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Description
FIELD OF THE INVENTION

[0001] The invention relates to sheet stacking devices
and methods, useful for the formation of stacks of corru-
gated board sheets, such as, but not limited to, corrugat-
ed board sheets. In particular, the invention concerns
sheet stacking devices and methods for the production
of stacks comprised of staggered bundles of sheets.

BACKGROUND ART

[0002] In the paper industry, corrugated board sheets
are manufactured starting from a continuous web-like
corrugated board material, which is slit longitudinally and
divided into strips. Each strip is further divided trans-
versely to generate a plurality of sheets of desired length.
Sheets thus obtained are delivered to a so-called stacker
or stacking apparatus, which forms stacks or bundles of
sheets. The stacks are subsequently delivered to the final
user, for example for the manufacturing of corrugated
board boxes or the like. Small bundles can be combined
into larger stacks before shipping.

[0003] Fast advancing sheets must be carefully piled
up to form stacks of regular shape. Known stacking ap-
paratuses usually comprise a sheet conveyor arrange-
ment which receives a substantially continuous flow of
sheets which are shingled and delivered onto a stacking
surface in a stacking bay.

[0004] In some cases, each stack is formed by stag-
gered bundles, each bundle containing a predetermined
number of sheets. During formation of the stack, the first
bundle of a stack rests on a stacker platform. Each sub-
sequent bundle rests on a respective previously formed
bundle. Since adjacent bundles are staggered with re-
spect to one another, a portion of each bundle overhangs
on one side from the previously formed bundle, on which
the subsequent bundle rests. The length of the overhang-
ing bundle portion is given by the amount of mutual stag-
gering, i.e. is the staggering pitch. In order for the stack
to be sufficiently stable, the staggering pitch, i.e. the
amount by which each bundle can project in an over-
hanging manner from the previous bundle, on which it
rests, must be relatively small.

[0005] TW-M423688U, US2014/0353119 and
US2009/0169351 disclose sheet stackers configured
and controlled for forming stacks of mutually staggered
bundles of corrugated board sheets. In order to mutually
stagger neighboring bundles of the stack, said stack is
formed on a horizontally movable stacker platform. The
reciprocating staggering motion is in a direction substan-
tially parallel to the feed direction of the corrugated board
sheets. The stacker platform comprises a conveyor belt,
forming a stacking surface. The conveyor belt has a hor-
izontal conveying motion, orthogonal to the reciprocating
staggering motion of the stacker platform. The conveyor
beltis used to evacuate the formed stack from the stack-
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ing bay according to an evacuation direction which is
substantially orthogonal to the direction of arrival of the
corrugated board sheets in the stacking bay. Each bundle
of a stack is formed against a single stop plate or a dual
stop plate, which are arranged in two positions which are
staggered along the direction of arrival of the corrugated
board sheets. Staggering of neighboring bundles is ob-
tained by means of a reciprocating motion of the stacker
platformin a horizontal direction. Moving the entire stack-
er platform is difficult and requires strong actuators and
a particularly sturdy structure.

[0006] CN204057396U and CN203255778U disclose
further embodiments of stackers designed and config-
ured for producing stacks of sheets, each formed by a
plurality of staggered bundles. Staggering is obtained by
using two mutually spaced apart stop plates. The dis-
tance between the stop plates is equal to the staggering
of neighboring bundles. In addition to moving the stop
plates, the sheet discharge end of the sheet conveyor
must also be reciprocatingly moved back and forth in a
direction parallel to the feed direction, to achieve correct
staggering of adjacent bundles.

[0007] Staggered bundles are individually bound with
acord or a string applied around the bundle portion which
overhangs from the previous and next bundle in the stack.
It would be desirable to have a large overhanging portion
in order to better tie the sheets of each bundle together.

SUMMARY OF THE INVENTION

[0008] According to embodiments disclosed herein, a
sheet stacker is provided, which comprises:

a sheet conveyor arrangement, configured for feed-
ing a plurality of sheets in succession in a sheet feed-
ing direction, said sheet conveyor arrangement hav-
ing a sheet discharge end;

a stacking bay, wherein sheets delivered by the
sheet conveyor arrangement at the sheet discharge
end thereof are formed into stacks; the stacking bay
comprising a stacker platform, the sheet discharge
end and the stacker platform being provided with a
mutual approaching and distancing movement.

[0009] The stacker platform comprises a stacking sur-
face, whereon the stacks are formed. The stacker plat-
form further comprises an actuator adapted to recipro-
catingly move (i.e. to move back-and-forth) the stacking
surface in a staggering direction, substantially parallel to
the sheet feeding direction in the stacking bay. The re-
ciprocating movement has a staggering pitch. The stag-
gering pitch is adjustable according to at least one pro-
duction parameter. The at least one production param-
eter can include the dimension of the sheets in the direc-
tion along which the bundles are mutually staggered. It
is thus possible, for instance, to maximize the staggering
pitch, without impairing the stability of the stack. Longer
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sheets, i.e. sheets having alonger dimension in the sheet
feeding direction in the stacking bay, can be staggered
according to a larger staggering pitch, shorter sheets are
staggered according to a smaller staggering pitch.
[0010] Each bundle can thus have an overhanging
bundle portion which is always the largest, based upon
the dimension of the sheets, such that the bundles can
be easily tied with a cord or strip, without impairing the
stability of the stack.

[0011] Whilethe staggering pitch can be adjusted man-
ually, in some embodiments the sheet stacker can further
comprise a control unit, which is adapted to control the
actuator to perform a staggering pitch according to at
least one production parameter, which may depend upon
said sheet dimension. The staggering pitch can be e.g.
inputted by the user through a user interface, such as a
keyboard, a touch screen or the like. In other embodi-
ments, the length of the sheets forming each bundle, i.e.
the dimension of the sheet bundles in the staggering di-
rection, can be inputted.

[0012] The control unit can be adapted to determine
the staggering pitch based upon sheet length data.
[0013] Other production parameters can be used to
modify or adjust the staggering pitch, in addition to the
sheet dimension in the sheet feeding direction. For in-
stance stability of the stack may be influenced by the
number of bundles, the thickness of the sheets, the gram-
mage, the sheet dimension in the direction orthogonal to
the feeding direction F, and the like.

[0014] According to some embodiments, one or more
of said additional parameters can be taken into account
while calculating the optimal staggering pitch.

[0015] For instance, all other parameters remaining
the same, the higher the stack, the smaller the staggering
pitch, and vice-versa, since a higher stack is less stable.
Similarly, a larger transverse dimension, i.e. a sheet
length in the direction orthogonal to feeding direction,
can contribute to stability of the stack, such that all other
parameters being the same, a larger cross-machine di-
mension of the sheets may allow a larger staggering
pitch.

[0016] Asknowntothose skilledinthe artof corrugated
board manufacturing, corrugated boards may be formed
by a variable number of alternated flat and fluted paper
sheets glued together. Fluted paper sheets are paper
sheets which have been permanently deformed to form
corrugations (flutes) therein. Flat paper sheets, also re-
ferred to as "liners", of different grammage (g/m2) can be
used, forinstance. Fluted paper sheets of different shape
and grammage can be used as well. Fluted paper sheets
can vary for instance as far as grammage, flute pitch (and
thus the number of flutes per meter), and flute height are
concerned.

[0017] Each corrugated board sheet may comprise flat
paper sheets which are identical to one another or differ-
ent from one another. Each corrugated board sheet can
also comprise fluted paper sheets which are all identical
to one another, or different from one another. For in-
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stance, a corrugated board sheet can include two outer
liners and an intermediate fluted sheet, or two outerliners
and a plurality (e.g. two or more) intermediate fluted
sheets, with a liner interposed between each pair of ad-
jacent fluted sheets. The two or more fluted sheets can
be identical to one another or may differ from one another,
e.g. as far as the height and/or the pitch of the flutes are
concerned.

