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(57) ABSTRACT

A depalletizing system is disclosed which enables fully auto-
matic depalletizing. Furthermore, a removal unit with at least
one ‘knife edge’ is disclosed. The latter may have an all-
around belt which wraps around a drive pinion and a deflec-
tion.
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DEPALLETIZING SYSTEM AND REMOVAL
UNIT

BACKGROUND OF THE INVENTION

[0001] 1. Field of the Invention

[0002] The invention relates to a depalletizing system for a
plurality of products stacked on pallets in layers according to
the claims.

[0003] 2. Description of Related Art

[0004] Especially major trade chains and discount stores
face huge logistic expenditures for distributing the goods to
their sales centers and sales outlets. Thereby the unmixed
products are often temporarily stored in large amounts on
so-called customer trays in corresponding high-bay storages
in large distribution centers. These products are, however,
delivered by the manufacturer to the distribution center
unmixed and in layers on manufacturer pallets it is then
required for the temporary storage to depalletize the unmixed
pallets in layers.

[0005] This depalletizing of the unmixed products is sig-
nificantly more difficult than the manufacturer’s palletizing,
since thus far large-scale manual depalletizing has been nec-
essary due to the different forms, sizes, weights, and surface
structures as well as the different outer packaging (trays,
cartons, foils, papers, . . . ), and consequently great personnel
expenditures ensue. The personnel’s health is also strongly
impaired by this manual depalletizing in the course of the
shifts, whereby the law limits the maximum load to be lifted
during a shift to 3000 kg/person.

[0006] In order to minimize these personnel expenditures,
EP 1 890 054 B1 discloses a robot-assisted solution in which,
for depalletizing, a removal unit laterally seizes a layer to be
lifted of the products/trading units arranged on the pallet with
two rollers in a frictionally-engaged way, and lifts the layer,
and then runs in two support bases from these sides so that the
lifted layer is supported. This layer is then put on the afore-
mentioned customer tray and temporarily stored unmixedly
in the high-bay storage.

[0007] Itisadisadvantage of this known solution that some
product layers are not stable enough for being laterally lifted
in a frictionally-engaged way, since, for example, the prod-
ucts themselves or their outer packaging are deformed when
the rollers are applied. In this case, the products have to be
manually depalletized as was described in the beginning.
[0008] In U.S. Pat. No. 5,265,712, a similar system is
described in which lifting is not carried out by rollers, but by
aso-called ‘knife edge’ in which a belt wraps around a rolling
arrangement and which has a deflection pulley with a small
diameter on the front side. This front side laterally seizes—
similar to the afore-described embodiment—the layer to be
lifted so that it is lifted over the revolving belt, and the knife
edge can run in under the layer to lift it.

[0009] Such an arrangement has the same disadvantages as
the afore-described robot solution.

SUMMARY OF THE INVENTION

[0010] Inview ofthis, the inventionis based onthe objectto
create a depalletizing system and a correspondingly suitable
removal unit with which different products can be reliably
depalletized.

[0011] This object is solved concerning the depalletizing
systems with the features of patent claim 1 and concerning the
removal unit with the features of independent patent claim 16.
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[0012] Advantageous embodiments of the invention are
subject matter of the dependent claims.

[0013] The depalletizing system according to the invention
for a plurality of products stacked on pallets in layers has a
frictionally-engaging removal unit, via which at least one
friction element is laterally applicable to the layer of products
to lift the layer so that at least one support base can be run in.
The depalletizing system according to the invention more-
over has a vacuum removal unit, via which a layer of products
can also be lifted. Moreover, a central control unit is provided
configured such that the frictionally-engaging removal unit
and the vacuum removal unit are alternatively drivable
depending on the product’s properties.

[0014] This means that in the system according to the
invention either the frictionally-engaging removal unit or the
vacuum removal unit is used, or both are used together to lift
a product layer from the stack depending on the product’s
properties—thereby, vastly different trading units can be
depalletized regardless of the properties of the actual products
or their outer packaging so that personnel expenditures are
greatly decreased as compared to usual solutions. Since both
removal units are integrated into the depalletizing system, the
device-related expenditures and the necessary available space
are minimal.

