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Description

[0001] Thisinvention relates to an apparatus for form-
ing a stack of sheet-like objects, in particular but not ex-
clusively a stack of banknotes formed in a cashbox.
[0002] Various devices are known for forming stacks
of banknotes. One such device is described in published
European patent application No. 0684929. This disclos-
es an apparatus which incorporates a pusher plate with
which a banknote may be pushed from the plane along
which the banknote is transported to the stacking mech-
anism (transport plane), into a cashbox situated adja-
centto the banknote plane. The pusher plate is connect-
ed by a pivoted lever arrangement via a cam, to a drive
motor. The pivoted lever arrangement operates with a
"scissors action" to cause the pusher plate to push the
banknote into the cashbox against the action of a spring
mounted stack surface. The banknotes are retained in
a stack in the cashbox, when the pusher plate is with-
drawn, by flanges which abut the ends of the uppermost
surface of the banknote stack.

[0003] Otherstackers with a vertical scissors arrange-
ment driving a pusher are disclosed in US 4807736, EP
0751487, US 4809966, US 5344135, US 5421443, US
4765607, US 5419423, and US 4784274.

[0004] Although this type of arrangement provides an
efficient method of stacking banknotes, the required
depth of stroke of the pusher plate is linked to the size
of the aperture through which the banknote is pushed.
Thus, a short depth of stroke is only possible if the ap-
erture is relatively large. However, cashboxes with rel-
atively large apertures suffer from the disadvantage of
being difficult to make secure (i.e. self closing) on de-
tachment from the stacking device. Also, where the
cashbox is used with multiple denominations of notes
(having different widths), the aperture must be signifi-
cantly shorter than the width of the shortest banknote to
be stacked. This is in order that the flanges at the ends
of the aperture may retain even the shortest banknotes.
This results in a minimum length of pusher plate stroke
being further increased in order to successfully stack the
widest banknotes through the same aperture size and
hence a corresponding increase in the depth of the
cashbox.

[0005] The cashbox aperture may be made smaller
by increasing the depth of stroke of the pusher plate.
However, an increased depth of stroke results in an in-
creased cashbox depth for any given size of banknote
stack. As space is often at a premium in such circum-
stances, for example in combined banknote validator
and stacker devices, this too is an undesirable conse-
quence.

[0006] US 4809967 and US 5014857 disclose a
stacking device of the piston type which aims to address
the problem of ensuring that banknotes flatten correctly
on the stack surface during the stacking process. These
disclosures teach to incorporate pivotally mounted "un-
folding" plates in the piston assembly. These are ar-
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ranged to displace horizontally as the piston stroke in-
creases in the vertical direction; thus assisting in flatten-
ing a banknote against the stack.

[0007] However despite assisting with flattening ban-
knotes in the stacking procedure the device of US
4809967 and US 5014857 suffers from the same draw-
back as that of EP 0684929A, in that a short depth if
stroke is only possible of the cashbox aperture is rela-
tively large; or, conversely a small aperture is only
achievable if the stroke length is relatively long.

[0008] US 6244589 shows a stacker which is ar-
ranged to stack through a relatively narrow aperture
(thus providing enhanced security) with a relatively short
stroke (thus making efficient use of cashbox volume),
using, in one embodiment, a pair of rotor arms.

[0009] The presentinvention is intended to provide a
stacker capable of operating through a narrow aperture,
with a short stroke, and having a compact construction.
These objects, separately or together, are achieved by
the aspects of the invention defined in the claims.
[0010] Other aspects and embodiments of the inven-
tion, with corresponding objects and advantages, will be
apparent from the following description and claims.
[0011] The invention will now be illustrated, by way of
example only, with reference to the accompanying
drawings, in which:

Figure 1 illustrates a banknote handling machine in-
cluding a cashbox with which a stacking mechanism
according to the present invention may be used;
and

Figure 2 illustrates a sectional view through a por-
tion of Figure 1;

Figure 3a is an isometric view of a cashbox and
stacker arrangement according to a first embodi-
ment of the invention;

Figure 3b is an end elevation showing the end not
visible in Figure 3a;

Figure 3c is a side elevation showing the side not
visible in Figure 3a, and to the same scale as Figure
3b; and

Figure 3d is a further end elevation to the same
scale as Figures 3b and 3c, showing the end visible
in Figure 3a;

Figure 4a is an isometric view of lateral elements of
a pusher forming part of the first embodiment of Fig-
ures 3a-d in a retracted condition; and

Figure 4b is a corresponding isometric view of the
same components in an extended condition;
Figure 5a is an isometric view showing the lateral
elements of Figure 4 within the pusher of the first
embodiment in an initial state of the pusher cycle;
Figure 5b is an isometric view showing the pusher
extended to full depth with the lateral portions be-
ginning to extend; and

Figure 5c shows the lateral portions fully extended
(corresponding to Figure 4b);

Figure 6 is a schematic diagram showing the stack
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support structure of the first embodiment within the
stacker;

Figure 7 (comprising Figure 7a and Figure 7b)
shows schematically the cam tracks of two cams of
Figure 3 when projected onto a flat surface;

Figure 8a is a schematic sectional side elevation
(along the length of the banknote path) showing the
stacker in an initial position; and

Figure 8b is a corresponding sectional end eleva-
tion (across the banknote path) in the initial position;
Figures 9a and 9b correspond to Figures 8a and 8b
in a second stage of the stacker stroke;

Figures 10a and 10b correspond to Figures 8a and
8b in a third stage of the stacker stroke in which the
stacker is fully extended;

Figures 11a and 11b correspond to Figures 8a and
8b in a fourth stage of the stacker stroke;

Figures 12a and 12b correspond to Figures 8a and
8b and show the stacker in a fifth and final stage of
the stacker stroke;

Figure 13 is a sectional end elevation of a stacking
mechanism according to a second embodiment of
the invention;

Figure 14 is an isometric view of the piston part of
the stacking mechanism of the second embodiment
in a first position;

Figure 15 corresponds to Figure 14 and shows the
piston part in a second position;

Figure 16 corresponds to Figure 14 and shows the
piston part in a third position;

Figure 17 corresponds to Figure 14 and shows the
piston part in a fourth position; and

Figure 18 is an isometric view of the second em-
bodiment.

