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(54) SHEET FOLDING DEVICE

(57) Provided is a sheet folding device comprising a
deceleration means which halts a sheet by pressing. A
pressure member such as rubber is disposed upon the
leading end of a rod-shaped member which is rotatably
retained. A sheet is decelerated by the pressure member

being applied obliquely to the sheet. The entire surface
of the rubber does not make close contact with paper,
and thus, a wrinkle is not formed in the paper. It is possible
to ensure a stable folding location.
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Description

Technical Field

[0001] The present invention relates to a sheet folding
device including a sheet deceleration means for tempo-
rarily stopping or decelerating a sheet such as printed
paper along a transportation route.

Background Art

[0002] Conventionally, a sheet folding device including
a sheet transportation means for drawing out sheets of
paper stacked on a sheet loading unit one at a time so
as to transport them, a sheet stopper for preventing the
sheets transported by the sheet transportation means
from traveling, and a sheet folding means for pinching
and folding a bent portion of the sheet that has been
prevented from traveling by the sheet stopper and par-
tially bent as a result, is well known (Patent Document 1).

Prior Art Documents

Patent Documents

[0003]

[Patent Document 1] JP Hei 05-238637A
[Patent Document 2] JP Sho 60-23253A
[Patent Document 3] JP Sho 63-41377A
[Patent Document 4] US Patent 3797820A

SUMMARY OF THE INVENTION

Problem To Be Solved By the Invention

[0004] Patent Document 2 discloses that a stopping
member including rubber is attached rotatably along a
predetermined axis, and the stopping member is then
pressed against a piece of paper using a solenoid so as
to stop it. However, since the entire rubber surface ad-
heres to the paper through this method, the paper moves
along with the stopping member or the paper becomes
wrinkled. This cannot secure a stable folding location.
[0005] Patent Document 3 and Patent Document 4 dis-
close that a clamp is pressed against a sheet perpendic-
ularly from above so as to stop it. However, the sheet
may be damaged through this method as it is strongly
pressed.
[0006] The present invention aims to resolve the above
problems and provide a device for precisely folding a
sheet of paper or the like at a predetermined location
while reducing damage to the sheet.

Means of Solving the Problem

[0007] The present invention is a sheet folding device
including sheet transportation means 11, 12, 13 and 14

for transporting a sheet S along a predetermined route,
sheet deceleration means 6a and 6b for decelerating at
least a part of the sheet while being transported by the
sheet transportation means, folding means 11 and 13
and 11 and 14 for folding a part of the sheet that is bent
as the result of deceleration by the sheet deceleration
means, and a control unit for controlling the sheet decel-
eration means.
[0008] The sheet deceleration means includes a guide
member 62 for receiving the sheet while being transport-
ed by the sheet transportation means; a stopping mem-
ber that includes a plate-like pressing member 63 having
a predetermined thickness and a pressing member at-
tachment 66 having the pressing member on an end sur-
face facing the sheet and is rotatably held at a predeter-
mined fulcrum 63, wherein an edge ED1 of the pressing
member presses the sheet traveling along the guide
member against the guide member; and a stopping mem-
ber driving part 65 for rotating the stopping member
around the fulcrum.
[0009] The stopping member is positioned at a waiting
location where the pressing member does not touch the
sheet or at a pressing location where the edge of the
pressing member touches the sheet but the entire sur-
face of the pressing member does not touch the sheet,
the stopping member moves from the waiting location to
the pressing location by rotating in the same direction as
the traveling direction of the sheet, and returns from the
pressing location to the waiting location by rotating in the
opposite direction to the traveling direction of the sheet,
and the stopping member driving part rotates the stop-
ping member from the waiting location to the pressing
location in compliance with an instruction from the control
unit, and the stopping member is held so as to rotate
along a parallel axis to the travelling direction of the sheet,
and the stopping member rotates due to a reaction to the
sheet being pressed against the guide member by an
edge of the stopping member.

BRIEF DESCRIPTION OF DRAWINGS

[0010]

FIG. 1 is a perspective view of a sheet folding device
according to an embodiment of the present inven-
tion;
FIG. 2 is a drawing illustrating a state where an aux-
iliary guide member of the sheet folding device ac-
cording to the embodiment of the present invention
is pulled out;
FIG. 3 is a perspective view of the auxiliary guide
member according to the embodiment of the present
invention;
FIG. 4 is an operational schematic diagram of the
auxiliary guide member according to the embodi-
ment of the present invention;
FIG. 5 is an operational schematic diagram of the
auxiliary guide member according to the embodi-
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ment of the present invention;
FIG. 6 is a schematic diagram of the internal structure
of the sheet folding device according to the embod-
iment of the present invention;
FIG. 7 is a side view illustrating a partially severed
sheet deceleration means according to the embod-
iment of the present invention;
FIG. 8 is a top view of the sheet deceleration means
according to the embodiment of the present inven-
tion;
FIG. 9 is a partial expanded sectional view of the
sheet deceleration means according to the embod-
iment of the present invention;
FIG. 10 is a side view illustrating the periphery of a
stopping member of the sheet deceleration means,
according to the embodiment of the present inven-
tion, and a waiting location;
FIG. 11 is an operational schematic diagram of the
stopping member of the sheet deceleration means
according to the embodiment of the present inven-
tion;
FIG. 12 is an operational schematic diagram (com-
parative example) of the stopping member according
to the embodiment of the present invention;
FIG. 13 is a block diagram of a control system for
the device according to the embodiment of the
present invention;
FIG. 14 is a block diagram of a control system for
the sheet deceleration means according to the em-
bodiment of the present invention;
FIG. 15 is a schematic diagram (timing chart) of the
sheet deceleration means according to the embod-
iment of the present invention;
FIG. 16 is a schematic diagram of a correction table
according to the embodiment of the present inven-
tion;
FIG. 17 is a schematic diagram of a driving time set-
ting table according to the embodiment of the present
invention;
FIG. 18 is a flow chart of sensor selection process
according to the embodiment of the present inven-
tion;
FIG. 19 is an operational schematic diagram of the
device according to the embodiment of the present
invention; and
FIG. 20 is a schematic diagram explaining folding
methods for a sheet using the device according to
the embodiment of the present invention.
FIG. 21 is a planar view of the sheet deceleration
means according to a modification.
FIG. 22 is a front view of the sheet deceleration
means according to a modification.
FIG. 23 is a right side view of the sheet deceleration
means according to a modification.
FIG. 24 is an exploded perspective view of the sheet
deceleration means according to a modification.
FIG. 25 is an operational schematic diagram of the
sheet deceleration means according to a modifica-

tion.
FIG. 26 is a view showing the operation of the sheet
deceleration means according to a modification (ta-
ble of observation results).
FIG. 27 is a view of the sheet skew.

