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(54) Tape binding device

(57) A tape binding device (1) includes a loop forming
mechanism (6) for forming a loop (TL) for winding a ma-
terial to be bound at an end (Ta) of a tape (T). The loop
forming mechanism (6) includes a plurality of belt con-
veying mechanisms (11, 12, 13, 14) arranged in a polyg-
onal shape in a conveyance direction (L1) for absorbing

the tape (T) by air suction and conveying the tape (T).
Each of the belt conveying mechanisms (11, 12, 13, 14)
includes a plurality of endless conveying belts (19; 190)
extending parallel to the conveyance direction (L1) and
arranged in a direction perpendicular to the conveyance
direction (L1) with a space (S) for air suction provided
therebetween.



EP 2 077 232 A1

2

5

10

15

20

25

30

35

40

45

50

55

Description

BACKGROUND OF THE INVENTION

Field of the Invention

[0001] The present invention relates to a tape binding
device that binds a material to be bound using a tape.

Description of Related Arts

[0002] In recent years, tape binding devices that form
rectangular loops of tapes by sucking in air through a
large number of holes formed in conveying belts to ab-
sorb the tapes to the conveying belts and convey the
tapes are proposed (see, for example, WO95/019913).
[0003] However, in the tape binding device disclosed
in WO95/019913, only one belt is wound around a large
number of pulleys so that the direction thereof is changed
many times. Therefore, the only one belt circulates
through the whole of a very long path bent at the pulleys
many times. Therefore, the tension of the only one belt
is liable to be partially excessive. As a result, an electric
motor for driving the belt requires a very large torque.
Therefore, a large-sized electric motor must be used, and
thus the size of the binding device is increased.
[0004] At the corners of the rectangular loops, the con-
veyance directions of the tapes must be changed at right
angles thereto. In the tape binding device disclosed in
WO95/019913 using the only one belt, curved guide
plates for direction change are provided at the corners
of the rectangular loop.
[0005] However, in the tape binding device disclosed
in WO95/019913 using the only one belt, the belt is
wound around the respective outer sides of the pulleys.
Therefore, the length of the fixed guide plate for direction
change is increased. Since an end of the tape slides rel-
ative to the long fixed guide plate, the end of the tape
that receives sliding resistance is easily prevented from
being conveyed.
[0006] Particularly when a material to be bound is one
containing water such as tofu, for example, the tape may
be absorbed to the long fixed guide plate by the water
that has attached to the tape. Furthermore, when the
tape is in a thin film shape, it may be electrostatically
absorbed to the long fixed guide plate. In these cases,
the loop of the tape cannot be satisfactorily formed.

SUMMARY OF THE INVENTION

[0007] An object of the present invention is to provide
a small-sized tape binding device capable of satisfactorily
forming a loop of a tape when the loop is formed by con-
veying the tape using air suction.
[0008] In order to attain the above-mentioned object,
the present invention includes a loop forming mechanism
for forming a loop for winding a material to be bound at
an end of a tape. The loop forming mechanism includes

a plurality of belt conveying mechanisms arranged in a
polygonal shape in a conveyance direction for absorbing
the tape by air suction and conveying the tape. Each of
the belt conveying mechanisms includes a plurality of
endless conveying belts extending parallel to the con-
veyance direction and arranged in a direction perpendic-
ular to the conveyance direction with a space for air suc-
tion provided therebetween.
[0009] In the conventional case where only one elon-
gate belt is bent many times through a large number of
pulleys, the tension of the longitudinal belt is partially ex-
cessive. On the other hand, in the present invention, the
plurality of belt conveying mechanisms arranged in a po-
lygonal shape are used. Therefore, the number of times
of bending the belt can be made significantly reduced,
as compared with the conventional case. As a result, the
tension of the belt can be significantly reduced. There-
fore, a small-sized electric motor can be used as an elec-
tric motor for driving the belt conveying mechanisms, and
thus the tape binding device can be miniaturized.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010]

Fig. 1 is a schematic front view of a tape binding
device according to an embodiment of the present
invention;
Fig. 2 is a schematic perspective view of the tape
binding device;
Fig. 3 is a schematic sectional view of an upper part
of the tape binding device;
Fig. 4 is a sectional view taken along a line IV - IV
shown in Fig. 3.
Fig. 5 is a partially broken perspective view of a con-
veying belt;
Fig. 6 is a sectional view of the conveying belt and
a second pulley;
Fig. 7 is a sectional view taken along a line VII - VII
shown in Fig. 3;
Fig. 8A is a schematic view of a connection of a sec-
ond belt conveying mechanism and a third belt con-
veying mechanism, showing a state immediately be-
fore delivery of a tape from the second belt conveying
mechanism to the third belt conveying mechanism;
Fig. 8B is a schematic view of the connection of the
second belt conveying mechanism and the third belt
conveying mechanism, showing a state immediately
after the delivery of the tape from the second belt
conveying mechanism to the third belt conveying
mechanism;
Fig. 9 is a schematic view showing a configuration
of a conveying roller and a conveying belt in a sup-
plying mechanism and their surroundings;
Fig. 10 is a schematic view showing a configuration
of the conveying roller and the conveying belt in the
supplying mechanism and their surroundings, show-
ing a state where a tape T is conveyed with the tape

