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(54) Apparatus and method for conveying paper sheets

(57)  An endless conveyor loop (1) is circulatable
along a circulation path. Gripping arms (34-34) connect-
ed to the loop are each pivotable between an open po-
sition and a closed position for retaining an end of the
sheet (13,14,18) at a gripping position circulatable with
the conveyor loop along a gripping position path. A paper
feeding path has a downstream end portion (7) spaced
from the gripping position path (6). A prolongation (12)
in line with the downstream end portion (7) of the paper
feeding path intersects the gripping position path (6). A

gripping arm operating structure (15,16,17) is provided
for causing each gripping arm to pivot towards the open
position prior to passing the prolongation (12) in line with
the downstream end portion (7) of the paper feeding path
and, subsequently, to start pivoting back towards the
closed position before a next one of the gripping arms
passes the prolongation (12) in line with the downstream
end portion of the paper feeding path.
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Description
FIELD AND BACKGROUND OF THE INVENTION

[0001] Theinventionrelatesto an apparatus according
to the introductory portion of claim 1. Such an apparatus
is known from European patent application 2 107 021.
[0002] Inthisapparatus, sheetsfed along a sheetfeed-
ing path are received one by one and entrained by grip-
ping arms pivotably mounted to an endless conveyor loop
extending and circulatable along a circulation path. The
sheets can be released in one or a plurality of positions,
where the sheets may be stacked and/or transported
away. The gripping arms are each pivoted from the
closed position to an open position for receiving a sheet
fed along the sheet feeding path as the portion of the
gripping arm in the circulation path reaches a return
wheel. The gripping arms are each pivoted back from the
open position to the closed position as the portion of the
gripping arm in the circulation path leaves the return
wheel.

[0003] To reliably feed each of the sheets, which may
be of widely varying lengths, to a next one of the gripping
positions between successive gripping arms, the speed
of the circulating loop and/or the feeding speed of the
paper feeding path are periodically increased and de-
creased.

SUMMARY OF THE INVENTION

[0004] Itis anobject of the presentinvention to provide
a solution which allows sheets of widely varying lengths
to be fed reliably to gripping positions distributed along
a circulation path, even if the sheets are fed in a config-
uration in which successive sheets are partially overlap-
ping each other.

[0005] According to the invention, this object is
achieved by providing an apparatus according to claim
1. The invention can also be embodied in a method ac-
cording to claim 7.

[0006] Because the gripping arm operating structure
is arranged for starting the pivoting of each gripping arm
relative to the directly adjacent portion of the conveyor
loop in the sense contrary to the sense of circulation be-
fore a next one of the gripping arms passes the prolon-
gation in line with a downstream end portion of the paper
feeding path, the gripping arm is pivoted back relatively
early. This allows the gripping arms to be pivoted from
the closed position into the open position over a larger
angle without interfering with a previously fed sheet.
Thus, the gap between the gripping arm pivoted into the
open position and a next gripping arm, into which gap a
sheet S,, to be entrained should be fed, can be made
larger, while the gripping arm does not interfere with a
previously fed sheet S;,_{ of which a trailing portion may
still be held in the most downstream nip of the paper
feeding path while the leading end is held in or being
urged into one of the gripping positions downstream of
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the gripping position to which the sheet S, is to be fed.
[0007] Also, arelatively wide opening angle of the grip-
ping arms allows the sheets to be fed along a path con-
verging with the intended gripping position relatively ear-
ly, so that a relatively low feeding speed is sufficient to
reach the gripping position. Moreover, because the next
gripping arm pivots back relatively early, the next gripping
arm does not or to a lesser extent constitute an obstacle
that needs to be circumvented by a sheet to reach the
gripping position.

[0008] Particular embodiments of the invention are set
forth in the dependent claims.

[0009] Further objects, features, effects and details of
the invention are described below.

BRIEF DESCRIPTION OF THE DRAWING
[0010]

Figs. 1-8 are schematic, partial side view represen-
tations of successive stages of operation of an ex-
ample of an apparatus according to the invention.

DETAILED DESCRIPTION

[0011] First various features of an example of appara-
tus according to the invention shown in the drawings are
described with reference to Fig. 1. Reference to the other
figures is made where and to the extent that this appears
helpful for a better understanding of the operating stage
depicted by that figure.

