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(54) PAPER SHEET PROCESSING DEVICE

(57) A banknote handling apparatus 100 includes a
bundling stacker 4 configured to pile and stack banknotes
B. The bundling stacker 4 includes a positioning unit 47
configured to face a first edge b1, which is one of edges
of the banknote B stacked, and place the first edge at a
predetermined alignment position P; and a pushing unit
49 configured to push a third edge b3, which is another
one of the edges of the banknotes B opposite to the first
edge b1, to bring the first edge b1 into contact with the
positioning unit 47. The positioning unit 47 is configured
to be replaceable such that replacement of the position-
ing unit 47 changes the alignment position P.
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Description

TECHNICAL FIELD

[0001] The present disclosure relates to a paper sheet
processing device.

BACKGROUND ART

[0002] A paper sheet processing device including a
stacking unit configured to stack paper sheets has been
known. For example, Patent Document 1 discloses a pa-
per sheet processing device which counts the paper
sheets, temporarily stacks the counted paper sheets in
a stacking unit, and bundles the stacked paper sheets
on a predetermined number basis.

CITATION LIST

PATENT DOCUMENT

[0003] [Patent Document 1] Japanese Unexamined
Patent Publication No. 2002-197509

SUMMARY OF THE INVENTION

TECHNICAL PROBLEM

[0004] It is desirable for the paper sheets stacked in
the stacking unit to have aligned edges. For example, in
the case of bundling the stacked paper sheets just like
the paper sheet processing device of Patent Document
1 does, the paper sheets can be bundled in a neatly
aligned state if their edges are aligned in advance in the
stacking unit. This may improve the quality of the bundled
paper sheets.
[0005] Stacking the paper sheets in the stacking unit
with their edges aligned facilitates not only the bundling
of the stacked paper sheets, but also handling of the
stacked paper sheets. For example, if the stacked paper
sheets are transported to a predetermined destination
with their edges not aligned neatly, the paper sheets more
likely come loose and scatter themselves accidentally
during the transportation. Further, the paper sheets, if
aligned neatly, allow an operator who is removing the
stacked paper sheets from the stacking unit to handle
them more easily. If not aligned neatly, the paper sheets
may complicate their handling, e.g., may hamper smooth
removal of the paper sheets from the stacking unit.
[0006] In addition, the stacking unit should be able to
align various kinds of paper sheets neatly. The paper
sheets to be processed include various kinds, and their
dimensions vary according to their kind.
[0007] In view of the foregoing, it is therefore an object
of the present disclosure to align neatly various kinds of
paper sheets in a stacking unit.

SOLUTION TO THE PROBLEM

[0008] The present disclosure is directed to a paper
sheet processing device including a stacking unit config-
ured to pile and stack paper sheets. The stacking unit
includes: a positioning unit configured to face a first edge,
which is one of edges of the paper sheets stacked, and
place the first edge at a predetermined position; and a
pushing unit configured to push a third edge, which is
another one of the edges of the stacked paper sheets
opposite to the first edge, to bring the first edge into con-
tact with the positioning unit. The positioning unit is con-
figured to be replaceable, and change the predetermined
position when replaced.
[0009] In this configuration, the pushing unit pushes
the third edge of the paper sheets transported to the
stacking unit to bring the first edge of the paper sheets
into contact with a positioning unit, thereby aligning at
least the respective first edges of the paper sheets at the
predetermined position. Thus, the paper sheets are
stacked in the stacking unit with at least their first edges
aligned with each other.
[0010] A distance from the first edge to third edge of
the paper sheets (hereinafter simply referred to as a "di-
mension") varies according to the kind of the paper
sheets. Paper sheets having a shorter dimension travels
a longer distance since the paper sheets have been
transported to the stacking unit until the pushing unit
pushes them to bring their first edge into contact with the
positioning unit. The longer the distance traveled by the
paper sheets is, the more likely the paper sheets flutter
until their first edge comes into contact with the position-
ing unit. Thus, it is recommended that the distance
traveled by the paper sheets be shorter to stack the paper
sheets neatly. According to the above-described config-
uration, the position to place the first edges at may be
changed by replacing the positioning unit. That is, when
the paper sheets having a shorter dimension are stacked
in the stacking unit, the positioning unit is replaced with
the one that places the first edge at a position closer to
the pushing unit. As a result, even if the dimension of the
paper sheets is short, the distance traveled by the paper
sheets until they come into contact with the positioning
unit may be shortened, thereby reducing the chances of
fluttering of the paper sheets during their travel.
[0011] In this way, an appropriate positioning unit is
attached in accordance with the dimension of the paper
sheets stacked in the stacking unit. This allows the paper
sheets of different dimensions to be aligned neatly. In
particular, when the paper sheets to be handled are ban-
knotes, their dimensions vary greatly from country to
country. It is possible to prepare different paper sheet
processing devices for a country in which banknotes of
long dimension are distributed, and a country in which
banknotes of short dimension are distributed. However,
this increases the kinds of the devices to provide, thus
complicating the manufacture and maintenance of the
devices. According to the above-described configuration,
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on the other hand, the same paper sheet processing de-
vice may be used for both of the countries with banknotes
of different dimensions by replacing the positioning unit
only.
[0012] Note that the replacement of the positioning unit
is not limited to a shipping phase. For example, for use
in different countries in which banknotes of different di-
mensions are distributed, the positioning unit may be re-
placed even after shipping, every time the dimension of
the paper sheets to be handled changes during use of
the device.
[0013] The magnitude of movement of the pushing unit
pushing the third edge of the paper sheets may be ad-
justed according to a type of the positioning unit and a
dimension of the paper sheets.
[0014] When the third edge of the paper sheets is
pushed to bring the first edge of the paper sheets into
contact with the positioning unit, the distance traveled by
the paper sheets depends on the position (i.e., type) of
the positioning unit and the dimension of the paper
sheets. Thus, the magnitude of movement of the pushing
unit is adjusted according to the type of the positioning
unit and the dimension of the paper sheets. The respec-
tive first edges of the paper sheets of any of various dif-
ferent dimensions may be aligned with each other if the
magnitude of movement of the pushing unit is adjusted,
in addition to the replacement of the positioning unit.
[0015] Moreover, the positioning unit may include at
least a first positioning unit and a second positioning unit,
of which the predetermined positions are different. As for
the paper sheets, of which a dimension measured be-
tween the first and third edges thereof falls within a pre-
determined first range, the first positioning unit may be
used, and the magnitude of movement of the pushing
unit may be adjusted according to the dimension. As for
the paper sheets, of which a dimension measured be-
tween the first and third edges falls within a second range
different from the first range, the second positioning unit
may be used, and the magnitude of movement of the
pushing unit may be adjusted according to the dimension.
[0016] In this configuration, the first positioning unit is
used for the paper sheets having the dimension falling
within the first range, and the magnitude of movement of
the pushing unit is adjusted for the paper sheets having
the dimension falling within the first range. On the other
hand, the first positioning unit is replaced with the second
positioning unit for the paper sheets having the dimen-
sion falling within the second range different from the first
range. With the second positioning unit attached, the
magnitude of movement of the pushing unit is adjusted
for the paper sheets having the dimension falling within
the second range.
[0017] In this way, the same positioning unit is used in
common for the paper sheets having the dimension fall-
ing within the predetermined range. Any variation in the
dimension within the predetermined range is compen-
sated for through the adjustment of the magnitude of
movement of the pushing unit. If the paper sheets whose

dimension is out of the predetermined range are stacked,
the positioning unit is replaced. Thus, the number of the
positioning units to provide may be reduced, and the pa-
per sheet processing device is applicable more flexibly
to the paper sheets of various different dimensions than
in a situation where the paper sheets of various different
dimensions are handled only by the replacement of the
positioning unit.
[0018] In addition, the stacking unit may include a door
to cover or uncover the stacking unit, and the positioning
unit may be provided for the door.
[0019] In this configuration, the stacking unit includes
a door, and the positioning unit is provided for the door.
[0020] On top of that, the door may be configured to
cover or uncover the stacking unit by rotating around a
predetermined axis, and the positioning unit is exposed
outside the stacking unit when the door uncovers the
stacking unit.
[0021] In this configuration, the positioning unit is ex-
posed outside the stacking unit when the door opens.
This facilitates the replacement of the positioning unit.

ADVANTAGES OF THE INVENTION

[0022] The above-described paper sheet processing
device allows various kinds of paper sheets to be aligned
neatly in a stacking unit.

BRIEF DESCRIPTION OF THE DRAWINGS

[0023]

[FIG. 1] FIG. 1 is a view illustrating the appearance
of a banknote handling apparatus.
[FIG. 2] FIG. 2 illustrates a general configuration for
the banknote handling apparatus.
[FIG. 3] FIG. 3 is an enlarged schematic view of a
gripper.
[FIG. 4] FIG. 4 is an enlarged schematic view of a
third transport unit.
[FIG. 5] FIG. 5 illustrates a general configuration for
bundling stackers and a bundling unit.
[FIG. 6] FIG. 6 is a block diagram illustrating a gen-
eral configuration for the banknote handling appara-
tus.
[FIG. 7] FIG. 7 is a perspective view illustrating a
principal section of the bundling stackers.
[FIG. 8] FIG. 8 is a perspective view illustrating the
bundling stacker with a portion thereof omitted, as
viewed from a different direction from FIG. 7.
[FIG. 9] FIG. 9 is a schematic plan view illustrating
the bundling stacker with a portion thereof omitted.
[FIG. 10] FIG. 10 is a perspective view illustrating a
tape loop forming unit.
[FIG. 11] FIG. 11 is a perspective view illustrating a
lower portion of the tape loop forming unit as viewed
obliquely from above.
[FIG. 12] FIG. 12 is a perspective view illustrating an
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upper portion of the tape loop forming unit as viewed
obliquely from below.
[FIG. 13A] FIG. 13A illustrates how the respective
members operate while banknotes are transported
into a large tape loop and gripped by a temporary
gripping unit as viewed in a thickness direction of the
banknotes, illustrating a state just before the ban-
knotes are extracted from the bundling stacker.
[FIG. 13B] FIG. 13B illustrates how the respective
members operate while the banknotes are transport-
ed into the large tape loop and gripped by the tem-
porary gripping unit as viewed in a thickness direc-
tion of the banknotes, illustrating a state where the
banknotes transported are about to reach the large
tape loop.
[FIG. 13C] FIG. 13C illustrates how the respective
members operate while the banknotes are transport-
ed into the large tape loop and gripped by the tem-
porary gripping unit as viewed in a thickness direc-
tion of the banknotes, illustrating a state where the
banknotes are gripped by the temporary gripping
unit.
[FIG. 14A] FIG. 14A illustrates how the respective
members operate until the banknotes are gripped
again by the gripper and the tape is wound around
the banknotes as viewed in a thickness direction of
the banknotes, illustrating a state where the ban-
knotes are gripped again by the gripper.
[FIG. 14B] FIG. 14B illustrates how the respective
members operate until the banknotes are gripped
again by the gripper and the tape is wound around
the banknotes as viewed in a thickness direction of
the banknotes, illustrating a state where a clamp
presses the banknotes.
[FIG. 14C] FIG. 14C illustrates how the respective
members operate until the banknotes are gripped
again by the gripper and the tape is wound around
the banknotes as viewed in a thickness direction of
the banknotes, illustrating a state where the tape is
wound around the banknotes.
[FIG. 15A] FIG. 15A illustrates how the respective
members operate while the bundled banknotes are
transported to a dispense unit as viewed in the thick-
ness direction of the banknotes, illustrating a state
where the bundled banknotes are removed in a sec-
ond horizontal direction.
[FIG. 15B] FIG. 15B illustrates how the respective
members operate while the bundled banknotes are
transported to a dispense unit as viewed in the thick-
ness direction of the banknotes, illustrating a state
where the third transport unit grips the bundled ban-
knotes.
[FIG. 15C] FIG. 15C illustrates how the respective
members operate while the bundled banknotes are
transported to a dispense unit as viewed in the thick-
ness direction of the banknotes, illustrating a state
where the third transport unit transports the bundled
banknotes to the dispense unit.

[FIG. 16] FIG. 16 illustrates a schematic layout for a
second handling section as viewed from above.
[FIG. 17] FIG. 17 is a perspective view showing a
dispense unit with a housing partially cut away and
illustrating a receiving state where the dispense unit
is ready to receive the bundled banknotes.
[FIG. 18] FIG. 18 is a perspective view showing the
dispense unit with the housing partially cut away and
illustrating a dispensing state where the dispense
unit is ready to dispense the bundled banknotes.
[FIG. 19] FIG. 19 is a perspective view of principal
parts extracted from the dispense unit, illustrating
the receiving state.
[FIG. 20] FIG. 20 is a perspective view of principal
parts extracted from the dispense unit, illustrating
the dispensing state.
[FIG. 21] FIG. 21 is a front view of principal parts
extracted from the dispense unit, illustrating the re-
ceiving state.
[FIG. 22] FIG. 22 is a front view of principal parts
extracted from the dispense unit, illustrating the dis-
pensing state.
[FIG. 23] FIG. 23 is a perspective view illustrating a
banknote handling apparatus after the intake of the
banknotes is finished.
[FIG. 24] FIG. 24 is a perspective view illustrating a
first positioning unit.
[FIG. 25] FIG. 25 is a perspective view illustrating a
second positioning unit.
[FIG. 26] FIG. 26 is a perspective view illustrating a
third positioning unit.
[FIG. 27] FIG. 27 is a general plan view illustrating
the bundling stacker with the first positioning unit at-
tached thereto.
[FIG. 28] FIG. 28 is a general plan view illustrating
the bundling stacker with the third positioning unit
attached thereto.
[FIG. 29] FIG. 29 illustrates a schematic layout for a
second handling unit according to an alternative ex-
ample as viewed from above.

DESCRIPTION OF EMBODIMENTS

[0024] Exemplary embodiments will be described in
detail below with reference to the drawings.

<General Configuration for Banknote Handling Appara-
tus>

[0025] FIG. 1 illustrates the appearance of a banknote
handling apparatus 100, and FIG. 2 illustrates a general
configuration for the banknote handling apparatus 100.
[0026] The banknote handling apparatus 100 is placed
on a teller counter of a bank, for example, and is used
by an operator. The banknote handling apparatus 100
takes loose banknotes therein, stacks the banknotes of
a predetermined kind, bundles the banknotes in a pre-
determined bundling number, and dispenses the bundled
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banknotes. The banknote handling apparatus 100 is an
exemplary paper sheet processing device, and ban-
knotes are an example of paper sheets.
[0027] The banknote handling apparatus 100 includes
a hopper unit 2 which takes the banknotes placed thereon
into the apparatus, a recognition unit 3 which recognizes
the banknotes, bundling stackers 4 which stack the ban-
knotes to be bundled, non-bundling stackers 5 which
stack the banknotes not to be bundled, a reject stacker
6 which stacks rejected banknotes, a bundling unit 9
which bundles the banknotes, a dispense unit 11 through
which the banknotes that have been bundled (hereinafter
referred to as "bundled banknotes") are dispensed, a first
transport unit 7 which transports the banknotes taken in
through the hopper unit 2 to the recognition unit 3, the
bundling stackers 4, the non-bundling stackers 5, and
the reject stacker 6, a second transport unit 8 which trans-
ports the banknotes stacked in the bundling stackers 4
to the bundling unit 9, a third transport unit 10 which trans-
ports the bundled banknotes to the dispense unit 11, and
a box-shaped housing 12 which houses the recognition
unit 3, the bundling stackers 4, the non-bundling stackers
5, the reject stacker 6, the first transport unit 7, the second
transport unit 8, the bundling unit 9, the third transport
unit 10, and the dispense unit 11.
[0028] The housing 12 has a top surface 121, a bottom
surface 122, and four side surfaces. The hopper unit 2
and the dispense unit 11 are provided for a first side sur-
face 123, which is one of the four side surfaces of the
housing 12. First outlets 413 of the bundling stackers 4
and second outlets 53 of the non-bundling stackers 5,
which will be described in detail later, are provided
through a second side surface 124, which is another one
of the four side surfaces. The first and second side sur-
faces 123 and 124 are adjacent to each other.
[0029] The space inside the housing 12 is divided into
a first handling section 126 configured to perform various
kinds of handling processing for recognizing and sorting
the banknotes and a second handling section 127 con-
figured to perform various kinds of handling processing
for bundling the banknotes to be bundled. The second
handling section 127 is provided above the first handling
section 126. The first handling section 126 includes the
hopper unit 2, the recognition unit 3, the non-bundling
stackers 5, and the reject stacker 6. The second handling
section 127 includes the bundling stackers 4, the second
transport unit 8, the bundling unit 9, and the third transport
unit 10. Most of the first transport unit 7 is included in the
first handling section 126.
[0030] The bundling stackers 4 include two stackers,
namely, a first bundling stacker 4A and a second bundling
stacker 4B. Both of the first and second bundling stackers
4A and 4B stack the banknotes to be bundled. The ban-
knotes stacked as those to be bundled are determined
as appropriate. The bundling stacker 4 is an exemplary
stacking unit.
[0031] The first and second bundling stackers 4A and
4B are arranged substantially vertically, i.e., one on top