FIRST EMBODIMENT

[0012] Referringto Figures 1 and 2, a banknote stack-
ing system according to the first embodiment of the in-
vention is shown. The system comprises a banknote
transport system, a stacking mechanism and a cashbox
5. The stacking mechanism and the transportation
mechanism are housed in a banknote handling appara-
tus, such as a validator, to which a cashbox 5 is remov-
ably attached.

[0013] Referring to Figure 1, a banknote validating
machine 100 is shown in conjunction with a cashbox 5.
Referring now to Figure 2, an idealised sectional view
through the machine 100 is shown. This shows a ban-
knote 1 on the point of being inserted into an aperture
101 from where it is transported along a banknote trans-
portation system 102 by a drive unit 103 and validated
by a validation apparatus 104. The transportation sys-
tem 102 then transports the banknote 1 to a stacking
arrangement 105 so that the banknote 1 may be stacked
in the cashbox 5 as will be described. The stacking ar-
rangement 105 may be located in the validator 100 as
it is shown in Figure 2 or alternatively in the cashbox 5
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itself.
Banknote transport system

[0014] A banknote 1 is transported to the stacking
mechanism in a direction perpendicular to the plane of
the diagram by the transportation mechanism, which
comprises opposing pairs of rollers 2a, 2b and 3a, 3b.
The banknote 1 is engaged by transportation rollers 2a,
2b, 3a, 3b parallel to its lengthwise edges. That is to say
it is transported in the direction of its longitudinal axis.
The spacing between the pairs of rollers 2a, 2b and 3a,
3b is arranged such that even the minimum size of ban-
knote for which the mechanism is designed may be se-
curely held and transported.

[0015] Therollers 2a, 2b, 3a, 3b position the banknote
1 above an aperture 7 of the cashbox 5. In this embod-
iment, the aperture 7 is approximately half of the width
of the banknote; i.e. approximately 37mm across. This
is suitable for banknote widths of 62-85mm. The position
of the leading edge of the banknote 1 is sensed using
photosensors (not shown), or other suitable position
sensing devices, which are occluded by the banknote 1
when it is in the correct position. The output from the
photosensors is then used to inhibit further transport of
the banknote 1.

[0016] The rollers 2a, 2b, 3a, 3b are located on either
side of the aperture 7, such that the banknote 1 is
gripped with a positive force and held flat and parallel
to the aperture 4 prior to being stacked.

Stack support mechanism

[0017] Referring to Figure 6, as shown schematically
therein, the stack support mechanism for supporting
notes in the cashbox 5 comprises a stack support sur-
face 9 located inside the cashbox and biased towards
the aperture 7 by a compression spring 10. Notes are
retained in the cashbox by upper retaining walls 6a, 6b
at the top of the cashbox, the edges of which define the
aperture 7.

Stacking mechanism

[0018] Referring to Figure 3, and in particular to Fig-
ure 3a, the cashbox 5 of Figure 6 is mounted beneath
a plate 18 which carries the stacker assembly.

[0019] Mounted to an outer wall 19 of the cashbox 5
is a motor 20, the output of which is coupled to a drive
shaft 22 driving a gear wheel 24 which meshes with a
second gear wheel 26 which in turn meshes with a third
gear wheel 28.

[0020] The gear wheels 26, 28 (which are therefore
driven to rotate in opposite senses by the output gear
wheel 24) respectively mesh with toothed rings 27, 29,
each of which is solid and co-axial with a respectively
rotary cam, 30, 32.

[0021] The cams 30, 32 each carry a similarly shaped
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cam surface in the form of a continuous cam track dis-
tributed around the cylindrical radius of the cams 30, 32.
The track comprises a recessed groove. The tracks
(projected onto a flat surface), and the corresponding
timing relationships between the extension strokes of
the pusher and its lateral portions, are shown in Figures
7a and 7b respectively.

[0022] The firstcam 30is employed to move the push-
er into the cashbox 5 (as will be discussed in greater
detail below). The track it carries comprises a first radial
portion 31a distant from the body of the cashbox; a sec-
ond radial portion 31b closer to the body of the cashbox
5; and, connecting the two radial portions, a pair of spiral
portions 31c, 31d spiralling in opposite senses around
the axis of the cylindrical cam.

[0023] The cam track on the second cam 32 compris-
es a first radial portion close to the body of the cashbox;
a second radial portion (much shorter than that of the
first cam) distant from the body of the cashbox 5; and,
connecting the two radial portions, a pair of spiral por-
tions spiralling in opposite senses around the axis of the
cylindrical cam.

[0024] Engaging with each of the cam tracks is a re-
spective cam follower 34, 36 which comprises a pin or
peg, located above the cam bodies 30, 32, each of the
pins 34, 36 being arranged to slide within its respective
cam track.

[0025] It will be apparent from inspection of Figures
3a-3c that the operation of driving the motor 20 causes
the cams 30, 32 to rotate in opposite senses, and that
as the rotation takes place, the cam followers are dis-
placed from their initial position (close to the cashbox 5)
in which they lie within the first radial portion of the track,
to an extended position as they follow the first spiral por-
tion to the second radial portion, and then to return back
to the initial position as they follow the second spiral por-
tion back to the first radial portion.

[0026] Each stroke of the stacker is executed by caus-
ing one rotation of the cams 30, 32 (corresponding to
several rotations of the drive shaft since the gears exe-
cute a reduction).