[0012] The apparatus for conveying paper sheets
shown in Fig. 1 has an endless conveyor loop 1 of which
only a left-hand portion is shown. The conveyor loop 1,
which may for instance be provided in the form of a belt
or a chain, extends along a circulation path and is circu-
latable in a sense of circulation indicated by arrow 2 along
the circulation path. A right-hand portion of such a con-
veyor loop is preferably a loop closing continuation of the
portion shown and may for instance extend along a sheet
collector for collecting sheets as disclosed in European
patent application 2 107 021.

[0013] A plurality of gripping arms 34-344, is located on
the outside of the circulation path. The gripping arms 3;-
34 are each connected to the loop 1 in positions 4 mu-
tually spaced along the circulation path along which the
loop 1 is displaceable. The connections 4 are not all des-
ignated by reference numerals. The gripping arms 34-344
are each pivotable between an open position (arms 3,-
3g) forreceiving or releasing a sheet and a closed position
(34-33 and 34-34) for retaining an end of the sheet at a
gripping position 5. The gripping positions 5 are circulat-
able, in unison with the conveyor loop 1, along a gripping
position path 6.

[0014] A paper feeding path constituting a trajectory
through which paper sheets 13, 14 can be fed has a
downstream end portion 7 oriented towards the gripping
position path 6. A most downstream transport nip 8 of
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the paper feeding path is formed between transport roll-
ers 10, 11. This transport nip 8 is located in a position
spaced at a distance D, from the gripping position path
6. Upstream of the transport nip 8, a guide 9 bounds the
paper transport path 7. A prolongation 12 in line with the
downstream end portion 7 of the paper feeding path in-
tersects the gripping position path 6.

[0015] A gripping arm operating structure 15 is provid-
ed in the form of a cam surface for causing each of the
gripping arms 34-314 to pivot, relative to a directly adja-
cent portion of the conveyor loop 1 in the sense of circu-
lation 2 towards the open position prior to passing the
prolongation 12 in line with a downstream end portion 7
of the paper feeding path and, subsequently, to pivot,
relative to the directly adjacent portion of the conveyor
loop 1, contrary to the sense of circulation 2, towards the
closed position. A lever 16 is fixedly connected to each
of the arms 34-3,44 and a cam follower 17 at the free end
of the lever is engaged by the cam surface 15. For urging
the arms 34-34 to the closed position against force ex-
erted by the cam surface 15, a spring member (not
shown) is arranged between each of the arms and the
loop 1.

[0016] When passing the prolongation 12 of the down-
stream end portion 7 of the feeding path, the arms 3;-
344 extend towards the most downstream transport nip
8 of the feeding path up to a distance D,,,,, from the trans-
port nip 8, such that Dy, - Dgry > 1/4 * Dy, Preferably,
Dgrip = Darm > 1/3 * Dgyip sO that the distance over which
the leading ends of sheets are not guided is reduced. On
the other hand, it is preferred that Dy, - Dy , 2/3 * Dy
so that the distance from the gripping position 5 to which
a sheet is to be fed where the leading edge of that sheet
passes behind a passing gripping arm is fairly small.
Thus, the arms 34-3, 1 each temporarily constitute a guide
for guiding a sheet 13 arriving from the transport nip 8 to
the gripping position 5 over a substantial distance D
- Darm'

[0017] As is illustrated by the successive positions of
the gripping arms 3¢, 37 and 3g in Figs. 1-8, the gripping
arm operating structure 15 is arranged for starting the
pivoting of each gripping arm relative to the directly ad-
jacent portion of the conveyorloop 1in the sense contrary
to the sense of circulation before a next one of the grip-
ping arms passes the prolongation 12 in line with a down-
stream end portion 7 of the paper feeding path. For in-
stance, in Fig. 1, the gripping arm 3¢ has just passed the
prolongation 12 in line with a downstream end portion 7
of the paper feeding path and is approximately in its most
extreme open position pivoted in circulation sense 2 rel-
ative to the directly adjacent portion of the loop 1. As can
be seen in Fig. 2, the arm 34 has started to pivot back to
its closed position in a sense opposite to the sense of
circulation 2 as the next gripping arm 3; starts to pass
the prolongation 12 of the downstream end portion 7 of
the paper feeding path. Similarly, in Fig. 4 it can be seen
that the gripping arm 3, has started to pivot back as the
next arm 3g starts to pass the prolongation 12 and in Fig.
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6 it can be seen that the gripping arm 3g has started to
pivot back as the next arm 3 starts to pass the prolon-
gation 12.