BEST MODE FOR CARRYING OUT THE INVENTION

[0011] FIG. 1 is a perspective view of a sheet folding
device according to an embodiment of the present inven-
tion. A sheet folding device 1 includes a sheet stocker 2,
which slants downward toward the inside of the device
1, a paper ejection tray 80, which is located therebelow,
and an operation panel PAN for specifying a folding meth-
od for a sheet (paper). The paper ejection tray 80 is a
sheet exit E.
[0012] As shown in FIG. 2, the back of the sheet folding
device 1 is detachable. This back is made up of an aux-
iliary guide member 90, which has a curved inner surface
that receives a sheet protruding from sheet deceleration
means 6a and 6b described later.
[0013] The interior of the auxiliary guide member 90 is
as illustrated in FIG. 3. A plurality of (nine) plates is pro-
vided in the sheet traveling direction. The shape of these
plates is the same, as if the shape is made by cutting out
from those plates using half of a Koban-shaped object
(a half egg-shaped object). The angle thereof forms
roughly a quarter of a circle.
[0014] The auxiliary guide member 90 receives at the
cross section surfaces of the plates provided therewithin,
a sheet protruding from the sheet deceleration means 6a
and 6b, as shown in FIG. 4 and FIG. 5.
[0015] By providing the auxiliary guide member 90, the
sheet deceleration means 6a and 6b may be smaller than
the sheet and thus the sheet folding device 1 may be
downsized.
[0016] Further description will be given while referenc-
ing FIG. 6. The sheet stocker 2 is a portion for stacking
foldable sheets S (standard-size paper in this example)
and stocking them. A separating plate 3 made of rubber
or the like is provided on an end on the downside along
the slope thereof.The sheets S stacked on the sheet
stocker 2 are separated by the separating plate 3 and
are drawn out one by one from the top sheet S.A sliding
plate 4, which guides the sheet S that has passed over
the separating plate 3, is provided in front of the sheet
stocker 2.A separating plate 5 made of rubber or the like
is provided on an end near the sheet stocker 2.
[0017] Other than this friction type, there is also a
known air suction type. A friction type, an air suction type,
or another means may be employed as a supply means.
[0018] Reference numeral 10 denotes a feed roller,
which is provided above the separating plates 3 and 5,
for rolling on and making contact with the upper surface
of the sheet S that passes the separating plates 3 and 5.
[0019] Reference numeral 11 denotes a driving roller
located on the downstream of the sheet S drawn out be-
tween the separating plate 5 and the feed roller 10.
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[0020] Reference numerals 12, 13 and 14 denote fol-
lower rollers, which circumscribe the driving roller 11 and
rotate synchronously.
[0021] Reference numerals 15 and 16 denote convey-
ing rollers, which transport the sheet S that has passed
between the driving roller 11 and the follower roller 14 to
the exit E (this continues to the paper ejection tray 80).
[0022] The rollers 10 to 16 constitute a sheet transpor-
tation means for transporting the sheet S along a prede-
termined route.
[0023] The driving roller 11 and the follower roller 13
are also a folding means for folding a part of the sheet
bent by the sheet deceleration means 6a. The driving
roller 11 and the follower roller 14 are also a folding
means for folding a part of the sheet bent by the sheet
deceleration means 6b.
[0024] Reference numeral 17 denotes a motor (sheet
transportation means driving part) for rotary driving the
driving roller 11 and the conveying roller 15.
[0025] Reference numeral 18 denotes a transmission
unit, which transmits the dynamic force of the motor 17.
The transmission unit 18 includes a pulley 18a provided
along an output shaft of the motor 17, a pulley 18b pro-
vided coaxially with the driving roller 11, a gear 18c pro-
vided coaxially with the feed roller 10, a gear 18d for outer
gearing with the gear 18c, a pulley 18e provided coaxially
with the gear 18d, a pulley 18f and a gear 18g provided
coaxially with the conveying roller 15, a gear 18h for outer
gearing with the gear 18g, a pulley 18i provided coaxially
with the gear 18h, a timing belt 18j wound around the
pulleys 18a, 18b, 18e and 18i, a pulley 18k provided co-
axially with the conveying roller 16, and a flat belt 18n
wound around the pulleys 18f and 18k.
[0026] Rotating the motor 17 allows simultaneous ro-
tation of not only the feed roller 10 and the driving roller
11, but the follower rollers 12, 13 and 14, which circum-
scribe the driving roller 11, and the conveying rollers 15
and 16 as well. However, the feed roller 10 is made to
intermittently rotate as a result of action of a clutch, which
is omitted from the drawing, provided coaxially with the
feed roller. This allows the sheets S on the sheet stocker
2 to be drawn out one by one at predetermined timings
by the intermittently rotating feed roller 10 while consec-
utively rotating the driving roller 11 and the follower rollers
12, 13 and 14.
[0027] Reference numeral 19 denotes a conveyance
path for leading the sheet having passed between the
driving roller 11 and the follower roller 14 to the exit E.
The conveyance path 19 includes paired upper and lower
plates 19a and 19b that face each other in parallel and
close proximity. The lower plate 19b is partially notched
so as to expose the peripheries of the conveying rollers
15 and 16.
[0028] Reference numerals 6a and 6b respectively de-
note a sheet deceleration means. In FIG. 6, the sheet
deceleration means 6a and 6b are arranged diagonally
upward and diagonally downward, respectively, at loca-
tions facing the periphery of the driving roller 11. The

