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Suctioning and conveying system

Description

The present invention relates to a suctioning and conveying

system for suctioning and conveying an object.

Conveyance systems ordinarily rely on friction drives (i.e.,
belts or rollers) using gravity as a friction force to main-
tain an object being conveyed along a transfer path. How-
ever, when the object being transported is relatively flat
and/or lightweight, ambient air streams can cause the object
to get blown off from the conveyor. Additionally, when the
conveyor is vertical or inclined, the object 1is likewise sus-
ceptible to sliding, rolling or flying away from the transfer

path.

In the conveyance of paper, or other objects and substrates,
often times the handling of stacks is required. When objects
are stacked and a single object needs to be moved from the top
of the stack, often times static and frictional adhering
forces make it difficult to smoothly move the top object from
the stack. This is particularly a problem when handling heavy

or glossy media.

U.S. Patent No. 6,565,321 describes a vortex attractor. An im-
peller including a plurality of radial blades extending in a
direction of the rotation axis is provided to generate a vor-
tex flow. The vortex flow provides a central negative low

pressure region which can be used to attract an object.

Further vortex generators are disclosed in U.S. Patent No.
6,497,553, U.S. Patent No. 6,960,063, U.S. Patent No.
6,595,753, U.S. Patent No. 6,811,678, U.S. Patent No.
6,802,881 and U.S. Patent No. 6,729,839.

SUBSTITUTE SHEET (RULE 26)
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GB 2 295 799 A discloses a device for increasing adhesion to a

surface by suction force.

U.S. Patent No. 4,193,469 discloses a vehicle attachment for
increasing adhesion to the supporting surface by a suction

force.

U.S. Patent No. 7,204,672 describes a vortex device being able
to generate both an attractive force and a down or pushing

force.

U.S. Patent Application No. 2001/0040062 discloses a lifting

platform utilizing a propeller or impeller.

U.S. Patent No. 6,402,843 describes a non-contact holder for
substantially planar workpieces using a vortex device to at-
tract the workpiece and using a gas flow to prevent the con-

tact between the workpiece and the vortex device.

European Patent Application No. EP 1 975 735 describes use of
radial blowers and a duct system forming low pressure suction
chambers to aerate the sides of the stack and to adhere the

top sheet in the stack to a belt.

U.S. Patent No. 6,082,728 describes use of an axial fan like-
wise running through a duct as a low pressure suction chamber
on the opposite side of a belt from paper being conveyed
thereon to lift the uppermost sheet from a stack. The upper-
most sheet is first separated from the stack using an air
knife providing compressed air from a duct system to below the

uppermost sheet.
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U.S. Patent No. 5,671,920 describes use of an external low
pressure generator for providing an additional force to main-

tain an object on a conveyor.

U.S. Patent Application Publication No. 2005/0133980 describes
use of an axial fan on the opposite side of a belt from paper

being conveyed thereon.

U.S. Patent Application No. 2010/0007082 discloses an appara-
tus for feeding and aligning sheets fed to a processing ma-

chine which includes at least two parallel transporting belts
and a suction table. The transporting belts can be driven at

different speed.

U.S. Patent No. 7,748,697 describes a sheet feeding apparatus
comprising a suction table which adsorbs the sheet to two con-

veying belts.

A suction table, which is as well called a plenum chamber, is
connected to a suction fan which is arranged separately due to
large place requirement. The suction table includes openings
on one side to be able to adsorb an object. The distance in
which an object can be sucked in by a suction table is quite
small, usually about 5 mm. Adjusting or controlling of the
suction force is possible using valves or variations of the

openings which is expensive.

The goal of the invention is to provide a compact, cheap sys-

tem for conveying an object.

The goal is achieved with a suctioning and conveying system
for suctioning and conveying an object comprising the features

of claim 1.
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Advantageous embodiments and elaborations of the invention are

indicated in the secondary claims.

The suctioning and conveying system for suctioning and convey-
ing an object according to an embodiment of the invention com-
prises first means for generating a low pressure induced by a
whirlwind for sucking in the object, the whirlwind having an
axis of rotation, and second means for conveying the suctioned
object along a transfer path transverse to the axis of rota-
tion of the whirlwind. The first means for generating a low
pressure induced by a whirlwind for sucking in the object can

as well be named as a vortex suction device.

The transfer path and the axis of rotation of the whirlwind

being transverse includes both the transfer path and the axis
of rotation of the whirlwind being perpendicular relative to
each other and the transfer path and the axis of rotation of
the whirlwind having an angle of about +45° to -45° relative

to each other.

Vortex devices are able to suck in an object over larger dis-
tances, for example about up to 60 mm. Furthermore, vortex de-
vices are smaller and cheaper that suction tables. The suc-

tioning and conveying system according to the invention there-

fore is more effective and more cost-effective.

In a preferred embodiment, the first means and the second
means are disposed so that the first means suck in the object
against the second object to preferably achieve a compact and

effective system.
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In a preferred embodiment, the angle of the transfer path rel-
ative to the axis of rotation is adjustable between -45° and

45° to achieve a system that can be used flexible.

In a preferred embodiment, the first means include an impel-
ler. An impeller is a cost-effective assembly to provide an

effective whirlwind.

In an embodiment, the impeller includes an impeller wheel and
an impeller housing, wherein the impeller wheel is arranged
rotatably in the impeller housing or wherein the impeller
wheel is arranged in the impeller housing in a rotatably fixed

manner.

In a preferred embodiment, the impeller housing is cylindrical
or conical with an opening angle, wherein the opening angle
preferably is adjustable to control or adjust the shape or the

intensity of the whirlwind.

In a preferred embodiment, the impeller wheel is adjustable
relative to the impeller housing along the axis of rotation of
the impeller wheel to preferably control or adjust the shape

or the intensity of the whirlwind.

In an embodiment, the impeller includes an impeller wheel hav-
ing blades extending radially. Therefore, the impeller is able
to generate a whirlwind both if rotating clockwise and coun-

terclockwise.

In an embodiment, the impeller includes in impeller wheel hav-
ing blades, an outer edge of the blades being curved to pre-
ferably control or adjust the shape or the intensity of the

whirlwind.
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In a preferred embodiment, the impeller includes an impeller
wheel and a motor which is integrated in the impeller wheel to

provide a compact and space-saving impeller.

In a preferred embodiment, the impeller includes an impeller
wheel comprising a separation plane transverse to the axis of
rotation of the impeller wheel. Therefore, one part of the im-
peller can be used to generate the whirlwind and the other
part of the impeller can be used to cool the motor of the im-

peller.

In an embodiment, the impeller includes a brushless DC-motor,
which is preferably designed as an internal rotor, to provide

an effective and space-saving impeller.

In an embodiment, the first means comprise a cylindrical hous-
ing in which air can be injected tangentially through a cy-
linder orifice to provide an alternative embodiment to gener-

ate the whirlwind.

In an embodiment, the injected air is generated by an impel-
ler, the impeller being arranged in a first cylindrical hous-
ing, wherein the axis of rotation of the impeller is arranged
parallel to the axis of a second cylindrical housing, wherein
the second cylindrical housing and the first cylindrical hous-
ing are connected by a connecting channel, the connecting
channel being arranged tangentially on the first and the
second cylindrical housing. In this way, it is possible to
generate two basically parallel whirlwinds using only one im-

peller.
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In a preferred embodiment, the first means are arranged within
a housing having a suctioning opening and wherein the second
means partially cover the suctioning opening. Surprisingly,
the whirlwind still can be generated although the suctioning
opening is partly covered. If the second means extend adjacent
the suctioning opening, the sucked in object can be sucked
against the first means, especially the impeller. With this
embodiment, the suctioned in objects are prevented from being

suctioned in the first means.

In a preferred embodiment, the summed width of the second
means amount to about 40% to 60% of the width of the suction-
ing opening. Surprisingly, the whirlwind still can be generat-

ed although the suctioning opening is covered to this extent.

In a preferred embodiment, the height of the second means
amount to about 2% of the width of the suctioning opening. The
less high the second means the larger the suction force of the

whirlwind.

In an embodiment, the second means are arranged in front of
the suctioning opening so that the distance of the outer edges
of the second means is smaller than the width of the suction-
ing opening, preferably by about 10%. Surprisingly, a whirl-
wind still can be generated if the middle of the suctioning
opening is covered provided that the outer regions of the suc-

tioning opening are not covered.

In a preferred embodiment, the second means comprises at least
one of a conveyor belt, a transport roller.or a transport ball

which are cost-effective and easy to assemble.
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In a preferred embodiment, the second means comprise at least
one flat conveyor belt, the conveyor belt being at least par-
tially air permeable and/or comprising a plurality of open-
ings. If the belt is air permeable, especially if the belt
comprises a plurality of openings, the suctioned in object is
as well sucked against the belt, resulting in less deformation

of the object.

In an embodiment, the second means comprises two flat conveyor
belts running in parallel, the belts preferably being adjusta-

ble in their distance to provide a flexible system.

In an embodiment, the second means comprises at least two
transportation means, the two transportation means having dif-
ferent cross sectional geometries, preferably the two trans-
portation means being a belt and an O-ring. Especially, the O-
ring extends across the middle of the suctioning opening. The

O-ring is able to support the object.

In a preferred embodiment, the suctioning opening is designed
to be closed at least partially, preferably by a sliding ele-
ment or by an iris, to be able to control or adjust the suc-

tion force of the whirlwind.

In an embodiment, ribs are arranged transverse the suctioning
opening to prevent the object from being sucked in the first

means.

In an preferred embodiment, ﬁhe second means comprise two ele-
ments, preferably two flat conveyor belts, being independently
motor-driven to be able to rotate an object suctioned in by
the first means, especially without moving the object along

the transfer path.
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In an embodiment, the second means are driven by a stepper-
motor to be able to control the movement along the transfer

path.

In an embodiment, the second means are adjustable relative to
the suctioning opening of the suctioning and conveying system

to provide a more flexible system.

In an embodiment, the suctioning and conveying system is ro-
tatable, preferably around the axis of rotation of the whirl-
wind, to be able to rotate an object suctioned in by the first
means, especially without moving the object along the transfer

path, in an alternative manner.

In a preferred embodiment, a conveying system for conveying an
object along a transfer path is provided, comprising at least
a first and a second suctioning and conveying system according
to the invention, wherein the suctioning and conveying systems
are disposed in sequence in a direction of the transfer path,
further comprising a main controller configure to separately
control the suctioning and conveying systems so as to convey
the object along the transfer path using the second means of
the suctioning and conveying systems. Of course this embodi-
ment comprises the two alternatives to use only one second
means for all suctioning and conveying systems, especially for
both the first and the second suctioning and conveying system,
or to use second means for each suctioning and conveying sys-
tem, the only one second means or the several second means be-
ing configured to support the object relative to at least one

of the suctioning and conveyihg systems.
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In an embodiment, the second means are designed as conveyor
belt being associated with the first and the second suctioning
and conveying system. In an embodiment, the second means are
designed as conveyor belt including at least one conveyor belt
associated with the first suctioning and conveying system and
at least one conveyor belt associated with the second suction-
ing and conveying system, the conveyor belts being configured
to carry the object along the transfer path and being operable
at different conveyance speeds by the main controller. In an
embodiment, the at least one conveyor belt associated with the
first suctioning and conveying system includes a first pair of
belts arranged on the first suctioning and conveying system,
and the at least one belt associated with the second suction-
ing and conveying system includes a second pair of belts ar-

ranged on the second suctioning and conveying system.

In a preferred embodiment, the conveying system further com-
prises third and fourth suctioning and conveying systems,
wherein the first and third suctioning and conveying system
form a first array and the second and fourth suctioning and
conveying system form a second array, the main controller be-
ing configured to separately control the arrays, especially to

be able to provide different possibilities to move the object.

In an embodiment, the arrays are disposed so that the suction-
ing opening of the first suctioning and conveying system is-
disposed opposite the suctioning opening of the second suc-
tioning and conveying system, especially to be able to provide

different possibilities to move the object.

In an embodiment, the suctioning and conveying systems include
a housing disposed peripherally about the suctioning and con-

veying systems and having a cover thereon. In an embodiment,
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the cover includes ribs extending in the direction of the

transfer path.

In an embodiment, the suctioning and conveying systems are
movable in the direction of the transfer path, especially to

be able to provide different possibilities to move the object.

In an embocdiment, the main controller is configured to sepa-
rately control, switch on, switch off, slow down and/or speed
up the first and/or the second suctioning and conveying sys-
tem, preferably independently and preferably the first and
second means independently, especially to be able to provide
different possibilities to move the object. In an embodiment,
the main controller is configured to sequentially switch on or
speed up or switch off or slow down the suctioning and convey-
ing systems as the objet moves along the transfer path. In
this way, movement of the object and suction force of the suc-

tioning and conveying systems can be controlled and adjusted.

In an embodiment, the main controller is configured to operate
the first suctioning and conveying system at a different
transport speed than the second suctioning and conveying sys-
tem, especially to be able to provide different possibilities

for the movement of the object.

In an embodiment, the transfer path extends into first and
second secondary paths, the first suctioning and conveying
system being configured to convey the object from the transfer
path to the first secondary path and the second suctioning and
conveying system being configured to convey the object from
the transfer path to the second secondary path, especially to
be able to provide different possibilities for the movement of

the object.
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In an embodiment, a separating system for separating an object
from the outer part of a stack and conveying it along a trans-
fer path is provided, the system comprising a stack assembly
configured to receive a stack of objects and a mounting assem-
bly including at least one suctioning and conveying system ac-
cording to the invention, the suctioning and conveying system
being disposable so as to face the stack of objects at at
least one of a leading edge and a trailing edge thereof for
suctioning in and conveying an object from the stack. With
this embodiment, an effective and space-saving system to sepa-

rate an object from the outer part of a stack is provided.

In an embodiment, the stack assembly includes at least one ad-
hesion reduction device disposed adjacent to an outer object
of the stack to be able to easily separate the object from the

stack.

In an embodiment, the adhesion reduction device includes at

least one of an aerating device and a vibrating device confi-
gured to vary a position of the objects relative to each oth-
er, in this way an effective adhesion reduction device can be

provided.

