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The invention relates to a suction gripper, also named vacuum gripper, for periodic and cyclic
lifting of objects, respectively, against a suction opening and for putting down of the objects
from the suction opening as well as to the use of the suction gripper as a lifting device,
especially for food, as well as to a method for cyclic lifting and transporting of objects,
respectively, especially of food by means of the suction gripper. The suction gripper
according to the invention has a suction opening in which low pressure is produced with a
drive which consists of a compressed-air source such that the suction gripper is built and
works without a low-pressure source and without electrical drive for the generation of low

pressurc.

STATE OF THE ART

For the transport of objects it is generally known to arrange suction grippers at their surfaces
which by means of a connected low-pressure source or by a built-in vacuum pump produce a

low pressure.

EP 2149517 A2 describes a generic suction gripper having an ejector nozzle operating with
compressed air for generation of low pressure at its suction side and having a suction chamber

connected to the suction side opening up a suction opening covered by a grid.

Known suction grippers, in case they have a low-pressure source or a pump for generation of
low pressure, are prone for soiling, since adherences or loose components of the sucked-up

commodity reach the low-pressure pipelines through the suction opening.

OBJECT OF THE INVENTION

Therefore it is the object of the invention to provide a suction gripper the inner surfaces of
which including the low-pressure regions are easy to clean and which especially does not

require a connection for a low-pressures source.
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GENERAL DESCRIPTION OF THE INVENTION

The invention attains the object by the features of the claims and especially provides a suction
gripper the drive of which consists of a compressed-air source and which is disposed,
respectively, that a connectable drive means can consist of a compressed-air source. The
suction gripper according to the invention in a casing has a central channel which preferably
is arranged along the longitudinal axis of the casing. The central channel has a first opening
opened up by a convex surface around the central channel. The convex surface preferably
extends rotationally symmetrically around the longitudinal axis of the central channel, and
particularly preferred has a curvature parabolic to the radius of the longitudinal central axis of
the central channel, the incline of which curvature increases in the direction towards the
longitudinal central axis of the central channel, i.e. its incline increases with decreasing radius
in order to form a curvature increasing in the direction towards the longitudinal central axis.
Adjoining the convex surface the central channel has its smallest cross-section and from this
smallest cross-section broadens in the direction towards its second opening opposite the first

opening, preferably having a conically increasing cross-section.

The first opening of the central channel is delimited by an annular outlet of an inlet duct.
Therein, the annular outlet is formed by a shoulder spaced from the convex surface such that
the cross-section of the outlet is arranged at a section adjoining the first opening, preferably
spaced by an axial section of the longitudinal axis of the central channel. The shoulder
preferably is annular such that it forms an annular outlet about the longitudinal axis of the

central channel with the spaced convex surface which opens up the first opening.

Opposite the first opening and spaced by the annular outlet the suction gripper has a suction
section opening up a suction opening which preferably is formed by rigid or flexible sealing

lips.

The suction opening preferably has an open cross-section, wherein the cross-section of the
suction section formed by the pipe section is spanned by webs or by a grid, which reduce the
penetration by sucked-up objects, especially of food components. Preferably, a grid spanning
the suction section preferably at a distance to the suction opening, has grid openings having a
cross-section identical or smaller than the cross-section of the central channel at its section of

the smallest cross-section. In this embodiment only components are sucked up through the
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grid which can also pass the section of the smallest cross-section of the central channel, such
that obstructions of the central channel are avoided. Grids or webs can be arranged within the
pipe section at a distance to the suction opening, e.g. spaced from the suction opening at 10 %
to 80 % or up to 50 % of the distance between the suction opening and the first opening. In
embodiments having a grid the suction gripper is particularly suitable for use as a portioning
device and a transport device for food and for a method for portioning and transporting of
food which is smaller than the suction opening, e.g. for vegetables like peas, beans, vegetable
slices or their pieces. This is because food which is smaller than the cross-section of the
suction opening is sucked up against the grid in exactly one layer and upon being sucked up
from a storage tank is sucked up by the suction gripper in the same amount each time and
subsequently can be delivered in this amount, e.g. upon interruption of the compressed-air

connection or upon closing of the second opening of the central channel.

The suction gripper also allows moving of an elastic object to be held and to be transported,
respectively, especially food, against the rigid edges of the pipe section opening up the
suction opening by means of the low pressure produced, wherein the elastic object is partially
drawn into the suction opening and bends into the suction opening, respectively. Therefore,
the suction gripper is particularly suitable for use in holding or transporting of elastic objects,
since due to the low pressure produced these partially bend through the plane of the suction
opening into the suction section and into the pipe section, respectively, and thereby at least

partially seal the suction section by fitting closely against the edges.

For the purposes of the invention objects preferably are elastic objects, especially food,
wherein human bodies or complete animal bodies or their parts are also comprised as elastic

objects.