[0015] Inanalternative solution, the depalletizing system is
embodied with a pre-centering unit, via which the delivered
stack without foil is at first positionally centered after delivery
by the manufacturer—this pre-centering unit is also driven
depending on the product via the afore-mentioned control
unit. This is necessary, since the manufacturers use different
pallet dimensions and since the products are not always
stacked in alignment with the pallet base, but they either
protrude over the pallet base or do not fill the whole pallet
surface.

[0016] The Applicants reserve for themselves to formulate
independent claims directed at a depalletizing system with a
vacuum removal unit and a removal unit or removal unit and
pre-centering unit.

[0017] Inoneembodiment of the invention, a lifter is addi-
tionally provided for picking up intermediate or top layers
from the stack and for taking these intermediate or top layers
to an output station. In the solutions described at the begin-
ning it is necessary that such intermediate or top layers are
removed by hand—with the afore-described measure accord-
ing to the invention this part of manual labor can be omitted.

[0018] The intermediate or top layers may be sent to an
intermediate-layer storage or they may be directly taken out
of'the depalletizing system.

[0019] The lifter for removing the intermediate or top lay-
ers is preferably embodied as a vacuum lifter or alternatively
as a mechanical gripping device.

[0020] Inone embodiment of the invention, delivery of the
pallets palleted by the manufacturer is carried out in a first
supply level. After removal of the foil the pallets they are
conveyed according to the invention via a pallet lift integrated
in the depalletizing system to a second level lying above and
there they are depalletized by the described units. The pallet
lift is controlled by the control unit for taking the layer to the
removal level.

[0021] To prevent deformation of the stack or the pallets
during this lifting, the pallet lift may be provided with support
posts, which support the pallet’s top boards from below
through the pallet and thus support the product stack.
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[0022] Depalletizing can be executed especially accurately
if alayer centering is provided in the area of the removal units,
the layer centering centering and/or holding the layer which
remains on the stack and lies underneath the one being lifted
to prevent accidentally moving this layer.

[0023] The control unit may be configured such that the
holding force can be controlled depending on the product.
[0024] According to the invention, it is preferred that the
depalletizing system is embodied with a supply and discharge
station for customer-trays, via which empty trays can be
supplied, onto which the lifted layer can be placed.

[0025] Inanembodiment which builds very compactly, the
frictionally-engaging removal unit, the vacuum removal unit
and/or the lifter are arranged above the pre-centering unit.
[0026] The frictionally-engaging removal unit may be
arranged below the vacuum removal unit or below the lifter as
seen in the gravitational direction.

[0027] In one embodiment, the vacuum removal unit and
the lifter are movably mounted at the depalletizing system in
a parallel direction.

[0028] Since the separation level between adjacent layers
varies depending on the product, a suitable sensor, for
example a camera or such means, for detecting this separation
level may be provided, the sensor’s signal being processed for
controlling the afore-described units via the control unit.
[0029] Inorderto facilitate separating the intermediate lay-
ers, a blowing device may be provided with at least one
compressed-air nozzle and, if applicable, a suction head, via
which the blown-off intermediate layer may be discharged.
[0030] The relative positioning of the product layer to be
lifted may be facilitated by sensing flaps, which are pivoted
when lifting the source pallet to enable drawing conclusions
about the lifting position. These sensing flaps may be embod-
ied with a double function if they facilitate or take on lateral
guiding of the product stack when being in a pivoted state.
[0031] The at least one friction element of the removal unit
may be embodied as a friction roller or knife edge, and this
friction element may seize the layer to be lifted on one or on
two sides. The removal unit according to the invention is
embodied as a ‘knife edge’, in which at least one belt wraps
around a drive pinion and a deflection, wherein a deflection
region of this belt is brought into contact with the good to be
separated, and the intermediate layer is lifted via correspond-
ingly driving the belt so that the removal unit can run in with
the knife edge under the product layer and can be lifted. The
term ‘knife edge’ is understood to be a conveying/lifting
device, in which an endless belt/strap wraps around a drive
element and a deflection. The drive element may be a drive
pinion which is in an operative connection with the belt/strap
in a frictionally-engaged or form-fitted (gear belt) way. The
deflection diameter is preferably a bit smaller than the drive
element diameter.

[0032] This belt and the corresponding drive pinion may
have a gear-belt-like profile so that a high drive torque without
slip can be transferred.