[0027] The first cam 30 will cause the pusher to be
displaced into the cashbox (as described in greater de-
tail below); to remain in the cashbox for a time corre-
sponding to the time the cam follower 34 lies within the
second radial portion of the spiral tracks; and to return
out of the cashbox.

[0028] The second cam 32 drives laterally extended
portions of the pusher, as will be described below in
greater detail. The cam track on the second cam 32 is
radially positioned (i.e. positioned in rotational phase)
relative to that on the first cam 30, such that the first and
second spiral portions and second radial portion of the
second cam 32 is occupy the same rotational position
as the second radial portion of the first cam 30. The first
radial portion of the second cam 32 therefore occupies
the same radial portion as the first radial portion of the
first cam and the two spiral portions thereof.
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[0029] Between the pairs of rollers 2a, 2b; 3a, 3b there
is a note path passing from an input opening at a first
end of the cashbox (visible in Figures 3a and 3d) to a
position in which the note directly overlies the aperture
7 in the cashbox 5.

[0030] Above the note path, and between the pairs of
rollers 2a, 2b; 3a, 3b, is the stacker arrangement. The
stacker arrangement comprises an upper portion 105a
which remains above the note path, and a lower portion
105b which descends into the cashbox. A pair of verti-
cally acting scissors linkages interconnects the two.
[0031] Referring to Figures 4a, and 4b, the lower por-
tion comprises a lower plate 52 carrying a pair of end
walls 54a, 54b. The width of the lower plate and half
plates in the retracted positioned is 29mm, which is
slightly less than the aperture 7 (to allow a clearance
with a banknote 1 at either side).

[0032] Above the lower plate 52 is a lateral extension
structure comprising a pair of half plates 56a, 56b each
of lengths slightly less than the lower plate 52, and hav-
ing half (or slightly less than half) the width of the lower
plate 52, so that in the retracted position shown in Figure
4a, the half plates 56a, 56b occupy no greater width than
the lower plate 52, and sit directly above it and within
the end walls 54a, 54b.

[0033] At their outer sides, the lower plates 56a, 56b
carry lengthwise running shallow walls 58a, 58b; the
outer edges between the lower plates 56 and their re-
spective outer walls 58 are smoothly chamfered with a
relatively large radius to allow them to move out over a
banknote and smooth the note down without tearing.
[0034] Atthe centre of the lower plate 52, it carries an
upright stub, which is mounted through the centre holes
of a pair of cross arms 62a, 62b forming a horizontally-
acting scissors linkage for extending the half-plates 56a,
56b.

[0035] At each end of the two arms 62a, 62b (which
are symmetrical about the central stub 60) are slots 64a-
64d which are slideably mounted on stubs 66a-66d car-
ried on the half-plates 56a, 56b.

[0036] Towards one end of the half-plates 56a, 56b,
a pair of the stubs 66a, 66d are interconnected by helical
tension springs 67. The spring 67 operates to bias the
half plates 56a, 56b together into the retracted position
of Figure 4a.

[0037] Towards the other end, the two arms 62a, 62b
are interconnected by a linkage comprising pair of elon-
gate links 69a, 69b, one end of which is pivotally con-
nected to a respective arm 64a, 64b, and the other ends
of which are pivotally connected together. The lower
plate 52 carries a stub 72 which prevents the two links
from reaching alignment in a straight line.

[0038] The two plates can be moved to the extended
position of Figure 4b by providing a force acting on the
interconnection point between the two links 69a, 69b, in
the direction of the centre stub 60 of the lower plate 52.
[0039] This will open the two plates 56a, 56b until the
two links 69a, 69b impinge upon the abutment stub 72
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to provide the extended position shown in Figure 4b, at
which the width between the edges of the half plate 563,
56b corresponds to the width of the widest banknote to
be spread onto the stack.

[0040] Referring to Figures 5a-5c, in which surround-
ing parts have been omitted for clarity, the upper plate
18 carries the upper part of the stacker in the form of a
rectangular raised wall comprising upper end walls 64a,
64b and side walls 64c, 64d. In the fully retracted posi-
tion of the pusher stroke, the lower portion of the pusher
(shown in Figures 4a and 4b) is retained within the upper
portion comprising the four walls 64a-64d so as to lie
above the banknote plane. Lower portion end walls 543,
54b lie just within, and aligned with, upper portion end
walls 64a, 64b.

[0041] A pair of vertically acting scissor linkages in-
terconnects the upper and lower portion end walls. The
upper end of each scissor linkage is supported by one
of the upper portion end walls 64a, 64b and the lower
end by one of the lower portion end walls 54a, 54b.
[0042] Each of the linkages comprises a pair of arms
66, 68; 70, 72. Each pair is pivotally connected together
at a centre point 74, 76. As the linkages are identical,
only the linkage 66, 68 which is shown in Figure 5 will
be discussed further, it being understood that the same
comments apply to the other linkage.

[0043] One end (the left hand end shown in Figures
5-5¢) of each of the arms 66, 68, is connected at a pivot
point at one of the upper or lower end walls, and the
other carries a pin which slides in a horizontal slot in the
other of the end walls. In the fully retracted position of
Figure 5a, the arms 66, 68, 70, 72 lie almost horizontally,
with the pins at the outer ends of the slots, and in the
fully extended state, shown in Figure 5c, the arms ex-
tend downwards at approximately 70° from the horizon-
tal, with the pins at the inner ends of the slots.

[0044] Referring once more to Figures 3a-3d, the ac-
tuation mechanisms for the scissors linkages of the
stacker system will now be described.