[0018] The corrugated board sheets may have me-
chanical properties, e.g. rigidity, compliance, resistance
to crunching, etc. which may depend upon the above
mentioned paper sheet parameters and features. The
stability of a stack of sheet bundles may therefore vary
also depending upon one or more features of each cor-
rugated board sheet, such as grammage of each paper
sheet forming it, number of liners, number of fluted
sheets, height of the flutes, flute pitch, etc. For instance,
flexural rigidity may heavily depend upon the total
number of sheets and the shape of the flutes of the fluted
sheets. All other parameter remaining the same, a higher
the flexural rigidity results in a more stable the stack, and
vice-versa. Thus, the staggering pitch can e.g. be adjust-
ed as a function of the sheet length in the feed direction
and as a further function of the sheet rigidity, or of one
or more parameters (number if fluted sheets, number of
liners, etc.) which contribute to the rigidity of the sheets.
[0019] According to some embodiments of the method
disclosed herein, therefore, the staggering pitch can be
defined based upon at least two production parameters,
one of which is the length of the cardboard sheets in the
direction of staggering. At least one further production
parameter may be indicative of the flexural rigidity of the
sheet. The atleast one further parameter can be selected
from the group consisting of: grammage of one or more
paper sheets forming the corrugated board sheet; total
number of paper sheets per corrugated board sheet; total
number of liners per corrugated board sheet; total
number of fluted sheets per corrugated board sheet; flute
height; flute pitch; a combination of two or more of the
these parameters.

[0020] Insomeembodiments, the stacker platform can
support a stack conveyor which forms the stacking sur-
face.

[0021] Inembodiments disclosed herein the stack con-
veyor is movable in a direction parallel to a feeding di-
rection of the sheets in the stacking bay. The conveyor
can be configured and controlled to perform a recipro-
cating staggering motion to form staggered bundles of
sheets, and to further perform an evacuation motion, to
remove a completed stack from the stacking bay. Thus,
the evacuation motion is performed in a direction parallel
to the staggering motion, i.e. in the same direction of the
staggering motion, or in the opposite direction. This re-
sults in a particularly simple, compact and economic ma-
chine.

[0022] Inother embodiments, the evacuation direction
can be orthogonal to the staggering direction. In such
case, the stacker platform can comprise a conveyor,
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which forms the stacking surface and which has a con-
veying movement orthogonal to the sheet feeding direc-
tion in the stacking bay. The conveyor can in turn be
provided with a reciprocating movement in a direction
parallel to the staggering direction. For instance the con-
veyor may include rollers, belts or the like, which move
in the evacuation direction, and which are supported on
a frame which is movable in the staggering direction, or-
thogonal to the evacuation direction.

[0023] Inyetfurtherembodiments,the stacker platform
can be provided with a combined conveyor arrangement,
which is configured to perform a staggering motion and
an evacuation motion in two mutually orthogonal direc-
tions, the staggering motion being parallel to the sheet
feeding direction in the stacking bay.

[0024] According to some embodiments, the stacker
platform can be provided with a vertical lifting and low-
ering movement with respect to a stationary supporting
structure, such that the sheet stacker will be a so-called
down-stacker, i.e. a stacker where the stacks are formed
by moving the stacker platform downwardly. Formation
of the stacks is thus made easier and more regular. Also,
a faster operation can be obtained. According to other
embodiments, an arrangement of the sheet stacker can
be provided, wherein the stacking platform is stationary
and the sheet discharge end of the sheet conveyor ar-
rangement is controlled to gradually lift while the sheet
stack grows on the stacking platform. The sheet stacker
will in this case be configured as a so-called up-stacker.
Mixed or intermediate embodiments may be envisaged,
wherein both the stacking platform as well as the sheet
discharge end of the sheet conveyor arrangement move
with respect to a stationary structure, to accommodate
the growing stack of sheets.

[0025] Toorderly arrange the sheets of each stack and
of each bundle, a stop plate can be provided, which can
be positioned in the stacking bay above the stacker plat-
form, and can be adapted to stop the sheets delivered
by the sheet conveyor arrangement to the stacking bay.
To facilitate the formation of staggered bundles, the stop
plate can have a reciprocating vertical movement, which
is synchronized with the formation of staggered bundles
of sheets.

[0026] For a smoother operation, the sheet discharge
end of the sheet conveyor arrangement can be combined
with an actuator, which controls a lifting and lowering
movement of the sheet discharge end, which movement
is synchronized with the reciprocating staggering motion
of the stack conveyor.

[0027] In some embodiments, it is beneficial for the
evacuation motion of said stack conveyor to be oriented
such thatthe completed stack is moved from the stacking
bay under the sheet conveyor arrangement, where an
evacuation conveyor can be arranged. A faster operation
and a more compact system having a reduced footprint
is thus obtained.

[0028] The stack conveyor can comprise a single con-
veyor member, e.g. an endless conveyor member. In oth-
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er embodiments, the stack conveyor can comprise a first
stack conveyor member and a second stack conveyor
member, which are sequentially arranged one after the
other in a direction parallel to the direction of the evacu-
ation motion. The first stack conveyor member and the
second stack conveyor member can be arranged and
controlled such that a stack is formed on the first stack
conveyor member and, upon formation thereof, the com-
pleted stack is moved by the first stack conveyor member
to the second stack conveyor member and sequentially
by the second stack conveyor member outside the stack-
ing bay.

[0029] The sheet discharge end can be combined with
a bundle retaining device, which is configured and ar-
ranged for retaining the top-most bundle of the stack
when the stack conveyor performs the staggering motion
in a direction away from the sheet discharge end. Unde-
sired displacements of the top-most sheet of a bundle
upon starting formation of a subsequent, staggered bun-
dle, are thus reduced or eliminated. The bundle retaining
device can comprise at least one resilient sheet braking
member, arranged under the sheet discharge end, be-
tween the sheet discharge end and the stack being
formed on the stacker platform.

[0030] According to afurther aspect, the invention also
concerns a method of forming sheet stacks on a stacking
surface, comprising the following steps:

feeding a plurality of sheets along a sheet conveyor
arrangement towards a stacking bay, the sheet con-
veyor arrangement having a sheet discharge end,
wherefrom the sheets are discharged in the stacking
bay and formed into stacks on a stacking surface
supported by a stacker platform arranged in the
stacking bay;

while the sheet stack gradually grows on the stacking
surface, moving the stacker platform and the sheet
discharge end of the sheet conveyor arrangement
away from one another;

during formation of the stack, dividing the stack in
mutually superposed and staggered bundles of
sheets by reciprocatingly moving the stack conveyor
according to a back-and-forth. i.e. reciprocating
staggering motion, in a direction parallel to a feeding
direction of the sheets in the stacking bay.

[0031] The staggering motion is performed according
to an adjustable pitch. The method can comprise a step
of setting the pitch of the reciprocating, i.e. back-and-
forth staggering motion according to at least one produc-
tion parameter. The at least one production parameter
can be a dimension of the sheets forming the bundles
measured in the direction of feed of the sheets in the
stacking bay, and therefore in the staggering direction.
It is thus possible to maximize the staggering pitch with-
out impairing stability of the stack.
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[0032] Insomeembodiments, the staggering pitch can
be directly provided to the control unit. E.g. the staggering
pitch can be calculated outside the control unit. For in-
stance, the user can determine the staggering pitch
based on one or more production parameters and then
input the staggering pitch in the control system of the
sheet stacker.

[0033] According to some embodiments, the method
can comprise the step of providing the at least one pro-
duction parameter to the control unit and this latter can
perform a step of selecting or calculating the staggering
pitch on the basis of the at least one production param-
eter. The control unit thereafter controls the staggering
motion on the basis of the staggering pitch thus deter-
mined.

