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(54) Sheet processing apparatus, image forming system, and method of enhancing folding of 
sheet bundle

(57) A sheet processing apparatus (2) includes: a
folding unit (215, 230) that folds a sheet bundle (SB); a
pressing unit (260) that presses a fold part of the sheet
bundle (SB), which has been folded by the folding unit
(215, 230), in a thickness direction of the sheet bundle
(SB) to enhance folding of the fold part; and a moving
unit (263) that advances and returns the pressing unit
(260) in a width direction of the sheet bundle (SB). The
pressing unit (260) starts pressing from a predetermined
position in the width direction of the sheet bundle (SB)
during advancing movement, and releases pressing after
going past one end of the sheet bundle (SB). The press-
ing unit (260) starts pressing from the predetermined po-
sition during return movement and goes past the other
end of the sheet bundle (SB).
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Description

[0001] The present invention relates to a sheet
processing apparatus, an image forming system, and a
method of enhancing folding of a sheet bundle, and par-
ticularly to a sheet processing apparatus including a fold-
ing processing unit for folding a sheet-like recording me-
dium such as paper, recording paper, or transfer paper
(hereinafter referred to as "sheet" simply in this specifi-
cation), an image forming system including the sheet
processing apparatus, and a method of enhancing fold-
ing of a sheet bundle executed in the sheet processing
apparatus.
[0002] Some pieces of conventional post-processing
apparatus used in combination with an image forming
apparatus such as a copier produce saddle-stitched
booklets in a manner that a sheet central part of a sheet
or a plurality of sheets is bound and a central part of a
sheet bundle is folded using a folding roller pair installed
in parallel to the sheet folding direction. A technique is
also known for sharpening the fold of the saddle-stitched
booklet by enhancing folding of the sheet bundle with a
roller moving along the back of the booklet.
[0003] In such a technique of enhancing folding, fold-
ing-enhancement rollers standing-by outside the booklet
is put on the back (fold part) of the booklet (sheet bundle)
for enhancing folding of the back of the booklet by the
rollers; however, an end of the booklet may be damaged
on this occasion. Further, when the rollers are moved
from one end to the other end of the back of the booklet,
the rollers run by the distance corresponding to the width
of the paper forming the booklet; therefore, the twist is
accumulated so that a crease or the like is easy to occur.
[0004] As a technique for dealing with this problem, for
example, Japanese Laid-open Patent Publication No.
2009-1428 suggests a sheet post-processing apparatus
capable of sharpening a fold with a sufficient amount of
pressure without generating a curl or a crease at or near
the fold part.
[0005] The invention of Japanese Laid-open Patent
Publication No. 2009-1428 includes a saddle-stitching
unit for binding a central part of a sheet bundle, a center-
folding unit for forming a fold by folding the central part,
first and second rollers for sharpening the fold by moving
along a direction of the fold while pressing the sheet bun-
dle conveyed from the center-folding unit with the fold of
the sheet bundle interposed between the rollers, and a
driving unit for moving the first and second rollers in a
direction along the fold from a standby position away from
an end of the sheet bundle. The first roller and the second
roller are separated from each other at the standby po-
sition, and approach to each other in a region of the fold
of the sheet bundle to have the fold interposed therebe-
tween.
[0006] That is, Japanese Laid-open Patent Publication
No. 2009-1428 discloses a structure in which, when the
back of the sheet bundle (fold part) is folding-enhanced
by the roller pair, a nip is released at a position where

the sheet bundle does not present and the sheet bundle
is nipped at a position where the sheet bundle presents,
thereby reducing the damage on the end of the paper
bundle (sheet bundle).
[0007] However, since the sheet bundle is folding-en-
hanced from one end to the other end of the sheet bundle
without pausing, the twist that would cause the crease
or the like are accumulated, which may result in the gen-
eration of the curl or crease at or near the fold part.
[0008] In view of this, there is a need to suppress the
curl or crease generated at or near the fold part due to
the accumulation of the twist without damaging the end
of the sheet bundle when the sheet bundle is folding-
enhanced.

