height Hp of the power transfer pad 1.

[0122] InFIG. 1, a maximal distance of a movement of the
movable part 3 can be determined depending on the differ-
ence between a mean value HmS2 of the ground clearances
of the second interval 12 and the mean value HmS1 of
ground clearances of the first interval I1. The maximal
movement can e.g. correspond to a maximal stroke of the
movable part 3. A maximal distance of the movement can
e.g. be chosen from an interval ranging from 30 mm to 70
mm, preferably equal to 45 mm or 50 mm.

[0123] The difference of the maximal air gap height to the
minimal air gap height of one interval I1, 12 results in a
difference of the magnetic coupling between the primary
winding structure and a secondary winding structure of
different vehicles with ground clearances of the respective
interval I1, 12. The primary winding structure and/or the
secondary winding structure can e.g. be designed and/or
operated such that a desired magnetic coupling is provided
in case of a maximal air gap height. Thus, the said difference
of the magnetic coupling to vehicles of one category due to
different ground clearances can e.g. be minimized or com-
pensated by the (magnetic) design and/or control of the
primary winding structure and/or the secondary winding
structure. The difference of the magnetic coupling between
two vehicles with ground clearances of different intervals I1,
12, however, is at least partially compensated by the interval-
dependent movement of the movable part 3.

[0124] If a translational stage 22 (see FIG. 6) is provided,
the dimensions, e.g. a length and/or a width, of the primary
winding structure can be reduced in comparison to the case
where only a movement into and against the vertical direc-
tion 7 is possible. This is because the magnetic coupling can
be improved by moving the primary winding structure into
or against the longitudinal direction x and/or the lateral
direction y.

[0125] The power transtfer pad 1 can be designed such that
a power in the range of 3 kW to 20 kW can be transferred
to e.g. a vehicle comprising a corresponding receiving
device which can be also referred to as pick-up. In the first
alternative, an amplitude of an input voltage of the power
transfer pad can be 230V and an input current can be 16 A.
This allows transferring 3 kW to 7 kW to a receiving device
on a secondary side. In a second alternative, an amplitude of
an input voltage of the power transfer pad can be 460V and
an input current can be 32 A. This allows transferring around
20 kW to a receiving device on a secondary side.

[0126] FIG. 2 shows a perspective view on an inductive
power transfer pad 1. Shown is a housing 8 of the power
transfer pad 1. A movable part 3 with a plate member 4 is
arranged within a recess 9 (see FIG. 3) in the retracted state.
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Further shown is the stationary part 2 with an inner housing
10. It is shown that an upper surface of the inner housing 10
of the stationary part 2 is arranged within the same plane as
the upper surface 6 of the plate member 4 of the movable
part 3 in the retracted state. Further shown is a connecting
terminal 13 which is designed as a DC connecting terminal
to connect the power transfer pad to an external DC voltage
supply means. Within the inner housing 10 of the stationary
part 2, a converter (not shown) can be arranged. An input
side of the converter can be connected to the DC connecting
terminal 13. Further, a transmitter-receiver-device 11 and a
control unit 12 (see FIG. 1) can be arranged within the inner
housing 10 of the stationary part 2. The control unit 12 can
control a movement of the movable part 3 and an operation
of the converter. It is, however, possible to provide multiple
control units for the different control operations. Moreover,
compensating elements (not shown) for compensating a
reactance of a primary winding structure (not shown) filter
elements for filtering an output voltage/current of the con-
verter can be arranged within the inner housing 10 of the
stationary part 2. The inner housing 10 of the stationary part
2 protects the elements arranged within the housing 10 of the
stationary part 2, e.g. from dirt or water, even if the movable
part 3 is moved out of the recess 9, e.g. into the extended
state.

[0127] FIG. 3 shows a perspective view of the power
transfer pad 1 shown in FIG. 2. An actuator can be arranged
within a recess 9. The plate member 4 can comprise another
recess on a bottom side of the plate member 4, wherein the
other recess is designed and arranged such that the actuator
can be arranged within the other recess in the retracted state
of the movable part 3. Further, coupling means for coupling
the actuator to the plate member 4 can be provided. In the
example shown in FIG. 3, the lifting mechanism comprises
four motion guides 17 (e.g. guide rails), wherein the motion
guides 17 may be formed by the sidewalls 18 of the recess
9. The motion guides 17 are inclined and extend upwards. At
least one element (not shown, for example a bearing ele-
ment) of the movable part 3 may engage (e.g. project into)
each of the motion guides 17, so that motion of the bearing
elements and thereby the movable part 3 is guided while the
lifting mechanism is operated. If the actuating device exerts
a force in a horizontal direction x onto the movable part 3,
it moves along the motion guide upwards and is thereby
lifted. The lifting motion may be limited by a stop element,
such as the end of the motion guides (e.g. guide rails). There
may be through-holes in the bottom section of the sidewall
18 which enable liquids from the interior to be drained to the
environment. The power transfer pad 1 thus comprises a
sliding block guide.