[0034] The control unit can calculate the staggering
pitchon the basis of the atleast one production parameter
provided to the control unit. For instance an algorithm
can be provided to calculate the staggering pitch on the
basis of the atleast one production parameter. In asimple
embodiment, the length of the corrugated board sheets
in the staggering direction is used as the sole production
parameter. The staggering pitch can be calculated as a
percentage (X%) of said length. To prevent excessive
staggering pitches in case of particularly long sheets, a
maximum limit can be imposed for the staggering pitch,
i.e. the staggering pitch is determined as an X% of the
length, but with a maximum staggering pitch limit, e.g.
not exceeding Y cm.

[0035] In more complex systems, the flexural rigidity
of the board sheets can be taken into consideration, for
instance. The rigidity can be determined on the basis of
one or more of the following: the total number of liners,
total number of fluted sheets, sheet grammage, flute di-
mension, flute pitch. The rigidity of the sheets can be
easily determined experimentally. A database of stag-
gering pitches for each possible combination of two or
more of the above mentioned parameters can be provid-
ed, e.g. stored in a storage memory accessible to the
control unit. For instance, a set of "product recipes" can
be stored, each associated to a staggering pitch. The
user will then select the recipe required for a given job
and the control unit will be able to retrieve from the da-
tabase all production parameters, including the stagger-
ing pitch, without the need to provide complex calcula-
tions. As used herein the "product recipe" can be under-
stood as the combination of parameters required to de-
fine a final product.

[0036] The method can further comprise a step of
evacuating the stack from the stacking bay, upon com-
pletion of the stack, by moving the stack conveyor in an
evacuation direction. In particularly advantageous em-
bodiments the evacuation direction is parallel to the stag-
gering motion. The evacuation direction can be prefera-
bly oriented such that the formed stacked is transferred
under the sheet conveyor arrangement. In this manner
a much simpler arrangement can be obtained, since one
andthe same conveyor arrangement can be used to stag-
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ger superposed bundles and to evacuate the stack.
[0037] In other embodiments, the method comprises
the step of evacuating the stacks in a direction substan-
tially orthogonal to the staggering direction.

[0038] The method canbe performedinadownstacker
mode of operation, i.e. the step of moving the stacker
platform and the sheet discharge end away from one
another comprises the step of lowering the stacker plat-
form with respect to a stationary supporting structure.
[0039] The method can further comprise the step of
lifting the sheet discharge end from the top of the stack
under formation on the stacker platform when the stack
under formation is moved by the stack conveyor towards
the sheet discharge end during the back-and-forth stag-
gering motion of the stack conveyor.

[0040] The method can further comprise a step of abut-
ting the sheets coming from the sheet conveyor arrange-
ment against a stationary stop plate arranged above the
stacker platform, to perform a better alignment of the
sheets. The stop plate can be reciprocatingly moved in
a vertical direction in synchronism with the back-and-
forth staggering motion of the stack conveyor.

[0041] Whenthe stack conveyor comprises afirst stack
conveyor member and a second stack conveyor member
sequentially arranged along the direction of motion of the
stack conveyor; the method can be such that:

a first stack of sheets comprised of staggered bun-
dles is formed on the first stack conveyor member;

upon completion thereof, the first stack is moved
from the first stack conveyor member to the second
stack conveyor member;

the first stack is evacuated from the stacking bay by
the second stack conveyor member and formation
a second stack of staggered bundles starts on the
first stack conveyor member.

a first stack of sheets comprised of staggered bun-
dles is formed on the first stack conveyor member;

upon completion thereof, the first stack is moved
from the first stack conveyor member to the second
stack conveyor member;

the first stack is evacuated from the stacking bay by
the second stack conveyor member and formation
a second stack of staggered bundles starts on the
first stack conveyor member.

[0042] Otherfeatures and advantages of the invention
will be better appreciated from the following detailed de-
scription of exemplary embodiments.

BRIEF DESCRIPTION OF THE DRAWINGS

[0043] A more complete appreciation of the disclosed



9 EP 3 378 811 A1 10

embodiments of the invention and many of the attendant
advantages thereof will be readily obtained as the same
becomes better understood by reference to the following
detailed description when considered in connection with
the accompanying drawings, wherein:

Fig.1 illustrates a side view of a sheet stacker ac-
cording to the invention;

Fig.2 illustrates an enlargement of the sheet stacker
of Fig.1, showing the end of the sheet conveyor ar-
rangement and the stacking bay;

Fig.3 illustrates an enlargement of the sheet dis-
charge end of the sheet conveyor arrangement;

Figs.4(A)-4(l) illustrate a sequence of steps of a
stack-forming cycle;

Figs.5 and 6 illustrate a detail of a bundle retaining
device in two different operating positions;

Fig.7 illustrates a different mode of operation of the
stacker of Figs. 1-6;

Fig.8 illustrates a further embodiment of a stacker
according to the invention;

Fig.9 illustrates a different mode of operation of the
stacker of Fig. 8;

Fig. 10 illustrates a further embodiment of a stacker
according to the invention;

Fig.11 illustrates a further embodiment of a stacking
bay for a stacker;

Fig.12 illustrates a schematic top view of a bi-direc-
tional conveyor for a stacker platform in a further
embodiment;

Figs 13A, 13B illustrate two stacked of staggered
bundles, with different staggering pitches;

Fig. 14 schematically illustrates a flow chart summa-
rizing embodiments of the method disclosed herein.

DETAILED DESCRIPTION OF EMBODIMENTS OF
THE INVENTION

[0044] The following detailed description of the exem-
plary embodiments refers to the accompanying draw-
ings. The same reference numbers in different drawings
identify the same or similar elements. Additionally, the
drawings are not necessarily drawn to scale. Also, the
following detailed description does not limit the invention.
Instead, the scope of the invention is defined by the ap-
pended claims.
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[0045] Reference throughout the specification to "one
embodiment" or "an embodiment" or "some embodi-
ments" means that the particular feature, structure or
characteristic described in connection with an embodi-
mentisincluded in atleast one embodiment of the subject
matter disclosed. Thus, the appearance of the phrase "in
one embodiment" or "in an embodiment" or "in some em-
bodiments"in various places throughout the specification
is not necessarily referring to the same embodiment(s).
Further, the particular features, structures or character-
istics may be combined in any suitable manner in one or
more embodiments.

[0046] A first embodiment and different modes of op-
eration of a stacker will now be described, reference be-
ing made to Figs. 1to 7.

[0047] Referring now to Fig.1, a sheet stacker 1 for the
formation of stacks of sheets is globally labeled 1. The
sheet stacker 1 comprises a sheet conveyor arrange-
ment 3 and a stacking bay 5. According to some embod-
iments, as shown in Fig.1, the sheet conveyor arrange-
ment 3 comprises a plurality of sequentially arranged
sheet conveyors 3A, 3B, 3C, which define a sheet deliv-
ery path. Each sheet conveyor 3A-3C can be comprised
of one or more endless flexible members, such as belts
or the like, which are entrained around idle and motor-
drivenrollers to advance the sheets towards the stacking
bay 5. The sheet conveyor arrangement 3 can be sup-
ported by a stationary supporting structure comprised of
uprights 7, 9. The stationary supporting structure can fur-
ther include uprights 11 and a cross member 13 sur-
rounding the stacking bay 5.

[0048] The sheet conveyor arrangement 3 has a sheet
inlet side 15 and a sheet discharge end 17. Sheets, e.g.
corrugated board sheets coming from a slitter-scorer or
other upstream section (not shown) of the manufacturing
line, enterthe sheet conveyor arrangement 3 at the sheet
inlet side 15 and are advanced according to a feeding
direction F towards the sheet discharge end 17, where
the sheets are discharged in the stacking bay 5 to form
stacks of sheets as will be described later on.