1 2 



EP 2 077 232 A1

3

5

10

15

20

25

30

35

40

45

50

55

sandwiched between the conveying roller and the
conveying belt;
Fig. 11 is a partially broken side view of a cutting
mechanism, a heating mechanism, and a claming
mechanism and a driving mechanism including
cams for respectively driving the mechanisms;
Fig. 12 is a schematic front view of the cutting mech-
anism, showing a state before cutting;
Fig. 13 is a schematic front view of the cutting mech-
anism, showing a state after cutting;
Fig. 14 is a schematic front view of the heating mech-
anism;
Fig. 15 is a schematic front view of the clamping
mechanism;
Fig. 16A is a schematic view of a receiving plate and
its driving mechanism, showing a state where the
receiving plate retreats from a tape passage groove;
Fig. 16B is a schematic view of the receiving plate
and its driving mechanism, showing a state where
the receiving plate advances into the tape passage
groove;
Fig. 17 is a schematic view of a driving mechanism
for a loop forming mechanism and the supplying
mechanism;
Fig. 18A is a schematic view showing the step of the
tape binding device, showing a state where a loop
of a tape is formed;
Fig. 18B is a schematic view showing the step of the
tape binding device, showing a state where an end
of a tape having a loop formed therein is sandwiched
between a first clamp and the receiving plate;
Fig. 19A is a schematic view showing the step of the
tape binding device, showing a state where a loop
is tightened around the periphery of a material to be
bound;
Fig. 19B is a schematic view showing the step of the
tape binding device, showing a state where an over-
lapped portion of a tape is sandwiched between a
second clamp and the receiving plate;
Fig. 19C is a schematic view showing the step of the
tape binding device, showing a state where a heater
is pressed against an overlapped portion of a tape
to heat and fuse the tape;
Fig. 20 is an exploded perspective view of a belt con-
veying mechanism and a fixed guide plate in another
embodiment of the present invention;
Fig. 21 is a schematic sectional view of the belt con-
veying mechanism and the fixed guide plate shown
in Fig. 20;
Fig. 22 is a partially broken perspective view of a
conveying belt in still another embodiment of the
present invention; and
Fig. 23 is a sectional view of the conveying belt
shown in Fig. 22 and a tape.

DETAILED DESCRIPTION OF THE PREFERRED EM-
BODIMENTS

[0011] Preferred embodiments of the present inven-
tion will be described while referring to the attached draw-
ings.
[0012] Fig. 1 is a schematic front view of a tape binding
device 1 according to an embodiment of the present in-
vention, and Fig. 2 is a schematic perspective view of
the tape binding device 1. Referring to Fig. 1, the tape
binding device 1 includes a device main body 2, and a
table 3, on which a material to be bound A is to be placed,
provided at the center in the height direction of the device
main body 2. As shown in Fig. 2, a tape passage groove
4 through which a tape T for binding the material to be
bound A vertically passes is formed in the table 3. The
table 3 has a front part 3a and a rear part 3b sandwiching
the tape passage groove 4 therebetween in the front and
rear direction. Furthermore, there is provided a peripheral
wall 3c extending downward from the table 3.
[0013] As shown in Fig. 1, a loop formation space 5
for forming a loop at an end of the tape T is provided
above the table 3 in the device main body 2. A loop form-
ing mechanism 6 for forming a loop in the loop formation
space 5 includes a negative pressure groove formation
frame 7 arranged in a square annular shape, first to fourth
belt conveying mechanisms 11 to 14, and an air suction
pump 8 that sucks air through the negative pressure
groove formation frame 7 in order to absorb the tape T
to a conveying belt in each of the belt conveying mech-
anisms 11 to 14.
[0014] Specifically, the negative pressure groove for-
mation frame 7 has a groove shape in section to define
a negative pressure groove 7a, as shown in Fig. 4. The
negative pressure groove formation frame 7 has a lower
frame 21, a vertical frame 22, an upper frame 23, and a
vertical frame 24, as shown in Figs. 1 and 2. The lower
frame 21, the vertical frame 22, the upper frame 23, and
the vertical frame 24 are arranged in this order in a square
annular shape. The lower frame 21 connects lower ends
of a pair of the vertical frames 22 and 24, and the upper
frame 23 connects upper ends of the pair of vertical
frames 22 and 24.
[0015] The pair of vertical frames 22 and 24 and the
upper frame 23 are arranged above the table 3, and the
lower frame 21 is arranged below the table 3. As shown
in Figs. 1 and 3, the first belt conveying mechanism 11
is accommodated within the lower frame 21, the second
belt conveying mechanism 12 is accommodated within
the right vertical frame 22, the third belt conveying mech-
anism 13 is accommodated within the upper frame 23,
and the fourth belt conveying mechanism 14 is accom-
modated within the left vertical frame 24.
[0016] Referring to Fig. 3, each of the belt conveying
mechanisms 11 to 14 includes a plurality of conveying
belts 19 provided side by side. The conveying belt 19 in
the first belt conveying mechanism 11 is wound between
a first pulley 41 and a second pulley 42. The conveying
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belt 19 in the second belt conveying mechanism 12 is
wound between the second pulley 42 and a third pulley
43. The conveying belt 19 in the third belt conveying
mechanism 13 is wound between the third pulley 43 and
a fourth pulley 44. The conveying belt 19 in the fourth
belt conveying mechanism 14 is wound between the
fourth pulley 44 and a fifth pulley 45.
[0017] Thus, the conveying belts 19 in the adjacent
first and second belt conveying mechanisms 11 and 12
are wound around the common second pulley 42. The
conveying belts 19 in the adjacent second and third belt
conveying mechanisms 12 and 13 are wound around the
common third pulley 43. Furthermore, the conveying
belts 19 in the adjacent third and fourth belt conveying
mechanisms 13 and 14 are wound around the common
fourth pulley 44. The first, second, third and fourth belt
conveying mechanisms 11 to 14 are arranged in a rec-
tangular shape in a conveyance direction L1 extending
in a counterclockwise direction in Fig. 3.
[0018] Referring to Figs. 1 and 2, the tape binding de-
vice 1 includes a supplying mechanism 9 for supplying
the tape T to the loop forming mechanism 6. The supply-
ing mechanism 9 includes a tape roll 10 rotatably sup-
ported by the device main body 2.
[0019] Referring to Figs. 1 and 3, the supplying mech-
anism 9 includes a conveying roller 31 and a conveying
belt 32, rotatable forward and backward, which convey
the tape T delivered from the tape roll 10 with the tape T
sandwiched therebetween in order to supply the tape T
to the loop forming mechanism 6.
[0020] Referring to Figs. 1 and 2, the supplying mech-
anism 9 includes an accumulator mechanism 33 that is
interposed between the tape roll 10 and the conveying
belt 32 and can pool the tape T having a predetermined
length.
[0021] The accumulator mechanism 33 includes a plu-
rality of rollers 34 and 37. The respective positions of the
upper rollers 34 and 35 are fixed, while the lower rollers
36 and 37 are supported by the device main body 2 so
as to be movable up and down. Specifically, a supporting
shaft of each of the rollers 36 and 37 is supported so as
to be movable up and down by a guide groove 38 formed
in the device main body 2. Furthermore, each of the roll-
ers 36 and 37 is urged downward by an urging member
(not shown) such as a weight or a spring, for example.
[0022] When the conveying roller 31 and the conveying
belt 32 are rotated forward (rotated in a clockwise direc-
tion in Fig. 1) and the tension of the tape T in the accu-
mulator mechanism 33 is increased, the rollers 36 and
37 respectively rise toward upper positions indicated by
solid lines in Fig. 1 against the urging members. With the
rise, the tape T pooled in the accumulator mechanism
33 is amply supplied to the loop forming mechanism 6.
[0023] On the other hand, when the conveying roller
31 and the conveying belt 32 are rotated backward (ro-
tated in a counterclockwise direction in Fig. 1) and the
tension of the tape T in the accumulator mechanism 33
is decreased, the rollers 36 and 37 respectively fall to-

