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(57) ABSTRACT

A vehicle door handle includes a sensor assembly for
detecting an operation request. The door handle 1s fixed and
actuates an electric lock. The sensor assembly includes a
first capacitive sensor arranged in the door handle and
oriented towards an inner side of the handle. It monitors a
first handle section gripped when actuating the handle.
Second and third sensors are arranged along an axial exten-
s1on of the handle. The second sensor 1s oriented towards an
outer side of the handle and monitors a touching from the
outer side 1n a second handle section. The third sensor 1s

oriented towards the inner side of the handle and monaitors
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a touching from the mnner side. The electronic control and
evaluation device generates an opening signal when both the
capacitive sensor detects a gripping of the door handle and
the second sensor and the third sensor simultaneously each
detect a touching.

10 Claims, 1 Drawing Sheet
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DOOR HANDLE ASSEMBLY FOR A MOTOR
VEHICLE

BACKGROUND

The 1mvention relates to a door handle assembly for a
motor vehicle. The imvention particularly relates to an outer
door handle assembly for actuating an electric door lock.

Electrically-controlled door locks are known from the
prior art. These are frequently listed under the general term
“e-latch”. Such a door lock 1s disclosed 1n the EP 0 584 499
Al. In such door handles, there 1s no arrangement for a
continuous mechanical functional chain from the door
handle to a corresponding door lock. The door lock 1s rather
controlled electrically, so that mechanical hardware can be
reduced, which saves cost and weight.

An electrically controlled lock has to be differentiated
from the well-known concepts of a remote controlled door
unlocking. It might still be possible to mechanically open an
unlocked door by actuating the door handle, in order to lift
the lock release of the mechanical components of the door
lock (in particular rotary latch and pawl). In an electric door
lock, this releasing of the lock 1s carried out after an
clectrical actuation, the rotary latch of a door lock 1s thus
operated via an electrical activation and by means of a
corresponding servo unit or motor unit without the need to
exert any force on the door handle.

In such electric door locks, the mechanical deflection or
adjustment of the door handles 1s no longer necessary, they
can therefore be mounted to the motor vehicle with no or
only a minimal range of motion (e.g. to activate a micro-
switch).

This application relates to a door handle that 1s fixed on
the vehicle, referred to as fixed door handle 1n the following.
This should convey the meaning that the door handle with 1ts
handle that can be operated by the user cannot be detlected
or pivoted 1n relation to the corresponding door, but that 1t
merely serves as a handle to move the door which was
clectrically opened.

It has to be ensured at all times that the production and
maintenance of these door handles will require as little effort
as possible on the one hand, and that the security of such a
door handle system 1s guaranteed at all times. In particular,
if the opening of the door 1s carried out via an electric door
lock after an actuation, 1t has to be ensured that the opening
request of a user 1s mdeed determined without any uncer-
tainty. Any pressure onto the door handle, e.g. 1n a car wash,
when polishing the motor vehicle, by means of the airstream
or when someone 1s leaning against 1t, should never cause an
undesired opening of the door.

It 1s the objective of the invention to produce a fixed door
handle with a reliable function detection and increased
security.

BRIEF SUMMARY

This objective 1s achieved according to the mnvention by
means of a door handle device with the characteristics of
claim 1. The objective 1s furthermore realized by means of
a method with the characteristics of claim 8.

The door handle device according to the invention 1s
designed with a mechanically stable handle/grip portion
which can be mounted to the motor vehicle with at least one
attachment section. The attaching of a handle that 1s facing
towards the outside onto the motor vehicle can be achieved,
for example, by attaching at the door panel itsell, or by

reaching through the door panel and mounting attachment
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sections to a carrier that 1s located on the inside of the door
panel. The term mechanically stable conveys the meaning
that the handle 1s not designed for a movement or displace-
ment by means of joints, bearings, guides, elastic agents or
the like. However, a deforming within the elasticity range of
the handle material, while operating the handle, 1s provided.

The door handle according to the mvention comprises a
plurality of sensors, wherein at least one of these sensors 1s
a capacitive proximity sensor.

