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Description

[0001] The present invention relates to a vacuum ma-
nipulation device. The present invention further relates
to a method for manipulating a component. An example
of a pick-up and delivery system and associated methods
is disclosed in US2012/000125.

[0002] In particular, the present invention relates to a
device for manipulating components with millimetric or
sub-millimetric dimensions (also called microcompo-
nents) or in general a device for manipulating compo-
nents with geometrical and structural properties such that
the forces of adhesion predominate over the force of
weight.

[0003] This device, known also as a vacuum gripper
(or microgripper in the case of microcomponents) is suit-
able for being fitted, for example, on the terminal member
of a manipulator (robot) and has application in various
technical fields, including, for example: the automotive,
electronics, micromechanical, telecommunications,
medical and biomedical industries. However, said device
is also suitable for being integrated in a system for manual
or teleoperated manipulation of components, such as,
for example, a pipette with a suitable grip.

[0004] The operation of a vacuum manipulation device
is based on the pressure difference between the inside
of the manipulation device and the outside. In particular,
a vacuum manipulation device essentially consists in a
gripper nozzle in communication with a vacuum gener-
ating system, and is realized, for example, by means of
a suction tube connected at one end with a vacuum gen-
erating system. The opposite end is open, defining the
suction nozzle for attracting the component to be grasped
and manipulated and keeping it adherent thereto as long
as the vacuum generating system is activated, and en-
sures a pressure difference between the inside of the
manipulation device and the atmosphere such as to suck
the component itself.

[0005] The manipulation of a component, particularly
where aimed at assembly, entails gripping, moving and
releasing the component in a controlled manner. Such
actions are preferably carried out automatically.

[0006] One still unfulfilled need in the art is to have a
manipulation device suitable for performing the above-
described actions and such as to ensure the repeatability
of the results, avoid damage to the component and as-
sure correct positioning.

[0007] There are known manipulation devices operat-
ing according to various principles, including vacuum-
operated ones, in an attempt to obtain the best compro-
mise between cost, accuracy, repeatability, malleability,
versatility and complexity.

[0008] In particular, vacuum manipulation devices
stand outin thatthey are simple, economical and capable
of manipulating a wide range of components, also fragile
ones.

[0009] In the case of micromanipulation and micro-
assembly (i.e. the aforesaid operations applied to micro-
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components), vacuum manipulation devices are consid-
erably affected by the problem of release, which does
not always take place spontaneously when the vacuum
generating system is deactivated or the action thereof
decreased, since on a micrometric scale, as a result of
the predominance of surface forces over volume, the mi-
crocomponents tend to remain in contact with the device,
leading to an unforeseeable behaviour in the release op-
eration and imprecise manipulation. The same problems
manifest themselves in general in the case of compo-
nents with geometric and structural properties such that
the forces of adhesion are predominant relative to the
weight force in the absence of a certain pressure differ-
ence between the inside of the manipulation device and
the atmosphere.

[0010] Toovercome thisdrawback, various expedients
have been tried out in order to detach the component,
for example by using a small pulse of positive pressure
or else exploiting the inertial force of the component itself.
Alternatively, it has been proposed to exploit an impact
against a sharp edge or make use of other auxiliary in-
struments. With the aim of the reducing electrostatic forc-
es, it is been proposed to use glass elements with an
earthed conductive gold layer.

[0011] US 7,603,807 disclosesavacuum manipulation
device provided with an assisted release system com-
prising a piston inside a suction tube actuated by a sec-
ond double-acting piston. In particular, in order to actuate
the release step, the piston is made to descend inside
the tube by actuating the second piston. US 7,603,807
thus envisages a system for moving the assisted release
system that is distinct from the one for generating the
vacuum.

[0012] A manipulation device as described in US
7,603,807 is therefore bulkier, more complicated, more
expensive and heavier than a standard vacuum manip-
ulation device, especially considering that it is intended
to be applied on the terminal member of a robot, which
in this case would necessarily have to have a consider-
able payload, thus also constituting a constraint on the
minimum size of the robot.

[0013] In this context, the technical task of the present
invention is to overcome the above-mentioned draw-
backs.

[0014] In particular, it is an object of the present inven-
tionto provide a vacuum manipulation device and a meth-
od for manipulating a component by means of a vacuum
that is capable of releasing the components in a precise,
reliable and safe manner, without excessively increasing
the weight of the manipulation device or excessively com-
plicating the structure thereof.

[0015] The stated technical task and the specified ob-
ject are substantially achieved by a vacuum manipulation
device and by a method for manipulating a component
by means of a vacuum, each comprising the technical
features set forth in one or more of the appended claims.
The dependent claims correspond to possible embodi-
ments of one of the aspects of the invention.
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[0016] Additional features and advantages of the in-
vention will be more apparent from the description that
follows of several examples of vacuum manipulation de-
vices and methods according to the invention given by
way of illustration and not by way of limitation with refer-
ence to the appended figures, in which:

- figures 1 and 2 schematically illustrate a longitudinal
section view of a vacuum manipulation device ac-
cording to the present invention, in two different op-
erating conditions;

- figures 3 and 4 schematically illustrate an enlarged
detail of figure 1 and figure 2, respectively, in which
the component C has also been added, in a gripping
and release step, respectively;

- figures 5 and 6 schematically illustrate a longitudinal
section view of a further embodiment of the vacuum
manipulation device according to the present inven-
tion, in two different operating conditions;

- figures 7 and 8 schematically illustrate a longitudinal
section view of a further embodiment of the vacuum
manipulation device according to the present inven-
tion, in two different operating conditions;

- figures 9 and 10 schematically illustrate a longitudi-
nal section view of a further embodiment of the vac-
uum manipulation device according to the present
invention, in two different operating conditions;

- figures 11 and 12 schematically illustrate a perspec-
tive view of a component of the vacuum manipulation
device illustrated in figure 1 and in figure 5, respec-
tively.

