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Abstract:

The suction unit (10), which serves for suctioning an object (P) according to Bernoulli's principle,
comprises a suction body (16} with an adjoining suction plate {11), which adjoining suction plate
(11) has a front side facing away from the suction body (16), and comprises at least one entry
channel (13), through which a gaseous medium is introducible through the suction body (16) to the
front side of the suction plate {11) into a deflection channel {110), which deflection channel {110) is
delimited on one side by the front side of the suction plate (11) and on another side by a deflection
head {121) of a deflection unit {12) or which deflection channel {110) is delimited on one side by the
front side of the suction plate {11) and on another side by the object (P} when the object (P) is
suctioned, and through which deflection channel (11C) the gaseous medium is guidable to the
outside. According to the invention the suction plate (11) has in the center a deflection chamber
(115) which is adjoined on one side by the at least one entry channel (13) and on another side by a
plurality of suction channels {111) which are sunk into the suction plate {11) and extend towards the
edge of the suction plate (11).
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Suction unit and suction device

The invention relates a sucticon unit operating according to the Bernoulli
principle and a sucticn device with at least one such suction unit, by means
of which objects, in particular isclated objects can be picked up from a

working process and released again.

In numercus industrial applications, especially 1in the food industry,
products or objects with predetermined dimensions must be provided for
packaging. Focod products such as bread, sausages or cheese are often divided
into thin slices and packaged. In cther technical areas, for example, plate-
shaped workpieces such as wafers, boards, foils, paper, wood veneer and the

like are produced and prepared for further processing.

The disc-shaped cbjects are to be picked up gently at a pick-up point and
returned unchanged, 1i.e., without deformation, damage or contamination, at
a delivery point. Instead of mechanical gripping tools, suction devices are
therefore often used, which preferably work according to the Bernoulli
principle. Mechanical gripping tools, on the other hand, are used for

handling objects that do not have flat surfaces.

Lccording to DE20200601683301, Bernoulll suction units usually consist of an
axially symmetrical base body through which a gaseocus medium (compressed
air, inert gas, etc.} flows from at least cne nozzle in the direction of an
object to be lifted. When hitting the object, the gaseous medium between the
object unit and the base body of the suction unit is deflected in a radial
direction at high flow wvelccity. According to the Bernoulli equation, the
kinetic energy and the specific pressure energy are always canstant. Hence,
the area cof high flow velocity, a correspondingly reduced pressure results,

by means of which the cbject is sucticned.

In order to reduce the pressure force counteracting the suction force, which
is created when the media flow hits the object, in known suction units the
media flow is deflected in a radial direction before hitting the abject. A
plate-shaped deflector unit is held in front of the incoming gas so that it
is deflected radially through an annular gap and guided away laterally. The
DE202006016833U1 shows suction units where the plate-shaped deflection unit
is integrally connected to the base body. The production of the suction unit
or the base body with the deflection unit integrated in cone piece is therefore

very costly.

VERIFIED ENGLISH TRANSLATION COF PCT-APPLICATICN NC. PCT/EP2020/074977
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It should also be noted that, depending on the contour and surface quality
of the cbject unit, disturbances or turbulence can cccur in the air flow,
which can increase the pressure between the suction unit and the cbhject unit
at certain points. Objects may not be held securely and may partially detach
from the suction unit. This leads to problems especially when objects are to
be transported and deposited piece by piece with high cycle rates and

interventions to correct incorrectly deposited cobjects are not possible.

It was also found that the use of commercially available Bernoulli suction
units poses few problems for relatively rigid, light, panel-shaped objects.
Unstable objects, on the other hand, are at risk of either being damaged or
not being handled in a process-stable manner. If objects are not
dimensionally stable as a result of the forces acting on them and can be
made to vibrate, for example, their contours change continucusly and, as a
result, the flow and the forces acting on the object change. Depending on
the damping properties of the overall system, thin and flexible cbjects in
particular will show dynamic behaviour which prevents a stable handling
process. According to the DEZ20200601683301, a functionally reliable
separation of thin, flexible c¢bjects 1s practically impossibkle with
conventional Bernoulli suction units. To salwve this prablem, the
DE202006016833U1 is equipped with an orifice plate which separates the media
flow from the object unit and channels it between the orifice plate and the
body of the suction unit. The use of such an orifice also has disadvantages.
On the one hand, the suction power can be reduced and on the other hand,
suction units equipped with an orifice plate tend to accumulate dirt

particles, which can be removed again with the appropriate effort.

Bccording to the DEZ202006016833U1, even the handling of flat objects can
cause difficulties, which is why other gripping or holding devices have been

used until now for the handling of non-flat objects.

It should also be noted that with known suction units the release of the
held objects is not precise. To dispense an object unit, the media flow is
interrupted, whereby the suction force is reduced relatively slowly, and the
object is released more or less gquickly. In addition, the cohjects are
deposited at the delivery point by gravity. This means that the delivery is
not precise in terms of time and, if necessary, location. Due to the delavyed
delivery of the transported objects, the cycle frequencies with which the

objects are transported are also limited accordingly.

VERIFIED ENGLISH TRANSLATION COF PCT-APPLICATICN NC. PCT/EP2020/074977
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It should alsc be noted that when objects are discharged by removing the
suction force, typically the periphery of the held object unit is first
released and detached from the suction unit by the force of gravity. With
flexible objects, this can lead to bending or even rolling of the object
unit. To enable controclled delivery, the sucticn unit must be aligned
accordingly at the delivery point before the suction is released. To avoid
this problem, the suction unit is aligned herizontally and brought close to
the delivery point, but this zresults in significant restricticons in the
handling of the abjects. To achieve an orderly delivery of objects, machines
and robots are therefore required that can perform complex movements. The
processes for handling the objects must be adapted accordingly or restricted

to these types of handling.

ks mentioned, conventional Bernoulli suction units are only used faor plate-
shaped objects where flat contact is possible. For other abjects, mechanical

gripping tools are usually used, but they regularly damage the objects.

In particular, it is hardly possible to pick up of wery fine, possibly
elongated, thin objects. In the field of surgery, therefore, conventional
suction units are hardly suitable for manipulating abjects, while impacts on

the treated tissue must be avoided.

It should also be noted that the gaseocus medium ejected by the suction units
can cause turbulence in the surrcunding area, which can have a disturbing
effect on valuakle or sensitive material. Powdery material in particular can

be swirled and repelled.

In addition, dust particles can be sucked in, which contaminate the suction

unit and require maintenance work.

knother disadvantage of known suction units is that they regquire high air

pressure to operate, which means that powerful pumps must be provided.

The present invention is therefore based on the object of creating an improved
suction unit which works according to the Bernoulli principle. Furthermore,
an improved suction device with at least one such suction unit is to be

created.

It should be possible to implement the suction units with a simpler bkasic
bady. It should be possible to dispense with an e.g., plate-shaped deflector

unit.

VERIFIED ENGLISH TRANSLATION COF PCT-APPLICATICN NC. PCT/EP2020/074977
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Inventive suction units shall allow picking up and in any controlled manner
discharging objects, 1in particular individunal product units, with any
dimensions and any compositicon. Damage or disturbing deformation of the

manipulated objects shall be avoided.

In particular, it shall be possible to pick-up flexible and soft objects and
deliver them in a controlled manner. Furthermore, cbjects that are not flat

or disc-shaped should be reliably picked-up and delivered.

Problems with a punctual detachment of the objects from the suction unit
shall be avoided. It is also preferable to aveoid lateral displacement of the
sucked object so that it can be transported and discharged in the same

position each time.

It shall be possible to pick up separated objects correctly at a pick-up

point and deliver them to a delivery point with high cycle rates.

Disturbing effects on the manipulated objects and their surroundings caused
by the gaseous medium used shall be avolided. Contamination of the suction
units shall also be avoided. The suction units shall therefore also be
advantagecusly applicable in difficult environments, especially in surgery,

where high demands are imposed on the instruments.

It shall be possible to clean and maintain the suction units easily and

thoroughly.

The suction units shall be abkle to cperate with high efficiency, so that
only a minimum air pressure 1is required for thelr operation and simply

designed compressed air devices can be used.

This task is solved with a suction unit and a suction device, which has the
features mentioned in claim 1 or 13. Advantagecus designs of the invention

are defined in further claims.

The sucticon unit, which serves for suctioning an object according to
Bernoulli's principle, comprises a suctlon body with an adjoining suction
plate, which adjoining suction plate has a front side facing away from the
suction body, and comprises at least one entry channel, through which a
gaseous medium is introducible through the suction body to the front side of
the suction plate into a deflection channel, which deflection channel is

delimited on one side by the front side of the suction plate and on another
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side by a deflection head of a deflection unit or which deflection channel
is delimited on one side by the front side of the sucticn plate and on
another side by the object when the object i1s suctioned, and through which

deflection channel the gasecus medium is guidable to the outside.

Zccording to the invention the suction plate has in the center a deflection
chamber, which is adjoined on one side by the at least one entry channel and
on another side by a plurality of suction channels which are sunk into the

suction plate and extend towards the edge of the suction plate.

By means <cf the suction channels, which are closed off on cne side by a
suctioned object, the gaseous medium can flow almaost laminarly from the
deflection chamber to the outside, resulting in a reliable and undisturbed
flow in the suction channels and a correspondingly reduced pressure. By
arranging suction channels or ensuring a largely undisturbed flow of medium

in the suction channels, various advantages result.

Since the suction channels are always kept free, a high medium flow 1is
already ensured at relatively low pressure. High air pressure is therefore
not required to achieve the suction effect, which is why a conventional fan
can alsc be used as a means of conveying the gasecus medium instead of a

compressed alr unit.