[0033] According to one version of the invention, the
deflection of the belt of the ‘knife edge’ is not carried out via
aroller, but via a non-pivotable profile. This profile is config-
ured such that the deflection is carried out with minimal
friction. By using a non-movable deflection profile, accord-
ing to the invention, significantly higher stability is achieved
at the roll-up edge, and thus a significant functional improve-
ment of the roll-up function as compared to commonly used
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knife edges with deflection pulleys. Instead of this profile,
basically a common deflection pulley may also be used.
[0034] These and other features and advantages of the
invention will become apparent to those skilled in the art from
the following description and the accompanying drawing. It
should be understood, however, that the detailed description
and specific examples, while indicating a preferred embodi-
ment of the present invention, are given by way of illustration
and not of limitation. Many changes and modifications may
be made within the scope of the present invention without
departing from the spirit thereof, and the invention includes
all such modifications.

BRIEF DESCRIPTION OF THE DRAWINGS

[0035] Preferred embodiments of the invention are further
described with the help of the following schematic drawings.
[0036] The drawings show:

[0037] FIG. 1: a three-dimensional display of an embodi-
ment of a depalletizing system;

[0038] FIG. 2: a pallet lift of the depalletizing system of
FIG. 1,
[0039] FIG. 3: an enlarged display of a part of the depallet-

izing system according to FIG. 1;
[0040] FIG. 4: an additionally enlarged display of a
removal unit and a vacuum lifter of the depalletizing system;

[0041] FIG. 5: analternative embodiment ofa depalletizing
system,

[0042] FIG. 6: the depalletizing system when lifting alayer;
[0043] FIG.7: running-in of a customer tray under the lifted
layer;

[0044] FIG. 8: putting down of the layers onto the customer
tray,

[0045] FIGS. 9 and 10: transfer of the loaded customer tray

to a discharge station;

[0046] FIG. 11: the depalletizing system in a state in which
a layer is lifted via a vacuum removal unit;

[0047] FIG. 12: the layer lifted via the vacuum removal unit
with support bases being run in;

[0048] FIG. 13: putting down of the layer lifted via the
vacuum removal unit onto the customer tray;

[0049] FIG. 14: one version of the embodiment shown in
FIG. 5;
[0050] FIG. 15: an additional embodiment of a removal

unit with a knife edge;

[0051] FIG. 16: a device for holding down an intermediate
layer;
[0052] FIGS.17 g, b: individual display of the removal unit

with a knife edge;
[0053] FIG. 18: an embodiment with a blowing device, and
[0054] FIG. 19: an embodiment with a sensing flap.

DETAILED DESCRIPTION OF THE DRAWINGS

[0055] According to the display in FIG. 1, the depalletizing
system 1 according to the invention extends over two levels 2,
4 wherein the supply of a pallet receiving unmixed products is
carried out completely automatically via a pallet transport
device 8. After removal of the foil the pallet 6 is then supplied
to a pre-centering unit 10 which is embodied as a shaft cen-
tering in the displayed embodiment, and which encompasses
the pallet 6 when a predetermined position is reached prefer-
ably from three sides, alternatively also from four sides, this
also means from the supply direction, so that the product
stack is positionally centered on the pallet 6. The pre-centered
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full pallet 8 is then lifted in the vertical direction and conveyed
to level 2 via a pallet lift 12 indicated in FIG. 2. The depal-
letizing system has two vertical consoles 14, 16 which are
covered by a gantry and between which a pallet support 18 is
guided, which is driven by a servo drive 20 (see FIG. 1).

[0056] Inorderto prevent sagging and thus deformation of
the product stack 22 arranged on the pallet 8, the pallet sup-
port 18 may be embodied with support posts (not shown),
which either support the pallet from below or which support
the stack 22 through the pallet 6 in the direction of the arrows
(FIG. 2), so that the product stack 22 remains in its pre-
centered position. In the display according to FIG. 2, the
structure of the product stack 22 can be clearly seen, wherein
it only contains products of one type, wherein intermediate or
top layers 26 are formed between the layers formed by the
products, which may be embodied as disposable products or
as recyclable ones.