[0049] Referring now to Fig.2, with continuing refer-
ence to Fig.1, the stacking bay 5 comprises a stacker
platform 19 which can move vertically up and down ac-
cording to arrow 19, e.g. by means of an electric motor
(not shown). The stacker platform 19 can be supported
by chains 20, or other lifting members, which are acted
upon by an electric motor 22 to move the stacker platform
19 in a vertical up-and-down direction according to dou-
ble arrow f19. The stacker platform 19 can be vertically
guided by guides 21, 23 formed on uprights 9, 11. As
shown in Figs 1 and 2 the stacker platform 19 supports
a stack conveyor 25. The latter can be comprised of one
or more endless flexible members entrained around roll-
ers 27, 29, one of which at least is motor-driven, while
the other can be idle. The stack conveyor 25 forms a
stacking surface whereon stacks of sheets are formed,
as described here after in more detail.

[0050] In some embodiments the stack conveyor 25
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can extend underneath the sheet discharge end 17 of
the sheet conveyor arrangement 3. |.e. the upstream end
(referred to the direction of advancement of the sheets)
of the stack conveyor is arranged upstream of the sheet
discharge end 17.

[0051] The stack conveyor 25 is controlled to move
back-and-forth in a substantially horizontal direction 25,
parallel to the stacker platform 19 and approximately par-
allelto afeeding direction F according to which the sheets
enter the stacking bay 5. It shall be understood that the
actual feeding direction F of the sheets upon leaving the
sheet conveyor arrangement 3 can be inclined to some
extent with respect to the horizontal direction, such that
the sheet feeding direction F can have an upwardly or
downwardly oriented speed component when the sheets
first enter the stacking bay 5. However, the sheets enter
the stacking bay 5 according to a direction F which lays
inavertical plane parallel to Figs 1 and 2 and thus parallel
to the direction of motion of the stack conveyor 25. The
sheets will be stacked, i.e. piled up on the stacker plat-
form 19 in a horizontal direction. Thus the feeding direc-
tion of the sheets in the final portion of the feeding path
is generally horizontal and generally parallel to the direc-
tion of motion 25 of the stack conveyor 25.

[0052] Along the cross member 13 a carriage 31 can
be slidingly mounted. The carriage 31 can move along
guides 33 according to double arrow f31 under the control
of a motor 35, e.g. through a rack-and-pinion transmis-
sion system or the like. The carriage 31 supports a stop
plate 37 which can extend in a general vertical direction.
The stop plate 37 can move vertically up and down ac-
cording to double arrow f37 under the control of a suitable
actuator, such as a cylinder-piston actuator 38, an elec-
tric or hydraulic motor, or the like.

[0053] Referring now to Fig.3, with continuing refer-
ence to Figs. 1 and 2, according to some embodiments,
the sheet discharge end 17 of the sheet conveyor ar-
rangement 3 can comprise, in a manner known to those
skilled in the art, a bottom roller 41 and a top roller 45,
which define in combination a sheet discharge nip, where
through the sheets conveyed by the sheet conveyor ar-
rangement 3 are discharged in the stacking bay 5. The
bottom roller 41 can be a motorized roller which controls
the movement of the most downstream conveyor 3C of
the sheet conveyor arrangement 3. Reference number
47 designates by way of example an electric motor which
controls the motion of the most downstream conveyor
3C through rotation of the bottom roller 41.

[0054] The sheet discharge end 17 of the sheet con-
veyor arrangement 3 can be movable in a vertical direc-
tion according to double arrow f17, e.g. under the control
of a linear actuator, such as a cylinder-piston actuator
schematically shown at 51, for the purpose which will
become clear from the description of the sequence of
operations shown in Figs. 4(A)-4(l).

[0055] Turning now backto Fig.1, underthelastportion
of the sheet conveyor arrangement, an evacuation con-
veyor 53 can be arranged, which can be positioned near
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the ground level G.

[0056] The operation of the sheet stacker described
so far will now be described with reference to the se-
quence of Figs. 4(A)-4(l). According to the operation cy-
cle described here below, the sheet stacker 1 is config-
ured and controlled to produce stacks S of corrugated
board sheets C, wherein each stack S is in turn divided
into bundles B, each bundle comprising a certain number
of corrugated board sheets C. The number of sheets of
each bundle B of a stack S can be constant. As best
shown in Fig. 4(A) for instance, the corrugated board
sheets C advance in a shingled arrangement along the
sheet conveyor arrangement 3 and are individually fed
through the nip 45 into the stacking bay 5. A stack S is
being formed on the horizontal surface defined by the
stack conveyor 25 supported on the stacker platform 19.
The bundles B of sheets which form the stack S are stag-
gered by a staggering pitch P. The number of sheets per
bundle B, the number of bundles B per stack S and the
staggering pitch P can be set by the user, e.g. through
an interface of the control unit 26. For instance, a key-
board, a touch screen or any other suitable user interface
261 can be used. According to some embodiments, the
user can input production data, including the staggering
pitch P. As will be described in more detail later on, the
staggering pitch P can be determined based on the length
of the sheets in the feeding direction of the sheet in the
stacking bay, i.e. in the staggering direction. In other em-
bodiments, the optimum staggering pitch P can be cal-
culated by the control unit 26, which can be suitably con-
figured for that purpose. Calculation of the optimum stag-
gering pitch P can be based on one production parameter
only, in particular the length of the sheets in the sheet
feeding direction F. In other embodiments additional
sheet production parameters can be added in the calcu-
lation, as mentioned above. Instead of through calcula-
tion, the staggering pitch can be retrieved from a data-
base, which contains recipes for the production of the
corrugated board sheets C. A look-up table can be pro-
vided for that purpose, for instance.

[0057] The control unit 26 can be functionally coupled
to atleast one actuator which controls motion of the stack-
ing conveyor 25. In some embodiments the actuator can
comprise an electric motor 28 (see in particular Fig.2).
[0058] The bundles B are staggered in the direction F
of feed of the corrugated board sheets C in the stacking
bay 5, i.e. in the direction of motion 25 of the stack con-
veyor 25. Thus, staggering of mutually superposed bun-
dles B is obtained by means of a back-and-forth, i.e. a
reciprocating staggering motion of the stack conveyor 25
according to double arrow f25.

[0059] During stacking, the stop plate 37 is located at
a distance from the sheet discharge end 17 of the sheet
conveyor arrangement 3, which is determined by the di-
mension of the corrugated board sheets C in the direction
F. In this way, each corrugated board sheet C delivered
into the stacking bay 5 will advance until reaching the
stop plate 37, and all the sheets C will thus be aligned
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with their most advanced edges abutting against the stop
plate 37.

[0060] Inorderto staggerthe bundles B in the direction
25, once the desired number of corrugated board sheets
C forming a bundle B has been piled up, the stack con-
veyor 25 moves by a pitch P alternatively towards the
sheet conveyor arrangement 3 and away therefrom.
Starting from Fig. 4(A), once the top-most bundle, labeled
B1 in Fig.4(A), has been completed, the stack S under
formation is moved on the left according to arrow fx, such
that the stack S moves slightly underneath the sheet dis-
charge end 17 of the sheet conveyor arrangement 3.
Fig.4(B) shows the stack S in the new position, after the
staggering movement according to fx has been per-
formed.