By means of the suction channels, a lateral media flow is always ensured
when approaching the abject to be picked up. The arrangement of a deflection
unit, which ensures a high media flow and a correspaonding pressure reduction
regardless of the presence cof a preduct inside the deflection chamber, for

example inside an annular gap, 1s thus unnecessary.

A deflection unit with a deflecticon head is only used as an option if a
vacuum is desired in the deflection chamber regardless of the approach to an
object to be sucked in. The deflection unit can be integrally connected to
the suction body or can be inserted into it. For example, a mounting channel
is provided in which a mounting element of a deflection unit can be anchored,
for example pressed or screwed in. In this case, the user can optiocnally
retrofit the suction units with a deflection unit. Preferably, a mounting
channel is provided which connects to an inlet channel for the gasecus
medium, which inlet channel is closed off by the mounting element of the
deflection unit. Above the mounting element, the entry channels branch within

the inlet channel, of which preferably six entry channels are provided. The

VERIFIED ENGLISH TRANSLATION COF PCT-APPLICATICN NC. PCT/EP2020/074977
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inlet channel can alsc be divided into two parts, which are separated from

each other by a part of the suction body.

The deflecticon head, which 1is preferably axially symmetrical, has a
circumferential groove-shaped depression on the side facing the suction
plate, which preferably runs rounded towards the edge of the deflection head.
In this embodiment, the axially symmetrical deflecticn unit has an at least
approzimately anchor-shaped cross section in a longitudinal section through
the axis of rotation. The media flow is thus introduced into the deflection

channel through the deflecticn head in a controlled manner.

2n sucked-in object is reliably pulled along the suction channels against
the suction plate and fixed in place, regardless of the surface properties
of the object. After the object has been held in the suction channels by
means of the wacuum, the further media flow that runs cutside the suction
channels between the sucticon plate and the sucticned cobject can unfold its
effect undisturbed, so that the object is reliably suctioned over the entire
surface. This prevents flexible flat objects from being only partially

gripped and from becoming detached again.

Preferably, several sucticon channels are provided, preferably evenly spaced
from each other, which run radially, with the same inclination or along a
curve, sunk into the suction plate to the outside. An optimum result is
normally achieved with three suction channels. By means of the three suction
channels, the object is reliably fixed, after which the media flow running
cutside the suction channels can develop its effect. Outside the suction
channels, the object is only separated from the suction plate by a thin film

of the moving medium, which is why a high suction force is developed there.

The cross-section of the suction channels can be constant over the entire
length of the suction channels. The cross-section of the suction channels
can also increase or decrease from the inside to the outside, for example by
a factor that is preferably in the range of 2 - 10. The channel height or
the channel depth can vary or be constant. The channel height adjacent to
the deflection chamber can also correspond to the height of the deflection
chamber, so that the transition from the deflection chamber to the suction
channels 1is stepless. Preferably, the width of the sucticon channels 1is
constant. By changing the channel cross-section, the suction channels have
only a small channel cross-section on the side facing the deflection chamber,

which prevents the media flow from being diverted mainly through the suction

VERIFIED ENGLISH TRANSLATION COF PCT-APPLICATICN NC. PCT/EP2020/074977
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channels. As a result, the channel cross-section increases, allowing the
medium teo flow unhindered and develop its effect. By changing the channel
cross—section, the course and the design of the suction channels, the media

flow and the sucticon pressure can be adapted to the manipulated cbjects.

In a further preferred embodiment, several, preferably six, entry channels
are provided, which are preferably arranged at equal distances from one
another and preferably enter the deflection chamber. Preferably, one of the
entry channels each faces a suction channel so that the flow through the

suction channel can be established more easily.

The entry channels are preferably inclined outwards towards the suction
plate, for example like the edges of a pyramid, and move steadily away from
the central axis until they reach the front of the suction plate. In this
way, the media flow is already deflected. In addition, the entry channels
are relatively easy to clean in the event of contaminaticon. In principle,
the entry channels can also run outward along a curve. For example, straight
tubes or tubes running along a curve can be embedded in the suction body to

create entry channels of any shape.

The inclined arrangement of the entry channels or the partial deflection of
the gaseous medium already inside the suctilion kody allows the suction unit
to be aperated at reduced pressure, which is why a conventiconal fan can also
be used as a means of conveying the gaseous medium instead of a compressed
alr unit. The pressure requirement can be further reduced by a higher number

of preferably evenly distributed entry channels.

In another preferred embodiment, a plurality of outlet channels extends
through the sucticon body to outlet cpenings. The outlet openings are located
inside the suction channels or outside the suction channels or inside and
outside the suction channels. When the objects are discharged, the media
flow through the entry channels is interrupted so that the suction effect is
reduced, and the object 1is released from the sucticn unit. To accelerate
this process, a media flow is delivered through the cutlet channels, which
pushes the cobject away from the suction plate. The dispensing process can
therefore be shortened to an extremely short period of time in the range of
milliseconds. In this way, the delivery can occur in a controlled manner in
any position of the object without deforming it, for example folding or
curling it. With uniform distribution of the ocutlet openings, it can thus be

achieved that even very flexible objects can be ejected aligned in one plane.

VERIFIED ENGLISH TRANSLATION COF PCT-APPLICATICN NC. PCT/EP2020/074977
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The controlled and rapid discharge of the objects, which can be controlled
by a control unit by actuating valves by means of which the media flows are
switched on or cff, alsc makes it possible to substantially increase the
cycle rate at which objects are picked up at a pick-up loccation and discharged

again at a discharge location.

In further preferred embodiments, the suction plate is lamellar and flexible
so that 1t can deform under the negative pressure that occcurs bhetween a
suctioned object and the suction plate and adapt to the flat and possibly
flexible cbject. Unevenness of the cbject can thus be compensated for by the

elastic suction plate, which is deformed accordingly.

The suction plate can be connected in one piece to the suction bedy or is
connectable to 1it, possibly screwable. Preferably, the suction plate is
integrally connected to the suction body and separated from it by a
circumferential groove. The circumferential groove (see Fig. 4} can also
serve to hold the suction unit within a receiving chamber by means of a

locking part (see Fig. 2e).

In preferred embodiments, a plurality of deflection chambers with or without
deflection heads may also be provided, at least one of which has associated
therewith three or more suction channels which are recessed into the suction

plate in a straight line or along a curve.

Preferably, a plurality of deflection chambers, at least one of which 1s
assigned a deflection head, and a plurality of suction channels are provided.
The sucticn channels are assigned to at least cone deflecticon chamber or the
plurality of deflection chambers and are either recessed straight or along
a curve inteo the sucticon plate. The suction channels can, for example, be

connected to only one deflection chamber.

Several entry channels are preferably assigned to each deflection chamber,
which are arranged at regular or irregular distances from cne ancther, and
which run inside the suction body inclined outwards towards the suction

plate.

The sucticn body 1is designed as a single piece or as a modular system

comprising several suction body modules.

In preferred embodiments, at least the border of the suction plate is made

of an elastic material and is lamellar and flexible.

VERIFIED ENGLISH TRANSLATION COF PCT-APPLICATICN NC. PCT/EP2020/074977
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ks described above, suction units of the prior art operating according to
the Bernoulli principle are only used for holding flat objects. In the food
industry in particular, the manipulation and gentle holding of objects, for
example confectionery items, fruits and nuts or parts therecf, which do noct
have flat surfaces, are of particular importance. Such objects were
previcusly gripped and manipulated with mechanical grippers. In surgery, for
example, small cbjects such as needles and splinters often need to be grasped
without interfering with the surrounding tissue. In particular, the tissue
should not be contaminated. Furthermore, the penetration of impurities, such
as tissue residues, dust and the like, into the suction unit should be

avoided.

To solve these problems, a suction basket is provided downstream of the
suction plate, if necessary, at a distance from it ar separated from it by
individual openings, which enclaoses a receiving channel into which an object
can be sucked. If necessary, the suction basket is provided with wall openings

which ensure a media flow even when the channel opening is closed.

The suction basket causes the gaseous medium to flow around an sucked-in
object. Even if an irregularly shaped body, such as a hazelnut, is sucked
in, the gaseous medium flows through it at a high flow rate, which in turn

creates a vacuum that can be used to hold the object securely.

The distance along which the gaseous medium flows at high speed is very long
when a suction basket 1s used, possibly in conjunction with the suction bell
described below, which is why a wvacuum is achieved ocver a large area and
with a high effect. Even when a suction basket 1is used, possibly in
conjunction with the suction kell, a conventilional fan can ke used as a means

of conveying the gaseous medium instead of a compressed air unit.

Ensuring the media flow through the suction channels, the partial redirection
of the media flow inside the suction beody through the entry channels and, if
available, the realization cof a suction basket, possibly in combinaticon with
a suction bell, thus ensure the realization of a suction unit that can

operate at low pressure generated, for example, by a blower or fan.

The receiving channel has a channel copening which is designed in such a way
that individual objects can be inserted through it into the receiving channel

or can be fixed at the edge cof the channel opening.

VERIFIED ENGLISH TRANSLATION COF PCT-APPLICATICN NC. PCT/EP2020/074977



10

15

20

25

30

35

CA 03148531 2022-2-17

P 1187-1 PCT

- 10 -
The dimensicns of the preferably transparent sucticon basket, in particular
length and diameter, or the dimensicns of the channel cpening, or the channel
entrance of the suction channel are preferably adapted to the objects to be
transported. The suction basket can therefore have, for example, a
cylindrical shape, a conical shape, a shape with a rectangular or polygonal
cross—-section. The suction basket can alsc have combinations of said shapes
and for example be conically shaped only on the outlet side. The suction
channel can be regular, irregular, symmetrical or asymmetrical in shape, so
that objects can be grasped in any position or only in a certain position.
In the food industry, it may not matter how an cbject is oriented. In surgery
or even in semiconductor technology, on the other hand, the orientaticn of
an object may be mandatory. The length and width of the suction basket are
selected so that an cbject can at least partially enter the channel opening
or the channel entrance. The length of the suction kbasket can therefore be
only a few millimetres or a few centimetres. Faor example, the dimensions of
the suction basket are adapted to food objects, such as nuts, fruits, or
parts thereof. If the suction basket is detachably mounted, a suitable
suction basket can be mounted in each case. A surgeon will choose a suction
basket that is adapted to the corresponding work process, tissue to be picked
up or tools. The channel opening or the channel entrance is preferably
adapted to the dimensions of the objects to be picked up and can, for example,

be stepped.

