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(57) Abstract: Hinge (1) for a door which covers at least in part a compartment, of the type comprising a fixed support (2) coupled
to the compartment frame, and a mobile support (3) coupled to the door, wherein such mobile and fixed supports are at least rotat -
ably constrained one to the other. The hinge also comprises means to impose a predefined law of motion to the mobile support with
respect to the fixed support during opening and/or closing of the door and controlled motor means (5) for aiding opening and/or
closing of the door applying a push and/or a pull force onto said mobile support with respect to the fixed one.
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Field of the invention

The present invention relates to the field of hinges, particularly to a hinge for a door
which covers a compartment, for example the loading compartment of a household
appliance, of the type comprising motor means for aiding opening and/or closing of
the door, for example operated by an electric motor.

Background art

Hinges are known in the art, which comprise a motor drive, typically electric, acting
to open/close the door.

For example, GB2350863 teaches to realize an oven provided with an electric-motor
drive to open and close the cooking cavity. Such an oven provides the user with a
manual control which, when operated, activates an electric motor for opening or
closing the afore said doors. The electric motor, which acts directly as a door hinge,
is sized to apply a force sufficient to fully open and close the doors, even when they
are hinged along a horizontal axis.

In the known art such motor drives, for exémple constituted by electric motors
coupled with a geérmotor or another kinematic chain connecting them to the fixed
and mobile supports of a hinge, are therefore sized for moving the door completely
and independently, and thus they are motor drives very expensive and bulky, also
involving large power consumption.

Moreover, it is not possible to associate these solutions known in the art to pre-
existing hinges, because the electric motor substantially replaces the conventional
hinge.

Finally, in case of malfunctions of the motor or a power failure, such a solution
makes it difficult to open the door, since the absence of a traditional hinge does not
allow an easy opening and closing of the door, that are provided for example by
means of a spring or other known means adapted to impose a predefined law of
motion to the door itself, which are usually present in conventional hinges.

It is therefore an object of the present invention to provide a hinge which solves the
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above mentioned problems of the known art.

Another object of the present invention is to implement a hinge for doors which
cover at least in part a compartment, preferably of a household appliance, provided
with moving means that are simple, inexpensive and small in size.

Another object of the present invention is to provide a hinge for doors which cover at
least in part a compartment, preferably of a household appliance, provided with
motor means which can be easily coupled to the structure of pre-existing hinges.

A further object of the present invention is to provide a hinge of the type provided
with motor means which can operate even completely manually.

Summary of the invention

The present invention achieves these and other objects by means of a hinge and a
related usage method according to the appended independent claims and the
respective dependent claims.

In particular, the present invention relates to a hinge for a door which covers at least
in part a compartment, of the type comprising a fixed support coupled to the
compartment frame, and a mobile support coupled to the door, wherein the mobile
and fixed supports are at least rotatably constrained one to the other. The hinge
according to the present invention also comprises means to impose a predefined law
of motion to the mobile support with respect to the fixed support during opening
and/or closing of said door, constituted for example by elastic means operatively
interposed between the fixed support and the mobile support, as well as controlled

motor means for aiding opening and/or closing of the door. Said controlled motor

" means apply a push and/or a pull force onto the mobile support with respect to the

fixed support.

Using these controlled motor means, for example constituted by an electrically
and/or electromagnetically operated actuator conveniently controlled by a
programmable controller, which is coupled with a hinge provided with means to
impose a predefined law of motion, it is possible to have a hinge which can easily be
used even in case of power failure, or in any case of malfunction of motor means.

The presence of the afore said means to impose a predefined law of motion may also
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allow using motor means not excessively bulky and operating with lower power
consumption.

It should be noted that, even though elastic means have been previdusly described as
means to impose a predefined law of motion, other known means, not mentioned
herein, may be provided in the hinge object of the present patent such as, for
example, a cam-shaped arm, articulated to the mobile support and constrained to the
afore said motion-guide bar, and forced to engage a follower roll constrained on the
fixed support of the hinge, as taught e.g. by Patent US 5.937.481 A, without
departing from the scope of protection required herein.

In any case, particularly if said means to impose a predefined law of motion
comprise elastic means to counter and/or aid the opening and/or closing of the door,
the motor means of the hinge according to the present invention can be sized, or
controlled, such that they apply a push and/or pull force lower than the force
necessary to open and/or close the door.