ward lower positions indicated by broken lines in Fig. 1
by the function of the urging members. With the fall, the
tape T having a predetermined length is pooled in the
accumulator mechanism 33.
[0024] Referring to Fig. 3, a first clamping mechanism
and cutting mechanism 15, a heating mechanism 16, and
a second clamping mechanism 17 are arranged between
the conveying roller 31 and a start end of the first belt
conveying mechanism 11. Furthermore, there is provid-
ed a receiving plate 18, which advances into the tape
passage groove 4 from the back side of paper (a position
below the rear part 3b of the table 3), and is arranged in
a position above the first clamping mechanism and cut-
ting mechanism 15, the heating mechanism 16, and the
second clamping mechanism 17.
[0025] A guiding member 25 that guides the tape T
conveyed by the conveying belt 19 in the fourth belt con-
veying mechanism 14 to a position below the receiving
plate 18 is arranged in the vicinity of the fifth pulley 45 in
the fourth belt conveying mechanism 14. A part of the
guiding member 25 is formed in a comb shape so as to
enter an area between the adjacent conveying belts 19
in the fourth belt conveying mechanism 14.
[0026] As shown in Fig. 4, the conveying belts 19 in
the third belt conveying mechanism 13 are arranged with
a space S for air suction provided therebetween. The
other belt conveying mechanisms 11, 12, and 14 also
have the same configuration, which is not illustrated.
[0027] As shown in Figs. 5 and 6, the conveying belt
19 has a tape conveying surface 19a composed of its
outer peripheral surface and a pulley engagement sur-
face 19b composed of its inner peripheral surface. Teeth
20 extending in a width direction W1 perpendicular to the
conveyance direction L1 of the conveying belt 19 are
formed on the pulley engagement surface 19b. That is,
the conveying belt 19 is composed of a toothed belt
(cogged belt) having the teeth 20 provided on the pulley
engagement surface 19b. Furthermore, each of the pul-
leys 41 to 45 is composed of a toothed pulley (only the
second pulley 42 is illustrated in Fig. 6).
[0028] Referring to Fig. 7, the plurality of conveying
belts 19 in the second belt conveying mechanism 12 and
the plurality of conveying belts 19 in the third belt con-
veying mechanism 13 are wound around the common
third pulley 43. A supporting shaft 43a of the third pulley
43 is rotatably supported on the negative pressure
groove forming frame 7.
[0029] In an axial direction X1 of the third pulley 43,
the plurality of conveying belts 19 in the second belt con-
veying mechanism 12 and the plurality of conveying belts
19 in the third belt conveying mechanism 13 are alter-
nately wound with the conveying belt or belts interposed
between the other conveying belt or belts (with one con-
veying belt interposed between the other conveying belts
in an example shown in Fig. 7).
[0030] Furthermore, the conveying belts 19 in each of
the belt conveying mechanisms 12 and 13 are symmet-
rical with respect to a center position TW1 in a width
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direction TW of the tape T perpendicular to the convey-
ance direction L1 of the tape T. Similarly, the conveying
belts 19 in each of the other belt conveying mechanisms
11 and 14 are symmetrical with respect to the center
position TW1 in the width direction TW.
[0031] Assuming that the conveying belts 19 in the belt
conveying mechanism 12 and the conveying belts 19 in
the belt conveying mechanism 13 are alternately ar-
ranged, for example, when the number of conveying belts
19 in the second belt conveying mechanism 12 is four,
the number of conveying belts 19 in the third belt con-
veying mechanism 13 is three, and the conveying belt
19 at the center out of the three conveying belts 19 is
arranged along the center TW1 in the width direction TW
of the tape T, as shown in Fig. 7.
[0032] For example, each of the second belt conveying
mechanism 12 and the third belt conveying mechanism
13 may be composed of two conveying belts 19, and the
two conveying belts 19 in the third belt conveying mech-
anism 13 may be arranged between the two conveying
belts 19 in the second belt conveying mechanism 12.
[0033] Since the plurality of conveying belts 19 in each
of the belt conveying mechanisms 12 and 13 are sym-
metrical with respect to the center position TW in the
width direction TW of the tape T, as shown in Fig. 7, the
conveying belts 19 in the second belt conveying mech-
anism 12 can be respectively arranged at a pair of ends
TW2 in the width direction TW of the tape T. However,
the conveying belts 19 in the third belt conveying mech-
anism 13 are forced to be respectively arranged at posi-
tions slightly spaced apart from the pair of ends TW2 in
the width direction TW of the tape T. Therefore, the dis-
tance from a front wall 23a or a rear wall 23b of the upper
frame 23 to the conveying belt 19 is long.
[0034] Therefore, it is preferable that the ends TW2 in
the width direction TW of the tape T are respectively guid-
ed in the conveyance direction L1 (a direction perpen-
dicular to the paper surface, which is not illustrated in
Fig. 4) using guide plates 39 serving as guiding members
fixed in an orthogonal manner to inner wall surfaces of
the front wall 23a and the rear wall 23b and extending in
the conveyance direction L1, as shown in Fig. 4, in order
to prevent unnecessary deflection of the tape T.
[0035] Furthermore, a plurality of annular plates 26
serving as guiding members having a larger diameter
than that of the third pulley 43 are provided on an outer
peripheral surface 43b of the third pulley 43 so as to be
rotatable together with the third pulley 43. The annular
plate 26 is arranged between the conveying belt 19 in
the second belt conveying mechanism 12 and the con-
veying belt 19 in the third belt conveying mechanism 13
which are adjacent to each other.
[0036] Referring to Fig. 3, the annular plate 26 serving
as the guiding member that rotates together with the com-
mon second pulley 42 around which the conveying belts
19 in the first and second belt conveying mechanisms 11
and 12, which are adjacent to each other, are wound is
arranged coaxially with the second pulley 42. The annular