[0128] FIG. 4 shows a perspective view on a power
transfer pad 1 in another embodiment. Again, a movable part
3 comprises a plate member 4 with an upper surface 6. The
movable part 3 comprises a lifting mechanism designed as
a scissor lift 19 (see FIG. 5). The lifting mechanism is
arranged within a protective bellow 5. In FIG. 4, an extended
state of the movable part 3 is shown.

[0129] FIG. 5 shows another perspective view of the
power transfer pad 1 shown in FIG. 4. In particular, a scissor
lift 19 is shown which provides a part of the lifting mecha-
nism. The scissor lift 19 is actuated by an actuator 14 which
is arranged within the recess 9 of a housing 8 of the power
transfer pad 1. Further shown are power cables 20 by which
a primary winding structure (not shown) integrated into the
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plate member 4 is connected to an output side of an
converter (not shown) arranged within the inner housing 10
of' the stationary part 2, e.g. via an AC output terminal of the
stationary part 2.

[0130] By means of the scissor lift 19, the movable part 3
is movable into and against a vertical direction z.

[0131] FIG. 6 shows a perspective view on another
embodiment of a power transfer pad 1. Not shown is a plate
member 4 (see e.g. FIG. 1) which comprises primary wind-
ing structure. In FIG. 6, the movable part 3 comprises an air
lift 21, wherein a translation stage 22 is arranged at an upper
end of the air lift 21. The translation stage 22 is designed and
arranged such that a translational movement can be per-
formed in a longitudinal direction x and a lateral direction y,
wherein a plane spanned by the longitudinal direction x and
the lateral direction y is parallel to an upper surface 6 of the
plate member 4. The plate member 4 can be mechanically
connected to the translational stage 22. The air lift 21
comprises a protective bellow 5. Instead of an air lift 21, a
scissor lift 19 (see FIG. 5) or a piston-cylinder-arrangement
can be used in order to provide the movability into and
against the vertical direction z.

[0132] The power transfer pad 1 shown in the described
embodiments can further comprise a safety mechanism for
avoiding an uncontrolled movement, in particular an uncon-
trolled lowering, of the movable part 3. The safety mecha-
nism can e.g. comprise a spring element and/or a damping
element which is arranged between the movable part 3, in
particular the plate member 4, and a stationary section of the
power transfer pad 1, e.g. a ground of the recess 9. Ife.g. a
power supply of an actuator 14 (see e.g. FIG. 5) fails, a
controlled movement, e.g. a controlled lowering, in particu-
lar with a limited acceleration and/or velocity, can be
provided by the safety mechanism.

[0133] Further, the power transfer pad can comprise a
force sensor for sensing a force acting on the movable part
3, in particular on the plate member 4. If a force exceeds a
predetermined threshold value, the movement of the mov-
able part 3 can be stopped. This e.g. avoids pressing against
an object located above movable part 3 during a raising of
the movable part 3 and/or pressing against an object located
below the movable part 3, in particular below the plate
member 4, in particular within the recess 9, during lowering
of the movable part 3.

[0134] In addition to or alternative to a force sensor, other
object detection means can be used in order to detect objects
within the movement range of the movable part 3, wherein
a movement of the movable part 3 can be controlled, e.g.
stopped, if a foreign object is detected along a desired
movement path of the movable part 3.

[0135] It is also possible that the lifting device is provided
by a jack-like lifting member, wherein an actuator actuates
the jack-like member such that the movable part, in particu-
lar the plate element, is moved along or against a vertical
direction z.