Webs or grids spanning the suction opening and the suction section, respectively, can have
passage openings which are smaller than the object which is to be transported, since the
suction gripper generally is disposed to suck up the object against the suction opening upon
compressed-air connection, and to drop the object from the suction opening upon interruption
of the compressed-air connection, e.g. under gravitational influence. Correspondingly, the
suction gripper preferably has a valve which is disposed for periodically opening for the

compressed-air connection towards the annular outlet, such that then an object is sucked up to
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the suction opening, and to correspondingly interrupt the compressed-air connection to let the

object drop from the suction opening.

The second opening of the central channel is connected to an outlet opening from which the
compressed air streaming in through the annular outlet emerges in mixture with air sucked in
through the suction opening and with sucked-up solid and/or liquid components. This is
because the convex surface opening up the first opening upon charging of the annular outlet
with compressed air produces a low pressure acting into the suction section, wherein the
compressed air exiting through the annular outlet streams along the convex surface into the

central channel and emerges through its opposite second opening.

Optionally, the second opening of the central channel can at least partially, particularly
completely be closeable, e.g. by means of a valve which is arranged at the second opening or
at the outlet duct adjoining the second opening. The valve can be arranged directly at the
second opening or at a pipeline which is connected to the second opening of the central well
and forms the outlet duct. The step of closing the second opening in a method using the
suction gripper results in an object sucked up at the suction opening being pushed off and
blown off from the suction gripper, respectively. This is because the closing of the second
opening prevents the streaming out of compressed air mixed with air sucked-in through the
central channel while producing an overpressure within the suction gripper which emerges

through the suction opening.

Preferably, the outlet opening is formed by the second opening of the central channel being
connected to an outlet duct leading into the outlet opening. The outlet opening preferably has
a cross-section directed towards the plane in which the suction opening is arranged, and
preferably in parallel to the cross-section of the suction opening, such that solid or liquid
components emerging from the outlet opening emerge in the direction towards the object

arranged at the suction opening.

In one embodiment the outlet duct is formed by a section of the casing which is arranged at a
spacing around the surface of the pipeline opposite the inlet duct. In that, inlet duct and outlet
duct can be arranged coaxially to the central channel and can be separated from one another

by a pipeline which is arranged between the casing and the outer wall of the central channel.
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Preferably, the outlet duct is formed by the inner wall of a casing and the pipe section forming
the suction section and having a shoulder which delimits the annular outlet in combination
with the spaced convex surface of the first opening of the central channel. The casing encloses
the central well forming the central channel such that the surface of the central well opposite
the central channel in combination with the inner wall of the casing and a part of the pipe
section forms the outlet duct. Preferably, the casing has a compressed-air connection and the
adjacent inlet duct which guides compressed air to the annular outlet. The inlet duct in a
section preferably is formed as a pipe or a tube and has a ring channel section arranged around
the annular outlet which preferably is coaxial to the annular outlet. The ring channel section
preferably has a constant cross-section arranged rotationally symmetrically around the annular
outlet. The section of the inlet duct formed as pipe or tube can be arranged outside the casing
or can preferably run within the casing. Particularly preferred, the inlet duct runs within at
least one holding bar connecting the pipe section to the casing and which is fastened e.g. at a
casing section arranged opposite the suction opening, e.g. at the second end. Preferably, the
casing section opposite the suction section is formed as a carrier plate which has a fastening
device for fastening of the suction gripper to a machine arm or to a robot arm and which
optionally bears the compressed-air connection. Correspondingly, the casing opposite the
suction opening preferably has a carrier plate which by means of at least one carrier is
connected to the pipe section. In this embodiment it is preferred that the casing is spaced from
the second opening of the central well, in particular by the carrier plate being arranged at a
distance from the second opening, such that the volume between the inner wall of the casing
and the central well forms the outlet duct, such that ¢.g. by the increase of the cross-section
from the central channel to the outlet duct a reduction of the flow velocity and/or a reduction

of the noise development at the outlet opening is achieved.

Further preferred, the casing opposite the second opening of the central well, e.g. the cover
plate, is formed convexly towards the inner volume, e.g. dome-shaped, having a parabolic
cross-section, or cone-shaped, and preferably symmetrically to the longitudinal axis of the
central well, such that the casing and the cover plate, respectively, extend in the direction
towards the central well. Due to the low noise development upon operation this embodiment

is advantageous, e.g. in comparison to a casing having a cylindrical inner cross-section.

The suction gripper has a suction opening opened up by a pipe section forming a suction

section, wherein at a spacing from the suction opening a convex surface is arranged spaced
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from the suction section by the annular outlet, which annular outlet opens up a first opening of
a central channel formed within a central well, wherein the convex surface leads into an axial
section having the smallest cross-section of the central channel, to which a section of the
central channel adjoins which broadens up to a second opening opposite the first opening, and
the annular outlet is connected to the compressed-air connection by an inlet duct, wherein the
central well along its longitudinal axis is guided movably within a recess of the pipe section,
until a first abutment face of the outer surface of the central well opposite the central channel
closely lies against a parallel second abutment face of the pipe section, wherein optionally the

central well is enclosed by a casing.