[0045] The first cam follower 34 is connected to an
elongate plate 36 running lengthwise along the note
path. The movement of the first cam follower 34 longi-
tudinally inwards of the cashbox, at the beginning of the
pusher stroke, causes the elongate plate 36 to slide lon-
gitudinally, which pushes two pivoting links 78a, 78b lat-
erally, which in turn push the upper ends of arms 68, 72
laterally in their slots, to extend the scissors linkage and
extend the lower portion downwards into the cashbox.
[0046] Likewise, as the elongate plate 76 is driven
back longitudinally outwards to the position shown in
Figure 3a at the end of the stroke, the upper ends of the
arms 68, 70 are pulled back to the outer edges of the
slot by the links 78a, 78b, restoring the lower portion to
the initial (retracted) state of Figure 5a.

[0047] The second cam follower 36 is connected to a
sliding link 40 comprising a pair of side walls 42a, 42b
interconnected by an upper cross bar 44. Each of the
side walls 42, 42b carries a pin which extends inwardly
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through a lengthwise slot (not shown in Figures 5a-5c)
in one of the side walls 64c, 64d of the upper portion.
[0048] Within the upper portion, interconnected the
sliding link 40 with the actuating linkage 69a, 69b, is a
Y shaped link 46. The ends of the two arms of the Y
shaped linkage 46 are connected through the slots in
the side walls 64c, 64d to the pins carried by the sliding
link 44. At its other end, the leg of the Y shaped link 46
is connected to the pivot point connecting the lower por-
tion scissors-actuating links 69a, 69b.

[0049] As shownin Figure 3a, in the fully retracted po-
sition of the stacker assembly, the Y shaped link 46 lies
flat on top of the arms 62a, 62b defining the horizontally-
acting scissors linkage with extends the lateral portions
of the stacker.

[0050] Referring to Figures 8 to 12, the operation of
the stacker will now be described during a stacking
stroke.

[0051] A banknote note 1 to be stacked is moved by
the transport system comprising the pairs of rollers 2a,
2b, 3a, 3b to a position in which it overlies the aperture
7 and underlies the stacker.

[0052] As shown in Figures 8a and 8b, the stacker is
now in the initial state shown in Figure 3, 4a, and 5a.
The lower portion is retracted within the upper portion,
and the stacker is above the banknote 1.

[0053] At this point, the control unit of the document
handling system (not shown) actuates the motor 20 to
start driving. This causes the cams 30, 32 to rotate. The
cam follower 34 which is initially in the outer radial por-
tion 31a of the track enters the first spiral portion 31c
and consequently drives the elongate plate 76 longitu-
dinally away from the cam 30.

[0054] This actuates the pivoted linkages 78a, 78b to
act on the legs of the vertically acting scissors linkages,
to extend those linkages and move the lower portion
downwards into the cashbox into a position shown in
Figures 9a and 9b and Figure 5b, engaging the note
stack 4. The lower leg of the Y shaped link 46 has de-
scended with the lower portion of the stacker, and the
upper arms remain within the upper portion, so that the
link lies diagonally as shown in Figure 9a. The central
portion of the banknote 1 has been pushed into the
cashbox 5 onto the stack 4, and the sides of the ban-
knote 1 extend around the lower portion and protrude
from the aperture 7.

[0055] It will be seen that the lower portion needs to
descend only to a depth sufficient to allow the lateral
portions to be extended beneath the upper walls 6a, 6b
of the cashbox.

[0056] Having reached the second radial region 31b
of the cam track, the cam follower 34 remains at a con-
stant longitudinal position and the lower portion there-
fore remains at a constant depth within the stacker for
an interval of time corresponding to the length of the sec-
ond radial portion 31b.

[0057] Atthis point, however, the second cam follower
36 enters the first spiral portion 33c of the cam track of
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the second cam 32 and thus causes the sliding link 40
to be progressively displaced towards the cam 32. The
sliding link 40 in turn pulls the two arms of the Y shaped
link 46 laterally, which act upon the links 69a, 69b to
straighten the links and force apart the arms 62a, 62b
making up the horizontally-acting scissors linkage, to
the position shown in Figures 10a and 10b, correspond-
ing to Figures 4b and 5c.

[0058] The progressive displacement of the half
plates 56a, 56b over the projecting sides of the banknote
1 pushes the banknote entirely through the aperture 7
and substantially flat against the stack 4 as shown in
Figure 10b.

[0059] Next, the cam follower 36 enters the second
spiral region 33d, driving the sliding link 40 back, togeth-
er with the Y shaped link 46, so as to release the pres-
sure on the links 69a, 69b to allow the lower scissorarms
62a, 62b to close again under the influence of the spring
67.

[0060] The stacker thus reaches the position shown
in Figures 11a and 11b (corresponding to Figures 4a and
5b). The note 1 now forms the top of the stack 4. The
cam follower 36 re-enters the first radial region 33a.
[0061] The cam follower 34 now enters the second
spiral region 31d of the cam track of the first cam 30,
retracting the vertical scissors linkages to draw the lower
portion back up inside the upper portion and out of the
cashbox 5 through the aperture 7, to reach the position
shown in Figure 12a and 12b when the cam follower 36
re-enters the first radial portion 31a of the first cam track.
[0062] At this point, the stacker stroke is complete,
and when a further note is positioned over the aperture
7, the stacker is ready to repeat the stacker stroke.
[0063] It will be apparent from the foregoing that the
above-described embodiment provides a stacker which
can operate through a relatively narrow cashbox aper-
ture 7 (providing good security) with a relatively short
stroke length (making efficient use of the volume of the
cashbox 5).

[0064] Furthermore, it does so using a stacker struc-
ture which occupies a very low volume above the ban-
knote path, and consequently reduces the total size of
the cash handling device into which it is fitted.