[0018] Thus, the gripping arm operating structure 15
causes the pivoting of each gripping arm 34-34, relative
to the directly adjacent portion of the conveyor loop 1 in
the sense contrary to the sense of circulation to start rel-
atively early. This allows the gripping arms 34-344 to be
pivoted from the closed position into the open position
over a large angle without interfering with a previously
fed sheet. For instance, Figs. 3-8 illustrate that the grip-
ping arms 35 and 34 are pivoted away from the sheet 14
being fed into an opening between the more downstream
arms 3, and 35, so that these arms do not hold back the
progress of the previously fed sheet 14 to the gripping
position 5 between the arms 3, and 35. Similarly, Figs.
4-8illustrate that the gripping arms 3; and 3 are pivoted
away from the sheet 13 being fed into an opening be-
tween the more downstream arms 3g and 3;, so that
these arms do not hold back the progress of the leading
edge of the previously fed sheet 13 to the gripping posi-
tion 5 between the arms 35 and 3;.

[0019] Asisillustrated by Fig. 1, the gap between the
gripping arm 3¢ pivoted into the open position and a next
gripping arm 3, into which gap the sheet 13 to be en-
trained is fed, can be very large, while the gripping arm
3¢ does not interfere with the previously fed sheet 14 of
which atrailing portion is still held in the most downstream
nip 8 of the paper feeding path while its leading end is
held in or being urged into one of the gripping positions
5 between the arms 3, and 35 downstream of the gripping
position 5 between the arms 35 and 3; to which the sheet
13 is to be fed. Fig. 5 illustrates the same principle for a
next sheet 18 being fed into a large opening between
arms 3g and 3g of which the arm 3g is in a position pivoted
to its most extreme open position.

[0020] The relatively wide opening angle of the grip-
ping arms in the open position allows the sheets 13, 14,
18 to be fed along a path 7 converging with the intended
gripping position 5 relatively early, so that a relatively low
feeding speed is sufficient to allow the sheets 13, 14, 18
to reach the gripping positions 5. Since the gripping arm
35, 37, 39 trailing the leading end of each sheet 13, 14
and respectively 18 pivots back relatively early, in spite
of having been pivoted forward over a large angle, the
next gripping arm 35, 37, 3g does not or only to a minor
extent constitute an obstacle that needs to be circum-
vented by the sheet 13, 14, 18 to reach the gripping po-
sition 5.

[0021] Particular advantage is taken from the in-
creased opening angles of the arms 3,-3,4 in combina-
tion with the early return to the closed position by provid-
ing that the paper feeding path is arranged for feeding
the sheets at a constant speed. Preferably, the loop 1 is
also circulated at a constant speed, for instance by a
suitable drive 19 as schematically shown in Fig. 1. Feed-
ing the sheets at a constant speed and circulating the
loop at a constant speed is advantageous for reducing
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noise emissions and wear of the apparatus. Moreover,
controlling the speed of feeding and, respectively, circu-
lation is simplified so that manufacturing costs can be
reduced.

[0022] The speed of feeding the sheets is preferably
less than 150% and more preferably less than 130% of
the speed of circulation of the loop, so that the extent to
which the longest sheets buckle and a curve is formed
in the sheets between the most downstream nip of the
feeding path and the gripping position is small.

[0023] As discussed before, a large pivoting angle of
the gripping arms is advantageous for obtaining a large
opening into which sheets can be fed and to allow the
leading end of each sheet to be fed relatively early in
relation to the passage of the associated gripping position
along the intersection with the prolongation of the sheet
feeding path. More in particular, to achieve a large ad-
vantage using this effect, it is preferred that the gripping
arm operating structure is arranged for causing each grip-
ping arm to pivot, relative to the directly adjacent portion
of the conveyor loop, over an angle of more than 45° and,
more preferably, over an angle of more than 60°.
[0024] Also, to avoid that the gripping arms interfere
with the feeding of a previously fed sheet, it is preferred
that the gripping arm operating structure is arranged for
pivoting each gripping armrelative to the directly adjacent
portion of the conveyor loop in the sense contrary to the
sense of circulation immediately after the gripping arm
has passed the prolongation in line with a downstream
end portion of the paper feeding path. Thus, the pivoting
back of the gripping arm to stay clear from a previously
fed sheet is started particularly early.