[0057] The depalletizing system 1 according to FIG. 1 has
in the region of the upper level 2 a frictionally-engaging
removal unit 28, which is further specified in the following,
for lifting a layer 24 from the stack 22. The depalletizing
system 1 moreover has a vacuum removal unit 30 via which
light, soft, or sensitive products may be depalletized. Such a
vacuum removal unit is not suited for heavy products, such as
cartons filled with beverages, since these could tear when
being lifted via the vacuum removal unit.

[0058] In addition to this vacuum removal unit 30 and the
removal unit 28, the depalletizing system 1 has a vacuum
lifter 32 via which the afore-described intermediate layers 26
may be picked up from the respective layer 24 to be picked up.
In the embodiment shown in FIG. 1, the intermediate layers
26 picked up by the vacuum lifter 32 are supplied to an
intermediate-layer storage 34 and stacked there. This stack
can then be removed and supplied to reutilization.

[0059] Under unfavourable conditions it may happen that
when lifting a layer 24, the intermediate layer 26 lying under-
neath sticks thereto and is also picked up. In order to prevent
this, a holding-down/retaining device may be provided for the
device according to the invention, via which the intermediate
layer is held on the next layer lying beneath it. This may, for
example, be accomplished via gripper fingers which are lat-
erally arranged above the layer centering and which retain the
intermediate layer until it is removed. Thereby it can be
prevented that an intermediate layer is placed between the
customer tray and the rolled-off or respectively blown-off
layer 24. The holding-down/retaining device is not shown in
the described embodiments.

[0060] The depalletizing system 1 furthermore has a dis-
charging station 36, which is also driven by servo motors, and
via which customer trays 38 may be supplied to a transfer
carriage 40 which is driven by a servo motor. The lifted layer
24 is then put down onto this customer tray 38—as is
described in the following—and then conveyed to the high-
bay storage or to the temporary storage via the discharging
station 36.

[0061] The afore-described units are driven by servo
motors which, are driven via a control unit 42 indicated by a
dashed line.

[0062] Inorderto prevent that the product stack is unwant-
edly moved during lifting the upper layer, the depalletizing
system 1 is moreover embodied with a layer centering 44, via
which the layer underneath the layer 24 to be lifted is centered
and held.
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[0063] According to the display in FIG. 1, the vacuum lifter
32 and the vacuum removal unit 30 are guided parallel to each
other along a parallel guide 46, which extends through a
gantry of the pallet lift 12 and which is arranged laterally
thereto. The vacuum removal unit 30 and the vacuum lifter 32
are guided on the parallel guide 46 via carriages.

[0064] The frictionally-engaging removal unit 28 is
arranged below the vacuum removal unit 30 and the vacuum
lifter 32.

[0065] The depalletizing system 1 moreover has two sup-
port bases 48, 50, which can be run in laterally, which can be
run in under the lifted layer 24 to support it and via which the
layer 24 can be transferred to the customer tray 38, which is
run in by the transfer carriage 40.

[0066] The fully automatic depalletizing is now explained
based on the FIGS. 1 to 13, wherein all functions are con-
trolled via the control unit 42—manually intervening is at
most necessary in case of failure.

[0067] Theunmixed pallet delivered by the manufacturer is
delivered to the lowest level 4 and is supplied to the pre-
centering unit 10 via the pallet transport device 8, wherein the
pallet stack is freed from foil. The pre-centered, loaded pallet
6 is then lifted via the pallet lift 12 according to FIG. 2,
wherein the pallet support 18 is guided along the vertical
consoles 14, 16. According to the display in FIG. 1, these are
overlapped above the parallel guide 46 by the gantry.

[0068] After moving the product stack 22 to the level 2,
according to the display in FIG. 3, the layer centering 44
closes so that the layer arranged underneath the layer 24 to be
lifted is centered and held. The intermediate layer 26 is then
lifted via the vacuum lifter 32 and moved along the parallel
guide 46 to the temporary storage 34 and stacked there.
[0069] FIG. 4 shows this process in an enlarged display.
The two posts 52, 54 of the layer centering 44 can be seen
clearly, which laterally seize the layer arranged underneath
the layer 24 to be lifted and center and hold it. The vacuum
lifter 32 is lowered onto the intermediate layer 26 in the
direction of its suction position. In the display according to
FIG. 4, the structure of the removal unit 28 can be seen clearly
as well, which seizes the layer 24 on both sides and which has
two friction rollers 56, 58, which are arranged at the front side
of'the two support bases 48, 50. The level of the friction rollers
56, 58 thereby lies above the operating level of the layer
centering 44.