[0017] With reference to figures 1-4, 1 indicates a vac-
uum manipulation device. The manipulation device ac-
cording to the present invention is suitable in particular
for automatically or manually manipulating (gripping,
moving and releasing) components C with millimetric or
sub-millimetric dimensions and various geometry, that
is, components with geometric and structural properties
such that the forces of adhesion are predominant relative
to the force of weight. By components of sub-millimetric
dimensions we mean components in which at least one
dimension is smaller than a millimetre. Component C has
been illustrated only with reference to figure 3 and figure
4 during the gripping and release step, respectively.
[0018] Theterms "lower" or "upper"”or the like are used
with reference to the appended figures. The manipulation
device can however be used in any configuration and
system of reference, such terminology being adapted to
the system of reference of the appended figures by anal-
ogy. Forexample, the manipulation device can be mount-
ed and/or disposed inclined relative to what is illustrated
in the figures.

[0019] According to a different system of reference,
the term "proximal” indicates a portion of the manipulation
device 1 that is close to the component C to be manipu-
lated whereas the term "distal" indicates a portion of the
manipulation device 1 that is distant from the component
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C to be manipulated.

[0020] X indicates a longitudinal direction of the ma-
nipulation device which extends from a proximal (or low-
er) portion to a distal (or upper) portion of the manipula-
tion device. The longitudinal direction is shown only in
figure 1, but it can be analogously found in all of the em-
bodiments that are illustrated in particular. 2 indicates a
tube, preferably consisting of a tubular element with a
through hole, for example having a circular cross section.
[0021] The tube 2 preferably extends along the longi-
tudinal direction X. 3 indicates a gripper nozzle defined
by a suction section 3a, for example circular, surrounded
by walls 3b suitable for coming into contact with the com-
ponent C.

[0022] In the case of figure 1 in which the tube 2 is
envisaged, a proximal end 2a of the tube 2 is suitable for
coming into contact with a component C to be manipu-
lated, as it defines the walls 3b of the gripper nozzle 3.
The proximal end 2a, which in the appended drawings
corresponds to a lower end of the tube, defines a gripper
nozzle 3, in which a proximal section of the through hole
of the tube defines the suction section of the gripper noz-
zle 3.

[0023] The gripper nozzle 3, for example by means of
the tube 2, is in communication with a vacuum generating
system V, schematically illustrated in figure 1. With ref-
erence to the example illustrated in figure 1, the tube 2
is in communication with the vacuum generating system
V. 4 indicates an internal chamber of the manipulation
device that is in communication with the gripper nozzle
3 (with the tube 2, if present, in particular with a distal
end 2b of the tube 2). The chamber 4 is in communication
with the vacuum generating system V so that through it
the gripper nozzle 3 is in also communication with the
vacuum generating system V. According to the example
illustrated in the figure, the chamber 4 is defined at least
partially inside a body 5 of the manipulation device. Pref-
erably the chamber 4 and/or the body 5 extend along the
longitudinal direction X.

[0024] In the example in figure 1 the tube 2 projects
from the body 5 in such a way that the proximal end there-
of 2a (in particular the gripper nozzle 3) can come into
contact with the component C to be manipulated. Accord-
ing to a possible embodiment, the tube 2 is solidly joined
to the body 5. Alternatively, the tube 2 can be made in
one piece with the body 5. In accordance with one em-
bodiment, for example illustrated in the figures, the body
5is suitable for being connected to a movement element,
for example a terminal member of a robot, notillustrated.
In this case, the body 5 is preferably suitable for being
connected to an interface portion of 6 of the movement
element.

[0025] If the manipulation device is connectable to a
movement element, the gripper nozzle 3, in particular via
the chamber 4, is advantageously placed in communica-
tion with the vacuum generating system V through the
connection with the movement element. In particular,
when the interface portion 6 is present, a through cavity
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7 enables communication between the gripper nozzle 3
and the vacuum generating system V. In other words,
according to a possible embodiment, the chamber 4 ex-
tends into the interface portion 6 via the through cavity
7, extending for example along the longitudinal direction
X. 8 indicates a mechanical release system associated
with the manipulation device and movable at least be-
tween a gripping position (or first position), in which it
does not interfere with the gripping of the component C,
and a release position (or second position), in which it
causes or facilitates the detachment of the component
C. Preferably, the manipulation device 8 is movable be-
tween the first and the second position and vice versa,
along the longitudinal direction X.

[0026] Preferably, the mechanical release system 8 is
inserted at least partially inside the manipulation device.
Preferably, the mechanical release system 8 is associ-
ated with the manipulation device in such a way as to
project externally from the gripper nozzle 3 when it has
reached the release position. If the tube 2 is envisaged
asinfigure 1,the mechanical release system 8 isinserted
at least partially inside the tube 2. The mechanical re-
lease system 8 is associated with the manipulation de-
vice so as to remain free to move inside it between the
gripping position (or first position) and the release posi-
tion (or second position).

[0027] Figures 1-4 illustrate a possible embodiment of
the mechanical release system 8 comprising a trans-
verse extension 9, for example realized by means of a
perforated disk. The mechanical release system 8 further
comprises a needle 10 solidly joined to the transverse
extension 9. The needle 10 has a smaller cross section
than the suction section 3a of the gripper nozzle 3, for
example the internal section of the tube 2, if present. In
the case of a needle 10 with a circular cross section and
a gripper nozzle 3 with a circular suction section 3a, the
needle 10 has a smaller diameter than the suction section
3a.

[0028] Preferably, the needle 10 is disposed and
moves along the longitudinal direction X between the first
and the second position, and vice versa.