The capacitive proximity sensor 1s arranged within the
handle 1n such a way that a reaching behind and grasping of
the handle 1s detected by the capacitive proximity sensor.
The arrangement of such capacitive sensors in door handles
1s known, 1t 1s used 1n particular in so-called “keyless entry
systems”. As an example, 1t 1s hereby referred to the appli-
cation DE 10 2005 035 515 Al.

Capacitive sensors are capable of detecting the approach
of a body part of the user, in particular the placing or
approaching of a hand on the door handle. In accordance
with the invention, the capacitive sensor 1s aligned towards
the inside of the door handle, so that a reaching behind and
grasping of the door handle 1s monitored. The capacitive
sensor 1s therefore used 1n the door handle according to the
invention, 1n order to detect the presence of the operator’s
hand behind the handle and thus to detect a reaching behind
and grasping.

At least two more sensors are furthermore provided.
These sensors are arranged 1n the handle 1n such a way, that
they are placed along the perimeter of the handle at different
angular positions, especially 1n positions on the handle that
are facing away from each other. The arrangement of these
two sensors 1s therefore made 1n such a way, that in one
section of the handle, for example, one of the sensors 1s
facing towards the outside, while the other sensor 1s facing
towards the inside within the same section of the handle.
Within the same section of the handle means that the
detecting ranges of the second and the third sensor 1n axial
direction of the handle are arranged 1n the same direction
with an oflset 1n relation to the direction of the capacitive
sensor 1n the door handle.

It 1s essential that the capacitive sensor in the door handle
arrangement according to the invention can detect a reaching
behind and grasping of the handle and the two other sensors
detect a reaching around or a clasping in one section of the
handle. It 1s for example possible that the two further sensors
are arranged 1n the particular area 1n which the index finger
and thumb of an operator normally come to rest during a
usual operation of the door handle. While the {first sensor 1s
designed as a capacitive sensor for the monitoring of a
reaching behind and grasping of the handle, the further
sensors can be capacitive sensors as well as sensors of other
kinds, e.g. inductance to digital converters (LDCs). The
manner ol detecting 1s 1nitially not essential for the mven-
tion. For example, the sensors that are arranged facing away
from each other can both function as capacitive sensors, so
that a reaching behind and grasping can be detected 1n this
section. If the door handle 1s thus reached behind and also
grasped 1n the correspondingly monitored section, an oper-
ating request 1s assumed and the electronic door lock 1is
actuated. However, 1n a further development of the invention
it 1s provided, that one of the further sensors i1s designed as
a force-sensitive sensor. Although the door handle 1is
designed as a fixed door handle, 1t 1s generally possible that
it can be designed to be mechanically deformable 1n sections
or to have deformable covers. For this purpose, 1t 1s possible
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to design elastically deformable cover parts or sections;
however the material of the handle body 1itself can allow
slight elastic deformation.

Such a force-sensitive sensor can be realized e.g. by
means ol a piezo, whose piezo voltage 1s monitored.

The arrangement according to the mmvention of multiple
sensors 1n the door handle, which monitor a reaching behind
as well as at least a partial grasping of the door handle,
significantly increases the security of the door handle. When
using fixed door handles, which monitor e.g. a deformation
of the handle, there 1s a danger that deformations, for
example, when the car 1s driving or while cleaning the
vehicle or also torsional deformations when the vehicle 1s
parked on uneven surfaces (parking with two wheels on an
clevated walkway), are recognmized as an actuation of the
handle.

Naturally, the detection of a deformation of a fixed door
handle must also be very sensitive, because otherwise exces-
sive forces would be required when the user operates the
door. This however causes such systems that are 1n accor-
dance with the prior art to be very sensitive with regard to
talse detections of actuations. The arrangement of a capaci-
tive monitoring of a reaching behind and the additional
monitoring of a grasping in accordance with the imvention
protects against such false detected actuations.

The electrical opening 1s only carried out 1f the sensor
signals indicate that there 1s a clear operation request.

The sensors 1nstalled in the handle can be monitored for
turther operating tasks. It 1s e.g. possible that a locking of the
lock 1s carried out after the door 1s closed, when the user
places his hand on the outside of the door handle within the
monitored area and rests 1t there for a pre-defined period of
time.