of the other, in the second handling section 127. The first
bundling stacker 4A is positioned over the second bun-
dling stacker 4B. The first and second bundling stackers
4A and 4B have the same configuration. When it is not
necessary to distinguish the two stackers from each oth-
er, they will be hereinafter referred to as "bundling stack-
ers 4." A detailed configuration of the bundling stackers
4 will be described later.
[0032] The non-bundling stackers 5 include two stack-
ers, namely, a first non-bundling stacker 5A and a second
non-bundling stacker 5B. The first and second non-bun-
dling stackers 5A and 5B are arranged substantially hor-
izontally, i.e., side by side, in the first handling section
126. The second non-bundling stacker 5B is arranged
closer to the hopper unit 2 than the first non-bundling
stacker 5A is. When it is not necessary to distinguish the
two stackers from each other, they will be hereinafter
referred to as "non-bundling stackers 5." A detailed con-
figuration of the non-bundling stackers 5 will be described
later. The banknotes to be stacked in the non-bundling
stackers 5 may be determined as appropriate.
[0033] The reject stacker 6 stacks the rejected ban-
knotes. The reject stacker 6 is positioned closer to the
hopper unit 2 than the first and second non-bundling
stackers 5A and 5B are. The reject stacker 6 is positioned
at a level slightly higher than the first and second non-
bundling stackers 5A and 5B. A detailed configuration of
the reject stacker 6 will be described later. The banknotes
to be stacked in the reject stacker 6 may be determined
as appropriate.
[0034] The hopper unit 2 is provided for a portion of
the first side surface 123 corresponding to the first han-
dling section 126, and the dispense unit 11 is provided
for a portion of the first side surface 123 corresponding
to the second handling section 127. The hopper unit 2
includes a mount 21 on which banknotes are placed, two
guides 22, 22 which guide the banknotes placed on the
mount 21, taking-in rollers 23, an inlet 24 through which
the banknotes are taken in, and a banknote sensor 25
which detects the banknotes on the mount 21. In the
present embodiment, the banknotes are placed on the
hopper unit 2 such that the banknotes are taken in in a
direction parallel to their shorter edges. The hopper unit
2 is an exemplary taking-in unit.
[0035] The banknote sensor 25 is provided near the
inlet 24. The banknote sensor 25 includes a transmitter
which emits light and a receiver which receives the light,
and detects the banknotes when the light emitted from
the transmitter toward the receiver is blocked. The ban-
knote sensor 25 is arranged such that the light is blocked
by the banknotes placed on the mount 21. That is to say,
the banknote sensor 25 can detect that the banknotes
are placed on the mount 21 when the light is blocked.
First and second banknote sensors 411 and 412, stack-
ing sensors 52 and 62, tracking sensors 74, first and sec-
ond tape sensors 9210 and 9211, and first and second
sensors 117 and 118 to be described later are also con-
figured in the same manner.
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[0036] The dispense unit 11 receives the bundled ban-
knotes at a receiving position above the hopper unit 2,
and allows the bundled banknotes to slide laterally from
the receiving position to a dispensing position so that the
bundled banknotes are dispensed outside the housing
12 through a dispense port 111. The dispense unit 11
dispenses the bundled banknotes along their shorter
edges through the dispense port 111.
[0037] The first transport unit 7 may be configured as
a transport belt or any other suitable member. The first
transport unit 7 includes a main transport path 71, first
to fourth diverged paths 72a to 72d diverged from the
main transport path 71, sorting mechanisms 73 provided
at junctions between the main transport path 71 and the
diverged paths, and a plurality of tracking sensors 74
which detect the passage of the banknotes. The first
transport unit 7 transports the banknotes in the direction
parallel to their shorter edges.
[0038] The main transport path 71 extends from the
taking-in rollers 23 through the first bundling stacker 4A.
The first diverged path 72a is the most upstream path in
the main transport path 71, and the second, third, and
fourth diverged paths 72b, 72c and 72d are arranged in
this order downstream of the first diverged path 72a.
When it is not necessary to distinguish the first to fourth
diverged paths 72a to 72d from each other, they will be
hereinafter referred to as "diverged paths 72." The first
diverged path 72a extends to reach the reject stacker 6.
The second diverged path 72b extends to reach the sec-
ond non-bundling stacker 5B. The third diverged path
72c extends to reach the first non-bundling stacker 5A.
The fourth diverged path 72d extends to reach the second
bundling stacker 4B.
[0039] The sorting mechanisms 73 are driven by a so-
lenoid (not shown). Each of the sorting mechanisms 73
sorts the banknotes transported through the main trans-
port path 71 depending on whether they need to be di-
verged to an associated one of the diverged paths 72 or
not. A tracking sensor 74 is provided upstream of each
of the sorting mechanisms 73. The tracking sensors 74
are configured in the same manner as the banknote sen-
sor 25. That is, the tracking sensors 74 can detect the
passage of the banknotes if the reception of light by the
receiver of the tracking sensor 74 is temporarily interrupt-
ed and then resumed. In guiding the banknotes to the
diverged path 72, each sorting mechanism 73 is turned
ON as soon as the tracking sensor 74 immediately up-
stream thereof detects the passage of the banknotes.
[0040] The recognition unit 3 is provided on the main
transport path 71 upstream of the first diverged path 72a.
The recognition unit 3 is configured to recognize each of
the banknotes being transported in terms of their denom-
ination, authenticity, and fitness. Specifically, the recog-
nition unit 3 includes a line sensor 31 and a magnetic
sensor 32, and detects the feature of each banknote. The
recognition unit 3 determines whether the feature of the
banknote thus detected corresponds with any of the
stored features of the banknotes, thereby making a de-

termination about their denomination, authenticity, and
fitness.
[0041] The bundling unit 9 bundles the stacked ban-
knotes. As will be described in detail later, the bundling
unit 9 forms a tape loop L, and rewinds the tape after the
banknotes have been transported into the tape loop L so
that the banknotes are bundled with the tape.
[0042] The second transport unit 8 grips the banknotes
stacked in the bundling stacker 4 to transport the ban-
knotes into the tape loop L. The second transport unit 8
includes a gripper 81 which grips the banknotes, a first
horizontal displacement mechanism which displaces the
gripper 81 in the horizontal direction parallel to the shorter
edges of the banknotes (this direction will be hereinafter
referred to as a "first horizontal direction"), a second hor-
izontal displacement mechanism which displaces the
gripper 81 in the horizontal direction parallel to the longer
edges of the banknotes (hereinafter referred to as a "sec-
ond horizontal direction"), and a vertical displacement
mechanism which displaces the gripper 81 in the vertical
direction. The second transport unit 8 is an exemplary
pre-bundling transport unit.
[0043] FIG. 3 illustrates an enlarged schematic view
of the gripper 81. The gripper 81 includes an upper arm
81 a, a lower arm 81b facing the upper arm 81 a, and a
gripping mechanism which displaces the upper arm 81
a in the vertical direction. The upper arm 81 a includes
three fingers extending parallel to each other and a cou-
pling portion which couples the three fingers together.
Likewise, the lower arm 81b also has three fingers ex-
tending parallel to each other and a coupling portion
which couples the three fingers together. A portion 81c
of the upper arm 81a abutting the banknotes B (i.e., an
inner portion thereof, which will be hereinafter referred
to as an "abutting portion") and a portion 81d of the lower
arm 81b abutting the banknotes B (i.e., an inner portion
thereof, which will be hereinafter referred to as an "abut-
ting portion") are made of urethane rubber. However, the
abutting portions 81c and 81d may be made of any other
rubber than the urethane rubber or a resin. The gripping
mechanism supports the upper arm 81 a so that the upper
arm 81 a is movable in the vertical direction, and moves
the upper arm 81 a in the vertical direction using a motor
and a drive belt. This configuration allows the upper and
lower arms 81a and 81b to grip the banknotes.
[0044] The first horizontal displacement mechanism
supports the gripper 81 so that the gripper 81 is movable
in the first horizontal direction, and displaces the gripper
81 in the first horizontal direction using the motor and the
drive belt. The vertical displacement mechanism sup-
ports the first horizontal displacement mechanism so that
the first horizontal displacement mechanism is movable
in the vertical direction, and displaces the first horizontal
displacement mechanism in the vertical direction using
the motor and the drive belt. The second horizontal dis-
placement mechanism supports the vertical displace-
ment mechanism so that the vertical displacement mech-
anism is movable in the second horizontal direction, and
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displaces the vertical displacement mechanism in the
second horizontal direction using the motor and the drive
belt.
[0045] Thus, the gripper 81 is configured to be movable
in the direction along three orthogonal axes by the first
and second horizontal displacement mechanisms and
the vertical displacement mechanism.
[0046] FIG. 4 illustrates an enlarged schematic view
of the third transport unit 10. The third transport unit 10
receives the bundled banknotes from the second trans-
port unit 8, and transports the bundled banknotes to the
dispense unit 11. The third transport unit 10 includes an
upper gripping part 101, a lower gripping part 102, and
a horizontal displacement mechanism which displaces
the upper and lower gripping parts 101 and 102 in the
first horizontal direction. The third transport unit 10 is an
exemplary post-bundling transport unit.
[0047] A portion 101a of the upper gripping part 101
abutting the banknotes B (i.e., an inner portion and will
be hereinafter referred to as an "abutting portion") and a
portion 102a of the lower gripping part 102 abutting the
banknotes B (i.e., an inner portion and will be hereinafter
referred to as an "abutting portion") are made of urethane
rubber. However, the abutting portions 101 a and 102a
may be made of any other rubber than the urethane rub-
ber or a resin. In displacing the upper gripping part 101
in the first horizontal direction, the horizontal displace-
ment mechanism displaces the upper gripping part 101
in the vertical direction, too. That is, the third transport
unit 10 is configured to pass beside the bundling unit 9
in the first horizontal direction. The third transport unit 10
receives the bundled banknotes supported by the second
transport unit 8 on the way while moving in the first hor-
izontal direction from the bundling stacker 4 side to the
dispense unit 11 side. When the third transport unit 10
is located closer to the bundling stacker 4, the upper grip-
ping part 101 is positioned over, and sufficiently distant
from, the lower gripping part 102. The upper gripping part
101 moves downward from this position as it approaches
the dispense unit 11. Then, when the upper gripping part
101 reaches the bundled banknotes supported by the
second transport unit 8, the bundled banknotes are
gripped by the upper and lower gripping parts 101 and
102. The upper and lower gripping parts 101 and 102
transport the bundled banknotes to the vicinity of the dis-
pense unit 11 while gripping them. In the vicinity of the
dispense unit 11, the upper gripping part 101 moves up-
ward as it approaches the dispense unit 11. As a result,
the bundled banknotes gripped by the upper and lower
gripping parts 101 and 102 are released from the upper
and lower gripping parts 101 and 102 at the dispense
unit 11, and are dispensed to the dispense unit 11.
[0048] On the second side surface 124 of the housing
12, as shown in FIG. 1, a touch panel 17 is provided to
serve as an operating unit through which information is
entered into the banknote handling apparatus 100 and
as a display unit which displays information about the
banknote handling apparatus 100. The touch panel 17

is a human interface for the operator who operates this
banknote handling apparatus 100.

<Configuration for Bundling Stacker 4>

[0049] FIG. 5 illustrates a general configuration for the
bundling stackers 4 and the bundling unit 9.
[0050] The bundling stackers 4 pile and stack the ban-
knotes B that have been transported through the first
transport unit 7. The banknotes B are transported in the
direction parallel to their shorter edges with one of their
longer edges facing front before entering the bundling
stackers 4. Each of the bundling stackers 4 includes a
stage 41 which carries the banknotes B thereon, a guide
42 which aligns the respective longer edges of the ban-
knotes B at the frontend in their transport direction, a rear
wall 43 facing the longer edges of the banknotes B at the
rearend in their transport direction, a ceiling 45 of the
bundling stacker 4, a door 46 (see FIG. 1) which cov-
ers/uncovers the bundling stacker 4, a positioning unit
47 (see FIG. 1) provided on an inner side of the door 46
and facing one of the shorter edges of the banknotes B,
an alignment mechanism 49 (see FIG. 9) which aligns
the respective edges of the banknotes stacked, a stack-
ing wheel 410 which helps the transported banknotes B
to fall into the bundling stacker 4, a first banknote sensor
411 which detects the banknotes B present in the bun-
dling stacker 4, and a second banknote sensor 412 which
detects the banknotes B of a predetermined height in the
bundling stacker 4. In the following description, for the
sake of easy description, one of the shorter edges of the
banknote B facing the positioning unit 47 will be referred
to as a "first edge b1," one of the longer edges of the
banknote B at the frontend in the transport direction will
be referred to as a "second edge b2," the other shorter
edge opposite to the first edge b1 will be referred to as
a "third edge b3," and the other longer edge at the rearend
in the transport direction will be referred to as a "fourth
edge b4" as shown in FIG. 9.
[0051] The stage 41 is configured to be movable in a
vertical direction which is a piling direction of the ban-
knotes B. The stage 41 moves in accordance with the
amount of the banknotes B stacked thereon.
[0052] The guide 42 blocks the banknotes B transport-
ed into the bundling stacker 4 from moving in their trans-
port direction, and allows the banknotes B to fall onto the
stage 41. The banknotes that have fallen onto the stage
41 have their second edge b2 facing the guide 42, and
their fourth edge b4 facing the rear wall 43.
[0053] The stacking wheel 410 includes a plurality of
flexible blades, and has the function of tapping the ban-
knotes B transported into the bundling stacker 4 on their
rear edges in the transport direction so as to help the
banknotes B fall. Even when the banknotes B are brought
into the bundling stacker 4 successively, each of the ban-
knotes B is prevented from being inserted below the rear
edge of the preceding banknote B, and thus the ban-
knotes B can be sequentially stacked one by one on top
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of the previously stacked ones.
[0054] The first outlet 413 and the door 46 are provided
on the first edge b1 side of the banknotes B on the stage
41. The positioning unit 47 is provided on an inner side
of the door 46, i.e., a portion of the door 46 facing the
first edge b1 of the banknotes B.
[0055] The alignment mechanism 49 is provided on
the third edge b3 side of the banknotes B. The alignment
mechanism 49 pushes the third edge b3 of the banknotes
B in the direction parallel to their longer edges to bring
the first edge b1 of the banknotes B into contact with the
positioning unit 47. Thus, the positioning unit 47 and the
alignment mechanism 49 align at least the respective
first edges b1 of the banknotes B with each other.
[0056] As will be described later, the first banknote sen-
sor 411 includes a transmitter 411a, a prism 411c, and
a receiver 411b, and is arranged to emit light in the stack-
ing direction (i.e., the piling direction) of the banknotes B
at two different positions in the transport direction of the
banknotes B. The first banknote sensor 411 detects the
presence of the banknotes B when the light is blocked in
at least one of the two positions.
[0057] The second banknote sensor 412 is configured
to detect the banknotes B located at a predetermined
height in the bundling stacker 4. The second banknote
sensor 412 is configured in the same manner as the ban-
knote sensor 25. The second banknote sensor 412 is
arranged to emit light at a predetermined height in a di-
rection parallel to the surface of the stage 41 and parallel
to the longer edges of the banknotes B. In FIG. 5, for the
sake of easy description, the second banknote sensor
412 is illustrated as emitting light in a direction parallel
to the shorter edges of the banknotes B. The second
banknote sensor 412 is arranged such that light emitted
from the transmitter to the receiver is blocked by the ban-
knotes B when the banknotes B are present at a level
higher than the predetermined height, and that the light
emitted from the transmitter reaches the receiver when
the banknotes B are not present at the level higher than
the predetermined height.

<Configuration for Non-Bundling Stacker 5>

[0058] The non-bundling stackers 5 pile and stack the
banknotes. As shown in FIG. 2, each of the non-bundling
stackers 5 includes a container 50 in which the banknotes
are stacked, a stacking wheel 51 which brings the trans-
ported banknotes into the container 50, and a stacking
sensor 52 which detects the presence or absence of the
banknotes.
[0059] The container 50 of each of the non-bundling
stackers 5 has a tilted bottom. Thus, the banknotes
brought into the container 50 are collected to the lower
end of the bottom.
[0060] The stacking sensor 52 is provided at the lower
end of the bottom of the container 50. The stacking sen-
sor 52 is configured in the same manner as the banknote
sensor 25, and detects the banknotes in the container

50 when the light is blocked. The stacking sensor 52 is
arranged such that the light is blocked by the banknotes
in the container 50.
[0061] The stacking wheel 51 includes a plurality of
blades, and catches the transported banknotes between
the blades to bring them into the container 50. The ban-
knotes are released from the blades of the stacking wheel
51 near the bottom of the container 50, and are stacked
in the container 50.
[0062] The container 50 has openings through the sec-
ond side surface 124 of the housing 12 as shown in FIG.
1. That is to say, the second side surface 124 is provided
with second outlets 53 through which the banknotes
stacked in the non-bundling stackers 5 are removed out
of the housing 12. The second outlets 53 have no door,
and are kept opened. The second outlets 53 of the first
and second non-bundling stackers 5A and 5B are cut
open through the second side surface 124 and are ar-
ranged side by side in the horizontal direction.
[0063] Each of the non-bundling stackers 5 is provided
with a pushing mechanism 54 which pushes the stacked
banknotes toward the second outlet 53. The pushing
mechanism 54 is provided at the back of the container
50 (the side opposite to the second outlet 53), and is
configured to push out the banknotes from the back to
the front (the side of the second outlet 53).

<Configuration for Reject Stacker 6>

[0064] The reject stacker 6 piles and stacks the ban-
knotes. The reject stacker 6 includes, as shown in FIG.
2, a container 60 in which the banknotes are stacked, a
stacking wheel 61 which brings the transported ban-
knotes into the container 60, a stacking sensor 62 which
detects the presence or absence of the banknotes, and
stoppers 64, 64 which prevent the banknotes in the con-
tainer 60 from being ejected outside.
[0065] Specifically, the container 60 of the reject stack-
er 6 has an opening through the first side surface 123 of
the housing 12 as shown in FIG. 1. That is, a reject outlet
63 through which the banknotes stacked in the reject
stacker 6 are removed out of the housing 12 is provided
through the first side surface 123. The reject outlet 63 is
cut open through the first side surface 123 to be posi-
tioned above the inlet 24. The reject outlet 63 has no door
and is kept opened.
[0066] The bottom of the container 60 is tilted such that
the more distant from the first side surface 123, the lower
the level of the bottom. Thus, the banknotes in the con-
tainer 60 are stacked deep inside the first side surface
123. In this manner, the banknotes are prevented from
being ejected outside through the reject outlet 63 of the
first side surface 123 when they are brought into the con-
tainer 60.
[0067] The two stoppers 64, 64 are provided at one
edge of the bottom of the container 60 closer to the first
side surface 123. The stoppers 64 are supported to be
rotatable around an axis extending parallel to the edge
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of the bottom closer to the first side surface 123, and are
biased by bias springs (not shown) to stand up on the
bottom of the container 60. These stoppers 64, 64 can
also prevent the banknotes in the container 60 from being
ejected outside through the reject outlet 63 of the first
side surface 123. Note that the banknotes stacked in the
reject stacker 6 may be removed through the reject outlet
63 with the stoppers 64, 64 pressed down against the
elastic force of the bias springs.
[0068] The stacking wheel 61 includes a plurality of
flexible blades, and has the function of tapping the ban-
knotes falling into the container 60 on their rear edges in
the transport direction so as to help the banknotes fall.
Even when the banknotes are brought into the container
60 successively, each of the banknotes is prevented from
being inserted below the rear edge of the preceding ban-
knote, and thus the banknotes can be sequentially
stacked one by one on top of the previously stacked ones.
[0069] The stacking sensor 62 is configured in the
same manner as the banknote sensor 25, and detects
the banknotes in the container 60 when the light is
blocked. The stacking sensor 62 is arranged such that
the light is blocked by the banknotes in the container 60.