angle between the sheet deceleration means 6a and 6b
is approximately 90 degrees. The sheet deceleration
means 6a and 6b temporarily decelerate the sheet S be-
ing transported by the sheet transportation means, so as
to bend the sheet S. Note that ’deceleration’ includes
completely stopping the sheet S.
[0029] The upper sheet deceleration means 6a decel-
erates the sheet S fed between the driving roller 11 and
the follower roller 12. The lower sheet deceleration
means 6b decelerates the sheet S fed between the driv-
ing roller 11 and the follower roller 13.
[0030] FIGS. 7 to 9 are the schematic diagrams of the
sheet deceleration means 6a and 6b. As the sheet de-
celeration means 6a and 6b are the same, the signs ’a’
and ’b’ are omitted from the following description when
differentiation therebetween is unnecessary.
[0031] The sheet deceleration means 6 includes an
upper guide plate 61 and a lower guide plate 62, which
face each other in parallel and close proximity via a gap
G that allows the sheet S to enter. The upper guide plate
61 and the lower guide plate 62 are formed by pressing
a steel sheet etc. The gap G formed between the upper
guide plate 61 and the lower guide plate 62 is approxi-
mately 1 to 3 mm, for example.
[0032] Reference numeral 63 denotes a rubber pad
pressing the sheet S that has entered the gap G onto the
inner side (top side of the lower guide plate 62 in this
example) of the gap G along the thickness thereof. The
pad 63 is provided on the receiving end side of the gap
G where the sheet S enters and exits, so as to control
bending deformation of the sheet S in the gap G. In FIG.
7, the right side is the traveling direction of the sheet S.
When the sheet S is folded, it returns to the opposite side
from the traveling direction.
[0033] Reference numeral 64 denotes a pad transfer
means for transferring the pad 63 between predeter-
mined waiting and pressing locations. FIG. 7 illustrates
the waiting location of the pad 63. The waiting location
and the pressing location will be described in detail later.
[0034] The pad transfer means 64 includes a solenoid
65, which is deployed on the upper guide plate 61 as a
driving source, a pad fixing bar 66, which is attached to
the bottom of the pad 63, and a transmission link 67,
which transmits a stretching force from the solenoid 65
to the pad fixing bar 66.
[0035] As shown in FIG. 8 and FIG. 9, the pad fixing
bar 66 extends along the route orthogonal to the traveling
direction of the sheet entering the gap G along the upper
guide plate 61. The extending direction of the pad fixing
bar 66 is parallel to the end of the sheet S. A bracket 66a
is attached to the middle of the pad fixing bar 66. Paired
brackets 66b are attached on either end along the length
of the pad fixing bar 66. Note that in FIG. 8, hatching of
the portion of the pad fixing bar 66 is for demonstrating
the pad fixing bar 66 and is not a cross section.
[0036] While FIG. 8 and FIG. 9 show the pressing lo-
cation, the entire surface of the pad 63 makes contact
with the top surface of the sheet S or the inner surface
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of the lower guide plate 62. The pressing location in FIG.
8 and FIG. 9 is slightly different from the pressing location
described in FIG. 11.
[0037] On the other hand, a long hole 61a resulting
from cutting out a portion for the pad fixing bar 66 to be
deployed, and brackets 61b and 61b, which result from
bending up both ends of the long hole 61a, are formed
on the upper guide plate 61. The brackets 61b and 61b
and the brackets 66b and 66b are connected by pivots
68 and 68, respectively. An extension rod 65a for the
solenoid 65 and the bracket 66a are connected by the
transmission link 67. When the solenoid 65 is driven so
as to extend, the pad fixing bar 66 rotates around the
pivots 68 (carries out circular movement). This moves
the pad 63 between the waiting location and the pressing
location.
[0038] The brackets 61b may be metal blocks instead
of lanced claws.
[0039] A coil spring 69 is provided to the extension rod
65a. Due to the resilience of this spring, the pad 63 is at
the waiting location when the solenoid 65 is not being
driven. When the solenoid 65 is driven, the extension rod
65a overcomes the resilience of the spring 69 and short-
ens, resulting in movement of the pad 63 to the pressing
location. When there is no driving current, the solenoid
65 allows the resilience of the spring 69 to extend the
extension rod 65a, resulting in movement of the pad 63
to the waiting location.
[0040] As shown in FIG. 8, a sheet entry sensor 7 is
provided on the upper guide plate 61. This sensor 7 de-
tects the end of the sheet entering the gap G. The sheet
entry sensor 7 is a reflection type photoelectric switch,
for example.
[0041] Description of the waiting location and the
pressing location of the pad 63 will be described while
referencing FIG. 10 and FIG. 11.
[0042] In the following description, the pad 63 (press-
ing member) and the pad fixing bar 66 (pressing member
attachment) are depicted collectively as ’stopping mem-
bers’.
[0043] Thickness of the pad 63 is ’a’ in FIG. 11(a). The
pad 63 is provided on the end (bottom) of the pad fixing
bar 66 near the sheet S. The pad fixing bar 66 is held
rotatably at a fulcrum FC. The fulcrum FC corresponds
to the pivot 68.
[0044] AP denotes the point of action of the driving
force of the solenoid 65, and F denotes acting force.
[0045] In FIG. 10 and FIG. 11(a), the stopping mem-
bers 63 and 66 are at the waiting location. That is, the
pad 63 is not touching the sheet S. Reference numeral
61c in FIG. 10 denotes a stopping member stopper for
keeping the stopping members 63 and 66 at the waiting
location.
[0046] As shown in FIG. 11(a), at the waiting location,
an angle made by a straight line of the surface of the pad
63 and the traveling direction of the sheet S is approxi-
mately 55 degrees.
[0047] In FIG. 11(b), the solenoid 65 is driven and the