Then, especially in case of hinges with horizontal axis, said motor means are
designed so as to apply a force that can aid the hinge itself and particularly said
means to impose a predefined law of motion, during the opening and/or closing of
the door, although by themselves they are not able to allow such an opening/closing.
According to a preferred aspect of the present invention, the hinge further comprises
at least one motion-guide bar articulated, directly or indirectly, to the mobile support
of the hinge itself and coupled, at least slidingly, to said fixed support, or vice versa.
Advantageously, in this case, the motor means apply an axial push and/or pull force
onto such a motion-guide bar.

In this case the motor means, constituted for example in this case by an electric
motor coupled to a kinematic system adapted to switch the circular motion into
rectilinear motion, act on the motion-guide bar of the hinge, which is an existing
component in many commercial hinges, and can be easily coupled to an already
existing hinge.

Moreover, the motor means apply an axial force, that is to say directed along the axis

of the motion-guide bar, preventing the whole hinge from being undesirably stressed.
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Further, according to a particular aspect of the present invention, the hinge can
comprise a manual control operable by a user to operate the afore said motor means,
preferably by means of an automatic programmable controller to control the latter.
According to another aspect of the present invention, the hinge can be provided with
means for decoupling by friction the guide bar from said aiding means.

Furthermore, the present invention relates to a method for opening and/or closing at
least in part a compartment by means of a door through a hinge of the above
described type, comprising the steps of

a) detecting, automatically or by a manual control, at least
an initial transient operated by an user of the opening or closing of the
door;

b) operating the motor means for aiding opening and/or
closing of the door to apply a push and/or a pull force onto the mobile
support with respect to the fixed support of the hinge and therefore to aid,
at least in part, the at least partially opening and/or closing of the door.

According to a preferred aspect of the method of the present invention, the motor
means for aiding opening and/or closing of the door, apply onto the door a force
lower than the force necessary to open and/or close the door itself, since the means to
impose a predefined law of motion, constituted for example by elastic means (a
spring), already aid the opening and/or closing of the door.

In other words, according to this aspect of the method claimed herein, the motor
means, once detected the initial transient of the opening or closing of the door, act by
taking the place of the user and, therefore, applying a force similar to the force the
user would have applied if there were been no motor means.

According to another aspect of the present invention, the mentioned step of operating
the motor means for aiding opening and/or closing of the door may comprise, during
the opening of the door, the application of a push force of the mobile support with
respect to the fixed support during the initial transient and of a pull force of the
mobile support with respect to the fixed support during the final transient and/or,

during the closing of the door, the application of a pull force of the mobile support
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with respect to the fixed support during the initial transient and of a push force of the
mobile support with respect to the fixed support during the final transient during the
closing of the door, or vice versa.

Brief description of the figures

Referring to the figures, an exemplary, non limiting, embodiment of the present
invention will be introduced hereinafter, wherein:

-Figure 1 is a side cut-away view of a hinge according to an embodiment
of the present invention;

-Figure 2 is a plan cut-away view of the hinge of figure 1;

-Figure 3 is a perspective view of the hinge of figure 1 wherein the motor
has been omitted.

Detailed description of a preferred embodiment of the present invention

In the embodiment of the present invention shown herein, a hinge 1 for the door
which covers at least in part a compartment, comprises a fixed support 2 coupled to
the compartment frame, and a mobile support 3 coupled to the door. The mobile 3
and fixed 2 supports are rotatably constrained one to the other by means of the pin
12.

As known in the art, the door hinge 1 described herein is further provided with
means 6 to impose a predefined law of motion to the mobile support 3 with respect to
the fixed support 2. These usually mechanical means, allow to counter or aid the
opening and/or closing of the door, and may comprise, for example, elastic means,

means to dampen the motion, or means with guiding cam.

" More particularly, the use of these means to impose a predefined law of motion to

the mobile support 3 with respect to the fixed support 2, comprising the coil spring 6
in the hinge 1 shown herein, is intended to prevent the door from opening with an
overspeed and/or to aid closing the door itself, especially if the hinge 1 is installed so
that its axis of rotation is horizontal.

In the hinge 1 described herein, these means to impose a predefined law of motion
are constituted by a coil spring 6 operatively interposed between said fixed 2 and

said mobile 3 supports of the hinge 1, even if other means can be provided in
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addition, or in substitution, to said elastic means, such as a fluid dynamic damper. In
the hinge subject matter of this patent, other known means, not mentioned herein, to
impose a predefined law of motion to the mobile support 3 can be provided, such as
the cam and follower type described in US 5,937,481 A, or those described in US
3,123,064.