With a suction unit of this preferred design, objects of any shape can be

gently grasped and transported.

The use of the suction basket alsc improves the efficiency of the suction

unit, which can be operated at lower pressure.

The efficiency of the suction unit can be further improved with the suction
body belng connected or connectable to a suction bell which encloses the
suction body separated by a return duct which opens on one side into the
suction basket provided on the suction bell and on ancther side into at least

one outlet opening which may be provided in the wall of the suction bell.

The medium is returned through the return channel and, 1f necessary, fed
back to the campressed air device, resulting in an at least partially clased
circuit. Since the gasecus medium in the circuit is always in moticn, only

a small amount aof energy is required to caonvey it, which can be supplied by
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a simple blower that conveys the circulated medium to keep the media flow

constant.

The circulaticon of the gasecus medium also improves 1ts flow behavior.
Turbulence and stall are reduced or avoided, so that an increased flow

velocity and pressure can build up.

The use of the sucticon bell not only further increases the efficiency of the
suction unit, but also provides additional advantages. The cantrolled
recirculation of the medium prevents disruptive effects on the environment,
such as turbulence of object particles or tissue particles cor undesirable
flows along the treated tissue during a surgical procedure. Furthermore, it
is largely prevented that particles from the production process or impurities

can enter the suction unit.

Preferably, a filter 1s provided 1in the suction unit, which prevents

impurities from being circulated with the media flow.

The suction basket 1s preferably integrally connected or optionally
connectable with the suction plate or the suction body and/or the suction
bell. The suction basket can be screwed to the suction body, connected by an
interference fit or otherwise. For example, the suction basket comprises an
annular flange with an internal thread which can be placed on an external

thread on the suction body.

The suction bell can be connected to the suction body or to a mounting plate,
which may be connected to 1it, in one piece or by screws or by means of
integrally formed connecting elements, such as threaded elements or elements
of a bayonet lock. In this way, a cquick release fastener is realized, which
allows to remove the suction bell in order to clean the suction unit or to
put on another suction bell adapted to the manipulated objects or with which

the dimensioning of the air ducts or the circulated air flow i1s adapted.

Suction of objects is facilitated if they are held centrally and sucked in
along the central axis of the sucticn unit. The suction units are therefore
preferably provided with a centering device which allows a sucticned object
to be guided against the central axis of the suction unit and held in a
centralized manner. The centering unit may be connected to the suction body
and/or to the deflection unit, if provided, and/or to the suction basket, if
provided, and/or to the suction bell, if foreseen. The centering device may

be made of the same materiazl as the suction body, the suction basket, the
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deflection unit, or the suction bell. Furthermore, the centering device can

be made of any material, such as metal and plastic.

Inventive suction devices comprise one or more inventive sucticon units with
a suction basket and/or without a suction basket and preferably comprise a
drive device, optionally a robot, by means of which the suction units can be
maved between at least one pick-up location and at least one delivery
location. The drive device, which 1s electrically, hydraulically or
prneumatically driven, is preferably controllable by means of a control unit,
sa that the work processes in which the suction units are inveolved can run
auntomatically. The control unit can be connected to sensors by means of which
the work praocesses can be monitored, and the process steps can be correctly
timed. Preferably, the processes or the objects, which are preferably held
by completely or partially transparent suction units, are monitored by

cameras.

In preferred embodiments, the suction device comprises at least one
distribution device, which is preferably designed in the form of a cuboid,
a cylinder or a cylinder segment, and which holds a plurality of suction
units, which are preferably arranged uniformly distributed and to which
compressed air can be supplied jointly via at least one distribution duct or

individually wvia at least cone pressure line.

The distributicn device preferably comprises several receiving chambers,
each of which is open towards the distribution channel through at least ane
chamber opening and in each of which receiving chambers a sucticn unit is
arranged, which is tightly sealed against the border of the chamber opening
by a sealing element, for example a sealing ring. The suction units can
therefaore be mounted as desired in the receiving chambers and connected to
the distribution channel. Preferably, a locking element, for example in the
form of a clamp, 1is provided, which can be inserted inte the receiving
chamber and positively connected to the suction body of the suction unit in
such a way that the suction unit is pressed against the sealing element. By
removing or pulling out the locking element, each of the suction units can

be easily removed, cleaned and reinserted.

In preferred embodiments, it is provided that a gasecus medium can cpticnally
be introduced intoc the entry channels of the sucticon units wvia a first

distribution channel or a first pressure line respectively.
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In further preferred embodiments, the gaseous medium can additionally be

introduced inta the cutlet channels of the suction units opticnally wvia a

second distributicon channel or a second pressure line respectively.

By means of the contrcl unit, wvalves can be controlled in such a way that
the gaseous medium is selectively introduced into the entry channels and/or
into the cutlet channels at the desired time intervals. Preferably, a control
program 1is provided in the control unit which can control the drive device
with which the suction units are moved and the media flows by means of which

objects are coupled to or decoupled from the suction units.

The suction body, the suction plate, if present the suction basket, which
are preferably connected to each other in one piece, and/or the deflection
unit are preferably made of an elastic or transparent material or of an
elastic and transparent material, such as acrylic. By using the transparsent
material, the objects sucked in by the suction units remain visible and can
be monitored by a camera with regard to their condition, their dimensions
and their orientation. Image data from the camera are evaluated, for example
in the contrel unit, and 1f necessary, compared with patterns so that
defective aobjects can be sorted out. For example, defective objects are
transported further and dropped at a collection point by removing the suction

pressure and/or ejected by means of compressed air.

The suction body and/or the deflection unit, if provided, and/or the suction
basket, if provided, and/or the sucticn bell, if provided, can be made of
the same or different materials, such as metal or plastic. For example, the
suction body may be made of plastic and may be connected or connectable to

a suction basket or suction bell made of plastic aor metal.

Below, the invention 1is explained in detail with reference to drawings.

Thereby shows:

Fig. 1 a cutting device 2 and a symbolically shown inventive suction
device 1 with inventive sucticon units 10, which are movable by
means of a drive device 5 in order to receive cbjects provided by

the cutting device 2;

Fig. Z2a a part of the cutting device 2 as well as the suctiaon device 1 of

Fig. 1 with suction units 10, by means of which separated disc-
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shaped objects P can be grasped and transported to a delivery

location;

an inventive suction device 1 with several suction units 10
arranged in a distribution device 2, to which caompressed air can
be supplied via at least one valve 72, which can be contrclled by

a control unit 8 wia a cantrol line 87 shown symbolically;

one of the suction units 10 in enlarged view with a sucticon plate
11 and a deflecticon unit 12 arranged therein, by means of which a
supplied gaseous medium is deflected laterally or radially over

the sucticn plate 11;

the deflection unit 12 of Fig. 2c¢, which is designed as a body of
rotation and for this purpose has a deflection head 121 to which

a mounting element 122 is connected;

a section through the distribution device 2 of Fig. 2a after
removal of one of the suction units 10 from a receiving chamber
21 of the distribution device 2, which is joined to a distribution

channel 20 through a chamber opening 210;

a deflection unit 12 with a deflection head 121, the underside of
which is concave ta be able to partially receive an sucked-in

ohject;

a deflecticon unit 12 with a deflection head 121, the upper side
of which is straight and provided with radially extending recesses

120;

a deflecticon unit 12 with a deflection head 121, the upper side

of which is straight;

an inventive suction unit 10 in a preferred embodiment having a
suction body 16 which holds or is integrally connected to a suction
plate 11, 1n which three radially aligned suctlon channels 111

are provided, which are displaced by 120° with respect to one
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another and in which the outlet openings 140 of outlet channels

14 are arranged;

the suction unit 10 of Fig. 3a in sectional view;

the suction unit 10 of Fig. 3a 1n sectional vwview with three

additional deflection units 12A, 12B and 12C;

a sectional wiew of the suction unit 10 of Fig. 3c;

a suction unit 10 having a suction body 16 in which entry channels
13 and cutlet channels 14 and cutlet ocpenings 140 are located
between the suction channels 111, and a central bore divided by a
partition 130C intc an inlet channel 130A and mounting channel
130B, which serves for aptional mounting of the shown deflectiaon

unit 12;

the suction unit 10 of Fig. 3a with a lamellar elastic suction

plate 11;

the suction unit 10 of Fig. 5a in sectional view;

a part aof a preferably designed suction unit 10 with suction
channels 111, the cross-section of which is at least approximately

constant over its entire length;

a suction unit 10 in secticnal view with a suction plate 11, to
which a suction basket 161 is connected, which encloses a
downwardly open receiving channel 1600, with twelve entry channels
13 connected to an inlet channel 130, which are directed directly
into the edge region of the receiving channel 1600, wherein no

deflection unit is provided;

a suction unit 10 according to Fig. 6a in sectional view with a
suction plate 11, which is provided with a deflection unit 12 and

to which a suction basket 161 is connected, which optionally has
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one or more wall openings 160 and encloses a downwardly open

receiving channel 1600;

a sucticon unit 10, for example according to Fig. 3a, which is
provided with a centering device 4 which 1s connected to the
deflection unit 12 and which allows a sucked-in object P to be
guided against the central axis x of the suction unit 10 or of

the deflection unit 12 and to be held in a centralized manner;