stopping members 63 and 66 are thus moved to the
pressing location as indicated by a dotted line. That is,
the sheet S is being pressed onto the inner surface of
the lower guide plate 62 by an edge ED1 of the pad 63.
Display of the lower guide plate 62 is omitted from FIG.
11.
[0048] The edge ED1 is on the farther end from the
entry location of the sheet S, of the two edges of the pad
63 that are along the traveling direction of the sheet S.
The edge ED1 touches the sheet S because the sum of
the thickness a of the pad 63 and length c from the end
surface (bottom) touching the sheet S of the pad fixing
bar 66 to the fulcrum FC is slightly smaller than distance
h from the fulcrum FC to the sheet S.
[0049] As shown in FIG. 11(b), at the pressing location,
an angle made by a straight line of the surface of the pad
63 and the traveling direction of the sheet S is approxi-
mately 76 degrees. Difference between angles at the
waiting location and the pressing location is approximate-
ly 20 degrees.
[0050] The stopping members 63 and 66 move from
the waiting location to the pressing location by rotating
approximately 20 degrees in the same direction as the
traveling direction of the sheet S, and return from the
pressing location to the waiting location by rotating ap-
proximately 20 degrees in the opposite direction to the
traveling direction of the sheet S.
[0051] Length b of the pad 63 is shorter than length d
of the end surface of the pad fixing bar 66. The pad 63
is provided near an end of the pad fixing bar 66 to which
the sheet S enters first. Therefore, an edge ED2 (edge
of the pressing member attachment), which is on the op-
posite side to the sheet S entry side of the end surface
of the pad 63, is not covered by the pad 63. Therefore,
the stopping members 63 and 66 of FIGS. 10, 11(a) and
11(b) have the two edges ED1 and ED2.
[0052] At the waiting location, neither of the two edges
ED 1 or ED2 is touching the sheet S (pressing against
it). At the pressing location, the edge ED1 is touching the
sheet S but the edge ED2 is not.
[0053] If both of the two edges ED 1 or ED2 at the
pressing location are touching the sheet S, as in FIG.
12(a), and if the pad 63 is worn down, the edge ED2 of
the metal part makes contact with the sheet S first, as in
FIG. 12(b), and there is a danger that the sheet S cannot
be stopped. There is also a danger of damaging the sheet
S.
[0054] Therefore, while the edge ED1 is touching the
sheet S at the pressing location, as shown in FIG. 11(b),
even if the pad 63 has been worn down during the life
expectancy of the product or between overhaul proce-
dures, the thickness a of the pad 63 should be selected
such that the edge ED2 does not touch the sheet S.
[0055] The stopping members 63 and 66 pressing as
in FIG. 11(b) bring about the following effects.

1) Since the pad 63 is structured so as to move in a
circular manner and the sheet S is braked by the
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edge ED1, the sheet may be securely held and suf-
ficiently decelerated even when the sheet S is thick
and moves fast. The pad 63 is pulled in the traveling
direction of the sheet S by frictional force occurring
between the sheets S as well as by the driving force
of the solenoid 65, and the pad 63 thereby moves
further in a circular manner. As a result, since the
pad 63 is further strongly pressed against the sheet
S, a greater braking force may be obtained. Appli-
cation of the brake on the edge ED1 allows effective
deceleration utilizing the traveling force of the sheet
S.
2) By providing the stopping members 63 and 66
with the two edges ED1 and ED2, the sheet S is not
blocked from traveling when returning to the opposite
direction to the traveling direction nor is the sheet S
damaged. While the sheet S travels along the bottom
surface (inner surface of the lower guide plate 62)
when advancing in the traveling direction, it travels
along the top surface (surface of the pad 63) when
returning in the opposite direction. As the pad 63 is
not between the edges ED1 and ED2 at this time,
blockage of traveling of the sheet S is reduced.
3) The angle made by the straight line perpendicular
to the surface of the pad 63 and the traveling direction
of the sheet S is made smaller than 90 degrees at
the pressing location, and thus sufficient decelera-
tion of the sheet S and security of a stable folding
location are possible. If the angle becomes 90 de-
grees and the entire surface of the pad 63 touches
the sheet S, a stable folding location cannot be se-
cured. If the angle exceeds 90 degrees, the sheet S
cannot be stopped. Contrary to the above effect 1,
braking becomes weaker due to the traveling force
of the sheet S.

[0056] FIG. 11(c) illustrates an example where the
length b of the pad 63 is the same as the length d of the
end surface of the pad fixing bar 66. There is no edge
ED2 in this example. The working example of FIG. 11(c)
does not bring about the above-given effect 2, but does
lead to the effects 1 and 3.
[0057] A control system of the device according to the
embodiment of the present invention will be described
while referencing FIG. 13.
[0058] CONT denotes a control unit for controlling the
solenoids 65a and 65b and the motor 17 based on signals
from an operation panel PAN and a plurality of sensors.
The control unit CONT includes a CPU, ROM, RAM, and
I/O ports. Controlling is carried out by the CPU executing
a program stored in the ROM.
[0059] A signal for instructing a folding method for a
sheet S, for example, is transmitted from the operation
panel PAN. Folding methods will be described while ref-
erencing FIG. 20 and the description thereof.
[0060] Sensors connected to the control unit CON are
given below.
[0061] A sheet size sensor SS is for detecting the size