Preferably, the suction gripper is easy to clean and especially is suitable for use for cleaning in
an automatic dish-washing machine by the central well being arranged detachably at a section
of the pipe section spaced from the first opening. In this embodiment the central well at its
surface arranged opposite the central channel can have a first abutment face which extends at
least partially, preferably circumferentially closed around the central well. The central well is
arranged detachably at the pipe section in that the first abutment face of the central well
detachably abuts against a second abutment face arranged at the pipe section, and optionally is
catchable with the second abutment face and particularly only lies against the second
abutment face and is only loaded against the second abutment face by gravitation and/or by
the force produced upon entry of compressed air. In this embodiment the central well can be
removed from the second abutment face by unlatching and moving without detaching a
connection, respectively, such that for cleaning the central well can easily be separated from

the pipe section and the elements arranged on this.

Preferably, the second abutment face is at least partially, more preferred completely, in
parallel to the first abutment face, in order to form a sufficient seal between the inlet duct and
the central channel upon their arrangement against one another. Preferably, the first abutment
face is arranged in an axial section between the first opening opened up by the convex surface
and the opposite second opening of the central well, and the second abutment face is arranged
in that distance to the shoulder of the pipe section which is equal to the distance between the
first abutment face and the first opening plus the axial extent of the annular outlet. Further
preferred, the first and second abutment faces extend radially to the longitudinal central axis

of the central well.
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Preferably, the second abutment face is arranged at a socket of the pipe section opposite the
suction opening. The socket preferably comprises a portion of the inlet duct, and together with
the annular shoulder of the pipe section forms the ring channel section which extends around
the annular outlet. Optionally, a socket in the section adjoining a casing has recesses. The
casing can be connected to the socket, ¢.g. by means of engagement of the socket and a
section of the casing adjacent the outlet opening. Preferably, the casing has a carrier plate
which is connected to the socket by means of at least one carrier which preferably extends in
parallel to the central well. Particularly preferred at least two, more preferred three carriers are
arranged between carrier plate and socket, at least one of which carriers forms a tubular
section of the inlet duct. Optionally, the suction gripper can have exactly one carrier which is

arranged between carrier plate and socket and forms a tubular section of the inlet duct.

Optionally, an actuator is arranged at the central well by which the central well can be moved
in relation to the shoulder of the pipe section, and especially can be moved in parallel to the
longitudinal axis of the central well. Such an actuator can move the entire central well in
relation to the first opening, or can move a section of the central well in relation to the first

opening, ¢.g. in case the actuator moves two sections of the central well one against the other.

The section of a central well facing the second end, which central well is divided into two
sections, preferably is fastened at the casing. By means of such an actuator the spacing of the
first opening and of the convex surface of the central well, respectively, to the shoulder of the
pipe section can be adjusted such that the annular outlet is adjustable by the actuator, and
therefore the intensity of the low pressure is adjustable which is generated by the compressed
air streaming into the annular outlet in particular at identical pressure of the compressed air.
Furthermore, such an actuator serves to control the amount of air streaming through the
central channel, such that ¢.g. in the embodiment having a valve closing the second opening
of the central channel the amount of air emerging from the suction opening with the central
channel closed is controlled. Such an actuator adjusting the cross-section and the size of the
annular outlet, respectively, can be arranged e.g. between the first abutment face and the
second abutment face or between the central well and the casing. The actuator e.g. can have a
piezoelement and can be arranged between first and second abutment faces. Alternatively, the
actuator can move two sections of the central well against one another along the central axis
of the central well, which e.g. are movable against one another or engage one another by

means of a thread.
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Optionally, the actuator can be controlled by a pressure sensor which is arranged in the

suction section of the pipe section, such that in the method a control of the low pressure at the
suction opening results. Correspondingly, the suction gripper in a preferred embodiment has a
pressure sensor arranged in the suction section controlling the actuator, ¢.g. in order to control

a predetermined low pressure at the suction opening in the method.

Optionally, the central well engages the pipe section, when the first abutment face is arranged
against the second abutment face, e.g. in engagement by means of a thread or by means of a
bayonet catch. In this embodiment the actuator can have a setscrew and/or a servomotor and
can be arranged between pipe section and central well, wherein the central well rotationally

engages a thread of the pipe section.

In this embodiment the central well optionally can be arranged positionally accurate at the
pipe section exclusively by arrangement of its first abutment face against the second abutment
face arranged at the pipe section, preferably in combination with the guidance of the central
well along its longitudinal axis within the pipe section, in order to form the annular outlet with
the first opening, since upon operation the compressed air streaming through the annular
outlet generates a low pressure loading the convex surface of the central well against the
abutment face. When the first abutment face is formed by an e.g. annular lug around the
central well, the overpressure generated within the casing can load and hold the lug of the
central well against the second abutment face. Correspondingly, the suction gripper of this
embodiment can be formed without a firmly bonded or clamping connection or a screwed

joint, respectively, between the central well and the pipe section.