These above mentioned cam and follower means, usually in addition to the afore
mentioned elastic means or spring 6, are intended to prevent the door overspeed at
the end of the opening and closing steps of the door itself, in addition to make more
stable the final position of opening or closing of the door.

The spring 6, as known, prevents abrupt movements of the door and, particularly, in
case of doors pivoting on a horizontal axis, it brakes the door fall by gravity during
the opening step thereof, whereas during the closing step it helps the user to counter
the weight of the door. As a matter of fact, because of the compression of the spring
6 during the door opening, the spring will expand during closing thereof to return to
its starting configuration, applying on the door a force aiding the force used for
closing the door itself.

According to a preferred embodiment of the present invention, the coil spring 6 is
operatively interposed between the supports 2 and 3 of the hinge 1 thanks to a
motion-guide bar 4 (hereinafter also named bar 4) which is articulated to the mobile
support 3 and slidingly coupled, that is to say constrained, to the fixed support 2.

In more detail, the fixed support 2 comprises a frame housing the spring 6 and to
which a supporting element 8 is fastened and provided with a recess 8a wherein the
bar 4 slidingly engages. The latter, having generally a substantially straight axis, is
therefore slidingly constrained to the fixed support 2 due to its sliding engagement
inside the recess 8a, the sliding being facilitate by bearings 8b aiding the relative
movement of the bar 4 with respect to the supporting element 8, and is arranged
inside the turns of the coil spring 6.

It should be noted that the supporting element 8 acts as a countercheck for one end of
the coil spring 6. |

As previously mentioned, the bar 4 is also constrained to the mobile support 3 by
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means of a slider-crank system. In particular, the bar 4 is provided with a pin 9, to
which a first end of a connecting rod 10 is hinged. The second end of the connecting
rod 10 is hinged to a pin 11 integral with the mobile support 3 in a position far from
the pin 12 of the hinge 1.

In this way, between the hinging point 12 of the fixed 2 and the mobile 3 supports of
the hinge 1 and the pin 11 of the connecting rod 10 there is an arm operatively
forming a crank for the afore said connecting rod 10 so that the connecting rod 10,
together with the mobile support, substantially form a slider-crank system.

It should be noted that, although in the present description the bar 4 is articulated to
the movable support through a connecting rod 10, other articulating modes can be
provided.

The end of the bar 4 opposite to the end engaged with the connecting rod 10 is
integrally fastened to a slider 7 acting as a mobile support for the end of the spring 6
that is not rested to the supporting element 8.

Therefore, in the embodiment of the invention shown herein, the spring 6, as
mentioned for example of the coil compression type, is made integral at one end with
the slider 7, that slides integral with the bar 4, and at the other end with the
supporting element 8, that is integral with the frame of the fixed support 2.

It should be noted that a larger number of guide bars can also be provided, and it is
also possible to reversely constrain the bar 4 to the supports 2, 3, articulating it with
respect to the fixed support 2 and making it slide with respect to the mobile support 3
and thus arranging the spring 6 inside the mobile support 3.

In the embodiment shown herein, due to the slider-crank kinematic system described
above, the relative rotation of the mobile support 3 with respect to the fixed support 2
about the hinging point 12 causes the axial movement of the bar 4 with respect to the
fixed support 2, and the related dragging of the slider 7 and then the compression or
expansion of the spring 6 depending on the rotation direction of the mobile support 3.
It should be noted that the pin 9, during its travel, is guided within a slot 13 obtained
on the outer frame of the fixed support 2 which allows the bar 4 to move only axially

and defines limit points for the bar 4 itself, corresponding to the required engagement
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of the pin 9 with the ends 13a and 13b of the slot 13.

The herein described hinge 1, according to the present invention, also comprises
controlled motor means 5 for aiding opening and/or closing of the door, applying a
push and/or pull axial force onto the mobile support 3 with respect to the fixed
support 2 of the hinge 1, preferably by directly operating on the bar 4 so that to
influence the movement of the hinge 1 itself, as better explained below.

These motor means preferably comprise electrically and/or electromagnetically
operated actuators and, particularly, can comprise an electric motor.