[0029] The difference between the dimensions of the
needle 10 and of the gripping section 3a (or of the tube
2 if present) is such as to maintain a gap to permit the
passage of air following the activation of the vacuum gen-
erating system V.

[0030] With reference to the embodiment in figure 1,
the transverse extension 9 is solidly joined, preferably
centrally and perpendicularly, to the needle 10. Prefera-
bly, the needle 10 is inserted at least partially inside the
tube 2 and the transverse extension 9 is housed inside
the chamber 4.

[0031] In the second position (figures 2 and 4), corre-
sponding to the step wherein a component is released
by the manipulation device, the mechanical release sys-
tem 8 has a release portion that projects slightly from the
suction section 3a of the gripper nozzle 3 (for example,
from the tube if present). In particular, the needle 10 has
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a release portion 10a corresponding to a lower (or prox-
imal) portion of the needle and designed to project slightly
from the suction section 3a of the gripper nozzle 3 (for
example, from the tube if present) when the needle reach-
es the release position.

[0032] In the first position (figure 1), corresponding to
the step wherein a component is gripped and moved by
the manipulation device, the mechanical release system
8 does not project externally from the suction section 3a
(from the tube 2, if present). The release portion thereof
is disposed inside the manipulation device (the tube 2, if
present). In particular, the needle 10 has its lower (or
proximal) portion disposed inside the manipulation de-
vice (the tube 2, if present). In this condition the gripper
nozzle 3 is free and can hold and move the component
C by means of the suction obtained thanks to the activa-
tion of the vacuum generating system V, which generates
a pressure difference between the inside and outside of
the manipulation device.

[0033] The mechanical release system 8 is designed
to be moved from the second position (or release posi-
tion) to the first position (or gripping position) through
activation of the vacuum generating system V, which
generates a negative pressure such as to suck the me-
chanical release system 8 into the manipulation device.
[0034] The movement of the mechanical release sys-
tem 8 from the release position to the gripping position
is opposed by a return force pulling it toward the release
position, and which, in the example in figure 1, is repre-
sented by the force of gravity acting upon the mechanical
release system.

[0035] In particular, the release system 8 is designed
to ascend along the chamber 4 inside the manipulation
device by virtue of the activation of the vacuum generat-
ing system V in opposition to the return force.

[0036] The movement of the mechanical release sys-
tem generated by the vacuum generating system in op-
position to the return force occurs along the longitudinal
direction X.

[0037] In other words, the same principle of actuation
of the gripping (the vacuum generating system) of the
component C moves the mechanical release system 8
from the release position to the gripping position.
[0038] Anexampleofatransverse extension9realized
by means of a perforated disk, corresponding to the one
used in figures 1-4, is illustrated in figure 11. 9a indicates
holes having the purpose of enabling communication be-
tween the vacuum generating system V and the gripper
nozzle 3, thus permitting the passage of air with a con-
sequent adjustment of pressure. 9b indicates a periph-
eral portion and 9c indicates a transverse portion suitable
for being solidly joined to the needle 10, for example via
a hole 9d.

[0039] In accordance with a possible embodiment, for
example illustrated in figure 1, the mechanical release
system 8 is designed to be moved from the gripping po-
sition to the release position by virtue of the return force
which prevails over the suction force following areduction
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or elimination of the pressure difference between the in-
side and outside of the manipulation device operated by
the vacuum generating system V.

[0040] In other words, a return force (constant or var-
iable) acts upon the mechanical release systemand com-
prises at least a component with a direction opposite that
of at least a component of the force exerted on mechan-
ical release system through the activation of the vacuum
generating system, if present. The direction of the result-
ant of these two opposing forces acting upon the me-
chanical release system determines the direction of
movement of the mechanical release system.

[0041] The passage of the mechanical release system
from one position to another and vice versa takes place
automatically depending on the status of the vacuum
generating system (activation, deactivation/decrease in
the negative pressure) without requiring specific activa-
tion systems.

[0042] With reference to the embodiment in figure 1,
the return force is defined by the force of gravity acting
on the mechanical release system 8. In other words, the
mechanical release system 8 is designed to be moved
from the gripping position to the release position under
the force of its weight, which prevails over the suction
force following the deactivation of the vacuum generating
system V orreduction of the pressure difference between
the inside and outside of the manipulation device. In par-
ticular the release system 8 is designed to descend along
the chamber 4 inside the manipulation device as a result
of the reduction of the suction force that is generated by
acting upon the vacuum generating system V and de-
creasing the negative pressure or eliminating it complete-
ly (in the event of deactivation of the vacuum generating
system). The movement (or descent) of the mechanical
release system 8 occurs along the longitudinal direction
X. Consequently, at the end of the descent, the needle
10 projects slightly from the suction section 3a (from the
tube 2, if present).

[0043] In accordance with a possible embodiment, the
manipulation device according to the present invention
comprises an upper (or distal) limit stop 11 for the me-
chanical release system 8. The upper limit stop can be
realized, for example, by means of a shoulder disposed
inside the chamber 4. In particular, in the case of the
interface portion 6, the shoulder can be realized by a
lower (or proximal) wall of the interface portion 6 disposed
inside the chamber 4. The upper limit stop prevents the
mechanical release system 8 from being sucked into the
manipulation device.

[0044] In accordance with a possible embodiment, the
manipulation device according to the present invention
comprises alower limit stop 12 for the mechanical release
system 8. The lower limit stop can be realized, for exam-
ple, by means of a shoulder disposed inside the chamber
4. Alternatively, the lower limit stop can be realized by
means of a base 4a of the chamber itself. The lower limit
stop defines the entity of the release portion of the me-
chanical release system 8. With reference to the example
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illustrated in figure 1, the lower limit stop defines by how
much the needle 10 will project from the gripper nozzle
3 when it reaches the release position.