[0061] In order to allow the trailing edges of the sheets
(i.e. the most upstream edges of the corrugated board
sheets C with respect to the direction of feed F) of the
last formed bundle B to move under the sheet discharge
end 17, the stacker platform 19 can be lowered, or the
sheet discharge end 17 of the sheet conveyor arrange-
ment 3 can be lifted, or a combination of the two move-
ments can be performed. According to presently pre-
ferred embodiments, the sheet discharge end 17 is lifted
(arrow 17, Fig. 4(B)) by means of the actuator 51 and
then lowered again (arrow f17, Fig. 4(C)). This movement
can be quicker than a lowering movement involving the
stacker platform 19, as the sheet discharge end is lighter
than the stacker platform 19, which also supports the
weight of the stack S under formation.

[0062] The stop plate 37 can remain stationary in this
step of the stacking process, such that when formation
of the subsequent bundle B2 starts, the most advance,
i.e. the leading edges of the corrugated board sheets C
will advance until the stop plate 37, thus reaching the
same position with respect to the stacking bay 5. Since
the stack S has been shifted (arrow fx) towards the left
by a pitch P, the next bundle B2 will be staggered by a
distance P along direction F with respect to the previously
formed bundle B1.

[0063] Fig.4(C) shows the initial phase of formation of
the next bundle B2, while Fig.4(D) shows the subsequent
phase, where the next bundle B2 has been completed.
At this stage a new bundle B3, which is staggered by a
pitch P with respect to bundle B2 and aligned with the
bundle B1, must be formed. For this purpose, the stack
conveyor 25 is actuated and moves the stack S under
formation according to arrow fy (Fig.4(E)) from the left to
the right by a pitch P. The most downstream edge (i.e.
the leading edge) of the bundle B2 just formed must move
horizontally beyond the stop plate 37. The cylinder-piston
actuator 38 thus lifts the stop plate 37 in order to allow
the bundle B2 to move there under.

[0064] Once the stack S has been moved by one pitch
P in the direction fy, formation of the next bundle B3 can
start, as shown in Fig. 4(F). The stop plate 37 has been
lowered again, such that the corrugated board sheets C
are correctly positioned by abutting with their leading
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edges against the stop plate 37. The stop plate 37 is thus
controlled by the actuator 38 to perform a vertical recip-
rocating motion which is synchronized with the formation
of staggered bundles of sheets.

[0065] In the next Fig.4(G) the subsequent bundle B3
is almost completed.

[0066] During the above described sequence, the
stacker platform 19 gradually lowers to accommodate
the stack S on top of the stack conveyor 25, such that
the sheet discharge end 17 of the sheet conveyor ar-
rangement 3 can remain substantially atthe same height,
except for the small up and down stroke according to
arrow f17, which is performed by the sheet discharge end
17 each time the stack S is moved according to arrow fx
to displace the trailing edge of the top-most bundle under
the sheet discharge end 17. The sheet stacker is thus
configured as a so-called down-stacker, i.e. the stack is
formed by lowering the stack such that the upper surface
thereof remains substantially around a constant position.
[0067] In order for the stack conveyor 25 to perform
the bundle staggering movement, a gap in the flow of
corrugated board sheets 3 on the sheet conveyor ar-
rangement 3 must be generated, which separates the
last corrugated board sheet C of one bundle from the first
corrugated board sheet C of the next bundle. The gap
can be created in anyone of the know methods used to
create gaps in the flow of corrugated board sheets C.
The dimension of the gap can be controlled on the basis
of several operation parameters of the stacker 1, for in-
stance the speed of advance of the corrugated board
sheets C, their length and so on.

[0068] The gap can be formed e.g. acting upon the
speed of the various conveyors 3A, 3B, 3C forming the
sheet conveyor arrangement 3.

[0069] The number of corrugated board sheets C per
bundle B can be counted in a rotary shear used to cut a
continuous longitudinal corrugated board web, each cut
corresponding to one sheet. The last sheet of a bundle
is then tracked by means of suitable encoders, for in-
stance, along the path up to the stacking bay 5.

[0070] Once the required number of bundles B forming
astack S has been formed as described above, the stack
S must be evacuated from the stacking bay 5. The evac-
uation step is illustrated in Figs 4(H) to 4(l). The flow of
incoming corrugated board sheets C from the sheet con-
veyor arrangement 3 is interrupted by creating therein a
gap in any one of different possible ways, known to those
skilled in the art. During the time made available by the
gap the formed stack S is moved downwards by lowering
the stacker platform 19, as shown in Fig.4(H), until the
upper surface of the stack conveyor 25 is substantially
at the same level as the evacuation conveyor 53, while
the stack conveyor 25 can remain inoperative, such that
the stack S only moves vertically. Once this position has
been achieved, the stack conveyor 25 can be activated
again, to perform an evacuation motion and displace the
stack S towards the evacuation conveyor 53, as shown
in Fig. 4(1).
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[0071] Assoonasthestack S has cleared off the stack-
er platform 19, the latter can be lifted again, in the initial
position where the formation of a new stack can start, as
shown in Fig. 4(I). The time required for evacuating the
stack S is extremely short, since the distance the stack
S must travel substantially corresponds to the dimension
of the stack in the direction F.

[0072] If the stack S has not been properly cleared off
the stacker platform, e.g. if a part thereof remains on the
stacker platform 19, when the latter is lifted, the remaining
sheets which are still erroneously placed on the stacker
platform 19 will cause an unexpected lifting movement
of the sheet discharge end 17 of the conveyor 3C. This
unexpected movement can be detected by a sensor, e.g.
a micro-switch, which can trigger an alarm.

[0073] According to some embodiments, in order to
ensure a correct piling up of the corrugated board sheets
C and of the bundles B, a bundle retaining device can be
arranged at the sheet discharge end 17 of the sheet con-
veyor arrangement 3. Figs. 5 and 6 illustrate details of
the bundle retaining device, globally labeled 60. In some
embodiments, the bundle retaining device 60 comprises
one or preferably a plurality of resilient members, for in-
stance resilient leaf blades 61, e.g. made of metal. In
other embodiments, the resilient members may include
resilient pads, such as pads made of foam resin or the
like. The resilient leaf blades 61 or any other set of resil-
ient members form a sheet braking member, which pre-
vents or reduces undesired displacements of the corru-
gated board sheets of the last formed bundle.

[0074] The resilient leaf blades 61 may each have a
terminal bent appendage 61X, which form a surface fac-
ing the bundles B being formed. The appendages 61X
can be housed in indentations 63 formed in a transverse
bar 65, which can be arranged adjacent the bottom roller
41, around which the most downstream sheet conveyor
3C is entrained. The bottom of each resilient leaf blade
61 can be provided with a high-friction pad 67, e.g. made
of natural or synthetic rubber, plastic material, synthetic
foam material, or any other material suitable to apply a
grip against the upper surface of the top-most bundle B,
when the trailing edge thereof is moved under the bottom
roller 41, i.e. under the sheet discharge end 17 of the
sheet conveyor arrangement 3.

[0075] The operation of the bundle retaining device 60
can be best understood looking at Figs. 5 and 6 with
continuing reference to the sequence of Figs. 4(A)-4(l).
In Fig.5 the sheet discharge end 17 of the sheet conveyor
arrangement 3 has been lifted (arrow 17, Fig. 5) in the
lifted position, in order to allow the stack under formation
to move according to arrow fx, such that the last-formed
bundle B1 is moved with the trailing edge thereof under
the sheet discharge end 17. In this position the resilient
leaf blades 61 project under the bar 65. Once the stack
S has been displaced such that the bundle B1 is partly
under the roller 41, i.e. the trailing edge of the bundle B1
is under the sheet discharge end 17, the latter can be
lowered according to arrow f17 in Fig.6, such that the
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high-friction pads 67 are pressed against the upper sur-
face of the last sheet forming the bundle B1. Formation
of the next bundle B2 can start, as shown in Fig. 6, with
the trailing edges of the corrugated board sheets C, and
thus the trailing edge of the bundle B2, abutting against
the bar 65.