In a preferred embodiment of the invention, the door
handle arrangement i1s connected in such a way, that the
sensors for the momitoring of a grasping of a section of the
handle are imitially disabled, while the capacitive sensor for
the monitoring of a reaching behind and grasping 1s active.
As soon as a reaching behind and grasping 1s detected, the
other sensors are activated and monitored. In this configu-
ration, the energy consumption of the door handle 1s opti-
mized while the safety and comifort are fully maintained.

In a particularly preferred embodiment, the one sensor
from the turther sensors that i1s facing towards the mnside of
the handle 1s designed as a force sensor, while the sensor that
1s aligned towards the outside 1s designed as a capacitive
sensor. As already described above, a force-sensitive sensor
can €.g. be equipped with a piezo sensor or with a LDC
sensor or also with a Hall sensor, wherein these sensors are
thereby arranged 1n the mside of the handle 1n such a way,
that pressure which 1s exerted onto the corresponding door
handle area when grasping the same causes a deformation of
the housing 1n this section, which triggers a sensor signal.

Designing a sensor that 1s directed towards the inside as
a pressure sensor or force sensor further reduced incorrect
actuations. When driving through a car wash, there are
situations for example, in which parts of the washing
brushes surround the door handle from both sides, which
could be erroneously detected as a grasping. However, 11 a
pressure 1s built up on the inside of the door handle, e.g. by
a pulling on the door handle, then such a pressure force 1s
usually not built up during such washing procedures and
incorrect actuations are thus avoided.

Furthermore, such a design has the significant advantage
that a required tight grasping of the door handle prevents an
awkward touch or even 1njury on the back of the hand when
the door pops open. It has to be kept 1n mind that in an
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clectrically operated door lock, the door opening is activated
and carried out electrically, and the door 1s accordingly
actively accelerated at least a few centimeters from 1ts
closed position towards the open position by an electric
drive. A user who reaches with his hand into this area, in
order to mitiate the opening could be surprised by this active
acceleration of the door with his hand on the door handle,
and possibly recerve a hit on the inserted hand. If however
a firm grasp and a tight pressing on the inside of the door
handle 1s required to inmitiate an opening of the door, 1t can
be ensured that the user i1s protected against such a hit, since
the exerted force of the user 1s 1n the same direction as the
opening.

In a further development of the invention 1t 1s provided,
that further sensors are designed along the handle. These
sensors monitor an exerting of force in further areas along
the handle. Several LDC sensors are for example distributed
along the 1nside of the handle for this purpose and detect a
deforming of the housing of the door handle. It 1s not
complicated to design such LDC sensors on a control
electronics on the inside of the handle, in that a coil 1s
designed on a circuit board and a metallic element 1s placed
on the opposite side of the handle, e.g. adjacent on the 1nner
side of the handle housing. If the housing 1s deformed, the
adjacent metal piece opposite the coil arrangement moves
and the sensors are activated. To accomplish this, 1t can also
be provided that the mechanical deformability 1n this area 1s
specifically intfluenced, e.g. by means of designing the inside
of the fixed door handle with an elastic material.

Preferably, all sensor components and the associated
circuit in the mnner part of the handle are furthermore sealed
with an elastic sealing compound, so that they are protected
against environmental influences and at the same time the

clastic sealing compound provides a certain resilience, e.g.
for the distance of the metallic elements to the coils of the
LDC sensors.

These other sensors on the 1mner side of the door handle
that are sensitive to a deforming or to force can be arranged
in addition to the sensors that monitor the reaching behind
and grasping of the handle in a pre-defined section of the
handle. In addition to a capacitive monitoring of a reaching
behind and grasping, i1t 1s possible to monitor whether a
pulling force can be detected within a larger section of the
handle during an operation request. It 1s also possible to
assign the operation of different portions of the handle to
different patterns of actuation.

The method m accordance with the invention uses the
arrangement of the various sensors in the door handle, 1n
order to determine a clear operation request. For this it
comprises the steps:

Detecting of a reaching behind and grasping of the door
handle within a first section by means of a monitoring of the
signals of a first capacitive sensor of the sensor assembly,

detecting of a touching of the door handle from the
outside within a second section by means of a monitoring of
the signals of a second sensor of the sensor assembly,

detecting of a touching of the door handle from the inner
side within the second section by means of a monitoring of
the signals of a third sensor of the sensor assembly,

generating control signals with the electronic control and
evaluation device, wherein an opening signal 1s generated
when at the same time a reaching behind and grasping of the
door handle 1s detected and the second and third sensors
cach detect a respective touching.