[0065] This is achieved in particular by providing that
the pusher comprises a lower portion which nests into
an upper portion, without connecting walls between the
two, so that the maximum length of the stacker is dictat-
ed by the depth of the lower portion rather than corre-
sponding to the maximum stroke length of the stacker.
[0066] This is further achieved by a providing a scis-
sor linkage as the drive mechanism for vertical displace-
ment of the stacker, since such a linkage can fold up to
occupy a narrow vertical extent (corresponding to the
width of the scissor arms) when retracted.

[0067] This is further achieved by providing that the
laterally extending portions are driven by a horizontally
acting scissors linkage (or, in more general terms, one
which acts transverse to the stacking direction of the
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pusher and roughly parallel to the plane of the note stack
and aperture).

[0068] This is substantially flat and therefore has rel-
atively little vertical extent, but can provide a wide dis-
placement of the lateral portions of the stacker. It will be
clear that the wider the extension of the lateral portions
of the stacker, the shorter is the necessary maximum
length of the vertical stroke (for a given width of cashbox
aperture 7).

SECOND EMBODIMENT

[0069] In this embodiment, like parts are given similar
reference numerals to those of the first embodiment and
will not be discussed further.

[0070] Referring to Figure 14, the stacking arrange-
ment 105 of this embodiment consists of two parts; a
vertically operable piston portion 205 which is operated
with a scissors linkage 206, and driven from above the
cashbox, and a horizontally acting roller portion 210
mounted on the lower (i.e. inner) end 205b of the piston,
which is driven by an actuator system 220 within the
cashbox.

[0071] The scissors linkage 206 comprises a pair of
arms 206a, 206b running lengthwise of the piston (along
the length of the banknote) joined together at a pivot
point 207 halfway along the arms. At their upper ends,
the arms are driven together and apart in turn to create
the piston extension and retraction cycle, by a cam ar-
rangement similar to that of the first embodiment. At
their lower ends, the first arm 206a is pivotally connect-
ed to the lower (i.e. inner) end 205b of the piston, and
the second arm 206b is connected to the lower end 205b
of the piston via a pin 208 running in a slot 209 on the
piston.

[0072] Referring to Figure 15, initially a banknote 1
arrives at the stacking position, driven by rollers 2a, 2b,
3a, 3b forming part of the banknote transport system. In
this initial state, the piston lies above, and closer to one
side 1a of, the banknote 1. On the side of the piston
which is further from the banknote edge, an axle 212 is
mounted parallel to the length of the banknote. The axle
212 carries a set of spaced rollers 214 (214a, 214b,...),
on bearings allowing the rollers 214 freely to rotate
around the axle.

[0073] At either end of the lower portion 205b of the
piston, the axle 212 is supported in a sliding linkage con-
sisting of a link 216 sliding in a slot 218. The length of
the link 216 is slightly less than the width of the lower
portion 205b of the piston. The axle 212 projects past
the sliding linkage at either end.

[0074] In the cashbox, at either end wall, a rotary ac-
tuator 220 (220a, 220b shown in Figure 18 in isometric
view) is positioned. Each rotary actuator consists of a
planar member 222 having a central pivot 224, and a
toothed circular arc 226 concentric with the pivot 224
which meshes with a gear wheel 228 to allow the planar
member 222 to be rotated about the pivot 224 on rota-
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tion of the gear wheel 228, from a first (retracted) posi-
tion through an arc to a second (extended) position.
[0075] At its upper side, the planar member 222 has
an L-shaped slot 230. The slot is a little wider than the
diameter of the axle, and has a first portion 232, open
to the upper side, which is vertical in the retracted posi-
tion. A second portion 234 of the slot connects to the
first. The second portion 234 of the slot is arcuate, and
concentric with the central pivot. It lies just above the
maximum depth to which the stacker extends into the
cashbox; in other words, just above the plane of the top-
most bill in the bill stack.

[0076] With the axle in the retracted position, as
shown in Figure 14, the scissors linkage 206 is actuated
to cause the lower portion 205b of the piston to descend
into the cashbox, carrying the note 1 below it. The piston
engages the bill stack, and reaches its maximum depth
as shown in Figure 15. At this stage, a portion 1b of the
banknote 1 still extends above the surface of the cash-
box, through the entry slot. In its descent, the extending
ends 212a, 212b of the axle 212 descend into the first
portion 232 of the slots of the actuator 220, and reach
the second, arcuate portion 234 of the slots.

[0077] Atthis position, as in the first embodiment, the
depth of the piston is held constant whilst lateral exten-
sion occurs. The cam tracks (not shown but as in the
first embodiment) then drive the gear wheels 228 at
each end to rotate, entraining the planar members 222.
In the first part of the arc, the axle 212 remains station-
ary, sliding within the second portion 234 of the respec-
tive slot. In the second part of the arc, the axle 212 en-
gages the rear end of each slot 234 and is then carried
to the extended position, moving away from the piston
205b. The rollers 214 roll the banknote 1 smoothly out
onto the top surface of the bill stack, pulling the side
edge 1b of the banknote 1 down through the entry slot
in the top of the cashbox to the position shown in Figures
13 and 16. Gravity and the resilience of the note then
cause the free portions 1a, 1b of the note 1 to descend
flat onto the bill stack.

[0078] Next, the cam tracks (not shown) drive the gear
wheels 228 to rotate in the reverse direction with the
planar member 222. The side of the first portion 232 of
the slot engages the axle 212, causing it to slide back
in towards the piston 205b, rolling along the bill stack,
guided by the link 216 moving along the track 218. When
it is fully retracted, and as shown in Figure 17, the axle
212 again lies vertically within the first portion 232 of the
slot. The piston 205 is then retracted from the cashbox,
lifting the axle 212 out of the slot at the same time, and
returning to the initial position of Figure 14 ready to stack
the next note.