In the embodiment shown herein, they are schematically shown by means of a stem
5c, integral with or however constrained to the bar 4 such as to push it and/or to
subject it to a pull force, positioned at the end of an actuator 5a moved by a drive 5b.
More specifically, the stem Sc, operated by the drive 5b, is integral with the bar 4 or
however able to transmit onto it a push force which is axial or along the bar axis, so
as to prevent undesired bending of the bar 4 itself.

Preferably, the push or pull axial force applied by the motor means 5 for aiding
opening or closing of the door is lower than the force necessary to open or close
independently the door itself. In other words, the motor means 5 are sized, or
operatively controlled, by a special controﬁer such that, according to an embodiment
shown here, the force applied in particular onto the bar 4 is lower than the force
necessary to fully open and/or close the door.

For ease of illustration, the aiding means 5 will be hereinafter identified as the motor
5, without limiting the generalities. Indeed, in the present invention it is intended that
is possible to use any motor means able to apply a push and/or pull force onto the
mobile support 3 with respect to the fixed support 2 of the hinge.

In the hinge 1, the motor 5 can be constituted by various electrically and/or
electromagnetically operated means for aiding opening and/or closing of the door,
such as the so-called magnetic drive motors, wherein a linear actuator is moved
according to changes of the magnetic field of a stator surrounding the actuator itself.
The motor 5 of the hinge 1 can be controlled by a programmable automatic

controller, and it can operate depending on a manual control, such as a push-button
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switch arranged on the compartment frame or on the door handle, or elsewhere, and
operable by the user or by sensors of the position or motion of the door itself, of the
hinge 1 or of the motor 5, which can activate the motor S itself during the initial
and/or final transient of the opening and/or closing of the door.

For example, it is possible to provide position sensors that are able to detect the
angular position of the door. The data from these sensors can be processed by a
control unit for controlling the operations of the motor 5 or of an equal means, that is
to say the related starting and stopping.

Moreover, because the aiding means, as well as the shown motor 5, are
electromagnetically operated, they can be provided with a transducer able to detect
the changes of the magnetic field inside the means, so as to determine the axial
position of the actuator 5a or of a similar actuator.

Alternatively, it is possible to detect the degree of power consumption of the drive 5b
or an equal device, and to set the start/stop of the same according to the detected
data.

It is preferable that the motor 5 performs a maximum of 20 - 30% of work, and
preferably about 10% of work during the first opening step of the door, that is to say
when it is operating, and that the spring performs the remaining 70 - 90% of work.

In this case, the power of the motor 5 can be much lower than the power of the
motors of the prior art, the latter being able to individually open the compartr_nént,
thus performing 100% of the work onto the door.

For this reason, although the motor 5 of the present invention allows the user to
apply a lower force while moving the door, it is greatly reduced in size and cost with
respect to the background art. _

It should be noted that it is possible to start and stop the motor 5 by means of
switches which are operated when the motor 5 reaches predetermined limit positions.
Means can be further provided for decoupling the aiding means from the guide bar 4,
such as to make the door movable in a completely manual way. These means are
known in the art and can be mechanical and/or electrical, for example a clutch and/or

switches. Such decoupling means can be actuated in case of malfunction of the
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means 5 for aiding opening and/or closing of the door or in case of power failure.
Due to the decoupling means, in such cases it is possible to open the compartment in
a fully-manual mode.

The above described hinge 1 allows to perform the method for opening/closing a
compartment by means of a door claimed herein, at least partially, comprising the
steps of:

a. detecting, automatically or by a manual control, at least an
initial transient operated by an user of the opening or closing of the door;

b. operating the motor means 5 for aiding opening and/or closing
of the door to aid at least in part the at least partially opening an/or closing of
the compartment by means of the door by applying a push and/or a pull force
onto the mobile support 3 with respect to the fixed support 2 of the hinge 1.

Preferably, in the step of operating the afore said means 5 for aiding opening and/or
closing of the door, the last ones apply on the door a force lower than the force
necessary to open and/or close the door itself.

In fact, a limited force Ishould be applied on the door to open or close the
compartment due to the presence of means to impose a predefined law of motion,
constituted for example by the coil spring 6 previously described.

