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The invention relates to a device for the inductive transfer of electric energy from a stationary unit comprising at least one primary
Inductance to a vehicle that is adjacent to said unit and has at least one second inductance. The stationary unit or the vehicle has a
device for detecting the presence of an object In a predetermined area that covers at least the area lying between the primary
Inductance and the second inductance during the inductive energy transfer. The detection device has at least one contactless
sensor and an evaluation unit that iIs connected to the sensor. At least the sensor of the detection device Is integrated into or
mounted on the same housing as the primary or secondary coll of the energy transfer device. The sensor can be an ultrasonic
sensor, radar sensor, Infra-red sensor or an electric image sensor.
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(57) Abstract: The mvention relates to a device for the inductive transter of electric energy from a stationary unit comprising at
least one primary inductance to a vehicle that 1s adjacent to said unit and has at least one second inductance. The stationary unit or
the vehicle has a device for detecting the presence of an object in a predetermined area that covers at least the area lying between
the primary inductance and the second inductance during the inductive energy transter. The detection device has at least one con-
tactless sensor and an evaluation unit that 1s connected to the sensor. At least the sensor of the detection device 1s mtegrated mnto
or mounted on the same housing as the primary or secondary coil of the energy transter device. The sensor can be an ultrasonic

sensor, radar sensor, infra-red sensor or an electric image sensor.

(57) Zusammenfassung:

[Fortsetzung auf der ndachsten Seite/
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Bei einer Vorrichtung zur induktiven Ubertragung elektrischer Energie von einer stationdren Finheit mit mindestens einer Pri-
marinduktivitat zu emnem benachbart zu dieser stehenden Fahrzeug mit mindestens einer Sekundarinduktivitat weist die stationare
Finheit oder das Fahrzeug eine Einrichtung zur Detektion des Vorhandenseins eines Gegenstandes mnerhalb emes vorbestimmten
Raumes, der zumindest den wahrend der Energieiibertragung zwischen der Primarinduktivitat und der Sekundarinduktivitat lie-
genden Raum umftasst, aut. Die Detektionseinrichtung weist mindestens einen beriihrungslosen Sensor und eine mit dem Sensor
verbundene Auswertungseinrichtung aut. Zumindest der Sensor der Detektionseinrichtung ist in das gleiche Gehause wie die Pri-
mér- oder Sekundarspule der Energielibertragungsvorrichtung eingebaut oder daran angebaut. Der Sensor kann ein Ultraschall-,
Radar- oder Infrarotsensor oder ein elektronischer Bildsensor sein.
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Device for inductive transmission of electrical energy

The invention relates to a device for inductive transmission of electrical energy.
Devices of this kind are used for inductive charging of a rechargeable battery
installed in an electric vehicle. During the transmission of energy, a magnetic field
of high field strength and flux density is built up in a space between a stationary
primary coil and a secondary coil on the vehicle. This is necessary in order to

induce a sufficiently high current for the desired transmission power in the secondary

coil.

If human beings, human extremities or animals enter this space, body currents can be
induced. Although it can be assumed that this usually does not lead to any direct hazard,
particularly as there is no fear of protracted presence in this space, however the
possibility of accidental exposure of children or domestic animals in particular to a
strong magnetic field is likely to limit acceptance of inductive energy transmission in

many population circles.

[t must also be remembered that human beings can carry electrically conducting
objects in the form of rings, armbands, tools, implants and the like on their body.
For animals this applies in the form of collars. If such objects are exposed to a
strong alternating magnetic field, eddy currents are induced in these which lead to
heating dependent on the material, time of exposure, alignment in relation to the
field and level of field strength. In the presence of such conditions, temperatures
can be reached which can lead to damage and/or hazards. These could also
emanate from electrically conductive objects which playing children might

deliberately introduce into the area of the field of an inductive energy transmission

device out of curiosity.