plate 26 serving as the guiding member that rotates to-
gether with the common third pulley 43 around which the
conveying belts 19 in the second and third belt conveying
mechanisms 12 and 13, which are adjacent to each other,
are wound is arranged coaxially with the third pulley 43.
Furthermore, the annular plate 26 serving as the guiding
member that rotates together with the common fourth
pulley 44 around which the conveying belts 19 in the third
and fourth belt conveying mechanisms 13 and 14, which
are adjacent to each other, are wound is arranged coax-
ially with the fourth pulley 44.
[0037] As shown in Fig. 8A, the end Ta of the tape T
that has been conveyed by the conveying belt 19 in the
second belt conveying mechanism 12 is stripped from
the conveying belt 19 in the second belt conveying mech-
anism 12 by an outer periphery 26a of the annular plate
26, having a larger diameter than that of the third pulley
43, which rotates together with the third pulley 43 coax-
ially with the third pulley 43, and is delivered to the con-
veying belt 19 in the third belt conveying mechanism 13,
as shown in Fig. 8B, after the route thereof is changed.
The annular plates 26 respectively provided in the sec-
ond pulley 42 and the fourth pulley 44 also perform the
same function.
[0038] An annular member for changing the direction
of the tape T is not limited to the annular plate 26. For
example, it may be an annular block member. One made
of a metal or resin, for example, is usable as the annular
member. Furthermore, an elastic member such as rubber
may be used as the annular member. When the elastic
member is used, the elastic members can be easily
mounted on the pulleys 42 to 44. Furthermore, a general-
purpose O ring can be also used. In this case, the man-
ufacturing cost can be made low.
[0039] Referring to Figs. 9 and 10, the conveying belt
32 is composed of an endless belt wound around a first
pulley 51, a second pulley 52, and a tensioner pulley 53.
The conveying belt 32 includes a region stretched be-
tween the first pulley 51 and the second pulley 52, and
the region includes a region D1 in a curved shape along
a predetermined region C1 on a peripheral surface 31a
of the conveying roller 31.
[0040] It is preferable that a central angle E1 corre-
sponding to the predetermined region C1 on the periph-
eral surface 31a of the conveying roller 31 is in a range
of 45 to 150 degrees. The central angle E1 is more pref-
erably in a range of 90 to 120 degrees and more prefer-
ably in a range of 105 to 115 degrees.
[0041] Since the conveying belt 32 is pressed against
the peripheral surface 31a of the conveying roller 31 by
the tension of the conveying belt 32 itself, the peripheral
surface 31a of the conveying roller 31 can be uniformly
pressed.
[0042] The tensioner pulley 53 serves to apply a ten-
sion to the conveying belt 32. Specifically, the tensioner
pulley 53 is rotatably supported around its supporting
shaft 56 by a supporting member 55 rotatably supported
around a support 54 by the device main body 2. The
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tensioner pulley 53 is arranged at a position spaced a
predetermined distance apart from the support 54.
[0043] The supporting member 55 is urged in the ro-
tating direction by a tension coil spring 57, for example,
as an urging member. As a result, the tensioner pulley
53 is urged in such a direction as to apply a tension to
the conveying belt 32. The tension coil spring 57 is inter-
posed between a shaft 58, for example, as an engage-
ment portion provided in the device main body 2 and a
shaft 59, for example, as an engagement portion provid-
ed in the supporting member 55. A tensioner mechanism
60 is composed of the tensioner pulley 53, the supporting
member 55 and the tension coil spring 57.
[0044] Furthermore, a plane P1 including a central axis
51a of the first pulley 51 and a central axis 52a of the
second pulley 52 crosses the conveying roller 31. By thus
setting a positional relationship between the first and sec-
ond pulleys 51 and 52 that support the conveying belt 32
and the conveying roller 31, a configuration in which the
conveying belt 32 is provided with the region D1 in a
curved shape and a configuration in which the conveying
belt 32 is pressed against the peripheral surface 31a of
the conveying roller 31 by the tension of the conveying
belt 32 itself can be easily realized.
[0045] Since the conveying belt 32 includes the region
D1 in the curved shape along the peripheral surface 31a
of the conveying roller 31, as shown in Fig. 10, the contact
area of the conveying belt 32 and the conveying roller 31
with the tape T in the conveyance direction L1 of the tape
T can be large.
[0046] Even if a pressing force against the wide tape
T requiring a conveying force is not strengthened, there-
fore, the tape T can be satisfactorily conveyed without
slipping with the tape T reliably sandwiched between the
conveying roller 31 and the conveying belt 32. The press-
ing force against the tape T need not be strengthened,
which can prevent the tape T from being damaged. Fur-
thermore, degradation such as wear does not easily oc-
cur in the conveying roller 31 and the conveying belt 32,
which allows durability to be improved.
[0047] Particularly, the tensioner pulley 53 can apply
a tension to the conveying belt 32. Even if the conveying
belt 32 extends with time, therefore, the extension can
be absorbed. Therefore, the pressing force of the con-
veying belt 32 can be stably maintained for a long time
period, which allows a stable conveying force to be en-
sured.
[0048] Referring to Fig. 11, the first clamping mecha-
nism and cutting mechanism 15, the heating mechanism
16, and the second clamping mechanism 17 are respec-
tively driven so as to be movable up and down by first,
second, and third cams 61, 62, and 63 that rotate together
with a rotating shaft 28 of an electric motor 27 as a driving
member.
[0049] Referring to Fig. 12, the first clamping mecha-
nism and cutting mechanism 15 includes a support 65
supported so as to be movable up and down by a pair of
guides 64 fixed to the device main body 2, a cam follower