[0045] In the example illustrated in figures 1-4, the
transverse extension 9 plays the role of a stop element
abutting against the upper limit stop 11 and against the
lower limit stop 12.

[0046] During use, the manipulation device as previ-
ously described envisages the activation of the vacuum
generating system V in order to grip and move the com-
ponent C. The vacuum generating system V causes a
pressure difference between the inside of the manipula-
tion device and the atmosphere (negative pressure). The
mechanical release system 8, initially in the release po-
sition, is sucked into the manipulation device in opposi-
tion to the return force, which would tend to bring it back
into the release position. In particular, the needle 10 is
pulled back into the device (in particular into the tube 2
if present).

[0047] With reference to the arrangement illustrated in
the figures, the mechanical release system 8 rises. Con-
sequently, the needle 10 rises, disappearing into the de-
vice (in particular into the tube 2 if present - figure 1).
This enables the component C to be gripped, similarly to
what occurs in the absence of the mechanical release
system 8. According to the appended example, the trans-
verse extension 9 (the perforated disk) has the task of
preventing the needle from being sucked into the circuit
in the gripping position and falling out of the tube in the
release position. Optionally, the transverse extension 9
(the perforated disk) can contribute to providing a weight
such as to render the weight force of the mechanical re-
lease system predominant relative to the forces of adhe-
sion between the disk and the upper limit stop. If the
upper limit stop 11 is provided, the mechanical release
system will not be completely sucked in. In particular, the
upper limit stop 11 is designed to interfere with the ex-
tension 9 (the perforated disk), which goes to abut against
the lower shoulder of the interface portion 6, if present.
[0048] When a release is required, the vacuum gener-
ating system V is deactivated, or else the pressure dif-
ference between the inside and outside of the manipu-
lation device is reduced. Once the suction force disap-
pears or decreases, the return force prevails over the
suction force and the mechanical release system reach-
es the release position (figure 2). In particular, with ref-
erence to the embodiment in figure 1, the mechanical
release system 8 falls under the effect of the force of
gravity. Preferably, the transverse extension 9 goes to
abut against the lower limit stop 12 fashioned inside the
body 5 and the descent of the needle 10 is blocked so
as to ensure a certain projection of the release portion
10a from the gripper nozzle 3 (in particular relative to the
tube 2 if present).

[0049] Upon descending, the needle 10 comes into
contact with the component C, striking it and favouring
its detachment from the manipulation device.

[0050] In particular, the release system 8 is designed
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to pass from the release position to the gripping position
and vice versa (ascend and descend inside the manip-
ulation device) based on the pressure difference between
the inside and outside of the manipulation device.
[0051] The presentinvention further relates to a meth-
od for manipulating a component C by means of a vac-
uum, in particular by means of a vacuum manipulation
device 1 as previously described. The method envisages
activating the vacuum generating system V so as to grip
and move the component and move the mechanical re-
lease system 8 from the release position to the gripping
position in opposition to a return force. The method fur-
ther envisages deactivating the vacuum generating sys-
tem V or decreasing the pressure difference between the
inside of the manipulation device and the outside so as
to move the mechanical release system 8 from the grip-
ping position to the release position by virtue of the return
force, thus releasing the component C.

[0052] If applied in a device analogous or similar to the
oneillustrated in figures 1-4, the method according to the
present invention envisages that the return force is de-
termined by the force of gravity.

[0053] The presence ofthe mechanicalrelease system
enables detachment of the microcomponent even when
the force of gravity of the object would not be capable of
overcoming the forces of adhesion. The mechanical re-
lease system ensures the release and renders the ma-
nipulation device reliable without any additional actuation
systems, since it is based solely on suction pressure and
on a return force acting constantly on the mechanical
release system (for example the force of gravity) and/or
following the movement thereof from the release position
to the gripping position (for example a passive element,
in particular an elastic element).

[0054] Structural and/or functional variants can be en-
visaged as alternatives to what has been described and
illustrated. For example, the perforated disk could be re-
placed by a flat element comprising apertures (for exam-
ple, disk shaped as previously described, or of a different
shape and/or size) or by an element of any shape and/or
size. Alternatively, the element need not be perforated if
the passage of air is in any case permitted, for example
thanks to the shape and/or reduced size of the element
or thanks to external channels and/or grooves fashioned
in the body of the manipulation device.

[0055] In general, the release system 8 is designed to
ascend and descend inside the manipulation device as
adirectresult of the activation/deactivation of the vacuum
generating system V or a reduction of the pressure dif-
ference between the inside and outside of the manipu-
lation device.

[0056] A further embodiment can envisage a passive
auxiliary element, for example a spring, such as to re-
place or support the action of the force of gravity on the
release system 8 and ensure or favour the exit of the
release portion 10a of the needle 10 when the compo-
nent’s release is required. Incorporating a passive ele-
ment of this kind can be useful above all if the manipu-
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lation device is intended to operate in a configuration
other than the vertical one indicated in the appended fig-
ures. Figures 7 and 8 schematically illustrate a possible
embodiment comprising an auxiliary element, for exam-
ple a spring 13. According to the illustrated embodiment,
the passive elementis designed to be compressed under
the action of the vacuum, enabling the system to reach
the gripping position, and to be extended upon deactiva-
tion of the vacuum or a reduction of the pressure differ-
ence between the inside and the outside, so as to push
the needle out of the gripper nozzle and reach the release
position. The position, configuration and operating mode
of the spring (or of the passive element in general) can
nonetheless vary compared to what has been described
and illustrated.