In accordance with this method, it 1s essential that the
sensor signals are evaluated in combination knowing the
arrangement of the sensors in the handle. It 1s mandatory that
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the sensor signals must occur at the same time, accordingly
the sensors must simultaneously detect an operation. The
signals are thus linked by an AND-condition, so that only
those cases are identified as an operation that reflect an

operating pattern that can be linked to a human hand and
operating practice.

BRIEF DESCRIPTION OF THE DRAWINGS

The invention will now be explained in more detail by
means of the attached exemplary figures.

FIG. 1a depicts the approaching of a hand to a fixed door
handle;

FIG. 1b depicts a reaching behind and grasping of the
fixed door handle;

FIG. 2 depicts a schematic representation of the arrange-
ment of components within the fixed door handle according,
to a first embodiment;

FIG. 3 depicts a schematic representation of the arrange-
ment of components within the fixed door handle according,
to a second embodiment.

DETAILED DESCRIPTION

FIGS. 1a and 15 clanty what 1s to be understood 1n the
context of this description by a reaching behind and grasping
of a fixed door handle. In FIG. 1a, a user approaches a fixed
door handle of a vehicle door. As 1t 1s described further in the
tollowing, the fixed door handle 1s immovably attached to
the vehicle door. According to the invention, sensor com-
ponents 1n the fixed door handle, 1n particular a capacitive
proximity sensor, monitor if the hand of the user 1s actually
located behind the door handle. As exemplified 1n FIG. 15,
the associated capacitive sensor only produces a correspond-
ing signal 11 the hand has reached behind the door handle. To
date, appropriate approximations of a hand behind the door
handle are used for example in capacitive sensors 1 keyless
entry systems.

If the user moves his hand 1nto the position of FIG. 15, the
triggering ol the capacitive sensor activates a number of
other sensors 1n the door handle, as shown below.

FIG. 2 depicts a first embodiment of a door handle
according to the invention 1n a schematic representation. A
schematic section through the door handle 1s shown, as 1t 1s
depicted 1n the FIGS. 1a and 15 1 a three-dimensional
representation. The door handle 1s firmly arranged on a door
panel 1, wherein a handle 2 1s intended to be e.g. in the end
sections on that door panel. It 1s possible to provide mount-
ing elements on one side of the handle, which can also reach
through the door panel 1, but details are not depicted 1n this
case as they are not relevant for the invention. A capacitive
sensor 3 1s arranged on the inside of handle 2. This sensor
1s directed towards the inside of the handle, thus towards the
side of the door and monitors the reaching behind and
grasping of a hand into the open space 4 behind the handle.
The capacitive handle can e.g. be designed 1n a shielded
manner towards the outside, 1n order to be insensitive with
regards to any approaching from the outer side. It 1s for
example possible to equip the capacitive sensor system 3
with a sensor electrode and an active shield, as 1t 1s known
from the prior art 1n so-called active-shield sensors.

The capacitive sensor 3 1s connected to a control unit 3.
According to this embodiment, the capacitive sensor 3 1s
held active all the time, so that a reaching behind and
grasping ol the door handle can be detected. If such a
reaching behind and grasping occurs, the control unit 5
activates the sensors 6 and 7. Sensor 6 1s another capacitive
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sensor that uses 1ts field of detection to monitor a short area
on the side of the door that 1s facing towards the outside. On
the side of the handle that 1s facing away from the area that
1s monitored by sensor 6, a force-sensitive sensor 7 1s
arranged. This sensor 1s designed as a piezo sensor in this
embodiment, and it 1s connected to the handle surface on the
inside. Sensor 6 monitors an approaching of the thumb of a
hand of the user, while sensor 7 monitors the exertion of
pressure on the inside of the handle. For this purpose, the
immediate area in front of sensor 7 can be made from a
deformable material, e.g. from an elastomer, if the handle
material as such only allows for extremely limited defor-
mations.

