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(57) ABSTRACT

The invention pertains to a method of motorized movement of
a vehicle door, wherein the vehicle door can be moved from
an open position to a closed position as part of a closing
process, wherein a door drive mechanism associated with the
vehicle door and a control system are provided, wherein the
vehicle door can be moved in the direction of closing starting
from the open position using the door drive mechanism. It is
proposed that in a first section of the closing process the
vehicle door is moved by the door drive mechanism from the
open position to acomfortable open position that lies between
the open position and the closed position, and that in a second
section of the closing process, the vehicle door is further
moved from the comfortable open position in the direction of
closing, preferably to the closed position, manually by the
user and largely free of the door drive mechanism.
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METHOD FOR MOTORIZED MOVEMENT
OF A MOTOR VEHICLE DOOR

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims priority of German Patent
Application No. 10 2007 025 518.9, filed May 31, 2007,
which application is incorporated herein by reference.

BACKGROUND

[0002] Theinvention pertains to a method for the motorized
movement of a vehicle door as well as a vehicle door appa-
ratus with a vehicle door.

[0003] The term “vehicle door” is understood to be com-
prehensive here. It encompasses side doors, as well as rear
doors, rear lids, rear covers, engine compartment hoods or
trunk lids. The vehicle door can be a tilting door or a sliding
door. The entirety of the following discussion is about a side
door designed as a tilting door, which is not understood to be
limiting.

[0004] As the functionality of vehicle doors has become
more and more dense in recent years, the weight of the vehicle
doors has also continued to increase. A particular result of this
is that manual closing of the doors, which the user performs
from inside the vehicle in the sitting position, can be uncom-
fortable depending on the respective geometric conditions.
[0005] What has shown to be particularly uncomfortable is
avehicle door apparatus that is used in Coupe vehicle chassis
types specifically. In such an arrangement, vehicle doors
extend considerably in the longitudinal direction of the
vehicle, which makes it much more difficult for users who are
in the sitting position inside the vehicle to close them. This is
because the door actuation handle located on the inside of the
vehicle door and through which the actuation force of the user
is introduced to the vehicle door is often far away from the
user when the vehicle door is open. The user must perform
considerable contortions, depending on his body size, in
order to reach the door actuation handle.

[0006] A proposed solution has been to equip the vehicle
door with a door drive mechanism that can move the vehicle
door from the open position in the direction of closing as part
of a motorized closing process. The known vehicle door
apparatus (US 2005/0277512 A1), upon which the invention
is based shows just such a door drive mechanism, which
allows for purely manual movement of the vehicle door in
addition to motorized movement.

[0007] Indeed, the known vehicle door apparatus provides
a high degree of user comfort with its associated method of
motorized movement, since the user does not have to apply
any actuation force during the closing process.

[0008] However, the implementation effort for the known
vehicle door apparatus is considerable. The reason for this is
first of all that high counter-torques occur during the closing
process just before reaching the closed position, said torques
arising due to the engagement between a vehicle door lock
associated with the vehicle door and a lock catch associated
with the vehicle chassis, as well as due to gasket counter-
pressures.

[0009] With regard to the counter-torques mentioned
above, in general a closure aid is used that takes over the
movement of the vehicle door from a pre-closed position,
which is located just before the closed position, to the closed
position. In the process, this aid can be a drive mechanism of
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the latch bolt of the vehicle lock or a drive mechanism of the
lock catch. The latter variation is explained in US 2005/
0151379 Al.

[0010] Finally, a vehicle door apparatus is known (DE 100
23 259 B4) in which the automatic movement of the vehicle
door is done on the one hand by the door drive mechanism and
on the other by momentum shortly before reaching the closed
position. Here, as well, the effort to implement is consider-
able.

[0011] In addition to the high design effort, in the known
motorized closing process it is a disadvantage that there is
always a certain amount of pinch danger present. The possi-
bility of the user getting an arm or a leg in the pinch area is
simply impossible to eliminate.

SUMMARY

[0012] The invention deals with the problem of designing
and advancing the known method of motorized movement of
avehicle door and the known vehicle door apparatus such that
the effort of implementation is reduced while maintaining
sufficient user comfort.