a suction unit 11 with a suction basket 161, which encloses a
receiving channel 1600 without wall openings, and is provided with

an cpticonally provided centering device 4 according to Fig. 6oy

the sucticn unit 10 of Fig. &6d with a simpler centering device 4,
which has three evenly spaced rod-shaped centering elements 41
aligned along a conical surface, which are held by the deflector

element 12;

the suction unit 10 of Fig. &d with a centering device 4, which
has three evenly spaced wire-shaped or rope-shaped centering
elements 41 aligned along a conical surface, which are held on
the one hand by the deflecting element 12 and on the other hand

by the outlet-side edge of the sucticn basket 161;

the suction unit of Fig. 6f with a mounting element 1211 on the
deflection head 121 o<f the deflection unit 12, to which the

centering elements 41 are attached;

the sucticn unit 10 of Fig. 6d with a grid-shaped centering device

4;

the suction unit 10 of Fig. &d with a centering device 4 having
three centering elements 41 evenly spaced and aligned along a
conical surface, which are held by the outlet-side edge of the

suction basket 161;
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the suction unit 10 of Fig. 6d equipped with a holding flange 1615
holding a flange ring 44 with a centering device 4 comprising a

blade-shaped holding element 4100;

a preferably modularly constructed suction unit 10 with several
suction units 10 according to one cof the figures ea to 63 in

sectional view;

a suction unit 10 acccording to Fig. 6b in sectional view with a
suction plate 11, intoc which a deflection unit 12 or merely a
sealing pin 122 is to be inserted and teo which a suction basket
161 is connected, which optionally has one or more wall openings
160 and encloses a downwardly open receiving channel 1600, which

has corresponding recesses 1611, 1612 for receiving articles;

a suction device 1 with two suction wheels 1A, 1B, which are
peripherally equipped with sucticn units 10 according to one of
the figures Figs. 6a - 6k and by which objects P are picked up at
a pick-up locaticon and delivered at a delivery loccation to a

conveying device 200;

a part of the suction device 1 of Fig. 7a with the second suction
wheel 1B, from which cbjects P are delivered to transport units

61 of the convevyor device 900;

in exploded view a sucticn unit 10 with a mounting plate 168, the
suction body 16 and a sucticn bell 6, to which a suction basket

161 is connected;

the assembled suction unit 10 of Fig. 8a with the suction body
16, which is inserted into the mounting plate 168, and the suction
bell 6, which encloses the sucticn body 16 separated by a return

channel &0 and which is connected to the mounting plate 168;

the sucticn unit 10 of Fig. 8a with the suction bedy 16, which is
integrally connected to the sucticn bell & by the suction basket

161 which is provided with wall openings 160;
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the assembled suction unit 10 of Fig. 9%a;

the suction unit 10 of Fig. 8a with the sucticon body 16 integrally

connected to the mounting plate 1638;

the assembled sucticon unit 19 of Fig. 10a;

the suction unit of Fig. 10a with a suction bell 6 having a
conically shaped suction basket 161 with a small channel opening

1610 for gripping small cbjects;

a suction device 1 with the sucticon unit of Fig. 1la with a slit-
shaped channel opening 1610 adapted to a rod-shaped object or a

rod-shaped cbject P;

the channel opening 1610 of the sucticon unit 10 of Fig. 10a in

enlarged view;

the suction unit of Fig. l1lla with a suction bell &, which has on
the inside several separating elements 1601, which after assembly
of the suction bell & connect to the suction body 16 and delimit

wall openings 160;

the assembled suction unit 10 of Fig. 12a;

the suction unit 10 of Fig. 10a with a suction bell & which is
connectable to the mounting plate 168 by a bayonet lock having

locking elements 69, 169;

the suction unit 10 of Fig. 10a with a suction bell &, which is
connectable to the mounting plate 168 by a screw cap having closure

elements 69, 169;

a sucticn unit 10 according to Fig. 6a, but optiocnally with a
deflection unit 12, in sectional wview with a suction basket 161,

which encloses a downwardly open receiving channel 1600 and which
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connects at the top to the suction plate 11 and at the bottom to

a ring plate 15, which comprises lower suction channels 115; and

Fig. 1e a sucticon unit 10 according to Fig. 6b, but optionally with a
deflection unit 12, in secticonal wview with a suction basket 161,
which encloses a downwardly open receiving channel 1600 and which
is connected at the taop to the suction plate 11 and at the bottom
to a ring plate 15, which comprises lower suction channels 115,
wherein the suction basket 161 comprises several wall copenings

160, which can be covered by means of an adjusting sleeve 3.

Fig. 1 shows in symbolic representation an inventive suction device 1 with
inventive suction units 10, which are movable by means of a drive device 5
to pick up objects provided by a cutting device 9. The suction units 10 are
preferably supplied with a flow of a gaseous medium by a blower 95 or a pump.
The cutting device 9 comprises a wplurality of blades 91 connected to
ultrasonic transducers 922 and supported by a blade holder 93 to which are
coupled actuators 99 hingedly connected to a framework 20, by means of which
the blades 91 can perform movements within a working space to separate from
a process material an cbject that can be picked up, transported and delivered
again by means of the sucticn units 10. The suction device 1 and the cutting
device 9 or the working processes of these devices are synchronously
controlled by a control unit 8. Preferably, the blaower 925 or the pump 95,
for example a piston pump, 1is alsc controlled by means of the control unit

8.

Fig. 2a shows a part of the cutting device 9 of Fig. 1 as well as an inventive
suction device 1 with suction units 10, by means of which separated disk-
shaped cbjects P can be grasped and transported to a delivery location. The
blades 91 are connected by curved coupling elements 922 tao the ultrasonic
transducers 92, to which alternating woltages with fregquencies in the
ultrascnic range can be supplied via connecting leads 921. The blade holder
93 includes mounting devices 931 by means of which the ultrasonic transducers

92 can be mounted by screws.

B process material PO, for example bread, is fed on a conveyor belt 99, which
is cut inte slices or product units or objects P. The objects P are gripped
and held by the suction device 1 or suction units 10 of the suction device

1 and can be conveyed ar maoved from the pick-up location to a delivery
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location. For this purpose, the suction device 1 comprises a tubular drive
device 5 which is rotatably held by a mounting ring 51. The picked-up cbjects
P can therefore be rotated from the pick-up position shown, for example by
90° downwards, to a delivery position. At the delivery position, several

objects P are typically stacked and conveyed further by means of a conveyor

belt.

Fig. 2b shows an inventive suction device 1 with several suction units 10
arranged in a distribution device 2, to which campressed air can be supplied
via at least cne wvalve 72, which can be contrclled by a contrel unit 8 wvia
a control line 87 shown symbolically. The compressed alr supplied via supply
lines 71 is distributed to all suction units 10 wvia the distribution device
2, which has a distributicn channel. A drive device 5 1is symbolized by
arrows, tao which a control signal 81 can be supplied by the control unit 8
in order to actuate the drive device 5 or to move and, if necessary, rotate

the sucticon units 10 along any desired path.

The control unit 8 can control the entire working process, the conveyor 29,
the cutting device 9 with control signals 89, the suction device 1 with
control signals 81, wvalves 72 with control signals 87 and a conveyor device
900 (see Fig. 7b}, which transports away conveyed aor stacked objects P, with

control signals 86.

Fig. 2c shows an enlarged view of one of the suction units 10 inserted in
the distribution device 2. It can be seen that in this preferred embodiment,
a plurality of shaping elements 113 are provided on the underside of the
distribution device 2, which can engage with the object P and prevent lateral
displacement. The received objects P are therefore held securely even at
greater accelerations. The suction units 10, which are preferably designed
as rotating bodies, have a suction plate 11 and, in this preferred embodiment,

a deflection unit 12.

Fig. 2d shows the deflecticn unit 12 of Fig. 2c, which is designed as a
mushroom-shaped body of rotation and has a deflection head 121 and a pin-
shaped mounting element 122 adjoining the deflection head 121. Cn the side
facing the suction plate 11, the deflecticn head 121 has a circumferential
groove-shaped depressicn 120 which preferably extends in a rounded manner
towards the edge of the deflection head 121. In a section through the axis
of rotation, the deflection unit 12 thus has at least approximately an

anchor-shaped cross-section.
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Fig. 2f shows a deflecticon unit 12 with a deflection head 121, the underside

of which is concave in order ta be able to partially receive and hold centered

a sucked-in cobject P, for example a nut acceording to Fig. 6c.

Fig. 2g shows a deflection unit 12 with a deflecticn head 121, the upper

side of which is straight and provided with radially extending recesses 120.

Fig. 2h shows a deflection unit 12 with a deflection head 121 whose upper
side i1s straight. By designing the deflection unit 12 and the deflection
chamber 115 accordingly, the circular cutwardly extending deflecticn channel

110 can be adapted to the respective requirements.

Fig. 2e shows a secticon through the at least approximately cuboid
distribution device 2 of Fig. 2Za, which has a distribution channel 20 and
numercus receiving chambers 21. The distributicn channel 20 1is separated
from the receiving chambers 21 by a separating plate 22 pbut has a chamber
opening 210 for each of the receiving chambers 21. Caompressed air can
therefore be supplied through the distribution channel 20 and the chamber
openings 210 to the sucticon units 10 in the receiving chambers 21. The
suction units 10 can be inserted in a simple manner inta the receiving
chambers 21, closely adjacent to the chamber openings 210. A sealing ring 24
is provided on the top of the suction units 10, which fits tightly against
the barder of the chamber opening 210 and ensures that the compressed air
can only escape via the suction unit 10. The suction units 10 have a suction
body 16 which is enclosed by an annular groove 166. An inserted suction unit
10 can be fized in a simple manner by means of a fork-shaped clamp 25, which
is inserted into the receiving chamber 21 through adapted openings in such
a way that it engages in the annular groove 166 of the inserted suction unit
10 and thereby holds it. Suction units 10 can therefore be loosened and
removed with a handgrip and reinserted, for example, after maintenance work.
A strip 29 is mounted on the underside of the distribution device 2, which
has through-openings 29%0 for the suction units 10 and shaped elements 113

which can engage in the surface of sucked-in cbjects P and fix them in place.