[0057] If appliedin a device analogous or similar to the
one illustrated in figures 7-8, the method according to the
present invention envisages that the return force com-
prises the force of gravity and/or an elastic return force,
which in some cases could render the force of gravity
negligible. Irrespective of the presence, shape and size
of the element performing the functions of the transverse
extension 9, the mechanical release system comprises
a needle 10 having a diameter that is smaller than the
internal diameter of the tube 2 (or, in general, of the suc-
tion section 3a) or in any case a smaller cross section
than the opening of the through hole 2 (or, in general, of
the suction section 3a). The needle 10 is inserted at least
partially inside the device (in particular, inside the tube 2
if present) and comprises the release portion 10a.
[0058] According to another possible embodiment, the
tube 2 is absent and the body 5 has a through hole, so
that a proximal end thereof comes directly into contact
with the component C to be manipulated, itself forming
the gripper nozzle 3. An example of this embodiment is
illustrated in figures 9 and 10, in which the walls 3b of
the gripper nozzle are defined by the walls of the proximal
end of the body 5.

[0059] In cases in which the interface 6 is provided,
the latter can be of a shape and size that are different
from the ones described and illustrated. In some cases
the body 5 can be designed to be connected directly to
the movement element without an interface. In other cas-
es no interface is provided, for example in the event that
the manipulation device is intended for manual use.
[0060] The embodiments described with reference to
a transverse extension 9, for example having the form of
a perforated disk, can be considered to refer in general
to the presence of a stop element of any shape and size
serving to prevent the mechanical release system 8 from
being sucked into or falling out of the manipulation device.
The stop element can also optionally be designed to per-
form a ballast function.

[0061] Alternatively, the ballast function can be per-
formed by an additional element other than the stop el-
ement, for example, again in the form of a transverse
extension.

[0062] As an alternative to the perforated disk, the
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transverse extension 9 (or stop element) can be realized
by means of a transverse bar as illustrated, for example,
in figures 5, 6 and 12. Figure 12 illustrates a detail of this
possible embodiment in which the peripheral portion 9b
of the embodiment in figure 11 is lacking. 9c indicates a
transverse portion designed to be solidly joined to the
needle 10, for example via a hole 9d.

[0063] Alternatively to what has been described and
illustrated, the mechanical release system 8 can com-
prise solely the needle 10 having a weight such as enable
the descent thereof or in general the passage from the
gripping position to the release position, in particular as
a result of the force of gravity acting upon it. As an alter-
native to the transverse extension 9 or stop element co-
operating with the upper and lower limit stops, different
means can be provided in order to hold the needle inside
the manipulation device, for example inside the body 5.

Claims

1. Avacuum manipulation device (1) comprising a grip-
per nozzle (3) in communication with a vacuum gen-
erating system (V) for gripping a component (C) by
suctionin agripping section (3a) of the gripper nozzle
itself and a mechanical release system (8) inserted
at least partially inside said manipulation device and
movable from a release position, in which a release
portion (10a) of the mechanical release system (8)
projects externally from the gripper nozzle (3), and
a gripping position, in which said release portion
(10a) returns into the manipulation device relative to
the gripping section (3a), characterized in that said
mechanical release system (8) is designed to be
moved from the release position to the gripping po-
sition through activation of the vacuum generating
system (V), which sucks in said mechanical release
system (8) in opposition to a return force pulling it
toward the release position and in that said mechan-
ical release system (8) is designed to be moved from
the gripping position to the release position by virtue
of said return force following a reduction or elimina-
tion of the pressure difference between the inside
and outside of the manipulation device generated by
the vacuum generating system (V).

2. The vacuum manipulation device (1) according to
claim 1, wherein the release system (8) is designed
to ascend and descend inside the manipulation de-
vice based on the pressure difference between the
inside and outside of the manipulation device.

3. The vacuum manipulation device (1) according to
claim 1 or 2, wherein said return force pulling the
mechanical release system (8) toward the release
position is determined by the force of gravity acting
on the mechanical release system (8).
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4. The vacuum manipulation device (1) according to
one or more of the preceding claims, wherein the
mechanical release system (8) comprises a needle
(10) designed to be moved from the release position
to the gripping position through activation of the vac-
uum generating system (V), which sucks in said nee-
dle (10) in opposition to the return force pulling it
toward the release position and wherein said needle
(10) is designed to be moved from the gripping po-
sition to the release position by virtue of said return
force following a reduction or elimination of the pres-
sure difference between the inside and outside of
the manipulation device generated by the vacuum
generating system (V), wherein preferably said nee-
dle (10) comprises said release portion (10a).

5. The vacuum manipulation device (1) according to
claim 4, comprising a tube (2) defining said gripper
nozzle (3), wherein said needle (10) is inserted at
least partially inside the tube (2).

6. The vacuum manipulation device (1) according to
one or more of claims 4-5, wherein the mechanical
release system (8) comprises a stop element or a
transverse extension (9) which is solidly joined to the
needle (10) and designed to retain the needle (10)
inside the manipulation device.

7. The vacuum manipulation device (1) according to
claim 6, wherein the stop element or transverse ex-
tension (9) is a perforated disk solidly joined, prefer-
ably centrally and perpendicularly, to the needle (10).

8. The vacuum manipulation device (1) according to
claim 6, wherein the stop element or transverse ex-
tension (9) is a transverse bar solidly joined, prefer-
ably centrally and perpendicularly, to the needle (10).

9. The vacuum manipulation device (1) according to
one or more of claims 6-8, wherein the stop element
or transverse extension (9) is inserted inside a cham-
ber (4) of the manipulation device (1) in communi-
cation with said vacuum generating system (V).

10. The vacuum manipulation device (1) according to
one or more of the preceding claims, comprising a
chamber (4) in communication with said vacuum
generating system (V) and designed to at least par-
tially receive atleast said mechanical release system

(8).

11. The vacuum manipulation device (1) according to
one or more of the preceding claims, comprising an
upper limit stop (11) for the mechanical release sys-
tem (8), for example a shoulder disposed inside a
chamber (4) of the manipulation device (1).