[0013] The important innovation is to make the vehicle
door closing process partially motorized and partially
manual. In the process, what was recognized is that in order to
provide considerable user comfort, it is sufficient to only
move the vehicle door using a motor in a first section of the
closing process. In the process, the door drive mechanism
moves the vehicle door from the open position to a so-called
“comfortable open position” that lies in between the open
position and the closed position. Then, the user moves the
vehicle door manually and for the most part free of the door
drive mechanism in a second section of the closing process.
This manual movement is a movement of the vehicle door
from the comfortable open position in the direction of the
closed position.

[0014] The closing process for the vehicle door is thus
subdivided into two sections, only the first section of which
involving a motorized movement of the vehicle door in the
above sense.

[0015] After the user gets in, the door drive mechanism
brings the vehicle door to the comfortable open position,
which is placed such that the door actuation handle is com-
fortably reached by the user. The further manual part of the
closing process can then be carried out by the user without
serious effort.

[0016] What is important here is the fact that the second
section of the closing process can occur largely free of the
door drive mechanism. “Largely free” is understood to mean
that in the second section of the closing process, i.e. during
manual movement of the vehicle door, the existence of the
door drive mechanism is not or is only slightly noticed by the
user. This can be implemented in a first preferred embodiment
by separating the door drive mechanism mechanically from
the vehicle door in the second section of the closing process.
[0017] Another interesting aspect further involves the ini-
tiation of the closing process through certain user actions that
are not originally associated with the vehicle door, such that
the initiation of the closing process is generally done by the
user unconsciously. For example, what can happen is that the
closing process is done by the occupation of the vehicle seat
associated with the vehicle door.

[0018] Reference may be made to the full scope of the
above embodiments of the proposed method.
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[0019] A preferred embodiment comprises the modifica-
tion of the translational relationship between the door drive
mechanism and the vehicle door when transitioning from the
first section to the second section of the closing procedure
such that the user does not notice any reaction of the door
drive mechanism to the vehicle door.

BRIEF DESCRIPTION OF THE DRAWINGS

[0020] Theinvention is explained in more detail below with
the aid of the drawing, which illustrates only one exemplary
embodiment. Shown in the drawing are:

[0021] FIG. 1A side view of a vehicle with a vehicle door
apparatus as proposed and

[0022] FIG.2 The vehicle according to FIG. 1 in a sectional
view along section II-II for a vehicle door located in the
closed (top) position and in the open (bottom) position.

DETAILED DESCRIPTION OF THE DRAWINGS

[0023] The vehicle shown in FIG. 1 is equipped with a
vehicle door apparatus as proposed, said apparatus compris-
ing four side doors 1, one engine compartment hood 2 and one
trunk 1id 3 and provided to carry out the method proposed.
[0024] Depending on the design, a sliding door or the like
could be provided instead of a tilting side door. Each of the
side doors 1, the engine compartment hood 2, the trunk lid 3
and the sliding door or the like, if present, is a vehicle door in
the present sense. Below, the side door 1 only will represent
all identified types of vehicle doors. This is preferred but not
to be understood as limiting.

[0025] The vehicle door 1 can be moved from an open
positionto a closed position during a closing process, wherein
a door drive mechanism 4 associated with the vehicle door 1
and an electrical control system 5 are provided. During the
closing process, the vehicle door 1 is movable starting from
the open position in the direction of closing via the door drive
mechanism 4. Here, what is discussed is only the closing
process for the vehicle door 1. The opening process can be
done via a motor or manually regardless of the special con-
figuration of the closing process.

[0026] What is important is that the apparatus is designed
such that in a first section 6 of the closing process the door
drive mechanism 4 moves the vehicle door 1 from the open
position (in FIG. 2 below) to a comfortable open position (in
FIG. 2 shown as a dashed line) that is between the open
position and the closed position. Furthermore, it is important
that in a second section 7 of the closing process, the vehicle
door can be further moved starting from the comfortable open
position in the direction of closing, preferably into the closed
position, manually and largely free of the door drive mecha-
nism 4. Basically, a closure aid can also be provided here such
that the manual movement is only necessary up to a pre-
closed position. This is explained further below.