Due to the characteristics of existing applications for inductive energy transmission
systems, such a hazard was assessed as not being relevant. In the case of vehicles with
a driver, traming can be conducted to draw attention to the need to look out for the
presence of foreign bodies while in operation and to remove these before the inductive
transmission is set in operation or to interrupt the inductive transmission in case of any
doubt. However, the presence of foreign bodies in the area of the field appears to be

an obvious safety problem for largely automatic operation or with higher safety
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requirements which must be assumed when such systems are used in areas accessible to
the public. Here, the introduction of a foreign body while the energy transmission is
operating 1s particularly critical, because i1t cannot be assumed that the driver of a
vehicle will be observing the area of the field, 1.e. the space between the housings of
the primary coil and the secondary coil during the transmission of energy. Furthermore,

the vehicle will usually be completely unsupervised during the major part of a charging

operation.

From US 2007/0145830 Al a system for the wireless transmission of electrical power
to electronic devices is known, which comprises a plurality of primary coils, thereby
eliminating the need for precise alignment of a primary and a secondary coil relative to
each other. In this document, the problem of the presence of metallic objects is
mentioned, but a metal detector 1s dismissed as being unusable. Rather, by suitable circuit
design 1t 1s ensured that the system only enters its resonant state when a resonant
circuit comprising a secondary coil and a tuning capacitor connected in parallel
approaches the primary side, thereby causing a steep increase of the primary current,
which 1s concentrated on one or a few primary coils immediately near the secondary coil.
A conductive object represents no problem in this case, because it does not constitute a

resonant circuit.

US 2009/0001932 Al teaches a device for the inductive charging of the battery of a
portable electronic device, which 1s equipped with means for detecting a foreign
object. The presence of a foreign object is detected by monitoring the primary
voltage, which during normal operation is influenced from the secondary side by a
modulation of the load current. In addition an optical sensor comprising a light-
emitting means on the secondary side and a light-receiving means on the primary

side 1s provided in order to distinguish a rechargeable electronic device from a

foreign object.

WO 2008/051611 Al discloses a system for inductive charging of the battery of an
electrically powered vehicle with a plurality of primary and secondary coils. A
problem posed by the possible presence of foreign bodies in the area of the

magnetic filed is not mentioned in this document.

Therefore, the underlying object of the invention is to provide a simple and robust
2
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solution for the detection of foreign bodies in the area of the field of an inductive
energy transmission system in order to improve the operating safety of such a

system.

According to the invention, in one aspect, this object is achieved through a device for
inductive transmission of electrical energy from a stationary unit with at least one
primary inductor to a vehicle standing in the vicinity hereof and having at least one
secondary inductor, characterised 1n that the stationary unit or the vehicle exhibits a
device for detecting the presence of an object inside a predetermined space which at least
comprises the space lying between the primary inductor and the secondary inductor
during the transmission of energy, and in that the detecting device exhibits a plurality
of sensors and an evaluation device connected with the sensors, wherein the
evaluation device exhibits a comparing device, which compares the signals
produced by the individual sensors with one another and determines a measurement
for a deviation between the signals. Advantageous variants are disclosed in this

disclosure and defined in the claims.

According to the invention, with a device for inductive transmission of electrical
energy from a stationary unit with at least one primary inductor to a vehicle standing in
the vicinity hereof and having at least one secondary inductor, the stationary unit or the
vehicle has a device for detecting the presence of an object inside a predetermined
space which at least comprises the space lying between the primary inductor and the
secondary inductor during the transmission of energy. The detecting device
exhibits a plurality of sensors and an evaluation device connected with the
sensors and the evaluation device exhibits a comparing device, which compares
the signals produced by the individual sensors with one another and determines a
measurement for a deviation between the signals. This makes it possible to detect
the introduction of a foreign body into the area of the field produced by the energy

transmission on the basis of differences between the signals of several sensors and to

react 1n a suitable manner.

Contactless sensors can be provided, for example in the form of ultrasound, radar or

infrared sensors or electronic image sensors, which expediently are at least partly

installed in the same housing as the primary inductor or the secondary inductor of the

3
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energy transmission device or attached to it.