In an embodiment, the aerating device includes at least one
side blower having a radial fan that is adjustable in height,
preferably between 0 mm and 60 mm, relative to the stack so as

to aerate a portion of the stack.
In an embodiment, the objects are flat, flexible substrates.

In an embodiment, the suctioning and conveying system is dis-

posed above or below the stack at a distance of between 0 and
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60 mm. In an embodiment, the distance between the suctioning
and conveying system and the stack is adjustable, preferably
between 0 mm and 60 mm. In a further embodiment, the angle of
the axis of rotation of the first means to an outer object of
the stack is adjustable, preferably between -45° and 45°. In

this way, a flexible separating system can be provided.

In a preferred embodiment, the suctioning and conveying system
is disposable at the leading edge of the stack and the angle
of the axis of rotation of the first means of the suctioning
and conveying system relative to the outer object of the stack

is adjustable between 0° to 45°.

In an embodiment, the stack assembly includes at least one
stack height sensor disposed above an outer object of the

stack.

In a preferred embodiment, the second means includes at least
one of a conveyor belt and a roller or ball based transporta-
tion means extending in a direction of the transfer path and
configured to receive the object thereagainst under an attrac-
tion force of the at least one suctioning and conveying sys-

tem.

In an embodiment, the angle of the transport path and the out-

er object is adjustable between -45° and 45°.

In a preferred embodiment, the system includes a plurality of
suctioning and conveying systems that are individually operat-

ed.

The method of suctioning and conveying an object along a

transfer path according to an embodiment of the invention com-
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prises generating a low pressure induced by a whirlwind for
sucking in the object, the whirlwind having an axis of rota-
tion, and conveying the suctioned object along the transfer
path transverse to the axis of rotation of the whirlwind.

The transfer path and the axis of rotation of the whirlwind
being transverse includes both the transfer path and the axis
of rotation of the whirlwind being perpendicular relative to
each other and the transfer path and the axis of rotation of
the whirlwind having an angle of about +45° to -45° relative

to each other.

The method of conveying an object along a transfer path ac-
cording to an embodiment of the invention comprises disposing
at least a first and a second vortex suction unit in sequence
in a direction of the transfer path, transferring the object
relative to at least one of the vortex suction units using at
least one conveyor, and controlling the vortex suction units
separately using a main controller so as to convey the object

using at least one of the conveyors.

In an embodiment, the method further comprises aligning the
object relative to an alignment line, the alignment line pre-

ferably being a mechanical or electronical alignment line.

In an embodiment, the method further comprises disposing third
and fourth vortex suction units in sequence in the direction
of the transfer path, wherein the first and third vortex suc-
tion units are controlled together as a first array and the
second and fourth vortex suction units are controlled together

as a second array.

In an embodiment, the controlling includes sequentially oper-

ating each vortex suction unit along the transfer path.
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In an embodiment, the controlling is performed so as to con-
trol at least one of a speed of the conveying, a direction of
the conveying, and an attraction force of the object to the

conveyor.

In an embodiment, the method further comprises sensing a posi-
tion of the object using the main controller and at least one
of speed and a current of at least one of the first and second

vortex suction modules.

The method of separating an object from an outer part of a
stack of objects according to an embodiment of the invention
comprises disposing at least one vortex suction unit, prefera-
bly a suctioning and conveying system according to the inven-
tion, at a distance opposite an edge of the stack, and at-
tracting the object from the stack and conveying it along a
transfer path using the at least one vortex suction unit, pre-
ferably using a suctioning and conveying system according to

the invention.

In an embodiment, the method further comprises adjusting at
least one of the distance and an angle of an impeller axis of

the at least one vortex suction unit relative to the stack.

In an embodiment, the edge of the stack is a leading edge of

the stack in a direction of the transfer path of the object.

In an embodiment, the at least one vortex suction unit in-
cludes a plurality of vortex suction units that are indivi-

dually or ccommonly operated.
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In an embodiment, the conveying includes transporting the ob-
ject away from the stack while the object is adhered by the at

least one vortex suction unit.

In an embodiment, the method further comprises reducing adhe-

sion between the objects.

In an embodiment, the reducing adhesion includes at least one

of aerating and vibrating the objects.

In an embodiment, the object is a flat, flexible substrate and
the disposing is performed such that the distance is between 0

and 60'mm.

In an embodiment, the angle between the object surface and the
suctioning opening of the suctioning and conveying system is

adjusted to between -45° to 45°.

In an embodiment, the conveying is performed using a conveyor
belt configured to receive the object thereagainst at a con-
tact surface therecf under an attraction force of the at least

one vortex suctjion unit.

In an embodiment, the method further comprises varying an an-

gle of the contact surface relative to the stack.

In an embodiment, the conveying is performed using a conveyor
belt so as to convey the object in a direction substantially

orthogonal to an impeller axis of the vortex suction unit.

In an embodiment, the edge of the stack is at a top or a bot-

tom of the stack.
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The forgoing and other features of the present invention will
be more readily apparent from the following detailed descrip-
tion and drawings of illustrative embodiments of the invention

in which:

Fig. la is a perspective view of a vortex suction unit with
integrated housing in accordance with an embodiment of the

present invention,

Fig. 1b is a top view of the vortex suction unit of Fig. 1la,
Fig. 2a is a perspective view of a vortex suction unit with
separated housing in accordance with an embodiment of the
present invention,

Fig. 2b is a top view of the vortex suction unit of Fig. 2a,

Fig. 3 is a perspective view of a vortex suction unit in ac-

cordance with an embodiment of the present invention,

Fig. 4 is a perspective view of the vortex suction unit of

Fig. 3,

Fig. 5 is a schematic view of the fluid flow generated by the

vortex suction unit of Fig. 4,

Fig. 6 is a graph comparing attraction force and power con-

sumption of vortex suction units and standard axial fans,

Fig. 7a is a sectional view of a vortex suction unit with se-
parated housing in accordance with an embodiment of the

present invention,
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Fig. 7b is a top view of the vortex suction unit of Fig. 7a,

Fig. 8a is a sectional view of a vortex suction unit with in-
tegrated housing in accordance with an embodiment of the

present invention,

Fig. 8b is a top view of the vortex suction unit of Fig. 7a,

Fig. 8c is a perspective view of a vortex suction unit in ac-
cordance with an embodiment of the present invention provided

with a recess for a motor,

Fig. 9 is a sectional view of a vortex suction unit in accor-

dance with an embodiment of the present invention,

Fig. 10a is a sectional view of a vortex suction unit includ-
ing a schematic view of the air flow in accordance with an em-

bodiment of the present invention,
Fig. 10b is a top view of the vortex suction unit of Fig. 10a,
Fig. lla is a sectional view of a vortex suction unit includ-
ing a schematic view of the air flow in accordance with an em-
bodiment of the present invention,

Fig. 11b is a top view of the vortex suction unit of Fig. 1lla,

Fig. 12 is a graph comparing the intake flow pressure of the

vortex suction units of Fig. 10a and Fig. 1la,

Fig. 13 is a sectional view of a vortex suction unit including
a schematic view of the air flow in accordance with an embodi-

ment of the present invention,
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Fig. 14 is a sectional view of a
a schematic view of the air flow

ment of the present invention,

Fig. 15 is a graph comparing the
vortex suction units of Fig.
Fig. 16 is a sectional view of a
a schematic view of the air flow
ment of the present invention,

Fig. 17 is a sectional view of a
a schematic view of the air flow
ment of the present invention,

Fig. 18 is a sectional view of a
a schematic view of the air flow
ment of the present invention,

Fig. 19 is a graph comparing the
vortex suction units of Fig. 16,
Fig. 20 is a sectional view of a
a schematic view of the air flow
ment of the present invention,

Fig. 21 is a sectional view of a
a schematic view of the air flow
ment of the present invention,

Fig. 22 is a graph comparing the

vortex suction units of Fig. 20,

13 and Fig.

PCT/EP2012/000561

vortex suction unit including

in accordance with an embodi-

intake flow pressure of the

14,

vortex suction unit including

in accordance with an embodi-

vortex suction unit including

in accordance with an embodi-

vortex suction unit including

in accordance with an embodi-

intake flow pressure of the

Fig. 17, and Fig. 18,
vortex suction unit including

in accordance with an embodi-

vortex suction unit including

in accordance with an embodi-

intake flow pressure of the

and Fig. 21,
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20
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23a is a sectional view of a vortex suction unit with an

iris in accordance with an embodiment of the present inven-

tion,

Fig.

23a is an exploded sectional view of the vortex

unit of Fig. 23a,

Fig.
the

Fig.
the

Fig.
the

Fig.

24a is a top view of the vortex suction unit of

iris being closed,

24b is a top view of the vortex suction unit of

iris being partly openedq,

24c is a top view of the vortex suction unit of

iris being opened,

25a is a graph showing the intake flow pressure

vortex suction units of Fig. 24a,

Fig.

25b is a graph showing the intake flow pressure

vortex suction units of Fig. 24D,

Fig.

25c¢ is a graph showing the intake flow pressure

vortex suction units of Fig. 24c,

Fig.

suction

Fig. 23a,

Fig. 23a,

Fig. 23a,

of the

of the

of the

26a is a top view of a vortex suction unit in accordance

with an embodiment of the present invention,

Fig.

26b is a side view of the vortex suction of Fig.

cluding a schematic view of the air flow,

26a in-
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Fig. 27a is a top view of a vortex suction unit in accordance

with an embodiment of the present invention,

Fig. 27b is a sectional view of the vortex suction of Fig. 27a

including a schematic view of the air flow,

Fig. 28 is a graph showing the intake flow pressure of the

vortex suction unit of Fig. 27b,

Fig. 29 is a sectional top view of the vortex suction unit in

a conveyance system,

Fig. 30 is a top view of a suctioning and conveying system in

accordance with an embodiment of the present invention,

Fig. 31 is a top view of a suctioning and conveying system in

accordance with an embodiment of the present invention,

Fig. 32 is a sectional side view of the suctioning and convey-

ing system of Fig. 31,

Fig. 33 is a top view of a suctioning and conveying system in
accordance with an embodiment of the present invention having

two motors,

Fig. 34a is a front view of a suctioning and conveying system
in accordance with an embodiment of the present invention
showing the force exerted on an object laying on two belts,
the belts being outside of the suctioning opening of the suc-

tioning and conveying system,

Fig. 34b is a front view of a suctioning and conveying system

in accordance with an embodiment of the present invention
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showing the force exerted on an object laying on two belts,
the belts partially covering the suctioning opening of the

suctioning and conveying system,

Fig. 34c is a front view of a suctioning and conveying system
in accordance with an embodiment of the present invention
showing the force exerted on an object laying on two belts,
the belts partially covering the suctioning opening of the
suctioning and conveying system whereas the belts are partly

perforated,

Fig. 34d is a front view of a suctioning and conveying system
in accordance with an embodiment of the present invention

showing the force exerted on an object laying on two belts and
an O-ring, the belts partially covering the suctioning opening

of the suctioning and conveying system,

Fig. 35a is a perspective view of a suctioning and conveying
system with two belts partially covering the suctioning open-

ing in accordance with an embodiment of the present invention,

Fig. 35b is a top view of the suctioning and conveying system

of Fig. 35a,

Fig. 36a is a perspective view of a suctioning and conveying
system with two belts partially covering the suctioning open-
ing and an O-ring in between in accordance with an embodiment

of the present invention,

Fig. 36b is a top view of the suctioning and conveying system

of Fig. 36a,
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Fig. 37a is a perspective view of a suctioning and conveying
system with one belt partially covering the suctioning opening

in accordance with an embodiment of the present invention,

Fig. 37b is a top view of the suctioning and conveying system

of Fig. 37a,

Fig. 38a is a perspective view of a suctioning and conveying
system with one perforated belt partially covering the suc-
tioning opening in accordance with an embodiment of the

present invention,

Fig. 38b is a top view of the suctioning and conveying system

of Fig. 38a,

Fig. 39a is a top view of a suctioning and conveying system in
accordance with an embodiment of the present invention pro-

vided with means for rotating the system,

Fig. 39b is a bottom view of the suctioning and conveying sys-

tem of Fig. 39%s,

Fig. 39c is a bottom view of the suctioning and conveying sys-

tem of Fig. 39a in a rotated position,

Fig. 40a is a top view of a suctioning and conveying system in
accordance with an embodiment of the present invention having

transport balls,

Fig. 40b is a top view of a suctioning and conveying system of

Fig. 40a with an object in different positions,
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Fig. 40c is a side view of the suctioning and conveying system

of Fig. 40a,

10

15

20

25

30

Fig. 41la is schematic view of translating of an object,
Fig. 41b is schematic view of bending of an object,

Fig. 41c is schematic view of lifting the rim of an object,
Fig. 41d is schematic view of lifting an edge of an object,
Fig. 4le is schematic view of planing a corrugated object,
Fig. 41f is schematic view of turning an object around a
cross axis,

Fig. 41g is a schematic view of turning an object around a

longitudinal axis,

Fig. 41h is a schematic view of rotating an cbject around an
axis perpendicular to a flat object,

Fig. 41i is a schematic view of conveying and sorting objects,
Fig. 41j is a schematic view of sorting objects in a vertical
direction,

Fig. 41k is a schematic view of transferring an object from a

horizontal position in a vertical position,

Fig.