SUMMARY OF THE INVENTION

[0009] It is an object of the present invention to at least
partially solve the problems in the conventional technol-
ogy.
[0010] A sheet processing apparatus includes: a fold-
ing unit that folds a sheet bundle; a pressing unit that
presses a fold part of the sheet bundle, which has been
folded by the folding unit, in a thickness direction of the
sheet bundle to enhance folding of the fold part; and a
moving unit that advances and returns the pressing unit
in a width direction of the sheet bundle. The pressing unit
starts pressing from a predetermined position in the width
direction of the sheet bundle during advancing move-
ment, and releases pressing after going past one end of
the sheet bundle. The pressing unit starts pressing from
the predetermined position during return movement and
goes past the other end of the sheet bundle.
[0011] A method of enhancing folding of a sheet bundle
in a sheet processing apparatus including a folding unit
that folds a sheet bundle, a pressing unit that presses a
fold part of the sheet bundle, which has been folded by
the folding unit, in a thickness direction of the sheet bun-
dle to enhance folding of the fold part, and a moving unit
that advances and returns the pressing unit in a width
direction of the sheet bundle, the method includes: a first
step of moving the pressing unit to a vicinity of a central
part of the sheet bundle in one direction in a pressure-
released state and pressing; a second step of moving
the pressing unit in the one direction in a pressed state
in the first step and stopping the pressing unit after going
past the sheet bundle; a third step of bringing the pressing
unit into the pressure-released state after the second
step, moving the pressing unit in the other direction to
the vicinity of the central part of the sheet bundle in the
pressure-released state, and pressing; and a fourth step
of moving the pressing unit in the other direction in the
pressed state in the third step and stopping the pressing
unit after the pressing unit goes past the sheet bundle.
[0012] The above and other objects, features, advan-
tages and technical and industrial significance of this in-
vention will be better understood by reading the following
detailed description of presently preferred embodiments
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of the invention, when considered in connection with the
accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0013]

FIG. 1 illustrates a system configuration of an image
processing system including an image forming ap-
paratus and a plurality of sheet processing appara-
tuses according to an embodiment of the present
invention;
FIG. 2 is an explanatory diagram of the operation of
a saddle-stitching bookbinding apparatus, illustrat-
ing the state in which a sheet bundle is conveyed
into a center-folding conveying path;
FIG. 3 is an explanatory diagram of the operation of
the saddle-stitching bookbinding apparatus, illustrat-
ing the state in which the sheet bundle is saddle-
stitched;
FIG. 4 is an explanatory diagram of the operation of
the saddle-stitching bookbinding apparatus, illustrat-
ing the state in which the sheet bundle has moved
to the center-folding position;
FIG. 5 is an explanatory diagram of the operation of
the saddle-stitching bookbinding apparatus, illustrat-
ing the state in which the sheet bundle is center-
folded;
FIG. 6 is an explanatory diagram of the operation of
the saddle-stitching bookbinding apparatus, illustrat-
ing the state in which the sheet bundle is discharged
after the end of the center-folding;
FIG. 7 is a front view of a main part, illustrating a
folding-enhancement roller unit and a folding roller
pair;
FIG. 8 is a side view of the main part, in which FIG.
7 is seen from the left side;
FIG. 9 illustrates the details of a guide member;
FIG. 10 is a magnified view of a main part of FIG. 9,
illustrating the state in which a route changeover
claw is not changed;
FIG. 11 is a magnified view of the main part of FIG.
9, illustrating the state in which a first route change-
over claw has been changed;
FIG. 12 is an explanatory diagram of the operation,
illustrating the initial state of the folding-enhance-
ment operation;
FIG. 13 is an explanatory diagram of the operation,
illustrating the state in which the advancing move-
ment of the folding-enhancement roller unit is start-
ed;
FIG. 14 is an explanatory diagram of the operation,
illustrating the state in which the folding-enhance-
ment roller unit reaches a third guide route near the
center of the sheet bundle;
FIG. 15 is an explanatory diagram of the operation,
illustrating the state in which the folding-enhance-
ment roller unit has pushed away the first route

changeover claw and entered a second guide route;
FIG. 16 is an explanatory diagram of the operation,
illustrating the state in which the folding-enhance-
ment roller unit moves in a direction toward the end
while pressing the sheet bundle;
FIG. 17 is an explanatory diagram of the operation,
illustrating the state in which the folding-enhance-
ment roller unit has moved to the final position of the
advancing movement along the second guide route;
FIG. 18 is an explanatory diagram of the operation,
illustrating the state in which the folding-enhance-
ment roller unit has started the return movement from
the final position of the advancing movement;
FIG. 19 is an explanatory diagram of the operation,
illustrating the state in which the folding-enhance-
ment roller unit has started the return movement and
reached a sixth guide route;
FIG. 20 is an explanatory diagram of the operation,
illustrating the state in which the folding-enhance-
ment roller unit has reached the sixth guide route
and transited from the pressure-released state to the
pressed state;
FIG. 21 is an explanatory diagram of the operation,
illustrating the state in which the folding-enhance-
ment roller unit has entered the fifth guide route and
the fully pressed state has been reached; and
FIG. 22 is an explanatory diagram of the operation,
illustrating the state in which the folding-enhance-
ment roller unit has moved along the fifth guide route
and returned to the initial position.