<System Configuration for Banknote Handling Appara-
tus>

[0070] FIG. 6 is a block diagram illustrating a general
configuration for the banknote handling apparatus 100.
[0071] The banknote handling apparatus 100 includes
a control unit 120 based on a well-known processor, for
example, and a memory (not shown). The control unit
120 is connected to the above-described units, namely,
the hopper unit 2, the recognition unit 3, the bundling
stackers 4, the non-bundling stackers 5, the reject stack-
er 6, the first and second transport units 7 and 8, the
bundling unit 9, the third transport unit 10, the dispense
unit 11, and the touch panel 17 so as to transmit and
receive signals to/from these units. The control unit 120
is also connected to the banknote sensor 25, the first and
second banknote sensors 411 and 412, the stacking sen-
sors 52 and 62, the tracking sensors 74, the first and
second tape sensors 9210 and 9211, and the first and
second sensors 117 and 118 to receive detection signals
from these sensors. The control unit 120 generates a
control signal based on the signal supplied from the touch
panel 17, the detection signals from the sensors and oth-
er suitable signals, and outputs the generated control
signal to the hopper unit 2 and other units. The hopper
unit 2 and other units operate in accordance with the
control signal. Taking the bundling stacker 4 as an ex-
ample, the control unit 120 controls the stage 41, the
guide 42, a locking mechanism 46c (to be described lat-
er), the alignment mechanism 49, and the stacking wheel
410. The memory stores various kinds of information
such as dimensions of different banknotes B.

<Working Mechanism of Banknote Handling Apparatus>

[0072] It will be described how to perform deposit
processing using this banknote handling apparatus 100.
In the deposit processing, loose banknotes are sorted
and stacked in the predetermined stackers, and prede-
termined ones of them are bundled. In the following de-
scription, a single kind of banknote bundling processing
will be described, in which a predetermined number of
banknotes of a prescribed kind to be bundled are stacked
alternately in the first and second bundling stackers 4A,
4B, and the predetermined number of banknotes stacked
are bundled sequentially by the bundling unit 9.
[0073] First, the operator receives loose banknotes to
be deposited from the customer, and places the ban-
knotes on the hopper unit 2. At this time, even if the loose
banknotes include banknotes of multiple different kinds,
all the banknotes are just placed on the hopper unit 2
without being sorted. The operator adjusts the guides 22
according to the dimensions of the banknotes. Then, the
operator operates the touch panel 17 to start the intake
of the banknotes. The banknote handling apparatus 100
may automatically start the intake of the banknotes when
the banknote sensor 25 detects the banknotes placed on
the hopper unit 2.
[0074] The banknotes placed on the hopper unit 2 are
brought into the housing 12 one by one through the inlet
24 as the taking-in rollers 23 are activated. The ban-
knotes thus taken in are transported by the first transport
unit 7, and pass through the recognition unit 3. The rec-
ognition unit 3 detects the kind of the banknotes passed,
and informs the control unit 120 of the kind of the ban-
knotes.
[0075] The control unit 120 designates the banknotes’
destination according to the kind of the banknotes. In
particular, if the banknotes are fit banknotes of a prede-
termined denomination to be bundled, the control unit
120 designates the bundling stacker 4 (any one of the
bundling stackers 4A and 4B) as their destination. If the
banknotes are unfit banknotes of the predetermined de-
nomination to be bundled, the control unit 120 designates
the first non-bundling stacker 5A as their destination. If
the banknotes are of any denomination other than the
predetermined denomination, the control unit 120 desig-
nates the second non-bundling stacker 5B as their des-
tination. If the banknotes are rejected banknotes, the con-
trol unit 120 designates the reject stacker 6 as their des-
tination.
[0076] The control unit 120 controls the first transport
unit 7 such that the banknotes are transported to the
stacker designated as their destination. In particular, the
control unit 120 controls the sorting mechanism 73 cor-
responding to the diverged path 72 leading to the desti-
nation stacker such that the banknotes are guided from
the main transport path 71 to the diverged path 72. The
control unit 120 switches the sorting mechanism 73 when
the tracking sensor 74 just before the diverged path 72
detects the banknotes. Further, the control unit 120 con-
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trols the stacking wheel 410, 51 or 61 of the destination
stacker to bring the banknotes into that stacker.
[0077] The banknotes to be transported to the bundling
stacker 4 are transported to one of the two bundling stack-
ers 4. When the number of banknotes stacked in one of
the bundling stackers 4 reaches a predetermined bun-
dling number (e.g., 100), the remaining banknotes are
then transported to the other bundling stacker 4. In this
example, the banknotes are supposed to be transported
to the first bundling stacker 4A first. When the banknotes
are transported one after another to the first bundling
stacker 4A, the stacking wheel 410 rotates to stack the
banknotes one by one. When the number of banknotes
stacked in the first bundling stacker 4A reaches the bun-
dling number, the control unit 120 controls the second
transport unit 8 so that the gripper 81 grips the banknotes
in the first bundling stacker 4A to transport them to the
bundling unit 9. Thereafter, the control unit 120 instructs
the bundling unit 9 to bundle the banknotes with a tape T.
[0078] When the number of banknotes stacked in the
first bundling stacker 4A reaches the bundling number,
the remaining banknotes are stacked in the second bun-
dling stacker 4B. Then, when the number of banknotes
stacked in the second bundling stacker 4B reaches the
bundling number, the remaining banknotes are stacked
again in the first bundling stacker 4A. By this time, the
banknotes in the first bundling stacker 4A have been all
removed together, and thus the first bundling stacker 4A
is now empty. Thus, the provision of the two bundling
stackers 4 makes it possible to perform the bundling
processing while stacking the banknotes continuously.
[0079] Then, the control unit 120 controls the third
transport unit 10 and the dispense unit 111 so that the
bundled banknotes are dispensed through the dispense
unit 111.
[0080] The unfit banknotes of the predetermined de-
nomination are transported to the first non-bundling
stacker 5A. When the banknotes are transported to the
first non-bundling stacker 5A, the stacking wheel 51 ro-
tates to stack the transported banknotes in the container
50. Thus, the unfit banknotes of the predetermined de-
nomination are stacked in the first non-bundling stacker
5A. Likewise, the banknotes of any denominations other
than the predetermined denomination are transported to,
and stacked in, the second non-bundling stacker 5B. The
rejected banknotes are also transported to, and stacked
in, the reject stacker 6.
[0081] This series of processing steps will be per-
formed over and over again until there are no banknotes
placed on the hopper unit 2. The banknote sensor 25
detects whether banknotes are still present on the hopper
unit 2 or not.
[0082] When the handling of the banknotes placed on
the hopper unit 2 is finished, the rejected banknotes are
taken in and recognized again. Specifically, the operator
extracts the rejected banknotes from the reject stacker
6, and places them on the hopper unit 2 to take them into
the apparatus again. The rejected banknotes are those

which were not recognized as normal banknotes for any
reason, and thus another attempt is made to take in and
recognize them. Banknotes still recognized as rejected
banknotes, if any, are restacked in the reject stacker 6.
Then, the operator returns those restacked banknotes to
the customer.
[0083] Note that the banknotes stacked in the first and
second non-bundling stackers 5A, 5B are not taken in
again.
[0084] Thus, when the handling of the banknotes
placed on the hopper unit 2 and the re-handling of the
rejected banknotes are finished, the single kind banknote
bundling processing is finished, i.e., the counting and
sorting of the banknotes passed as those to be deposited
by the customer are finished. The touch panel 17 displays
the counted amount of the banknotes. The operator asks
for a customer’s approval of the amount, or checks
whether the displayed amount corresponds with the
amount written down on a deposit slip by the customer,
and, if the answer is YES, the operator operates the touch
panel 17 to confirm the deposit amount. When the con-
firmation is done, a host device (not shown) is informed
of the confirmed deposit amount, thereby finishing the
deposit processing.
[0085] After the deposit processing is finished, the op-
erator takes out the bundled banknotes dispensed from
the dispense unit 11, the banknotes stacked in the bun-
dling stackers 4, and the banknotes stacked in the non-
bundling stackers 5, and stores them in a predetermined
storage place.
[0086] Through this series of processing steps, loose
banknotes of different kinds are sorted into fit banknotes
of a predetermined denomination, unfit banknotes of the
predetermined denomination, banknotes of every de-
nomination but the predetermined denomination, and re-
jected banknotes. The fit banknotes of the predetermined
denomination are bundled based on a bundling number
of banknotes.

<Detailed Configuration of Bundling Stacker 4>

[0087] FIG. 7 is a perspective view illustrating the bun-
dling stacker 4 with a portion thereof omitted. FIG. 8 is a
perspective view illustrating the bundling stacker 4 with
a portion thereof omitted, as viewed from a different di-
rection from FIG. 7. FIG. 9 is a plan view illustrating gen-
erally the bundling stacker 4 with a portion thereof omit-
ted.
[0088] The stage 41 is configured to be movable in a
vertical direction which is a piling direction of the ban-
knotes B. Specifically, the stage 41 is coupled to a vertical
mover 41a, which is secured to a vertically extending
shaft (not shown) so as to be movable up and down, and
which is driven vertically by a motor (not shown). The
stage 41 has a comb-tooth shape. The banknotes B are
stacked at a predetermined stacking position on the
stage 41. When the banknotes B are at this stacking po-
sition, their first edge b1 is in contact with the positioning
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unit 47. Specifically, as will be described in detail later,
the banknotes B are stacked with their first edge b1 sub-
stantially in contact with the positioning unit 47.
[0089] The guide 42 is configured to be movable in the
transport direction of the banknotes B. Specifically, the
guide 42 is comprised of an upper guide 42a and a lower
guide 42b. The upper guide 42a is mounted to a rotatable
shaft 42d provided for a pair of frames 42c, 42c which
moves in the transport direction of the banknotes B. The
pair of frames 42c, 42c is movably mounted to a horizon-
tal shaft (not shown) extending in the transport direction,
and is driven by a motor (not shown) along the horizontal
shaft. The rotatable shaft 42d is supported rotatably by
the pair of frames 42c, 42c. The upper guide 42a is inte-
grally attached to the rotatable shaft 42d. The rotatable
shaft 42d is biased by a torsion spring 42e in a direction
around its shaft center. The upper guide 42a rotates
along with the rotatable shaft 42d. On the other hand,
the lower guide 42b is fixed on the pair of frames 42c,
42c. The lower guide 42b is provided under the upper
guide 42a. The upper guides 42a are formed to have a
shape with four comb teeth. Likewise, the lower guides
42b are also formed to have such a shape with four comb
teeth. The upper guide 42a is biased by the torsion spring
42e in a direction around the rotatable shaft 42d, and a
tip end of the upper guide 42a is in contact with a tip end
of the lower guide 42b. Thus, the upper guide 42a is
hanging down from the rotatable shaft 42d.
[0090] With the upper guide 42a hanging down from
the rotatable shaft 42d, the upper guide 42a and the lower
guide 42b form a wall at the frontend of the transport
direction for the bundling stacker 4. In this case, the re-
spective comb teeth of the upper and lower guides 42a
and 42b define three slits extending vertically. Two outer
ones of these three slits are arranged at such positions
as to allow two comb teeth of the stage 41 to enter the
slits. As described above, as the frames 42c, 42c move,
the upper and lower guides 42a and 42b move back and
forth in the transport direction of the banknotes B. In the
meantime, the comb teeth of the stage 41 enter the slits
formed by the respective comb teeth of the upper and
lower guides 42a and 42b, thereby substantially prevent-
ing the stage 41 from interfering with the upper and lower
guides 42a and 42b. In addition, since the slits extend
vertically, the interference between the comb teeth of the
stage 41 and the upper and lower guides 42a and 42b
is also avoidable even if the stage 41 moves vertically.
[0091] Meanwhile, the upper guide 42a is able to turn
forward in the transport direction against the biasing force
applied by the torsion spring 42e, thereby opening the
bundling stacker 4 forward in the transport direction.
[0092] The rear wall 43 is arranged as a stationary
member in the bundling stacker 4. As shown in FIG. 8,
a plurality of second catching grooves 44, 44 are formed
at an upper end of the rear wall 43. The second catching
grooves 44 extend along the fourth edge b4 of the ban-
knotes B stacked on the stage 41. That is, the second
catching grooves 44 extend parallel to a surface 41b of

the stage 41. The plurality of second catching grooves
44, 44, ... are arranged in the piling direction of the ban-
knotes B, i.e., the vertical direction. As will be described
in detail later, the second catching grooves 44 prevent
the banknotes B, transported into the bundling stacker 4
and falling onto the stage 41, from entering a gap be-
tween a bundle of banknotes on the stage 41 and the
rear wall 43 (or a gap between the stage 41 and the rear
wall 43 if no bundles of banknotes are present on the
stage 41).
[0093] At one end of the bundling stacker 4 in the di-
rection perpendicular to both the transport direction and
stacking direction of the banknotes B (such a direction
will be hereinafter referred to as a "width direction"), pro-
vided is a generally square frame 46a, which has a first
outlet 413 in a generally square shape.
[0094] The door 46 is attached so as to be pivotable
freely on a shaft provided on one side of the frame 46a.
The door 46 rotates to change between an open state
where the first outlet 413 is open and a closed state where
the first outlet 413 is closed. The door 46 is biased to
such a direction as to have the open state by a coil spring
(not shown) provided for the shaft. The door 46 is made
of a material which allows visual check of the inside of
the bundling stacker from outside. For example, the door
46 may be made of a transparent or translucent material
(e.g., glass or a resin).
[0095] The door 46 is also provided with a locking
mechanism 46c as shown in FIG. 9. The locking mech-
anism 46c is configured to be switchable between a
locked state in which the door 46 is locked to the closed
state and an unlocked state in which the door 46 is al-
lowed to open and close freely. Specifically, the locking
mechanism 46c includes a pin 46d provided for the frame
46a, a drive mechanism 46e including a solenoid or any
other components for driving the pin 46d, and an engag-
ing portion 46f provided for the door 46 and engaging
with the pin 46d. The locking mechanism 46c is controlled
by the control unit 120 individually on a bundling stacker
(4) basis. That is to say, its door 46 is openable and clos-
able individually.
[0096] The positioning unit 47 is provided on the inner
side of the door 46. The positioning unit 47 comes into
contact with the first edge b1 of the banknotes B, thereby
placing the first edge b1 at a predetermined alignment
position P. The positioning unit 47 is made of a material
which allows visual check of the inside of the positioning
unit 47 from outside. For example, the positioning unit
47 may be made of a transparent or translucent material
(e.g., glass or a resin). As will be described in detail later,
the positioning unit 47 includes multiple types of position-
ing units, and a second positioning unit 47B is attached
in the example shown in FIGS. 7 to 9. When it is not
necessary to distinguish the types of positioning units 47,
they may be hereinafter referred to as the "positioning
units 47" collectively.
[0097] A plurality of first catching grooves 48, 48, ...
are formed at a portion of the positioning unit 47 as shown
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in FIGS. 7 and 8. The first catching grooves 48 extend
along the first edge b1 of the banknotes B stacked on
the stage 41. That is, the first catching grooves 48 extend
parallel to the surface 41b of the stage 41. The plurality
of first catching grooves 48, 48, ... are arranged in the
piling direction of the banknotes B, i.e., the vertical direc-
tion. The first catching grooves 48, 48, ... are formed in
a relatively upper portion of the positioning unit 47. As
will be described in detail later, the first catching grooves
48 function as a catching unit which catches the first edge
b1 of the banknotes B, when they lean on the positioning
unit 47 while stacking, in cooperation with the movement
of the stage 41.
[0098] As shown in FIG. 9, the alignment mechanism
49 is provided at the other end of the bundling stacker 4
opposite from the door 46. That is to say, the alignment
mechanism 49 is provided so as to face the third edge
b3 of the banknotes B in the bundling stacker 4 opposite
from the door 46. The alignment mechanism 49 aligns
the respective edges of the banknotes in the width direc-
tion with each other. In this embodiment, as the ban-
knotes are transported in the direction parallel to their
shorter edges, the width direction corresponds to the di-
rection parallel to the longer edges of the banknotes. In
other words, the alignment mechanism 49 aligns the re-
spective shorter edges of the banknotes. The alignment
mechanism 49 includes an arm 49a which is provided to
be rotatable on a shaft extending in the stacking direction
of the banknotes B and a stepping motor 49b which ro-
tates the arm 49a. By pushing the third edge b3 of the
banknotes B toward the door 46 with the arm 49a, the
alignment mechanism 49 brings the first edge b1 of the
banknotes B into contact with the positioning unit 47. That
is to say, the alignment mechanism 49 aligns the respec-
tive shorter edges of the banknotes B in cooperation with
the door 46. In this manner, the banknotes B in the bun-
dling stacker 4 are aligned with each other in contact with
the positioning unit 47. The alignment mechanism 49 is
an exemplary pushing unit.
[0099] After pushing the banknotes B toward the posi-
tioning unit 47, the arm 49a stays at the position where
the arm 49a has moved the banknotes B (i.e., a position
at which the distance between the arm 49a and the po-
sitioning unit 47 is substantially equal to the dimension
of the longer edges of the banknotes B), and functions
at that position as a regulating unit configured to regulate
the movement of the banknotes B toward the alignment
mechanism 49 in the direction parallel to their longer edg-
es.
[0100] The alignment mechanism 49 is configured to
be able to adjust the magnitude of movement of the arm
49a, and adjusts the magnitude of movement of the arm
49a according to the kind of the banknotes B and the
type of the positioning unit 47. Specifically, the magnitude
of movement of the arm 49a is adjusted such that the
arm 49a turns to a position where the distance between
the arm 49a and the positioning unit 47 is substantially
equal to the dimension of the longer edges of the ban-