[0027] Addressed above was the fact that the vehicle door 1
can be designed as a tilting door (FIG. 1, 2) or as a sliding
door. For a sliding door, the same problems with the closing
process occur as identified above, in particular when the
sliding door is associated with the driver side.

[0028] The geometric extent of the first section 6 of the
closing process on the one hand and the second section of the
closing process on the other is of particular importance for
user comfort and effort to implement. The location of the
comfortable open position is a critical parameter for this.
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[0029] Preferably, the comfortable open position is located
in an area between 25% and 85%, preferably between 30%
and 70%, more preferably between 35% and 55%, of the
tilting range of the vehicle door, as seen from the closed
position in the direction of opening.

[0030] It was explained in the general section of the
description that the comfortable open position is ultimately
placed such that the door actuation handle can be comfortably
reached by the user. However, this can be subject to consid-
erable deviations depending on the body size of the user.
Accordingly, in another preferred embodiment it is provided
that the location of the comfortable open position is adjust-
able. Whatis conceivable here is a mechanical adjustment, for
example by moving a stop or the like. However, it is also
conceivable to have an electrical adjustment, such as by
changing the controls of a coupling or the like, if provided.
[0031] Inthe embodiment shown in FIG. 2 and as such the
preferred embodiment, it is provided that the door drive
mechanism 4 be separated mechanically from the vehicle
door 1 in the second section 7 of the closing process so that in
the second section 7 of the closing process the vehicle door 1
can be moved manually and largely free of the door drive
mechanism 4.

[0032] Here, preferably, the door drive mechanism 4 is a
rack-and-pinion drive mechanism. The door drive mecha-
nism 4 comprises a drive motor 8 located in a cavity in the
vehicle door 1, said motor driving a pinion 9. The pinion 9
meshes with a rack 10 that is tiltably attached to the vehicle
chassis at a hinge point 11. The hinge point 11 is located at
such a distance away from the tilt axis 12 of the vehicle door
that driving the pinion 9 along the rack 10 results in the tilting
of the vehicle door 1.

[0033] What is important is only the fact that an element 9
of the door drive mechanism 4, in this case the pinion 9,
disengages mechanically from an element 10 of the vehicle
door 1, in this case the rack 10, due to the movement of the
vehicle door 1 in the direction of closing beyond the comfort-
able open position, thus resulting in the mechanical separa-
tion of the door drive mechanism 4 from the vehicle door 1. To
this end, the rack 10 comprises a section 10a with a free
section without cogging and a section 105 with the usual
cogging.

[0034] In the first section 6 of the closing process, the
pinion 9 is engaged mechanically with the rack 10, in particu-
lar with section 105, so that it is possible to move the vehicle
door 1 from the open position to the comfortable open posi-
tion using the door drive mechanism 4.

[0035] Inthe comfortable open position, shown in FIG. 2 in
a dashed line, the pinion 9 disengages mechanically from the
cogging of section 105 of the rack 10 so that the rack 10 can
be moved away from the pinion when it is further moved in
the direction of closing. The pinion 9 then passes through
section 10a comprising the free section. This makes the
vehicle door 1 in its entirety moveable, and largely free from
the door drive mechanism 4, if one neglects the inconsequen-
tial motion of the rack 10 along with the door.

[0036] The embodiment shown in FIG. 2, and as such the
preferred embodiment, is simple and robust. Basically, how-
ever, a coupling 4a could be placed between the door drive
mechanism 4 and the vehicle door 1, and the mechanical
separation in the comfortable open position could be accom-
plished using the coupling 4a. In the process, the coupling 4a
is preferred to be designed as an electrically switchable cou-
pling. A coupling 4a is shown schematically in the drawing.
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The coupling 4a shown there is integrated into the pinion 9 of
the door drive mechanism 4 to a certain extent.