[0079] It will be seen that this embodiment has a
number of advantages relative to the state of the art.
Firstly, as in the first embodiment, the arrangement al-
lows a narrow slot in the top of the cashbox (which as-
sists in security of the cashbox) to be combined with a
short depth of stroke of the piston (which reduces the
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amount of wasted space in the top of the cashbox). If
the minimum depth of descent is D, and the width of the
slot (and hence the bottom of the piston) is W, and the
relevant dimension (in this case, the width) of the ban-
knote is L, then the arrangement may allow a note to be
stacked if L<2(D+W), so that the minimum depth possi-
ble DMin = (L/2)-W, since in the extended state, less
than D of the banknote must project at either side of the
piston (to get the note entirely into the cashbox and thus
prevent it extending through the slot) and the base of
the piston has effectively been doubled due to the ex-
tension of the axle.

[0080] Although not necessary in this embodiment, it
will be clear that the principle could further be extended
to allow the piston to extend to multiples of (just less
than) W, by adopting a telescopic sliding linkage in
which one sliding link slides in a track carried by another
and so on.

[0081] Another advantage of the present embodiment
is that the actuating system for the horizontally acting
axle is held in situ within the cashbox, so that the force
to actuate the axle does not need to pass through the
vertically extended piston. This allows a more robust
and simple drive arrangement to be used, such as the
rotating planar member shown. Other arrangements
achieving these advantages will readily be apparent to
the skilled reader.

FURTHER EMBODIMENTS

[0082] The skilled reader will understand that a ban-
knote stacking apparatus according to the present in-
vention may be used in various applications, particularly
those where banknotes are automatically accepted and
validated such as in automated vending machines and
banknote changing machines.

[0083] It will be apparent from the forgoing that vari-
ous modifications and variations may be employed in
relation to the above-described embodiments without
departing from the spirit or scope of the present inven-
tion. In particular, features of the embodiments de-
scribed may be employed individually or in individual
combinations without departing from the scope of the
invention.

[0084] For example the skilled reader will appreciate
that the present invention could be used to insert docu-
ments, such as banknotes, loosely through an aperture;
thus obviating the need for any stack supporting means.
[0085] Although in a preferred embodiment the lateral
extension takes place whilst the pusher is held at a con-
stant depth portion of its stroke, it will be appreciated
that the beginning and/or end of lateral extension could
take place whilst the pusher is still moving vertically, pro-
vided that most of the lateral extension takes place
whilst the pusher is stationary. Naturally, minor vertical
movements of the pusher such as to approximate con-
stant depth behaviour are also within the scope of the
invention.
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[0086] Furthermore, the skilled reader will appreciate
that by adjusting the clearance between the upper and
the lower halves of the banknote transport mechanism,
the present invention could be used to stack bundles of
banknotes, which have been held, forexample, in a tem-
porary storage device such as an escrow.

[0087] The skilled reader will also appreciate that var-
ious modifications may be made to the drive mecha-
nism. For example, the banknote transport mechanism
may be arranged to deliver banknotes for stacking at
predetermined intervals, allowing the continuous oper-
ation of the stacking mechanism. Although rollers are
used in the present embodiment for the transportation
of the banknotes, a belt driven transportation system
could alternatively be used.

[0088] Although banknotes are described, other flat
sheets having a value (for example, predetermined val-
ue payment coupons) could be employed.

[0089] Although a pair of lateral extending portions
are described, a single such portion on one side could
be used, the pusher then being positioned to the other
side of the note. Many other variants and modifications
are possible.

Claims

1. A stacker for stacking value sheets from a sheet
path into a receptacle having a sheet retaining
plane, comprising a pusher operating to push a
sheet with a stroke operating into the receptacle,
generally transverse to the plane, and carrying one
or more lateral portions proximate to its distal end,
operable to extend parallel to the plane to spread a
value sheet within the receptacle, and a drive sys-
tem for driving the stacker, in which the drive system
drives the pusher so that said stroke pushes the val-
ue sheet only partially below the plane, and the or
each lateral portion starts to extend only when a
portion of the sheet lies below the plane.

2. A stacker according to claim 1, in which the drive
system drives the or each lateral portion to extend
so that the extension takes place predominantly
whilst the pusher is at the maximum extension of its
stroke.

3. A stacker according to claim 1 or claim 2, in which
the pusher stroke comprises an extension interval
during which the pusher extends progressively into
the receptacle, a holding interval during which the
pusher remains at a substantially constant depth
within the stacker, and a retraction interval during
which the pusher retracts progressively out of the
receptacle.

4. A stacker according to claim 3, in which the drive
system causes the or each lateral portion to extend
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10.

1.

12.

during the holding interval.

A stacker according to any preceding claim, in
which the drive system comprises a scissors link-
age operable to create said pusher stroke.

A stacker according to any preceding claim, in
which the drive system comprises a scissors link-
age operable to move said lateral portions.

A stacker according to any preceding claim, in
which the drive system comprises a first cam sur-
face and cam follower arrangement for said pusher,
and a second cam surface and cam follower ar-
rangement for said one or more lateral portions.

A stacker for stacking value sheets from a sheet
path into a receptacle having a sheet retaining
plane, comprising a pusher operating to push a
sheet with a stroke operating into the receptacle,
generally transverse to the plane, and carrying one
or more lateral portions proximate to its distal end,
operable to extend parallel to the plane to spread a
value sheet within the receptacle, and a drive sys-
tem for driving the stacker, in which the drive system
comprises a scissors linkage operable to move said
lateral portions.

A stacker according to claim 8, in which the drive
system comprises a scissors linkage operable to
create said pusher stroke.

A stacker according to any preceding claim, in
which the or each lateral portion comprises a pair
of lateral portions located at the distal end of the
pusher, each comprising an outer flat surface, the
flat surfaces abutting when the lateral portions are
in a retracted state, and the pusher carries a scis-
sors linkage arrangement behind the flat surfaces
and extendable in a plane parallel thereto to sepa-
rate the surfaces whilst extending the lateral por-
tions.