66 supported so as to be rotatable on a lower part of the
support 65 and moving up and down together with the
support 65, an urging member 67 composed of a tension
coil spring, for example, for urging the support 65 down-
ward, a first clamp 68 supported by the support 65 so as
to be movable up and down and capable of sandwiching
the tape T between the first clamp 68 and a lower surface
of the receiving plate 18, a cutter supporting member 69
supported by the support 65 so as to be movable up and
down, and a cutter 70 fixed on an upper part of the cutter
supporting member 69 for cutting the tape T by entering
a cutter entry groove 68b (also see Fig. 11) formed on a
lower surface 68a of the first clamp 68.
[0050] A shaft 71 that moves together with the first
clamp 68 penetrates the support 65. A large diameter
portion 72 provided in the shaft 71 is urged upward by
an urging member 73 composed of a compression coil
spring fitted in the shaft 71, for example, so that the first
clamp 68 is urged toward its upper position. A stopper
74 that prevents the shaft 71 from slipping off the support
65 is provided at a lower end of the shaft 71.
[0051] A shaft 75 that moves together with the cutter
supporting member 69 penetrates the support 65. A large
diameter portion 76 provided in the shaft 75 is urged up-
ward by an urging member 77 composed of a compres-
sion coil spring fitted in the shaft 75, for example, so that
the cutter supporting member 69 is urged toward its upper
position. A stopper 78 that prevents the shaft 75 from
slipping off the support 65 is provided at a lower end of
the shaft 75.
[0052] The pushup by the cam 61 causes the support
65, the cutter supporting member 69, and the first clamp
68 to rise together against the urging member 67, so that
the tape T is first sandwiched between the first clamp 68
and the lower surface of the receiving plate 18. This caus-
es the first clamp 68 to be positioned at its raised position
by the receiving plate 18, to regulate the upward move-
ment of the first clamp 68. A regulating member 30 re-
ceives a front end 18a of the receiving plate 18, to reg-
ulate the upward movement thereof.
[0053] Thereafter, the further pushup by the cam 61
causes the support 65 and the cutter supporting member
69 to rise, so that the tape T inserted through a tape
insertion hole 79 formed between the cutter 70 on an
upper surface of the cutter supporting member 69 and
the lower surface 68a of the first clamp 68 is pressed into
the cutter entry groove 68b on the lower surface 68a of
the first clamp 68 by the cutter 70, as shown in Fig. 12,
and is cut, as shown in Fig. 13.
[0054] Referring to Fig. 14, the heating mechanism 16
includes a support 81 in a T shape supported so as to
be movable up and down by a pair of guides 80 fixed to
the device main body 2, a cam follower 82 supported so
as to be rotatable on a lower part of the support 81 and
moving up and down together with the support 81, an
urging member 83 composed of a tension coil spring, for
example, for urging the support 81 downward, a heater
84 composed of a planar heater, for example, provided
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on at least an upper surface 81b of a heater support 81a
in an upper part of the support 81, and an electric wire
85 for feeding power to the heater 84.
[0055] The pushup by the cam 62 causes the support
81 and the heater 84 to rise together against the urging
member 83. An overlapped portion of the tape T is
pressed against the lower surface of the receiving plate
18 and is heated by the heater 84. As a result, the over-
lapped portion of the tape T is thermally welded.
[0056] Referring to Fig. 15, the second clamping mech-
anism 17 includes a support 87 supported so as to be
movable up and down by a pair of guides 86 fixed to the
device main body 2, a cam follower 88 supported so as
to be rotatable on a lower part of the support 87 and
moving up and down together with the support 87, an
urging member 89 composed of a tension coil spring, for
example, for urging the support 87 downward, and a sec-
ond clamp 90 in a horizontally long stick shape fixed on
an upper part of the support 87 and abuttable against the
lower surface of the receiving plate 18.
[0057] The pushup by the cam 63 causes the support
87 and the heater 84 to rise together against the urging
member 89, so that the end Ta of the tape T is sand-
wiched between the second clamp 90 and the lower sur-
face of the receiving plate 18.
[0058] Referring to Fig. 16A, the receiving plate 18 ex-
tends forward and backward, and is driven forward and
backward by a driving mechanism 91. The driving mech-
anism 91 includes a guide shaft 93 having its end fixed
to a supporting block 92 fixed to the device main body 2
and extending forward and backward. A rear end 18b of
the receiving plate 18 is fixed to a movable body 94 sup-
ported by the guide shaft 93 so as to be movable in the
axial direction of the guide shaft 93. The movable body
94 has an insertion hole 94a through which the guide
shaft 93 is inserted so as to be relatively slidable. A stop-
per 101 that prevents the movable body 94 from slipping
off the guide shaft 93 is provided at a rear end of the
guide shaft 93.
[0059] Furthermore, the supporting block 92 has a re-
ceiving plate insertion groove 95 that supports the re-
ceiving plate 18 so that the receiving plate 18 is slidably
movable forward and backward. The front end 18a of the
receiving plate 18 advances forward through the receiv-
ing plate insertion groove 95.
[0060] The driving mechanism 91 includes an electric
motor 96 as a driving member supported by the device
main body 2, a rotating member 97 that rotates together
with a rotating shaft 96a of the electric motor 96, and a
connecting arm 96 that connects the rotating member 97
and the movable body 94 to each other. The connecting
arm 98 has its one end 98a connected to the movable
body 94 through a pivot 99 so as to be rotatable and has
the other end 98b connected to the rotating member 97
through a pivot 100 so as to be turnable. The pivot 100
is arranged in the rotating member 97 at a position
spaced a predetermined distance apart from the rotating
shaft 96a of the electric motor 96.