In an embodiment the suction gripper can have a pipe section having a preferably circular
shoulder and a second abutment face arranged at a spacing from the shoulder and a ring
channel section arranged between the shoulder and the second abutment face, which ring
channel is connected to an inlet duct, as well as a central well having a first opening which is
embraced by a convex annular surface, an opposite second opening and a first abutment face
which are formed in parallel to the second abutment face and which are arranged against the
second abutment face and arranged between the first and second openings of the central well,
or can consist thereof, wherein preferably an outlet opening is formed by the second opening
of the central well being connected to the outlet duct, which in particular is formed by the

iner wall of the casing and the outer surface of the central well, wherein the outlet duct leads
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into an outlet opening which is arranged in the direction towards the plane in which the

suction opening is opened up.

Generally, in an alternative to the opening between casing and the pipe section forming the
suction opening, the outlet opening can be formed by one end of a pipeline which is
connected to the second opening of the central well. This alternative embodiment allows the
disposal of the exhaust air emerging from the second opening of the central well in a greater
distance from the casing. This embodiment is advantageous in that the noise development in

operation is lower at the casing itself.

Preferably, the inlet duct leading into the annular outlet is formed by the outer wall of the
central channel and a pipeline spaced therefrom, which preferably is cylindrical. The inlet
duct is connected by a feeding pipe to a compressed-air connection to which a compressed-air
source is connectable. Upon use of the suction gripper according to the invention in a method
for transport and lifting, respectively, of objects, which preferably are food items, the
compressed-air connection is loaded with compressed air streaming through the inlet duct and
through the annular outlet about perpendicularly to the longitudinal axis of the central
channel. In this manner, the convex surface extending radially around the longitudinal axis of
the central channel is streamed against by compressed air streaming radially to the
longitudinal axis of the central channel. In coaction with the increasing diameter of the central
channel in its section adjoining its section having the lowest cross-section adjoining the
convex surface, a low pressure is generated which acts through the pipe section into the
suction opening opened up by the pipe section. The suction opening can be bordered by a lip
seal which is mounted at the pipe section. When arranging an object over the suction opening
and at the lip seal, respectively, wherein preferably the object contacts the lip seal and covers
the suction opening, the suction gripper sucks up the object against the lip seal. Upon
movement of the suction gripper in perpendicular to the cross-section of the suction opening,
e.g. in direction against the suction opening, the object arranged at the lip seal is transported,
especially lifted, if the suction gripper is moved in a direction against gravity.

An advantage of the suction gripper according to the invention lies in that also objects can be
moved by it which cover the suction opening only partially, since solely the low pressure and
the air current into the suction opening, respectively, result in a lifting of objects. Therefore,
the suction gripper is particularly suitable for use as a lifting device and in a method for gentle

transport, respectively, for sensitive and/or perforated and/or small objects, especially food
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items, which are transported without contact to the suction opening of the pipe section or to a
lip seal arranged thereon, especially in the embodiment in which a grid having openings
smaller than one of the objects spans the suction section. Correspondingly, an advantage of
the suction gripper is that objects can be transported also with bigger leakages between the
suction opening and the object arranged thereon. Therefore, the suction gripper is particularly
suitable for use as transport device or lifting device and in a method for transport of pressure-
sensitive and/or fracture-sensitive food items, respectively, e.g. meat, meat products and
sausage products, cheese, especially in the form of slices, bakery products, cookies and

chocolate products, especially chocolates, and small food items and their pieces.

The compressed air emerging through the annular outlet in mixture with the air and solid and
liquid components, respectively, entering through the suction opening passes through the first
opening, through the central channel and after passing the outlet duct out of the outlet
opening. Since the central channel in its section adjacent the convex surface opposite the first
opening has its smallest cross-section, sucked-up components passing through this smallest
cross-section of the central channel can exit through its second opening by the current along
the central channel and subsequently can exit through the outlet duct and the outlet opening,
without being sucked up by a low-pressure source. In this manner, by the special guidance of
flow and due to the absence of a low-pressure source, the possible soiling outside of the
suction gripper is avoided. Upon arrangement of the outlet opening in the direction towards
the plane in which the suction opening is arranged, solid or liquid components separated from
the sucked-up object can be re-transferred onto the sucked-up object. Alternatively, the outlet
opening can have a pipeline or a tube, optionally having a connected filter or a cyclone for

separation of solid or liquid components from emerging air.

The central channel is formed by a central well, at the first end of which the first opening of
the central channel is arranged and the opposite second end of which has the second opening.
The outer wall of the central well opposite the central channel in the preferred embodiment in
combination with a pipeline comprising the central well, which preferably is cylindrical,

forms the inlet duct for compressed air.

In an optional embodiment, the central well consists of at least two sections, of which a first
section comprises the region of the central channel from its first opening up to at least the

smallest cross-section of the channel, more preferred into a region of the conically broadening

10
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central channel, and an adjoining second section continuing the central channel, which
comprises for example its conically broadening section and the second opening or ends within
the second opening. Particularly preferred, the first and the second sections of the central well
are slidable against one another along the longitudinal axis of the central channel, for example
in that they are moveable against one another along the longitudinal axis of the central

channel by means of a threaded engagement.