A stacker comprising at least one first scissors link-
age acting to extend a pusher into a cashbox, and
at least one second scissors linkage acting trans-
versely to said first to extend a lateral portion of said
pusher to flatten a sheet in the cashbox.

A stacker for stacking value sheets from a sheet
path into a receptacle having a sheet retaining
plane, comprising a stacking member operating to
push a sheet with a stroke operating into the recep-
tacle, generally transverse to the plane, onto a
stack, and in a second direction transverse to the
first to flatten the sheet against the stack, the stack-
ing member comprising a transversely extending
member, the system further comprising at least one
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transverse actuator for moving the transversely ex-
tending member in the second direction, in which
the actuator is positioned to the side of the note
stack and, when said stacking member moves in
said first direction, the transversely extending mem-
ber is thereby moved into engagement with the ac-
tuator.

A system according to claim 12, in which the trans-
versely extending member comprises at least one
roller arranged to roll transversely over the note,
and a roller support member.

A system according to claim 13, in which the roller
support member is an axle on which the or each
roller is rotatably mounted.

A system according to claim 12, in which the trans-
versely extending member engages with at least
one guide on the or each transverse actuator.

A system according to claim 15, in which the guide
is a slot into which the transversely extending mem-
ber engages and by which it is entrained.

A system according to claim 12, in which the or each
transverse actuator is located within the cashbox.

10

15

20

25

30

35

40

45

50

55

10

16



EP 1 323 656 A1

o
o

\\\w\\\\w\\\\

_~_

' [P —

7

e ————

L

Y7 7777777777 77777/ 77777773

FIG. 1

ANNNNNG

v
N / \Ml—
o
N

i I

1 h

1! N

t! N

il <t i

i 2 Iy

! h

1l N

(! n

i ol
]M_ o _“ Tel|

t! Iy

1! __

1! 1

! 1

il 1

1! ™ h

__ O __

th A H

il __

(! I

1! I

1 J

1! — —/

__ | IASSSsSSSS oINS

| \ !

__ /7&% u
— /n.\

§%77///////&~
o
=t

FIG. 2

1



EP 1 323 656 A1

~ 18

FIG. 3b

12



EP 1 323 656 A1

3% (40 [23 (Za (23 (Za Hﬁﬂ ?a
@ ® N ® ® = 0 O
ZEEC T T Il T T 1o
\’29 2b
28
E i
FIG. 3c
3a /Za
léém =
q = ' 30
é f © ©ﬂ7 - \)(
.
'G* 20
5_//—4\
| - I

13



EP 1 323 656 A1




EP 1 323 656 A1

15



EP 1 323 656 A1

6b 7

=
77, o

L L

ANNNNNNANNNANSANSNSSANSANASR NS

FIG. 6

16



EP 1 323 656 A1

31a 31a
31c 31d
31b
FIG. 7a
33b
33i;>//Ai\\\Q;iéd
33a 33a
0 0
FIG. 7b
105 105
=&
1 1
s ~ M~ g
2 _ SR
{ {
9 9
10
~5 10 ~5
\_ J \_ J

FIG. 8a FIG. 8a

17



EP 1 323 656 A1

105a
=
40 ~-7
4 >/ N
105b\_/~_/
= 4
% |
9
10
~5
g J
FIG. 9a
105a
0
40 T
‘ 3
105b U~ —/
= —~_4
? .
9
10
~5
g J
FIG. 10a

18

[ 105b

4~

~~5

\ /I 108b

1/~

4

~5




EP 1 323 656 A1

13?a 105a
—* \ /
40 ~7 (SN
4 N ' TN
105b U~ /— 11 1~ / \'\/105b‘
4 4 =
{ { -
9 9
P 5 10 ~5
\_ J \_ J
FIG. 11a FIG. 11b
105 105
% ¢
>
~7 e~
¢ Y, —
_ 4
{ {
9 9
10
~5 10 ~~5
\ J . J

FIG. 12a - FIG. 12b

19



EP 1 323 656 A1

—}-—205b
~218

BANKNOTE

20



EP 1 323 656 A1

212a 216

21



EP 1 323 656 A1

22



EPO FORM 1503 03.82 (P04CO01)

9

EP 1 323 656 A1

European Patent
Office

EUROPEAN SEARCH REPORT

DOCUMENTS CONSIDERED TO BE RELEVANT

Application Number

EP 02 25 8971

Category

Citation of document with indication, where appropriate,
of relevant passages

Relevant
to claim

CLASSIFICATION OF THE
APPLICATION (Int.CL7)

X

A,D

US 4 809 967 A (KONDO HIROATSU)
7 March 1989 (1989-03-07)

* column 5, 1ine 49 - column 7, Tine 21;

figures 9-11,12A,12B,12C *

* column 1, line 44 - line 68; claims
1,4,6 *

PATENT ABSTRACTS OF JAPAN

vol. 010, no. 114 (M-473),

26 April 1986 (1986-04-26)

-& JP 60 242142 A (TATEISHI DENKI KK),
2 December 1985 (1985-12-02)

* abstract *

* figures 1,2 *

PATENT ABSTRACTS OF JAPAN

vol. 2000, no. 04,

31 August 2000 (2000-08-31)

-& JP 2000 011234 A (FUJI ELECTRIC CO
LTD), 14 January 2000 (2000-01-14)

* abstract *

PATENT ABSTRACTS OF JAPAN

vol. 010, no. 216 (M-502),

29 July 1986 (1986-07-29)

-& JP 61 055037 A (HITACHI LTD),

19 March 1986 (1986-03-19)

* abstract *

* figures 5,6 *

JP 52 104197 A (FUJI ELECTRIC CC LTD)
1 September 1977 (1977-09-01)