411 is a schematic view of separating double-picked ob-

jects,
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Fig. 41m is a schematic view of aligning an object relative to

a stop bar,

Fig. 41n is a schematic view of aligning an object relative to

two CCD bars,

Fig. 41lo is a schematic view of fixing a flat object on a cy-

linder,

Fig. 42 is a top view of a conveyor using vortex suction units

in accordance with an embodiment of the present invention,

Fig. 43 is a schematic view of a system of conveying an object

in accordance with an embodiment of the present invention,

Fig. 44 is a schematic view of a system of planing a corru-
gated object in accordance with an embodiment of the present

invention,
Fig. 45a is a schematic view of a system of turning an object
around a cross axis in accordance with an embodiment of the

present invention in a first position,

Fig. 45b is a schematic view of the system of turning an ob-

ject around a cross axis of Fig. 45a in a second position,

Fig. 45c¢ is a schematic view of the system of turning an ob-

ject around a cross axis of Fig. 45a in a third position,

Fig. 46a is a front view of the system of turning an object

around a cross axig of Fig. 45a,
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Fig. 46b is a front view of the system of turning an object

around a cross axis of Fig. 45c,

Fig. 47 is a schematic view of a system of conveying and sort-
ing objects in accordance with an embodiment of the present

invention,

Fig. 48 is a schematic view of a system of sorting objects in
a vertical direction in accordance with an embodiment of the

present invention,

Fig. 49 is a schematic view of a system of transferring ob-
jects from two different horizontal positions in a vertical
position in accordance with an embodiment of the present in-

vention,

Fig. 50 is a schematic view of a conveyance system illustra-
tive of use of the vortex suction units for double-pick han-
dling in accordance with an embodiment of the present inven-

tion,

Fig. 51 is a schematic view of a conveyance system having
sorting containers for the handling of a double-pick in accor-

dance with an embodiment of the present invention,

Fig. 52 is a schematic view of a conveyance system having
guides for moving the vortex suction units along the transfer
path in accordance with an embodiment of the present inven-

tion,

Fig. 53 is a schematic view of a flipping portion of a con-
veyance system in accordance with an embodiment of the present

invention,
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Fig. 54 is a schematic view of a system of aligning objects
relative to an alignment edge or relative to a CCD bar in ac-

cordance with an embodiment of the present invention,

Fig. 55 is a schematic view of a system of aligning objects
relative to two CCD bars in accordance with an embodiment of

the present invention,

Fig. 56 is a schematic view of a system of aligning objects
relative to two CCD bars in accordance with an embodiment of

the present invention,

Fig. 57 is a schematic view illustrating the individual con-
trol of vortex suction units as an object is conveyed along
the transfer path in accordance with an embodiment of the

present invention,

Fig. 58 is a schematic view illustrating the individual con-
trol of vortex suction units for conveying and sorting the ob-

ject,

Fig. 59 is a sectional view of a staggered arrangement of vor-
tex suction units in a conveyance system in accordance with an

embodiment of the present invention,

Fig. 60a is a schematic view of a system of fixing a flat ob-
ject on a cylinder in accordance with an embodiment of the

present invention in a first position,

Fig. 60b is a schematic view of the system of fixing a flat

object on a cylinder of Fig. 60a in a second position,
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Fig. 61 is a schematic view of a controller for first and
second vortex suction units in accordance with an embodiment

of the present invention,

Fig. 62 is a schematic view of the controller of Fig. 61 inte-
grated onto the first vortex suction unit in accordance with

an embodiment of the present invention,

Fig. 63 is a schematic view of a controller for first and
second vortex suction units having a shared belt and belt
drive in accordance with an embodiment of the present inven-

tion,

Fig. 64 is a schematic view of a main controller and modular
controllers in accordance with an embodiment of the present

invention,

Fig. 65 is a schematic view of a conveyance system having two
mechanical-guide conveyors and vortex suction units in accor-

dance with an embodiment of the present invention,

Fig. 66a is a side view of a suctioning and conveying system
positioned above a stack of objects in accordance with an em-

bodiment of the present invention,

Fig 66b is a side view of the suctioning and conveying system

of Fig. 66a lifting the uppermost object from the stack,
Fig. 66¢c is a side view of the suctioning and conveying system
of Figs. 66a and 66b conveying the uppermost object away from

the stack,

Fig. 67a is a front view of Fig. 66a,
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Fig. 67b is a front view of Fig. 66b,

Fig. 67c is a front view of Fig. 66c,

Fig. 68a is a schematic sectional view of a stack assembly in

accordance with an embodiment of the present invention,

Fig. 68b is a detailed view of detail X of Fig. 68a,

Fig. 69 is a top view of a stack assembly according to an em-

bodiment of the present invention,

Fig. 70a is a sectional side view of a stack assembly with a
suctioning and conveying system having means for adjusting the
angle of the suctioning and conveying system relative to the
stack in accordance with an embodiment of the present inven-

tion,

Fig. 70b shows the stack assembly of Fig. 70a with the suc-
tioning and conveying system having a different angular posi-

tion,

Fig. 70c shows the stack assembly Figs. 70a and 70b with the
suctioning and conveying system having a further angular posi-

tion,

Fig. 71la is a sectional side view of a stack assembly with a
suctioning and conveying system having alternate means for ad-
justing the angle of the suctioning and conveying system rela-
tive to the stack in accordance with an embodiment of the

present invention,
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Fig. 71b shows the stack assembly of Fig. 71la with the suc-
tioning and conveying system having been self-adjusted to a

different angular position,

Fig. 72a is a sectional side view of a stack assembly with a
suctioning and conveying system having further alternate means
for adjusting the angle of the suctioning and conveying system
relative to the stack in accordance with an embodiment of the

present invention,

Fig. 72b shows the stack assembly of Figs. 72a with the suc-
tioning and conveying system having a different angular posi-

tion and height,

Fig. 73a is a sectional side view of a stack assembly and suc-
tioning and conveying system with means for adjusting the
height and angle of the suctioning and conveying system rela-
tive to the stack, the stack assembly being provided for han-
dling multiple objects in accordance with an embodiment of the
present invention, here opening of a flap of an envelope for

further processing,

Fig. 73b shows the stack assembly of Figs. 73a with a second
object being provided to the first object being lifted,

Fig. 73c¢ shows the stack assembly of Figs. 73a and 73b with
both objects being lifted,

Fig. 73d shows the stack assembly of Figs. 73a-c¢ with the
suctioning and conveying system conveying both the first and
second objects away from the stack, and transferring them to

an output for further processing,
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Fig. 74 is a schematic wiring diagram for a stack assembly ac-

cording to an embodiment of the present invention.

In the figures, same reference numbers refer to identical or
analog parts. For more transparency, not all reference numbers

are cited in all figures.

Referring to Figs. 1-8, a vortex suction unit 10 includes an
upper vortex generator 12 driven by a motor 20. The upper vor-
tex generator 12 includes a base 18 concentrically driven by
the motor 20 and a plurality of blades 14 radially disposed on
the base 18 and extending perpendicularly upwards therefrom.
The blades 14 rotate around an axis of rotation. In an embodi-
ment, a similar lower vortex generator 16 including blades 14
is provided on the opposite side of the base 18. In one embo-
diment, one of the vortex generators 12, 16, especially the
lower vortex generator 16, is used to provide a cooling flow
of air to the body of the motor 20. The base 18 might be ar-
ranged symmetrically between the upper vortex generator 12 and
the lower vortex generator 16. However, in one embodiment, the
lower vortex generator 16 for cooling the motor 20 is smaller
in height than the upper vortex generator 12 for providing the
attraction force. However, in one embodiment, only the upper
vortex generator 12 is provided to geherate the attraction
force A based upon the principles of a tornado. The motor 20
may be an AC or DC motor. For example, the motor 20 is a
brushless DC motor or a stepper motor. The blades 14 may be a
number of different shapes, such as curved. In an embodiment,
the blades 14 are substantially straight and flat. For exam-
ple, the blades 14 of the upper vortex generator 12 may in-
clude a recessed part at an upper, inward and radially-
extending portion thereof. For example, the blades 14 of the

lower vortex generator 16 may include a recessed part at an
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upper, inward and radially-extending portion thereof, espe-
clally to receive the motor 20. The motor might be placed in
the recessed part (see for example Fig. 8c). Of course, the
motor 20 can as well be arranged outside the housing 30 (see

for example Fig. 10a)

A housing 30 may be provided on the vortex suction unit 10
surrounding the peripheral edge of the base 18 and blades 14
(see Figs. 1, 2, 4, 5, 7 and 8). The housing 30 may be, for
example, a shell or a ring, which is separated from the blades
14 (see Figs. 2, 4, 5 and 7), especially providing a light im-
peller wheel which comprises the blades 14 and where applica-
ble the base 18. Alternatively, the upper vortex generator 12
and/or the lower vortex generator 16 may be manufactured, for
example, by molding, to form a ring surrounding the blades 14,
therefore the blades 14 being integrated in the housing 30
(see Figs. 1 and 8) Especially, the housing 30 can be formed
integrally with the base 18 (see Fig 8a).

A vortex suction unit 10 is any device capable of generating a
whirlwind, particularly a vortical fluid flow FF. By way of
example, a vortex attractor as described in U.S. Patent No.
6,565,321 or in U.S. Patent No. 7,204,672 may be used. The ra-
dially extending blades 14 generate the fluid flow FF helical-
ly containing a low pressure region LP within the vortex gene-
rator 12 inside the peripheral edges of the blades 14. The
vertical fluid flow has an axis of rotation, which is in an
embodiment identical to the axis of rotation of the blades 14.
An attraction force A is generated in the low pressure region
LP which allows the vortex suction unit 10 to both attract and
move toward (when the vortex suction unit 10 is not fixed) the
surface of an object. Vortex suction units 10 are effective to

removably adhere to planar and non-planar surfaces or to main-
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tain the same at a predetermined distance. It is also noted
that the vortex suction units 10 may be modified to apply a
negative attraction force A, or a repulsion force, to push an

object 50 away.

In one embodiment, the upper and lower vortex generators 12,
16 are formed from a lightweight material, such as plastic,
and have a diameter of approximately 50 mm. In this manner,
the rotational inertia is kept low such that the vortex suc-
tion module can be started and stopped quickly. Likewise, the
speed may be adjusted quickly and easily. The motor 20 is a
brushless DC motor which responds quickly to changes in power
level to adjust its rotations per minute (rpm). At about
22,000 rpm, the vortex suction unit 10 generates an attraction

force A of about 1.3 N throughout the low pressure region LP.

Referring to Fig. 6, a comparison is made for illustrative
purposes between a vortex impeller and a vacuum suction cham-
ber having a fan configured for low pressure generation (va-
cuum power). In addition to being responsive to power changes
to quickly change speed and thereby increase or decrease its
attraction force, the vortex impeller is also far more effi-
cient and effective than the vacuum system when at a distance
from an object to be adhered; this is a desirable positioning
for proper conveyance to allow room for belts and/or prevent
sticking. For example, where the object 50 is disposed at a
distance of 1.0 mm from the upper vortex generator 12, an at-
traction of approximately 0.7 ounces is achieved while consum-
ing only about 3.5 Watts of power. In contrast, at the same
distance of 1.0 mm, the fan of the vacuum generator consumes
approximately 6.5 Watts of power while providing attraction

for only about 0.1 ounces.
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Referring to Fig. 9, the vortex suction unit 10 includes a mo-
tor 20, which is designed as an internal rotor. The internal
rotor includes a magnet 20a, which are especially arranged at
or integrated in the blades 14, and one or more coils 20Db,
which are arranged at or integrated in the housing 30. This
embodiment of a vortex suction unit 10 provides a system of

small height.

Referring to Figs. 10 to 12, variations of the housing 30 of
the vortex suction unit 10 are shown. The housing 30 can be
designed as cylindrical ring as shown in Fig. 10a and 10b. In
an alternative embodiment, the housing 30 can be designed con-
ically, especially with a larger diameter at the suctioning
opening and a smaller diameter at thé opposite end, especially
at a backplate 30b (see Figs. 1lla and 1lb). Fig. 12 discloses
a graph comparing the intake flow pressure of the vortex suc-
tion units of Fig. 10a and Fig. 1lla, demonstrating that a vor-
tex suction unit 10 with a cylindrical housing 30 has a more
focussed intake flow pressure K10 with a higher absolute in-
take flow pressure K10 at the middle of the suctioning opening
whereas the vortex suction unit 10 with a conical housing 30
has a broader intake flow pressure K11 with a higher absolute
intake flow pressure K11l in the outer regions of the suction-

ing opening.

Referring to Figs. 13 to 15, further variations of the housing

30 of the vortex suction unit 10 are shown. The angle of aper-

ture a of a conical housing 30 can be varied. Especially, the
transition between the outer ring of the housing 30 and a
backplate 30b might be curved. Fig. 15 discloses a graph com-
paring the intake flow pressure of the vortex suction units of
Fig. 13 and Fig. 14, demonstrating that a vortex suction unit

10 with a conical housing 30 with an angle of aperture close
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to 90° has a more focussed intake flow pressure K13 with a
higher absolute intake flow pressure K13 at the middle of the
suctioning opening whereas the vortex suction unit 10 with a
conical housing 30 with a smaller angle of aperture has a
broader intake flow pressure K14 with a higher absolute intake
flow pressure K14 in the outer regions of the suctioning open-
ing. The vortex suction units 10 according to Figs. 13 and 14
show as well variations of the blades 14. In these embodi-
ments, the blades 14 comprise an outer edge which is curved,

especially corresponding the curvature of the housing 30.

Referring to Figs. 16 to 19, further variations of the housing
30 of the vortex suction unit 10 are shown, the vortex suction
units 10 particularly having only a lower vortex generator 16.
The housing 30 of the vortex suction unit 10 of Fig. 16 is
conical without a backplate, having a larger diameter at the
suctioning opening and a smaller diameter at the opposite end
facing the motor 20. This configuration results in a less fo-
cused intake flow pressure at high level over a broad region
of the suctioning opening (see graph K16 of Fig. 19). The
housing 30 of the vortex suction unit 10 of Fig. 17 is conical
without a backplate, having a smaller diameter at the suction-
ing opening and a larger diameter at the opposite end facing
the motor 20. This configuration results in a focused intake
flow pressure at low level concentrated in the middle of the
suctioning opening (see graph K7 of Fig. 19). On the other
hand, because there is no backplate of the housing 30, this
configuration results in a very high air flow for cooling the
motor 20 (see Fig. 17). The housing 30 of the vortex suction
unit 10 of Fig. 18 is conical with a backplate, having a
smaller diameter at the suctioning opening and a larger diame-
ter at the opposite end facing the motor 20. This configura-

tion results in a better intake flow pressure at the middle of
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the suctioning opening compared to the embodiment of Fig. 17

(see graph K18 of Fig. 19}.