[0070] The vacuum lifter 32 has an approximately
X-shaped vacuum head 62, at which the suction devices 64
are arranged which seize the intermediate layer 26. These are
connected to a vacuum pump which is not shown, to which
the suction system of the vacuum removal unit 30 is con-
nected as well.

[0071] The display according to FIG. 4 shows the vacuum
removal unit 30 moved to its parking position.

[0072] FIG. 5 shows an embodiment, in which the vacuum
lifter 32 lifted the intermediate layer 26 from the layer 24 to be
lifted via its suction devices 64. In this version, however, the
intermediate layer 26 is not moved to an intermediate-layer
storage 34, but it is discharged via a conveyor device 66. This
may end, for example, in the lower level 4 for disposal of the
intermediate layers.

[0073] Simultaneously to lifting the intermediate layer 26,
the removal unit 28 is brought to its operating position in the
method step shown in FIGS. 3 and 4, in which both friction
rollers 56, 58 laterally seize the layer 24 to be lifted and ‘roll
itup’. This means that the rotation direction of the two friction
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rollers 56, 58 is chosen such that the layer 24 is lifted, accord-
ing to the display in F1G. 5, the two support bases 48, 50 then
run in with the friction rollers 56, 58 into the separation layer
between the lifted layer 24 and the layer held via the layer
centering 44 so that the lifted layer 24 is supported.

[0074] In afollowing method step, the layer centering 44 is
opened (see FIGS. 5 and 6) and the pallet 6 is then lowered
with the remaining layers via the pallet lift 12 (FIG. 6).
According to FIG. 7, the transfer carriage 40 with the cus-
tomer tray 38 arranged thereon is then run into the opening
gap 68 and the next customer tray 38' is moved to the waiting
position via the discharging station 36.

[0075] In the step shown in FIG. 8, the two support bases
48, 50 are laterally moved out and the depalletized layer 24 is
put onto the customer tray 38.

[0076] According to FIG. 9, this is then moved out of the
lifting region via the transfer carriage 40 and transferred to the
discharging station 36 and conveyed to, for example, the
high-bay storage.

[0077] The afore-described process is repeated until the
complete full pallet is empty (depalletized) (see FIG. 10).
Subsequently, the pallet lift 12 moves to its starting position in
the lower level 4 so that the empty pallet may be supplied to
a pallet magazine or the like via a transport system 70 indi-
cated in FIG. 1.

[0078] The depalletizing via the frictionally-engaging
removal unit is preferably used for comparatively heavy,
stable products. The vacuum removal unit 30 is used for
depalletizing, for example, light or instable products. Supply
of the full pallet to the lifting region is carried out as in the
afore-described embodiment. A fter the already described lift-
ing of the intermediate layer 24, according to FIG. 11, the
layer centering 44 is closed to fixate the layer underneath the
layer 24 to be lifted. Moreover, the vacuum removal unit 30 is
moved over the layer 24 via the parallel guide 46. The vacuum
removal unit 30 is then lowered for picking up the products of
the layer 24 and the layer 24 is then lifted by approximately
100 mm via an integrated vertical lifting system.

[0079] Theproducts 24 are secured against falling down via
the two support bases 48, 50 which also run in, so that system
failure due to falling products is virtually impossible. The two
friction rollers 56, 58 are also moved, however, they are not
driven when using the vacuum removal unit.

[0080] In a following method step, the layer centering 44
opens and the remaining layers arranged on the pallet 6 are
lowered via the pallet lift 12, and then the customer tray 38 is
moved into the opening gap 68 via the transfer carriage 40 in
the afore-described way according to FIG. 13, and at the same
time the two support bases 48, 50 are moved apart. The layer
24 is then put onto the customer tray 38 via the vacuum
gripping system of the vacuum removal unit according to
FIG. 13, and then transferred to the discharging station 36 via
moving the transfer carriage 40, and conveyed to the tempo-
rary storage, for example, the high-bay storage.