Possible criteria for detection of the presence of a foreign body in the area of the field
produced by the energy transmission are the deviation of a sensor signal from a reference
value or signal, deviations between the individual sensor signals, and a change of time of
the sensor signals. In particular, the last named criterion offers a typical indicator for the
introduction of a foreign body into the area of the field produced by the energy
transmission. Expedient reactions to the presence of a foreign body include in particular
the emission of a warning signal, the deactivation of the current supply of the primary

inductor and 1ts reactivation when the foreign body leaves the area of the field again.

In a further aspect, the present invention provides a device for inductive transmission of
electrical energy from a stationary unit with at least one primary inductor to a vehicle
standing in the vicinity hereof and having at least one secondary inductor, characterised in
that the stationary unit or the vehicle exhibits a device for detecting the presence of an object
inside a predetermined space which at least comprises the space lying between the primary
inductor and the secondary inductor during the transmission of energy, and in that the
detecting device exhibits a plurality of sensors and an evaluation device connected with
the sensors, wherein the evaluation device exhibits a comparing device, which
compares the signals produced by the individual sensors with one another and determines
a measurement for a deviation between the signals, and wherein the differences between
the measurement signals of the sensors are used by the evaluation device as a criterion for

the detection of the object.

In the following, embodiment examples of the invention are described with reference to the

drawings in which:

fig. 1shows a diagrammatic illustration of a charging station for inductive transmission of

energy with an electric vehicle in a charging position,

fig. 2shows a diagrammatic illustration of the detection of a foreign body by an

arrangement according to the invention with a plurality of sensors,
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fig. 3shows the sensor arrangement in fig. 2 in a diagrammatic plan view and
fig. 4shows a sensor arrangement with only a single sensor.

Fig. 1 shows a diagrammatic sectional view (at the top) and a diagrammatic plan view (at
the bottom) of an electric vehicle 1 standing over the primary coil 2 of a charging station to
charge its battery. On the underside of the vehicle 1 in a housing 3 there is a secondary coil 4
which is connected to an electronic charging unit 5. This converts the parameters of the
electric power transmitted inductively to the secondary coil 4 into suitable values for

charging the battery of the vehicle 1. The primary coil 2 is fed by a current supply unit 6 of the

3b
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charging station and is located in a housing 8 which is positioned statically in a vehicle

parking bay. The current supply unit 6 is controlled by a control unit 7 of the charging station.

Some of the field lines 9 of the alternating magnetic field produced by the primary coil 2
while 1n operation are indicated by the dashed lines in fig. 1. The main direction of the field is
the direction of the coil axis of the primary coil 2 and thus the vertical direction. A high
magnetic field strength and flux density prevails while in operation in the space 10
immediately above the housing 8 of the primary coil 2. This is the precise location of a

foreign body 11 which is exposed to a hazardous potential as explained previously.

Fig. 2 shows an example of a sensor arrangement according to the invention for detecting the
foreign body 11 in a view which corresponds to an enlargement of a detail, namely the
immediate vicinity of the primary coil 2 and the secondary coil 4, from the upper part of
fig. 1. Arranged in the immediate vicinity of the housing 3 of the secondary coil 4 there are
two sensors 12 and 13 which are of the same type and work on a contactless operating
principle. In total, two further sensors 14 and 15 of the same kind are provided, which can be
seen 1n the plan view of fig. 3 but not in fig. 2. The four sensors 12 to 15 are arranged at least

approximately symmetrically in the form of a square or rectangle.

As 1ndicated by wave fronts in fig. 2 and fig. 3, when activated the sensors 12 to 15 emit
wave-shaped signals which are reflected by the foreign body 11, the reflection being
dependent on the position, size and material of the foreign body 11. The sensors 12 to 15
recerve the reflected signals and in each case emit a measurement signal which depends on the
retlection signal received, to an evaluation device 16. The sensors 12 to 15 can be for example

ultrasound, radar or infrared sensors. They are activated before the start of the inductive
energy transmission by the evaluation device 16, for which this receives a signal indicating

the impending start of energy transmission from the control unit 7 of the charging station.