DETAILED DESCRIPTION OF THE PREFERRED EM-
BODIMENTS

[0014] The present invention provides the following
steps: (1) moving folding-enhancement rollers to the vi-
cinity of the central part of a sheet bundle in a pressure-
released state, and then pressing the sheet bundle;

(2) stopping the folding-enhancement rollers at a po-
sition where the folding-enhancement rollers have
moved in a width direction of the sheet bundle in a
pressed state and gone past the sheet bundle;
(3) placing the folding-enhancement rollers in the
pressure-released state again, moving the folding-
enhancement rollers to the vicinity of the central part
of the sheet bundle, then pressing the sheet bundle,
and stopping the folding-enhancement rollers at a
position where the folding-enhancement rollers have
moved in the width direction of the sheet bundle in
the pressed state and gone past the sheet bundle;
and
(4) as in the steps (1) to (3), advancing and returning
the roller pair relative to the sheet bundle and en-
hancing folding of the sheet bundle by the half of the
width of the sheet bundle in each of the advancing
movement and the return movement.
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[0015] An embodiment of the present invention is here-
inafter described with reference to the drawings.
[0016] FIG. 1 illustrates a system configuration of an
image processing system including an image forming ap-
paratus and a plurality of sheet processing apparatuses
according to this embodiment. In this embodiment, first
and second sheet post-processing apparatuses 1 and 2
are connected in this order at the subsequent stage of
an image forming apparatus PR.
[0017] The first sheet post-processing apparatus 1 has
a sheet bundle forming function of receiving sheets one
by one from the image forming apparatus PR, stacking
and aligning the sheets sequentially, and forming a sheet
bundle in a stack portion. The first sheet post-processing
apparatus 1 discharges the sheet bundle toward the sec-
ond sheet post-processing apparatus 2 at the subse-
quent stage through sheet bundle discharging rollers 10.
The second sheet post-processing apparatus 2 is a sad-
dle-stitching bookbinding apparatus for saddle-stitching
and center-folding the sheet bundle after receiving the
conveyed sheet bundle (in this specification, the second
sheet post-processing apparatus is also referred to as a
saddle-stitching bookbinding apparatus).
[0018] The saddle-stitching bookbinding apparatus 2
discharges the bound booklet (sheet bundle) as it is, or
discharges the booklet to a sheet processing apparatus
at the subsequent stage. The image forming apparatus
PR forms a visible image on a sheet-like recording me-
dium on the basis of the input image data or the image
data of the scanned image. For example, the image form-
ing apparatus PR corresponds to a copier, a printer, a
facsimile, a digital MFP having at least two functions of
these, or the like. The image forming apparatus PR em-
ploys a known method such as an electrophotography
method or a liquid droplet ejecting method, and any im-
age forming method may be employed.
[0019] In the drawing, the saddle-stitching bookbinding
apparatus 2 includes an entrance conveying path 241, a
sheet through conveying path 242, and a center-folding
conveying path 243. The most upstream part of the en-
trance conveying path 241 in the sheet conveying direc-
tion is provided with entrance rollers 201, and the aligned
sheet bundle is conveyed into the apparatus from the
sheet bundle discharging rollers 10 of the first sheet post-
processing apparatus 1. In the description below, the up-
stream in the sheet conveying direction and the down-
stream in the sheet conveying direction are hereinafter
simply referred to as the upstream and the downstream,
respectively.
[0020] A branch claw 202 is provided downstream of
the entrance rollers 201 of the entrance conveying path
241. This branch claw 202 is installed in a horizontal di-
rection in the drawing, and causes the sheet bundle con-
veying direction to branch into the sheet through convey-
ing path 242 and the center-folding conveying path 243.
The sheet through conveying path 242 extends horizon-
tally from the entrance conveying path 241, and guides
the sheet bundle to a paper discharging tray or a process-