[0081] Practically all types of packaging and products in
the area of beverages, foods, and chemical industry that are on
the market can be processed fully automatically by the depal-
letizing system according to the invention, wherein, for
example, the sensing/scanning of the separation level
between the layers 24 may be carried out via suitable sensors,
for example, cameras, so that running in of the removal units
(frictionally-engaging, via vacuum, or purely mechanic by
shape or force-fitting) can be controlled very accurately via
the pallet lift 12 and the layer centering 44. The system
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moreover has the advantage that by using the all-around cen-
tering when supplying the full pallet, the product to be pro-
cessed is handled very carefully. This also ensures fully auto-
matic processing without problems of, for example, pallets
which have been displaced during transport with trucks.
Naturally, further gripping systems may be integrated addi-
tionally or alternatively into the discharging system accord-
ing to the invention and be driven via the control unit 42. It is
principally also possible to depalletize mixed pallets with the
depalletizing system, since the product type is detected via
suitable sensors and the appropriate removal unit is chosen
via the control unit. Depending on the product type and the
pallet structure, the pre-centering unit 10 and the layer cen-
tering 44 are driven.

[0082] FIG. 14 shows a version of the embodiment shown
in FIG. 5. In this, the intermediate layer 26 is discharged
towards the left, approximately parallel to the moving direc-
tion of the customer trays. FIG. 14 shows a version in which
the intermediate layer 26 is discharged forwards below the
guide path of the transfer carriages 40, i.e. approximately
parallel to the direction in which the layer 24 is moved onto
the customer tray 38, and then disposed off and/or supplied to
further use. In this case, the intermediate-layer storage 34
may be omitted. Discharging the intermediate layer 26 is then
carried out, for example, via a so-called trash belt (not shown
in FIG. 14).

[0083] As was already stated, the ‘“knife edge’ described at
the beginning may be used instead of the removal unit 28 with
the two friction rollers 56. Thereby, an all-around belt wraps
around a deflection device, which,—similar to the prior art—
is formed by deflection pulleys or, preferably, by a deflection
profile. Due to this deflection profile, the roll-up edge is
significantly stabilized so that the roll-up function is
improved as compared to a version with a deflection pulley.

[0084] Such an embodiment is explained with FIGS. 15 to
17.FIG. 15 shows a partial display of the depalletizing system
according to the invention in a state in which the layer 24 to be
lifted is lifted from the rest of the layers stacked on the pallet
by running in the removal unit 28. This removal unit 28 is
embodied with two so-called wedge-shaped ‘knife edges’ 72,
74 which are run in under the layer 24 from both sides for
lifting it. Thereby, the layer 24 may be stabilized with suitable
down-holding devices such as a modular belt.

[0085] Afterthis lifting, the source pallet is lowered and the
pre-centered customer tray is run in or the separated layer 24
is moved outwards onto the customer tray 38.

[0086] In order to prevent that the intermediate layer 26 is
also lifted from the layer remaining on the source pallet,
according to FIG. 16, down-holding devices 76, 78 may be
provided, which are brought into contact with this layer so
that it remains on the source pallet. These down-holding
devices 76, 78 are preferably movable synchronously with the
source pallet.

[0087] FIG. 17a shows an individual display of the knife
edge 72. According to this, it has a partially shown support
frame 80 (see FIG. 17b), at which a drive gear 82 with a
driveshaft 84 is mounted, via which a plurality of gear-belt-
like belts 86 are driven, which are mounted on the support
frame 80. In the shown embodiment, overall seven belts 86
are arranged lying next to each other. On the respective front
sides of the knife edges 72, 74 facing each other (FIG. 15),
deflection pulleys 88 are embodied whose diameter is accord-
ing to the display in FIG. 15 a bit smaller than the diameter of
the drive pinions 90, which are connected to the driveshaft 84
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in a rotationally locked manner. The deflection pulleys 88 are
notdriven, but are merely entrained. As was explained, a fixed
deflection may also be used instead of the deflection pulleys
88.

[0088] Duetothe segment-shaped or cassette-shaped struc-
ture with a plurality of belts 86, adapting to different goods or
to different widths of'the source pallet 6 can be easily accom-
plished so that the depalletizing system 1 can be quickly
converted for different requirements. As was explained, the
knife edges 72, 74 are mounted in a guide frame to be movable
towards each other and movable in height (vertically in FIG.
15) so they can be moved into the respective lifting position.
[0089] By running in the knife edges 72, 74 under the layer
24 to be lifted, as shown in FIG. 15, at least the cartons/
products lying outwards are supported on a support plate 104,
106 arranged in alignment with the rear sides of the knife
edges 72, 74, so that the entire layer 24 is supported either by
the support plates 104, 106 or the belts 86 of the knife edge 72,
74 and is thus mostly relatively positioned.