Referring to Figs. 20 to 22,:a further embodiment of a vortex
suction unit 10 is shown, the vortex suction unit 10 having a
housing 30 with a backplate 30b, whereas the backplate 30b has
a recessed part to receive the motor 20. The housing 30 is
movable relative to the blades 14 of the impeller wheel by
means of a spindle drive with shaft joint 31 driven by a fur-
ther motor 33 which might be a stepper motor. Fig. 20 shows
the vortex suction 10 unit with the housing 30 surrounding the
blades 14, Fig. 21 shows the vortex suction unit 10 with the
housing being moved upwards so that the housing is axially
above the blades 14. By moving the housing 30, the direction
and the absolute intensity of the intake flow pressure of the
vortex suction unit 10 can be varied as shown in Fig. 22. The
position of the housing 30 of Fig. 20 results in an intake
flow pressure according to graph K20 of Fig. 22, the position
of the housing 30 of Fig. 21 results in an intake flow pres-

sure according to graph K21 of Fig. 22.

Referring to Figs. 23 and 24, an alternative embodiment for
varying the intensity of the intake flow pressure of a vortex
suction unit 10 is shown. The vortex suction unit 10 comprises
an iris 34 arranged in front of the suctioning opening So of
the vortex suction unit 10. The iris 34 can be opened and
closed by means of a lever 34a, the lever being operated ei-
ther manually or motor-driven. Fig. 24a is a top view of the
vortex suction unit 10, the iris 34 being closed, in Fig. 24Db
the iris 34 is partly opened and in Fig. 24c the iris 34 is
opened. Fig. 25 shows graphs of the intake flow pressure cor-
responding to the different positions of the iris according to

Figs. 24a, 24b and 24c. In a further embodiment (not shown),
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the intensity of the intake flow pressure can be varied by
means of a sliding element which can be moved to cover the
suctioning opening partly or completely or not at all.
Referring to Figs. 26a, 26b 27a and 27b, further embodiments
of providing a suctioning force on basis of a whirlwind are
shown. The vortex suction unit comprises a second cylindrical
housing 35 in which air can be injected tangentially through
at least one, particularly several openings 35a in the wall of
the second cylindrical housing 35. The cylindrical housing 35
is closed by a backplate 35c at one end. The air can be in-
jected using an air supplying device, particularly using com-
pressed air. In an embodiment (see Fig. 27a), the injected air
is generated by a vortex suction unit 10 on basis of an impel-
ler with blades 14 driven by a motor 20. The axis of rotation
of the impeller is arranged parallel to the axis of the second
cylindrical housing 35. The impeller is arranged within an im-
peller housing or first cylindrical housing 30. The second cy-
lindrical housing 35 and the first cylindrical housing 30 are
connected by a connecting channel 35d, the connecting channel
35d being arranged tangentially on the second cylindrical
housing 35 and the first cylindrical housing 30. By rotating
the impeller, a tangential air flow is generated which leaves
the first cylindrical housing 30 tangentially in the connect-
ing channel 35d and therefore enters the second cylindrical
housing 35 tangentially through the opening 35b at the end of
the connecting channel 35d. Therefore, a second whirlwind is
generated in the second cylindrical housing 35. As shown in
Fig. 28, the absolute intake flow pressure of the second cy-
lindrical housing 35 is smaller than the intake flow pressure
of the vortex suction unit in the first cylindrical housing
30. With this embodiment, two parallel vortex suction units

can be provided using only a single motor 20. The second cy-
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lindrical housing 35 has the benefit that no impeller wheel is

needed that might damage suctioned objects.

The vortex suction units 10, particularly as described before,
show different embodiments of first means for generating a low
pressure induced by a whirlwind for sucking in an object and
can be combined with second means for conveying the suctioned
object along a transfer path TP transverse to the axis of ro-
tation of the whirlwind, particularly as described below, to
provide different embodiments of suctioning and conveying sys-

tems according to the present invention.

Referring to Figs. 29, 42, 43 and 59, vortex suction units 10
are disposed adjacent a transfer path TP, the direction of
which is indicated by arrows. An object 50 is moved by a con-
veyor 80 along the transfer path TP by belts 40 and/or trac-
tion rollers 46. The transfer path TP corresponds to the pre-
determined conveyance positions of the object 50 as it moves
along the conveyor 80. The vortex suction units 10 are ar-
ranged in seqguence along the transfer path TP and may also be
disposed into arrays 70 which may be, for example, vertical
arrays 70a, 70b arranged side by side or sequentially arranged
horizontal arrays 70c, 70d (see Fig. 42). It is also possible
to provide the vortex suction units 10 in an offset arrange-
ment (see Fig. 59) in order to reduce the total number of vor-
tex suction units 10 necessary for a particular conveyor 80.
The vortex suction units 10 may be arranged side by side, and
may be arranged with a predetermined spacing which is less
than the length of a respective edge of the object 50 such
that it is adhered to the belts 40 at all points during con-

veyance.
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The housings 30 of the vortex suction units 10 may be square
or other shapes and surround the outside edges of the blades
14. A cover 32, which may be a screen, a grid, concentric cir-
cles, an air permeable material, a plate with openings or
ribs, may be provided on the vortex suction units 10. In an
embodiment shown in Fig. 31, the cover 32 includes ribs ex-
tending in the direction of the transfer path TP such that an
object 50 which is flexible, such as paper, is provided a
slight corrugation in the direction of the transfer path TP.
The housing 30 may also include idler balls or rollers which

contact the object 50 during conveyance to decrease friction.

The cover 32 may be provided to minimize risk of injury, keep
objects from interfering with the blades, to maintain a spac-
ing to the object 50 and/or to aid in guiding and supporting
the object 50 as it moves along the transfer path TP. In an
embodiment, the cover 32 is disposed at a distance from the
object 50 such that a flexible object 50 being carried by
belts 40 is given a concave or corrugation shape by vortex
suction units 10 positioned between pairs of belts 40, thereby
imparting a degree of rigidity. Further, covers 32 may extend
between vortex suction units 10 so as to provide a smooth,
supported transition as the object moves from one vortex suc-

tion unit 10 to the next.

" The belts 40 may be formed from a material having a signifi-

cant coefficient of friction and may be toothed, such as in a
synchronous type conveyor, textured or profiled. For example,
spikes, grooves or ribs may be provided on the surface of the
belts 40. Typical elastic or elastomeric belts 40 are suffi-
cient to convert the normal force into a transport force. The
surface of belts 40 may be roughened to increase friction in

their entirety or only at certain areas to create a surface
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having regions with different coefficients of friction. Fur-
ther, the belts 40 may be at least partially air permeable.

For example, the belts 40 may be perforated or formed from a
nano-material. The belts 40 may be driven by a belt drive 44,

which may be adjustable to control the conveyance speed.

The conveyor 80 may include support rails 48 which support and
assist in maintaining the position of the object 50 in the
transfer path TP. In an embodiment, the vortex suction units
10 are arranged on the opposite side of the belts 40 from the
object 50 and are positioned between adjacent pairs of belts
40. However, one air permeable belt 40 may be provided over in
lieu of the covers 32. The belts 40 may also contain a plural-
ity of perforations 42 through which the attraction force A
adheres the objects 50 to the belts 40 (see Fig. 34c), in
which case the conveyor 80 includes just one belt 40 or mul-

tiple parallel belts 40.

Other types of conveyors 80 are also possible, such as ones
using sequentially arranged driven rollers with a spacing the-
rebetween, in which case the vortex suction units 10 are ar-
ranged below the spacings and provide the attraction force A
to the object 50 therethrough. Likewise, conveyors 80 include
other systems of conveyance, such as supports, for example,
support rods or rollers, arranged such that the object is con-

veyed by gravity or an applied force.

The conveyors 80, may be horizontal conveyors 82, vertical
conveyors 84, and may also be inclined, curved, rectangular,
circular, or the like. For example, as shown in Fig. 43, an
object 50 enters the transfer path TP on top of a first hori-
zontal conveyor 82a, traveling to a vertical conveyor 84 and

up to the bottom of a second horizontal conveyor 82b, wherein
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the attraction force A of the vortex suction units 10 is suf-
ficient to hold the object 50 against the belts 40 even in the
presence of a gravitational force downward. In this conveyance
system 100, the object 50 is both flipped and translated up-
wards by the design of the transfer path TP. Especially when
the object 50 is relatively flat and flexible, such as paper,
deflectors 88 may be provided between conveyors 80 that are
separated and/or at angles relative to one another, such as
horizontal and vertical conveyor 82, 84, to direct the object
50 onto the respective belts 40 or other conveyance surface.
Further, a main controller 60 may be provided to control belt
drives 44 and vary the conveyance speed of the conveyors 82a,
82b, 84 and/or to control the attraction force provided by the
vortex suction units 10 either individually (separately) or in
groups. For example, since the second horizontal conveyor 82b
must adhere the object 50 against gravity, the vortex suction
units 10 therein can be driven at a higher speed than those of
the first horizontal conveyor 82a. Similarly, the attraction
force A may be increased when a heavier object 50 enters the

transfer path.

Referring to Figs. 30 to 32, 39 and 54, each vortex suction
unit 10 may be provided with its own means of conveyance, such
as, for example, its own pair of belts 40 having perforations
42 that are driven by traction rollers 46 connected to a belt
drive 44. A cover 32 having ribs is provided on the housing 30
over the upper vortex generator 12 parallel to the belts 40 to
provide a slight corrugation to flexible objects 50 in con-
veyance direction and to minimize friction as the object 50
moves across the cover 32. In an embodiment, the housing 30
surrounds the upper and lower vortex generators 12, 16, or at
least the upper vortex generator 12. Additionally, each vortex

suction unit 10 may also be provided with its own modular con-
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troller 62 which is functionally coupled with the motor 20
and/or the belt drive 44 to control the speed of the vortex
suction unit 10 and belts 40 by varying power levels provided
thereto. Further, each individual modular controller 62 may
also be functionally coupled to a main controller 60 which,
for example, is able to provide various signals to first and
second vortex suction units 10a and 10b so as to move their
respective motors 20 or belts 40 at different speeds depending
on, for example, the desired attraction force, conveyance
speed, positioning of the object 50 and predetermined transfer

path TP.

The dimensions of a suctioning and conveying system with a
vortex suction unit 10 and belts 40 for lifting a standard pa-
per of A4 format or 11” format with a grammage of up to 80g/m2
from a distance of up to 60 mm against gravitation force are
less than 100mm x 80 mm x 40 mm. The attraction force, which
is the force needed to remove an object from the suctioning
and conveying system against the attraction force, is about
1,6 N. An even smaller system which is able to lift a standard
paper from a distance of up to 30 mm has dimensions of 80 mm x

60 mm x 25 mm. The attraction force is about 0,7 N.

Each suctioning and conveying system might be provided with
two belts 40 that might be controlled independently (see Figs.
33a and 33b). Each belt 40 might be provided with one motor
20a, 20b. In an embodiment, both motors 20a, 20b are arranged
side to side on one side of the impeller between the belts 40,
for example if the distance between the belts 40 is large
enough (see Fig. 33a). In an alternative embodiment, the mo-
tors 20a, 20b are arranged on different sides of the impeller
between the belts 40, for example if the distance between the

belts 40 is smaller (see Fig. 33b). If the belts are con-
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trolled independently, it is possible to rotate an object, in
particularly on the spot, if both belts 40 are driven in oppo-
site directions at same speed and center of area of the object

is located over the center of the impeller.

Referring to Figs. 34a to 34d, different arrangements of con-
veyors relative to the vortex suction device or the impeller
are described. In the embodiment shown in Fig. 34a, the belts
40 are located next to the impeller wheel with blades 14, not
covering the suctioning opening defined by the outer dimen-

tions of the impeller wheel or the housing 30 of the impeller
wheel. The suctioned object 50 is drawn against the blades 14
of the impeller due to the intake flow or intake flow pres-

sure.

In the embodiment shown in Fig. 34b, the belts 40 partially
cover the suctioning opening. Surprisingly, this arrangement
has nearly no impact on the intake flow pressure. In this em-
bodiment, the object 50 is prevented from contacting the
blades 14 of the impeller. But the object still might be de-
formed due to the intake flow pressure. The deformation might
increase the stability of the object 50 while moving. If this
deformation should be avoided, the belts might be provided
with perforations 42, resulting in an attraction force through
the belts 40 and a resting of the object 50 on the belts 40
(see Fig. 34c). If a convex deformation of the object 50 be-
tween the belts 40 should be provided, a O-ring 41 can be ar-
ranged between the belts 40 to provide a higher stability of
flat, flexible objects 50 while moving (see Fig. 344d).

Figs. 35a and 35b shows a suctioning and conveying system with
a vortex suction unit 10 and two parallel belts 40, the belts

being arranged partly over the suctioning opening SO. The
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summed width of the belts 40 amount to about 40% to 60% of the
width of the suctioning opening SO. The height of the belts 40
amount to about 2% of the width of the suctioning opening SO.
The belts 40 are arranged in front of the suctioning opening
SO so that the distance d of the outer edges of the belts 40
is smaller than the width w of the suctioning opening SO, pre-
ferably by about 10%. For example, the width of each of the
belts 40 might be about 14 mm. The width w of the suctioning
opening SO might be about 52 mm. The distance d of the outer
edges of the belts 40 might be about 46 mm. The distance of
the inner edges of the belts 40 might be about 18 mm. The
height of the belts 40 might be around 1 mm.

Figs. 36a and 36b shows a suctioning and conveying system with
a vortex suction unit 10 and two parallel belts 40, the belts
being arranged partly over the suctioning opening SO. Between
the two belts 40, an O-ring 41 is provided, analog the embodi-
ment of Fig. 34d. For example, the width of the belts 40 is
about 15 mm. The distance of the inner edges of the belts is
about 30 to 40 mm. The O-ring has a diameter of about 2 mm.
Instead of the O-ring, a small belt with a width of about 2 mm

can be used.

Figs. 37a and 37b shows a suctioning and conveying system with
a vortex suction unit 10 and one belt 40, the belt 40 being
arranged partly over the suctioning opening SO. The distance d
of the outer edges of the belt 40 can be about 21 to 31 mm if

the diameter w of the suctioning opening is about 52 mm.

Figs. 38a and 38b shows a suctioning and conveying system with
a vortex suction unit 10 and one belt 40, the belt 40 being
arranged partly over the suctioning opening SO. The belts 40

are preferably air permeable to support the objects over the
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complete width of the belt 40. For example, a perforated elas-
tomeric belt with perforations 42 might be used or a textile
belt. If the covered area of the suctioning opening is less
than 60%, still a reasonable intake flow pressure can be

achieved.