[0025] For reducing the difference in velocities be-
tween the circulation of the loop and the feeding of the
sheets that is required to ensure that the leading ends of
the sheets 13, 14, 18 reach the respective gripping po-
sitions 5, it is advantageous if the prolongation 12 in line
with the downstream end portion 7 of the paper feeding
path intersects the gripping position path 6 at an angle
larger than 75°. Thus, the sheets 13, 14, 18 approach
the gripping position path quickly while deflection of the
leading ends of the sheets 13, 14, 18, which are entrained
by gripping arms 35, 37 and, respectively 3g, in the sense
of circulation temporarily adds a velocity component in
the direction of the respective gripping position 5 to the
movement of the respective leading edge.

[0026] A further advantage of the relatively large open-
ings between successive gripping arms into which the
sheets are fed is that reliable feeding of each sheet to an
associated gripping position is also possible if the sheets
are fed along the paper feeding path in close succession,
for instance in a shingled configuration in which each
sheet of a series of sheets overlaps a preceding one of
the sheets and wherein each sheet is fed in a separate
one of spaces between the gripper arms. In the present
example this is illustrated by the sheets 13, 14, 18 being
fed in an overlapping configuration in which each next
sheets 13, 18 is in a position off-set in upstream direction
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relative to the position of the previous sheet 14 resp. 13
over a distance smaller than the length of the previous
sheet 14 resp. 13. This in turn allows sheets to be fed at
a high rate without resorting to a high feeding speed
which would entail the formation of large buckles as the
sheets are transferred from the most downstream feed-
ing nip to the gripping position.

[0027] While the present invention is described in de-
tail with reference to an example shown in the drawings,
the skilled person will appreciate that many other em-
bodiments are conceivable within the framework of the
invention as set forth in the claims.

[0028] Forinstance, instead of a cam profile, the grip-
ping arm operating structure may include other means
for causing the gripping arms to pivot between the re-
spective closed positions and the open positions, such
as trigger pawls acting upon a bi-position spring or mag-
net controlled gripping arm suspension or solenoids ac-
tivated in response to contact between a slide contact
and a power feeding rail.

[0029] Also, the most downstream transport nip may
be a nip between belts or strings or a position where
grippers release sheets that are being fed.

[0030] Furthermore, inthe example shown inthe draw-
ings, a sheet is fed into each second opening between
successive gripping arms. It is however also possible to
feed sheets into openings in another pattern, for example
by feeding a sheet into each opening or each third open-
ing passing the prolongation of the paper sheet feeding
path. It may also be that regularly or irregularly varying
numbers of openings are skipped between successive
feedings of a sheet into an opening between successive
gripping arms.

[0031] Inthe present example, the sheets are fed to a
curved portion of the gripping position path. Itis however
also possible to feed the sheets to a straight section of
the gripping position path. Since a gripping arm operating
structure is provided, itis not necessary to rely on passing
the gripping arms through a curved section of the gripping
position path for causing openings between successive
gripping arms to open for receiving a sheet therein.
[0032] Other variations to the disclosed embodiments
can be understood and effected by those skilled in the
art in practicing the claimed invention, from a study of
the drawings, the disclosure, and the appended claims.

Claims

1. An apparatus for conveying paper sheets, compris-
ing:

an endless conveyor loop (1) extending along a
circulation path and circulatable in a sense of
circulation (2) along the circulation path;

a plurality of gripping arms (34-344) on the out-
side of the circulation path, the gripping arms
(34-344) each being connected to the loop (1) in
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positions mutually spaced along the circulation
path, the gripping arms (34-344) each being piv-
otable between an open position for receiving
or releasing a sheet (13, 14, 18) and a closed
position for retaining an end of the sheet (13,
14, 18) at a gripping position (5) circulatable
along a gripping position path (6);

a paper feeding path having a downstream end
portion (7) oriented towards the gripping position
path (6), for feeding the paper sheets (13, 14,
18), and having a most downstream transport
nip (8) in a position spaced at a distance Dgrip
from the gripping position path (6), a prolonga-
tion (12) in line with the downstream end portion
(7) of the paper feeding path intersecting the
gripping position path (6); and