[0090] The wedge-shaped diameter of the knife edges 72,
74 facilitates inserting and lifting in the regions between two
adjacent layers. The material of the belt 36 is thereby chosen
such that goods of different surface qualities and materials
can be lifted.

[0091] FIG. 1756 shows the removal unit with the knife edge
72 explained based on FIG. 17. The other knife edge 74 is
embodied correspondingly.

[0092] According to the display in FIG. 175, the support
frame 80 supporting the belts 86 is guided on both sides at a
linear guide 108 so that the knife edge 72 may be run in under
the layer 24. The support frame 80 has two toothed racks 110,
112, which each engage with a feed pinion 114 of which only
one can be seen in the display according to FIG. 175. Both
feed pinions 114 are connected with a driving shaft 116 of a
stationarily-mounted feed motor 118. The end portions of the
driving shaft 116 are mounted in two guide consoles 120, 122,
which are guided along the guide rails 124, 126 of the support
frame 80. By driving the feed motor 118, the two feed pinions
114 are rotated so that the toothed racks 110, 112 and thus the
whole support frame 80 is shifted in the corresponding feed
direction.

[0093] Driving the belts 86 is carried out as described in
FIG. 17a, via a belt motor 128, which is mounted at the
support frame 80, whose motor pinion 130 is connected to the
drive gear 82 of the driveshaft 84, shown in FIG. 17a, via a
gear belt 132. When the belt motor 128 is driven, all belts 86
are correspondingly driven via the drive pinions 90 mounted
on the driveshaft 84.

[0094] Each knife edge of the removal unit is moreover
embodied with the already described support plate 104, 106,
which is also shiftable along the linear guide 108 and which is
movable under the layer 24 to be separated as shown in FIG.
15. The down-holding device 78 or respectively 76 may also
be mounted at the support frame 80 or the linear guide 108.
[0095] The surface of the belts 86 can be adapted to the
good to be separated. Thus the belts may be embodied with a
knob structure, made of a coating with a high friction coeffi-
cient, from a relatively soft coating, or a coating with bristles
or the like to guarantee optimal separation. Due to the cas-
sette-shaped structure, the separate belt segments can be eas-
ily changed to enable such adaption.

[0096] The removal unit with the two knife edges 72, 74 is
an important component of the depalletizing systems 1.
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[0097] The Applicants reserve for themselves to direct an
own independent claim to the construction of the removal unit
28 with the knife edges 72, 74 as described in FIGS. 15t0 174,
b.

[0098] In the shown embodiment, the two down-holding
devices 76, 78 are embodied in a comb-shape with down-
ward-bent side walls 92; naturally, other suitable down-hold-
ing devices can be used.

[0099] The belts 86 embodied as cassette belts with the
respective drive pinions 90 and deflection pulleys 88 may also
be embodied modularly so that these cassettes are easily
changeable.

[0100] It can happen for certain materials for the interme-
diate layer 26 that these cannot be lifted with the vacuum lifter
32. In this case, a blowing device 94, as is displayed in FIG.
18, can be used additionally or alternatively. According to
this, the blowing device 94 has at least one compressed-air
nozzle 96 which is oriented with regard to the layer 26 to be
lifted. Thereby, a plurality of compressed-air nozzles 96 are
arranged lying next to each other and their openings are
directed at the separation gap. The intermediate layer 26 can
be lifted from the layer 24 to be lifted by one or more com-
pressed-air blasts controlled via a compressed-air supply and
the machine control, and then be sucked off by a suction head
98 and moved to the so-called trash belt.

[0101] Thisversion lends itself for very unstable or air-tight
intermediate layers.