[0037] Inanother preferred embodiment, mechanical tran-
sitions or couplings can be completely eliminated. Here, the
door drive mechanism 4 comprises a coupling mechanism to
transfer the driving force between the vehicle door 1 and the
vehicle chassis, and the translation of the coupling mecha-
nism changes with the movement of the vehicle door 1 in the
direction of closing beyond the comfortable open position
such that in the second section 7 of the closing process the
vehicle door 1 can be moved manually and largely free of the
door drive mechanism 4. An example for such a coupling
mechanism would be a four-bar linkage mechanism, for
example, provided that it is designed in a suitable way.
[0038] A particularly compact embodiment results from
the door drive mechanism 4 being combined with other com-
ponents of the vehicle door 1. In an especially preferred
embodiment, the door drive mechanism 4 is part of a door
fastener. This can be easily accomplished in the embodiment
shown in FIG. 2 by braking the pinion 8 for the vehicle door
1 located in the open position, for example.

[0039] The optimum control of the door drive mechanism 4
is of particular importance. In particular, when the transition
is made from the first section 6 to the second section 7 of the
closing process, the door drive mechanism 4 must be shut off,
and the coupling 4a may have to be switched. These proce-
dures are preferred to be effected by the control system 5.
Basically, it is also conceivable that the control system 5
makes pre-determined speed gradients in the motorized
movement of the vehicle door 1.

[0040] The initiation of the closing process is especially
important when it comes to the level of user comfort attain-
able. In a simple setup, an activation element 13 coupled to
the control system 5 is provided inside the vehicle to initiate
the closing process.

[0041] Basically, however, it is also conceivable that the
initiation of the closing process can be done by the user
unconsciously. In the process, first of all the control system 5
detects some of the user actions inside the vehicle and ini-
tiates the closing process when a pre-determined user action
or a pre-determined combination of user actions exists. In the
process, in an especially preferred embodiment, these user
actions that initiate the closing process are not originally
associated with the vehicle door 1 so that the initiation of the
closing process by the user occurs unconsciously, in general.
Advantageously, the user action or actions that initiate the
closing process proceeds or proceed without actively operat-
ing an electronic control element or the like, in particular
remote controls.

[0042] Forexample, it is preferable for the control system 5
to use a sensor apparatus 5a to detect when a vehicle seat is
occupied, preferably the vehicle seat associated with the
vehicle door, and that the detection of this user action be a
necessary, and preferably sufficient, condition for the initia-
tion of the closing process for the vehicle door. By “neces-
sary”, it is meant that another user action may have to be
detected by the control system 5 for the closing process to be
initiated. By “sufficient”, it is meant that this detection of user
action is enough to initiate the closing process. Based onthese
necessary or sufficient conditions, a decision is made in the
control system 5, depending on the respective sensory detec-
tion, as to whether the closing process is to be initiated or not.
[0043] In [the] preferred embodiment, the control system 5
detects the user’s entering the vehicle via a sensor apparatus
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5a and the detection of this user action is a necessary, and
preferably sufficient, condition for the initiation of the closing
process.

[0044] In general, it is not sufficient to detect the entry of a
user into the vehicle to initiate the closing process. In many
cases, the user will not yet be completely situated in the
vehicle, so that there is the basic danger of pinching. There-
fore, it is preferable that additional user actions, such as the
occupation of a vehicle seat as described above, in order for
the closing process to be initiated.

[0045] It is especially advantageous if the control system 5
detects the locking of a safety belt by means of a sensor
apparatus 5a and that the detection of this user action is again
necessary, and preferably sufficient, to initiate the closing
process.

[0046] In another preferred embodiment, a steering wheel
lock is provided, wherein the control system 5 detects the
unlocking of the steering wheel lock via a sensor apparatus 5a
and that the detection of this user action is a necessary, and
preferably sufficient, condition for the initiation of the closing
process.

[0047] For modern vehicles, electric engine starting but-
tons are increasingly provided with which to start the engine
of'the vehicle, wherein the control system 5 detects the actua-
tion of the engine starting button, and wherein the detection of
this user action is a necessary, and preferably sufficient, con-
dition for the initiation of the closing process.