[0076] The corrugated board sheets C are fed accord-
ing to arrow F and slide along the upper surface of the
previously formed bundle B1. Friction between the cor-
rugated board sheets C and the underneath bundle B1
could cause an undesired displacement of the last cor-
rugated board sheets C of bundle B1 in direction F,
dragged by the next corrugated board sheets C belong-
ing to the next bundle B2. The pressure applied by the
resilient laminar leafs 61 prevent the top corrugated
board sheet of bundle B1 from moving in direction F.
When the bundle B2 has been completed, the lifting
movement (arrow f17, Fig.5) of the sheet discharging end
17 of the sheet conveyor arrangement 3 releases the
bundle B1, allowing the stack S to move according to fx
or fy as required.

[0077] While the above description concerns a mode
of operation of the sheet stacker 1 for the formation of
stacks S, each formed by staggered bundles B, the same
sheet stacker can also produce smooth stacks S, i.e.
formed by smoothly aligned corrugated board sheets C,
rather than staggered bundles.

[0078] Figs. 7(A)-7(C) illustrate the final phase of for-
mation of a smooth stack S. In order to produce smooth
stacks S, the stack conveyor 25 remains stationary for
the time required to pile up the desired total number of
corrugated board sheets C forming the stack S on the
stacker platform 19, such that no staggering is provided
between adjacent sheets. Fig. 7(A) shows a step in which
the last corrugated board sheets C are placed on top of
the almost completed stack S. Since during the whole
stacking process the stack conveyor 25 remained sta-
tionary, all the corrugated board sheets C have been
aligned against the stop plate 37, and are thus ordered
to form a smooth stack S. Upon reaching the desired
number of corrugated board sheets C, a gap is formed
in the sheet flow along the sheet conveyor arrangement
3 and the stacker platform 19 is lowered, see Fig. 7(B),
arrow f19. The lowering motion brings the stacking sur-
face, defined by the upper branch of the stack conveyor
25, in alignment with the evacuation conveyor 53.
[0079] Once this positon has been achieved, the stack
conveyor 25 can be activated to perform an evacuation
motion, moving the stack S in an evacuation direction fE,
see Fig. 7(C), thus transferring the stack S onto the evac-
uation conveyor 53 and clearing the stacker platform 19.
This latter can be lifted again (arrow f19, Fig.7(C)), at the
level of the sheet discharge end 17 of the sheet conveyor
arrangement 3, to start the formation of a new stack S.
[0080] Irrespective of the kind of stack S formed (either
smooth or formed by staggered bundles B), once the
stack S is on the evacuation conveyor 53, there is suffi-
cient time to remove the stack S from the sheet stacker
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1, while the next stack S is formed in the stacking bay 5.
The evacuation conveyor 53 can be designed in a known
manner, such that evacuation of the stack S therefrom
can be in a direction orthogonal to the direction F. For
instance, conveyor rollers can be arranged with their ro-
tation axes orthogonal to direction F, to move the stack
under the conveyor 3C, while endless belts can be ar-
ranged between pairs of adjacent rollers, the endless
belts being designed to move the stacks in a horizontal
direction orthogonal to arrow fE.

[0081] In the embodiments disclosed so far, the stack
conveyor 25 is formed by an endless conveyor member,
which extends along the entire length of the stacking bay
5, between the two opposed rollers 27, 29. A single ac-
tuator, e.g. a single electric motor can be used to control
the movement of the stack conveyor 25. In other embod-
iments, a different configuration of the stack conveyor 25
can be provided, e.g. the stack conveyor 25 can be com-
prised of sequentially arranged stack conveyor mem-
bers, at least some of which are controlled by separate
actuators, e.g. separate electric motors. Fig.8 schemat-
ically illustrates an embodiment wherein the stack con-
veyor 25 is comprised of a first stack conveyor member
25A and a second conveyor member 25B, arranged in
sequence in the direction of the evacuation motion. The
remaining parts, elements and components of the sheet
stacker 1 of Fig.8 can be the same as described above
and shown in Figs. 1-7, and will thus not be described
again.

[0082] In the embodiment of Fig. 8, an auxiliary con-
veyor 71 is arranged on the side of the stacking bay 5
opposite the sheet conveyor arrangement 3. Depending
upon the mode of operation of the sheet stacker 1, the
auxiliary conveyor 71 can be used as an evacuation con-
veyor, or as an additional conveyor, e.g. to deliver stack-
ing pallets or the like on the stacker platform 19. As un-
derstood herein a pallet is any means whereon the stack
S of corrugated board sheets C can be formed, e.g. for
transportation purposes, or for other logistic reasons
whatsoever.

[0083] In Fig. 8, this latter mode of operation is shown.
Single pallets 73 are fed according to arrow f73 on the
second stack conveyor member 25B, while the first stack
conveyor member 25A is operated in quite the same way
as described above, to produce stacks S of staggered
bundles B (Figs. 4(A)-4(l)), or alternatively smooth stacks
S (Figs. 5, 6).

[0084] Once the stack S has been completed, the first
stack conveyor member 25A performs an evacuation mo-
tion, thus transferring the stack S on the evacuation con-
veyor 53. At the same time, or subsequently, the pallet
73, which is waiting on the second stack conveyor mem-
ber 25B, can be transferred from the latter on the first
conveyor member 25A. Lifting of the stacker platform 19
can start as soon as the stack S has been cleared off the
first stack conveyor member 25A and/or a new pallet 73
has been transferred from the auxiliary conveyor 71 on
the second stack conveyor member 25B.
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[0085] Inthe embodiments disclosed so far, the stacks
S are cleared off the stacker platform 19 by means of a
clearing movement according to a direction fE which is
opposite the direction F of arrival of the corrugated board
sheets C in the stacking bay 5, such that the stacks S
are moved on the evacuation conveyor 53, which is lo-
cated under the sheet conveyor arrangement 3. As men-
tioned above, this is particularly advantageous since it
reduces the time needed to clear the stacker platform
19, thus improving the overall production rate of the sheet
stacker 1. Moreover, since the evacuation conveyor 53
is arranged under the sheet conveyor arrangement 3,
the overall footprint of the sheet stacker 1 is reduced.
[0086] The sheet stacker 1 of Fig. 8 can also operate
in a different mode, by evacuating the stacks S from the
stacking bay 5 onto the auxiliary conveyor 71, which thus
performs the function of an evacuation conveyor. This
mode of operation is schematically shown in Fig. 9. A
completely formed stack S is shown in three subsequent
positions, labeled S1, S2 and S3, respectively. It shall be
noted that the above situation does normally not arise
and is provided only for the sake of explanation of this
mode of operation, since when a stack S is present in
position S2, on the second stack conveyor member 25B,
the first conveyor member 25A is cleared off.

[0087] Once the stack S1 has been completed and the
stacker platform 19 is in the lower position, at the level
of the auxiliary conveyor 71, the first stack conveyor
member 25A and second stack conveyor member 25B
can be acted upon to evacuate the stack S, moving the
latter sequentially from position S1 to position S2 (arrow
fS1) and from position S2 to position S3 (arrow fS2). As
soon as the stack S has cleared off the second stack
conveyor member 25B, the stacker platform 19 can be
lifted again, to start the formation of the next stack.
[0088] The time required for clearing off the stacker
platform 19 is longer than in the previously described
modes of operation, since the stroke which the stack S
has to travel is longer.

[0089] In both modes of operation of Figs. 8 and 9 the
stacks S are formed by a plurality of superimposed and
mutually staggered bundles B. It shall be understood,
however, that the sheet stacker of this embodiment can
be controlled to produce smooth stacks as well.

[0090] In yet further embodiments, not shown, the
sheet stacker 1 can be configured as shown in Figs 8
and 9, i.e. with an auxiliary conveyor 71 possibly operat-
ing as an evacuation conveyor arranged on the side op-
posite the sheet conveyor arrangement, but having a
stack conveyor formed by a single conveyor member 25,
as illustrated in Figs. 1to 7.