12. The vacuum manipulation device (1) according to
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claim 11, wherein said upper limit stop (11) is formed
by a lower wall of an interface portion (6) disposed
inside a chamber (4) of the manipulation device (1)
in communication with said vacuum generating sys-
tem (V).

The vacuum manipulation device (1) according to
one or more of the preceding claims, comprising a
lower limit stop (12) for the mechanical release sys-
tem (8), for example a shoulder disposed inside a
chamber (4) of the manipulation device in commu-
nication with said vacuum generating system (V).

The vacuum manipulation device (1) according to
one or more of the preceding claims, comprising a
passive auxiliary element such as to replace or sup-
port the action of the force of gravity on the release
system (8) and assure or favour the coming out of
the release portion (10a) when it is required to re-
lease the component, preferably wherein said pas-
sive auxiliary element comprises a spring (13) or an
elastic element.

A method for manipulating a component by means
of a vacuum manipulation device (1) according to
one or more of the preceding claims, said manipu-
lation method comprising:

activating said vacuum generating system (V)
so as to grip and move the component (C) and
move said mechanical release system (8) from
the release position to the gripping position,
wherein said mechanical release system (8) is
sucked into the manipulation device in opposi-
tion to a return force pulling it toward the release
position,

deactivating said vacuum generating system (V)
or decreasing the pressure difference between
theinside and outside of the manipulation device
so as to move said mechanical release system
(8) from the gripping position to the release po-
sition by virtue of said return force, thus releas-
ing the component.

The method for manipulating a component accord-
ing to claim 15, wherein said return force comprises
the force of gravity and/or an elastic return force.

Patentanspriiche

1.

Vakuummanipulationsvorrichtung (1) umfassend ei-
ne Greiferdise (3) in Verbindung mit einem Va-
kuumerzeugungssystem (V) fir das Greifen einer
Komponente (C) durch Absaugen in einem Greifab-
schnitt (3a) der Greiferdlise selbst und ein mecha-
nisches Entriegelungssystem (8), das zumindest
teilweise im Inneren der Manipulationsvorrichtung

10

15

20

25

30

35

40

45

50

55

eingesetzt ist und von einer Entriegelungsposition,
in der ein Entriegelungsabschnitt (10a) des mecha-
nischen Entriegelungssystems (8) nach aufien von
der Greiferdlse (3) herausragt, zu einer Greifpositi-
on, inderder Entriegelungsabschnitt (10a) in die Ma-
nipulationsvorrichtung in Bezug auf den Greifab-
schnitt (3a) zuriickkehrt, beweglich ist, dadurch ge-
kennzeichnet, dass

das mechanische Entriegelungssystem (8) ausge-
legt ist, um von der Entriegelungsposition zur Greif-
position durch die Aktivierung des Vakuumerzeu-
gungssystems (V) bewegt zu werden, das im me-
chanischen Entriegelungssystem (8) entgegen einer
Ruckstellkraft saugt, wobei sie es in Richtung der
Entriegelungsposition zieht, und dass

das mechanische Entriegelungssystem (8) so aus-
gelegt ist, um von der Greifposition zur Entriege-
lungsposition aufgrund der Ruckstellkraft infolge ei-
ner Reduzierung oder Eliminierung der Druckdiffe-
renz zwischen der Innenseite und AuRenseite der
Manipulationsvorrichtung, die durch das Vakuumer-
zeugungssystem (V) erzeugt wird, bewegt zu wer-
den.

Vakuummanipulationsvorrichtung (1) nach An-
spruch 1, wobei das Entriegelungssystem (8) aus-
gelegt ist, um im Inneren der Manipulationsvorrich-
tung basierend auf der Druckdifferenz zwischen der
Innenseite und der Auenseite der Manipulations-
vorrichtung aufzusteigen und abzusteigen.

Vakuummanipulationsvorrichtung (1) nach An-
spruch 1 oder 2, wobei die Riickstellkraft, die das
mechanische Entriegelungssystem (8) in Richtung
der Entriegelungsposition zieht, durch die Schwer-
kraft, die auf das mechanische Entriegelungssystem
(8) wirkt, bestimmt wird.

Vakuummanipulationsvorrichtung (1) nach einem
oder mehreren der vorhergehenden Anspriiche, wo-
bei das mechanische Entriegelungssystem (8) eine
Nadel (10) umfasst, ausgelegt, um von der Entrie-
gelungsposition zur Greifposition durch Aktivierung
des Vakuumerzeugungssystems (V) bewegt zu wer-
den, das in der Nadel (10) entgegen der Rickstell-
kraft saugt, die sie in Richtung der Entriegelungspo-
sition zieht, und wobei die Nadel (10) ausgelegt ist,
um von der Greifposition zur Entriegelungsposition
aufgrund der Rickstellkraft infolge einer Reduzie-
rung oder Eliminierung der Druckdifferenz zwischen
der Innenseite und AulRenseite der Manipulations-
vorrichtung bewegt zu werden, die durch das Va-
kuumerzeugungssystem (V) erzeugt wird, wobei
vorzugsweise die Nadel (10) den Entriegelungsab-
schnitt (10a) umfasst.

Vakuummanipulationsvorrichtung (1) nach An-
spruch 4, umfassend ein Rohr (2), das die Greifer-
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dise (3) bestimmt, wobei die Nadel (10) zumindest
teilweise innerhalb des Rohrs (2) eingesetzt ist.

Vakuummanipulationsvorrichtung (1) nach einem
oder mehreren der Anspriiche 4-5, wobei das me-
chanische Entriegelungssystem (8) ein Anschlage-
lement oder eine Quererstreckung (9) umfasst, die
fest an der Nadel (10) verbunden ist und ausgelegt,
um die Nadel (10) innerhalb der Manipulationsvor-
richtung zu halten.