[0048] Usually, a hand brake lever is provided in a vehicle
as well. In [the] preferred embodiment, the control system 5
detects the release of the hand brake lever via a sensor appa-
ratus 5a, and the detection of this user action is a necessary,
and preferably sufficient, condition for the initiation of the
closing process.

[0049] In general, a gear shift lever of some type is also
provided inside the vehicle, wherein the control system 5
detects the engagement of a gear of a manual transmission or
the engagement of drive mode in an automatic transmission
via a sensor apparatus Sa, wherein the detection of this user
action is again a necessary, and preferably sufficient, condi-
tion for the initiation of the closing process.

[0050] Further, there is generally a pedal on the driver side
of'the vehicle, in particular a clutch pedal. In the process, it is
preferably for the control system 5 to detect the actuation of
the pedal via a sensor apparatus Sa, wherein the detection of
this user action is a necessary, and preferably sufficient, con-
dition for the initiation of the closing process.

[0051] Explicit reference may be made to the fact that pref-
erably the detection of two or more user actions in combina-
tion, preferably two or more of the user actions identified
above, initiate the closing process. Here, a largely arbitrary
combination of the use actions described above is conceiv-
able.

[0052] In particular, the detection of user actions occurring
one after the other can result in an initiation of the closing
process. An example for this is the detection of the entry of the
user into the vehicle and the detection of the locking of the
safety belt. In the process, additionally the initiation of the
closing process does not occur if the time between the two
user actions is unusually long. In the process, use is made of
the commonly applied times between the respective user
actions.

[0053] Depending on which user action effects the initia-
tion of the closing process, it can be advantageous that the
control system 5 initiates the closing process following the



US 2008/0295408 Al

detection of the user action or actions that initiates or initiate
the closing process only after a pre-determined time delay,
one that is preferably adjustable by the user. This is particu-
larly advantageous for the user action of occupying the
vehicle seat.

[0054] Further explained above is that the proposed vehicle
door apparatus can also be combined with a closure aid.
Provided for this purpose is first of all another position of the
vehicle door, namely the pre-closed position. The pre-closed
position is right before the closed position, and indeed such
that high gasket counter-pressures are not yet in effect in the
pre-closed position. When the vehicle door is in the pre-
closed position, there is only a small gap remaining between
the vehicle door and the vehicle chassis. With regard to a
possible embodiment ofa closure aid, reference is again made
to US 2005/0151379 A 1.

[0055] In the second section of the closing process, the
vehicle door 1 is then manually moveable to the pre-closed
position in the direction of closing manually and largely free
of the door drive mechanism 4 starting from the comfortable
open position. The motorized closure aid then continues the
closing process accordingly, which moves the vehicle door 1
from the pre-closed position to the closed position.

[0056] In the proposed method, the vehicle door 1 can be
moved from an open positionto a closed position as explained
above as part of a closing process, wherein a door drive
mechanism 4 associated with the vehicle door is provided and
wherein the vehicle door 1 can be moved in the direction of
closing starting from the open position by means of the door
drive mechanism 4. This was explained above as well.
[0057] What is important is that in the first section of the
closing process the vehicle door 1 is moved by the door drive
mechanism 4 from the open position to the comfortable open
position as explained, which lies between the open position
and the closed position, and that in a second section of the
closing process, the vehicle door 1 is moved from the com-
fortable open position in the direction of closing, preferably
to the closed position, manually by the user and largely free of
the door drive mechanism. Here, preferably, the vehicle door
is moved only when the user has manually undertaken this
movement as part of the closing process after the first section
has finished.

What is claimed is:

1. A method of motorized movement of a vehicle door,
wherein the vehicle door can be moved from an open position
in the direction of closing as part of a closing process, wherein
a door drive mechanism associated with the vehicle door and
a control system are provided, wherein the vehicle door can
be moved in the direction of closing starting from the open
position using the door drive mechanism, wherein a first
section ofthe closing process the vehicle door is moved by the
door drive mechanism from the open position to the comfort-
able open position that lies between the open position and the
closed position, and that in a second section of the closing
process, the vehicle door is further moved from the comfort-
able open position in the direction of closing, preferably to the
closed position, manually by the user and largely free of the
door drive mechanism.