knotes B to be stacked. Thus, the magnitude of move-
ment of the alignment mechanism 49 pushing the third
edge b3 of the banknotes B is adjusted according to the
dimension of the longer edges of the banknotes B and
the alignment position P of the positioning unit 47.
[0101] Further, as shown in FIG. 8, a first hole 41c and
a second hole 41d are cut through the stage 41 so that
light emitted from, and received at, the first banknote sen-
sor 411 can pass through them. Specifically, the bundling
stacker 4 includes two first banknote sensors 411. The
two first banknote sensors 411 are arranged in the direc-
tion parallel to the longer edges of the banknotes B. Thus,
the stage 41 has two pairs of the first and second holes
41c and 41d. Each of the first banknote sensors 411 in-
cludes a transmitter 411a which emits light, a receiver
411b which receives light, and a prism 411c which guides
the light from the transmitter 411a to the receiver 411b
as shown in FIG. 5. The transmitter 411a and the receiver
411b are arranged side by side on the ceiling 45 in the
transport direction of the banknotes B. The transmitter
411 a is arranged to emit light downward, and the receiver
411b is arranged to receive light coming from below. The
prism 411c is arranged on the bottom of the bundling
stacker 4. The prism 411c includes a light entering portion
411d, a light exiting portion 411e, and two reflective
planes, and is formed in a substantially U-shape. The
light entering portion 411d faces the transmitter 411 a,
and the light exiting portion 411e faces the receiver 411b.
That is, the light entering portion 411 d and the light exiting
portion 411e are arranged side by side in the transport
direction of the banknotes, and face upward. Light inci-
dent on the light entering portion 411 d is reflected from
the two reflective planes to emerge upward out of the
prism 411c through the light exiting portion 411e. The
light directed from the transmitter 411 a toward the light
entering portion 411d passes through the first hole 41c
of the stage 41, and the light directed from the light exiting
portion 411e toward the receiver 411b passes through
the second hole 41d of the stage 41. When the stage 41
is moved to the lowermost position, the light entering por-
tion 411d is inserted in the first hole 41c, and the light
exiting portion 411e is inserted in the second hole 41d.
[0102] In this configuration, the traveling direction of
the light directed from the transmitter 411a to the light
entering portion 411d and the traveling direction of the
light directed from the light exiting portion 411e to the
receiver 411b agree with the moving direction of the stage
41, i.e., the vertical direction. Thus, even when the stage
41 moves in the vertical direction, the light emitted from
the transmitter 411 a passes through the first hole 41c
to be incident on the light entering portion 411d, while
the light emerging from the light exiting portion 411e
passes through the second hole 41d to be incident on
the receiver 411b. That is, even when the stage 41 moves
up or down, an optical path leading from the transmitter
411a to the receiver 411b is ensured.
[0103] However, if the banknotes B are present on the
stage 41, the light directed from the transmitter 411a to-
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ward the receiver 411b is blocked. Thus, the presence
of the banknotes B in the bundling stacker 4 is detected.
At this time, the light passes through two different points
in the transport direction of the banknotes B, and the two
first banknote sensors 411 are arranged side by side in
the direction parallel to the longer edges of the banknotes
B. Thus, four beams of light pass through mutually dif-
ferent points in the directions parallel to the longer and
shorter edges of the banknotes B. As a result, even if the
position of the banknotes B varies, at least one of these
beams of light is blocked, and thus the presence of the
banknotes B may accurately be detected. In addition,
since the transmitter 411 a, the receiver 411b, and the
prism 411c are located at fixed positions, the optical axes
of the first banknote sensors 411 do not fluctuate even
when the stage 41 moves up and down. Thus, the pres-
ence or absence of the banknotes B may accurately be
detected.
[0104] Next, it will be described how the control unit
120 controls the bundling stacker 4.
[0105] First, the control unit 120 has the stage 41
moved to an initial position before the banknotes B are
transported to the bundling stacker 4. The initial position
of the stage 41 is a relatively upper position close to the
stacking wheel 410. At this initial position, the distance
for the banknotes B falling into the bundling stacker 4
may be relatively short, which may stabilize the position
toward which the banknotes B fall. Note that the initial
position of the stage 41 is lower than the level of the
second banknote sensor 412.
[0106] Further, the control unit 120 allows the guide 42
to move to a position associated with the kind of the ban-
knotes B transported to the bundling stacker 4. The ban-
knotes B are transported with their shorter edges parallel
to the transport direction. Thus, the position of the guide
42 is adjusted according to the dimension of the shorter
edges of the banknotes B. Specifically, the guide 42 is
arranged at a position where the distance between the
guide 42 and the rear wall 43 is slightly larger than the
dimension of the shorter edges of the banknotes B trans-
ported to the bundling stacker 4.
[0107] In this initial state, the banknotes B are trans-
ported to the bundling stacker 4. The banknotes B trans-
ported to the bundling stacker 4 have momentum in the
transport direction. Thus, the second edge b2 of the ban-
knotes B at the frontend in their transport direction abut
the guide 42, and the banknotes B fall onto the stage 41
by themselves.
[0108] At this time, the stacking wheel 410 helps the
banknotes B fall. Specifically, the stacking wheel 410
taps the banknote B transported to the bundling stacker
4 downward on its rear edge in the transport direction.
Thus, the banknote B tend to fall with its rear edge going
ahead of (i.e., reaching a lower level earlier than) its front
edge. In addition, when being tapped by the stacking
wheel 410 on its rear edge, the banknote B may be drawn
toward the stacking wheel 410, i.e., toward the rearend
in the transport direction. As a result, the rear edge of

the banknote B may enter a gap between the bundle of
banknotes on the stage 41 and the rear wall 43 (or a gap
between the stage 41 and the rear wall 43 if no bundles
of banknotes are present on the stage 41). To cope with
such circumstances, the second catching grooves 44,
44, ... are provided at a top end of the rear wall 43. The
fourth edge b4 of the banknote B, which is going to enter
the gap between the bundle of banknotes and the rear
wall 43, may be caught in one of the second catching
grooves 44 and blocked from entering the gap. In this
way, the banknotes B transported to the bundling stacker
4 fall onto the stage 41 appropriately.
[0109] The banknotes B on the stage 41 have their
second edge b2 substantially in contact with the guide
42. The fourth edge b4 of the banknotes B faces the rear
wall 43 with a small gap left between the fourth edge b4
and the rear wall 43. Depending on the state of the ban-
knotes B fallen on the stage 41, the fourth edge b4 of
some banknotes B may be in contact with the rear wall 43.
[0110] The control unit 120 allows the stage 41 to de-
scend by a distance corresponding to the thickness of a
predetermined number of banknotes, every time the
number of banknotes stacked in the bundling stacker 4
increases by the predetermined number (e.g., 10). By
repeating this process step, the level of the uppermost
one of the banknotes B on the stage 41 (will be hereinafter
referred to as an "uppermost banknote"), or the level of
the stage 41 (if no banknotes B are present on the stage
41), may be adjusted within a predetermined range. This
allows for keeping the distance for the banknotes falling
into the bundling stacker 4 to travel within a substantially
constant range, thus enabling the banknotes falling freely
to be stacked at the substantially same position and with
the substantially same posture.
[0111] Note that the level of the uppermost banknote
B is monitored by the second banknote sensor 412. The
control unit 120 checks whether the second banknote
sensor 412 detects the banknotes B or not, every time
the banknote B is transported to the bundling stacker 4.
In a normal state, the second banknote sensor 412 does
not detect any banknotes B. However, if the second ban-
knote sensor 412 detects the banknotes B, the control
unit 120 allows the stage 41 to descend by a predeter-
mined distance. The descending distance corresponds
to, or is slightly greater than, the thickness of the prede-
termined number of banknotes B. Thus, the second ban-
knote sensor 412 is in a state in which the second ban-
knote sensor 412 does not sense the banknotes. Spe-
cifically, the control unit 120 basically allows the stage
41 to descend every time the number of the banknotes
stacked increases by the predetermined number. If the
level of the uppermost banknote B exceeds the highest
level that can be detected by the second banknote sensor
412, the control unit 120 allows the stage 41 to descend
in a way different from the basic descending control. The
thickness of the bundle of banknotes B may vary depend-
ing on the state of the banknotes B even if the number
of banknotes is the same. Thus, the distance for the ban-
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knotes to fall in the bundling stacker 4 may be maintained
within the substantially constant range by combining the
control of the stage 41 based on the number of banknotes
B and the control of the stage 41 based on the monitored
level of the uppermost banknote B.
[0112] The control unit 120 actuates the arm 49a of
the alignment mechanism 49 every time a single ban-
knote B is transported to the bundling stacker 4. Thus,
the banknote B is pushed in the direction parallel to its
longer edges toward the positioning unit 47 on the door
46, and then the first edge b1 of the banknote B comes
into contact with the positioning unit 47 on the door 46.
In this way, both of the shorter edges of the stacked ban-
knotes B are aligned.
[0113] When the number of the banknotes B stacked
in the bundling stacker 4 reaches the predetermined
number, the control unit 120 allows the stage 41 to move
upward to compress the stacked banknotes B between
the stage 41 and the ceiling 45 until their combined thick-
ness becomes equal to a predetermined thickness. If the
combined thickness of the banknotes B that have fallen
freely to, and been stacked on, the stage 41 is smaller
than the predetermined thickness (e.g., if the banknotes
B are new banknotes), the banknotes B are not com-
pressed even if the stage 41 moves upward.
[0114] Then, the control unit 120 instructs the gripper
81 of the second transport unit 8 to grip the banknotes
B. The gripper 81 has such a shape that enables the
gripper 81 to enter the gaps between the comb teeth of
the guide 42 and the gaps between the comb teeth of
the stage 41, which allows the gripper 81 to grip the ban-
knotes B on the stage 41 without any interference with
the guide 42 or the stage 41. The second transport unit
8 draws the banknotes B, being gripped by the gripper
81, to the front in the transport direction. The upper guide
42a of the guide 42 is biased by a biasing force of the
torsion spring 42e toward the direction in which the bun-
dling stacker 4 is closed (toward the direction in which
the tip end of the upper guide comes into contact with
the tip end of the lower guide 42b). In this state, the ban-
knotes B drawn by the gripper 81 push the upper guide
42a against the biasing force of the torsion spring 42e to
rotate the upper guide 42a toward the front in the trans-
port direction. As a result, the bundling stacker 4 opens
toward the front in the transport direction, and the ban-
knotes B are extracted from the bundling stacker 4. The
second transport unit 8 transports the banknotes B to the
bundling unit 9. Thereafter, a bundling process will be
performed.
[0115] During the stacking of the banknotes B in the
bundling stacker 4, one of the banknotes B may lean on
the positioning unit 47. For example, the banknote B fall-
ing freely on the stage 41 may lean on the positioning
unit 47. Alternatively, the banknote B, being moved in
the direction parallel to its longer edges by the arm 49a,
may flutter, and thus one of the edges of the banknote B
may lean on the positioning unit 47. The control unit 120
monitors whether the banknote B leans on the positioning

unit 47 or not. On detecting any banknote B leaning on
the positioning unit 47, the control unit 120 performs con-
trol of redressing the posture of such a banknote B lean-
ing on the positioning unit 47.
[0116] The control unit 120 detects the leaning of the
banknote B on the positioning unit 47 using the second
banknote sensor 412. The second banknote sensor 412
is arranged to detect the uppermost banknote B on the
stage 41, and thus is also able to detect any banknote B
warped with one of its edges leaning on the positioning
unit 47. If the second banknote sensor 412 detects such
a banknote B, the control unit 120 allows the stage 41 to
descend by the predetermined distance as described
above to adjust the level of the uppermost banknote B.
If the banknote B is still detected by the second banknote
sensor 412 even after the stage 41 descends, it is deter-
mined that the banknote B is leaning on the positioning
unit 47.
[0117] On detecting that the banknote B is leaning on
the positioning unit 47, the control unit 120 stops the in-
take of the banknotes B by the hopper unit 2, and allows
the stage 41 to reciprocate in the vertical direction as a
recovery operation. In this embodiment, the control unit
120 moves the stage 41 downward first, and then upward.
Thus, the first edge b1 of the banknote B leaning on the
positioning unit 47 is caught in any of the first catching
grooves 48. The control unit 120 keeps moving the stage
41 upward even after the first edge b1 of the banknote
B is caught in the first catching groove 48. As a result,
receiving a reactive force from the first catching groove
48, the banknote B is pushed into the bundle of ban-
knotes, i.e., toward the predetermined stacking position
on the stage 41. Before the banknote B is pushed suffi-
ciently into the bundle of banknotes, the banknote B may
be disengaged from the first catching groove 48. How-
ever, since there are two or more first catching grooves
48, the first edge b1 of the banknote B would be caught
in the adjacent first catching groove 48 even in such a
situation. In this way, as the plurality of first catching
grooves 48, 48, ... push the banknote B, the banknote B
is gradually pushed into the bundle of banknotes.
[0118] However, since the number of the first catching
grooves 48 is limited, the control unit 120 allows the stage
41 to start descending when the stage 41 has ascended
to a certain level. Then, the control unit 120 allows the
stage 41 to ascend again, and restarts the pushing of the
banknote B by the lower first catching groove 48. During
the vertical reciprocation of the stage 41, the stage 41
ascends multiple times so that the banknote B is pushed
to the stacking position even if a single ascension of the
stage 41 is not enough to push the banknote B to the
stacking position.
[0119] If the second banknote sensor 412 no longer
detects the banknote B after the stage 41 has moved up
and down multiple times, the control unit 120 determines
that the banknote B no longer leans on the positioning
unit 47, and restarts the intake of the banknotes B. On
the other hand, if the banknote B is still detected by the

25 26 



EP 3 188 139 A1

15

5

10

15

20

25

30

35

40

45

50

55

second banknote sensor 412 even after the repetitive
vertical movement of the stage 41, the control unit 120
determines that the leaning of the banknote B on the
positioning unit 47 has not been resolved yet. Then, the
control unit 120 unlocks the locking mechanism 46c of
the door 46 to enable the removal of the banknotes B
from the bundling stacker 4, and notifies the operator of
the leaning of the banknote B on the positioning unit 47
via the touch panel 17. The operator is prompted by the
display on the touch panel 17 to remove the banknotes
B in the bundling stacker 4 so that the banknotes B start
to be taken in all over again.

<Detailed Configuration of Bundling Unit 9>

[0120] As shown in FIG. 5, the bundling unit 9 includes
a tape feeding unit 91 which feeds a tape T, a tape loop
forming unit 92 which forms a tape loop L from the tape
T, a temporary gripping unit 93 which temporarily grips
the banknotes B transported into the tape loop L by the
second transport unit 8 (see FIGS. 10-12), a clamp 94
which presses the banknotes B in the stacking direction
when the banknotes B are bundled together with the tape
T, a heater 95 which heat-seals portions of the tape T
wound around the banknotes B, a cutter 96 which cuts
the tape T at a portion not wound around the banknotes
B, a printer 97 which prints characters on the tape T, and
a stamper 98 which stamps a seal on the tape T.
[0121] The tape feeding unit 91 includes a tape reel
911 around which the tape T is wound, and a tape trans-
port unit 912 which transports the tape T drawn from the
tape reel 911. The tape transport unit 912 transports the
tape T along a predetermined transport path. The tape
transport unit 912 has a guide (not shown) and multiple
pairs of rollers.
[0122] The tape loop forming unit 92 forms a tape loop
L from the tape T, and rewinds the tape T after the stacked
banknotes B are arranged in the tape loop L to wind the
tape T around the banknotes B. The tape loop forming
unit 92 includes a pair of feed rollers 920 which feeds
and rewinds the tape T, a tape gripping part 921 which
grips an end portion of the tape T, a guide 925 which
defines the shape of the tape loop L being formed from
the tape T, a first tape sensor 9210 which detects the
end portion of the tape T, and a second tape sensor 9211
which detects that a large tape loop L2 has been formed.
The tape loop forming unit 92 forms a small tape loop
from the tape T by the tape gripping part 921, and then
has the tape T fed by the pair of feed rollers 920 to enlarge
the small tape loop into a large tape loop L2. In the mean-
time, the guide 925 guides the tape T to define the shape
of the large tape loop L2, and the second tape sensor
9211 detects that the large tape loop L2 has been formed.
[0123] The pair of feed rollers 920 is driven by a step-
ping motor, and feeds the tape T in forming the tape loop
L. The pair of feed rollers 920 is located at the down-
stream end of the tape transport unit 912, and also con-
stitutes a part of the tape transport unit 912.