Each vortex suction unit 10 may also be provided with its own
means for rotation (see Fig. 39), such as a rotation motor 52
connected to a crown gear 54 disposed on a rear surface of the
vortex suction unit 10. The rotation motor 52 is attached to a
support 56 which is fixed at one end and at the other end is
rotatably connected to the vortex suction unit 10 at the axis
of rotation of the motor 20. The main controller 60, directly
through control lines 64 or through a modular controller 62,
provides power to the rotation motor 52 in order to rotate the
crown gear 54 and position a vortex suction unit 10 at a par-
ticular alignment angle o (see Fig. 54). Further, the angular
rotation of individual vortex suction units 10, which may be
provided for both vertically and horizontally, can provide for
numerous different, complex transfer paths TP in three-
dimensions, and also allows for quick adjustments in transfer
paths TP and for changes in alignment of objects 50 therein.
For example, such rotatable vortex suction units 10 could be
rotated before and or while holding an object 50 to distribute
it to various conveyors 80 or belts 40 of other vortex suction
units 10 disposed horizontally at angles to its own belts 40

and/or positioned vertically above or below.

Additionally, vortex suction units 10 provided with individual
belts and/or rotation means may be used to align an object 50,
for example, to an alignment edge 58 of a conveyor 80 (see
Fig. 54). The vortex suction units 10 are rotated to or dis-

posed at an alignment angle o directed toward the alignment
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edge 58 to translate an cbject 50 from its position at an in-
put traction rollers 46a and align it to the alignment edge 58
before exiting through the output traction rollers 46b. Al-
ternatively or additionally, one row of vortex suction units
10 could be part of a first array 70a and a parallel row of
vortex suction units 10 could be part of a second array 70b.
In such a case, the controller 60 would be able to rotate the
vortex suction units 10 of the first array 70a to the align-
ment angle o and/or drive their belts 40 at higher speeds than
those of the vortex suction units 10 of the second array 70b

to align the objects 50.

Referring to Figs. 40a to 40c, a vortex suction device 10 with
a transport ball 210 as conveying means is shown. The trans-
port ball 210 is connected to an axis 212 which is rotatably
fixed in a cylindrical housing 214. The cylindrical housing
214 is rotatably mounted by means of a crown gear 216 in a
housing 218 horizontally to a suctioning area 220. The cylin-
drical housing 214 can be rotated by means of a motor 222,
which can be designed as a stepper motor or as an DC motor and
which preferably includes an encoder for rotating the trans-
port ball 210 by 360° or by +/-180°. The transport ball 210 is
driven by a motor 224, which can be designed as a stepper mo-
tor or as a DC motor. The suctioning force which attracts the
object 50 to a contact area 226 of the transport ball 210 is
generated by an impeller with blades 14 which is driven by the
motor 20, the impeller having an axis 228 of rotation. The mo-
tor 20 is connected to the housing 218. In an embodiment, fur-
ther transport balls 230 are provided which are arranged free-

wheeling.

Referring to Fig. 4la to o, different possibilities of varying

the position and/or orientation of an object, preferably a
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flat, flexible object, in particular a sheet of paper, are de-
scribed. Fig. 4la is a schematic view of translating of an ob-
ject. Fig. 41b is a schematic view of bending of an object.
Fig. 41lc is a schematic view of lifting the rim of an object.
Fig. 414 is a schematic view of lifting an edge of an object.
Fig. 4le is a schematic view of planing a corrugated object.
Fig. 41f is a schematic view of turning an object around a
cross axis. Fig. 41g is a schematic view of turning an object
around a longitudinal axis. Fig. 41h is a schematic view of
rotating an object around an axis perpendicular to a flat ob-
ject. Fig. 41i is a schematic view of conveying and sorting
objects. Fig. 41j is a schematic view of sorting objects in a
vertical direction. Fig. 41k is a schematic view of transfer-
ring an object from a horizontal position in a vertical posi-
tion. Fig. 411 is a schematic view of separating double-picked
objects. Fig. 41m is a schematic view of aligning an object
relative to a stop bar. Fig. 41n is a schematic view of align-
ing an object relative to two CCD bars. Fig. 4lo is a schemat-
ic view of fixing a flat object on a cylinder. Systems for
providing the possibility of varying the position and/or the
orientation cf the object schematically shown in Fig. 4la to o

are described with respect to different figures.

Fig. 42 is a schematic view of a conveyor using vortex suction
units 10 for providing a translational movement of the object

50 as already described above.

Fig. 43 is a schematic view of a system of conveying an object
50 for turning the object 50 with a vertical displacement as

already described above.
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Fig. 44 is a schematic view of a system of planing a corru-
gated object 50. Such a system can be used for example in con-
nection with scanning devices, cameras or ink-jet printers,
where it is necessary to provide a flat sheet of paper without
deformations. The object 50 is moved over a suctioning and
conveying system with a vortex suction device 10 and at least
one belt 40. The conveyance speed and direction is controlled
using a controller 60. The flattened object 50 is moved to a
scanning device, a printing head, or any kind of read- or

write system 56.

Referring to Figs. 45 and 46, a system of turning an object
around a cross axis AD is described. A vortex suction unit 10
with at least one conveyor belt 40 is arranged on a wheel 25
which is pivotably mounted around an axis AD. The -rotation of
the wheel can be driven by a motor 24. The object 50 can be
moved in direction of a transfer path TP by means of the belts
40. The cbject can be located on the suctioning and conveying
system by means of the vortex suction device 10. The wheel in-
cluding the suctioning and conveying system can be rotated
around the axis AD while fixing the object 50, therefore flip-
ping the object 50 upside down. The side 50A of the object
that was facing upwards before reaching the suctioning and
conveying system (see Fig. 45a and 46a) is facing downwards

after rotating the wheel by 180° (see Fig. 45c and 46Db).

Fig. 47 provides a schematic view of a system of conveying and
sorting objects 50. Flat, flexible objects 50 deriving from
different sources 311, 312, 313, 314 are transferred along
different transfer paths TP1, TP2, TP3, TP4 to a sorting de-
vice 330 by means of several suctioning and conveying systems
arranged along the transfer paths TPl1, TP2, TP3, TP4. The ob-

jects 50 include an optic or magnetic code that can be read by
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readers 331, 332, 333, 334 arranged for example above the
transfer paths TP1, TP2, TP3, TP4. The sorting device compris-
es a further suctioning and conveying system with a vortex
suction unit 10 and conveyor belts 40 which is preferably ro-
tatable analog to the embodiment of Fig. 39. Depending on the
code on the object 50, the object 50 is rotated in the desired
direction, the point of time for the rotation can be calcu-
lated by the controller 60 taking into account the position of
the code on the object 50, the conveyance speed of the suc-
tioning and conveying systems, the rotation angle can be cal-
culated by the controller 60vtaking into account the position
of the sources 311, 312, 313, 314 and the position to which
the object 50 should be transferred. The objects 50 can be
transferred to deposit units 341, 342 or further transferred
in opposite direction along the transfer paths TPl1, TP2, TP3,
TP4. The controller 60 controls motors of the vortex suctions
units 10 and motors of the conveying systems of the vortex

suction units 10.

Fig. 48 is a schematic view of a system of sorting objects 50
in a vertical direction. In direction of a transfer path TP a
single suctioning and conveying system is followed by two suc-
tioning and conveying systems facing each other. The vortex
suction units 10 of the two suctioning and conveying systems
facing each other are provided with means for controlling the
intake flow and the intake flow pressure, for example using an
iris 34 in accordance with embodiments of Fig. 23 and 24. De-
pending on which of the suctioning and conveying systems fac-
ing each other provides the suction force, the object 50 moved
along the upper transfer path TPU or the lower transfer path
TPL. The distance between the two suctioning and conveying

systems facing each other can be up to 50 mm provided that the
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objects 50 are of format A4 or format 11” and feature a gram-

mage of up to 80g/m2.

Fig. 49 1is a schematic view of a system of transferring ob-
jects from two different horizontal positions in a vertical
position or vice versa using several vortex suction units 10
arranged in arrays 70a, 70b, 70c. The arrays 70a, 70b are ar-
ranged horizontally facing upwards and having a displacement.
The array 70c is arranged vertically. Objects 50 moving along
the arrays 70a, 70b meet the array 70c, will be turned around

about 90° and further move along array 70c.

Referring to Figs. 50 and 51, examples of conveyance systems
100 using vortex suction units 10 to handle double-picks, or
multiple overlapping objects 50 in the transfer path TP, are
shown. First and second arrays 70a, 70b are arranged in paral-
lel and facing one another. Referring to FIG. 50, as overlap-
ping first and second objects 50a, 50b travel upwards along
the transfer path TP on the vertical conveyor 84, the second
object 50b will start to peel away from the first object 50a.
An air knife 90 may provide a tangential air stream to facili-
tate the separation of the first and second objects 50a, 50b.
The vortex suction units 10 of the first and second arrays
70a, 70b may be provided an increasing or decreasing attrac-
tion force A in the direction of the transfer path P. For ex-
ample, the vortex suction units 10 at the lower end of the
first array 70a may have a smaller attraction force A to en-
sure that an overlapping second object 50b will start to sepa-
rate from the first object 50a. Additionally, as the second
object 50b nears the vortex suction units 10 of the second ar-
ray 70b, the air flow will become hindered, causing current to
decrease and rpm to increase, at which point additional power

may be provided to one or more of the vortex suction units of
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the second array. The conveyance system 100 of Fig. 51 is sim-
ilar to that of Fig. 50, except that gravitational force aids
in the separation of the second object 50b and that a stacking
container 94 and a double-pick container 92 are provided for
sorting first and second objects 50a, 50b, respectively. Fur-
ther, the vortex suction units 10 above the stacking container
may be sequentially slowed and/or disengaged so as to provide

a gradual release cf the object 50.

Referring to Fig. 52, a conveyor 80 includes vortex suction
units 10 which adhere to the objects 50 and move them along
the transfer path TP. The vortex suction units 10 are mechani-
cally and/or electrically connected to a guide 38 which tra-
vels in the direction of the transfer path TP. The guide 38
may be belts 40 or other conveyance means for moving the vor-
tex suction units 10 in the direction of the transfer path TP.
For example, a belt drive 44 can be used to drive one or more
traction rollers 46 moving one or more belts 40 to which the
vortex suction units 10 are attached. Additionally, the trac-
tion rollers 46 and the inside surfaces of the belts 40 may
each be formed from a conductive material and electrically
connected to the vortex suction units 10 to rout power thereto
from a controller 60 or power source. The controller 60 may
also be used to drive the belt drive 44 at various speeds
and/or to adjust the power level at individual vortex suction
units 10. While the conveyor 80 shown in Fig. 52 is an eleva-
tor conveyor which flips an object 50 from input I to output
O, movable vortex suction units 10 traveling with or along a
guide 38 in the direction of the transfer path TP may be pro-
vided in any type of conveyance system 100 alone or in combi-

nation with stationary vortex suction units 10.
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Referring to Fig. 53, a conveyance system 100 which is also
effective for flipping an object 50 provides the object 50
through a deflector 88 and input/output roller 46a/46b to a
horizontal conveyor 82 having vortex suction units 10. The ob-
ject is then directed to an inclined conveyor 83 after being
flipped by a deflector 88 having a radius of curvature r. The
inclined conveyor 83 then carries the flipped cbject out
through input/output roller 46a/46b. A controller 60 may be
provided to control the respective belt speeds of conveyors
82, 83 and the speed of each of their respective vortex suc-

tion units 10.

Fig. 54 1s a schematic view of a system of aligning objects 50
relative to an alignment edge 58 or relative to a CCD bar as

already described above.

Fig. 55 is a schematic view of a system of aligning objects 50
relative to two CCD bars 58a, 58b. Vortex suction units 10
provided with individual belts 40 and/or rotation means, for
example analog the embodiment of Fig. 39, may be used to align
the object 50 to two CCD bars 58a, 58b being arranged parallel
to each other, the vortex suction units 10 arranged between
the two CCD bars 58a, 58b. The distance B between the CCD bars
58a, 58b is smaller than the width of the objects 50 by about
10-20%. After passing the system of aligning objects 50, the
objects 50 should be arranged with its longitudinal edges pa-
rallel to the CCD bars 58a, 58b, preferably symmetrical to a
symmetrical axis between the CCD bars 58a, 58b. The movement
of the object 50 is controlled by the controller 60 which de-
tects the coverage of the elements of the CCD bars 58a, 58b
and controls the angle of the vortex suction units 10 and the
conveyance speed and/or direction of the belts 40 so that the

desired alignment of the object after passing the system is
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achieved. One suctioning and conveying system comprising a
vortex suction unit 10 and conveyor belts 40 might be suffi-
cient to achieve the desired alignment of the object 50. Use
of several suctioning and conveying systems provide usually a
better result of alignment. If the desired result is not
achieved, the object 50 can be moved backwards along the sys-

tem and be aligned once more.

The controller has to be able to handle data of both CCD bars
58a, 58b and to control several, for example three, motors for
each of the several, for example three, suctioning and convey-
ing systems, namely a motor for rotating the suctioning and
conveying system and two motors for the two belts 40 of each
suctioning and conveying system. It might as well be necessary
to further control the intake flow and intake flow pressure.
While the object 50 is passing from one suctioning and convey-
ing system to the next, the controcller 60 has to control up to
6 motors independently and simultaneously and further to
detect and process the positions of the objects 50 on the CCD
bars 58a, 58b.

Fig. 56 is a schematic view of a system of aligning objects
relative to one CCD bar in accordance with an alternative em-
bodiment of the present invention. For aligning the objects
50, two independently controlled conveyor belts 40 are used.
The belts 40 are driven by two motors 20a, 20b and might be
controlled in conveyance speed and direction independently.
The objects are hold to the belts 40 by several vortex suction
units arranged between the CCD bar 58a and a mechanical limi-
ter bar 58c under the belts 40, the vortex suction units being

operated simultaneously.