As an alternative to active sensors 12 to 15, use can also be made of passive sensors, for
example passive infrared sensors on a pyroelectric basis, as commonly employed in
movement sensors for controlling lighting. Such sensors react to thermal radiation and are
therefore particularly suitable for detecting living beings or the parts of bodies of living
beings with a higher temperature than the surrounding area, i.e. for the detection of a

particularly critical type of foreign body 11.
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T'he measurement signals supplied by the individual sensors 12 to 15 are continuously
compared with one another and possibly with reference values or reference signals in the
evaluation device 16. With the sensor arrangement shown in fig. 3, without the presence of
the foreign body 11, the signals transmitted by the sensor 12 would be reflected by the surface
of the housing 8 of the primary coil 2 mainly in the direction of the facing sensor 15 and only
to a very tiny degree back to the transmitting sensor 12. The same applies to the two sensors
12 and 15 1n the reverse direction as well and to the other two facing sensors 13 and 14 in
both directions. However, in the presence of the foreign body 11, the reflection back to the
transmitting sensor is much stronger. This is a first possible criterion for detection of a foreign

body 11 by the evaluation device 16 on the basis of the measurement signals from the sensors

12to 15.

Moreover, the strength of the reflected signals when the foreign body 11 is positioned
unsymmetrically in relation to the sensors 12 to 15, as shown in figures 2 and 3, is different at
the individual sensors 12 to 15. Even if a moving foreign body 11 comes to rest in a
symmetrical position in relation to the sensors 12 to 15 by chance, its position as it is
introduced into the area 10 of the field produced by the transmission of energy initially along
its path of movement is unsymmetrical. Therefore, differences between the measurement
signals of the sensors 12 to 15 offer a further criterion for detection of a foreign body 11 by

the evaluation device 16.

Apart from this, there is another option for detection of a foreign body 11 by the evaluation
device 16 by recording the variation in time of the measurement signals and monitoring them
for the appearance of significant time changes. The movement of a foreign body 11 in the
space 10 monitored by the sensors 12 to 15 can in fact be detected in the measurement signals
from the sensors 12 to 15 by the appearance of significant time changes. It is obvious that the
introduction of a foreign body 11 into the monitored space 10 from the exterior is necessarily

also connected with a movement inside the space 10.

The three criteria named previously can be applied by the evaluation device 16 to the
measurement signals from the sensors 12 to 15 either individually or in parallel with one
another and 1n the last-named case also linked to one another according to suitable heuristic

rules. For example, to avoid false alarms, it may be required that all three criteria or at least
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two out of three criteria indicate the introduction of a foreign body 11 before a foreign body is
regarded as detected. In addition, 1t is also possible to require that criteria indicating the
presence of a foreign body 11 must always be satisfied for an interval of time of
predetermined minimum length before a foreign body 11 is finally regarded as detected in

order to avoid detection errors.

If a stationary foreign body 11 is also to be detected, the monitoring of changes in the
measurement signals for this 1s naturally not suitable as a detection criterion for this and the
comparison of the different measurement signals is only suitable to a limited degree as a
foreign body 11 lying symmetrically by chance would not be detected. However, the
detection of the subsequent introduction of a foreign body 11 into the area 10 of the field after
the vehicle 1 1s parked is primarily of interest as this is always combined with a change and an

asymmetry of the different measurement signals.

Regardless of which criteria are used in the evaluation device 16 for detection of a foreign
body 11 and whether and how different criteria are associated with one another, whenever
it detects a foreign body 11, the evaluation device 16 sends an output signal to an
indicating device 17 which emits an optical and/or acoustic warning. Apart from this, the
evaluation device 16 is also connected with the control unit 7 of the charging station and
sends this a signal which interrupts the energy transmission, i.e. the supply of current to the
primary coil 2. In addition, a message is sent to a suitable location, e.g. to the operator. of

the charging station or to the driver of the vehicle 1.