The inventive sucticn device 1 can therefore be manufactured, assembled and

also maintained in a simple manner.

Fig. 3a shows an inventive suction unit 10 in a preferred embodiment with a
suction body 16 holding a suction plate 11 which is provided with three
radially aligned suction channels 111 displaced by 120° relative to each

other.
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Fig. 3b shows a secticnal wview of the suction unit 10 of Fig. 3a, which is
designed as a rotating body. The suction plate 11 is integrally connected to
the suction body 16, which is made of a plastic, for example, and is slightly

offset from it by a circumferential annular groove 166.

The suction body 16 has an inlet channel 130 coaxial with the axis of
rotation, from which several entry channels 13 branch off. From below, a
deflection unit 12, as shown in Fig. 2d, 1is inserted with the mounting
element 122 into the inlet channel 130 so that the inlet channel 130 is
closed at the front and the gaseous medium or compressed air can only reach
the front of the suction plate 11 through the outwardly extending entry

channels 13.

ks also shown in Fig. 4, the suction plate 11 has a preferably cylindrical
recess which serves as a deflection chamber 115. The outlet aopenings of the
entry channels 13 are arranged within the deflection chamber 115 behind the
deflection head 121 of the deflection unit 12, so that the inflowing medium
can be introduced toc the rear side of the deflection head 121 and from there
into a deflection channel 110, which is delimited on the cne side by the
front side of the suction plate 11 and on the other side by the rear side of
the deflection head 121, if the deflection unit 12 has been inserted. If no
deflection unit 12 is inserted, the deflection channel 110 is delimited by
the sucked-in abject. The gaseous medium is guided radially ocutward through
the deflection channel 110 sc that it can flow through the three suction
channels 111 on the one hand and between the sucticon plate 11 and a sucked-

in object (not shown} an the other hand, causing a corresponding vacuum.

The suction channels 111 are radially extending recesses within the suction
plate 11 and extend from the deflection chamber 115 preferably to the outer
edge of the suction plate 11. After the suction of an object P, it is
therefore always ensured that the medium can escape through the suction
channels 111, which are preferably open on the outlet side, and that the
desired suction effect is always ensured along the suction channels 111,

irrespective of the nature of the sucked-in object P.

Preferably, a plurality of uniformly distributed suction channels 111 1is
provided. Particularly advantagecus 1is the arrangement of three evenly
distributed suction channels 111, which for example run radially outward and

are offset from each other by 120°.
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Preferably, several evenly distributed entry channels 13 are provided.
Particularly advantageous are six evenly distributed entry channels 13, which
are inclined outward and offset from each other by 60°. In this embodiment,

the entry channels 13 define a pyramid with a corresponding number of edges.

Fig. 3b further shows that outlet channels 14 are routed through the suction
bady 16, the outlet openings 140 of which are arranged within the suction
channels 111.

Exemplarily, it is shown that compressed air can be introduced through a
first valve 724 into the inlet channel 130 and further intec the entry channels
13 and through second walves 72B into the outlet channels 14. Symbolically,
it is shown that the decentrally arranged valves 72A, 72B can be cantrclled
by the control unit 8 (see Fig. 2b) by means of control signals 87A, B87EB.
Optionally, therefore, compressed air can be passed through the entry
channels 13 to draw in an cbject P or into the cutlet channels 14 to discharge
the held object P at desired time intervals. The elements 724, V2B shown may
also be simple connection elements through which compressed air is supplied
to the suction unit 10. In this case, valves are provided centrally, allowing

simpler electrical wiring of the control lines 874, 87B.

By introducing compressed alr through the outlet channels 14 directly into
the suction channels 111, a pressure can be guickly built up there over a

relatively large area, by means of which the held cobject P is repelled.

Fig. 3c¢ shows the suction unit 10 of Fig. 3a in secticnal wview with three
additicnal deflection units 12A, 12B and 12C arranged concentrically to the
central deflection unit 12 according to Fig. 3a. Each of the additional
deflection units 12A, 12B, 12C is also associated with an inlet channel 130,
entry channels 13 and a deflection chamber 115. In turn, sucticon channels 11
can adjoin the deflection chambers 115. In the embodiment shown, however, no
sucticon channels 111 are directly assigned to the deflection units 124, 12B,
12C. The gaseous medium is therefore directed by the deflection units 124,
12B, 12C over the surface of the suction plate 11, thus avoiding direct
contact with the sucked-in object. The central deflection unit 12 and its
suction channels 111 thus ensure that the cbhject is reliably sucked in, while
the other deflection units 12A, 12B, 12C also develop a sucticn effect and
additicnally prevent contact with the suction plate 11. In this way,
separation from the object by a media film can be realized with a good

suction effect.
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Fig. 3d shows a secticnal view of part of the suction unit 10 of Fig. 3c. It
is shown that the media flow can enter the deflection chamber 115 wia the
inlet channel 130 and the entry channels 13, where it is guided radially
ocutward in the annular deflection channel 110. From the deflection chamber
115, the media flow can enter the suction channels 111 laminarly wvia a

preferably rounded surface.

Fig. 4 shows a preferably designed suction unit 10, which can copticnally be

equipped with a deflection unit 12.

The sucticn body 16 of the suction unit 10 of Fig. 3b is provided with outlet
channels 14 and outlet aopenings 140, which are located between the suction
channels 111. It is also possible to arrange the ocutlet openings 140 inside
and outside the suction channels 111. Symbolically, the course of the media

flows controlled by valves 724, 72B is shown.

The crass—-section of the suction channels 111 is clearly wvisible in this
illustration. At the channel inlet adjacent toc the deflection chamber 115,
the channel cross-section has a minimum size which increases by a factor of
5 to 10 up to the channel outlet. Such a course allows the diameter of the
suction plate 11 to be increased and larger, possibly also heavier, objects
P to still ke held securely. The dimensioning of the suction channels 111
with the course of the depth and width can be adapted to the nature of the
objects P as required. The cross-sectional shape can be constant or increase
or decrease radially outwards. Dotted lines indicate that the bottom 1110,
1110* of the suction channels 111 can be lowered to the height of the bottom
of the deflection chamber 115, so that the height of the deflection chamber
115 corresponds appraoximately to the depth of the suction channels 111. In
this case, the transition from the deflection chamber 115 to the suction

channels 111 is smooth and the gaseous medium can flow away unhindered.

In this preferred embodiment, the suction body 16 has a central bore which
is divided by an intermediate wall 130C into two parts 130A, 130B which are
campletely separate from cne another. Compressed air can be intrcocduced into
the upper part 130A of the central bore, from which preferably six entry
channels 13 branch coff, via a valve 72A shown schematically. The lower part
130B of the central bore forms a mounting cpening 130B intco which the mounting

element 122 of the deflection unit 12 can be inserted.

The lower part 130B can alsc be completely filled so that no deflecticn unit

12 can be used. Alternatively, a pin can be inserted detachably into the
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mounting opening 130B. If no deflection unit 12 is used, the depth of the

suction channels 111 is preferably increased.

The functicn of the outlet channels 14, which are only opticnally provided,

has been explained with reference to Fig. 3b.

Fig. 5a shows the suction unit 10 of Fig. 3a with a lamellar elastic suction
plate 11. The diameter of the suction body 16 has been reduced and is only
slightly larger than the diameter of the receiving chamber 115. the suction
plate 11 therefore consists peripherally of a thin annular lamella which can
deform and adapt to a held object P under the action of the suction force.
For this purpose, the suction plate 11, which is preferably integrally
cannected to the suction body 16, 1s made of an elastic material. The suction
plate 11 can also be a thin metal plate into which the suction channels 111
are formed or stamped. A suction plate of this type can be connected to a
centrally arranged sleeve which 1s connected te the suction bedy 16, for

example glued, screwed or pressed.

Fig. 5b shows the suction unit 10 of Fig. 5a in secticnal view.

Fig. 5c shows a sectional view of a preferably designed suction unit 10 with
a lamellar suction plate 11, which has suction channels 111 with a constant

channel cross—-section.

The channel cross-section of the suction channels 111 of suction units 10
according to the invention can therefore be constant or change as described
above. The cross—-section at the outlet and at the inlet of the suction
channels 111, which have a constant or changing channel cross—-section, can
be specially selected. The channel cross-section facing the deflection
chamber 115 may be very small. The channel cross-section at the cuter end of
the suction channels 111 may be unchanged or reduced. In this case, it is
possible that the gaseous medium is displaced from the sucticon channel near
the edge of the sucticon plate and must escape between the suction plate and
the held object in a thin film of medium. In this way, fluttering or
detachment of the periphery of the object from the suction plate can he
avoided. Such an embodiment with peripherally closed suction channels 111 is
preferably provided for objects that have a very low inherent stability and

should be peripherally secured.

Fig. 5c further shows that the bottom side of the deflection head 121 of the

deflection unit 12 and the front side of the suction plate 11 are aligned at
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least approximately in one plane. In this way, a sucked-in object P 1is
supported in a plane so that it cannot deform. If desired, the deflection
unit 12 can alsc be shifted inward so that i1t deviates, for example, a
fraction of a millimeter from the plane defined by the front side of the

suction plate 11.

Schematically, it is further shown that the mounting element 122 of the
deflection unit 12 has a formation which serves to lock the mounting element
122 in the central bore 130. Preferably, the formation 1s annular and
surrounds the mounting element 122 with a thickness, for example, 1in the
range of 1/10 mm - 1/100 mm. Several such sealing rings may also be provided,
by means of which the mounting element 122 is locked in the inlet channel

130.