Preferably, the casing encloses the central well which is arranged at least sectionally coaxially
within the cylindrical pipeline with a spacing by which the outlet duct is formed between the

pipeline and the casing.

In each embodiment the suction gripper additionally can have a holding device at the suction
opening of the pipe section having a form having openings, the form being adapted for
holding of food items, wherein the openings allow the generated low pressure to act into the
inlet cross-section opened up by the holding device, and to act beyond the inlet cross-section
and to generate the Bernoulli-effect with a food item. The holding device in particular has a
surface having a shell shape or a funnel shape having openings, wherein the funnel shape is
arranged within the suction section, ¢.g. within the pipe section, optionally up to adjacent the
suction opening. Preferably, the shell shape or funnel shape has slot-shaped openings. The
shell shape or funnel shape is concave against the plane of the suction opening in a funnel-
shaped way or in a curved way, wherein the shell shape or funnel shape preferably has
curvedly convex surfaces. The part of the pipe section in which the holding device is arranged
can be formed of one single piece with the pipe section extending over the suction section or
can be a separable part of the pipe section which e.g. is fastened by means of a clamping
device or catching device, especially by means of at least one clamp and/or a hooked

connection arranged at the outer surface, by a thread and/or by a bayonet catch.

Correspondingly, the invention also relates to a method for holding by sucking up of food
items which particularly are to be filled, e.g. for holding of fruit, fresh or pickled, by means of
the suction gripper having a holding device. Optionally, the method has the subsequent step of
filling the food items held in the holding device, e.g. with a further chunky food or a pasty
food mass. Optionally, the method prior to the filling can have the step of hollowing out the
food items held in the holding device, e.g. the hollowing out of tomatoes. It has been found

that the suction gripper having a holding device is particularly suitable for holding of food

11



DK/EP 2535299 T3

items which have lost their original hollow form, mostly a funnel-, tube-, ball- or pear-shaped
form, and which are compressed, e.g. by pickling in brine or oil in higher layers, especially
tropical fruit, pickled tomatoes, pepper, including capsicum and cascable chili, and chillies,
since the arrangement of a fruit in the holding device by means of the generated low pressure
leads to a gentle unfolding of the fruit, such that a hollow form is produced and preferably the
natural form is approximately reconstituted. The holding and unfolding allows an casy filling
of the fruit. The effective and gentle unfolding of fruits is attributed to the low pressure acting

through the openings onto the outer surface of the fruit generating a Bernoulli-effect.

DETAILED DESCRIPTION OF THE INVENTION

The invention is now described in greater detail with reference to the Figures which

schematically show

- in Figure 1 an embodiment of the suction gripper in sectional view,

- in Figure 2 a preferred embodiment of the suction gripper in sectional view,

- in Figure 3 the embodiment of Figure 2 with the sectional plane in front of the central
well,

- in Figure 4 an embodiment adapted for the unfolding of fruits, and

- in Figure 5 a further embodiment adapted for the unfolding of fruits.

In the Figures, the reference numbers denote functionally equal elements. The details
described in the Figures are combinable in accordance with the invention, also when

described with reference to different Figures.

As depicted in Figure 1, the suction gripper has a central well 1 in which a central channel 2 is
arranged, preferably coaxially to the central well 1. At the first end 3 of the central channel 2
a convex surface 4 of the central channel 2 opens up the first opening 5 of the central channel
2. The convex surface 4 extends from the smallest cross-section of the central channel 2 into
the plane in which the first opening 5 is opened up. Preferably, the convex surface 4 in
perpendicular to the longitudinal axis of the central channel 2 has a parabolic cross-section the
incline of which increases from the plane in which the first opening 5 is arranged towards the
section of the central channel 2 having the smallest cross-section. Opposite the plane in which
the first opening 5 is opened up and adjacent to the region of the smallest cross-section of the

central channel 2 a section extends, the cross-section of which increases in the direction

12
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towards the second opening 6, especially broadens conically from the smallest cross-section
of the central channel 2 towards the second opening 6. The second opening 6 forms the
second end 10 of the central well opposite its first end 3. Adjoining the first opening 5, an
annular outlet 7 is arranged to which an inlet duct 8 for compressed air is connected.
Preferably, the annular outlet 7 is directed about perpendicularly to the longitudinal axis of the
central channel 2, particularly preferred in perpendicular to the convex surface 4, in order to

tangentially stream exiting compressed air against this surface.

The annular outlet 7 is formed by a region of the convex surface 4 spaced from the central
axis of the central channel 2, and by a shoulder 9 spaced therefrom which e.g. borders on the

inlet duct 8.

The inlet duct 8 is formed by a region of the outer wall 1a of the central well 1 and at least
sectionally by a pipeline 11 which particularly preferred is cylindrical and is arranged
coaxially to the central channel 2. A compressed-air connection 12 that is arranged at the

casing 13 is connected to the inlet duct 8 by means of a compressed-air channel.