In practice 1t 1s enough not to react immediately as soon as a movement of a foreign body 11
1s detected 1n the area 10 of the field, but to wait until it can be assumed that it is not just a
momentary passage through the area 10 of the field. When it is established that a human being
or an animal 1s completely or partly in the area 10 of the field produced by the energy
transmission, initially a warning can be given by means of suitable measures, for example
using the vehicle horn as an indicating device 17. If the foreign body is not confirmed as
having left the space 10 being monitored within a certain time, the transmission of energy can
be interrupted, 1.e. the current supply unit 6 of the primary coil 2 can be deactivated by means
of the control unit 7. When the transmission of energy is interrupted, the monitoring of the
space 10 1s continued. If the foreign body is later confirmed as having left the area being

monitored, the transmission of energy is resumed directly. However, if the present status
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persists, a message can be sent to a competent location which checks the situation, corrects it
if necessary and confirms the correction. If the transmission of energy is interrupted for a
longer period or terminated so that it does not seem possible to transmit sufficient energy, a
corresponding message 1s given to the driver of the vehicle 1 or to a higher level installation

controller in the case of automated operation.

In figures 2 and 3 1t is assumed that the sensors 12 to 15 are arranged on the vehicle in the
area of the secondary coil 4. The indicating device 17 can be produced on the vehicle, e.g. in
the form of use of the existing vehicle horn, or outside the vehicle as a component of the
charging station. The control unit 7 is not located onboard the vehicle 1 but is a part of the
charging station. As a result, the communication between the evaluation device 16 on the
vehicle and the control unit 7 takes place wirelessly. This also applies to the indicating device

17 1t this forms part of the charging station.

Fig. 4 shows a simplified variant of the form of embodiment of the invention described
previously in which only a single sensor 18 is used. Such a single sensor 18 is best mounted
centrally on the housing 3 of the secondary coil 4, and can be installed partly or wholly 1n the
housing 3, as indicated in fig. 4. In this case, the pOssibility of comparing measurement
signals from different sensors as detection criterion is eliminated. However it is still possible
to observe changes in time in the measurement signal produced by the sensor 18 indicative of
a moving foreign body 11. With an active sensor which sends out wave-shaped signals and
recetves reflected signals, and receives reflected signals, the signal transit time between
transmission and reception can also be considered as a detection criterion for a foreign body
11 when the transit time for reflection on the facing housing 8 of the primary coil 2 is

known.

A passive sensor 18 could also be used here. This could be an electronic image sensor for
example. In this case, an image of the upper surface of the housing 8 of the primary coil 2
could be stored in the evaluation device 16, and this could be compared with the Image
supplied by the sensor 18 after the vehicle 1 is parked. To make it easier to detect a foreign
body 11, the surface of the housing 8 could be provided with a characteristic pattern 1n which
a foreign body 11 would stand out clearly optically as an terruption. To avoid any
influence by ambient light conditions, the range of the spectrum used can also lie outside the

visible range, e.g. lie in the infrared range. The measurement signal of the sensor 18, which
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here would have the form of an image signal, could also be recorded in time and monitored

for changes which would indicate the movement of a foreign body 11.

With regard to the communication with the control unit 7 of the charging station and the
emission of a warning by means of an indicating device 17, the same applies to the
simplified variant with only a single sensor 18 as to a solution with a plurality of sensors
12 to 15. Conversely, in the case of a solution with a plurality of sensors, these could also
be wholly or partly built into the housing 3, instead of being mounted on the outside

thereof as in figures 2 and 3.

Although the embodiment examples described previously show the arrangement of the
sensors 12 to 15 and 18 and the evaluation device 16 on the secondary side, i.e. on the
vehicle side, it would be equally possible for both the system components to be arranged
on the primary side, e.g. by or on the housing 8§ of the primary coil 2, or to be fully or
partly integrated into this housing 8. In this case, the entire system for detecting a foreign
body would be concentrated in the charging station. However, it would also be
concervable to provide one or more transmitters of wave-shaped signals on one side, e.g.
on the vehicle side, and one or more receivers as sensors on the other side, e.g. the
primary side, so that the propagation of the waves would be disturbed by a foreign body
Il 1n the space 10 and the foreign body 11 could be detected by this on the receiver side.
In addition, sensors could also be mounted on both sides, 1.e. on both the vehicle side and

the primary side at the same time.