[0091] In Figs. 8 and 9 the sheet stacker 1 is provided
with the evacuation conveyor 53 arranged under the
sheetconveyorarrangement 1, such thatthe sheet stack-
er 1 can operate also according to any one of the mode
of operations described in connection with Figs. 1 to 7.
In other embodiments, however, the evacuation convey-
or 53 can be omitted.
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[0092] Fig.10 illustrates a further embodiment of a
sheet stacker according to the present invention. The
same reference number designate the same or equiva-
lent parts, elements or components as already described
in connection with the remaining figures and which will
not be described again.

[0093] The sheet stacker 1 of Fig. 10 comprises an
auxiliary conveyor 81 arranged on the side of the stacking
bay 5 opposite the sheet conveyor arrangement 3. The
auxiliary conveyor 81 can be hinged at one end around
a horizontal pivoting axis 83, which is substantially or-
thogonal to the direction F along which the corrugated
board sheets are delivered in the stacking bay 5, such
that the auxiliary conveyor can pivot according to double
arrow f81. In the embodiment of Fig. 10 the stack con-
veyor 25 is divided into first stack conveyor member 25A
and second stack conveyor member 25B. In other em-
bodiments, the stack conveyor 25 can be a one-piece
stack conveyor as shown e.g. in Figs. 1-3. The sheet
stacker of Fig. 10 is configured to produce bundles B1,
B2, B of corrugated board sheets C, which are individually
downloaded from the stacking bay 5 on the auxiliary con-
veyor 81, which operates as an evacuation conveyor.
[0094] In Fig. 10 formation of a new bundle of corru-
gated board sheets C has started, while the last formed
bundle B2 has been transferred from the first stack con-
veyor member 25A on the second stack conveyor mem-
ber 25B. The second last bundle B1 has been previously
transferred from the second stack conveyor member 25B
to the auxiliary conveyor 81.

[0095] The pivoting movement according to f81 of the
auxiliary conveyor 81 allows the upstream end thereof,
i.e. the end arranged near the stacking bay 5 and oppo-
site the end pivoted at 83, to follow the upwards and
downwards movement of the stack conveyor 25, such
that processing of the bundles B1, B2 becomes faster.
Formation of a new bundle on the first stack conveyor
member 25A can start as soon as the last formed bundle
B2 has cleared off the first stack conveyor member 25A
and has moved on the second stack conveyor member
25B. Therefrom, the last bundle B2 can subsequently be
moved onto the auxiliary conveyor 81, the upstream end
whereof follows the up and down movement performed
by the stack conveyor 25 to allow the next bundle to grow
on the first stack conveyor member 25A.

[0096] In the above described embodiments the stack
conveyor 25 is configured and arranged such that the
stacks S are evacuated in an evacuation direction which
is substantially parallel to the sheet feeding direction F
and to the staggering direction. This is particularly ben-
eficial in terms of production speed and machine simpli-
fication. Specifically, the formed stack can be removed
quite quickly from the stacking bay, such that formation
of a subsequent stack or set of stacks can start again.
However, some of the advantageous features of the
present disclosure can be provided also in combination
with a stacking bay wherein the evacuation direction is
oriented at 90° with respect to the sheet feeding direction
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F. Fig. 11 illustrates an embodiment wherein the evacu-
ation direction is orthogonal to the feeding direction F.
The same elements, components or parts as already dis-
closed in connection with Figs. 1 to 10 are labeled with
the same reference numbers and will not be described
again.

[0097] In Fig.11 a stacker platform 19 is provided with
a stack conveyor 25 having a conveyor direction orthog-
onal to feeding direction F. The stacker platform 19 can
be comprised of a platform frame 19.1 which is supported
on a stationary structure, e.g. on uprights 9 and 11. The
platform frame 19.1 can be capable of reciprocatingly
moving according to a staggering direction parallel to ar-
row F. For instance, the platform frame 19.1 can be guid-
ed along stationary guides 9.1 and 11.1 mounted on up-
rights 9 and 11. Shoes 19.2 and 19.3 mounted on plat-
form frame 19.1 can slidingly engage the guides 9.1 and
11.1.

[0098] According to some embodiments an actuator
28, for instance an electric motor can be arranged and
configured to control the movement of the platform frame
19.1 along guides 9.1 and 11.1. As already disclosed
with reference to the previous figures, the stroke per-
formed by the stack platform 19 can be controlled by the
control unit 26, e.g. based on the length of the sheet
bundles along feeding direction F, such that the stagger-
ing pitch P be optimized.

[0099] Fig. 12illustrates a schematic top view of a com-
bined stack conveyor 25, which can be used in a further
embodiment of the stacker disclosed herein. The com-
bined stack conveyor 25 comprises conveyor rollers 32
and conveyor belts 34, which are arranged such that the
conveyor motion f34 of the conveyor belts 34 is orthog-
onal to the conveyor motion f32 of the conveyor rollers
32. In some embodiments, the conveyor belts 34 can be
provided with a lifting and lowering movement, such that
they can be brought alternatively in an upper, operative
position, and in a lower, idle position, wherein the belts
are arranged below the surface of the roller conveyor.
Thus, the conveyor rollers 32 can be used to evacuate
the stacks S indirection f34 after completion of the stacks,
while the conveyor belts 34 can be used to impart the
reciprocating staggering motion to the stacks being
formed. A reverse arrangement, with the rollers 34 being
used for staggering purposes and the belts for evacuation
is not excluded.

[0100] The purpose of adjusting the staggering pitch
based on the length of the sheets in the sheet feeding
direction F will become more apparent from Figs. 13A
and 13B. In these two figures, respective stacks S of
bundles B are shown. In Fig. 13A the sheets forming the
stack S have a length L1 in the sheet feeding direction
F. The staggering pitch is labeled P1. In Fig. 13B the
sheets forming the stack S have a length L2 in the sheet
feeding direction F. The staggering pitch is labeled P2.
The sheetlength L1is smallerthan L2 and the staggering
pitch P1 is smaller than the staggering pitch P2. A stag-
gering pitch P2 could not be used with sheets having a
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length L1, since the stack S would become unstable, as
each bundle of sheets would project from the bundle un-
derneath to such an extent that it will not be sufficiently
supported.

[0101] Each bundle B is tied with a respective tying
cord or strip T on the side of the bundle which overhang-
ingly projects from the adjacent bundles, as shown in
Figs. 13A, 13B. In order to better tie the bundle, the tying
strip or cord T should be positioned distant from the edge
of the bundle. Therefore, the longer the overhangingly
projecting portion of the bundle, i.e. the longer the stag-
gering pitch P1 or P2, the better the bundle will be tied
by the tying cord or strip. Since, however, staggering may
impair the stability of the stack S, the staggering pitch
P1, P2 shall be preferably maximized taking into consid-
eration the stability constraints. A longer sheet (length
L2) allows a larger staggering pitch P2, as can be appre-
ciated by comparing Figs. 13A and 13B. At the same
time, the longer the sheets are, the more important be-
comes the distance of the tying position from the edge
of the bundle.

[0102] The method disclosed herein, which takes into
account production parameters, including the length (L1,
L2) of the sheets in the sheet feeding direction in order
to maximize the staggering pitch (P1, P2), allows to pro-
duce a better stack S of staggered bundles.

[0103] Fig. 14 illustrates a flow chart summarizing the
method disclosed herein. When a production job shall
start (block 101) the parameter(s) determining the stag-
gering pitch P are inputted (block 102). They can be pro-
vided by the user directly through an interface 261, or can
be retrieved e.g. from a database. The user in this case
provides data to enable the control unit 26 to retrieve the
necessary information from the database. As understood
herein production parameter(s) also include any data
which can be used for retrieving further information or
data from a database.