[0124] The tape reel 911 is further provided with a step-
ping motor which rotates the tape reel 911 in the direction
in which the tape T is rewound. When the tape T is going
to be wound around the banknotes B that have been
arranged into the tape loop L, the pair of feed rollers 920
and the tape reel 911 rotate in such a direction as to
rewind the tape T.
[0125] The first tape sensor 9210 is provided on the
transport path of the tape T between the pair of feed
rollers 920 and the tape gripping part 921. The first tape
sensor 9210 is configured in the same manner as the
banknote sensor 25. The first tape sensor 9210 detects
the tape T when the light is blocked. For example, the
first tape sensor 9210 may detect the end portion of the
tape T when the light that has been blocked starts being
received again by the first tape sensor 9210 as the pair
of feed rollers 920 rewinds the tape T.
[0126] The tape gripping part 921 is arranged at a po-
sition where the tape gripping part 921 can receive the
tape T fed from the pair of feed rollers 920. Although not
shown in detail, the tape gripping part 921 rotates while
gripping, at the end portion thereof, the tape T fed from
the pair of feed rollers 920, thereby forming the tape loop
L.
[0127] While the large tape loop L2 is being formed,
the guide 925 comes into contact with an outer peripheral
surface of the large tape loop L2 to define the shape of
the large tape loop L2. The guide 925 defines the shape
of the large tape loop L2 to be a generally rectangular
shape, more specifically, a rectangular shape having
rounded corners.
[0128] FIG. 10 is a perspective view illustrating the tape
loop forming unit 92. The guide 925 includes a lower
guide 926 which comes into contact with the outer pe-
ripheral surface of the large tape loop L2 from under the
large tape loop L2, first and second lateral guides 927
and 928 which come into contact with the outer peripheral
surface of the large tape loop L2 horizontally, and four
corner guides, namely, first to fourth corner guides 929a
to 929d, which respectively correspond to the four cor-
ners of the rectangle.
[0129] FIG. 11 is a perspective view illustrating a lower
portion of the tape loop forming unit 92 as viewed ob-
liquely from above. The lower guide 926 has a pair of
sidewalls 926a, 926a which regulates the position of the
tape T in the tape width direction and a bottom wall 926b,
and thus has the shape of a groove. The bottom wall
926b is broader than the width of the tape. The pair of
sidewalls 926a, 926a are inclined such that the groove
increases its width toward the opening end of the groove
from the bottom wall 926b (i.e., upward from the bottom
wall 926b). The bottom wall 926b has a through hole
through which a stamp 981 of the stamper 98 (to be de-
scribed later) passes.
[0130] The first corner guide 929a and the second cor-
ner guide 929b are respectively provided at the longitu-
dinal ends of the bottom wall 926b. The first corner guide
929a curves the tape T located at the corner formed by
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the lower guide 926 and the first lateral guide 927. The
second corner guide 929b curves the tape T located at
the corner formed by the lower guide 926 and the second
lateral guide 928 (not shown in FIG. 11). Each of the first
and second corner guides 929a and 929b is made up of
two plates. Each of the two plates has an edge curved
in a concave shape, and the two plates are provided to
stand upright on the bottom wall 926b and face each
other.
[0131] The lower guide 926 is provided with a displace-
ment mechanism, and is configured to be readily moved
in the vertical direction by the displacement mechanism.
The displacement mechanism also functions as a dis-
placement mechanism for lower clamps 943, 944 which
will be described later.
[0132] As shown in FIG. 10, the first lateral guide 927
extends in the vertical direction at one of longitudinal ends
of the lower guide 926 closer to the bundling stacker 4.
The first lateral guide 927 includes a sidewall 927a and
a bottom wall 927b, and thus has the shape of a groove.
The sidewall 927a regulates the position of the tape T in
the tape width direction. The bottom wall 927b is broader
than the width of the tape. The bottom wall 927b is pro-
vided with two slits through which the first corner guide
929a passes.
[0133] The second lateral guide 928 extends in the ver-
tical direction at the other longitudinal end of the lower
guide 926 closer to the dispense unit 11. The second
lateral guide 928 is substantially in the shape of a flat
plate. The second lateral guide 928 is supported to be
movable up and down by a support, and is coupled to
the lower guide 926 through a link. Thus, the second
lateral guide 928 moves upward or downward as the low-
er guide 926 moves upward or downward. Note that the
magnitude of movement of the second lateral guide 928
is amplified by the link. The second lateral guide 928 is
configured to retreat upward during the transportation of
the bundled banknotes B so as not to interfere with the
transportation of the bundled banknotes B.
[0134] The third corner guide 929c and the fourth cor-
ner guide 929d are provided above the first and second
corner guides 929a and 929b at almost the same level
as the tape gripping part 921. The third corner guide 929c
is arranged adjacent to the first lateral guide 927. The
third corner guide 929c has two plates. Each of the two
plates has an edge curved in a concave shape, and the
two plates are provided to stand upright on the bottom
wall 927b and face each other. The fourth corner guide
929d is arranged adjacent to the second lateral guide
928. The fourth corner guide 929d is formed of a block
having a surface curved in a concave shape. When it is
not necessary to distinguish the first to fourth corner
guides 929a to 929d from each other, they may be here-
inafter referred to as "corner guides 929" collectively.
[0135] The second tape sensor 9211 is configured in
the same manner as the banknote sensor 25, and detects
the tape T when the light is blocked. The receiver of the
second tape sensor 9211 is attached to the fourth corner

guide 929d as conceptually shown in FIG. 5. The trans-
mitter of the second tape sensor 9211 is arranged such
that the light emitted from the transmitter is blocked by
the tape T guided along the fourth corner guide 929d.
That is, the second tape sensor 9211 detects that the
fourth corner guide 929d is guiding the tape T, i.e., the
tape loop L has reached a predetermined size, when the
light emitted from the transmitter is not received by the
receiver.
[0136] The temporary gripping unit 93 temporarily
grips the banknotes B transported into the tape loop L
by the second transport unit 8. The temporary gripping
unit 93 is arranged opposite to the second transport unit
8 relative to the tape loop L in the second horizontal di-
rection, i.e., in the tape width direction. The temporary
gripping unit 93 grips the banknotes B at their portion
opposite to the second transport unit 8 relative to the tape
loop L. The temporary gripping unit 93 includes an upper
gripping part 931, a lower gripping part 932, and a vertical
displacement mechanism which displaces the upper and
lower gripping parts 931 and 932 in the vertical direction.
The temporary gripping unit 93 grips the banknotes B
with the upper and lower gripping parts 931 and 932.
[0137] FIG. 12 is a perspective view illustrating an up-
per portion of the tape loop forming unit 92 as viewed
obliquely from below. The upper gripping part 931 in-
cludes an upper base plate 933, an upper movable plate
934, and first and second abutting portions 931a, 931b
provided for the upper movable plate 934. The first and
second abutting portions 931a, 931b are arranged side
by side in the direction parallel to the shorter edges of
the banknotes B. The first and second abutting portions
931a and 931b are located at the same level. The first
and second abutting portions 931a and 931b are made
of urethane rubber. However, the first and second abut-
ting portions 931a and 931b may be made of rubber or
a resin other than the urethane rubber. The tape gripping
part 921 is arranged between the first and second abut-
ting portions 931a and 931b. The upper movable plate
934 is supported by the upper base plate 933 such that
the upper movable plate 934 is movable along the width
of the tape T.
[0138] The lower gripping part 932 includes, as shown
in FIG. 11, a lower base plate 935, a lower movable plate
936, and first and second abutting portions 932a, 932b
provided for the lower movable plate 936. The first and
second abutting portions 932a, 932b are arranged side
by side in the direction parallel to the shorter edges of
the banknotes B. The first and second abutting portions
932a and 932b are located at the same level. The first
and second abutting portions 932a, 932b respectively
face the first and second abutting portions 931a, 931b of
the upper gripping part 931. The first and second abutting
portions 932a and 932b are made of urethane rubber.
However, the first and second abutting portions 932a and
932b may be made of rubber or a resin other than the
urethane rubber. The lower movable plate 936 is sup-
ported by the lower base plate 935 such that the lower
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movable plate 936 is movable along the width of the tape
T.
[0139] Note that the upper and lower movable plates
934 and 936 are configured to move in the second hor-
izontal direction synchronously with the movement of the
second transport unit 8 while the banknotes are being
transported into the large tape loop L2.
[0140] Specifically, the upper movable plate 934 is
supported not only by the upper base plate 933, but also
by a vertically extending shaft as well. Likewise, the lower
movable plate 936 is also supported not only by the lower
base plate 935, but also by a vertically extending shaft
as well. Since these shafts extend vertically, the upper
and lower movable plates 934 and 936 move up and
down along the shafts as the upper and lower gripping
parts 931 and 932 move up and down. Thus, the shafts
do not interfere with the vertical movement of the upper
and lower gripping parts 931 and 932. These two shafts
form integral parts of a frame. The frame and the shafts
are configured to be readily moved by a displacement
mechanism in the second horizontal direction. The frame
and the shafts are allowed by the displacement mecha-
nism to move in the second horizontal direction synchro-
nously with the movement of the second transport unit 8
while the banknotes are being transported into the large
tape loop L2. That is to say, when the second transport
unit 8 transports the banknotes into the large tape loop
L2, the displacement mechanism moves the frame in the
second horizontal direction synchronously with the
movement of the second transport unit 8. As the frame
moves in the second horizontal direction, the upper and
lower movable plates 934 and 936 supported by the
shafts of the frame also move in the second horizontal
direction.
[0141] In this manner, the positions of the first and sec-
ond abutting portions 931a, 931b of the upper gripping
part 931 and the first and second abutting portions 932a,
932b of the lower gripping part 932 in the second hori-
zontal direction are changed according to the degree of
insertion of the banknotes into the large tape loop L2 by
the second transport unit 8.
[0142] The clamp 94 presses the banknotes B in the
stacking direction when the banknotes B are bundled to-
gether with the tape T. The clamp 94 presses the vicinity
of a portion of the banknotes B to be bundled with the
tape T. The clamp 94 includes, as shown in FIGS. 10-12,
a pair of upper clamps 941, 942 provided above the ban-
knotes B transported into the tape loop L, a pair of lower
clamps 943, 944 provided below the banknotes B, and
a displacement mechanism which allows one of the up-
per clamps 942 and the lower clamps 943, 944 to move
up and down.
[0143] The upper clamps 941, 942 are arranged on the
respective sides of the tape T in the tape width direction.
The upper clamp 941 located more distant from the sec-
ond transport unit 8 is fixed, and is not movable up or
down. On the other hand, the upper clamp 942 located
closer to the second transport unit 8 is configured to be

movable up and down. When it is necessary to distinguish
the upper clamps from each other, the former will be here-
inafter referred to as an "upper fixed clamp 941," and the
latter will be hereinafter referred to an "upper movable
clamp 942."
[0144] The upper fixed clamp 941 includes first and
second abutting portions 941a, 941b. The first and sec-
ond abutting portions 941a, 941b are arranged side by
side in the direction parallel to the shorter edges of the
banknotes B. The first and second abutting portions 941a
and 941b are located at the same level. The first and
second abutting portions 941a, 941b are made of ure-
thane rubber. However, the first and second abutting por-
tions 941a, 941b may be made of rubber or resin other
than the urethane rubber. A portion of the tape gripping
part 921 is arranged between the first and second abut-
ting portions 941a and 941b. The tape gripping part 921
is located at a lower level than the first and second abut-
ting portions 941a, 941b.
[0145] On the other hand, the upper movable clamp
942 includes first to third abutting portions 942a to 942c.
The first to third abutting portions 942a to 942c are ar-
ranged side by side in the direction parallel to the shorter
edges of the banknotes B. The third abutting portion 942c
is located between the first and second abutting portions
942a and 942b in the direction parallel to the shorter edg-
es of the banknotes B. The first and second abutting por-
tions 942a and 942b are located at the same level. The
third abutting portion 942c is located at a lower level than
the first and second abutting portions 942a and 942b.
The first to third abutting portions 942a to 942c are made
of urethane rubber. However, the first to third abutting
portions 942a to 942c may be made of any other rubber
than the urethane rubber or a resin. The upper movable
clamp 942 moves up and down between a clamp position
where the first and second abutting portions 942a and
942b are level with the first and second abutting portions
941a and 941b of the upper fixed clamp 941, and a retreat
position where the third abutting portion 942c is at a high-
er level than the first and second abutting portions 941a
and 941b of the upper fixed clamp 941. When the upper
movable clamp 942 is at the clamp position, the third
abutting portion 942c is located at substantially the same
level as the tape gripping part 921.
[0146] The lower clamps 943, 944 are arranged on the
respective sides of the tape T in the tape width direction.
The lower clamp 943 located more distant from the sec-
ond transport unit 8 and the lower clamp 944 located
closer to the second transport unit 8 are configured in
the same manner. The lower clamp 943 includes first and
second abutting portions 943a, 943b. The first and sec-
ond abutting portions 943a, 943b are arranged side by
side in the direction parallel to the shorter edges of the
banknotes B. The first and second abutting portions 943a
and 943b are located at the same level. The first and
second abutting portions 943a, 943b are made of ure-
thane rubber. However, the first and second abutting por-
tions 943a, 943b may be made of any other rubber than
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the urethane rubber or a resin. The first and second abut-
ting portions 943a, 943b respectively face the first and
second abutting portions 941a, 941b of the upper fixed
clamp 941. The lower clamp 944 includes first and sec-
ond abutting portions 944a, 944b. The first and second
abutting portions 944a, 944b are arranged side by side
in the direction parallel to the shorter edges of the ban-
knotes B. The first and second abutting portions 944a
and 944b are located at the same level, and also at the
same level as the first and second abutting portions 943a
and 943b of the lower clamp 943. The first and second
abutting portions 944a, 944b are made of urethane rub-
ber. However, the first and second abutting portions
944a, 944b may be made of any other rubber than the
urethane rubber or a resin. The first and second abutting
portions 944a, 944b respectively face the first and sec-
ond abutting portions 942a, 942b of the upper movable
clamp 942.
[0147] In this embodiment, the lower clamps 943, 944
form an integral part of the lower guide 926 of the guide
925, and move up and down together with the lower guide
926. In other words, the displacement mechanism which
displaces the lower clamps 943, 944 in the vertical direc-
tion also functions as the displacement mechanism for
the lower guide 926.
[0148] The heater 95 bonds together portions of the
tape T wound around the banknotes B. The heater 95
heat-seals such portions of the tape T.
[0149] The cutter 96 cuts a portion of the tape T not
wound around the banknotes B, that is, an excessive
portion of the tape T that has not been used to bundle
the banknotes B together with the tape T. The tip of the
cutter 96 is provided with a serrated cutting blade.
[0150] The heater 95 and the cutter 96 are configured
as a unit, and is arranged opposite to the stamper 98
relative to the banknotes B brought into the tape loop L,
that is, opposite to the stamper 98 in the stacking direction
of the banknotes B, i.e., above the tape gripping part 921.
The heater 95 heat-seals the tape T on the tape gripping
part 921. The cutter 96 cuts the tape T on the tape grip-
ping part 921.
[0151] The printer 97 is arranged in the tape transport
unit 912 as shown in FIG. 5. The printer 97 includes a
print head which prints characters on the tape T trans-
ported by the tape transport unit 912. The printer 97
prints, for example, information about the banknotes B
to be bundled (e.g., denomination, date, and/or serial
number) on the tape T. The print made by the printer 97
is shifted in the tape width direction from a portion on
which a seal will be stamped by the stamper 98 so that
the print does not overlap with the seal stamped by the
stamper 98.
[0152] The stamper 98 stamps a seal on the tape T
wound around the banknotes B compressed by the clamp
94. The stamper 98 stamps a seal related to the ban-
knotes B to be bundled (e.g., a seal of a financial institu-
tion, a seal indicating the kind of the banknotes such as
fit or unfit notes) on the tape T. The stamper 98 is ar-

ranged opposite to the heater 95 and the cutter 96 relative
to the banknotes B brought into the tape loop L, in par-
ticular, opposite to the heater 95 and the cutter 96 in the
stacking direction of the banknotes B. The stamper 98
includes a stamp 981 and a displacement mechanism
(not shown) which displaces the stamp 981 in the vertical
direction. When the displacement mechanism displaces
the stamp 981 upward, the stamp 981 stamps a seal on
the tape T wound around the banknotes B in the stacking
direction of the banknotes B. The stamper 98 forms an
integral part of the lower guide 926, and moves up and
down along with the lower guide 926 that is moving up
and down.
[0153] Next, it will be described in detail how the ban-
knotes stacked in the bundling stacker 4 are bundled and
dispensed. FIGS. 13A-13C show how the respective
members operate until the banknotes B transported into
the large tape loop L2 are gripped by the temporary grip-
ping unit 93 when the banknotes B are viewed in the
thickness direction. FIG. 13A shows a state just before
the banknotes B are extracted from the bundling stacker
4. FIG. 13B shows a state just before the banknotes B
are transported into the large tape loop L2. FIG. 13C
shows a state where the banknotes B are gripped by the
temporary gripping unit 93. FIGS. 14A-14C show how
the respective members operate until the banknotes B
are gripped again by the gripper 81 and the tape T is
wound around the banknotes B as viewed in the thick-
ness direction of the banknotes B. FIG. 14A shows a
state where the gripper 18 grips the banknotes B again,
FIG. 14B shows a state where the clamp 94 presses the
banknotes B, and FIG. 14C shows a state where the tape
T is wound around the banknotes B. FIGS. 15A-15C
show how the respective members operate until the ban-
knotes B are transported to the dispense unit 11 as
viewed in the thickness direction of the banknotes B. FIG.
15A shows a state where the bundled banknotes B are
removed in the second horizontal direction, FIG. 15B
shows a state where the third transport unit 10 grips the
bundled banknotes B, and FIG. 15C shows a state where
the third transport unit 10 transports the bundled ban-
knotes B to the dispense unit 11. FIG. 16 illustrates a
schematic layout for the second handling section 127 as
viewed from above. In FIGS. 13A-13C, 14A-14C and
15A-15C, the upper gripping part 931, the upper fixed
clamp 941, and the upper movable clamp 942 are not
shown. Further, in FIGS. 13A-13C, 14A-14C and 15A-
15C, portions of the lower gripping part 932 and the lower
clamps 943, 944 in contact with the banknotes B are
hatched.
[0154] When the banknotes B have been stacked, the
second transport unit 8 transports the banknotes B from
the bundling stacker 4 to the bundling unit 9. In this case,
suppose that the banknotes B have been stacked in the
first bundling stacker 4A. Then, the gripper 81 of the sec-
ond transport unit 8 grips the banknotes B in the first
bundling stacker 4A. The second transport unit 8 re-
moves the gripped banknotes B from the first bundling
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stacker 4A in the first horizontal direction as shown in
FIG. 13A, and moves the banknotes B as they are in the
first horizontal direction until the position of the banknotes
B agrees with the position of the tape loop L in the first
horizontal direction. This first horizontal direction corre-
sponds with a first transport direction. Subsequently, the
second transport unit 8 displaces the banknotes B verti-
cally to a level at which the banknotes B are going to be
transported into the tape loop L.
[0155] The control unit 120 forms a tape loop L while
the second transport unit 8 is transporting the banknotes
B from the bundling stacker 4 to the second position.
[0156] As shown in FIG. 13B, the second transport unit
8 moves the banknotes B in the second horizontal direc-
tion to bring the banknotes B into the large tape loop L2.
At this time, the temporary gripping unit 93 also moves
in the second horizontal direction as the second transport
unit 8 moves. Specifically, in the second horizontal direc-
tion, the temporary gripping unit 93 moves in the same
direction as the second transport unit 8. The magnitude
of movement of the temporary gripping unit 93 corre-
sponds with that of the second transport unit 8. This sec-
ond horizontal direction corresponds with a second trans-
port direction.
[0157] When the gripper 81 of the second transport
unit 8 moves the banknotes B to a predetermined position
in the second horizontal position, the temporary gripping
unit 93 grips the banknotes B as shown in FIG. 13C.
When the temporary gripping unit 93 grips the banknotes
B, the gripper 81 of the second transport unit 8 releases
the banknotes B and moves in the second horizontal di-
rection opposite to the direction in which the banknotes
B were brought into the large tape loop L2. Then, as
shown in FIG. 14A, the gripper 81 grips the banknotes B
again at their portion other than a portion to be bundled
(a portion around which the tape T will be wound later in
the process).
[0158] Subsequently, the clamp 94 presses the ban-
knotes B in the stacking direction, i.e., from over and from
under the banknotes B in the vertical direction as shown
in FIG. 14B. The banknotes B are compressed vertically
by the upper clamps 941, 942 and the lower clamps 943,
944. When the upper clamps 941, 942 and the lower
clamps 943, 944 press the banknotes B, the gripper 81
and the temporary gripping unit 93 no longer grip the
banknotes B.
[0159] As the lower clamps 943, 944 move upward,
the lower guide 926 also moves upward, and the pair of
feed rollers 920 rewinds the tape T. As a result, the tape
loop L shrinks as the lower guide 926 moves upward.
The upward movement of the lower guide 926 stops
shortly, while the pair of feed rollers 920 keeps rewinding
the tape T. Finally, as shown in FIG. 14C, the tape T is
wound around the banknotes B.
[0160] Subsequently, the heater 95 bonds together
portions of the tape T, and the cutter 96 cuts off the tape
T. In addition, the stamper 98 stamps a seal on the tape T.
[0161] After the tape T has been bonded and cut off