2. A method according to claim 1, wherein the comfortable
open position is located within an area between 25% and 85%
of the tilt range of the vehicle door as seen from the closed
position in the direction of opening.
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3. A method according to claim 1, wherein the door drive
mechanism is mechanically separated from the vehicle door
in the second section of the closing process such that in the
second section of the closing process the vehicle door can be
moved manually and largely free of the door drive mecha-
nism.

4. A method according to claim 3, wherein an element of
the door drive mechanism is disengaged mechanically from
an element of the vehicle door by the movement of the vehicle
door in the direction of closing beyond the comfortable open
position, thereby causing the mechanical separation of the
door drive mechanism from the vehicle door.

5. A method according to claim 1, wherein a coupling is
located between the door drive mechanism and the vehicle
door, and that the mechanical separation is effected via the
coupling in the comfortable open position.

6. A method according to claim 1, wherein the transition
from the first section to the second section of the closing
process the control system causes the door drive mechanism
to shut off and if necessary switch a coupling.

7. A method according to claim 1, wherein the control
system detects some of the user actions inside the vehicle and
when a pre-determined user action or a predetermined com-
bination of user actions exists, initiates the closing process,
and that the user action or user actions which initiates or
initiate the closing process is or are not originally associated
with the vehicle door.

8. A method according to claim 7, wherein the control
system uses a sensor apparatus to detect when a vehicle seat
is occupied, preferably the vehicle seat associated with the
vehicle door, and that the detection of this user action is a
necessary, and preferably sufficient, condition for the initia-
tion of the closing process for the vehicle door.

9. A method according to claim 7, wherein the control
system only initiates the closing process after the detection of
the user action or user actions which initiates or initiate the
opening process after a predetermined time delay, said time
delay preferably being adjustable by the user.

10. A method according to claim 1, wherein the second
section of the closing process the vehicle door, manually and
largely free from the door drive mechanism, is brought to a
pre-closed position just before the closed position starting
from the comfortable open position in the direction of clos-
ing, that a motorized closure aid associated with the vehicle
door is provided and that the vehicle door is moved from the
pre-closed position to the closed position by means of the
closure aid.

11. A vehicle door apparatus with a vehicle door, wherein
the vehicle door can be moved from an open position to a
closed position as part of a closing process, wherein a door
drive mechanism associated with the vehicle door and an
electrical control system are provided, wherein the vehicle
door can be moved in the direction of closing starting from the
open position using the door drive mechanism, wherein the
apparatus is designed such that in a first section of the closing
process the vehicle door is moved by the door drive mecha-
nism from the open position to a comfortable open position
that lies between the open position and the closed position,
and that in a second section of the closing process, the vehicle
door can then be further moved from the comfortable open
position in the direction of closing, preferably to the closed
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position, manually by the user and largely free of the door
drive mechanism.

12. A vehicle door apparatus according to claim 11,
wherein the vehicle door is designed as a side door, in par-
ticular as a tilting door or as a sliding door.

13. A vehicle door apparatus according to claim 11,
wherein the comfortable open position is located within an
area between 25% and 85% of the tilt range of the vehicle
door as seen from the closed position in the direction of
opening.

14. A vehicle door apparatus according to claim 11,
wherein the door drive mechanism is mechanically separated
from the vehicle door in the second section of the closing
process such that in the second section of the closing process
the vehicle door can be moved manually and largely free of
the door drive mechanism.
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15. A vehicle door apparatus according to claim 14,
wherein an element of the door drive mechanism is disen-
gaged mechanically from an element of the vehicle door by
the movement of the vehicle door in the direction of closing
beyond the comfortable open position, thereby causing the
mechanical separation of the door drive mechanism from the
vehicle door.

16. A vehicle door apparatus according to claim 11,
wherein a coupling is located between the door drive mecha-
nism and the vehicle door, and that the mechanical separation
is effected via the coupling in the comfortable open position.

17. A vehicle door apparatus according to claim 16,
wherein the coupling is designed as an electrically switchable
coupling.
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