[0104] As noted above the production parameters can
directly include the staggering pitch P, P1, P2, or other
data, based upon which the control unit will determine
the optimized staggering pitch.

[0105] When the staggering pitch P, P1, P2 has been
set, manufacturing can start (block 103).

[0106] While the invention has been described in con-
nection with what is presently considered to be the most
practical and preferred examples, it is to be understood
that the invention is not to be limited to the disclosed
examples, buton the contrary, is intended to cove various
modifications and equivalent arrangements included
within the spirit and scope of the appended claims.

Claims

1. A sheet stacker comprising:

- a sheet conveyor arrangement, configured for
feeding a plurality of sheets in succession in a
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sheet feeding direction, said sheet conveyor ar-
rangement having a sheet discharge end;

- a stacking bay, wherein sheets delivered by
the sheet conveyor arrangement at the sheet
discharge end thereof are formed into stacks;
the stacking bay comprising a stacker platform,
the sheet discharge end and the stacker plat-
form being provided with a mutual approaching
and distancing movement;

wherein: the stacker platform comprises a stacking
surface whereon the stacks are formed; the stacker
platform further comprises an actuator adapted to
reciprocatingly move the stacking surface in a stag-
gering direction, substantially parallel to the sheet
feeding direction in the stacking bay; and the recip-
rocating movement has a staggering pitch, which is
adjustable according to at least one production pa-
rameter of the sheets.

The sheet stacker of claim 1, wherein the at least
one production parameter comprises a dimension of
the sheets in the direction along which the bundles
are mutually staggered.

The sheet stacker of claim 1 or 2, further comprising
a control unit, adapted to control the actuator to per-
form a reciprocating movement according to a stag-
gering pitch defined as a function of said at least one
production parameter.

The sheet stacker of claim 1 or 2 or 3, wherein the
stacker platform supports a stack conveyor movable
in a direction parallel to a feeding direction of the
sheets in the stacking bay, configured and controlled
to perform areciprocating staggering motion to form
the staggered bundles of sheets, and to further per-
form an evacuation motion, to remove a completed
stack from the stacking bay in the staggering direc-
tion.

The sheet stacker of any one of the preceding claims,
wherein the stacker platform is provided with a ver-
tical lifting and lowering movement with respect to a
stationary supporting structure.

The sheet stacker of any one of the preceding claims,
further comprising a stop plate, positioned in the
stacking bay above the stacker platform, arranged
and configured for stopping the sheets delivered by
the sheet conveyor arrangement to the stacking bay;
and wherein preferably the stop plate has a recipro-
cating vertical movement, which is synchronized
with the formation of staggered bundles of sheets..

The sheet stacker of any one of the preceding claims,
wherein the sheet discharge end of the sheet con-
veyor arrangement is combined with an actuator,
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which controls a lifting and lowering movement of
the sheet discharge end, which is synchronized with
the reciprocating staggering motion of the stack con-
veyor.

The sheet stacker of claim 4, wherein the evacuation
motion of said stack conveyor is oriented such that
the completed stack is moved from the stacking bay
under the sheet conveyor arrangement.

The sheet stacker of claim 4, wherein said stack con-
veyor comprises a first stack conveyor member and
a second stack conveyor member, which are se-
quentially arranged one after the other in a direction
parallel to the direction of the evacuation motion; and
wherein preferably the first stack conveyor member
and the second stack conveyor member are ar-
ranged and controlled such that a stack is formed on
the first stack conveyor member and, upon formation
thereof, the completed stack is moved by the first
stack conveyor member to the second stack convey-
or member and sequentially by the second stack
conveyor member outside the stacking bay.

The sheet stacker of any one of the preceding claims,
wherein the sheet discharge end is combined with a
bundle retaining device, which is configured and ar-
ranged for retaining the top-most bundle of the stack
when the stack conveyor performs the staggering
motion in a direction away from the sheet discharge
end; and wherein preferably the bundle retaining de-
vice comprises at least one resilient sheet braking
member, arranged under the sheet discharge end,
between the sheet discharge end and the stack be-
ing formed on the stacker platform.

The sheet stacker of any one of the preceding claims,
configured as a down-stacker, wherein during for-
mation of a stack the stacking platform moves grad-
ually downwardly to accommodate the forming stack
of sheets thereon.

A method of forming sheet stacks on a stacking sur-
face, comprising the following steps:

- feeding a plurality of sheets along a sheet con-
veyor arrangement towards a stacking bay, the
sheet conveyor arrangement having a sheetdis-
charge end, wherefrom the sheets are dis-
charged in the stacking bay and formed into
stacks on a stacking surface supported by a
stacker platform arranged in the stacking bay;
- while the sheet stack gradually grows on the
stacking surface, moving the stacker platform
and the sheet discharge end of the sheet con-
veyor arrangement away from one another;

- during formation of the stack, dividing the stack
in mutually superposed and staggered bundles
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of sheets by reciprocatingly moving the stacking
surface according to a reciprocating staggering
motion, in a direction parallel to a feeding direc-
tion of the sheets in the stacking bay; the stag-
gering motion having a pitch which is determined
onthebasis of atleast one production parameter
of said sheets.

The method of claim 12, comprising the step of de-
termining said pitch as a function of at least a length
of said sheets in the direction of the staggering mo-
tion; and preferably of at least one additional produc-
tion parameter.

The method of claim 12 or 12, wherein said sheets
are corrugated board sheets comprised of at least
one liner and at least one fluted paper sheet, and
wherein the additional production parameter is se-
lected from the group consisting of: grammage of
one or more paper sheets forming the corrugated
board sheet; total number of paper sheets per cor-
rugated board sheet; total number of liners per cor-
rugated board sheet; total number of fluted sheets
per corrugated board sheet; flute height of at least
one fluted paper sheet forming the corrugated board
sheet; flute pitch of at least oen fluted paper sheet
forming the corrugated board sheet; a combination
of two or more of the these parameters.

The method of any one of claims 12 to 14, wherein
said stacking surface is formed by a stack conveyor.

The method of any one of claims 12 to 15, further
comprising the step of evacuating the stack from the
stacking bay upon completion of the stack, by mov-
ing the stack conveyor in an evacuation direction,
parallel to the staggering motion thereof; and where-
in preferably evacuation direction is oriented such
that the formed stacked is transferred under the
sheet conveyor arrangement.

The method of any one of claims 12 to 16, wherein
the step of moving the stacker platform and the sheet
discharge end away from one another comprises the
step of lowering the stacker platform with respect to
a stationary supporting structure.

The method of any one of claims 12 to 17, further
comprising the step of lifting the sheet discharge end
from the top of the stack under formation on the
stacker platform when the stack under formation is
moved towards the sheet discharge end during the
reciprocating staggering motion of the stack convey-
or

The method of any one of claims 12 o 18, further
comprising the step of abutting the sheets coming
from the sheet conveyor arrangement against a sta-
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tionary stop plate arranged above the stacker plat-
form; and preferably further comprising the step of
reciprocatingly moving the stop plate in a vertical di-
rection in synchronism with the back-and-forth stag-
gering motion of the stack conveyor.

The method of claim any one of claims 12 to 19,
wherein the stack conveyor comprises a first stack
conveyor member and a second stack conveyor
member sequentially arranged along the direction of
motion of the stack conveyor; and wherein:

a first stack of sheets comprised of staggered
bundles is formed on the first stack conveyor
member;

upon completion thereof, the first stack is moved
from the first stack conveyor member to the sec-
ond stack conveyor member;

the first stack is evacuated from the stacking bay
by the second stack conveyor member and for-
mation a second stack of staggered bundles
starts on the first stack conveyor member.
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