[0061] A crank mechanism using the rotating member
97 and the connecting arm 98 converts rotational motion
of the electric motor 96 into linear motion of the receiving
plate 18, to keep the forward and backward movement
amounts of the receiving plate 18 large so that they can
cope with a case where the wide tape T is used.
[0062] The receiving plate 18 moves between an ad-
vance position in which it advances to the tape passage
groove 4 in order to receive the material to be bound A,
as shown in Fig. 16B, and a retreat position in which it
retreats from the tape passage groove 4, as shown in
Fig. 16A.
[0063] Then, the tape binding operation of the tape
binding device 1 will be described. First, the conveying
roller 31 and the conveying belt 32 in the supplying mech-
anism 9 rotate forward, to supply the tape T to the loop
forming mechanism 6. With the supply, the air suction
pump 8 is driven, so that negative pressure is generated
within each of the frames 21 to 24 in the negative pressure
groove formation frame 7. The conveying roller 31 in the
supplying mechanism 9, the first pulley 41 in the first belt
conveying mechanism 11, and the fifth pulley 45 in the
fourth belt conveying mechanism 14 are driven by the
same driving mechanism 110.
[0064] Specifically, as shown in Fig. 17, there are pro-
vided a pulley 111 together rotatable coaxially with the
conveying roller 31, a pulley 112 together rotatable co-
axially with the first pulley 41 in the first belt conveying
mechanism 11, and a pulley 113 together rotatable co-
axially with the fifth pulley 45 in the fourth belt conveying
mechanism 14, and a common endless belt 114 is wound
around the pulleys 111, 112, and 113.
[0065] A belt 118 is wound between a driving pulley
116 that is driven by an electric motor 115 as a driving
member and a pulley 117 that rotates together with the
pulley 111. The pulley 111 is driven through the belt 118
by the electric motor 115. With the driving, the pulleys
112 and 113 are driven through the belt 114.
[0066] The pulley 111 is driven, so that the conveying
roller 31 in the supplying mechanism 9 is driven. Further-
more, the conveying belt 32 is driven following the con-
veying roller 31. The pulleys 112 and 113 are driven, so
that the first pulley 41 in the first belt conveying mecha-
nism 11 and the fifth pulley 45 in the fourth belt conveying
mechanism 14 are driven. That is, the first pulley 41 serv-
ing as a pulley at a start end of each of the belt conveying
mechanisms 11 to 14 and the fifth pulley 45 serving as
a pulley at a final end thereof are driven. This causes the
whole of the belt conveying mechanisms 11 to 14 to be
driven.
[0067] Thus, the end Ta of the tape T is successively
conveyed to the first belt conveying mechanism 11, the
second belt conveying mechanism 12, the third belt con-
veying mechanism 13, and the fourth belt conveying
mechanism 14, to form a loop TL of the tape T, as shown
in Fig. 18A.
[0068] Then, the end Ta of the tape T is sandwiched
between the raised first clamp 68 in the first clamping
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mechanism and cutting mechanism 15 and the receiving
plate 18, as shown in Fig. 18B.
[0069] Then, the material to be bound A is placed on
the receiving plate 18, as shown in Fig. 19A.
[0070] Then, the driving of the air suction pump 8 is
stopped, so that absorption of the conveying belt 19 in
each of the belt conveying mechanisms 11 to 14 is re-
leased, and the conveying roller 31 and the conveying
belt 32 are rotated backward, so that the loop TL is tight-
ened. Therefore, the tape T has a shape along the pe-
riphery of the material to be bound A.
[0071] Then, the overlapped portion Tb of the tape T
is sandwiched between the raised second clamp 90 in
the second clamping mechanism 17 and the lower sur-
face of the receiving plate 18, as shown in Fig. 19B. Then,
the raised heater 84 in the heating mechanism 16 heats
the overlapped portion Tb of the tape T with the over-
lapped portion Tb pressed against the lower surface of
the receiving plate 18, to thermally weld the overlapped
portion Tb of the tape T, as shown in Fig. 19C.
[0072] The raised cutter 70 in the first clamping mech-
anism and cutting mechanism 15 cuts an extra length
portion of the tape T to complete the binding at substan-
tially the same timing as or slightly delayed timing from
the operation of the heater 84, which is not illustrated.
[0073] According to the present embodiment, the fol-
lowing function and effect are produced. That is, in the
conventional case where only one elongate belt is bent
many times through a large number of pulleys, the ten-
sion of the longitudinal belt is partially excessive. On the
other hand, in the present embodiment, the plurality of
belt conveying mechanisms 11 to 14 arranged in a po-
lygonal shape are used. Therefore, the number of times
of bending of the conveying belt 19 can be reduced sig-
nificantly, as compared with the conventional case. As a
result, the tension of the conveying belt 19 can be signif-
icantly reduced. Therefore, a small-sized motor can be
used as the electric motor 115 for driving the belt con-
veying mechanisms 11 to 14, and thus the tape binding
device 1 can be miniaturized.
[0074] Since the conveying belts 19 in the adjacent
first and second belt conveying mechanisms 11 and 12
are wound around the common second pulley 42, the
distance between the tape conveying surfaces 19a of the
conveying belts 19 can be brought closer to each other
between the first and second belt conveying mechanisms
11 and 12. Therefore, it is possible to satisfactorily
change the direction of the tape T in the vicinity of the
second pulley 42.
[0075] Since the conveying belts 19 in the adjacent
second and third belt conveying mechanisms 12 and 13
are wound around the common third pulley 43, and the
conveying belts 19 in the adjacent third and fourth belt
conveying mechanisms 13 and 14 are wound around the
common fourth pulley 44, the same effect is obtained.
[0076] The annular plate 26 that rotates together with
the common second pulley 42 around which the convey-
ing belts 19 in the adjacent first and second belt convey-