Fig. ®a shows a suction unit 10 in sectional view with a suction plate 11,
to which a sucticn basket 161 is connected, which encloses a downwardly open
receiving channel 1600. The suction unit 10 comprises a suction body 16,
which can be mounted in a device according to Fig. 2e, and twelve entry
channels 13, which are connected to an inlet channel 130 and are directed
outwards inta the edge region of the receiving channel 1600 against the
inside of the suction basket 161. The gaseous medium flowing in through the
entry channels 13, which adjacent to one ancother preferably enclose equal
angular spacings, is therefore blown against the inner wall of the suction
basket 161, where it forms a thin, hollow cylindrical film that flows downward
at a high flow wvelocity. & pressure reduction 1s thus formed in the flow
zone through which an object can be sucked in. It should be noted that the
object itself additicnally shifts the stream flow cutward and further reduces
the flow cross-section, which 1s why the flow wvelocity and the negative
pressure within the sucticn basket 161 additiocnally increase. In this
preferred embodiment, a centering device 4 is also provided, by means of

which the sucked-in object 1s kept centered.

Since a thin fast-flowing media film is inevitably formed on the inside of
the suction bkasket 161, a deflection unit 12 is optionally omitted in the
embodiment of Fig. 6a. The sucticn plate 11 is therefore tightly sealed in

the middle and anly has openings for the entry channels 13.

Fig. &b shows a sucticon unit 10 preferably according to Fig. 3a with a
suction plate 11, to which a suction basket 161 is connected, which encloses

an outwardly open receiving channel 1600 and in this embodiment is provided
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laterally with wall openings 160. The suction kasket 161 1s integrally
connected to the sucticn bedy 16, which in turn has a suction plate 11 and
a deflection unit 12 at the front. The dimensicons of the suction basket 161
are preferably adapted to the objects P. For example, the suction basket 161
is hollow-cylindrical in shape and, 1f necessary, peripherally conical in
shape, so that objects P can be grasped more easily. On the other hand, the
suction basket 161 can alsoc have an oval, rectangular or polygonal cross-—

section.

The basket openings 160 are preferably closable by means of a closing element

3, as shown exemplarily for the suction unit 10 according to Fig. 16.

The sucticn units 10 of Fig. &a and Fig. &b, which are provided with a
suction basket 161, can be used to grasp and securely hald objects P that do
not hawve flat surfaces. For example, nuts, for example hazelnuts, can be
grasped and held. The height of the suction basket 161 is dimensioned
according to the size of the objects P or a fraction theresof. Preferably,
several rows of superimposed wall openings 160 are provided through which

the media flow can escape laterally.

Preferably, sucticn units 10 as described above are provided with a suction
basket 161. However, 1t 1s also possible to provide conventional suction
units, which have a suction body 16 with at least one entry channel 13, a
suction plate 11 firmly or detachably connected to the suction body 16, and

a deflection unit 12, with a suction basket 161.

It should also be noted that the suction basket 161 of the suction unit 10
of Fig. 6a has no wall openings. In this embodiment, 1t must therefore remain
ensured that no stall cccurs when the cbject is picked up, which would cancel
out the suction effect. This is ensured in particular by the type of sucked-

in objects as well as by the centering device 4.

The sucticn basket 161 of the suction unit 10 of Fig. 6b, however, has wall
openings 160 at different heights. The wall openings 160 ensure that no stall
occurs when an object is sucked intc the sucticon basket 161. When the object
P enters, the wall openings 160 of different heights are sequentially closed
until only the uppermost wall openings 160 are exposed. This ensures that
the media film runs as far down as possible and that an ocoptimum suction
effect is still achieved as far down as possible. It 1is alsc possible to
keep only the three uppermost wall openings 160 or wall slects 160 open, but

this changes the course of the media film.
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Fig. 6c shows a suction unit 10 e.g., according to Fig. 3a, which is provided
with a centering device 4, which is connected to the deflecticn unit 12 and
which allows to guide a sucked-in irregular, e.g., roundish object P against
the central axis x of the suction unit 10 respectively of the deflection

unit 12 and to keep it centered.

The sucticon unit 10 in turn comprises a deflection unit 12, by which the
centering device 4 is held. Centering devices 4 are preferably funnel-shaped,
50 that objects picked up are automatically guided upwards towards the funnel
axis x. To ensure that air circulation is not interrupted, ocpen or air-

permeable centering devices 4 are used.

The centering device 4 shown comprises three centering elements 41 aligned
along a cone, which at one end form the cone tip held by the deflection unit
12 and which at the other end are connected to each other by a receiving
ring 42. By means of the receiving ring 42, an abject P, for example a nut,
can be pre-centered sa that it can subsequently be more easily sucked along
the centering elements 41 against the deflection unit 12 and centered. The
effect of the centering device 4 is that the object P 1s held centrally, and
the gaseous medium can flow over it in the manner of an umbrella. The suction
force can therefore develop uniformly, whereby the object can be held

securely.

Fig. ©&d shows a suction unit 11 with a suction basket 161, which has no
lateral wall openings, and which encloses a receiving channel 1600, and with
an opticonally provided centering device 4 according to Fig. 6c. The suction
basket 161 ensures that the gasecus medium can flow laminarly downward or
outward along 1its cylindrical inner wall, whereby a uniform cylindrical
medium flow is forcibly created and a negative pressure results in the center
of the receiving channel 1600, which ensures the safe suction even of cbhjects

P having an unfavorable shape.

By the centering device 4 it is again ensured that the object P is centered
and does not come intoc contact with the media film. Without the centering
device 4, the suction of the objects P would also succeed advantagecusly,

whereby the reliable detection of the cbjects P could take somewhat longer.

Fig. 6e shows the suction unit 10 of Fig. 6d with a simpler centering device
4, which has three evenly spaced rod-shaped centering elements 41 aligned
along a conical surface and held by the deflector element 12. A retaining

ring 42 has been dispensed with. The centering elements 41 are aligned in a
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straight line. In preferred embodiments, however, the centering elements are

bent slightly outwardly sc that they can securely grip objects P in a wider

environment.

Fig. 6f shows the suction unit 10 of Fig. 6d with a centering device 4, which
has three evenly spaced wire-shaped or rope-shaped centering elements 41
aligned along a conical surface, which are held on one side by the deflecticn
element 12 and con the other side by the ocutlet-side edge of the suction
basket 161. The centering elements 41 are anchored at one end in the
deflection element 12 or in the deflecticn head 121 and are provided on the
other side with a mounting ball 46, which is anchored in a mounting opening

1680 on the outlet side in the edge of the suction basket 161.

Fig. 6g shows the suction unit of Fig. &f with a mounting element 1211 on
the deflection head 121 of the deflection unit 12, to which the centering

elements 41 are attached.

Fig. 6h shows the suction unit 10 of Fig. 6d with a grid-shaped centering
device 4, which has grid rods or grid cables as centering elements 41, which
are anchared in the suction basket 161 with mounting balls 46. In this
embodiment, the hollow-cylindrical media flow is shown running downward in
the receiving channel 1600 along the cylindrical kasket wall and generating
a wvacuum in the region of its central axis, alang which an object P, for

example a nut, is guided against the centering device 4.

Fig. 6i shows the suction unit 10 of Fig. 6d with a centering device 4, which
has three evenly spaced centering elements 41 aligned alcong a conical
surface, which are held by the outlet-sided edge of the suction basket 161
and are inclined with their ends towards the central axis x. The centering
elements 41 form an open funnel, which ensures that the objects P are not

guided against the inner wall of the suction basket 161 and ejected again.

Fig. ©¢j shows the suction unit 10 of Fig. 6d equipped with a holding flange
1615, which holds a flange ring 44 with a centering device 4 comprising a
blade-shaped heolding element 4100. This centering device 4 can bhe used to
advantagecusly hold lighter and less dimensicnally stable cbjects. It is
also possible to use a shorter suction basket 161. The flange connection can

also be used in the embodiment of Fig. 6&1i.

Fig. 6k shows 1in secticnal wview a preferably modular sucticn unit 10 with

several sucticn units 10 according to one of the figures ©a to 63j, which are
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each provided with a deflection unit 12, 1ZA, 12B, 12C and a suction basket
161, 1el1A, 161B, 1&el1C. In each suction basket 1el1, 161a, 161B, 161C, a
centering device 4 with centering elements 41; 42 is preferably provided,
which can be configured as desired in order to coptimally grip and center

objects P.

This suction unit 10 allows several objects P to be picked up and dispensed
at the same time. Often, objects P should be picked up in a certain grid
and/or delivered again, 1if necessary to an intermediate product or to a
packaging. Since intermediate products and packaging often change, it 1is
preferably provided according to the invention that inventive suction units
10 are modular and can be assembled as desired. For example, suction body
madules 100 are provided which are connected to each other positively, non-
positively, or otherwise, optionally screwed to each other. Where
appropriate, suction body modules 100 are provided with one or more
deflection units 12 and sucticon plates 11, which can be assembled in the
manner of LEGO® modules. In this way, for example, the suction head of a
robot can be arbitrarily adapted to intermediate products and packaging. For
example, a suction head is assembled with suction units that allow to ke
grasped in a grid and inserted into provided chocolate. For example, the
suction unit 10 is designed in such a way that a chocolate can bhe loaded

with several nuts in a single operation during the manufacturing process.

Fig. ©1 shows a sectional view of a suction unit 10 according to Fig. 6b
with a suction plate 11 into which a deflection unit 12 or merely a sealing
pin 122 is to be inserted and to which a suction basket 161 is connected.
The sucticon basket 161 opticnally has cone or more wall ocopenings 160 and
encloses a downwardly open recelving channel 1600 which has corresponding
recesses 1611, 1612 for receiving objects. Exemplarily, 1t is shown that
rectangular obhjects can be received in the indentations 1611, 1612. For
example, first an object 1s recelved 1in the upper indentation 1612 and
subsequently an object is received in the lower indentation 1611. Provided
that the receiving channel 1600 is closed by one of the objects, the media
flow can flow out through the wall openings 160, thereby maintaining the
suction pressure. The number and design of the recesses 1611, 1612 can be

selected as desired.