ing apparatus at the subsequent stage, which is not il-
lustrated. The sheet bundle is discharged to the subse-
quent stage by upper discharging rollers 203. The center-
folding conveying path 243 extends vertically downward
from the branch claw 202, and is to saddle-stitch and
center-fold the sheet bundle.
[0021] The center-folding conveying path 243 includes
a bundle conveying upper guide plate 207 for guiding the
sheet bundle above a folding plate 215 for center folding,
and a bundle conveying lower guide plate 208 for guiding
the sheet bundle below the folding plate 215. The sheet
conveying guide plate 207 includes, from the upper, bun-
dle conveying upper rollers 205, a trailing-end hitting claw
221, and bundle conveying lower rollers 206. The trailing-
end hitting claw 221 is erected on a trailing-end hitting
claw driving belt 222 driven by a driving motor, which is
not illustrated. With the reciprocation rotation operation
of the driving belt 222, the trailing-end hitting claw 221
hits (presses) the trailing end of the sheet bundle toward
a movable fence, which is described later, thereby per-
forming the operation of aligning the sheet bundle. When
the sheet bundle is conveyed in and when the sheet bun-
dle is lifted up for the center folding, the claw 221 retracts
from the center-folding conveying path 243 of the bundle
conveying upper guide plate 207 (position illustrated by
the dotted line in FIG. 1).
[0022] A reference symbol 294 denotes a trailing-end
hitting claw HP sensor for detecting the home position of
the trailing-end hitting claw 221, and detects the position
shown by the dotted line in FIG. 1 (position shown by a
solid line in FIG. 2) at which the trailing-end hitting claw
221 retracts from the center-folding conveying path 243,
as the home position. The trailing-end hitting claw 221 is
controlled based on this home position.
[0023] The bundle conveying lower guide plate 208 in-
cludes, from the upper, a saddle-stitching stapler S1, a
saddle-stitching jogger fence 225, and a movable fence
210. The bundle conveying lower guide plate 208 is a
guide plate receiving the sheet bundle conveyed through
the bundle conveying upper guide plate 207, a pair of
saddle-stitching jogger fences 225 is provided in the
width direction thereof, and the movable fence 210 is
provided so that an end of the sheet bundle abuts on (is
supported by) the lower thereof and the movable fence
210 can move vertically.
[0024] The saddle-stitching stapler S1 is a stapler for
binding the central part of the sheet bundle. The movable
fence 210 moves vertically in a state in which it supports
the end of the sheet bundle. With the center of the sheet
bundle positioned opposite to the saddle-stitching stapler
S1, the stapling process, i.e., saddle-stitching is per-
formed at that position. The movable fence 210 is sup-
ported by a movable fence driving mechanism 210a, and
can move from the position of a movable fence HP sensor
292 located at the upper to the lowermost position in the
drawing. As for the movable range of the movable fence
210 on which the end of the sheet bundle abuts, a stroke
capable of dealing with the size from the maximum size
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to the minimum size for which the saddle-stitching book-
binding apparatus 2 can perform processing is secured.
As the movable fence driving mechanism 210a, for ex-
ample, a rack and pinion mechanism is employed.
[0025] Between the bundle conveying upper guide
plate 207 and the bundle conveying lower guide plate
208, i.e., at the approximate center of the center-folding
conveying path 243, the folding plate 215, the folding
roller pair 230, the folding-enhancement roller unit 260,
and the lower discharging rollers 231 are provided. The
folding-enhancement roller unit 260 has folding-en-
hancement rollers arranged over and under the paper
discharging conveying path between the folding roller
pair 230 and the lower discharging rollers 231 to inter-
pose the paper discharging conveying path. The folding
plate 215 can reciprocate in the horizontal direction in
the drawing, and in the direction of the folding operation
thereof, a nip of the folding roller pair 230 is positioned,
and a paper discharging conveying path 244 is disposed
on the extension line of that direction. The lower discharg-
ing rollers 231 are provided at the most downstream of
the paper discharging conveying path 244 and discharge
the folded sheet bundle to the subsequent stage.
[0026] At a lower end of the bundle conveying upper
guide plate 207, a sheet bundle detecting sensor 291 is
provided for detecting the end of the sheet bundle which
is conveyed into the center-folding conveying path 243
and passes the center-folding position. At the paper dis-
charging conveying path 244, a fold part passing sensor
293 for detecting the end of the center-folded sheet bun-
dle and recognizing the passage of the sheet bundle is
provided.
[0027] Roughly speaking, in the saddle-stitching book-
binding apparatus 2 configured as depicted in FIG. 1, the
saddle-stitching and center-folding operation is per-
formed as depicted in the operation explanatory dia-
grams of FIG. 2 to FIG. 6. In other words, if the saddle-
stitching and center-folding are selected on an operation
panel, which is not illustrated, in the image forming ap-
paratus PR, the sheet bundle for which saddle-stitching
and center-folding are selected is guided toward the cent-
er-folding conveying path 243 by virtue of the counter-
clockwise biasing operation of the branch claw 202. The
branch claw 202 is driven by a solenoid. Alternatively,
motor driving may be employed instead of the solenoid.
[0028] The sheet bundle SB conveyed into the center-
folding conveying path 243 is conveyed downward along
the center-folding conveying path 243 by the entrance
rollers 201 and the bundle conveying upper rollers 205,
and after the passage of the sheet bundle SB is confirmed
by the sheet bundle detecting sensor 291, the sheet bun-
dle SB is conveyed to the position where the end of the
sheet bundle SB abuts on the movable fence 210 by the
bundle conveying lower rollers 206 as depicted in FIG.
2. On this occasion, the movable fence 210 stands-by at
a different stop position depending on the sheet size in-
formation from the image forming apparatus PR, here,
the size information of each sheet bundle SB in the con-