1. An inductive power transfer pad for inductive power
transfer to a vehicle, comprising a stationary part and a
movable part, wherein the movable part comprises a primary
winding structure, wherein the movable part is movable
between a retracted state and an extended state,

wherein

the power transfer pad is designed or controllable such

that the movable part is only movable to a position from
a set of predetermined positions, wherein the set of
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predetermined positions is a subset of the set of all
positions between the retracted and the extended state,
wherein

the power transfer pad is controllable interval-dependent,

wherein the retracted state is assigned to a first interval
of ground clearances of a set of chargeable vehicles and
the extended state is assigned to another interval of
ground clearances of the set of chargeable vehicles,
wherein the power transfer pad is designed or control-
lable such that in the retracted state and the extended
state a minimal air gap height is provided, and wherein
the minimal air gap height is larger than zero.

2. The inductive power transfer pad according to claim 1,
wherein the movable part is only movable to the retracted
state or to the extended state.

3. The inductive power transfer pad according to claim 1,
wherein the movable part is movable in steps.

4.-5. (canceled)

6. The power transfer pad according to claim 1, wherein
the movable part is controllable depending on a vehicle
category, wherein the first interval of ground clearances is
assigned to a first category and the other interval of ground
clearances is assigned to another category.

7. The power transfer pad according to claim 1, wherein
a maximal movement of the movable part is determined
depending on the minimal ground clearance of the interval
comprising a maximal ground clearance of all intervals.

8. The power transfer pad according to claim 1, wherein
the minimal air gap height is chosen from an interval from
20 mm to 60 mm.

9. The power transfer pad according to claim 1, wherein
the movable part comprises at least one object detection
means.

10. The power transfer pad according to claim 1, wherein
the stationary part comprises a converter, wherein the sta-
tionary part comprises at least one DC connecting terminal
for connecting the stationary part to an external DC voltage
supply means, wherein an input side of the converter is
electrically coupled to the at least one DC connecting
terminal and an output side of the converter is electrically
coupled to the primary winding structure or wherein the
stationary part comprises at least one AC connecting termi-
nal for connecting the stationary part to an external AC
voltage supply means, wherein the converter is coupled to
the AC connecting terminal via a rectifier.

11. The power transfer pad according to claim 1, wherein
the power transfer pad comprises at least one DC voltage
supply unit, wherein the DC voltage supply unit is connected
to a DC connecting terminal of the stationary part.

12. The power transfer pad according to claim 1, wherein
the power transfer pad comprises at least one communica-
tion means for communicating with a vehicle.
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13. The power transfer pad according to claim 1, wherein
the power transfer pad comprises a scissor lift, an air
actuator, or a jack-like lift, or a sliding block guide.

14. The power transfer pad according to claim 1, wherein
at least a portion of the movable part is additionally movable
in a second or a third direction.

15. An inductive power transfer system, for an inductive
energy transfer to a vehicle, comprising the inductive power
transfer pad according to claim 1, and at least one receiving
device for receiving an alternating electromagnetic field
generated by a primary winding structure of the inductive
power transtfer pad.

16. A method of operating an inductive power transfer
pad, wherein the power transfer pad comprises a stationary
part and a movable part, wherein the movable part comprises
a primary winding structure, wherein the movable part is
movable between a retracted state and an extended state,

wherein

the movable part is only moved to a position from a set of

predetermined positions, wherein the set of predeter-

mined positions is a subset of the set of all positions

between the retracted state and the extended state,
wherein

the power transfer pad is controlled interval-dependent,

wherein the movable part is moved to the retracted state
if a vehicle with a ground clearance of a first interval of
ground clearances of a set of chargeable vehicles is to
be charged, wherein the movable part is moved to the
extended state if a vehicle with a ground clearance of
another interval of ground clearances is to be charged,
wherein the power transfer pad is designed or con-
trolled such that in the retracted state and the extended
state a minimal air gap height is provided, and wherein
the minimal air gap height is larger than zero.

17.-18. (canceled)

19. The method according to claim 16, wherein the
movable part is controlled depending on a category of a
vehicle arranged above or approaching the power transfer
pad.

20. The method according to claim 16, wherein a minimal
ground clearance of a vehicle to be charged is determined,
wherein movement of the movable part is controlled
depending on a determined minimal ground clearance.

21. The method according to claim 16, wherein a set of
chargeable vehicles is divided into more than one category
of vehicles, wherein a vehicle to be charged is identified and
assigned to one of at least two categories of vehicles, and
wherein the movable part is moved to a category-dependent
position.

22. The power transfer pad of claim 1, wherein at least a
portion of the movable part is additionally rotatable.

#* #* #* #* #*