Vakuummanipulationsvorrichtung (1) nach An-
spruch 6, wobei das Anschlagelement oder die
Quererstreckung (9) eine fest verbundene Loch-
scheibe, vorzugsweise mittig und senkrecht zu der
Nadel (10) ist.

Vakuummanipulationsvorrichtung (1) nach An-
spruch 6, wobei das Anschlagelement oder die
Quererstreckung (9) eine fest verbundene Quer-
stange, vorzugsweise mittig und senkrecht zur Na-
del (10) ist.

Vakuummanipulationsvorrichtung (1) nach einem
oder mehreren der Anspriiche 6-8, wobei das An-
schlagelement oder die Quererstreckung (9) in einer
Kammer (4) der Manipulationsvorrichtung (1) in Ver-
bindung mit dem Vakuumerzeugungssystem (V)
eingesetzt ist.

Vakuummanipulationsvorrichtung (1) nach einem
oder mehreren der vorhergehenden Anspriiche, um-
fassend eine Kammer (4) in Verbindung mit dem Va-
kuumerzeugungssystem (V) und ausgelegt, um zu-
mindest teilweise mindestens das mechanischen
Entriegelungssystem (8) aufzunehmen.

Vakuummanipulationsvorrichtung (1) nach einem
oder mehreren der vorhergehenden Anspriiche, um-
fassend einen oberen Endanschlag (11) fir das me-
chanische Entriegelungssystem (8), beispielsweise
eine Schulter, die innerhalb einer Kammer (4) der
Manipulationsvorrichtung (1) angeordnet ist.

Vakuummanipulationsvorrichtung (1) nach An-
spruch 11, wobei der obere Endanschlag (11) durch
eine untere Wand eines Schnittstellenabschnitts (6)
ausgebildet ist, der innerhalb einer Kammer (4) der
Manipulationsvorrichtung (1) in Verbindung mit dem
Vakuumerzeugungssystem (V) angeordnet ist.

Vakuummanipulationsvorrichtung (1) nach einem
oder mehreren der vorhergehenden Anspriiche, um-
fassend einen unteren Endanschlag (12) fiir das me-
chanische Entriegelungssystem (8), beispielsweise
eine Schulter, die innerhalb einer Kammer (4) der
Manipulationsvorrichtung in Verbindung mitdem Va-
kuumerzeugungssystem (V) angeordnet ist.
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14.

15.

16.

Vakuummanipulationsvorrichtung (1) nach einem
oder mehreren der vorhergehenden Anspriiche, um-
fassend ein passives Hilfselement, um die Wirkung
der Schwerkraft auf das Entriegelungssystem (8) zu
ersetzen oder unterstiitzen und das Herauskommen
des Entriegelungsabschnitts (10a) zu sichern oder
zu begunstigen, wenn es erforderlich ist, die Kom-
ponente zu entriegeln, vorzugsweise wobei das pas-
sive Hilfselement eine Feder (13) oder ein elasti-
sches Element umfasst.

Verfahren zur Manipulation einer Komponente mit-
tels einer Vakuummanipulationsvorrichtung (1) nach
einem oder mehreren der vorhergehenden Anspri-
che, wobei das Manipulationsverfahren umfasst:

Aktivieren des Vakuumerzeugungssystems (V),
um die Komponente (C) zu greifen und zu be-
wegen und das mechanische Entriegelungssys-
tem (8) von der Entriegelungsposition zur Greif-
position zu bewegen, wobei das mechanische
Entriegelungssystem (8) in die Manipulations-
vorrichtung entgegen einer Riickstellkraft ange-
saugt wird, die es in Richtung auf die Entriege-
lungsposition zieht,

Deaktivieren des Vakuumerzeugungssystems
(V) oder Senkung der Druckdifferenz zwischen
der Innenseite und der Au3enseite der Manipu-
lationsvorrichtung, um das mechanische Entrie-
gelungssystem (8) von der Greifposition zur Ent-
riegelungsposition aufgrund der Ruckstellkraft
zu bewegen, sodass die Komponente entriegelt
wird.

Verfahren zur Manipulation einer Komponente nach
Anspruch 15, wobei die Rickstellkraft die Schwer-
kraft und/oder eine elastische Rickstellkraft um-
fasst.

Revendications

Dispositif de manipulation sous vide (1) comprenant
une buse de préhension (3) en communication avec
un systéeme de génération du vide (V) pour saisir un
composant (C) par aspiration dans une section de
préhension (3a) de labuse de préhension elle-méme
et un systéme de relachement mécanique (8) inséré
au moins partiellement a l'intérieur dudit dispositif de
manipulation et mobile d’'une position de relache-
ment, dans laquelle une partie de relachement (10a)
du systéme de relachement mécanique (8) dépasse
a I'extérieur de la buse de préhension (3), et une
position de préhension, dans laquelle ladite partie
de relachement (10a) retourne dans le dispositif de
manipulation par rapport a la section de préhension
(3a), caractérisé en ce que

leditsysteme de relachementmécanique (8) est con-
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cu pour étre déplacé de la position de relachement
a la position de préhension grace a l'activation du
systéme de génération du vide (V) qui aspire dans
ledit systeme de relachement mécanique (8) en op-
position a une force de rappel le poussant vers la
position de relachement et en ce que

ledit systéme de relachement mécanique (8) est con-
cu pour étre déplacé de la position de préhension a
la position de relachement sous I'effet de ladite force
de rappel suite a une réduction ou a I'élimination de
la différence de pression, entre I'intérieur et I'exté-
rieur du dispositif de manipulation, générée par le
systeme de génération de vide (V).