veying direction. In FIG. 2, the bundle conveying lower
rollers 206 nip the sheet bundle SB at the nip and the
trailing-end hitting claw 221 stands-by at the home posi-
tion.
[0029] In this state, the nip pressure of the bundle con-
veying lower rollers 206 is released as depicted in FIG.
3 (direction of arrow a), the end of the sheet bundle abuts
on the movable fence 210, and the sheet bundle is
stacked in the state in which the trailing end is free; then,
the trailing-end hitting claw 221 is driven to hit the trailing
end of the sheet bundle SB to align the bundle in the
conveying direction finally (direction of arrow c).
[0030] Next, the aligning operation in the width direc-
tion (direction orthogonal to the sheet conveying direc-
tion) is performed by the saddle-stitching jogger fence
225 and the aligning operation in the conveying direction
is performed by the movable fence 210 and the trailing-
end hitting claw 221; thus, the aligning operation in the
width direction and the conveying direction of the sheet
bundle SB is completed. On this occasion, the amount
of pushing the trailing-end hitting claw 221 and the sad-
dle-stitching jogger fence 225 is changed to an optimal
value according to the sheet size information, the infor-
mation of the number of sheets included in the sheet
bundle, and the sheet bundle thickness information, for
aligning.
[0031] If the bundle is thick, the space in the conveying
path is small; therefore, the alignment is often insufficient
by one alignment operation. In such cases, the number
of times of the alignment is increased. Thus, a better
aligned state can be achieved. Moreover, since the time
for sequentially stacking the sheets at the upstream is
longer as the number of sheets is larger, the time taken
until the next sheet bundle is received becomes longer.
As a result, even though the number of times of the align-
ment is increased, the time is not wasted as a system;
therefore, a favorable aligned state can be achieved ef-
ficiently. Accordingly, it is also possible to control the
number of times of the alignment in accordance with the
upstream process time.
[0032] The standby position of the movable fence 210
is usually set to the saddle-stitching position of the sheet
bundle SB that is the opposite position to the stapling
position of the saddle-stitching stapler S 1. This is be-
cause the alignment at this position enables the binding
at the stacked position without moving the movable fence
210 to the saddle-stitching position of the sheet bundle
SB. In view of this, at this standby position, the stitcher
of the saddle-stitching stapler S1 is driven in a direction
of an arrow b at the central part of the sheet bundle SB
and the binding process is performed between the stitch-
er and a clincher, thereby saddle-stitching the sheet bun-
dle SB.
[0033] The movable fence 210 is positioned by pulse
control from the movable fence HP sensor 292, and the
trailing-end hitting claw 221 is positioned by pulse control
from the trailing-end hitting claw HP sensor 294. The po-
sitioning control for the movable fence 210 and the trail-
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ing-end hitting claw 221 is executed by a CPU of a control
circuit, which is not illustrated, of the saddle-stitching
bookbinding apparatus 2.
[0034] The sheet bundle SB saddle-stitched in the
state of FIG. 3 is transferred to the position at which the
saddle-stitching position (central position in the convey-
ing direction of the sheet bundle SB) faces the folding
plate 215 in conjunction with the upward movement of
the movable fence 210 with the pressure application of
the bundle conveying lower rollers 206 released as de-
picted in FIG. 4. This position is also controlled based on
the detection position of the movable fence HP sensor
292.
[0035] As the sheet bundle SB reaches the position
depicted in FIG. 4, the folding plate 215 moves in the
direction toward the nip of the folding roller pair 230 as
depicted in FIG. 5; then, the folding plate 215 abuts on
the sheet bundle SB in an approximately perpendicular
direction at the vicinity of the staple part where the sheet
bundle SB is bound, thereby pushing the sheet bundle
SB toward the nip. The sheet bundle SB is pushed out
by the folding plate 215 toward the nip of the folding roller
pair 30, so that the sheet bundle SB is pushed into the
nip of the folding roller pair 230 which is in rotation. The
folding roller pair 230 presses and conveys the sheet
bundle SB pushed into the nip. Through this pressing
and conveying operation, the sheet bundle SB is folded
at the center, thereby forming the sheet bundle SB which
has been provisionally bound. FIG. 5 illustrates the state
in which the end of a fold part SB1 of the sheet bundle
SB is held and pressed by the nip of the folding roller pair
230.
[0036] The sheet bundle SB folded in two at the center
in the state of FIG. 5 is conveyed by the folding roller pair
230 as the sheet bundle SB as depicted in FIG. 6, and
the sheet bundle SB is held by the lower discharging
rollers 231 and discharged to the subsequent stage. On
this occasion, as soon as the trailing end of the sheet
bundle SB is detected by the fold part passing sensor
293, the folding plate 215 and the movable fence 210
return to the respective home positions and the bundle
conveying lower rollers 206 returns to the pressing state;
thus, the folding plate 215, the movable fence 210, and
the bundle conveying lower rollers 206 stand-by for the
arrival of the next sheet bundle SB. If the size and the
number of sheets are the same in the next job, the mov-
able fence 210 may move again to the position depicted
in FIG. 2 and stand-by at that position. Note that the con-
trol thereof may also be executed by the CPU of the con-
trol circuit.
[0037] FIG. 7 is a front view of the main part, illustrating
the folding-enhancement roller unit and the folding roller
pair, and FIG. 8 is a side view of the main part, in which
FIG. 7 is seen from the left side. The folding-enhance-
ment roller unit 260 is provided at the paper discharging
conveying path 244 between the folding roller pair 230
and the lower discharging rollers 231, and includes a unit
movement mechanism 263, a guide member 264, and a