a gripping arm operating structure (15, 16, 17)
for causing each gripping arms (34-34) to pivot,
relative to a directly adjacent portion of the con-
veyor loop (1), in the sense of circulation (2) to-
wards the open position prior to passing the pro-
longation (12) in line with the downstream end
portion (7) of the paper feeding path and, sub-
sequently, to pivot, relative to the directly adja-
cent portion of the conveyor loop (1), contrary
tothe sense of circulation (2), towards the closed
position;

wherein the gripping arms (34-344) each, when
passing the prolongation (12) of the downstream
end portion (7) of the feeding path, extend to-
wards the most downstream transport nip (8) of
the feeding path up to a distance D,,,, from said
transport nip (8), such that D, - D, > 1/4 *
Dyrip;

characterized in that the gripping arm operat-
ing structure (15, 16, 17) is arranged for starting
the pivoting of each of the gripping arms (34-344)
relative to the directly adjacent portion of the
conveyor loop (1) in the sense contrary to the
sense of circulation (2), towards the closed po-
sition, before a next one of the gripping arms
(34-341) passes the prolongation (12) in line with
the downstream end portion (7) of the paper
feeding path.

grip arm

An apparatus according to claim 1, wherein the pa-
per feeding path is arranged for feeding the sheets
(13, 14, 18) at a constant speed.

An apparatus according to claim 1 or 2, further com-
prising a drive (19) for driving circulation of the loop
(1) at a constant speed.

An apparatus according to any of the preceding
claims, wherein the gripping arm operating structure
(15, 16, 17) is arranged for causing each of the grip-
ping arms (34-344) to pivot, relative to the directly
adjacent portion of the conveyor loop (1), over an
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angle of more than 45°.

An apparatus according to any of the preceding
claims, wherein the gripping arm operating structure
(13, 14, 18) is arranged for starting the pivoting of
each of the gripping arms (34-344) relative to the di-
rectly adjacent portion of the conveyor loop (1) in the
sense contrary to the sense of circulation (2), to-
wards the closed position, immediately after the grip-
ping arm (34-344) has passed the prolongation (12)
in line with the downstream end portion (7) of the
paper feeding path.

An apparatus according to any of the preceding
claims, wherein the prolongation (12) in line with the
downstream end portion (7) of the paper feeding path
intersects the gripping position path (6) at an angle
larger than 75°.

A method for conveying paper sheets, comprising:

circulating an endless conveyor loop (1) extend-
ing along a circulation path in a sense of circu-
lation (2) along the circulation path;

pivoting each one of a plurality of gripping arms
(34-344) in positions mutually spaced along the
circulation path on the outside of the circulation
path, between an open position and a closed
position for retaining an end of the sheet (13,
14, 18) at a gripping position (5) circulatable
along a gripping position path (6); and

feeding paper sheets (13, 14, 18) along a paper
feeding path having a downstream end portion
(7) oriented towards the gripping position path
(6) and having a most downstream transport nip
(8) in a position spaced at a distance Dy, from
the gripping position path (6), a prolongation (12)
in line with the downstream end portion (7) of
the paper feeding path intersecting the gripping
position path (6);

wherein the gripping arms (34-3,4) each, when
passing the prolongation (12) of the downstream
end portion (7) of the feeding path, extend to-
wards the most downstream transport nip (8) of
the feeding path up to a distance D,,,, from the
transport nip, such that Dy, - Dapm > 1/4 * Dgip;-
characterized in that the gripping arm operat-
ing structure (15, 16, 17) starts the pivoting of
each of the gripping arms (34-34) relative to the
directly adjacent portion of the conveyor loop (1)
in the sense contrary to the sense of circulation
(2), towards the closed position, before a next
one of the gripping arms (3,-3 1) passes the pro-
longation (12) in line with the downstream end
portion (7) of the paper feeding path.

8. A method according to claim 7, wherein the paper

feeding path feeds the sheets (13, 14, 18) at a con-
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stant speed.

A method according to claim 7 or 8, wherein the loop
(1) is circulated at a constant speed.

A method according to any of the claims 7-9, wherein
the sheets (13, 14, 18) are fed along the paper feed-
ing path in a shingled configuration in which each
sheet (13, 14, 18) of a series of sheets overlaps a
preceding one of the sheets and wherein each sheet
(13, 14, 18) is fed in a separate one of spaces be-
tween the gripper arms (34-344).
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