of a sheet S placed on the sheet stocker 2. Detected
sizes are A4, A3, etc. The sheet size sensor SS is well
known to those skilled in the art and therefore detailed
description thereof is omitted.
[0062] Note that the size of the sheet S may be input
from the operation panel PAN instead of using the sheet
size sensor SS. There are cases when provision of the
sheet size sensor SS is unnecessary.
[0063] A paper feed sensor FS is for detecting that the
sheet S has been loaded onto the sheet transportation
means 10 to 16. The paper feed sensor FS is an optical
sensor (photointerrupter or the like), for example, and is
provided near the separating plate 3 or the feed roller 10,
for example.
[0064] Sheet entry sensors 7a and 7b are for detecting
entry of the sheet S to the sheet deceleration means 6a
and 6b, respectively. An example of installation locations
is given in FIG. 8.
[0065] A paper ejection sensor ES is for detecting ejec-
tion of a folded sheet S. The paper ejection sensor ES
is provided at the exit E.
[0066] A rotary encoder RE is a sensor for detecting
the amount of rotation of the driving roller 11. A rotating
shaft of the rotary encoder RE is connected to the rotating
shaft of the driving roller 11 directly or via a transmission
mechanism such as a gear or the like. When the driving
roller 11 is rotated, the rotary encoder RE outputs a pulse
in compliance with the rotation angle. For example, the
driving roller 11 outputs a single pulse for every Δθ rota-
tion. Counting the number of pulses may give the rotation
angle of the driving roller 11. The distance moved by the
sheet S may also be known based on the number of
pulses.
[0067] Control of the stopping members 63 and 66 will
be described while referencing FIG. 14. FIG. 14 illus-
trates a control system of the sheet deceleration means
6a or the control system of the sheet deceleration means
6b. Content of controlling both means is almost the same,
and thus the sheet deceleration means 6a and 6b are
not differentiated nor are ’a’ and ’b’ notated in the follow-
ing description.
[0068] The control system of FIG. 14 is implemented
by the CPU executing a program. The control system
may also be implemented by hardware such as an IC.
[0069] Reference numeral 100 denotes a solenoid on-
signal generator, which controls so as to start driving the
solenoid 65 at a time (t1 in FIG. 15) after a predetermined
period of time (T1 in FIG. 15 or pulse number PN1, or
otherwise a corrected pulse number PN1’ when correc-
tion described later has been performed) has elapsed
from a time (t0 in FIG. 15) when entry of the sheet S (end
of the sheet S) is detected by the sheet entry sensor 7.
[0070] Reference numeral 101 denotes a solenoid
driving time setting part, which sets a period of time (T2
in FIG. 15) that the solenoid 65 is driven and controls so
as to stop driving the solenoid 65 at a time (t2 in FIG. 15)
after this period of time has elapsed.
[0071] Reference numeral 102 denotes a velocity cal-
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culation unit, which calculates the driving velocity of the
motor 17 based on drive information (e.g., electric cur-
rent) of the motor 17. For example, when driving currents
are I0, I1 and I2, it can be known in advance that the
driving velocities are v0, v1 and v2 respectively, thereby
allowing calculation of the velocity utilizing this informa-
tion.
[0072] SW denotes a switch for turning on and off a
current flowing from a power source PS to the solenoid
65. The switch SW turns on according to an output of the
solenoid on-signal generator 100 and turns off according
to an output of the solenoid driving time setting part 101.
[0073] The solenoid on-signal generator 100 includes
a solenoid on-location setting part (drive starting infor-
mation setting part) 1001, which sets a drive starting time
for the solenoid (stopping member driving part) 65, which
drives the stopping members 63 and 66, based on an
instruction on folding method for a sheet S from the op-
eration panel PAN and an output from the sheet size
sensor SS, a counter 1002, which starts counting output
pulses from the rotary encoder RE when the sheet entry
sensor 7 has detected the sheet S, a comparator 1003,
which compares the counter 1002 to output from the so-
lenoid on-location setting part 1001 and outputs an on
signal to the switch SW when they coincide, and a cor-
rector (correction table) 1004, which stores an adjust-
ment time specified in accordance with the driving veloc-
ity of the motor (sheet transportation means driving part)
17.
[0074] The solenoid on-location setting part 1001 es-
tablishes a folding location based on aspects of the fold-
ing method (twofold, threefold, etc.) and size (A3, A4,
etc.) of the sheet S. Since the procedure of establishing
a folding location is well known to those skilled in the art,
description thereof is omitted. The folding location which
is the output of the solenoid on-location setting part 1001
is expressed as the output pulse number PN1 (the cor-
rected pulse number PN1’ when correction has been per-
formed) of the rotary encoder RE.
[0075] The counter counts the number of output pulses
from time t0 and onward. The comparator 1003 turns on
the solenoid 65 when the counted number of pulses be-
comes PN1 (or PN1’). The time T1 corresponds to time
required for the rotary encoder RE to output PN1 (or
PN1’) number of pulses. While the location (corresponds
to PN1 or PN1’) of the sheet S, which is braked by the
stopping members 63 and 66, does not change, the pe-
riod of time T1 changes depending on the rotating speed
of the motor 17. The solenoid on-location setting part
1001 may be interpreted as setting times for turning on
the solenoid 65 in accordance with the folding location.
[0076] Meanwhile, there is a predetermined time delay
ΔT from when the solenoid 65 is turned on to when a
brake force is applied by the stopping members 63 and
66. The corrector (correction table) 1004 performs cor-
rection for removing adverse effects of ΔT. For example,
it has the correction table given in FIG. 16, and corrects
the value of PN1 in accordance with the driving velocity