pressing mechanism 265. The unit movement mecha-
nism 263 causes the folding-enhancement unit 260 to
reciprocate along the guide member 264 in a depth di-
rection in the drawing (direction orthogonal to the sheet
conveying direction) by a driving source and a driving
mechanism, which are not illustrated. The pressing
mechanism 265 is a mechanism for pressing the sheet
bundle SB by applying pressure from the upper and lower
direction, and includes a folding-enhancement roller/up-
per unit 261 and a folding-enhancement roller/lower unit
262.
[0038] The folding-enhancement roller/upper unit 261
is supported by a support member 265b so as to be hor-
izontally movable relative to the unit movement mecha-
nism 263, and the folding-enhancement roller/lower unit
262 is attached to a lower end of the support member
265b of the pressing mechanism 265 so as to be unmov-
able. An upper folding-enhancement roller 261a of the
folding-enhancement roller/upper unit 261 can be in pres-
sure contact with a lower folding-enhancement roller
262a, and the both apply pressure to the sheet bundle
SB with the sheet bundle SB interposed in the nip be-
tween the both. The pressure force is applied by a press-
ing spring 265c which presses the folding-enhancement
roller/upper unit 261 with elastic force. The movement in
the width direction the sheet bundle SB (direction of D1
in FIG. 8) is performed in the pressing state as later de-
scribed, and then folding-enhancement is performed on
the fold part SB1.
[0039] FIG. 9 illustrates the details of the guide mem-
ber 264. The guide member 264 includes a guide route
270 for guiding the folding-enhancement roller unit 260
in the width direction of the sheet bundle SB. The guide
route 270 includes the following six routes:

1) a first guide route 271 for guiding the pressing
mechanism 265 in the pressure-released state dur-
ing advancing movement;
2) a second guide route 272 for guiding the pressing
mechanism 265 in the pressed state during the ad-
vancing movement;
3) a third guide route 273 for changing the state of
a pressing mechanism 265 from the pressure-re-
leased state to the pressed state during the advanc-
ing movement;
4) a fourth guide route 274 for guiding the pressing
mechanism 265 in the pressure-released state dur-
ing the return movement;
5) a fifth guide route 275 for guiding the pressing
mechanism 265 in the pressed state during the re-
turn movement; and
6) a sixth guide route 276 for changing the state of
the pressing mechanism 265 from the pressure-re-
leased state to the pressed state during the return
movement.