Control umt 3 1s coupled with the electronic lock 8, which
can be caused to open the door when 1t 1s activated. Lock 8
1s depicted symbolically here, 1t may particularly comprise
an electrically actuated rotary latch which can securely hold
or open the door 1n cooperation with a locking pin.

The control unit 5 monitors the signals from the capaci-
tive sensor 3 as well as the capacitive sensor 6 and the piezo
sensor 7. Only when all three sensors indicate that the user’s
hand has reached behind the door handle and a thumb
portion 1s positioned 1n front of sensor 6, as well as pressure
1s applied onto sensor 7, a deliberate operation of the door
1s detected, and lock 8 i1s unlocked. This coupling of the
sensors leads to a particularly reliable detection of a con-
scious and deliberate actuation. Force sensor 7 also ensures
that the door handle 1s firmly grasped and a force 1s exerted
in the opening direction. Thus, the electric door opening
cannot unpleasantly surprise the user, since his applying of
force 1s already exerted 1n the opening direction and corre-
spondingly, the door cannot hit against his hand, in particu-
lar, against the back of his hand.

By means of this schematic diagram it 1s clear, that
random environmental influences can hardly cause an acti-
vation. Only 11 an object reaches behind the door handle and
from there exerts pressure onto the mner sensor 7 and there
1s an approaching from the outside at the same time, an
opening request would be detected.

Generally, 1t 1s also possible to design sensor 6 as a
pressure sensor, so that it 1s necessary to apply a squeezing
force on sections of the door handle that are facing away
from each other 1n the region of the sensors 6 and 7, 1n order
to achieve a door opening.

In that case, sensor 6 may also be formed as a piezo sensor
or as another force sensor.

FIG. 3 depicts another embodiment with a grip handle 12,
which 1s fixed to a door panel 11. In this embodiment, all
sensor components are arranged on one circuit board 13. The
capacitive sensor 14 1s arranged in the center region of
circuit board 13, to the left of the capacitive sensor 14, an
inductive sensor 17a, 175 1s arranged. A coil assembly 17a
1s mounted on circuit board 13 and a metallic sensor part 175
1s positioned with some distance to the coil assembly 17a on
the 1nner side of the handle. A corresponding sensor design
1s also arranged on the night side of the capacitive sensor 14
in form of the sensor 19a, 195. A metallic part 196 1s
attached on the inner side of the handle, while a coil
assembly 19a 1s arranged on circuit board 13. A further
capacitive sensor 16 1n turn monitors the portion which faces
away from the vehicle 1n this section.

The circuit board 1s connected to a control unit 15,
whereby this control unit 15 may generally also be arranged
on the circuit board 1tself. A door lock 18 can be controlled
by control unit 15 and can be caused to open. Sensors with
inductive coupling are known from the prior art, 1n particular
as so-called LDC sensors. This embodiment comprises a
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total of four sensors for the monmitoring of an actuation. The
sensors 17a and 19a detect a change in the distance or
change 1n position of the metallic parts 175, 196 with regard
to the respective sensor 17a or 19a. However, these sensors
generally react to changes 1n position, so that, for example,
a twist of the door handle or a deformation could already be
detected as an actuation. It 1s not possible to determine with
these sensors whether the coils come closer to their respec-
tive counterparts, or if the handle 1s deformed or engaged
from 1ts mnner side. This 1s where the capacitive proximity
sensor 14 comes 1nto play, which carries out the monitoring
ol a reaching behind and grasping according to the before-
mentioned explanation. Only when a reaching behind and
grasping of the handle 1s detected as well as an actuation by
a deformating of the door handle, and furthermore a touch
has occurred in the region of sensor 16 on the outside,
control circuit 15 will detect an actuation of the door handle
and open the door lock.

The depicted embodiments significantly increase the
security in the detection of a clear operation request. The
satety of the controlling of electric door locks by means of
fixed door handles 1s thereby increased.