and the seal has been stamped on the tape T, the gripper
81 grips the bundled banknotes B. Then, the lower
clamps 943, 944 move downward to release the pressure
applied by the clamp 94. In the meantime, the lower grip-
ping part 932 of the temporary gripping unit 93 also
moves slightly downward. In addition, the upper movable
clamp 942 moves upward. Thereafter, the second trans-
port unit 8 transports the bundled banknotes B to a pre-
determined extent in the second horizontal direction and
to the opposite direction from the direction of transporta-
tion of the banknotes into the large tape loop L2 as shown
in FIG. 15A. Specifically, when the banknotes B are bun-
dled with the tape T, the tape gripping part 921 grips a
tip end of the tape T, and the tape gripping part 921 is
caught in a gap between the tape T and the bundled
banknotes B. Thus, the second transport unit 8 draws
the bundled banknotes B in the second horizontal direc-
tion until the tape gripping part 921 is withdrawn from the
gap between the tape T and the banknotes B.
[0162] Subsequently, the gripper 81 releases its grip
on the bundled banknotes B. In place of the gripper 81,
the third transport unit 10 grips the bundled banknotes B
in turn. Specifically, the lower clamps 943, 944 move
downward to the predetermined level. This level corre-
sponds to the level of the dispense unit 11. In addition,
the lower gripping part 932 also moves downward to the
same level as the lower clamps 943, 944. The second
transport unit 8 displaces the bundled banknotes B to the
level of the lower clamps 943, 944, and then releases its
grip on the gripper 81. At this time, the lower arm 81b is
level with the lower clamps 943, 944. That is, the bundled
banknotes B are now placed on the lower arm 81b and
the lower clamps 943, 944. As the gripper 81 and the
lower clamps 943, 944 move in this way, as shown in
FIG. 15B, the third transport unit 10 moves in the first
horizontal direction from the bundling stacker 4 side to-
ward the bundled banknotes B. The gap between the
upper and lower gripping parts 101 and 102 of the third
transport unit 10 decreases as the third transport unit 10
approaches the bundled banknotes B. When the third
transport unit 10 reaches the bundled banknotes B, the
third transport unit 10 will be gripping the bundled ban-
knotes B.
[0163] Then, the third transport unit 10 transports the
bundled banknotes B in the first horizontal direction to-
ward the dispense unit 11. At this time, the lower arm
81b and lower clamps 943, 944 of the second transport
unit 8 support the bundled banknotes B from under them,
and function as a guide when the bundled banknotes B
are transported to the dispense unit 11. When the bun-
dled banknotes B approaches the dispense unit 11, the
third transport unit 10 gradually releases its grip on the
bundled banknotes B. Finally, the bundled banknotes B
are pushed toward the dispense unit 11 by the third trans-
port unit 10 as shown in FIG. 15C.
[0164] As can be seen from the foregoing, in the hous-
ing 12, the bundling unit 9 is slightly displaced from the
first horizontal direction in which the second transport
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unit 8 removes the banknotes B from the bundling stacker
4 as viewed in a direction perpendicular to a horizontal
plane. That is, the bundling unit 9 is slightly displaced
from a straight line extending from the bundling stacker
4 in the first horizontal direction. The second and third
transport units 8 and 10 remove the banknotes B from
the bundling stacker 4 in the first horizontal direction,
transport the banknotes B in the second horizontal direc-
tion intersecting with the first horizontal direction to bring
them into the bundling unit 9, carry the bundled ban-
knotes B out of the bundling unit 9 in the opposite direction
from when the banknotes B were brought into the bun-
dling unit 9 in the second horizontal direction, and then
transport the banknotes B in the same direction as when
the banknotes B were removed from the bundling stacker
4 in the first horizontal direction. Thereafter, the third
transport unit 10 transports the bundled banknotes B to
the dispense unit 11.
[0165] In this configuration, a transportation space is
provided in the housing 12 as shown in FIG. 16 to ensure
a substantially T-shaped transport path which goes in
the first horizontal direction from the bundling stacker 4,
goes one way in the second horizontal direction, goes
the other way in the second horizontal direction, and then
returns to the first horizontal direction again. This ar-
rangement of the bundling stacker 4, the bundling unit 9,
and the dispense unit 11 ensures such a transportation
space, thus allowing a tech person to do maintenance of
this apparatus efficiently using this transportation space
during maintenance.

<Detailed Configuration of Dispense Unit 11>

[0166] FIG. 17 is a perspective view showing the dis-
pense unit with the housing partially cut away and illus-
trating a receiving state where the dispense unit is ready
to receive the bundled banknotes B. FIG. 18 is a per-
spective view showing the dispense unit with the housing
partially cut away and illustrating a dispensing state
where the dispense unit is ready to dispense the bundled
banknotes B. FIG. 19 is a perspective view of principal
parts extracted from the dispense unit, illustrating the re-
ceiving state. FIG. 20 is a perspective view of principal
parts extracted from the dispense unit, illustrating the dis-
pensing state. FIG. 21 is a front view of principal parts
extracted from the dispense unit, illustrating the receiving
state. FIG. 22 is a front view of principal parts extracted
from the dispense unit, illustrating the dispensing state.
[0167] The dispense unit 11 includes a slider 112 which
receives the bundled banknotes B at a receiving position
and allows the bundled banknotes B to slide laterally to
dispense the bundled banknotes B at a dispensing posi-
tion, a base 113 which supports the slider 112 in a slidable
state, a driver 114 which drives the slider 112, a first
sensor 117 (see FIGS. 19 and 20) which detects the pres-
ence or absence of the banknotes B on the slider 112 at
the receiving position, and a second sensor 118 (see
FIGS. 19 and 20) which detects the presence or absence

of the banknotes B on the slider 112 at the dispensing
position. The receiving position is a position at which the
banknotes B are received from the third transport unit
10, and agrees with the position of the third transport unit
10 in the second horizontal direction. The receiving po-
sition is located above the hopper unit 2. The dispensing
position is a position at which the banknotes B are dis-
pensed to the dispense port 111, and agrees with the
position of the dispense port 111 in the second horizontal
direction. The dispensing position is slightly displaced
laterally from the position above the hopper unit 2.
[0168] The base 113 is made of sheet metal. The base
113 includes a guide pole 113a (see FIGS. 18 and 20)
which guides the slider 112, and a cam plate 113b which
guides the slider 112. The guide pole 113a extends in
the second horizontal direction. The cam plate 113b ex-
tends in the second horizontal direction, and includes a
rectilinear groove 113c and a cam groove 113d. The rec-
tilinear groove 113c extends in the second horizontal di-
rection. The cam groove 113d extends mostly in the sec-
ond horizontal direction, and one end thereof closer to
the dispensing position extends obliquely downward.
[0169] The base 113 includes the driver 114. The driver
114 includes a driving motor 114a, a first gear 114b cou-
pled to the driving motor 114a, a second gear 114c en-
gaging with the first gear 114b, and a third gear 114d
rotating synchronously with the second gear 114c.
[0170] The base 113 includes, as shown in FIGS. 19
and 20, a transmitter for the first sensor 117 and a trans-
mitter for the second sensor 118. The transmitters for the
first and second sensors 117 and 118 are arranged at
different positions in the second horizontal direction. The
transmitter for the first sensor 117 is arranged such that
light emitted from the transmitter is blocked by the ban-
knotes B on the slider 112 located at the receiving posi-
tion. On the other hand, the transmitter for the second
sensor 118 is arranged such that light emitted from the
transmitter is blocked by the banknotes B on the slider
112 located at the dispensing position.
[0171] The slider 112 includes a transport unit 115
which transports the banknotes B, and a receiver 116
which receives the banknotes B to prevent the banknotes
B from falling.
[0172] The transport unit 115 includes a supporting
portion 115a which supports the banknotes B, a hanging
portion 115b (see FIGS. 19 and 20) which is bent and
extends downward from the supporting portion 115a, a
locking part 115c which comes into contact with one of
shorter edges of the banknotes B during transportation
of the banknotes B, a bushing 115d into which the guide
pole 113a is inserted, a rack 115e provided for the hang-
ing portion 115b and engaging with the driver 114, and
a first bearing 115f provided for the hanging portion 115b
and engaging with the rectilinear groove 113c.
[0173] The supporting portion 115a is made of sub-
stantially rectangular sheet metal, and inclined relative
to the horizontal plane such that one of its longer sides
closer to the third transport unit 10 is located at a higher
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level than the other side. The hanging portion 115b is
provided at the lower one of the longer sides of the sup-
porting portion 115a. Further, the locking part 115c is
provided at one of the shorter sides closer to the receiving
position.
[0174] The supporting portion 115a includes a first hole
115g through which the light emitted from the transmitter
of the first sensor 117 passes, and a second hole 115h
through which the light emitted from the transmitter of
the second sensor 118 passes. The first hole 115g is
arranged such that the light emitted from the transmitter
of the first sensor 117 can pass through the first hole
115g when the transport unit 115 is located at the receiv-
ing position. The second hole 115h is arranged such that
the light emitted from the transmitter of the second sensor
118 can pass through the second hole 115h when the
transport unit 115 is located at the dispensing position.
[0175] The hanging portion 115b is arranged to face
the cam plate 113b. The first bearing 115f is provided on
one surface of the hanging portion 115b facing toward
the cam plate 113b. On the other hand, the rack 115e is
provided on the other surface of the hanging portion 115b
facing away from the cam plate 113b. The rack 115e
extends in the second horizontal direction. The rack 115e
engages with the third gear 114d of the driver 114. Fur-
ther, the hanging portion 115b includes an engagement
groove 115i extending in a direction perpendicular to the
second horizontal direction to catch the receiver 116 (see
FIGS. 19, 20 and 22). The engagement groove 115i ex-
tends approximately vertically.
[0176] The receiver 116 is made of sheet metal. The
receiver 116 includes a second bearing 116a which en-
gages with the cam groove 113d, and an engagement
pin (not shown) which engages with the engagement
groove 115i.
[0177] The engagement pin engages with the engage-
ment groove 115i, thereby having the receiver 116 at-
tached to the hanging portion 115b of the transport unit
115. Thus, the receiver 116 moves together with the
transport unit 115. The receiver 116 is movable along
the engagement groove 115i relative to the transport unit
115.
[0178] The second bearing 116a is provided on the
other surface of the receiver 116 opposite from the en-
gagement pin.
[0179] Next, it will be described how the dispense unit
11 configured in this manner works.
[0180] As described above, the third transport unit 10
transports the bundled banknotes B to the dispense unit
11. At this time, the slider 112 is located at the receiving
position as shown in FIG. 17. Further, the second bearing
116a is located at one end of the cam groove 113d closer
to the receiving position as shown in FIGS. 19 and 21.
Thus, the receiver 116 is now protruding from the surface
of the supporting portion 115a (i.e., in the receiving state).
In this state, the third transport unit 10 pushes the bundled
banknotes B toward the slider 112. The bundled ban-
knotes B slide down the surface of the supporting portion

115a, which is inclined, and are received by the receiver
116.
[0181] Then, the driving motor 114a is actuated to drive
the transport unit 115 via the gear train and the rack 115e.
The transport unit 115 is guided by the guide pole 113a
and the rectilinear groove 113c to move in the second
horizontal direction toward the dispensing position.
[0182] Meanwhile, the receiver 116 also moves in the
second horizontal direction together with the transport
unit 115. However, the receiver 116 is guided by the cam
groove 113d via the second bearing 116a. Since the end
of the cam groove 113d closer to the dispensing position
extends obliquely downward and the receiver 116 is mov-
able relative to the transport unit 115 along the engage-
ment groove 115i, the receiver 116 moves downward as
it approaches the dispensing position. That is, the degree
of protrusion of the receiver 116 from the supporting por-
tion 115a starts to decrease as the slider 112 approaches
the dispensing position. Once the receiver 116 has
reached the dispensing position, the receiver 116 will no
longer protrude from the surface of the supporting portion
115a (i.e., in the released state) as shown in FIGS. 20
and 22.
[0183] As a result, the bundled banknotes B at the dis-
pensing position are no longer supported, and slide down
the surface of the supporting portion 115a as shown in
FIG. 18 to be dispensed from the dispense port 111.
[0184] Subsequently, when the transport unit 115 re-
turns to the receiving position to get ready to receive the
bundled banknotes B coming next, the receiver 116 is
guided along the cam groove 113d to recover the receiv-
ing state.
[0185] In this manner, the banknotes B stacked in the
bundling stacker 4 are bundled in the bundling unit 9, and
then dispensed from the dispense port 111.

<Handling after Intake of Banknotes>

[0186] The stacking, bundling, and dispensing of the
banknotes B will be carried out continuously until every
banknote B placed on the hopper unit 2 is taken in. When
the banknotes B placed on the hopper unit 2 have all
been taken in and the rejected banknotes have all been
taken in again, the banknote handling apparatus 100 will
prompt the operator to remove the banknotes B stacked
in the banknote handling apparatus 100 without being
dispensed from the dispense port 111. FIG. 23 is a per-
spective view of the banknote handling apparatus 100
when the banknotes B have been taken in.
[0187] Specifically, when the banknotes B have been
taken in, the bundling stacker 4 still contains the ban-
knotes B which are short of the bundling number, while
the non-bundling stacker 5 and the reject stacker 6 re-
spectively have the banknotes B to be stacked therein.
Therefore, when the intake of the banknotes B is finished,
the control unit 120 instructs the touch panel 17 to display
an alert that says the banknotes B should be removed.
At the same time, if the banknotes B are stacked in the
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bundling stacker 4, the control unit 120 unlocks the door
46 of the bundling stacker 4 to open the door 46, and
turns the light ON in the bundling stacker 4. Since the
banknotes B remain only in one of the two bundling stack-
ers 4 after the intake is finished, the other bundling stack-
er 4 neither opens its door 46, nor turns its light ON. If
the banknotes B are stacked in the non-bundling stacker
5, the control unit 120 activates the pushing mechanism
54 of the non-bundling stacker 5 to push out the ban-
knotes B, and turns the light ON in the non-bundling
stacker 5. If there are some banknotes B stacked in the
reject stacker 6, although no banknotes B are stacked in
the reject stacker 6 shown in FIG. 23, the control unit 120
turns the light ON in the reject stacker 6. Thus, the op-
erator is notified of the presence of the banknotes B in
the bundling stacker 4 when the door 46 opens automat-
ically and the light turns ON. Further, the operator is no-
tified of the presence of the banknotes B in the non-bun-
dling stacker 5 when the banknotes B are pushed out of
the non-bundling stacker 5 and the light turns ON. In ad-
dition, the operator is notified of the presence of the ban-
knotes B in the reject stacker 6 when the light turns ON.
[0188] In this way, opening the door 46 of the bundling
stacker 4, pushing the banknotes out of the non-bundling
stacker 5, or turning the light ON in the stacker may vis-
ually prompt the operator to remove the banknotes B.
[0189] For easy removal of the banknotes B from the
bundling stacker 4, the stage 41 and the guide 42 are
operated in a predetermined fashion. Specifically, the
control unit 120 moves the stage 41 to the lowermost
position. At the same time, the control unit 120 moves
the guide 42 toward the frontend in the transport direction
from the state where the banknotes B were stacked.
Thus, a gap is created between the guide 42 and the
banknotes B. This may ensure a space above the ban-
knotes B and in front of the banknotes B in the transport
direction, thereby facilitating the removal of the ban-
knotes B.
[0190] When the door 46 of the bundling stacker 4 is
closed after the operator has been notified of the pres-
ence of the banknotes B, the apparatus sees whether or
not there are any banknotes B still left in the bundling
stacker 4. Specifically, when the door 46 opens, the stage
41 is located at the lowermost position as described
above. Thus, the control unit 120 moves the stage 41
upward to return the stage 41 to the initial position. Then,
the control unit 120 checks in this state whether or not
the first or second banknote sensor 411 and 412 has
detected any banknotes B. If the first or second banknote
sensor 411 or 412 has detected any banknotes B, the
control unit 120 determines that some banknotes B are
left in the bundling stacker 4. Then, the control unit 120
moves the stage 41 to the lowermost position, and opens
the door 46 again.
[0191] This configuration may substantially prevent the
banknotes B from being left in the bundling stacker 4.