Dispositif de manipulation sous vide (1) selon la re-
vendication 1, dans lequel le systéme de relache-
ment (8) est congu pour monter et descendre a I'in-
térieur du dispositif de manipulation en fonction de
la différence de pression entre l'intérieur et I'extérieur
du dispositif de manipulation.

Dispositif de manipulation sous vide (1) selon la re-
vendication 1 ou 2, dans lequel ladite force de rappel
tirant le systéme de relachement mécanique (8) vers
la position de relachement est déterminée par la for-
cede gravité agissant sur le systeme de relachement
mécanique (8).

Dispositif de manipulation sous vide (1) selon I'une
ou plusieurs des revendications précédentes, dans
lequel le systéme de relachement mécanique (8)
comprend une aiguille (10) congue pour étre dépla-
cée de la position de relachement a la position de
préhension grace a l'activation du systéeme de gé-
nération du vide (V) qui aspire dans ladite aiguille
(10) en opposition a la force de rappel la poussant
vers la position de relachement et dans lequel ladite
aiguille (10) est congue pour étre déplacée de la po-
sition de préhension a la position de relachement
sous l'effet de ladite force de retour suite a une ré-
duction ou a I'élimination de la différence de pres-
sion, entre lintérieur et I'extérieur du dispositif de
manipulation, générée par le systéeme de génération
duvide (V), danslequel, de préférence, ladite aiguille
(10) comprend ladite partie de relachement (10a).

Dispositif de manipulation sous vide (1) selon la re-
vendication 4, comprenant un tube (2) définissant
ladite buse de préhension (3), dans lequel ladite
aiguille (10) estinsérée au moins partiellement a I'in-
térieur du tube (2).

Dispositif de manipulation sous vide (1) selon I'une
ou plusieurs des revendications 4 et 5, dans lequel
le systeme de relachement mécanique (8) comprend
un élément d’arrét ou une extension transversale (9)
étant solidement reliée a l'aiguille (10) et congue
pour retenir I'aiguille (10) a l'intérieur du dispositif de
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14.

manipulation.

Dispositif de manipulation sous vide (1) selon la re-
vendication 6, dans lequel I'élément d’arrét ou I'ex-
tension transversale (9) est un disque perforé soli-
dementrelié, de préférence centralement et perpen-
diculairement, a l'aiguille (10).

Dispositif de manipulation sous vide (1) selon la re-
vendication 6, dans lequel I'élément d’arrét ou I'ex-
tension transversale (9) est une barre transversale
solidement reliée, de préférence centralement et
perpendiculairement, a I'aiguille (10).

Dispositif de manipulation sous vide (1) selon l'une
ou plusieurs des revendications de 6 a 8, dans lequel
I'élément d’arrét ou I'extension transversale (9) est
inséré (e) alintérieur d’'une chambre (4) du dispositif
de manipulation (1) en communication avec ledit
systeme de génération du vide (V).

Dispositif de manipulation sous vide (1) selon l'une
ou plusieurs des revendications précédentes, com-
prenant une chambre (4) en communication avec
ledit systéme de génération du vide (V) et congue
pour au moins partiellement recevoir au moins ledit
systeme de relachement mécanique (8).

Dispositif de manipulation sous vide (1) selon l'une
ou plusieurs des revendications précédentes, com-
prenant une butée de fin de course supérieure (11)
pour le systéeme de relachement mécanique (8), par
exemple un épaulement disposé a l'intérieur d’'une
chambre (4) du dispositif de manipulation (1).

Dispositif de manipulation sous vide (1) selon la re-
vendication 11, dans lequel ladite butée de fin de
course supérieure I'élément d’'arrét (11) est formée
par une paroi inférieure d’'une partie d’interface (6)
disposée a l'intérieur d’'une chambre (4) du dispositif
de manipulation (1) en communication avec ledit
systeme de génération du vide (V).

Dispositif de manipulation sous vide (1) selon l'une
ou plusieurs des revendications précédentes, com-
prenant une butée de fin de course inférieure (12)
pour le systéeme de relachement mécanique (8), par
exemple un épaulement disposé a l'intérieur d’'une
chambre (4) du dispositif de manipulation en com-
munication avec le systéme de génération du vide
(V).

Dispositif de manipulation sous vide (1) selon l'une
ou plusieurs des revendications précédentes, com-
prenant un élément auxiliaire passif de sorte a rem-
placer ou supporter I'action de la force de gravité sur
le systéme de relachement (8) et assurer ou favori-
ser la sortie de la partie de relachement (10a) lors-
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qu’il est nécessaire de relacher le composant, de
préférence dans lequel ledit élément auxiliaire passif
comprend un ressort (13) ou un élément élastique.

15. Procédé de manipulation d’'un composantau moyen 5
d’un dispositif de manipulation sous vide (1) selon
I'une ou plusieurs des revendications précédentes,
ledit procédé de manipulation comprenant :

I'activation dudit systéme de génération du vide 10
(V) de maniére a saisir et a déplacer le compo-
sant (C) et a déplacer ledit systeme de relache-
ment mécanique (8) de la position de relache-
ment a la position de préhension, dans lequel
ledit systéme de relachement mécanique (8)est 15
aspiré dans le dispositif de manipulation en op-
position a une force de rappel le poussant vers

la position de relachement,

la désactivation dudit systéme de génération du

vide (V) oula diminution de la différence de pres- 20
sion entre l'intérieur et I'extérieur du dispositif

de manipulation de maniere a déplacer ledit sys-
téme de relachement mécanique (8) de la posi-

tion de préhension a la position de relachement
sous l'effet de ladite force de rappel, relachant 25
ainsi le composant.

16. Procédé de manipulation d’'un composant selon la
revendication 15, dans lequel ladite force de rappel
comprend la force de gravité et/ou une force derap- 30
pel élastique.
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