An outlet duct 14 which leads into an outlet opening 19 is connected to the second opening 6
of the central channel 2. The outlet duct 14 according to the preferred embodiment is formed
sectionally by the inner wall of the casing 13 and by the outer wall of the pipeline 11. The
outlet duct 14 can be formed by the inner wall of the casing 13 which is arranged with a
spacing around the central well 1. The outlet opening 19 according to the preferred

embodiment is directed towards the plane in which the suction opening 18 is opened up.

The shoulder 9 comprises the region in which the first opening 4 is arranged and the region of
the first end of the central well 1 which can also be named suction section 15, respectively, in
which upon loading of the suction gripper with compressed air at the compressed-air
connection 12, a low pressure is produced. The suction section 15 is formed by a pipe section
16 which opposite the shoulder 9 leads into a lip seal 17 opening up the suction opening 18.
Preferably, the suction opening 18 is opened up in a plane which is about in parallel to the

plane of the first opening 5.

The pipe section 16 spans the suction section 15 from the shoulder 9 arranged annularly

around the annular outlet 7 to the plane in which the lip seal 17 is arranged. The pipe section

13
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16 can taper or broaden along the suction section 15 to the suction opening 18; preferably, the
suction opening 18 spans a cross-section which is identical or bigger than the cross-section of
the casing 13. Preferably, the pipe section 16 spanning the suction section 15 is formed as one

single piece with the pipeline 11 and the shoulder 9.

Further preferred, the central well 10 and its second section, respectively, is connected to the
inner surface of the casing 13. Optionally, the central well 1 and its second section,
respectively, can be formed as one single piece including the casing 13. The pipeline 11 can
be fixed to the central well 1 or to its second section, especially in embodiments in which the
central well 1 is formed by a first and a second section and the first section is movable in
relation to the second section of the central well 1 along the longitudinal axis of the central
channel 2, for example by means of a thread in which the first and second sections of the
central well 1 engage one another. Such a thread forms an actuator 33, by which the section of

the central well 1 adjoining the annular outlet 7 is movable against the shoulder 9.

An optional grid 32 which upon use of the suction gripper for portioning of food spans the
pipe section 16 is arranged in level with the suction opening 18. Upon positioning of this
suction gripper in a storage tank with small food or food pieces having a size in the range
bigger than the openings of the grid 32 and smaller than the cross-section of the suction
opening 18, the food or food pieces are sucked up against the grid 32 in exactly one layer,

such that a precise portioning takes place solely by the surface of the grid 32.

In the embodiment of Figure 2, the compressed-air connection 12 is arranged at the end of the
casing 13 arranged opposite the suction opening 18. The compressed-air connection 12 is
formed by means of a tubular inlet duct 8 which in the casing 13 extends from its end
opposite the suction opening 18 to the pipe section 16 and within the pipe section 16 has a
ring channel section 20 extending around the annular outlet 7. The annular outlet 7 is formed
by the annular shoulder 9 of the pipe section 16 and by the spaced convex surface 4 of the
first opening 5 of the central well 1. The central well 1 on its inner surface forms the central
channel 2 which extends from the first opening 5 at the first end 3 to the second opening 6 at
the opposite second end 10, and has a section having the smallest cross-section adjoining the
convex surface 4 between the first end 3 and the second end 10 and increases between this
section having the smallest cross-section towards the second end. Generally, as depicted here,

too, the pipe section 16 can have a bigger diameter than the annular shoulder 9 and than the

14
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annular outlet 7, respectively. Therein, it is preferred that the inlet duct 18 has a ring channel
section 20 extending over a portion of the radial section, preferably over the complete radial
section between the annular outlet 7 and the diameter of the pipe section 16 adjoining the

annular outlet 7.

The central well 1 at its outer surface that lies opposite the central channel 2 has a first
abutment face 21. The first abutment face 21 can be formed by a recess in the perimeter of the
central well 1 or by a lug 23 projecting above the central well 1. The recess and the lug 23
projecting above the central well 1, respectively, preferably are annular and form an annular
first abutment face 21. The first abutment face 21 can extend radially around the longitudinal
axis of the central well 1 in a plane or can be a section of a conical face, which optionally is
curved. The second abutment face 22 is in parallel to the first abutment face 21, such that first
and second abutment faces 21, 22 are on top of one another. The central well 1 is enclosed by
a section and socket 24, respectively, of the pipe section 16, and is guided longitudinally
movably, respectively, such that the central well 1 is introduced into this section and into the
socket 24, respectively, until its first abutment face 21 abuts the second abutment face 22.
Optionally, an actuator 33, e.g. a piezoelement, is arranged between the first abutment face 21
and the second abutment face 22. By actuating the actuator, the central well 1 is shifted along
its longitudinal axis in relation to the pipe section 16, such that the height of the annular outlet
7 between the shoulder 9 and the convex surface 4 is changed. Because of the great influence
of the height of the annular outlet 7 on the low pressure produced by means of the compressed
air, the actuator 33 generally is suitable for regulation of the low pressure produced during the
method for holding or transporting. Furthermore, the actuator 33 in addition to the effect as a
control device for low pressure and air volume has the advantage of forming a stop valve for

the compressed air in combination with the shoulder 9 and the region of the convex surface 4.