Instead of being concentrated in a central evaluation device 16, the signal processing
function could also be distributed over a plurality of individual sensors 12 to 15 or 18 so that
only status reports of sensors 12 to 15 indicating whether a sensor 12 t0.15 has or has not
detected a foreign body 11 would come together in a reduced central evaluation device. In
this case, parts of the evaluation device 16 would be formed by the sensors 12 to 15 and 18.
With a single sensor, this could also be integrated with the evaluation device 16 in a common

unit.

In addition, the evaluation device 16 could also be combined with an evaluation device for
signals from other sensors provided in or on the vehicle 1 for other purposes. In particular

there are vehicles with contactless distance sensors which are used as part of so-called driver
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assistance systems to assist the driver when parking and/or to help him maintain an adequate
safe distance from a vehicle in front while driving. When a vehicle 1 is equipped with such a
system and thus has an evaluation device for signals from contactless distance sensors, it
may be advantageous from a cost viewpoint to provide no separate evaluation device 16 for
the detection device according to the invention, but to process the signals from all the
contactless distance sensors of the vehicle 1, including the sensors (12 to 15; 18) added by
the present mnvention, in a single central evaluation device, i.e. simply to extend the range of

functions of an evaluation device already present in the vehicle 1 accordingly.
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Claims

Device for inductive transmission of electrical energy from a stationary unit with at
least one primary inductor to a vehicle standing in the vicinity hereof and having at
least one secondary inductor, characterised in that the stationary unit or the vehicle
exhibits a device for detecting the presence of an object inside a predetermined space
which at least comprises the space lying between the primary inductor and the
secondary inductor during the transmission of energy, and in that the detecting device
exhibits a plurality of sensors and an evaluation device connected with the sensors,
wherein the evaluation device exhibits a comparing device, which compares the
signals produced by the individual sensors with one another and determines a
measurement for a deviation between the signals, and wherein the differences
between the measurement signals of the sensors are used by the evaluation device as a

criterion for the detection of the object.

Device according to claim 1, characterised in that the detecting device exhibits

contactless sensor and an evaluation device connected with the sensor.

Device according to claim 1 or 2, characterised in that the sensors of the detecting
device are at least partly built into the same housing as the primary inductor or the

secondary inductor of the energy transmitting device or attached thereto.

Device according to one of claims 1 to 3, characterised in that the sensors are

ultrasound, radar or infrared sensors or electronic image sensors.

Device according to one of claims 1 to 4, characterised in that the evaluation device
exhibits a comparing device which compares the signal produced by the sensors with
a reference value or reference signal and determines a measurement for a deviation

from the reference value or reference signal.

Device according to one of claims 1 to 3, characterised in that the evaluation device
determines a measurement for a change in time of the signals produced by the

SCNSOTS.

Device according to one of claims 1 to 6, characterised in that the evaluation device
exhibits at least one output at which a signal is produced which indicates the presence

of a foreign body in the case of a deviation from the reference value or reference

10
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signal which exceeds a predetermined minimum amount, and/or in the case of a
deviation between the signals which exceeds a predetermined minimum amount,

and/or 1n the case of a change in time which exceeds a predetermined minimum

amount.

Device according to claim 7, characterised in that the evaluation device exhibits a
time-measuring device by means of which the duration of the deviation exceeding a
predetermined minimum amount and/or change in time is measured, and in that the
signal which indicates the presence of a foreign body is only produced when the

measured duration exceeds a predetermined minimum duration.

Device according to claim 7 or 8, characterised in that an output of the evaluation
device 1s connected with an indicating device, and in that a signal produced at the
output which indicates the presence of a foreign body triggers the production of a

warning signal by the indicating device.

Device according to one of claims 7 to 9, characterised in that an output of the
evaluation device 1s connected with a control unit which controls a current supply unit
of the primary inductor, and in that a signal produced at the output which indicates the
presence of a foreign body triggers deactivation of the current supply of the primary

inductor by the control device.

Device according to claim 10, characterised in that reactivation of the current
supply of the primary inductor by the control device is triggered by the evaluation
device through the output connected with the control unit when the signal which

indicates the presence of a foreign body is no longer produced.

Device according to one of claims 1 to 11, characterised in that the evaluation
device 1s combined with an evaluation device for signals of other sensors provided in

or on the vehicle.
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