of the motor 17 to PN1’. In the example of FIG. 16, λ1 is
subtracted from PN1 when the driving velocity equals a
first velocity Namely, PN1’ = PN1 - λ1. This corresponds
to the actual period of time from sheet detection to sheet
stopping in the case of correction resulting in PN1’. This
correction may be performed by the solenoid on-location
setting part 1001. Alternatively, it may be added to the
output of the counter 1002. The same holds for λ2 and λ3.
[0077] The folding location (pulse number PN1) does
not change due to the driving velocity of the motor 17,
as described above; however, the corrector 1004 is nec-
essary since the number of pulses generated at the time
delay ΔT changes. The corrector 1004 may be interpret-
ed as adjusting times for turning on the solenoid 65 using
the adjusted values X1, X2 and X3.
[0078] The adjusted values are established based on
the time ΔT required for moving from the waiting location
to the pressing location. The greater the driving velocity
of the motor 17, the greater the absolute values of the
adjusted values. In other words, the higher the driving
velocity of the motor 17, the more t1 approaches t0 by
correction. Supposing delay of the first velocity is ΔT1,
the number of pulses output by the rotary encoder RE
corresponds to the adjusted value (the corrected value)
λ1.
[0079] The solenoid driving time setting part 101 has
a table as given in FIG. 17, for example. According to
this drawing, when the sheet S is a first size and the
driving velocity of the motor is a first velocity, time T2,
which denotes the duration of the solenoid 65 being on,
is τ11.
[0080] In FIG. 17, the greater the transporting velocity
of the sheet S, the longer the driving time τ, and the larger
the size (mass) of the sheet S, the longer the driving time
τ. When size increases in order from the first size to fourth
size and velocity increases in order from the first velocity
to third velocity, relationships: τ11 < τ12 < τ13 < τ14 and
τ11 < τ21 < τ31 hold true.
[0081] Note that even if the mass of the sheet S is
different, the driving time of the solenoid 65 may be not
changed. In this case, τ11 = τ12 = τ13 = τ14.
[0082] The stopping members 63 and 66 are for de-
celerating a sheet S, bending the sheet S, and folding
the bent place using the folding means (the driving roller
11 and the follower roller 13). In order to achieve this aim,
the stopping members 63 and 66 need to sufficiently de-
celerate the sheet S. Time necessary for deceleration is
expressed as a function of size (mass) of the sheet S
and travel speed thereof. Since kinetic energy of the
sheet S is proportional to the mass and also proportional
to the square of the travel speed, the driving time τ in the
table of FIG. 17 is established such that the longer the
time, the greater the transporting velocity of the sheet S,
and the longer the time, the larger the size of the sheet S.
[0083] Note that when the driving time τ becomes too
long, the sheet S is blocked from moving to the folding
means. It is desirable that the driving time τ is long enough
to achieve the above-given aim and bend the sheet S,
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and short enough such that it does not block the sheet
S from moving to the folding means.
[0084] The solenoid on-signal generator 100 sets a
drive start time based on the output of the paper feed
sensor FS instead of the sheet entry sensor 7 when the
size of the sheet S is smaller than a predetermined
threshold. The processing flowchart is given in FIG. 18.
[0085] When the sheet S is small, merely driving the
stopping members 63 and 66 based on the output from
the sheet entry sensor 7 may not be enough. This is when
T1 in FIG. 15 is shorter than or approximately the same
as the time delay ΔT. At this time, if the driving start time
is set based on the output of the paper feeder sensor FS,
T1 can be made sufficiently long, and thus the stopping
members 63 and 66 may make contact at an appropriate
location.
[0086] The aforementioned threshold is established
based on the relationship between T1 and ΔT, for exam-
ple. For example, when the corrected result from the cor-
rector 1004 is zero or smaller than a predetermined value
(value with an allowance for heightening reliability), the
output of the paper feeder sensor FS is used.
[0087] Operation of the sheet folding device including
the sheet deceleration means 6a and 6b configured as
described above will be described.
[0088] FIG. 19 illustrates that the pad 63 of both of the
sheet deceleration means 6a and 6b is at the pressing
location; however, in actuality, they are at either the wait-
ing location or the pressing location depending on the
situation, as described below.
[0089] In FIG. 19, the sheet S first passes between the
driving roller 11 and the follower roller 12 and is fed into
the gap G of the sheet deceleration means 6a located
above them.
[0090] At this time, the pad 63 is at the waiting location
and allows entry of the sheet S into the gap G.
[0091] When the sheet S is detected by the sheet entry
sensor 7, the solenoid 65 is driven based on that detec-
tion signal, thereby moving the pad 63 to the pressing
location.
[0092] The sheet S is pressed onto the inner surface
of the gap G by the pad 63. The sheet S is then sand-
wiched between the pad 63 and the lower guide plate 62
and stopped from traveling.
[0093] The back end side of the sheet S is between
the driving roller 11 and the follower roller 12 and is con-
tinued to be sent forward (downstream) from these rollers
11 and 12. The sheet S is bent downward between the
driving roller 11 and the pad 63. The bent portion Sa is
caught between the driving roller 11 and the follower roller
13.
[0094] The bent portion Sa of the sheet S is folded by
the driving roller 11 and the follower roller 13, and the
sheet S with the bent portion as the front end is fed into
the gap G of the sheet deceleration means 6b located
below.
[0095] In the same manner as with the sheet deceler-
ation means 6a, the sheet S is bent and the bent portion

Sb is caught between the driving roller 11 and the follower
roller 14.
[0096] The sheet S that has passed between the driv-
ing roller 11 and the follower roller 14 is ejected to the
outside through the conveyance path 19.
[0097] The sheet folding device according to the em-
bodiment of the present invention allows various folding
methods illustrated in FIG. 20. FIG. 20(a) illustrates an
outer threefold method, FIG. 20(b) illustrates an inner
threefold method, and FIG. 20(c) illustrates a fourfold
method.
[0098] A shutter device, omitted from the drawing, ad-
jacent to either one of the sheet deceleration means 6a
and 6b may be provided so as to prohibit entry of the
sheet S into the gap G such that the sheet S is deceler-
ated only by the other sheet decelerating means, thereby
folding the sheet in two as shown in FIG. 20(d).
[0099] Which folding method of FIG. 20 is used de-
pends on the operating timing of the pad 63. The oper-
ating timing is set by the solenoid on-signal generator
100.
[0100] The present invention is not limited to the con-
figuration given above. Alternatively, for example, the
pad 63 and its transfer means 64 may be provided on
the bottom side of the lower guide plate 62 such that the
sheet S that has entered into the gap G will be pressed
against the bottom (inner surface) of the upper guide
plate 61 by the pad 63.
[0101] The paired upper and lower guide members
forming the gap G are not limited to plate materials such
as the upper guide plate 61 and the lower guide plate 62.
The guide members may be configured by stacking and
arranging in parallel a plurality of bars.
[0102] As shown in FIG. 8 and FIG. 9, the pivots 68
and 68 for the pad fixing bar 66 are held freely pivoting
by the brackets 61b and 61b of the upper guide plate 61,
respectively. The brackets 61b and 61b are integrally
configured with the upper guide plate 61 as one body,
and therefore, the pad fixing bar 66 has a fixed positional
relationship with the upper guide plate 61 and the lower
guide plate 62 without moving except for rotating on the
pivots 68 and 68. That is, the position of the pad fixing
bar 66 is fixed. This can also be said about the relation-
ship with the sheet S passing therebetween.
[0103] As shown in FIG. 11, the pad 63 displays a brak-
ing force by making contact with the sheet S so as to stop
the sheet S. Contact between the pad 63 and the sheet
S favorably occurs along the length (perpendicular to the
travelling direction of the sheet S and perpendicular to
FIG. 11) of the pad 63 at the same time and degree. In
other words, it is favorable that the state shown in FIG.
11(b) occurs simultaneously at any arbitrary point on the
pad 63.
[0104] Even if the above conditions are not satisfied,
such as one end of the pad 63 is in contact with the sheet
S but the other end has not made contact yet, the sheet
S is stopped on said one end while the sheet is not
stopped sufficiently on said other end, and could still be
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moving. This means that the sheet moves at an angle,
that is, oblique motion occurs. As a result, a phenomenon
that endpoints of the folded sheet S do not match occurs.
This leads to decrease in quality of sheet folding. This is
not a favorable phenomenon and should be improved.
[0105] In order to satisfy the above conditions, the pad
fixing bar 66 should be accurately attached in parallel to
the upper guide plate 61 and the lower guide plate 62.
However, a slight error occurs due to insufficient machin-
ing precision. Moreover, the above conditions are also
not satisfied when the pad 63 is worn down nonuniformly
due to use over a long period of time. If the above con-
ditions are not satisfied even a little, the above problem-
atic phenomenon occurs. The above problematic phe-
nomenon occurs even if, for example, difference between
the distance from the pivot 68 on one end of the pad fixing
bar 66 to the lower guide plate 62 and distance from the
pivot 68 on the other end to the same is approximately
0.5mm.
[0106] FIG. 21 to FIG. 24 show a deceleration means
6 including a mechanism that can satisfy the above con-
ditions and keep the above problematic phenomenon
from occurring. This deceleration means 6 makes contact
between the pad 63 and the sheet S along the length
thereof occur at the same time and degree.
[0107] FIG. 21 is a planar view of the deceleration
means 6 according to a modification; FIG. 22 is a front
view of the same; FIG. 23 is a right side view of the same;
and FIG. 24 is an exploded view of the same.
[0108] In these drawings, the same reference numer-
als are given to the same or equivalent elements shown
in FIG. 7 to FIG. 10, and description thereof is omitted.
[0109] CA denotes a seesaw fulcrum (the rotating shaft
of the pad fixing bar 66).
[0110] Reference numeral 161 denotes a pad fixing
bar holder attached to a seesaw mechanism attachment
61V, which is made by bending the ends of the upper
guide plate 61 into a right angle. The pad fixing bar holder
161 includes side surfaces 161b and 161b parallel to
each other, each provided with a hole 161h for the pivot
68, and a base 161c facing the seesaw mechanism at-
tachment 61V while supporting the side surfaces. In the
example of this drawing, the pad fixing bar holder 161 is
made by bending a plate-like material.
[0111] The pad fixing bar holder 161 is attached to the
seesaw mechanism attachment 61V by two screws
(omitted from the drawing). These screws are fixed to a
mounting plate 162 via collars C2 and C2, respectively.
Holes (illustrated in the drawing but without reference
numerals) in the base 161c for the collars C2 and C2 to
pass through are slightly larger than the collars C2 and
C2, thus allowing the pad fixing bar holder 161 to move
a little against the seesaw mechanism attachment 61V.
[0112] Sufficiently large holes (illustrated in the draw-
ing but without reference numerals) for a transmission
link 67 and an extension rod 65a to pass through are
opened at nearly the center of the base 161c and the
seesaw mechanism attachment 61V, respectively A col-