10

15

20

25

30

WO 2012/107217 PCT/EP2012/000561
54

Figs. 57 and 58 are schematic representations of different
control schemes which may be provided to individual vortex
suction units 10 of a conveyance system 100-through a main
controller 60. The controller 60 may control individual vortex
suction units 10 separately or in groups. When an object 50 is
positioned in the low pressure region LP of a vortex suction
unit 10, the air flow is hindered causing the current (i) to
decrease and the speed (rpm) to increase compared to idle con-
ditions. Thus, the current level and/or speed may be used as
an indicator that a substrate is present adjacent a vortex
suction unit 10, in other words, that a low pressure condition
exists. Since the vortex suction unit 10-A is not covered by
an object 50 as indicated to the controller 60 by a relatively
high current and low speed, it may be switched off. Vortex
suction units 10-B and 10-C are actively maintained in opera-
tion by the controller 60 since the object 50 is hindering air
flow and causing the controller 60 to recognize a relatively
low current and high speed. Further, the controller 60 recog-
nizes that the subsequently arranged vortex suction unit 10-D
will need to be switched on as it is next in the sequence.
Once the object 50 is covering the vortex suction unit 10-D,
vortex suction unit 10-B can be switched off and so on. The
timing of such provident triggering of sequentially arranged
vortex suction units 10-A through E by the controller 60 may
be determined in accordance with a predetermined conveyance
speed, the speed at which the controller 60 drives belts 40
and/or by relative changes in current or speed as the object
50 moves past individual vortex suction units 10. Because vor-
tex suction units 10 are relatively small and lightweight,
they may be shut off and activated relatively quickly. Thus, a
consistent adherence may be applied efficiently since only

vortex suction units 10 carrying an ocbject 50 are active.



10

15

20

25

30

WO 2012/107217 PCT/EP2012/000561
55

Alternatively or additionally, the controller 60 may provide
different power levels to the motors 20 of the sequentially
arranged vortex suction units 10-A through E so as to drive
them at different speeds and thereby provide various magni-
tudes of an attraction force A. For example, the controller 60
could provide decreasing speeds to the sequentially arranged
vortex suction units 10-A through E carrying an object 50
along a transfer path TP against the force of gravity. Heavier
objects 50 will fall away sooner than lighter objects 50 be-
cause of the decreasing attraction force A. Thus, a sorting
function may be obtained using deflectors 88 or sorting bins
arranged in sequence to capture different objects 50a, 50b,

50c of various type, weight and/or size.

Fig. 60a and 60b are schematic views of a system of fixing a
flat object 50 on a cylinder 400 as used for example in ink
jets or laser printers. A feeder 410 provides single objects
50 tangentially to the cylinder 400. The cylinder 400 compris-
es several vortex suction units 10, the cylinder 400 acting as
conveyance means. The object 50 provided by the feeder 410 is
suctioned by a vortex suction unit 10a. By rotating the cy-
linder 400, the object 50 is fixed on the cylinder 400 by the
vortex suction 10a and rotated as well, further fixed by the
next vortex suction unit 10b. The higher the number of vortex
suction units 10 in the cylinder 400, the more precise the
fixation of the object 50. If one of the vortex suction units
10 can as well push the object 50, a deposition of the object

50 in a desired angle is possible.

Referring to Figs. 61-64, the controller 60 for at least first
and second vortex suction units 10a, 10b may be provided ex-
ternally (Figs. 61 and 63) or with one of the vortex suction

units 10 (Fig. 62). The controller 60 provides power to the



10

15

20

25

30

WO 2012/107217 PCT/EP2012/000561
56

vortex suction units 10 either directly or through a modular
controller 62 and senses current and speed. Additionally, the
controller 60 may also power the belts 40, which may be common
(Fig. 63) or provided for each vortex suction unit 10 (Figs.
61 and 62), and control the direction thereof by switching the
rotation of the belt drive 44.

A control system 110 includes a main controller 60, and op-
tionally includes modular controllers 62 for individual vortex
suction units 10. The main controller 60 and the modular con-
trollers 62 may include one or more sub-controllers 66, which
may be, for example microcontroller Model No. ATMEGA88P manu-
factured by ATMEL Corp. Further, the main controller 60 and
the modular controllers 62 may include communication interfac-
es 67 connected through control lines 64 for data exchange.
The communication interfaces 67 may be, for example, Control
Area Network (CAN) controllers Model No. MCP2515 manufactured
by Microchip Technology Inc. which communicate with the con-
trollers 60, 62 through a standard Serial Peripheral Interface
(SPI) and the control lines 64 may be a CAN bus system or a

communication system using the RS-485 communication standard.

The main controller 60, which may be, for example, controller
Model No. AT90CAN128 manufactured by ATMEL Corp., is provided
to control the speed of belt drives 44, rotation motors 52
and/or the motors 20 of individual suction units 10 either di-
rectly or through modular controllers 62. The modular control-
lers 62 may include motor controllers 68 which may be, for ex-
ample, control chip Model No. NJM 2673 manufactured by New Ja-
pan Radio Co., Ltd. for stepper motors or control chip Model
No. EBL-H-50-03-05 manufactured by Portescap for brushless DC
motors. In an embodiment, the belt drives 44 and the rotation

motors 52 are stepper motors and the motors 20 are brushless
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DC motors. Further, sensors 65 may be provided for measuring
the speed (rpm) of the belt drive 44, rotation motor 52 and/or
motor 20, and for transmitting such data as an encoded signal
to the main controller 60 either directly or through the mod-
ular controllers 62. Other configurations of the control sys-
tem 110, however, are also possible. For example, where the
modular controllers 62 are not provided the motor controllers
68 may be provided with the main controller 60 or on individu-

al suction units 10.

Referring to Fig. 65, a conveyance system 100 having first and
second conveying devices 80a, 80b with first and second vortex
suction units 10a, 10b, is shown. As an object 50 moves along
the transfer path TP between the first and second vortex suc-
tion units 10a, 10b, the main controller 60 selectively engag-
es a respective one of the first and second suction units 10a,
10b to adhere the object 50 thereto. In the embodiment shown,
the first conveying device 80a is a mechanical-guide conveyor
which moves the first vortex suction unit 10a along a first
secondary path TPl extending from Position Al in the transfer
path TP to Position A2 at a first stacking container 94a. The
second conveying device 80b is likewise a mechanical-guide
conveyor which moves the second vortex suction unit 10b along
a second secondary path TP2 extending from Position Bl in the
transfer path TP to Position B2 at a second stacking container
94b. Mechanical-guide conveyors may use rollers 112 movable
along rails 114 and/or drive gears 116 meshing with teeth 118.
Further, the rollers 112 or the drive gears 116 connected with
the vortex suction units 10 may also be coupled with the belt
drives 44 thereof, or could be directly connected to the con-
troller 60, to control speed and direction. Likewise, the

first and second conveying devices 80a, 80b may utilize belts
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40 respectively attached to the first and second vortex suc-

tion units 10a, 10b as in FIG. 52, which are bidirectional.

For example, where the object 50 is printed paper, it is ad-
hered to either the first vortex suction unit 10a or the
second vortex suction unit 10b depending on which side of the
paper contains ink. When a first object 50a has printing on a
first side, the controller 60 switches on or speeds up the
first vortex suction unit 10a which then travels along the
first secondary path TPl to the first stacking container 94a,
into which the first object 50a is dropped once the ink has
dried. Similarly, when a second object 50b is printed on the
opposite side, the controller 60 switches on or speeds up the
second vortex suction unit 10b which then travels along the
second secondary path TP2 to the second stacking container
94b, into which the second object 50b is dropped once the ink

has dried.

The objects 50 may be flat, flexible objects, such as paper or
plastic sheets. However, other types of objects, such as boxes
or containers of various shape may be carried by conveyance
systems 100 using vortex suction units 10 according to the

present invention.

Referring to Figs. 66a-c and 67a-c, a vortex suction unit 10
including at least one belt 40 is shown lifting and transfer-
ring the uppermost object 50 on the top of a stack 800 (in the
embodiment shown, an aerated portion 820) along a transfer
path TP and through a pair of exit rollers 460. The vortex
suction unit 10 is positioned over the leading edge 780 of the
stack 800 at a distance b such that the attraction force A
over the low pressure area LP is sufficient to lift the upper-

most object 50. The distance b from which the uppermost object
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50 is positioned from the vortex suction unit 10 depends on
the size of the diameter D of the circular area, or orifice,
and the speed of the vortex suction unit 10, as well as the
mass, size and material of the object 50. For example, with a
diameter D of about 50 mm and a speed of 18,000 rpm, a vortex
suction unit 10 can 1lift an object 50 of about 70 grams from a
distance b of 6 to 8 mm, when a surface of the object offers
at least a flat area having a size similar to the circular
area of the impeller. Lifting can occur, however, even at a
distance a of up to about 60 mm from an object 50 that is a
11" sheet material, such as paper, with a specific weight of
up to about 75 g/m® using the vortex suction unit 10. Addition-
ally or alternatively, a vortex suction unit 10 may be dis-

posed at the trailing edge 790 of the stack 80.

Due to the high suction force, the suction module also is able
to separate substrates in bottom feeding mode where the out-
most sheet is the lowermost sheet of the stack. Separation of
sheets of stacks of flat substrates is possible with the sub-
strate stack positioned in virtually all angles with respect
to the horizontal. In a preferred bottom feed mode wherein a
reload of the substrate stack is possible while separating
sheets, the substrate stack and the suction unit's belt sur-
face is positioned in a 60° angle to the horizontal which ad-
vantageously reduces the gravity related pressure between the
sheets which facilitates the separation of the outmost sheet
accordingly. An angle of the contact surface and/or an angle
of the impeller axis relative to the stack may be varied. In
some embodiments, the angle of the contact surface and the an-
gle of the impeller axis may be varied independently of each

other.
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The adhesion force A in the low pressure region LP that must
be provided in order to lift the uppermost object 50 depends
upon the type of objects 50 in the stack 800. For example,
when handling heavy, glossy media, adjacent sheets have a
greater tendency to adhere to one another due to higher mass,
a smooth surface, a static adhesion force and/or a higher co-
efficient of friction of the glossy media. Different types of
objects 50 also accumulate static charges which can cause ad-
jacent objects to attract and adhere to one another, especial-
ly in central regions. In order to ensure a smooth separation
of only the uppermost object 50, it has been found that posi-
tioning the vortex suction unit 10 over a leading edge 780
and/or a trailing edge 790 of the stack 800 achieves a gradual
separation wherein the uppermost object 50 is first more easi-
ly adhered by lifting at an edge and gradually separated while

conveying along a transfer path TP.

In some embodiments, the vortex suction unit may be operated
so as to be at times turned off or operated at times in a par-

tial blowing mode.

Referring to Figs. 68a, 68b and 69, a stack assembly 1000 ac-
cording to an embodiment of the present invention includes a
frame 1020 and possibly adjustable side blowers 900 mounted
within first and second side sections 1030, 1040 thereof. The
side blowers 900 may be provided on one or several or even all
sides of the stack 800. Further, the speed and height of side
blowers 900 can be asynchronously controlled. For example, op-
erating side blowers 900 at the leading edge 780 at an in-
creased height and speed relative to side blowers 900 at the
trailing edge 790 can result in increased separation in the
acrated portion 820, especially at the leading edge 780. In

the embodiment shown in Fig. 69, side blowers 900 are provided
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at each side between the leading and trailing edges 780, 790,
as well as at the trailing eége 790. The height of the stack
800 can be measured and/or controlled using one or more stack
height sensors 860, which may be, for example, optical fork
sensors. A lift table 840 disposed beneath the stack 800 can
be used tb lift the stack 800 upwards, for example, such that
the uppermost object 50 is always disposed at a predetermined
height relative to a vortex suction unit 10 mounted above the
stack 800. The stack height sensors 860 can be regulated by
one or more sensor controller 880 and the height of the side
blowers 900 may be adjusted by the sensor controller 880
and/or by one or more lift controllers 640 so that the adjust-
able side blowers 900 are positioned adjacent the uppermost
objects 50 of the stack 800 and provides an aerated portion
820 at the top portion thereof. In other embodiments, other
types of aerating devices may be used in place of side blowers

900.

In the embodiment shown in Fig. 68b, each side blower 900 in-
cludes a radial impeller 920 and a radial impeller motor 1200
to aerate the top portion of the stack 800. Alternatively or
additionally, one or several air knives directing compressed
air between the objects 50 in the aerated portion 820 can be
used. The height of the side blowers 900 in the first and
second side sections 1030, 1040 is adjustable relative to side
apertures 960 in the frame 1020 of the stack assembly 1000 us-
ing a height adjustment device 980. One such height adjustment
device 980 includes a lift motor 1220 which moves a respective
side blower 200 up and down along a vertical spindle 1260. The
side apertures 960 are disposed adjacent a predetermined por-
tion of the top of the stack 800 such that air provided ra-
dially from the side blowers 900 extends between the objects

50 and separates them from one another in an aerated portion
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820. Accordingly, the frictional and static adhesion forces
between adjacently stacked objects 50 can be substantially
eliminated in the aerated portion 820 as an uppermost object
50 will float above the stack 800, thereby allowing a vortex
suction unit 10 to adhere the uppermost object 50 from a dis-
tance without disturbing the rest of the stack 800 or uninten-
tionally adhering more than one object, i.e. a double-pick.
Alternatively, however, other means may be employed to reduce
or break adhesion and/or electrostatic forces between the ob-
jects. For example, electromagnetic, electromechanical or mo-
tor-driven vibrating devices, able to slightly vary the posi-
tion of the individual substrates relative to each other, the-

reby reducing friction and static forces, may be used.

Referring to Fig. 69, a plurality of vortex suction units 10
are disposed over the stack 800 and distributed evenly along
the leading edge 780, for example, along mounting bar 1060, so
that first, second, third and fourth objects 50a-d of various
sizes can be lifted from the stack 800 by separately control-
ling each of the vortex suction units 10. For example, when a
first object 50a of a smaller size is lifted, only the center
vortex suction unit 10 can be operated while when a larger
fourth object 50d is lifted, all of the vortex suction units

are operated.