[0040] FIG. 10 and FIG. 11 are magnified views of the
main part of FIG. 9. A first route changeover claw 277
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and a second route changeover claw 278 are provided
at an intersection between the third guide route 273 and
the second guide route 272 and at an intersection be-
tween the sixth guide route 276 and the fifth guide route
275, respectively as illustrated in FIG. 10 and
[0041] FIG. 11. The first route changeover claw 277
allows the changeover from the third guide route 273 to
the second guide route 272 and the second route change-
over claw 278 allows the changeover from the sixth guide
route 276 to the fifth guide route 275 as depicted in FIG.
11. However, the changeover from the second guide
route 272 to the third guide route 273 in the former and
the changeover from the fifth guide route 275 to the sixth
guide route 276 in the latter are impossible. In other
words, the changeover in the reverse direction is not al-
lowed. An arrow in FIG. 11 indicates the movement locus
of a guide pin 265a.
[0042] The pressing mechanism 265 moves along the
guide route 270 because the guide pin 265a of the press-
ing mechanism 265 is movably fitted in the guide route
270 in a manner that the guide pin 265a is loosely fitted
in the guide route 270. In other words, the guide route
270 functions as a cam groove, and the guide pin 265a
functions as a cam follower that changes a position during
the movement along this cam groove.
[0043] FIG. 12 to FIG. 22 are operation explanatory
views of the folding-enhancement operation of the fold-
ing-enhancement roller unit in this embodiment.
[0044] FIG. 12 illustrates the state in which the sheet
bundle SB folded by the folding rollers 230 is conveyed
to and stopped at a predetermined folding-enhancement
position and the folding-enhancement roller unit 260 is
in the standby position. This is the initial position of the
folding-enhancement operation.
[0045] The folding-enhancement roller unit 260 starts
to advance (FIG. 13) in the right direction in the drawing
(direction of arrow D2) from the initial position (FIG. 12).
On this occasion, the pressing mechanism 265 in the
folding-enhancement roller unit 260 moves along the
guide route 270 of the guide member 264 by the action
of the guide pin 265a. Just after the start of the operation,
the pressing mechanism 265 moves along the first guide
route 271. On this occasion, the folding-enhancement
roller pair 261a and 262a is in the pressure-released
state. Here, the pressure-released state refers to the
state in which the folding-enhancement rollers 261a and
262a and the sheet bundle SB are in contact with each
other but are subjected to almost no pressure, or the
state in which the folding-enhancement rollers 261a and
262a and the sheet bundle SB are separated from each
other.
[0046] As soon as the folding-enhancement roller unit
260 reaches the third guide route 273 near the center of
the sheet bundle SB (FIG. 14), the pressing mechanism
265 starts to go down along the third guide route 273 and
the folding-enhancement roller unit 260 pushes away the
first route changeover claw 277 and enters the second
guide route 272 (FIG. 15). On this occasion, the pressing