The casing 13 has a carrier plate 25 which by means of at least one tubular section of the inlet
duct 8 is connected to the pipe section 16, preferably to at least two, more preferred to three
carriers 26 extending between carrier plate 25 and pipe section 16, wherein at least one carrier
26 forms a section of the inlet duct 8. Since the carrier plate 25 is arranged at a distance from
the second end 10 of the central well 1, the inner surface of the casing 13 forms the outlet duct
14 in combination with the outer surface of the central well 1 and the carriers 26 which outlet
duct 14 extends up to the outlet opening 19 that is delimited between the casing 13 and pipe

section 16.

15
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In Figure 3, the section is drawn in front of the central well 1 such that the outer surface of the
central well 1 is visible. As depicted, it is generally preferred that in embodiments in which
the outlet duct 14 leads into an outlet opening 19 which is directed towards the plane of the
suction opening, the pipe section 16 has a socket 24 having a surface 27 extending from the
second abutment face 22 to the outlet opening 19, and especially runs with an incline against

the longitudinal axis of the central well 1.

Figure 4 in sectional view shows a suction gripper having a holding device 28 having
openings 29 in the shell-shaped or funnel-shaped surface 31, through which the low pressure
being present in the suction section 15 can act on a fruit 30. The openings 29, as generally

preferred, are arranged radially to the longitudinal axis of the central well 1.
Figure 5 shows a suction gripper having a holding device 28 in which the central well 1 has
two sections moveable against one another along the common axis which by means of an

actuator 33 are moveable, against one another in controlled manner.

List of reference numerals:

1 central well

—_
o

outer wall of the central well 1
central channel

first end of the central well 1
convex surface

first opening

second opening

annular outlet

inlet duct

O 00 N N W B WD

shoulder

[a—
()

second end of the central well 1

—
f—

pipeline

[a—
[\

compressed-air connection

[
(8]

casing

[a—
AN

outlet duct

—_
()}

suction section

16



16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33

pipe section

lip seal

suction opening
outlet opening

ring channel section
first abutment face
second abutment face
lug of the central well
socket

carrier plate

carrier

surface of the socket
holding device
opening

fruit

surface of the holding device 28

grid

actuator

17

DK/EP 2535299 T3



10

15

20

25

30

DK/EP 2535299 T3

SUGEGRIBER TIL FGDEVARER

PATENTKRAV

1. Sugegriber til anvendelse som Igfteanordning for en genstand, hvor sugegriberen

har en sugeabning (18), der er abnet op af en rgrsektion (16), som danner en
sugesektion (15), hvori der i en afstand fra sugeabningen (18) er anbragt en
konveks overflade (4) i en afstand svarende til den ringformede udlgbsabning (7)
fra sugesektionen (15), hvilken konvekse overflade (4) abner en fgrste abning (5)
af en midterkanal (2), der er dannet i et midterrgr (1), hvori den konvekse
overflade (4) ferer ind i en aksial sektion, som har det mindste tveersnit af
midterkanalen (2), til hvilken en sektion af midterkanalen (2) tilstader, som
udvider sig frem mod en anden abning (6) modsat den ferste abning (5), og hvor
den ringformede udlgbsabning (7) via en indlgbskanal (8) er forbundet med en
tryklufttilslutning (12), kendetegnet ved, at midterrgret (1) er fort forskydeligt i
laengderetningen i en udsparing i rgrsektionen (16), indtil en ferste anleegsflade
(21), der er tilvejebragt pa den udvendige overflade af midterrgret (1) over for
midterkanalen (2), ligger an mod en anden anleegsflade (22) parallel dermed af

rgrsektionen (16), hvor midterrgret er omgivet af et hus.

. Sugegriber ifelge krav 1, kendetegnet ved, at den ringformede udlgbsabning (7)

er dannet af en sektion af den konvekse overflade (4) med en radial afstand til
midterkanalens (2) langsgaende akse og af et fremspring (9) med aksial afstand

dertil, som deekker den konvekse flade (4) i det mindste i et ringformet omrade.

. Sugegriber ifalge et af kravene 1 eller 2, kendetegnet ved, at midterreret (1) er

fert i en udsparing i en studs (24) af rersektionen (16), og den anden

anleegsflade (22) omgiver studsens (24) udsparing.

. Sugegriber ifglge et af de foregaende krav til brug som portioneringsanordning til

en fadevare, kendetegnet ved, at sugesektionens (15) tvaersnit, der er dannet af
rorsektionen (16), er overspaendt af et gitter, hvis abninger er mindre end

fgdevarens tvaersnit.