ing mechanisms 11 and 12 are wound is arranged coax-
ially with the second pulley 42. The annular plate 26 that
rotates together with the common third pulley 43 around
which the conveying belts 19 in the adjacent second and
third belt conveying mechanisms 12 and 13 are wound
is arranged coaxially with the third pulley 43. Further-
more, the annular plate 26 that rotates together with the
common fourth pulley 44 around which the conveying
belts 19 in the adjacent third and fourth belt conveying
mechanisms 13 and 14 are wound is arranged coaxially
with the fourth pulley 44.
[0077] As shown in Figs. 8A and 8B, for example, the
annular plate 26 arranged coaxially with the common
third pulley 43 around which the conveying belts 19 in
the adjacent second and third belt conveying mecha-
nisms 12 and 13 are wound rotates together with the third
pulley 43. When the annular plate 26 changes the direc-
tion of the tape T, therefore, a relative speed between
the outer periphery 26a of the annular plate 26 and the
tape T is low. As a result, the annular plate 26 does not
impose on the tape T such sliding resistance as to prevent
the tape T from being conveyed.
[0078] Even if the tape T is absorbed to the outer pe-
riphery 26a of the annular plate 26 by water that has
adhered to the tape T when the material to be bound A
containing water such as tofe, for example, is bound, the
tape T can be satisfactorily conveyed toward the next
third belt conveying mechanism 13 because the annular
plate 26 rotates together with the third pulley 43. This is
also effective when a thin tape T is electrostatically ab-
sorbed to a peripheral surface of the annular plate 26.
[0079] When the tape T is absorbed to the conveying
belt 19 by suction and is conveyed to form the rectangular
loop TL, therefore, the loop TL of the tape T can be sat-
isfactorily formed. Thus, the loop TL can be also satis-
factorily formed when the material to be bound A includ-
ing water such as tofu is bound and when the material
to be bound A is bound using the tape T that is easy to
be electrostatically absorbed. Furthermore, the annular
plate 26 may be only disposed in each of the pulleys 42,
43, and 44. Therefore, the configuration is simple.
[0080] The plurality of conveying belts 19 in each of
the second and third belt conveying mechanisms 12 and
13 are symmetrical with respect to the center position
TW1 in the width direction TW of the tape T perpendicular
to the conveyance direction L1 of the tape T. Therefore,
the tape T can be absorbed to the conveying belts 19 in
each of the belt conveying mechanisms 11 to 13 uniform-
ly, and can be satisfactorily conveyed. The same is true
for the other belt conveying mechanisms 11 and 14.
[0081] Since the conveying belts 19 in the second belt
conveying mechanism 12 and the conveying belts 19 in
the third belt conveying mechanism 13 are alternately
arranged in the axial direction X1 of the third pulley 43,
and the annular plates 26 are respectively arranged be-
tween the conveying belts 19 in the second belt convey-
ing mechanism 12 and the conveying belts 19 in the third
belt conveying mechanism 13, the direction of the wide
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tape T can be satisfactorily changed. The same is true
for the respective annular plates 26 coaxial with the sec-
ond pulley 42 and the fourth pulley 44.
[0082] The annular plate 26 may be formed of a single
material integrally with each of the pulleys 42, 43, and
44. Alternatively, the annular plate 26 composed of an-
other member may be attached to each of the pulleys
42, 43, and 44.
[0083] Since the conveying belts 19 in the belt convey-
ing mechanisms 11 to 14 are respectively composed of
toothed belts wound around the pulleys 42, 43, and 44
composed of toothed pulleys. Therefore, the conveying
belt 19 is not shifted from the toothed pulley. Therefore,
no excessive tension is applied to the conveying belt 19.
From this point, a small-sized electric motor can be also
used as the electric motor 115 for driving the belt con-
veying mechanisms 11 to 14, and thus the tape binding
device 1 can be miniaturized.
[0084] The present invention is not limited to the
above-mentioned embodiment. Although in the present
embodiment, the annular plate 26 that rotates together
with the third pulley 43 is used as a guiding member for
forcing the direction of the tape T to be changed from the
second belt conveying mechanism 12 to the third belt
conveying mechanism 13, which are adjacent to each
other in the conveyance direction L1, the annular plate
26 may be replaced with a fixed guide plate 260 as shown
in Fig. 20.
[0085] The fixed guide plate 260 as a guiding member
includes a main body 261 and a plurality of guiding pieces
262. The main body 261 is opposed to the outer periphery
of the third pulley 43 fixed to the negative pressure groove
formation frame 7 and serving as a common pulley. The
guiding piece 262 extends into the space S between the
conveying belts 19 from the main body 261. The guiding
piece 262 has an inclined guiding surface 262 that is
inclined in the conveyance direction L1 of the tape T and
is abuttable to the end Ta in the conveyance direction L1
of the tape T.
[0086] While the fixed guide plate 260 is used as a
guiding member in the present embodiment, the guiding
piece 262 in the fixed guide plate 260 enters the space
S between the conveying belts 19 in an inclined manner,
as shown in Fig. 21. Therefore, the end Ta of the tape T
conveyed by the conveying belt 19 does not collide with
an end surface of the guiding piece 262. That is, the end
Ta of the tape T is smoothly stripped from the conveying
belt 19 in the second belt conveying mechanism 12 by
the inclined guiding surface 263 of the guiding piece 262,
and is satisfactorily delivered to the conveying belt 19 in
the third belt conveying mechanism 13.
[0087] Furthermore, a groove 29 extending in the width
direction W1 perpendicular to the conveyance direction
L1 of the conveying belt 19 may be formed on the tape
conveying surface 19a of the conveying belt 19, as shown
in Fig. 22.
[0088] In this case, air can be sucked in through a large
number of grooves 29 on the tape conveying surface