Referring to Figs. 70a-c, a first embodiment of a mounting as-
sembly 1300 for positioning the vortex suction unit 10 over
the leading edge 780 of an aerated portion 820 of the stack
800 includes a lever 1340 pivotally connected to a mounting
bar 1060 at pivot 1320. A motor or other known means can be
used to rotate the lever 1340 at pivot 1320. Accordingly, the
vortex suction unit 10 can be disposed at an angle o relative

to the uppermost object 50 of the stack 800. It has been found
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that the uppermost object 50 can be more easily separated from
the stack 800 by disposing the vortex suction unit 10 at an
angle relative to the surface of the uppermost object 50 ra-
ther than parallel to the surface. With this angled arrange-
ment, a portion of the uppermost object 50, for example, the
peripheral side of the leading edge 78 (see Fig. 70c¢), can be
lifted to a different height than the portion of the uppermost
object 50 that is adhered on the opposite side of the circular
area of the vortex suction unit 10. A more gradual separation
of the uppermost object 50 from the subsequent one in the
stack 80 is achieved than when picking from a parallel ar-
rangement where there is a larger common surface area that
will receive the same adhesion force at the same time; thus,
undesired double-picks can be avoided. A positive (Fig. 70c)
or negative (Fig. 70a) inclination angle is possible and can
be chosen based on whether the vortex suction unit 10 is
placed at the leading or trailing edge 780, 790 of the stack
80. The angle o is preferably in the range of -45° to 45°,

In one embodiment shown in Fig. 70c, the vortex suction unit
10 is positioned with a center-point distance b of between 0
mm and 60 mm preferably 5 and dem from the uppermost object
50 and at a positive angle o between 0° and 30°, preferably
between 8° and 15° and more preferably 12°. Where a fixed dis-
tance b and angle o are desired, for example where the stack
800 always contains identical objects 50, the vortex suction
units 10 may instead be fixedly arranged on the mounting bar
1060. In a further embodiment, the vortex suction unit can
move as the uppermost object is adhered and moved along the
transfer path TP. For example, the uppermost object 50 can be
gradually separated by a vortex suction unit 10 disposed at a
negative angle o (see Fig. 70a) and, once fully adhered to the
orifice, the vortex suction unit 10 can be rotated through to

parallel (see Fig. 70b) or to a positive angle o (see Fig.
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70c) by the lever 1340. This angular rotation not only attains
a gradual separation and decreases the likelihood of a double-
pick, but also moves the uppermost object 50 laterally along
the transfer path TP and toward an exit of the stack assembly
1000. In an embodiment, the at least one vortex suction unit
is disposed above or below the stack at a distance of between

0 and 60 mm.

Referring to Figs. 71la and 71b, an alternative embodiment of
the mounting assembly 1300 includes an extension 1330 from the
mounting bar 1060. Vortex suction units 10 are pivotally con-
nected to the extension 1330 at pivot 1320. The vortex suction
units 10 may be rotated manually, but preferably a motor is
attached to rotate the vortex suction unit about the pivot
1320. In order to provide a mounting assembly 1330 that has a
self-adjusting angle o, the rotation of the vortex suction
units 10 about the pivot 1320 can be controlled by a main con-
troller 60 (see Fig. 74) or modular controllers. For example,
the vortex suction unit 10 can rotate toward the uppermost ob-
ject 50 to a first angle ol (until a desired angle o or a dis-
tance b for the particular object 50 is obtained) in order to
gradually adhere the uppermost object 50. After the uppermost
object 50 has peeled away and gradually adhered to cover the
entire orifice of the vortex suction unit 10, as indicated by
a significant increase in speed and decrease in current con-
sumption of the suction motor 20, the vortex suction unit is
rotated away from the stack 800 to a second angle o2 (a de-
sired angle o or a distance b for transferring the object 50
along the transfer path is obtained). The extension 1330 can
also include a slot for moving the pivot 1330 and the vortex
suction unit 10 in the vertical direction to provide for fur-
ther adjustment of distance b. Further, because the desired

angle o and the desired distance b will differ with the type
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of objects 50, the vortex suction unit 10 can automatically

adjust when the type of object 50 and its position is known.

Referring to Figs. 72a and 72b, a further embodiment of the
mounting assembly 1300 includes a pair of linkages 1350 con-
nected at one end to the mounting bar 1060 and at a second end
to opposite sides of the vortex suction unit 10 in order to
adjust both the angle o and the distance b. The linkages 1350
can be a scissor-type jack or other types of linkages which
may or may not cross one another. Such shortening or lengthen-
ing arrangement can change the angle a and can change the dis-
tance b. Where the linkages cross, as shown in Figs. 72a and
72b, the ends of the linkages 1350 are slidably or rotatably
retained in the mounting bar 1060 and/or on the vortex suction
unit 10 in order to adjust both the angle o (for example, by
sliding or pivoting one linkage 1350) and the distance b (for

example, by sliding or rotating both linkages 1350).

As is illustratively shown in Figs. 73a-d, a mounting assembly
1300 which is adjustable to different angles « and distances b
can be advantageously used to handle a wide array of objects
50. For example, the vortex suction unit 10 is first disposed
at a distance b sufficient to lift the leading edge of the up-
permost object 50, here an envelope 50m, and is rotated to an
angle o that ensures a gradual separation (see Fig. 73a). As
shown in Fig. 73b, the angle o also controls the degree of
openness of the envelope 50m for a subsequent stuffing opera-
tion with a letter 50n (see Fig. 73b). Once the envelope 50m
is stuffed, the vortex suction unit 10 can be moved away from
the stack 800, for example, by moving the pivot 1320 up the
extension 1330 (see Fig. 73¢) so that the envelope 50m and
letter 50n can be transferred along the transfer path TP for

further processing (see Fig. 734d).
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Referring to Fig. 74, a control system 1100 includes a main
controller 60 for individually controlling the 1lift table mo-
tor 850, the height adjustment devices 980 of the side blowers
900 and one or more vortex suction units 10 either directly or
through sub-controllers. The main controller 60, which can be,
for example, controller Model No. AT90CAN128 manufactured by
ATMEL Corp., receives feedback from the stack height sensors
860 to determine a relative location of the top of the stack
800, as well as a distance of the uppermost object 50 from the
vortex suction unit 10. Based on the feedback from the stack
height sensors 860, the vortex suction unit 10 is moved down-
ward toward the stack 800 and/or the lift table 850 moves the
stack upward toward the vortex suction unit 10 so that the
vortex suction unit 10 is positioned at a predetermined dis-
tance b from the uppermost object 50 (see Fig. 67b). Alterna-
tively, the vortex suction unit 10 could include a proximity
sensor. The height of the side blowers 900 can also be ad-
justed from its position based on the feedback from the stack
height sensors 860 and/or further height sensors can be pro-
vided to determine the height of the side blowers 900 indivi-

dually.

The vortex suction units 10 can be continuously operated such
that when the trailing edge 790 of an uppermost object 50 be-
gins to pass by and uncover the orifice of the vortex suction
unit 10, the subsequent object 50 begins to adhere and an un-
interrupted separation and feeding along the transfer path TP
is obtained. Alternatively, the speed or current consumption
of the vortex suction unit 10 can be used to indicate that an
object 50 is no longer covering the orifice and the vortex

suction unit can be turned off, for example, in between ob-

jects 50 or stacks 800. Other means for determining whether an
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object is covering the orifice of the vortex suction unit 10
such as optical, mechanical or electrical sensors can also be

used.

The objects 50 may be flat, flexible objects, such as paper or
plastic sheets. However, other types of flat objects, such as
boxes or containers of various shapes may be carried by con-
veyance systems 100 using vortex suction units 10 according to

the present invention.

While the invention has been particularly shown and described
with reference to preferred embodiments thereof, it will be
understood by those skilled in the art that various changes in
form and details may be made therein without departing from
the spirit and scope of the invention. Accordingly, the inven-
tion is to be limited only by the scope of the claims and

their equivalents.
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Patent Claims

1.

A suctioning and conveying system for suctioning and con-
veying an object comprising first means for generating a
low pressure induced by a whirlwind for sucking in the
object, the whirlwind having an axis of rotation, '
wherein the system comprises second means for conveying
the suctioned object along a transfer path transverse to

the axis of rotation of the whirlwind.

The suctioning and conveying system according to claim 1,
wherein the first means and the second means are disposed
so that the first means suck in the object against the

second object.

The suctioning and conveying system according to claim 1
or 2,
wherein the angle of the transfer path relative to the

axis of rotation is adjustable between -45° and 45°.

The suctioning and conveying system according to one of
the preceding claims,

wherein the first means include an impeller.

The suctioning and conveying system according to claim 4,
wherein the impeller includes an impeller wheel and an
impeller housing, wherein the impeller wheel is arranged
rotatably in the impeller housing or wherein the impeller
wheel is arranged in the impeller housing in a rotatably

fixed manner.
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The suctioning and conveying system according to claim 4
or 5,

wherein the impeller housing is cylindrical or conical
with an opening angle, wherein the opening angle prefera-

bly is adjustable.

The suctioning and conveying system according to one of
the claims 4 to 6,

wherein the impeller wheel is adjustable relative to the
impeller housing along the axis of rotation of the impel-

ler wheel.

The suctioning and conveying system according to one of
the claims 4 to 7,
wherein the impeller includes an impeller wheel having

blades extending radially.

The suctioning and conveying system according to one of
the claims 4 to 8,
wherein the impeller includes in impeller wheel having

blades, an outer edge of the blades being curved.

The suctioning and conveying system according to one of
the claims 4 to 9,
wherein the impeller includes an impeller wheel and a mo-

tor which is integrated in the impeller wheel.

The suctioning and conveying system according to one of
the claims 4 to 10,

wherein the impeller includes in impeller wheel compris-
ing a separation plane transverse to the axis of rotation

of the impeller wheel.
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.The suctioning and conveying system according to one of

the preceding claims,
wherein the first means comprise a cylindrical housing in
which air can be injected tangentially through openings

in the cylinder wall.

The suctioning and conveying system according to one of
the preceding claims,

wherein the injected air is generated by an impeller, the
impeller being arranged in a first cylindrical housing,
wherein the axis of rotation of the impeller is arranged
parallel to the axis of a second cylindrical housing,
wherein the second cylindrical housing and the first cy-
lindrical housing are connected by a connecting channel,
the connecting channel being arranged tangentially on the

first and the second cylindrical housing.

.The suctioning and conveying system according to one of

the preceding claims,
wherein the first means are arranged within a housing
having a suctioning opening and wherein the second means

partially cover the suctioning opening.

.The suctioning and conveying system according to one of

the preceding claims,
wherein the summed width of the second means amount to

about 40% to 60% of the width of the suctioning opening.

The suctioning and conveying system according to one of
the preceding claims,
wherein the height of the second means amount to about 2%

of the width of the suctioning opening.
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22.
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The suctioning and conveying system according to one of
the preceding claims,

wherein the second means are arranged in front of the
suctioning opening so that the distance of the outer
edges of the second means is smaller than the width of

the suctioning opening, preferably by about 10%.

The suctioning and conveying system according to one of
the preceding claims,
wherein the second means comprises at least one of a con-

veyor belt, a transport roller or a transport ball.

The suctioning and conveying system according to one of
the preceding claims,

wherein the second means comprise at least one flat con-
veyor belt, the conveyor belt being at least partially

air permeable and/or comprising a plurality of openings.

The suctioning and conveying system according to one of
the preceding claims,

wherein the second means comprises two flat conveyor
belts, the belts preferably being adjustable in their

distance.

The suctioning and conveying system according to one of
the preceding claims,

wherein the second means comprises at least two transpor-
tation means, the two transportation means having differ-
ent cross sectional geometries, preferably the two trans-

portation means being a belt and an O-ring.

The suctioning and conveying system according to one of

the preceding claims,
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26
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wherein the suctioning opening is designed to be closed
at least partially, preferably by a sliding element or by

an iris.

.The suctioning and conveying system according to one of

the preceding claims,
wherein ribs are arranged transverse the suctioning open-

ing.

The suctioning and conveying system according to one of
the preceding claims,

wherein the second means comprise two elements, prefera-
bly two flat conveyor belts, being independently motor-

driven.

The suctioning and conveying system according to one of
the preceding claims,

wherein the second means are adjustable relative to the
suctioning opening of the suctioning and conveying sys-

tem.

.The suctioning and conveying system according to one of

the preceding claims,
wherein the suctioning and conveying system is rotatable,

preferably around the axis of rotation of the whirlwind.

27.A conveying system for conveying an object along a trans-

fer path, comprising at least a first and a second suc-
tioning and conveying system according to one of the pre-
ceding claims, wherein the suctioning and conveying sys-
tems are disposed in sequence in a direction of the
transfer path, further comprising a main controller con-

figure to separately control the suctioning and conveying
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30.

31

32.
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systems so as to convey the object along the transfer
path using the second means of the suctioning and convey-

ing systems.

.The conveying system according to claim 27,

further comprising third and fourth suctioning and con-
veying systems, wherein the first and third suctioning
and conveying system form a first array and the second
and fourth suctioning and conveying system form a second
array, the main controller being configured to separately

control the arrays.

The conveying system according to claim 28,

wherein the arrays are disposed so that the suctioning
opening of the first suctioning and conveying system 1is
disposed opposite the suctioning opening of the second

suctioning and conveying system.

The conveying system according to one of the claims 27 to
29, -
wherein the suctioning and conveying system are movable

in the direction of the transfer path.

.The conveying system according to one of the claims 27 to

30,
wherein the second means are designed as conveyor belt
being associated with the first and the second suctioning

and conveying system.

The conveying system according to one of the claims 27 to
31,
wherein the main controller is configured to separately

control, switch on, switch off, slow down and/or speed up
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the first and/or the second suctioning and conveying sys-
tem, preferably independently and preferably the first

and second means independently.

.The conveying system according to one of the claims 27 to

32,

wherein the main controller is configured to operate the
first suctioning and conveying system at a different
transport speed than the second suctioning and conveying

system.

The conveying system according to one of the claims 27 to
33,

wherein the transfer path extends into first and second
secondary paths, the first suctioning and conveying sys-
tem being configured to convey the object from the trans-
fer path to the first secondary path and the second suc-
tioning and conveying system being configured to convey
the object from the transfer path to the second secondary

path.

.A separating system for separating an object from the

outer part of a stack and conveying it along a transfer
path, the system comprising a stack assembly configured
to receive a stack of objects and a mounting assembly in-
cluding at least one suctioning and conveying system ac-
cording to one of claims 1 to 26, the suctioning and con-
veying system being disposable so as to face the stack of
objects at at least one of a leading edge and a trailing
edge thereof for suctioning in and conveying an object

from the stack.
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The separating system according to claim 35,
wherein the stack assembly includes at least one adhesion
reduction device disposed adjacent to an outer object of

the stack.