lar 163 passes through this hole in the base 161c so as
to be inserted in the hole of the seesaw mechanism at-
tachment 61V. The collar 163 is pressed by the mounting
plate 162 and therefore does not come out. The collar
163 also has a large enough hole for the transmission
link 67 and the extension rod 65a to pass through. The
collar 163 allows the pad fixing bar holder 161 to rotate.
Rotation is centered around the transmission link 67 and
the extension rod 65a, that is, the drive shaft of the so-
lenoid 65.
[0113] As a result, the pad fixing bar 66 is supported
by a fulcrum CA at a predetermined position thereof (e.g.,
center), and is thus capable of moving around this fulcrum
CA. The rotating shaft is parallel to the travelling direction
of the sheet S. In the above example, the rotating shaft
is the drive shaft of the solenoid 65. A mere minimal ro-
tatable range is sufficient, such as, for example, approx-
imately 0.5mm at the ends of the pad fixing bar 66.
[0114] In the above example, friction adding means
164 and 164 are provided on the outer sides of the collars
C2 and C2, respectively. Each of the friction adding
means 164 includes a screw 164a, a coil spring 164b,
and a washer 164c. The seesaw mechanism attachment
61V has holes (illustrated in the drawing but without ref-
erence numerals) larger than the screws 164a, and via
these holes, the screws 164a are fixed to screw holes
(illustrated in the drawing but without reference numer-
als) of the base 161c. While the friction adding means
164 do not prevent the pad fixing bar holder 161 from
moving, the pad fixing bar holder 161 does not move
easily due to frictional force occurring between the wash-
ers 164c and the seesaw mechanism attachment 61V
This frictional force may be adjusted by turning the
screws 164a. The friction adding means 164 are for keep-
ing the pad fixing bar 66 from freely moving around. The
friction adding means 164 drive the solenoid 65 to make
the sheet S touch the pad 63, thereby adding a prede-
termined load F on the sheet S such that the pad fixing
bar 66 rotates for the first time when reaction thereto
exceeds the frictional force. A minimal required force for
moving the pad fixing bar 66 is set as threshold Fth. The
threshold Fth corresponds to the frictional force and can
be adjusted by the screws 164a.
[0115] The friction adding means 164 may be provided
on the side surfaces 161b, respectively.
[0116] The friction adding means 164 may apply fric-
tion to the collar 163. For example, one or more brake-
shoes making contact with the side surface of the collar
163 may be provided so as to adjust contact pressure
thereof.
[0117] The friction adding means 164 may also put a
sponge or resin, etc. in direct contact with the pad fixing
bar holder 161.
[0118] The friction adding means 164 may also use
electromagnetic force rather than mechanical force. For
example, a permanent magnet or an electromagnet is
provided to the pad fixing bar holder 161, a permanent
magnet or an electromagnet is provided to the upper
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guide plate 61 or the lower guide plate 62, and the suction
force and the repulsive force therebetween is used so as
to adjust the mobility of the pad fixing bar 66.
[0119] FIG. 25 is an operational schematic diagram of
the above example. This drawing is a front view of the
pad fixing bar 66 viewed in the travelling direction of the
sheet S. Movement of the pad fixing bar 66 viewed from
the side is the same as in FIG. 11.
[0120] CA denotes a rotating shaft/fulcrum. In this ex-
ample, it is a drive shaft of the solenoid 65.
[0121] The pad fixing bar 66 moves as a seesaw with
CA as the fulcrum. This makes distance between the pad
63 and the sheet S the same at all points. As a result,
contact between the pad 63 and the sheet S along the
length thereof occurs at the same time and degree. The
action of the friction adding means 164 makes the pad
fixing bar 66 move when a load F equal to or greater than
the threshold Fth is applied. Even if an operator care-
lessly touches the pad fixing bar 66 or the pad fixing bar
holder 161 when opening the cover so as to expose the
deceleration means 6 for maintenance, it will not move
as long as the force at this time is smaller than the thresh-
old Fth.
[0122] The threshold Fth is 1000gf to 1500gf, for ex-
ample. Fluctuation in degree of skew occurs if the thresh-
old Fth is too small, and too much time is necessary for
the seesaw motion to finish if it is too large. Therefore,
many sheets S are consumed until the above conditions
are fulfilled. It is favorable to set the threshold Fth so as
to satisfy the conditions of controlling skew and making
the number of sheets consumed less than a predeter-
mined number until the seesaw motion is finished.
[0123] The load F applied to the sheets S from the pad
63 is not uniform mainly due to speed, weight, and ream
weight of the sheets S. Force making the sheet S stand
still is thought to be mainly due to force generated from
the pad 63 receiving traveling force of the sheet S (same
effect as that made by a wedge). This force changes with
time. Note that the load F and the strength of the solenoid
65 do not have much relevance to each other. The role
of the solenoid 65 is to adhere the pad 63 to the sheet
S, and the sheet S will not stand still only by the force of
the solenoid 65.
[0124] When there is a plurality of sheet feeding
speeds of the sheet folding device to select from, the
threshold Fth should be set so as to satisfy the above
conditions at the slowest speed, and thus at a speed
(slowest) with the smallest load F. If the seesaw mech-
anism acts even when the load is small, it acts adequately
even when the load is large, and contact between the
pad 63 and the sheet S along the length thereof occurs
at the same time and degree. Since the effect of reduction
in skew by the seesaw mechanism increases as the load
F is increased, the effect of reduction in skew at other
speeds can also be achieved as long as it is made that
the effect of reduction in skew even at the slowest speed
is achieved.
[0125] FIG. 26 gives the observation results of the de-