The 1nvention claimed 1s:

1. Vehicle door handle including a sensor assembly for
detecting an operation request, wherein the vehicle door
handle 1s formed as a fixed door handle for actuating an
clectric lock (e-latch),

wherein the door handle 1s shaped in such a manner that

a user 1n order to actuate 1t reaches behind the door
handle 1nto an open space between the door handle and
the vehicle door, wherein a side of the door handle that
1s directed towards the vehicle 1s referred to as the inner
side of the door handle and a side of the door handle
that 1s facing away from the vehicle 1s referred to as the
outer side,

wherein the door handle comprises an electronic control

and evaluation device, which generates control signals
for the electric door lock 1n dependence on signals from
the sensor assembly,

wherein

the sensor assembly has at least one {irst capacitive sensor

that 1s arranged 1n the door handle, whereby the at least
one capacitive sensor 1s oriented towards the inner side
of the door handle, and monitors a first handle section
which 1s to be reached behind and grasped when
actuating the handle, wherein the sensor assembly
comprises at least a second and a third sensor which are
arranged along the axial extension of the handle in an
oflset manner 1n relation to the capacitive sensor 1n the
door handle,

wherein the at least one second sensor 1s oriented towards

the outer side of the door handle, and monitors a
touching of the door handle from the outer side 1n a
second handle section, and

wherein the at least one third sensor 1s oriented towards

the inner side of the door handle, and monitors a
touching from the inner side in the second handle
section,

wherein the sensor assembly 1s connected to the electronic

control and evaluation device and wherein the elec-
tronic control and evaluation device generates an open-
ing signal, when the capacitive sensor detects a reach-
ing behind and grasping of the door handle, and at the
same time the at least one second sensor and the at least
one third sensor simultaneously each detect a touching.

2. Vehicle door handle according to claim 1, wherein the

clectronic control and evaluation device 1s designed for the
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activation and deactivation of the at least one second and
third sensors, whereby the electronic control and evaluation
device monitors the at least one {irst capacitive sensor and
activates the at least one second and third sensors in depen-
dence on the signals from the at least one first capacitive
SEeNsor.

3. Vehicle door handle according to claim 1, wherein the
at least one third sensor 1s designed as a force sensor, 1n
particular as a piezo sensor or as a LDC-sensor.

4. Vehicle door handle according to claim 3, wherein the
door handle i1s designed in a mechanically deformable
mannetr, at least in sections, within the area of the at least one
third sensor, so that a force transmission towards the sensor
that 1s arranged within the door handle 1s improved, whereby
the handle 1s arranged at least partially with a cover made
from an elastomer 1n the section that 1s covering the at least
one third sensor.

5. Vehicle door handle according to claim 1, wherein the
at least one second sensor 1s a capacitive sensor.

6. Vehicle door handle according to claim 1, wherein the
at least one second sensor 1s a force sensor.

7. Vehicle door handle according to claim 1, wherein
additional force sensors are arranged along the handle
extension, which detect the exerting of force from the 1inner
side of the handle.

8. Method for detecting an operation request on a vehicle
door handle, wherein the vehicle door handle 1s designed as
a fixed door handle for actuating an electric lock (e-latch),

whereby the door handle 1s shaped in such a manner that

a user 1n order to actuate 1t reaches behind the door
handle into an open space between the door handle and
the vehicle door, wherein the side of the door handle
that 1s directed towards the vehicle is referred to as the
inner side of the door handle and the side of the door
handle that 1s facing away from the vehicle 1s referred
to as the outer side,

wherein the door handle comprises an electronic control

and evaluation device, which generates control signals
for the electric door lock 1n dependence on signals from
the sensor assembly,

wherein a sensor assembly 1s designed for the detecting of

an operation request,

comprising the steps of

detecting of a reaching behind and grasping of the door

handle within a first section by means of a monitoring
of the signals of a first capacitive sensor of the sensor
assembly,

detecting of a touching of the door handle from the

outside within a second section by means of a moni-
toring of the signals of a second sensor of the sensor
assembly,

detecting of a touching of the door handle from the inner

side within the second section by means of a monitor-
ing of the signals of a third sensor of the sensor
assembly,

generating control signals with the electronic control and

evaluation device, wherein an opening signal 1s gener-
ated when a reaching behind and grasping of the door
handle 1s detected and at the same time the second and
the third sensor each detect a respective touching.

9. Method according to claim 8, wherein an activation and
monitoring of the second sensor and of the third sensor 1s
only carried out when a reaching behind and grasping of the
door handle 1s detected.
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10. Method according to claim 8, wherein a force exertion
on the 1nner side of the door handle 1s detected by means of
the third sensor.
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