19a, which can improve the capability of the conveying
belt 19 to convey the tape T. Particularly, the tape T can
be absorbed over the whole area in the width direction
W1 of the conveying belt 19. Moreover, the tape T in a
small amount enters the groove 29 in a convex manner,
as shown in Fig. 23. Therefore, the capability of the con-
veying belt 19 to convey the tape T can be enhanced,
which allows the tape T to be satisfactorily conveyed with-
out slipping. Note that the groove 29 may be inserted
through at least one of the pair of spaces S with the con-
veying belt 19 held therebetween.
[0089] While the present invention has been described
in detail by a specific embodiment, those skilled in the
art that have understood the above-mentioned contents
will consider their alteration, modification and equiva-
lents. Therefore, the present invention should be in the
scope of claims and its equivalents.

Claims

1. A tape binding device (1), comprising:

a loop forming mechanism (6) for forming a loop
(TL) for winding a material to be bound at an end
(Ta) of a tape (T),
wherein the loop forming mechanism (6) in-
cludes a plurality of belt conveying mechanisms
(11, 12, 13, 14) arranged in a polygonal shape
in a conveyance direction (L1) for absorbing the
tape (T) by air suction and conveying the tape
(T), and
each of the belt conveying mechanisms (11, 12,
13, 14) includes a plurality of endless conveying
belts (19; 190) extending parallel to the convey-
ance direction (L1) and arranged in a direction
perpendicular to the conveyance direction (L1)
with a space (S) for air suction provided thee-
between.

2. The tape binding device (1) according to claim 1,
wherein
the plurality of belt conveying mechanisms (11, 12,
13, 14) include belt conveying mechanisms (11, 12,
13, 14) that are adjacent to one another in the con-
veyance direction (L1), and
the respective conveying belts (19; 190) in the belt
conveying mechanisms (11, 12, 13, 14) that are ad-
jacent to each other in the conveyance direction (L1)
are wound around a common pulley (42, 43, 44).

3. The tape binding device (1) according to claim 2,
further comprising
a guiding member (26; 260) for forcing a direction of
the tape (T) to be changed from one of the belt con-
veying mechanisms (11, 12, 13, 14) that are adjacent
to each other in the conveyance direction (L1) to the
other belt conveying mechanism.
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4. The tape binding device (1) according to claim 3,
wherein
the guiding member (26; 260) includes an annular
member (26) provided so as to be rotatable together
and coaxial with the pulley (42, 43, 44) and having
a larger diameter than that of the pulley (42, 43, 44),
and
the direction of the tape (T) is forced to be changed
from one of the belt conveying mechanisms (11, 12,
13, 14) that are adjacent to each other in the con-
veyance direction (L1) to the other belt conveying
mechanism by an outer periphery (26a) of the annu-
lar member (26).

5. The tape binding device (1) according to claim 4,
wherein
the annular member (26) includes an annular plate.

6. The tape binding device (1) according to any one of
claims 3 to 5, wherein
the annular member (26) includes an annular elastic
member.

7. The tape binding device (1) according to claim 3,
wherein
the loop forming mechanism (6) includes a negative
pressure groove formation frame (7) forming a neg-
ative pressure groove communicating with the space
(S),
the guiding member (26; 260) includes a main body
(261) fixed to the negative pressure groove formation
frame (7) and opposed to an outer periphery of the
common pulley (42, 43, 44), and a guiding piece
(262) extending into the space (S) from the main
body (261), and
the guiding piece (262) has an inclined guiding sur-
face (263) that is inclined in the conveyance direction
(L1) and is abuttable to the end (Ta) in the convey-
ance direction (L1) of the tape (T).

8. The tape binding device (1) according to any one of
claims 1 to 7, wherein
the conveying belts (19; 190) in each of the belt con-
veying mechanisms (11, 12, 13, 14) that are adjacent
to each other in the conveyance direction (L1) are
symmetrical with respect to a center position (TW1)
in a width direction (TW) of the tape (T) perpendicular
to the conveyance direction (L1).

9. The tape binding device (1) according to any one of
claims 1 to 8, wherein
the conveying belt (19; 190) in each of the belt con-
veying mechanism (11, 12, 13, 14) is composed of
a toothed belt wound around a toothed pulley (41,
42, 43, 44, 45).

10. The tape binding device (1) according to any one of
claims 1 to 8, wherein

the plurality of conveying belts (19; 190) in each of
the belt conveying mechanisms (11, 12, 13, 14) in-
clude a conveying belt (190) having a tape conveying
surface (19a) having a large number of grooves (29)
to be communicated with the space (S) formed there-
in.
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