celeration means 6 of FIG. 21 to FIG. 24. This drawing
gives the measurement results of a case of raising the
left end of the pad fixing bar 66 of the sheet deceleration
means 6a on the upper side, as viewed from the front
thereof, by 0.5mm, and a case of raising the right end of
the same by 0.5mm. However, this 0.5mm is an offset
quantity, where 0mm indicates a state of distance be-
tween the pad 63 and the sheet S being the same at all
points.
[0126] The horizontal axis of FIG. 26 gives folding
times (the number of sheets). This chart illustrates an
example of folding twenty sheets S. The vertical axis
gives the degree of skew (units of mm), which corre-
sponds to x in FIG. 27. The solid line in FIG. 27 indicates
a sheet S without any skew, and the dotted line indicates
a sheet S to which skew has occurred. The right side is
positive and the left side is negative in the travelling di-
rection of the sheet S.
[0127] As is evident from FIG. 26, the degree of skew
for five sheets or more is 0.5mm or less, which is stable.
[0128] According to the deceleration means 6 of FIG.
21 to FIG. 24, contact between the pad 63 and the sheet
S is automatically adjusted such that it occurs along the
length of the pad 63 at the same time and degree. Skew
does not occur or is miniscule, and thus reduction in qual-
ity of sheet folding does not occur.
[0129] The deceleration means 6 of FIG. 21 to FIG. 24
allows provision of excellent quality sheet folding and ab-
sorption of dimensional error generating in the manufac-
turing process and aged deterioration.

DESCRIPTION OF REFERENCE NUMERALS

[0130]

6a, 6b: sheet deceleration means
7, 7a, 7b: sheet entry sensor
11: driving roller (sheet transportation means, sheet
folding means)
12: follower roller (sheet transportation means)
13: follower roller (sheet transportation means, sheet
folding means)
14: follower roller (sheet transportation means, sheet
folding means)
17: motor (sheet transportation means driving part)
61: upper guide plate
62: lower guide plate (guide member)
63: pad (pressing member, stopping member)
64: pad transfer means
65: solenoid (stopping member driving part)
66: pad fixing bar (pressing member attachment,
stopping member)
161: pad fixing bar holder
163: collar
164: friction adding means
100: solenoid on-signal generator
1001: solenoid on-location setting part (drive starting
information setting part)
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1002: counter
1003: comparator
1004: corrector
101: solenoid driving time setting part (driving time
setting part)
CA: rotating shaft/fulcrum
CONT: controlling unit
ES: paper ejection sensor
FS: paper feed sensor
G: gap
PS: power supply
RE: rotary encoder
S: sheet
SS: sheet size sensor
SW: switch

Claims

1. A sheet folding device comprising: sheet transpor-
tation means for transporting a sheet along a prede-
termined route; sheet deceleration means for decel-
erating at least a part of the sheet while being trans-
ported by the sheet transportation means; folding
means for folding a part of the sheet that is bent as
the result of deceleration by the sheet deceleration
means; and a control unit for controlling the sheet
deceleration means; wherein

the sheet deceleration means comprises
a guide member for receiving the sheet while
the sheet is being transported by the sheet trans-
portation means;
a stopping member that comprises: a plate-like
pressing member having a predetermined thick-
ness and a pressing member attachment having
the pressing member on an end surface facing
the sheet and is rotatably held at a predeter-
mined fulcrum, wherein an edge of the pressing
member presses the sheet traveling along the
guide member against the guide member; and
a stopping member driving part for rotating the
stopping member around the fulcrum; wherein
the stopping member is positioned at a waiting
location where the pressing member does not
touch the sheet or at a pressing location where
the edge of the pressing member touches the
sheet but the entire surface of the pressing
member does not touch the sheet;
the stopping member moves from the waiting
location to the pressing location by rotating in
the same direction as the traveling direction of
the sheet, and returns from the pressing location
to the waiting location by rotating in the opposite
direction to the traveling direction of the sheet;
the stopping member driving part rotates the
stopping member from the waiting location to
the pressing location in compliance with an in-

struction from the control unit;
the stopping member is held so as to rotate along
a parallel axis to the travelling direction of the
sheet; and
the stopping member rotates due to a reaction
to the sheet being pressed against the guide
member by an edge of the stopping member.

2. The sheet folding device of Claim 1, further compris-
ing friction adding means for adding a predetermined
frictional force to the stopping member such that the
stopping member does not rotate due to the reaction
that is smaller than a predetermined threshold Fth.

3. The sheet folding device of Claim 2, wherein the
sheet transportation means is for transporting the
sheet at any one of predetermined multiple speeds,
and
the threshold Fth is specified such that the stopping
member rotates due to the reaction in the case of
transporting the sheet at the slowest speed of the
multiple speeds.
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