<Replacement of Positioning Unit 47>

[0192] This bundling stacker 4 is configured such that
its positioning unit 47 is changeable or replaceable.
FIGS. 24-26 are perspective views illustrating three dif-
ferent types of positioning units 47. FIGS. 24-26 show a
state where the door 46 is opened to expose the posi-
tioning unit 47.
[0193] In this example, provided are three different
kinds of positioning units 47, which will be hereinafter
referred to as a first positioning unit 47A, a second posi-
tioning unit 47B, and a third positioning unit 47C, respec-
tively.
[0194] The first positioning unit 47A is attached to the
inner side of the door 46 as shown in FIG. 24. The second
positioning unit 47B is attached to the first positioning
unit 47A as shown in FIG. 25. The third positioning unit
47C is also attached to the first positioning unit 47A as
shown in FIG. 26.
[0195] FIG. 27 shows a general plan view illustrating
the bundling stacker with the first positioning unit 47A
attached thereto. FIG. 28 shows a general plan view il-
lustrating the bundling stacker with the third positioning
unit 47C attached thereto. In FIGS. 27 and 28, some of
the components of the bundling stacker are not shown.
A general plan view illustrating the bundling stacker with
the second positioning unit 47B attached thereto is
shown in FIG. 9.
[0196] As can be seen from FIGS. 9, 27, and 28, re-
placement of the positioning unit 47 changes the align-
ment position P at which the first edge b1 of the banknotes
B should be located. Specifically, since the first position-
ing unit 47A is directly attached to the door 46, its align-
ment position P is closest to the door 46 in the direction
parallel to the longer edges of the banknotes B, i.e., far-
thest away from the alignment mechanism 49. The sec-
ond positioning unit 47B is attached to the first positioning
unit 47A, and thus, its alignment position P is farther away
from the door 46, and is closer to the alignment mecha-
nism 49, than the alignment position P defined by the
first positioning unit 47A in the direction parallel to the
longer edges of the banknotes B. The third positioning
unit 47C is attached to the first positioning unit 47A, and
is thicker than the second positioning unit 47B, and thus,
its alignment position P is farthest away from the door
46, and is closest to the alignment mechanism 49, in the
direction parallel to the longer edges of the banknotes B.
[0197] The positioning unit 47 is replaced depending
on the dimension of the longer edges of the banknotes
B. For example, the dimension of the longer edges of the
banknotes B varies according to the kind of the banknotes
B. Even if the dimension of the longer edges of the ban-
knotes B changes, the first edge b1 of the banknotes B
may be pushed against the positioning unit 47 by adjust-
ing the magnitude of movement of the arm 49a. However,
mere adjustment of the magnitude of movement of the
arm 49a would require the banknotes B having relatively
short longer edges to travel a longer distance since they
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have fallen onto the stage 41 until their first edge b1
comes into contact with the positioning unit 47. The in-
creased traveling distance of the banknotes B would in-
crease the chances of fluttering of the banknotes B during
their travel. If the banknotes B flutter, some banknotes B
would lean on the positioning unit 47 as described above,
which could lead to misalignment of the banknotes B.
Moreover, mere adjustment of the magnitude of move-
ment of the arm 49a would require an alignment mech-
anism 49 which allows the arm 49a to move in a wider
range.
[0198] In contrast, replacement of the positioning unit
47 depending on the dimension of the longer edges of
the banknotes B may reduce the distance for the ban-
knotes B to travel until their first edge b1 comes into con-
tact with the positioning unit 47. In addition, the magni-
tude of movement of the arm 49a may also be reduced.
Specifically, if banknotes B, of which the dimension of
the longer edges falls within a first range, namely, equal
to or smaller than X1 and equal to or larger than X2, are
going to be stacked, the first positioning unit 47A is at-
tached, and the dimensional variation within the first
range is addressed by adjusting the magnitude of move-
ment of the arm 49a. If banknotes B, of which the dimen-
sion of the longer edges falls within a second range,
namely, smaller than X2 and equal to or larger than X3,
are going to be stacked, the second positioning unit 47B
is attached, and the dimensional variation within the sec-
ond range is addressed by adjusting the magnitude of
movement of the arm 49a. If banknotes B, of which the
dimension of the longer edges falls within a third range,
namely, smaller than X3 and larger than X4, are going
to be stacked, the third positioning unit 47C is attached,
and the dimensional variation within the third range is
addressed by adjusting the magnitude of movement of
the arm 49a.
[0199] The control unit 120 stores in advance the di-
mensions of the banknotes B to be stacked in the bun-
dling stacker 4 and the type of the positioning unit 47
being attached. The control unit 120 adjusts the magni-
tude of movement of the arm 49a according to the di-
mension of the longer edges of the banknotes B stacked
in the bundling stacker 4 and the alignment position P of
the positioning unit 47 being attached.
[0200] For example, the dimension of the longer edges
of the banknotes B greatly varies depending on country
in which the banknotes are distributed. The variation in
the dimension of the longer edges of the banknotes B
distributed in the same country may be addressed by
merely adjusting the range of movement of the arm 49a.
However, banknotes B of a different country have a great-
ly different dimension of their longer edges, and such a
dimensional variation cannot be addressed by merely
adjusting the range of movement of the arm 49a. That is
to say, in one exemplary usage, the type of the positioning
unit 47 may be changed depending on the country in
which the banknote handling apparatus 100 is used.
Then, there will be no need to provide multiple different

banknote handling apparatuses 100 for respective coun-
tries, but a common banknote handling apparatus 100
may easily be used in various different countries just by
changing the positioning units 47.
[0201] The replacement of the positioning unit 47
works not only when the country changes. For example,
the positioning unit 47 may also be replaced depending
on the dimension of the longer edges of the banknotes
B to be stacked in the bundling stacker 4 during the use
of the banknote handling apparatus 100.
[0202] Thus, such switch of the positioning unit 47 to
attach depending on the dimension of the longer edges
of the banknotes B to be stacked in the bundling stacker
4 allows the banknotes B of any of various dimensions
to be aligned neatly.
[0203] Further, adjusting the magnitude of movement
of the arm 49a of the alignment mechanism 49 according
to the dimension of the longer edges of the banknotes
B, as well as replacing the positioning unit 47, allows this
apparatus to handle a broader variety of banknotes B
while reducing the number of the positioning units 47 to
provide. Specifically, the banknotes B, of which the di-
mension of their longer edges falls within the predeter-
mined range, may be handled only by adjusting the mag-
nitude of movement of the arm 49a without replacing the
positioning unit 47. In other words, a broader variety of
the banknotes B may be positioned by a single type of
positioning unit 47.
[0204] Further, the positioning unit 47 is provided for
the door 46 which is attached in a freely rotatable state
to one side of the frame 46a. When opened, the door 46
exposes the positioning unit 47 outside the bundling
stacker 4. That is, opening the door 46 facilitates the re-
placement of the positioning unit 47.
[0205] In this example, the second positioning unit 47B
is attached to the first positioning unit 47A, and the third
positioning unit 47C is attached to the first positioning
unit 47A. However, these are only exemplary configura-
tions. Specifically, the second and third positioning units
47B and 47C may directly be attached to the door 46. In
such a case, the second and third positioning units 47B
and 47C may each have their thickness defined by their
alignment positions P.
[0206] As can be seen from the foregoing, the ban-
knote handling apparatus 100 includes a bundling stack-
er 4 which piles and stacks banknotes B. The bundling
stacker 4 includes a positioning unit 47 configured to face
a first edge b1, which is one of the edges of the banknotes
B stacked, and place the first edge b1 at a predetermined
alignment position P, and a pushing mechanism 49 which
pushes a third edge b3, which is another one of the edges
of the banknotes B opposite from the first edge b1, to
bring the first edge b1 into contact with the positioning
unit 47. The positioning unit 47 is configured to be re-
placeable such that replacement of the positioning unit
47 changes the alignment position P.
[0207] With this configuration, mere replacement of the
positioning unit 47 allows the banknotes B of various dif-
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ferent dimensions to be aligned neatly in the bundling
stacker 4 without changing the banknote handling appa-
ratus 100 itself.

<Downsizing the Apparatus>

[0208] With the aim of downsizing the banknote han-
dling apparatus 100, the configuration of the dispense
unit 11 has been improved in this apparatus 100 from
conventional ones.
[0209] Specifically, a paper sheet processing device
has been known which takes in, and bundles, loose paper
sheets, and dispenses the paper sheets bundled (see,
e.g., Japanese Unexamined Patent Publication No.
2002-197509).
[0210] The components inside the paper sheet
processing device may be arranged in various ways. In
some cases, the components of the paper sheet process-
ing device may be arranged such that the paper sheets
are taken in the housing from a taking-in unit, bundled in
the housing, and the bundled paper sheets are dispensed
above the taking-in unit due to the limitation on the layout.
Such an arrangement may be adopted if the paper sheet
processing device needs to be downsized.
[0211] However, since the paper sheets are placed on
the taking-in unit before the intake, the taking-in unit is
required to have some space around it. If the paper
sheets are dispensed above the taking-in unit, there is
no space for the paper sheets to fall downward. Thus, if
the paper sheets are accumulated at the space above
the taking-in unit, the paper sheet processing device
needs to be expanded in vertical dimension.
[0212] In view of the foregoing, it is therefore an object
of the present disclosure to downsize the paper sheet
processing device even in such a situation where the
bundled paper sheets are transported above the taking-
in unit.
[0213] To achieve this object, the paper sheet process-
ing device disclosed herein is configured in the following
manner.

[1-1] A paper sheet processing device configured to
take paper sheets in, bundle the paper sheets, and
dispense the paper sheets bundled, the paper sheet
processing device including:

a housing (housing 12);
a taking-in unit (hopper unit 2) configured to take
the paper sheets in the housing; and
a dispense unit (dispense unit 11) configured to
dispense the paper sheets bundled outside the
housing, wherein
the dispense unit includes a slider (slider 12)
which receives the paper sheets bundled at a
receiving position above the taking-in unit, and
allows the paper sheets to slide to, and be dis-
pensed from, a dispensing position shifted lat-
erally from a position above the taking-in unit.

In this configuration, the slider receives the paper
sheets which have been bundled (hereinafter re-
ferred to as "bundled paper sheets") and transported
above the taking-in unit, and slides them to the dis-
pensing position laterally shifted from the position
above the taking-in unit, and dispenses the bundled
paper sheets from the dispensing position. That is,
the bundled paper sheets are dispensed from a po-
sition laterally shifted from the taking-in unit.
In this manner, the bundled paper sheets may sub-
stantially be prevented from falling into the taking-in
unit. Further, there is no need to ensure a space
above the taking-in unit for the bundled paper sheets
to accumulate in. This may contributes to downsizing
of the paper sheet processing device.
[1-2] The paper sheet processing device according
to [1-1], wherein
the taking-in unit and the dispense unit are provided
for the same side surface (first side surface 123) of
the housing.
[1-3] The paper sheet processing device according
to [1-1] or [1-2], wherein
the slider includes a receiver (receiver 116) config-
ured to switch between a receiving state where the
receiver receives the paper sheets to restrict the fall-
ing of the paper sheets, and an unlocked state where
the receiver no longer receives the paper sheets to
let the paper sheets fall, and
the receiver is in the receiving state when located at
the receiving position, and is switched to the un-
locked state when slid to the dispensing position.
In this configuration, the receiver at the receiving po-
sition receives the bundled paper sheets, and re-
stricts the falling of the bundled paper sheets. At the
dispensing position, the receiver switches to the un-
locked state and no longer restricts the falling of the
bundled paper sheets. Thus, the bundled paper
sheets fall.
[1-4] The paper sheet processing device according
to [1-3], wherein
the receiver is guided by a cam mechanism to move
between the receiving position and the dispensing
position, and switches to the receiving state when
guided to the receiving position by the cam mecha-
nism, and switches to the unlocked state when lo-
cated at the dispensing position.
In this configuration, the receiver switches to the re-
ceiving state automatically when reaching the re-
ceiving position, and switches to the unlocked state
automatically when reaching the dispensing posi-
tion. That is, no particular driving source or driving
mechanism needs to be provided only for switching
the receiver between the receiving state and the un-
locked state. This may simplify the configuration of
the slider.
[1-5] The paper sheet processing device according
to [1-3] or [1-4], wherein
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the slider is configured to slide between the receiving
position and the dispensing position, and includes a
transport unit (transport unit 115) which transports
the paper sheets, and
the receiver slides together with the transport unit.
In this configuration, the bundled paper sheets, the
falling of which is restricted by the receiver, are trans-
ported by the transport unit from the receiving posi-
tion to the dispensing position.
[1-6] The paper sheet processing device according
to [1-5], wherein
the dispense unit includes a first sensor (first sensor
117) configured to detect the presence or absence
of the paper sheets on the transport unit by trans-
mitting and receiving light at the receiving position,
and a second sensor (second sensor 118) config-
ured to detect the presence or absence of the paper
sheets on the transport unit by transmitting and re-
ceiving light at the dispensing position, and
the transport unit has a first hole (first hole 115g)
configured to allow the light coming from the first
sensor to pass through at the receiving position, and
a second hole (second hole 115h) configured to al-
low the light coming from the second sensor to pass
through at the dispensing position.

[0214] In this configuration, the first sensor which de-
tects the presence or absence of the paper sheets at the
receiving position and the second sensor which detects
the presence or absence of the paper sheets at the dis-
pensing position are provided independently of each oth-
er. With this configuration, an opening through which the
light passes needs to be cut through the transport unit
because each sensor detects the presence or absence
of the paper sheets using light transmitted and received
through the transport unit. If only one opening is cut
through the transport unit, the first sensor needs to be
arranged such that the light emitted passes through the
opening of the transport unit when the transport unit is
located at the receiving position, while the second sensor
needs to be arranged such that the light emitted passes
through the opening of the transport unit when the trans-
port unit is located at the dispensing position. That is, the
arrangement of the first and second sensors is restricted
by the position of the opening. In contrast, according to
the above-described configuration, the transport unit in-
cludes separately a first opening which allows the light
from the first sensor to pass through when the transport
unit is located at the receiving position, and a second
opening which allows the light from the second sensor
to pass through when the transport unit is located at the
dispensing position. Thus, the positions of the first and
second sensors may be determined as appropriate with
respect to the first and second openings, respectively.
Specifically, the first sensor may be positioned with re-
spect to the first opening irrespective of the second sen-
sor or the second opening. Likewise, the second sensor
may be positioned with respect to the second opening

irrespective of the first sensor or the first opening.

<Preventing Paper Sheets from Scattering>

[0215] In this paper sheet processing device 100, a
portion of the transport unit to contact with the banknotes
B is made of rubber to reduce the chances of scattering
of the banknotes B during transportation.
[0216] More specifically, a paper sheet processing de-
vice has been known which takes the paper sheets in,
and handles them in a predetermined manner. For ex-
ample, a paper sheet processing device described in
Japanese Unexamined Patent Publication No.
2002-197509 counts the paper sheets taken in, tempo-
rarily stacks the counted paper sheets in a stacking unit,
and bundles the stacked paper sheets on a predeter-
mined number basis in a bundling unit. At this time, the
paper sheets stacked in the stacking unit are transported
by a transport unit to the bundling unit.
[0217] If a paper sheet processing device is configured
such that the paper sheets are transported by the trans-
port unit just like the above-described paper sheet
processing device does, the paper sheets may come
loose during transportation. As a result, the paper sheets
may be scattered inside the device, which complicates
a subsequent recovery operation.
[0218] In view of the foregoing, it is therefore an object
of the present disclosure to reduce the chances of scat-
tering of the paper sheets during transportation.
[0219] To achieve the object, the paper sheet process-
ing device disclosed herein is configured in the following
manner.

[2-1] A paper sheet processing device which takes
paper sheets in, and handles the paper sheets in a
predetermined manner, the device including:

a transport unit (second and third transport units
8 and 10) configured to transport the paper
sheets taken in to a predetermined location,
wherein
a portion of the transport unit which comes into
contact with the paper sheets is made of rubber
or a resin.

In this configuration, a portion of the transport unit
which comes into contact with the paper sheets
(hereinafter referred to as an "abutting portion") is
made of rubber of a resin. This abutting portion may
exhibit higher frictional force than an abutting portion
made of a metal, thereby reducing the chances of
scattering of the paper sheets during transportation.
[2-2] The paper sheet processing device according
to [2-1], further including:

a stacking unit (bundling stacker 4) configured
to stack the paper sheets; and
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a bundling unit (bundling unit 9) configured to
bundle the paper sheets, wherein
the transport unit includes a pre-bundling trans-
port unit (second transport unit 8) configured to
transport the paper sheets stacked in the stack-
ing unit to the bundling unit, and
the pre-bundling transport unit includes a portion
(abutting portions 81c, 81d) which comes into
contact with the paper sheets, the portion being
at least partially made of rubber or a resin.

In this configuration, the paper sheets to be trans-
ported by the pre-bundling transport unit are not bun-
dled yet. Thus, if the paper sheets come loose during
transportation, they may be scattered in the device.
Further, if the paper sheets are misaligned during
transportation by the pre-bundling transport unit, the
paper sheets cannot be bundled well, or the bundled
paper sheets may come to have a decreased quality.
In contrast, if a portion of the pre-bundling transport
unit which comes into contact with the paper sheets
(hereinafter referred to as an "abutting portion") is at
least partially made of rubber or a resin, the frictional
force between the abutting portion and the paper
sheets increases, which may reduce the chances of
scattering, misalignment, or any other problems, of
the paper sheets.
[2-3] The paper sheet processing device according
to [2-2], wherein
the transport unit includes a post-bundling transport
unit (third transport unit 10) configured to transport
the paper sheets bundled in the bundling unit, and
the post-bundling transport unit includes a portion
(abutting portions 101a, 102a) which comes into con-
tact with the paper sheets, the portion being at least
partially made of rubber or a resin.
In this configuration, a portion of the abutting portion
of the post-bundling transport unit is at least partially
made of rubber or a resin. This may reduce the
chances of falling of the bundled paper sheets from
the post-bundling transport unit during the transpor-
tation of the bundled paper sheets.
[2-4] The paper sheet processing device according
to [2-2] or [2-3], wherein
the bundling unit includes a clamp (upper clamps
941, 942 and lower clamps 943, 944) which sand-
wiches and compresses the paper sheets, and is
configured to bundle the paper sheets compressed
by the clamp, and
the clamp includes a portion which comes into con-
tact with the paper sheets (first and second abutting
portions 941a, 941b, first to third abutting portions
942a-942c, first and second abutting portions 943a,
943b, and first and second abutting portions 944a,
944b), the portion being at least partially made of
rubber or a resin.

[0220] In this configuration, in addition to the transport
unit, the abutting portion of the clamp is also at least
partially made of rubber or a resin. Thus, the chances of
scattering of the paper sheets during the bundling may
be reduced.