* the whole document *

EP 0 967 165 A (MARS INC)

29 December 1999 (1999-12-29)

* the whole document *

-/__

The present search report has been drawn up for all claims

1-4

5,7

6-11
1-11

1-11

12-17

B65H29/46
//GOTF7/04,
GO7D11/00

TECHNICAL FIELDS
SEARCHED (Int.CL.7)

B65H
GO7F
GO7D

Place of search

MUNICH

Date of completion of the search

20 March 2003

Examiner

Uhlig, R

CATEGORY Of CITED DOCUMENTS

X : particularly relevant if taken alone

Y : particularly relevant if combined with another
document of the same category

A : technological background

O : non-written disclosure

P : intermediate document

T : theory or principle underlying the invention

E : earlier patent document, but published on, or

document

after the filing date

D : document cited in the application
L : document cited for other reasons

& : member of the same patent family, corresponding

23




EPO FORM 1503 03.82 (P04CO01)

D)

EP 1 323 656 A1

European Patent
Office

EUROPEAN SEARCH REPORT

DOCUMENTS CONSIDERED TO BE RELEVANT

Application Number

EP 02 25 8971

Category

Citation of document with indication, where appropriate,
of relevant passages

Relevant
to claim

CLASSIFICATION OF THE
APPLICATION (Int.CL7)

A

JP 53 032097 A (FUJI ELECTRIC CO LTD)
25 March 1978 (1978-03-25)

* the whole document *

US 6 199 856 B1 (GERLIER ANDRE ET AL)
13 March 2001 (2001-03-13)

* the whole document *

CH 678 170 A (LANDIS & GYR BETRIEBS AG)
15 August 1991 (1991-08-15)

* the whole document *

The present search report has been drawn up for all claims

12-17

12-17

12-17

TECHNICAL FIELDS
SEARCHED  (Int.CL7)

Place of search Date of completion of the search

MUNICH 20 March 2003

Examiner

Uhlig, R

CATEGORY OF CITED DOCUMENTS

X: particularly relevant if taken alone

Y : particularly relevant if combined with another
document of the same category

A : technological background

O : non-written disclosure

P : intermediate document document

T : theory or principle underlying the invention

E : earlier patent document, but published on, or

after the filing date
D : document cited in the application
L : document cited for other reasons

& : member of the same patent family, corresponding

24



EP 1 323 656 A1

o European Patent Application Number
J Oftice EP 02 25 8971
CLAIMS INCURRING FEES

The present European patent application comprised at the time of filing more than ten claims.

D Only part of the claims have been paid within the prescribed time limit. The present European search
report has been drawn up for the first ten claims and for those claims for which claims fees have
been paid, namely claim(s):

D No claims fees have been paid within the prescribed time limit. The present European search report has
been drawn up for the first ten claims.

LACK OF UNITY OF INVENTION

The Search Division considers that the present European patent application does not comply with the
requirements of unity of invention and relates to several inventions or groups of inventions, namely:

see sheet B

All further search fees have been paid within the fixed time limit. The present European search report has
been drawn up for all claims.

u

As all searchable claims could be searched without effort justifying an additional fee, the Search Division
did not invite payment of any additional fee.

s

Only part of the further search fees have been paid within the fixed time limit. The present European
search report has been drawn up for those parts of the European patent application which relate to the
inventions in respect of which search fees have been paid, namely claims:

O

D None of the further search fees have been paid within the fixed time limit. The present European search
report has been drawn up for those parts of the European patent application which relate to the invention
first mentioned in the claims, namely claims:

25



EP 1 323 656 A1

o ) Eur.opean Patent LACK OF UNITY OF INVENTION Application Number
J Office SHEET B EP 02 25 8971

The Search Division considers that the present European patent application does not comply with the
requirements of unity of invention and relates to several inventions or groups of inventions, namely:

1. Claims: 1-4,7
Stacker with (one) lateral portion(s) extendable parallel to

the sheet retaining plane with a certain movement
characteristics

2. Claims: 5,6,8-11

Stacker comprising a scissors linkage

3. Claims: 12-17

Stacker comprising an actuator to move the transversely
extending member, positioned to the side of the stack

26



EPO FORM P0459

EP 1 323 656 A1

ANNEX TO THE EUROPEAN SEARCH REPORT
ON EUROPEAN PATENT APPLICATION NO.

This annex lists the patent family members relating to the patent documents cited in the above-mentioned European search report.
The members are as contained in the European Patent Office EDP file on

EP 02 25 8971

The European Patent Office is in no way liable for these particulars which are merely given for the purpose of information.

20-03-2003
Patent document Publication Patent family Publication
cited in search report date member(s) date

US 4809967 A 07-03-1989  NONE
JP 60242142 A 02-12-1985  NONE
JP 2000011234 A 14-01-2006  NONE
JP 61055037 4 A NONE

JP 52104197 A 01-09-1977 JP 1047517 C 28-05-1981

JP 55037466 B 27-09-1980

EP 0967165 A 29-12-1999 GB 2338704 A 29-12-1999

DE 69904116 D1 09-01-2003

EP 0967165 A2 29-12-1999

us 6244589 Bl 12-06-2001
JP 53032097 A 25-03-1978  NONE

US 6199856 Bl 13-03-2001 AU 2026799 A 26-07-1999

EP 1051692 Al 15-11-2000

JP 2002501236 T 15-01-2002

WO 9935619 Al 15-07-1999

ZA 9900078 A 05-08-1999

CH 678170 A 15-08-1991 CH 678170 A5 "7 " 15-08-1991

DE 9005298 Ul 12-07-1990

For more details about this annex : see Official Journal of the European Patent Office, No. 12/82

27




	bibliography
	description
	claims
	drawings
	search report