. Sugegriber ifglge et af de foregaende krav, kendetegnet ved, at den anden

abning (6) i midterrgret (1) modsat den fgrste abning (5) er i det mindste delvist

lukbar ved hjeelp af en ventil, som er anbragt ved den anden abning (6) eller ved
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en ledning, som er forbundet med den anden abning (6) af midterrgret (1) og
danner udgangskanalen (14).

6. Sugegriber ifolge et af de foregaende krav, kendetegnet ved, at
indlgbsabningen (8) er sektionsvis dannet af midterrgrets (1) udvendige veeg (10)
og af en koaksialt med afstand anbragt ledning (11).

7. Sugegriber ifglge et af de foregdende krav, kendetegnet ved, at der ved
midterrgret (1) er anbragt en aktuator (33), via hvilken midterrgret (1) er i det
mindste sektionsvist beveegeligt i forhold til rgrsektionens (16) fremspring (9).

8. Sugegriber ifglge krav 7, kendetegnet ved, at der er anbragt en tryksensor i
sugesektionen, og aktuatoren (33) kan styres afhaengigt af malesensorens
malesignal.

9. Sugegriber ifglge et af de foregaende krav, kendetegnet ved, at midterrgret (1)
er last fast til rersektionen (16) ved hjeelp af en bajonetlas eller med et gevind.
10. Sugegriber ifglge et af de foregaende krav, kendetegnet ved, at midterrgrets (1)
anden abning (6) er forbundet med en ledning, som rager ud af huset (13).

11.Sugegriber ifglge et af kravene 1 til 9, kendetegnet ved, at der er anbragt et hus
(13) i en afstand til den anden abning (6) og omgiver en udlgbskanal (14), der
forer ind i en udlgbsabning (19), som er afgreenset af rgrsektionen (16) og huset
(13) og er rettet imod det plan, i hvilket sugeabningen (18) ligger.

12.Sugegriber ifglge krav 11, kendetegnet ved, at studsen (24) har en kontinuerlig
overflade (27), som straekker sig fra den anden anlaegsflade (22) il
udlgbsabningen (19) og er haeldet mod midterrgrets (1) langsgaende akse.

13.Sugegriber ifalge et af de foregaende krav, kendetegnet ved, at midterrgret (1)
er dannet af en fgrste sektion og en anden sektion, som er bevaegelig langs
midterkanalens (2) langsgaende akse.

14.Sugegriber ifglge et af de foregédende krav, kendetegnet ved, at den konvekse
overflade (4) har en parabol-profi, som er radial til midterkanalens (2)
langsgaende akse, hvis heeldning tiltager, i takt med at midterkanalens (2) radius
aftager.

15.Sugegriber ifglge et af de foregaende krav, kendetegnet ved, at den har en
ventil, som er anbragt for periodisk at &bne ledningen (11) for trykluftforsyningen

til den ringformede udlgbsabning (7).
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16.Sugegriber ifelge et af de foregaende krav, kendetegnet ved, at der foran
sugeabningen (18) er anbragt en holdeanordning (28), som har en overflade (31)
med en tragtform, hvis overflade har abninger (29), der forbinder overfladen (31)
med sugeabningen (18).

5 17.Proces til transport eller fastholdning af en genstand, i saerdeleshed en elastisk
genstand eller en fgdevare, med en sugegriber ifglge et af de foregaende krav
ved hjeelp af opsugning, hvor en sugegribers tryklufttilslutning (12) er belastet
med trykluft, som stremmer gennem et ringformet udlgb (7) via en indlgbskanal
(8) forbundet dermed i det mindste delvist tangentialt mod en konveks overflade

10 (4), der abner en ferste abning (5) af en midterkanal (2), som tilspidser i retning

mod en sektion, der har det mindste tveersnit, og som i en tilstedende sektion

udvider sig i retning mod en anden abning (6) modsat den ferste abning (5), hvori
en rersektion (16) forbinder sugeabningen (18) til den ferste abning (5) og
genstanden er anbragt imod sugeabningen (18), der er abnet op af en rarsektion

15 (16), kendetegnet ved, at belastningen med trykluft afbrydes, midterreret (1)

fiernes fra rgrsektionen (16), rgrsektionen (16) og midterrgret (1) renggres, mens
de har indbyrdes afstand, og midterrgret (1) derefter anbringes i en afstand til
rgrsektionen (16), inden sugegriberen belastes med trykluft.

18.Proces ifglge krav 17, kendetegnet ved, at trykluft aktiverer midterkanalens (2)

20 anden abning (6) ved tilseetning af luft, som suges ind gennem sugeabningen

(18), og opsugede faste og flydende komponenter Igber ud gennem en

udlgbsabning (15), der er forbundet med den anden &bning (6) via en

udlgbskanal (14), og som er aben i retningen mod det plan, i hvilket
sugeabningen (18) er anbragt.

25 19. Proces ifglge krav 17 eller 18, kendetegnet ved, at sugesektionens (16)

sugeabning (18) er stiv og genstanden er elastisk, i det mindske delvist ligger an

mod rersektionen og i det mindste delvist suges ind i sugesektionen gennem
sugeabningens (18) plan.
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