<Improved Maintainability>

[0221] With the aim of improving the maintainability of
the banknote handling apparatus 100, the arrangement
of the bundling stacker 4, the bundling unit 9, and the
dispense unit 11 and transport paths of the banknotes B
between these members have been modified in this ap-
paratus 100.
[0222] Specifically, a paper sheet processing device
has been known which takes in, and bundles, paper
sheets. For example, Japanese Unexamined Patent
Publication No. 2002-197509 discloses a paper sheet
processing device which takes in, and bundles, loose
paper sheets, and dispenses the paper sheets bundled.
In this paper sheet processing device, loose paper sheets
are taken in the device from the top of the device, and
the paper sheets bundled are dispensed from the bottom
of the device. The paper sheets placed on a taking-in
unit are taken in in a direction parallel to their shorter
edges. Then, the paper sheets, with their shorter edges
agreeing with their traveling direction, are sequentially
transported to the stacking unit, the bundling unit, and
the dispense port.
[0223] Generally speaking, any type of device requires
maintenance. To do the maintenance, the device needs
to be uncovered so that maintenance work is performed
on the components inside the device. Taking such main-
tenance into account, it is recommended that space of a
certain size be present inside the device. However, the
provision of such space is often difficult from the stand-
point of downsizing of the device. Also in the above-de-
scribed paper sheet processing device, a transport path
through which the paper sheets are transported from the
taking-in unit to the stacking unit, a transportation mech-
anism for transporting the paper sheets from the stacking
unit to the bundling unit, a transport unit for transporting
the paper sheets from the bundling unit to the dispense
port, and other components are arranged densely. Thus,
almost no space is left in the device for the maintenance.
[0224] In view of the foregoing, it is therefore an object
of the present disclosure to ensure a space for the main-
tenance inside the device.
[0225] To achieve the object, the paper sheet process-
ing device disclosed herein is configured in the following
manner.

[3-1] A paper sheet processing device which takes
in, and bundles, paper sheets, the device including:

a stacking unit (bundling stacker 4) configured
to stack the paper sheets;
a bundling unit (bundling unit 9) configured to
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bundle the paper sheets; and
a transport unit (second and third transport units
8 and 10) configured to transport the paper
sheets stacked in the stacking unit to the bun-
dling unit, wherein
the bundling unit is slightly displaced from a pre-
determined first transport direction (first horizon-
tal direction) in which the paper sheets are re-
moved from the stacking unit by the transport
unit when viewed in a direction perpendicular to
a horizontal plane, and
the transport unit transports the paper sheets
into the bundling unit by drawing the paper
sheets from the stacking unit in the first transport
direction, and transferring the paper sheets in a
second transport direction (second horizontal di-
rection) intersecting with the first transport direc-
tion,
draws the paper sheets bundled from the bun-
dling unit in the opposite way from when the pa-
per sheets were transported to the bundling unit
in the second transport direction, and then trans-
ports the paper sheets bundled in the same way
as when the paper sheets were drawn from the
stacking unit in the first transport direction.

In this configuration, the paper sheets drawn from
the stacking unit in the first transport direction are
not simply transported in the first transport direction
into the bundling unit, but turns to the second trans-
port direction from the first transport direction to be
transported into the bundling unit. That is, when
viewed in a plane (in a direction perpendicular to the
horizontal plane), the bundling unit is not arranged
side by side with the stacking unit in the first transport
direction, but is slightly displaced laterally from the
first transport direction. Then, the bundled paper
sheets are drawn from the bundling unit in the op-
posite way from when the paper sheets were trans-
ported into the bundling unit in the second transport
direction, and then transported in the same way as
when the paper sheets were drawn from the stacking
unit in the first transport direction. Therefore, a space
for transporting the paper sheets is left for the stack-
ing unit in the first transport direction. As a result,
this transportation space may be used to do the
maintenance.
[3-2] The paper sheet processing device according
to [3-1], wherein
the transport unit is configured to move the paper
sheets while gripping the paper sheets.
In this configuration, the paper sheets are not trans-
ported by a pair of rollers or any other members, but
are transported while being gripped by the transport
unit. Specifically, in a configuration where the paper
sheets are transported by a pair of rollers, a transport
mechanism including the pair of rollers is required,

which makes it difficult to ensure a space inside the
device. In contrast, a configuration where the paper
sheets are moved with the transport unit gripping the
paper sheets, the transport unit itself moves, and
thus, a space for the transport unit to move is pro-
vided. That is, the space for the transport unit to move
also serves as a space for maintenance.
[3-3] The paper sheet processing device according
to [3-1] or [3-2], further including:

a dispense unit (dispense unit 11) configured to
dispense the paper sheets, wherein
the transport unit transports the paper sheets
bundled to the dispense unit by extracting the
paper sheets bundled in the opposite way from
when the paper sheets were transported into the
bundling unit in the second transport direction,
and then transporting the paper sheets in the
same way as when the paper sheets were ex-
tracted from the stacking unit in the first transport
direction.

In this configuration, a transportation space extend-
ing in the first transport direction is ensured between
the stacking unit and the dispense unit.
[3-4] The paper sheet processing device according
to any one of [3-1] to [3-3], further including:

a taking-in unit (hopper unit) configured to take
the paper sheets in, wherein
the dispense unit includes a slider (slider 112)
configured to receive the bundled paper sheets
transported by the transport unit in the first trans-
port direction at a receiving position above the
taking-in unit, allow the paper sheets to slide in
the same way as when the paper sheets were
transported to the bundling unit in the second
transport direction to dispense the paper sheets
at a predetermined dispensing position.

In this configuration, the bundled paper sheets are
once released by the transport unit at the receiving
position above the taking-in unit. Since the receiving
position is located above the taking-in unit, there is
no extra space for the paper sheets to fall down free-
ly. If the paper sheets are supposed to be accumu-
lated at this position, the paper sheet processing de-
vice will increase its dimension in the vertical direc-
tion. In contrast, if the slider allows the paper sheets
received at the receiving position to slide, the paper
sheets may be prevented from falling down to the
taking-in unit. Further, there is no need to ensure
any extra space for the paper sheets to be accumu-
lated above the taking-in unit, the paper sheet
processing device may be downsized. In addition,
since the paper sheets are allowed to slide in the
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same way as when the paper sheets were transport-
ed to the bundling unit in the second transport direc-
tion, an unwanted increase in the size of the paper
sheet processing device may be reduced even if the
paper sheets are slid and dispensed from the receiv-
ing position. Specifically, the bundling unit is slightly
displaced from the first transport direction, and the
dimension of the paper sheet processing device is
increased by the magnitude of displacement of the
bundling unit. The dispensing position is also dis-
placed to the same way as the bundling unit with
respect to the first transport direction. Thus, taking
advantage of the increase in the size of the paper
sheet processing device by the displacement of the
bundling unit, the dispensing position may also be
slightly displaced laterally from the receiving posi-
tion.
[3-5] The paper sheet processing device according
to any one of [3-1] to [3-4], wherein
the bundling unit is configured to form a tape loop
(tape loop L) with a tape (tape T), and rewinds the
tape after the paper sheets have been transported
into the tape loop to bundle the paper sheets, and
the second transport direction agrees with the direc-
tion of transporting the paper sheets into the tape
loop.

[0226] In this configuration, the paper sheets are trans-
ported into the tape loop in the bundling unit. This con-
figuration in which the paper sheets are transported into
the tape loop fits very well with the configuration in which
the paper sheets traveling in the first transport direction
is allowed to turn to the second transport direction to be
transported into the bundling unit, go the other way
around in the second transport direction, and then travel
in the first transport direction again. In particular, if the
first transport direction agrees with the direction of wind-
ing the tape around the paper sheets (e.g., if the paper
sheets are transported in the direction parallel to their
shorter edges, and the tape is wound around the paper
sheets in the direction parallel to their shorter edges), the
above-described combination of the configurations ena-
bles smooth transportation of the paper sheets and
smooth winding of the tape. In addition, the transportation
space may be ensured without placing the bundling unit
at a position relative to the stacking unit in the first trans-
port direction.

«Other Embodiments»

[0227] Embodiments have just been described as ex-
amples of the technique disclosed in the present appli-
cation. However, the present disclosure is not limited to
those exemplary embodiments, but is also applicable to
other embodiments which are altered or substituted, to
which other features are added, or from which some fea-
tures are omitted, as needed. Optionally, the components
described in those embodiments may be combined to

create a new embodiment. The components illustrated
on the accompanying drawings and described in the de-
tailed description include not only essential components
that need to be used to overcome the problem, but also
other unessential components that do not have to be
used to overcome the problem but that are illustrated or
mentioned there just for the sake of showing a typical
example of the technique. Therefore, such unessential
components should not be taken for essential ones, sim-
ply because such unessential components are illustrated
in the drawings or mentioned in the detailed description.
[0228] The above-described embodiments may be
modified in the following manner.
[0229] In the embodiments described above, the ban-
knote handling apparatus 100 has been described as an
example of the paper sheet processing device. However,
the paper sheet processing device is not limited to the
banknote handling apparatus 100. For example, recog-
nition, sorting, and stacking of the paper sheets may be
performed by a different apparatus, and the paper sheet
processing device may only perform the processing of
transporting loose paper sheets, stacking the paper
sheets in the stacking unit, and then transporting the pa-
per sheets stacked in the stacking unit to a different place
using the transport unit. Further, in the foregoing descrip-
tion, banknotes are supposed to be used as exemplary
paper sheets. However, the paper sheets do not have to
be banknotes, and may be vouchers such as gift certifi-
cates.
[0230] The configuration of the banknote handling ap-
paratus 100 described above is merely an example, and
the present disclosure is not limited thereto. For example,
the banknote handling apparatus 100 described above
is provided with two bundling stackers 4, two non-bun-
dling stackers 5, and a single reject stacker 6. However,
the numbers of these stackers are just an example and
not limiting. For example, one bundling stacker 4 or three
or more bundling stackers 4 may be provided. One non-
bundling stacker 5 or three or more non-bundling stack-
ers 5 may be provided. Two or more reject stackers 6
may be provided. Alternatively, the non-bundling stack-
ers 5 and the reject stacker 6 may even be omitted.
[0231] In the above-described embodiments, the inlet
24, the dispense port 111, and the reject outlet 63 are
cut through the first side surface 123, while the first and
second outlets 413 and 53 are cut through, and the touch
panel 17 is provided on, the second side surface 124.
However, this arrangement is merely an example.
[0232] Moreover, the arrangement of the components
of the banknote handling apparatus 100 is also merely
an example, and various other arrangements may be
adopted as well. For example, as shown in FIG. 29, the
dispense unit 11 may be provided on the opposite side
surface of the housing 12 from the first side surface 123,
and the bundling stacker 4 may be provided closer to the
first side surface 123.
[0233] Further, the banknote handling apparatus 100
is supposed to perform a single kind banknote bundling
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process, but this is only a non-limiting exemplary embod-
iment of the present disclosure. For example, the ban-
knote handling apparatus 100 may perform a multiple
kind banknote bundling process, in which banknotes of
multiple different kinds are supposed to be bundled sep-
arately, the two bundling stackers 4 are supposed to
stack banknotes of different kinds, and a predetermined
number of banknotes stacked in each of the bundling
stackers 4 are bundled by the bundling unit 9. That is,
the first and second bundling stackers 4A and 4B may
stack the banknotes of mutually different kinds.
[0234] Alternatively, the banknote handling apparatus
100 may perform divisional processing in which the ban-
knotes B are divided into multiple groups, each consisting
of a predetermined number of banknotes, without bun-
dling them. That is, the banknote handling apparatus 100
does not need to include the bundling unit 9. In the divi-
sional processing, just like the single kind banknote bun-
dling process, loose banknotes B are placed on the hop-
per unit 2. Then, the banknotes B are taken in through
the inlet 24, recognized by the recognition unit 3, and
transported to an appropriate stacker, just like in the sin-
gle kind banknote bundling process. Then, when the
number of banknotes B stacked in the bundling stacker
4 reaches a predetermined number, the control unit 120
unlocks the locking mechanism 46c of the bundling stack-
er 4, and displays an alert on the touch panel 17 that
says the predetermined number of banknotes B have
been stacked in the bundling stacker 4. In response, the
operator opens the door 46 to remove the banknotes B
stacked in the bundling stacker 4. When the number of
banknotes B stacked in one of the bundling stackers 4
reaches a predetermined number, the control unit 120
transports the remaining banknotes to the other bundling
stacker 4. Thereafter, when the number of banknotes B
stacked in the other bundling stacker 4 reaches a prede-
termined number, the control unit 120 unlocks the locking
mechanism 46c of the other bundling stacker 4, and dis-
plays an alert on the touch panel 17 that says the prede-
termined number of banknotes B have been stacked in
the bundling stacker 4 in the same manner as described
above. The operator then opens the door 46 and removes
the banknotes B stacked in the bundling stacker 4.
[0235] Further, the banknote handling apparatus 100
handles loose banknotes including banknotes of multiple
different denominations, but this is only a non-limiting
exemplary embodiment of the present disclosure. The
banknote handling apparatus 100 may be configured to
handle banknotes of a predetermined single denomina-
tion.
[0236] The kind of the banknotes to be stacked in each
stacker is determined in advance, but this is only a non-
limiting exemplary embodiment of the present disclosure.
For example, the kind of banknotes to be assigned to
respective stackers may be determined in the order of
recognition of the banknotes by the recognition unit 3
since the banknotes started to be taken in the banknote
handling apparatus 100. For example, the first bundling

stacker 4A may stack a kind of banknotes B recognized
first by the recognition unit 3, the second bundling stacker
4B may stack a kind of banknotes B recognized second
by the recognition unit 3, the first non-bundling stacker
5A may stack a kind of banknotes B recognized third by
the recognition unit 3, and the second non-bundling
stacker 5B may stack a kind of banknotes B recognized
fourth by the recognition unit 3.
[0237] In the above-described embodiments, the ban-
knotes B are transported in a direction parallel to their
shorter edges, i.e., with the direction parallel to their
shorter edges agreeing with the transport direction, but
this is only a non-limiting exemplary embodiment of the
present disclosure. Specifically, the banknotes B may be
transported in a direction parallel to their longer edges,
i.e., with the direction parallel to their longer edges agree-
ing with the transport direction. The transport direction
may be changed during the transportation.
[0238] Moreover, in the above-described embodi-
ments, the banknotes B are aligned in the bundling stack-
er 4 with their first edge b1 in contact with the positioning
unit 47, but this is only a non-limiting exemplary embod-
iment of the present disclosure. The second or fourth
edge b2 or b4, which is the longer edge of the banknotes
B, may be in contact with the positioning unit 47. In such
a case, the positioning unit 47 may be replaced in ac-
cordance with the dimension of the shorter edges of the
banknotes B.
[0239] On top of that, in the above-described embod-
iments, the banknotes B are stacked in the vertical direc-
tion in the bundling stacker 4, and the stage 41 is con-
figured to move vertically, but this is only a non-limiting
exemplary embodiment of the present disclosure. For
example, the surface 41b of the stage 41 may be inclined
relative to the vertical direction, the banknotes B may be
stacked in the direction inclined relative to the vertical
direction, and the stage 41 may be configured to move
in the direction inclined relative to the vertical direction.
[0240] In addition, the first catching grooves 48, 48, ...
of the positioning unit 47 may be omitted.
[0241] The abutting portions 81c, 81d, 101a, and 102a,
the first and second abutting portions 931a and 931b,
the first and second abutting portions 932a and 932b,
the first and second abutting portions 941a and 941b,
the first to third abutting portions 942a to 942c, the first
and second abutting portions 943a and 943b, and the
first and second abutting portions 944a and 944b are
made of urethane rubber, but this is only a non-limiting
exemplary embodiment of the present disclosure. For
example, these abutting portions may be made of a ma-
terial, other than the urethane rubber, having a larger
friction coefficient than the body (e.g., metal) to which
the abutting portions are attached.

INDUSTRIAL APPLICABILITY

[0242] As can be seen from the foregoing, the present
disclosure is useful for a paper sheet processing device.
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DESCRIPTION OF REFERENCE CHARACTERS

[0243]

100 Banknote Handling Apparatus (Paper Sheet
Processing Device)

11 Dispense Unit
112 Slider
115 Transport Unit
115g First Hole
115h Second Hole
116 Receiver
117 First Sensor
118 Second Sensor
12 Housing
123 First Side Surface
2 Hopper Unit (Taking-in Unit)
4A First Bundling Stacker (Stacking Unit)
4B Second Bundling Stacker (Stacking Unit)
46 Door
47A First Positioning Unit
47B Second Positioning Unit
47C Third Positioning Unit
49 Alignment Mechanism 49 (Pushing Unit)
8 Second Transport Unit (Pre-Bundling Transport

Unit)
81c Abutting Portion
81d Abutting Portion
9 Bundling Unit
941 Upper Fixed Clamp (Clamp)
941a First Abutting Portion
941b Second Abutting Portion
942 Upper Movable Clamp (Clamp)
942a First Abutting Portion
942b Second Abutting Portion
942c Third Abutting Portion
943 Lower Clamp (Clamp)
943a First Abutting Portion
943b Second Abutting Portion
944 Lower Clamp (Clamp)
944a First Abutting Portion
944b Second Abutting Portion
10 Third Transport Unit (Post-Bundling Transport

Unit)
101a Abutting Portion
102a Abutting Portion
B Banknotes (Paper Sheets)
P Alignment Position (Predetermined Position)
T Tape
b1 First Edge
b2 Second Edge
b3 Third Edge
b4 Fourth Edge

Claims

1. A paper sheet processing device comprising a stack-

ing unit configured to stack paper sheets, wherein
the stacking unit includes:

a positioning unit which faces a first edge, which
is one of a number of edges of the paper sheets
stacked, and place the first edge at a predeter-
mined position; and
a pushing unit configured to push a third edge,
which is another one of the number of edges of
the paper sheets opposite to the first edge, to
bring the first edge into contact with the position-
ing unit, and
the positioning unit is replaceable such that re-
placement of the positioning unit changes the
predetermined position.

2. The paper sheet processing device of claim 1,
wherein
the magnitude of movement of the pushing unit push-
ing the third edge of the paper sheets is adjusted
according to a type of the positioning unit and a di-
mension of the paper sheets.

3. The paper sheet processing device of claim 2,
wherein
the positioning unit includes at least one positioning
unit including a first positioning unit and a second
positioning unit of which the predetermined positions
are different,
when a dimension of the paper sheets measured
between the first and third edges thereof falls within
a predetermined first range, the first positioning unit
is used, and the magnitude of movement of the push-
ing unit is adjusted according to the dimension, and
when a dimension of the paper sheets measured
between the first and third edges falls within a second
range different from the first range, the second po-
sitioning unit is used and the magnitude of movement
of the pushing unit is adjusted according to the di-
mension.

4. The paper sheet processing device of any one of
claims 1 to 3, wherein
a door is provided to cover or uncover the stacking
unit, and
the positioning unit is provided on the door.

5. The paper sheet processing device of claim 4,
wherein
the door is provided to cover or uncover the stacking
unit by rotating around a predetermined axis, and
the positioning unit is exposed to the outside of the
stacking unit when the door is open to uncover the
stacking unit.
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