The above-described suction units 10 or aggregates of suction units 10 are

preferably provided with suction channels 111. In particular, in the case of
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suction units 10 or aggregates of suction units 10 which are provided with

suction baskets 161, said suction channels 111 can also be dispensed with.

The features of the varicus embodiments of the suction units 10 can therefore
be combined as desired. The suction units 10 according to Figures 6a-61 can
thus adwvantagecusly be realized with or without suction channels 111. It
should be noted that in these designs the suction plate 11 is normally

separated from the objects P by the centering device 4 used respectively.

The opticnally provided centering devices 4 can be made entirely or partially
of metal or plastic. The parts can bhe of strong cor elastic design, wherebhy
care must be taken, for example by shaping, that objects P do not jam in the

centering device 4 and can be released again without difficulty.

Fig. 7a shows a suction device 1 with two sucticon wheels 1A, 1B, which are
peripherally equipped with suction units 10 according to one of the figures
6a to 6k and by which objects P are picked up at a pick-up location and
delivered to a conveying device 900 at a delivery location. The first suction
wheel 1A picks up objects P, for example nuts, from a container B and conveys
them to a transfer location, at which the transfer to the second suction
wheel 1B takes place, which transports the picked-up cbject P to the delivery
location and delivers 1t there to the conveying dewvice 200. The compressed
air supply to each suction unit 10 is preferably individually controllable
by a plurality of suction channels 2002, 200B sco that an object P can be
picked up by one suction unit 10 and at the same time an abject P can be
delivered by another suction unit 10. Each suction unit can also be supplied
with two pressure lines, the first of which is connected to entry channels
13 and the second to outlet channels 14. At the transfer point HO, a suction
unit 10 of the first suction wheel 1A, whose object P is ejected, and a
suction unit 10 of the second sucticon wheel 1B, which sucks in the cbject P,

are located opposite each other.

The control of the drive devices 5A, 5B of the suction wheels 1A, 1B and the
valves 72 of the suction channels 2004, 200B is performed by the control
unit 8 by means of control signals 81Aa, 381B; 874, 87B. The conveying device
900 is contreolled synchroncously with the suction wheels 1A, 1B by control

signals 86.

For synchronous contrel of the device units 14, 1B, or for checking the

position and guality of objects P held by transparent suction units 10, the
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control unit 8 preferably processes sensor signals S emitted by sensors SM,

typically optical senscrs or cameras.

Fig. 7b shows a portion of the suction device 1 of Fig. 7a with the second
suction wheel 1B, from which cbhjects P are delivered at a delivery position
to transport units 961 of the conveyor device 900. The transport units 61
are mounted on mounting plates 262 which are conveyed by a chain 963. At the
front, the mounting plates are removed. The transport units 261 are formed
in two parts and can be opened and closed. On the right side of Fig. Vb a
channel is shown into which the transport units 261 are retracted and clased.
To ensure that the transported objects P are dispensed correctly in terms of
time and do not remain briefly in the suction unit 10 or its suction basket
161, an air pulse 1is preferably introduced inteo the cutlet channels 14 at

the dispensing point, as shown symbolically.

Fig. 1 further shows that the suction units 10, as described above with
reference to the drawings, are supplied with caompressed air from a media
pressure device 95, a blower or a pump, via at least one line 950. A1l
inventive suction devices 1 and suction units 10 can advantageously be
operated with a blawer 95 comprising a propeller. It has been shown that a
reduction in the diameter of the inlet channel 130 and/or the entry channels
13 connected thereto can paradoxically increase the suction power or suction
force of the suction units 10. Using a blower device instead of a pump
significantly reduces the cost of the suction device 1. If necessary, two or

more blowers can be connected in series to increase the pressure.

Inventive suction units with an adapted inlet channel can already be operated
with a medium pressure in the range of 1 bar. The use of expensive piston

pumps can thus be avoided.

In order to select the optimum suction power of one of the suction units 10
described above in conjunction with a connected blower 95 or an aggregate of
blower units, the diameter of the inlet channel 130 and/or the entry channels
13 connected thereto is changed until objects P with maximum weight can be
captured. Particularly advantageocusly, a blower 95 can be used in conjunction
with suction units 95 as shown in Figures 6a - 6. By optimizing the inlet
channel 130 and/or the entry channels 13 adjeoining it, it can be ensured
that the air flow along the suction plate 11 and along the inner wall is
laminar, resulting in a correspondingly high negative pressure. In preferred

embodiments, it is provided that between the suction plate and the inner
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wall of the suction basket there 1s a transition running along a curve,

possibly along a circular line.

Fig. 8a shows an expladed view of a suction unit 10 with the suction body
16, a mounting plate 168 and a suction bell 6, to which a suction basket 161
is connected. In this embodiment, the suction body 16 is connectable to a
mounting plate 168 by screws or beolts 167. The mounting plate 1638 has a
transfer channel 1683, intoc which a nozzle 165 formed on the suction body 16
and connecting to the mounting channel 130 can be inserted. Furthermore, the

mounting plate 168 has an cutlet opening 1680.

The suction bell &, which can also be connected to the mounting plate 168 by
screws or bolts 167, has a bell chamber 600 inte which the suction body 16
can be inserted. &djacent to the underside of the suction bell 6 is the
suction basket 161, which encloses the suction channel 1600. The suction
basket 161 can therefore be integrally connected or connectable to the

suction body 16 or to the suction bell 6.

Fig. 8b shows a sucticn device 1 with the assembled suction unit 10 of Fig.
8a with the suction boady 16 inserted into the mounting plate 168 and the
suction bell &, which encloses the sucticon body 16 separated by a return
channel &0 and which 1s connected to the mounting plate 168. The suction
body 16 is connected only to the mounting plate 168 and proajects inta the
bell chamber 600 in such a way that the suction plate 11 is separated from
the suction kasket 161 only by an annular slot 1616 and that between the
inner wall of the suction bhell & and the suction body 16 only the return
channel 60, which is dimensioned as desired and encloses the sucticon body 16

annularly, is kept free.

From an alr pressure device or media pressure device 95, a medium L can
therefore be circulated through the suction unit 10, which generates a
negative pressure in the suction basket 161. The medium L discharged from
the media pressure device 95 runs through the inlet channel 130 and the entry
channels 13 of the suction body 16 to the deflecticn head 12 and is there
guided through the deflecticon channel 110 (see Fig. 3d), via the suction
plate 11, through the annular slct 1616, the return channel 80 and the at
least one outlet opening 1680 back to the media pressure device 95. Dirt
particles can be removed from the media flow in a filter F provided within

the circulation circuit, preferably in the blower 95.
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Due to the circulation of the medium, only little energy and hardly any
external medium Lx has teo be supplied to the media pressure device 95. The
suction device 1 and the suction unit 10 operate with mazimum efficiency. At
the same time, the medium L 1is not fed to the outside, thus aveoiding
undesirable effects on the work process and process materials. The suction
bell & also encloses the suction unit 10, which is why foreign materials can
hardly penetrate the suction unit 10; this is particularly the case when the

channel opening 1610 is adapted to the objects P to be sucked in.

The suction device 1 is shown schematically and can be designed as a tool

that is moved manually, by a robot or by another drive device.

Fig. 9a shows the suction unit 10 of Fig. 8a with the sucticon body 16, which
in this embodiment 1is integrally connected to the suction bell 6 by the
suction basket 161. The suction basket 161 is provided between the suction
bady 16 and the wall of the suction bell & with slit-shaped wall cpenings
160, through which the gaseocus medium is guided back to the outlet opening
1680 through the return channel 60.

Fig. 9b shows the assembled suction unit 10 of Fig. 9%a. The one-piece
production of the suction body 16 and the suction bell 6 allows the suction

unit 10 to be manufactured more cost-effectively and precisely.

Fig. 10a shows the suction unit 10 of Fig. 8a with the suction body 16
integrally connected to the mounting plate 168. Fig. 10b shows the assembled
suction unit 10 of Fig. 10a. Due to the one-piece production of the suction
body 16 and the mounting plate 168, the sucticn unit 10 can be manufactured

cost-effectively and precisely.

Fig. lla shows the sucticon unit of Fig. 10a with a suction bell &, which has
a conically shaped suction basket 161 with a small channel opening 1610 for
gripping small cbjects. The suction basket 161 can thus be of any shape and
advantagecusly adapted to the working environment. The suction basket 161
can also taper disproporticnately or concavely downward. The suction basket
161 can be rotaticnally symmetrical or approximately elliptical in cross

secticon, for example.

Fig. l1llb shows a suction device 1 with the suction unit of Fig. lla with a
slit-shaped channel opening 1610, which is adapted to a rod-shaped cbject P.
This adaptation allows objects P with high suction pressure to be safely

grasped without further particles being sucked in from the working area. The
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sucked-in object closes the adapted channel opening 1610. The high efficiency
of the sucticon units allows the use of a cost-effective and energy-efficient
blower 95, which drives the medium through the suction unit 10. The suction
device 1, designed as a hand tocl, can be used for example for surgical

purposes to manipulate tissue or surgical tools.

Fig. 1llc shows the channel gpening 1610 in enlarged view.

Fig. 12a shows the suction unit of Fig. 10a with a suction bell 6, which has
several separating elements 1601 on the inside, which connect to the suction
bady 16 after assembly of the suction bell & and delimit wall openings 160.
Fig. 12b shows the assembled suction unit 10 of Fig. 12a. In this embodiment,
suction bells & can be easily fabricated with wall openings 160 sized as
desired. The separators 1601 can be formed wide to define narrow wall openings

160 or can be formed narrow to define wide wall openings 160.