For this reason, the means for aiding opening and/or closing of the door, that is to say
the motor S, can be constituted by a relatively low-power electric motor 5, being
therefore small sized and energy saving, which can simply aid to open or close the
door but which is not able to perform this task in the absence of the force (or
reaction) applied by the afore said means 6 to impose a predefined law of motion.
According to an aspect of this method, the above mentioned step of detecting at least
an initial transient involves to operate a manual control, connected to a controller
which operates the motor 5 by means of a user.

Moreover, according to another aspect, the step of operating the means 5 for aiding
opening and/or closing of the door can be restricted to an initial transient of the
opening or closing, but the motor 5 is preferably operated during the initial transient

as well as during the final transient of the opening and closing movements of the
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door, as will be seen.

Thus, the operation of the hinge 1 described above, according to the method of the
present invention, provides that, in the initial steps of opening of the compartment
(initial transient), the user manually operates a control, such as a button, connected to
a programmable controller to control the motor 5 which then is actuated.

The controller causes the motor 5 to apply a push force onto the bar 4 by means of
the stem 8c, the force being transmitted to the connecting rod 10 and then from this
through the pin 11 to the mobile support 3, the latter starting to pivot around the pin
12 with respect to the fixed support 2.

Not only the push force applied by the motor 5 can overcome the door inertia and
therefore allow the mobile support 3 to start rotating, but also overcome or counter
the force applied by the spring 6, which is compressed from its starting position by
the translation of the bar 4 itself, due to its constraint to the slider 7 and the
supporting element 8.

Referring particularly to figures 1 and 2, the mobile support 3 is pivoted clockwise
around the hinging point 12. The bar 4 is then axially dragged to the right by the
connecting rod 10 acting on the pin 9. The sliding element 7 moves integrally with
the bar 4 and compresses the spring 6.

If the door hinge 1 has lower horizontal axis, such as for example in a oven
compartment, the programmable controller of the motor 5, for opening the door, can
operate it so as to push the bar 4 at least in the initial transient until the door can
independently complete the rotation thanks to its weight and the initial inertia.
Alternatively, if the door hinge still has lower horizontal axis, in order to open the
door the programmable controller can cause the motor 5 to apply an axial push force
onto the bar 4 only in the initial transient, for example until the door, and thereby the
fixed support 3, exceeds an initial tilt angle of 45°, then stopping the motor operation
to control the motor 5 for applying an opposite pull force onto the same bar 4, at least
during the final transient, so as to brake the rotatingly fall of the door itself and to
prevent any possible impact of the door when it reaches its limit.

In this case, the hinge 1 can be provided with sensors for detecting, directly or
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indirectly, the position and/or the motion of the mobile support 3 with respect to the
fixed support 2, operatively connected to the afore said programmable controller of
the motor 5.

However, it should be noted that the presence of the spring 6, or other means to
impose a predefined law of motion to the mobile support 3 with respect to the fixed
support 2 that can in turn apply forces or reactions countering the opening rotation of
the door, allows the motor 5 to apply a force lower than the force necessary to
independently open the door. |

Further it should be noted that is particularly advantageous that the motor 5 drives
the bar 4 to cause the hinge to rotate, because this solution allows to use the motor 5
with pre-existing hinges1 and because the axial force of the motor is transmitted to
the straight bar 4 without generating bending stresses, in theory.

Similarly, according to the method described herein, if the door is open and the user
wants to close it, the operation of the motor 5, controlled automatically and for
example through a manual control operated by the user, at the beginning of the
closing rotation of the door by means of the user, provides an aiding force for closing
the door, at least in the initial transient.

In this case, when the initial transient of the closing step ends due to the pull force
applied by the motor S onto the bar 4 and through the connecting rod 10 onto the
mobile support 3 of the hinge 1, the spring 6 compressed during the opening of the
door, applies an expanding force that also applies a pull force onto the bar 4, aiding
the automatic closing of the door.

Thus, the motor 5 can be advantageously operated during, and also after, the initial
transient of the closing step of the door, so that to apply on the latter a pull force and
to allow the spring 6 to expand back to its original configuration.

This extending (expanding) operation of the spring 6 can generally produce a force
that, together with the pull operation of the motor 5, is able to allow the independent
closing of the door.

In case of door hinge 1 having a horizontal lower axis, it is possible to operate the

motor 5 at the final transient, to prevent impacts and then to smoothen the closing of
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the door, the motor being controlled by the afore said programmable controller on
the basis of data coming, e.g., from sensors of position and/or motion of the mobile
support 3 of the hinge 1, such as to apply a push force onto the bar 4 and then to
counter the pull force applied on the latter by the spring 6 only in the imminence of
the final transient of the closing operation of the door.