The separating system according to claim 36,

wherein the adhesion reduction device includes at least
one of an aerating device and a vibrating device confi-
gured to vary'a position of the objects relative to each

other.

The separating system according to claim 37,

wherein the aerating device includes at least one side
blower having a radial fan that is adjustable in height,
preferably between 0 mm and 60 mm, relative to the stack

so0 as to aerate a portion of the stack.

The separating system according to one of claims 35 to
38,

wherein the distance between the suctioning and conveying
system and the stack, preferably between 0 mm and 60 mm,
and/or the angle of the axis of rotation of the first
means to an outer object of the stack, preferably between

-45° and 45°, is adjustable.

The separating system according to one of claims 35 to
39,

wherein the suctioning and conveying system is disposable
at the leading edge of the stack and the angle of the
axis of rotation of the first means of the suctioning and
conveying system relative to the outer object of the

stack is adjustable between 0° to 45°.
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The separating system according to one of claims 35 to
40,

wherein the stack assembly includes at least one stack
height sensor disposed above an outer cbject of the

stack.

The separating system according to one of claims 35 to
41,

wherein the second means includes at least one of a con-
veyor belt and a roller or ball based transportation
means extending in a direction of the transfer path and
configured to receive the object thereagainst under an
attraction force of the at least one suctioning and con-

veying system.

.The separating system according to one of claims 35 to

42,
wherein the angle of the transport path and the outer ob-

ject is adjustable between -45° and 45°.

.The separating system according to one of claims 35 to

43,
wherein the system includes a plurality of suctioning and

conveying systems that are individually operated.

.Method of suctioning and conveying an object along a

transfer path comprising:

generating a low pressure induced by a whirlwind for
sucking in the object, the whirlwind having an axis of
rotation,

conveying the suctioned object along the transfer path

transverse to the axis of rotation of the whirlwind.
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46.

477 .

48

77

Method of conveying an object along a transfer path com-
prising:

disposing at least a first and a second vortex suction
unit in sequence in a direction of the transfer path;
transferring the object relative to at least one of the
vortex suction units using at least one conveyor; and
controlling the vortex suction units separately using a
main controcller so as to convey the object using at least

cne of the conveyors.

The method of claim 46, further comprising:
aligning the object relative to an alignment line, the
alignment line preferably being a mechanical or electron-

ical alignment line.

.Method of separating an object from an outer part of a

stack of objects comprising:

disposing at least one vortex suction unit, preferably a
suctioning and conveying system according to one of
claims 1 to 26, at a distance opposite an edge of the
stack; and

attracting the object from the stack énd conveying it
along a transfer path using the at least one vortex suc-
tion unit, preferably using a suctioning and conveying

system according to one of claims 1 to 26.



R A
> &\VA
>

o LDV .



WO 2012/107217 PCT/EP2012/000561

2/44
10
35‘83 v/
14
12
18
= 16
14 : lo
FaQ.
Qq 14 30
12
| ~— 16
14 8

20
18



WO 2012/107217 PCT/EP2012/000561

3/44
10
\ VA LP 20
30 ~_ v d
N
FF
'T'\‘g.b
Vacuum Power E
1,4 ! 7
\ |
1,2 ! 6
|
1,0 Vortex Lift |  \ortex Power 5 Input
: Power,
0,8 ! 4 Watts
Attraction, 0.6 i 3
]
Ounces 0.4 | 2
Vacuum Lift |
0,2 | 1
0 : 0
0 0,5 1 1,5 2.0

Height above Vortex Impeller
or Vacuum Orifice, Inches



WO 2012/107217

4/44

"h‘ng //O
H’ A2
VI~
{
A-B 44 2
?gﬁb
A B
30
AO
/ Il
L JIIl AB
A
"58.830
30 To LC
A B 8

PCT/EP2012/000561




, H’m_k PA_\»
M&% é\%

:F‘Sﬂ

-

30

/
m/W/vn\u \bv / RU | /A
/M_Wo l@ W ) f/fu w_c 5




WO 2012/107217 PCT/EP2012/000561

6/44

A0

M2

A0
g A3 \

30

AY

@)
C




WO 2012/107217

7/44

PCT/EP2012/000561

RS

&
<

20

N

/ / 30b

=

Mso
\

A4



WO 2012/107217 PCT/EP2012/000561

8/44




WO 2012/107217 PCT/EP2012/000561

9/44

FR. 230w 20 g.23b 20 P
N
T
i L ; —

I




WO 2012/107217

PCT/EP2012/000561

10/44

FgEP 50 i oo

6\‘4§\
574
!

g o

36




WO 2012/107217 PCT/EP2012/000561

11/44

TR .29
R 80,100
TP /
Jo3B2383 88BN | ~(
< HOQ| >
e /
I Y 17
10/
// =
NN
| TR
~
TR
N\
= =\



WO 2012/107217 PCT/EP2012/000561

12/44

P 34

5\

46 30

/ ,#/ ,/
75
o

0 1O
0 OJU/ : _
a%}/ i
\\/VC# |

VAL sy

olb o o O &/0
ooﬂooo“c/o

/

7007




WO 2012/107217 PCT/EP2012/000561

13/44

=ﬁ~8.33 Q

140
o, —
Q'\f\ — I — A0

Db |——
T Wo
= ol

—T-.‘S 33k
ZD‘LO\EI P % o8 L/V/O
0oy

:mmua_?_g/qo
==:]w'—=F




WO 2012/107217 PCT/EP2012/000561

14/44

:\"1‘8 Mo




PCT/EP2012/000561

WO 2012/107217

15/44

KL




PCT/EP2012/000561

WO 2012/107217

16/44




PCT/EP2012/000561

WO 2012/107217

17/44

P Sppnm—— e

%‘3 I




PCT/EP2012/000561

WO 2012/107217

18/44

(3{9)]

L

=P

&) i

_@

N

S

/._ |
=

N

]

I

I
F_|

—=

O

SRV ReAEN(
W@%ﬁd@@ﬁ

OOQ

P20
o@@@y%ﬁ

o

@XER

O

ohltlo ® 0.6.0.00
Rt
0r0.0, 0@
0000
XIS

-2

O

O

Q0O

d

=)

C

)

o)

e

oreto
L

bl
|

F
it

1 1r
:: o

e




PCT/EP2012/000561

WO 2012/107217

19/44

\ %\ ;
/
s o |© B
& j¢
N\ 8 "
,@,VALMF s\
, eI |
mwg _




WO 2012/107217 PCT/EP2012/000561

20/44

"ﬁ‘% L0ov




WO 2012/107217 PCT/EP2012/000561

21/44

<0 SO
FQ #da hR.Ub Ag.We

TR Am %8,4/“
WO —.
— ] T -+ N
= — — = ™ N
: SO
s0
'hg.‘('lo sO



WO 2012/107217

22/44

PCT/EP2012/000561

50

:qus 88 82b
'/ 50
i N e Bl s R 30 ,Q/
TS
TP
84 i
e 40
b
] 60
il LP
46 TP AGer « TP

44 10/ \



WO 2012/107217 PCT/EP2012/000561

23/44




WO 2012/107217 PCT/EP2012/000561

24/44

g U3 o

{ )
L .~ H \
L2
84’/1 //// ‘:J
A
«

| | l I Fig. 39
324,322,323, 32Y



PCT/EP2012/000561

WO 2012/107217

25/44

o

P AT O
[

10

oNanllats

A
N

%
O

70b



WO 2012/107217 PCT/EP2012/000561

26/44

100

82

ﬁ




WO 2012/107217 PCT/EP2012/000561

27/44

o S
8 80,100
v s
[——'V
Elevator 1
In— —» Out
60
50 50
\40




WO 2012/107217 PCT/EP2012/000561

28/44




WO 2012/107217 PCT/EP2012/000561

29/44
I . -S7
8 / 100
50
10
TP
o —— 7
O) [ I
A B Uc Up Ue
irpm irpm irpm i rpm irpm
60
ﬁaﬁg

100

Motor-rpm
———
S—

o
—



WO 2012/107217 PCT/EP2012/000561

30/44
"“8’80’ 80, 100
TP ,/
o o o I
\an% I, \antyd D\ XV D,
P Pesry o] [
e @/ %«U// o e
40 10




WO 2012/107217 PCT/EP2012/000561

31/44




WO 2012/107217 PCT/EP2012/000561

32/44

10

Signals to Belt Drives
i, rpm
Power to Vortex Suction Units

10




PCT/EP2012/000561

WO 2012/107217

33/44

65

66

Modular Controller

Modular Controller




WO 2012/107217

34/44

PCT/EP2012/000561

100

avd

Tp1 Pos. A2

/@ / Y e & = ;
@ TP & & «— Pos. A1 | 902 - - i
IO) o) ) v—Pos. B1
/" 10b—E@——6- e -
° Y o =
94a




WO 2012/107217

35/44

PCT/EP2012/000561

10

/

o o7

IE ; é /780b
! ' ¢/ v

}\. 820

O @

— ] .{°)

A TP
¥ & =

(o)
()




WO 2012/107217 PCT/EP2012/000561

S o |
8 oo\ }820
:% . / 10
T <=1
o _/%/ 20
L
N =
10
g 43C 40/
b { } 820




WO 2012/107217 PCT/EP2012/000561

37/44

il
' 1020
/1030

Detail X



WO 2012/107217

1060

38/44

900

PCT/EP2012/000561

4

trat.Size 3

Subs

69

-T\B.

"

—cr

860

N 9

=

T

78D

790



WO 2012/107217 PCT/EP2012/000561

39/44

:;‘8 O
1000 1340 »/_/1300
1320
\ : / 1060

ol -
a ) () ==

—— —b

| =

L 0

g S0b = o—

000 - i H 780

LARNNOEREIOY &Y

:K‘g e _.@
TP , @




WO 2012/107217 PCT/EP2012/000561

40/44

-T\‘g SAa. f/

1300

SSLLLLLLS LSS

| 1330

-’&& 34b

)
©

O [




WO 2012/107217 PCT/EP2012/000561

41/44

1300
':\s" 8 ,QZ%

[ Q\""

;
T

800 ~_~ ) ]

8 ™~~~




WO 2012/107217 PCT/EP2012/000561

42/44

. 1300
—h%,?{sq, /_/
l /////////////4/ 1060

1320

1000 TP 50m
T /

I?O/ N ™ 800

1300
wg b ~
SISLLLLLL LSS S

1320

Sfoncs (VA
Tl -




WO 2012/107217 PCT/EP2012/000561

43/44

:\\‘% C3c

SLLLLLLLLL LSS

-:&8 . ¥3d
LS

L ___g-—' 460

O N
l {} o / {} 1\800




PCT/EP2012/000561

WO 2012/107217

44/44

Qool ~

(u-1)
1010\
JybraH
lamo|g

Ovs (98
0S \ -
b o86 _ | 086 ~ (4P
0 006 | Qo6 ===
A g
I —x NI o
m \\IMIMJ 1 _1- ! H|“—Im|||IJ Wu 1
- | R [ IR
— | —
098 S\ Cos
(u-1) HS (U-1) (u-1)
(u-1) Low%m (u-1) (u-1) losusg 108U8S | (u-p) 100
10J0IN JYOISH 1010\ Lojop 1BreH WBIH | ooy | MuBreH
Jamo|g hméo_m uonong neg OElS 1smolg | jomorg Jamo|g
» —]
N SJ1aAu( ‘]
alemuull4
Alddns Jamod
Aoway +
Jajoweled
19]|01U0D Y
SHY / SH1
— 09
001} Tw..w,m_u



	Page 1 - front-page
	Page 2 - description
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - description
	Page 25 - description
	Page 26 - description
	Page 27 - description
	Page 28 - description
	Page 29 - description
	Page 30 - description
	Page 31 - description
	Page 32 - description
	Page 33 - description
	Page 34 - description
	Page 35 - description
	Page 36 - description
	Page 37 - description
	Page 38 - description
	Page 39 - description
	Page 40 - description
	Page 41 - description
	Page 42 - description
	Page 43 - description
	Page 44 - description
	Page 45 - description
	Page 46 - description
	Page 47 - description
	Page 48 - description
	Page 49 - description
	Page 50 - description
	Page 51 - description
	Page 52 - description
	Page 53 - description
	Page 54 - description
	Page 55 - description
	Page 56 - description
	Page 57 - description
	Page 58 - description
	Page 59 - description
	Page 60 - description
	Page 61 - description
	Page 62 - description
	Page 63 - description
	Page 64 - description
	Page 65 - description
	Page 66 - description
	Page 67 - description
	Page 68 - description
	Page 69 - claims
	Page 70 - claims
	Page 71 - claims
	Page 72 - claims
	Page 73 - claims
	Page 74 - claims
	Page 75 - claims
	Page 76 - claims
	Page 77 - claims
	Page 78 - claims
	Page 79 - drawings
	Page 80 - drawings
	Page 81 - drawings
	Page 82 - drawings
	Page 83 - drawings
	Page 84 - drawings
	Page 85 - drawings
	Page 86 - drawings
	Page 87 - drawings
	Page 88 - drawings
	Page 89 - drawings
	Page 90 - drawings
	Page 91 - drawings
	Page 92 - drawings
	Page 93 - drawings
	Page 94 - drawings
	Page 95 - drawings
	Page 96 - drawings
	Page 97 - drawings
	Page 98 - drawings
	Page 99 - drawings
	Page 100 - drawings
	Page 101 - drawings
	Page 102 - drawings
	Page 103 - drawings
	Page 104 - drawings
	Page 105 - drawings
	Page 106 - drawings
	Page 107 - drawings
	Page 108 - drawings
	Page 109 - drawings
	Page 110 - drawings
	Page 111 - drawings
	Page 112 - drawings
	Page 113 - drawings
	Page 114 - drawings
	Page 115 - drawings
	Page 116 - drawings
	Page 117 - drawings
	Page 118 - drawings
	Page 119 - drawings
	Page 120 - drawings
	Page 121 - drawings
	Page 122 - drawings