Fig. 13 shows the suction unit 10 of Fig. 10a with a suction bell & that can
be connected to the mounting plate 168 by a bayonet lock with corresponding
locking elements 69, 1692. Fig. 14 shows the suction unit 10 of Fig. 10a with
a suction bell 6, which can be connected to the mounting plate 168 by a screw
closure with corresponding closure elements or threaded elements 62, 169.
These suction units 10 can be easily assembled and opened again to perform

maintenance work.

Fig. 15 shows a suction unit 10 according to Fig. 6a, but optionally with a
deflection unit 12, in sectional wview with a suction basket 161, which
encloses a downwardly open receiving channel 1600 and which connects at the
top to the suction plate 11 and at the bottom to a ring plate 15, which has

lower suction channels 151.

Fig. 16 shows a suction unit 10 according to Fig. €b, but optionally with a
deflection unit 12, in sectional wview with a sucticon basket 161, which
encloses a downwardly open receiving channel 1600 and which is connected at
the top to the suction plate 11 and at the bottom to a ring plate 15, which
has lower suction channels 151. The suction basket 161 has wall openings 160
which can be completely or partially covered by means of a closure element
3, preferably an adjustment sleeve 3. The adjusting sleeve 3, which encloses
the suction body 16, preferably has an internal thread corresponding to an
external thread on the cutside of the sucticon body 16. The threaded sleeve

can therefore be easily rotated to close the wall cpenings 160 as needed.

VERIFIED ENGLISH TRANSLATION COF PCT-APPLICATICN NC. PCT/EP2020/074977



10

15

20

CA 03148531 2022-2-17

P 1187-1 PCT

_36_
The suction unit 10 can therefore be adapted to aobjects to be accommodated

as required.

Hence, all sucticn units equipped with a suction basket may or may not be
equipped with a deflection unit 12. If no deflecticon unit 12 is provided,
the inlet channel 130, wia which the gaseous medium is distributed to the
entry channels 13, is closed below the distribution point. The suction body
16 may close the inlet channel 130 integrally. Alternatively, the inlet
channel or mounting channel 130 may optionally be clased by a pin if no

deflection unit is mounted.

The ring plate 15 of the suction units 10 of Fig. 15 and Fig. 16, which
adjoins the channel cpening 1610 of the suction basket 161, allows objects
to be picked up in a controlled manner into the suction basket 161 or to the
edge or channel opening 1610 of the suction basket 161. When the suction
units 10 are lowered ontec an object, the cbject is kept centered by means of
the ring plate 15 or the radial flow of the medium along the underside of
the ring plate 15 and can be lifted vertically in a controlled manner. The
lower suction channels 151 again ensure a constant flow of medium when an
object is contacted and sucked in. The suction channels 115 again have a
cross—section or a crass-secticonal shape adapted to the objects to be picked
up. Within the pick-up channel 1600, a centering device 4 1s optionally
provided, for example with four threads or wires, by means of which the

object can be held centered.
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-1 BCT

Sucticon unit (10), suitable for sucticoning an object (P} according to
Bernoulli's principle, comprising a suction body (1l6) with an adjoining
suction plate (11}, which adjcining suction plate (11) has a front
side facing away from the suction body (16}, and comprising at least
one entry channel (13), through which a gasecus medium is introducible
through the suction body (16) to the front side of the suction plate
(11} into a deflection channel (110), which deflection channel (110}
is delimited on one side by the front side of the suction plate (11}
and on another side by a deflection head (121) aof a deflection unit
(12) or which deflection channel (110) is delimited on one side by the
front side of the suction plate (11) and on ancther side by the object
(P) when the abject (P} is suctioned, and through which deflection
channel (110) the gaseous medium is guidable to the outside,
characterized in that the sucticon plate (11) has 1in the center a
deflection chamber (115) which is adjoined on ane side by the at least
one enty channel (13} and on another side by a plurality of suction
channels (111} which are sunk into the suction plate (11) and extend

towards the edge of the suction plate (11).

Suction unit (10) according to claim 1, characterised in that the
channel cross-section of at least agne of the suction channels (111),
preferably with constant width of the sucticn channels (111}, increases
from the inside to the outside by a factor which is preferakly in the
range of 1.5 - 10 or that the channel cross-section of at least one of
the suction channels (111) is at least approximately constant at least
between the channel ends of the suction channels (111} and that the
suction channels (111} are peripherally opened or closed after coupling

of an object unit (P}.

Sucticon unit (10} according to claim 1 or 2, characterized in that
only one deflection chamber (115) equipped with a deflection head (121)
or that several deflection chambers (115}, of which at least 1s
equipped with a deflecticon head (121), and a plurality of suction
channels (111) are provided, wherein the suction channels (111} are
assigned to one of the deflection chambers (115} or individually to a
plurality of the deflecticn chambers (115} and are sunk into the

sucticon plate (11) in a straight line or extending along a curve.
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4, Suction unit (10) according to claim 1, 2 or 3, characterised in that

the suction body (16) i1s constructed in one piece or comprises several

suction beody modules (100} in a modular manner and that several entry

channels (13) are associated with each deflection chamber (115}, which

5 entry channels (13) are arranged at regular or irregular distances
from one ancther and run inside the suction body (16} inclined ocutwards

towards the suction plate (11}.

5. Suction unit (19) according to one of claims 1-4, characterized in

that one or more outlet channels (14} extend through the suction body

10 (16) to outlet openings (140), which outlet openings (140) are arranged
distributed inside the suction channels (111), outside the suction

channels (111} or inside and outside the suction channels (111},
preferably distributed regularly, and through which outlet openings

(140) a gaseous medium is guidable in the direction of the suction

15 plate (11}.

& Suction unit (19) according to one of claims 1-5, characterised in
that at least the border region of the suction plate (11) made of an
elastic material is lamellar and flexible and/or that at least one of
the parts of the suction unit (10}, such as the suction body (16}, the

20 suction plate {(11), the suction kasket (161}, the suction kell (&),
the deflection unit (12} and the mounting plate (168}, are made of a

transparent material, such as acrylic.

7. Suction unit (10) according to one of the claims 1-6, characterized in

that the sucticon body (16) 1s connected to a suction basket (161}, the

25 inner side of which suction basket (161) adjoins the suction plate
(111) or is spaced from the suction plate (111), wherein the suction

basket (16l1) encloses a receiving channel (1600} which has a channel

opening (1610} which 1s dimensioned in such a way that indiwvidual

objects (P} can be introduced intc the receiving channel ((1600) or

30 into recesses (1611, 1612} on the underside of the suction basket
(161).
8. Sucticon unit (10) according to claim 7, characterized in that the

suction body (16) is connected to a suction bell (6) which encloses
the suction body (16) separated by a return channel (60}, which return
35 channel (60} opens on one side into the suction basket (161 provided

with the sucticon bell (6} and on ancther side inteo at least one cutlet

VERIFIED ENGLISH TRANSLATION COF PCT-APPLICATICN NC. PCT/EP2020/074977
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opening (1680} provided in the wall of the sucticon bell (&} or 1in a

mounting plate (168) connected to the suction bell (&) and the suction

body (16} .

Suction unit (10) acceording to claim 7 or 8, characterized in that the
suction basket (161} is provided with at least one wall opening (160}
which is always open or can be closed off completely or partially by

a closing element (3}, such as a threaded sleeve.

Suction unit (10) acceording to one of the claims 1-92, characterized in
that the channel cpening (1610) of the suction basket (161} is enclosed
by an annular plate (15) which is aligned perpendicularly or inclinedly
with respect to the suction basket (161) and, on the underside facing
away from the suction basket (161}, has suction channels (115} which
are recessed into the annular plate (15) and have a constant or changing

cross—-sectional profile.

Suction unit (10) acceording to cne of the claims 1 - 10, characterized
in that a centering device (4}, preferably comprising conically aligned
centering elements (41, 410, 42}, is provided within the suction basket
(161) and is connected to the deflection unit (12), the suction body
(16) or the suction basket (161).

Suction unit (10) acceording to cone of the claims 1 - 11, characterized
in that the deflection head (121), which 1s preferably axially
symmetrical, has a circumferential groove-shaped depression (120) an
the side facing the suction plate (11}, which preferably runs rounded
against the edge of the deflection head (121} and/or in that the
deflection unit (12} has a preferably pin-shaped mounting element (122}
which adjoins the deflection head (121) and is held in a mounting
channel (130B) or an inlet channel (130) from which the entry channels

(13} branch off.

Suction device (1) with at least one suction unit (10) according to
one of the claims 1-12 with a medium pressure device (95), such as a
pressure pump or a blower with a propeller, for generating a flow of
a gaseous medium, which is guidable through the suction unit (10) or
is guidable through the suction unit (10) and is returnable to the

pressure device (95} through a return channel.
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Suction device (1) according to claim 13, characterized in that a
distribution device (2} 1is provided, which i1s designed in the manner
of a block, a cylinder or a cylinder segment, and which holds a
plurality of preferably uniformly distributed suction units (10}, to
which compressed air can be supplied jJjeointly wia at least one
distribution duct (20} or individually wvia at least cone pressure line

(70%, 70B).

Suction device (1) according to claim 13 or 14, characterized in that
the distribution device (2) comprises receiving chambers (21}, each of
which receiving chambers (21) is open taowards the distribution channel
(20) through at least one chamber opening (210) and in each of which
receiving chambers (21} a suction unit (10) is arranged, which rests
in a tightly sealing manner against the border of the chamber opening
(210) by means of a sealing ring (24} and which is releasably held in
abutment against the sealing ring (24) by means of a locking element

(25} .
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