It should be emphasized that, although a motor operation has been described only
during the initial and/or final steps of the opening and closing of the door, it is
however possible to use the present invention so as to control the operation of the
motor 5, or a similar aiding means, also, or only, next to critical points which are not
positioned at the ends of the door travel.

Finally, it should be noted that this hinge is particularly and advantageously used in
doors for loading compartments of household appliances, especially with drop down

doors, that is to say, doors having a substantially lower horizontal axis of rotation.
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CLAIMS

1. Hinge for a door which covers at least in part a compartment,
of the type comprising a fixed support coupled to the compartment frame, and
a mobile support coupled to the door, said mobile and fixed supports being at
least rotatably constrained one to the other, as well as means to impose a
predefined law of motion to the mobile support with respect to the fixed
support during opening and/or closing of said door, characterized by
comprising controlled motor means for aiding opening and/or closing of the
door, said controlled motor means applying a push and/or a pull force onto
said mobile support with respect to said fixed support.

2. Hinge according to claim 1, characterized in that said push
and/or pull force applied by said motor means is lower than the force
necessary to open and/or close said door.

3. Hinge according to claim 1 or 2, characterized in that said
means to impose a predefined law of motion comprise elastic means
operatively interposed between said fixed support and said mobile support to
counter and/or aid the opening and/or closing of said door.

4. Hinge according to any one of the preceding claims,
characterized by further comprising at least one motion guide bar articulated,
directly or indirectly, to said mobile support and coupled, at least slidingly, to
said fixed support, or vice versa, and wherein said motor means apply an
axial push and/or pull force onto said motion guide bar.

5. Hinge according to any one of the preceding claims,
characterized in that said motor means comprise electrically and/or
electromagnetically operated actuators.

6. Hinge according to claim 5, characterized in that said
electrically and/or electromagnetically operated actuators comprise an electric
motor.

7. Hinge according to any one of the preceding claims,

characterized by comprising at least one manual control operable by a user to
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operate said motor means.

8. Hinge according to any one of the preceding claims,
characterized by further comprising one or more sensors for detecting,
directly or indirectly, the position and/or the motion of the mobile support
with respect to the fixed support.

9. Hinge according to one or both the claims 7 and 8,
characterized by comprising at least one automatic controller to control said
motor means, said manual control and/or said one or more sensors being
operatively connected to said automatic controller.

10. Hinge according to any one of the preceding claims,
characterized in that it is further provided with means for decoupling said
fixed support or said mobile support from said means for aiding.

11. Method for opening and/or closing at least in part a
compartment by means of a door through a hinge of the type comprising a
fixed support coupled to the compartment frame, and a mobile support
coupled to the door, said mobile and fixed supports being at least rotatably
constrained one to the other, as well as means to impose a predefined law of
motion to the mobile support with respect to the fixed support during opening
and/or closing of said door, and controlled motor means for aiding opening
and/or closing of the door according to any one of the preceding claims, said
method comprising the steps of:

a. detecting, automatically or by a manual control, at least
an initial transient operated by an user of the opening or closing of the
door;

b. operating said motor means for aiding opening and/or
closing of the door to apply a push and/or a pull force onto said
mobile support with respect to said fixed support and aid at least in
part the at least partially opening and/or closing of the compartment
by means of the door.

12. Method according to claim 11, characterized in that in said
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step of operating said motor means, the latter apply onto the door a force
lower than the force necessary to open and/or close said door.

13. Method according to claim 11 or 12, wherein said step of
detecting at least an initial transient provides the operation of said manual
control by means of an user.

14. Method according to any one of the claims 11 to 13,
characterized in that said step of operating said motor means is limited to at
least an initial transient and/or a final transient of the opening or closing.

15. Method according to any one of the claims 11 to 14,
characterized in that said step of operating said motor means comprises the
application of a push force of the mobile support with respect to the fixed
support during the initial transient and of a pull force of the mobile support
with respect to the fixed support during the final transient, during the opening
of the door and/or the application of a pull force of the mobile support with
respect to the fixed support during the initial transient and of a pull force of
the mobile support with respect to the fixed support during the final transient

during the closing of the door, or vice versa.
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