[0102] Basedon FIG. 19, a version is explained with which
the correct position of the source pallet 6 is controlled after
lifting via the pallet lift 12. In this embodiment, the depallet-
izing system 1 has, for example, a sensing flap 100 on both
sides ofthe product stack 22, which is flexibly guided ata side
lay 102. When lifted via the pallet lift, the topmost layer runs
onto the sensing flap 100 projecting perpendicularly from the
side lay 102 (see ‘1’ in FIG. 19). When lifting further, the
sensing flap 100 is pivoted so that a reliable conclusion can be
drawn about the position of the product stack 22 based on the
pivoting angle. When further elevating the product stack 22,
the completely deflected sensing flap 100 slides into the gap
S between the side lay 102 and the product stack 22 so that the
relative position towards the afore-described removal unit 28
is assured. These sensing flaps are flushly integrated in the
layer centering of the depalletizing system according to the
invention.

[0103] The depalletizing system according to the invention
offers the user the possibility of assuring a failure-free, fully
automatic depalletizing process with one operator per shift
with a performance of 300 to 400 layers/hour.

[0104] A depalletizing system is disclosed which enables
fully automatic depalletizing. Furthermore, a removal unit
with atleast one ‘knife edge’ is disclosed. The latter may have
an all-around belt which wraps around a drive pinion and a
deflection.

[0105] Although the best mode contemplated by the inven-
tors of carrying out the present invention is disclosed above,
practice of the above invention is not limited thereto. It will be
manifest that various additions, modifications and rearrange-
ments of the features of the present invention may be made
without deviating from the spirit and the scope of the under-
lying inventive concept.

1. A depalletizing system for a plurality of products stacked
on a pallet in layers, comprising a frictionally-engaging
removal unit via which at least one friction element is later-
ally applicable to a layer to lift the layer from the product
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stack, wherein at least one support base can be run in, char-
acterized by a vacuum removal unit via which a layer can be
lifted from the product stack, wherein a control unit is con-
figured to drive at least one of the vacuum removal unit and
the frictionally-engaging removal unit.

2. The depalletizing system according to claim 1, compris-
ing a pre-centering unit, via which the product stack freed
from foil can be positionally centered, wherein the control
unit is configured to control at least one of the removal unit
and the vacuum removal unit, and the pre-centering unit.

3. The depalletizing system according to claim 1, compris-
ing a lifter for taking oft an intermediate or top layer from the
product stack and further comprising at least one of taking it
to an output station, and, with a holding-down/retaining
device, for positionally fixing the intermediate or top layer on
a layer which is arranged underneath the lifted layer.

4. The depalletizing system according to claim 3, compris-
ing an intermediate-layer storage.

5. The depalletizing system according to claim 3, wherein
the lifter is a vacuum lifter.

6. The depalletizing system according to claim 1, compris-
ing a pallet lift, via which the pallet is conveyable, and which
is controllable by the control unit.

7. The depalletizing system according to claim 6, wherein
the pallet lift comprises support posts, which support at least
one of the product stack and the pallet.

8. The depalletizing system according to claim 1, wherein
the control unit is configured to control the holding force of
the layer centering depending on the product.

9. The depalletizing system according to claim 1, compris-
ing a discharging station for supplying an empty customer
tray onto which the lifted layer can be put down.
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10. The depalletizing system according to claim 5, wherein
at least one of the removal unit, the vacuum removal unit and
the lifter are arranged above the layer centering unit.

11. The depalletizing system according to claim 3, wherein
the removal unit is arranged below at least one of the vacuum
removal unit and the lifter.

12. The depalletizing system according to claim 1, wherein
the vacuum removal unit and the lifter are movably arranged
in parallel.

13. The depalletizing system according to claim 1, wherein
the friction element is embodied as a friction roller or a knife
edge, which laterally seizes the layer in a frictionally-engaged
way.

14. The depalletizing system according to claim 13,
wherein friction elements seize the layer on both sides and
two support base segments may be run in.

15. The depalletizing system according to claim 1, com-
prising sensors for detecting a separation level between the
layer to be lifted and the next layer of the product stack.

16. A removal unit for the depalletizing system according
to claim 13, comprising at least one belt, which wraps around
a deflection and a drive gear, wherein the belt is in an opera-
tive engagement with the drive gear in a frictionally-engaged
or form-fitted way.

17. The removal unit according to claim 16, wherein the
belt is embodied as a gear-belt profile.

18. The depalletizing system according to claim 1, wherein
the control unit drives the vacuum removal unit and the fric-
tionally-engaging removal unit alternatively or synchro-
nously.

19. The removal unit of claim 16, wherein the drive gear is
a drive pinion.