mechanism 265 presses the folding-enhancement roller/
upper unit 261, and the folding-enhancement roller/upper
unit 261 abuts on the sheet bundle SB, so that the
pressed state is reached.
[0047] While the pressed state is maintained, the fold-
ing-enhancement roller unit 260 further moves in the di-
rection of arrow D2 (FIG. 16). Here, since the second
route changeover claw 278 does not allow the reverse
changeover, the folding-enhancement roller unit 260 is
not guided to the sixth guide route 276 and moves along
the second guide route 272, goes past the sheet bundle
SB and reaches the final position of the advancing move-
ment (FIG. 17). After the movement up to this position,
the guide pin 265a of the pressing mechanism 265 trans-
fers from the second guide route 272 to the fourth guide
route 274 at the upper. As a result, the positional restric-
tion of the guide pin 265a by virtue of the upper surface
of the second guide route 272 is released; therefore, the
upper folding-enhancement roller 261a is separated from
the lower folding-enhancement roller 262a, and the pres-
sure-released state is reached.
[0048] Next, the folding-enhancement roller unit 260
starts to return by the unit movement mechanism 263
(FIG. 18). In the return movement, the pressing mecha-
nism 265 moves in the left direction in the drawing (di-
rection of arrow D3) along the fourth guide route 274. As
the pressing mechanism 265 reaches the sixth guide
route 276 by this movement (FIG. 19), the guide pin 265a
is pushed downward along the shape of the sixth guide
route 276 and the pressing mechanism 265 transits from
the pressure-released state to the pressed state (FIG.
20).
[0049] Then, in the fifth guide route 275, the fully-
pressed state is reached. The folding-enhancement roll-
er unit 260 continuously moves in the direction of arrow
D3 along the fifth guide route 275 (FIG. 21) and goes
past the sheet bundle SB (FIG. 22).
[0050] In this manner, by the reciprocation of the fold-
ing-enhancement roller unit 260, the sheet bundle SB is
folding-enhanced. On this occasion, the folding-en-
hancement roller unit 260 starts the folding-enhance-
ment toward one side of the sheet bundle SB from the
central part and then, goes past the one end SB2 of the
sheet bundle SB. After that, the folding-enhancement
roller unit 260 passes over the folding-enhanced sheet
bundle SB, starts the folding-enhancement toward the
other side of the sheet bundle from the central part, and
then, goes past the other one end SB2 of the sheet bundle
SB.
[0051] Through such operation, when starting the fold-
ing-enhancement, or when returning from one end to the
other end, the folding-enhancement roller pair 261a and
262a is not brought into contact with or does not apply
pressure to the end SB2 of the sheet bundle SB from the
outside of the sheet bundle SB. In other words, the fold-
ing-enhancement roller unit 260 is in the pressure-re-
leased state when passing the end SB2 of the sheet bun-
dle SB from the outside of the end; therefore, the end
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SB2 of the sheet bundle SB is not damaged. Moreover,
since the folding-enhancement is performed from the vi-
cinity of the central part of the sheet bundle SB to the
end SB thereof, the distance over which the folding-en-
hancement roller unit 260 runs in contact with the sheet
bundle SB during the folding-enhancement is shortened;
as a result, a twist that would cause the crease or the
like is not easily accumulated. Therefore, when the fold
part (back) SB1 of the sheet bundle SB is folding-en-
hanced, the end SB2 of the sheet bundle SB is not dam-
aged and the generation of crease or the curl at or near
the fold part SB1 due to the accumulation of the twist can
be suppressed.
[0052] For preventing the folding-enhancement roller
pair 261a and 262a from running on the end SB2 of the
sheet bundle SB from the outside of the end SB2, as can
be seen from the operation of FIG. 12 to FIG. 22, it is
necessary to satisfy the relation L > La + Lb, where La
is the distance over which the folding-enhancement roller
unit 260 moves over the sheet bundle in the pressure-
released state during the advancing movement, Lb is the
distance over which the folding-enhancement roller unit
260 moves over the sheet bundle in the pressure-re-
leased state during the return movement, and L is the
length of the sheet bundle in the width direction (FIG. 12
to FIG. 14, and FIG. 17 to FIG. 19).
[0053] It is desirable that the distances La and Lb are
approximately the same and pressing is started near the
central part of the width direction of the sheet bundle SB
(FIG. 16 and FIG. 20).
[0054] In this embodiment, the folding-enhancement
roller unit 260 includes the folding-enhancement roller/
lower unit 262 to cause the folding-enhancement roller
pair 261a and 262a to perform the folding-enhancement;
however, the folding-enhancement roller/lower unit 262
may be omitted and the folding-enhancement roller/up-
per unit 261 and a reception member, which is not illus-
trated, having a contact surface facing the folding-en-
hancement roller/upper unit 261 may be provided to ap-
ply pressure therebetween.
[0055] Further, in the folding-enhancement roller unit
260 in this embodiment, the folding-enhancement roller/
upper unit 261 is configured to be movable in the upper
and lower direction and the folding-enhancement roller/
lower unit 262 is configure to be unmovable in the upper
and lower direction; however, the folding-enhancement
roller/lower unit 262 may also be configured to be mov-
able in the upper and lower direction. In such a structure,
the upper and lower rollers 261a and 262a are operated
symmetrically with respect to the folding-enhancement
position so as to contact with or separate from each other;
thus, the folding-enhancement position becomes con-
stant regardless of the thickness of the sheet bundle SB
and thus damage such as scratch can be further sup-
pressed.
[0056] According to this embodiment, the effects as
below can be obtained.

1) The sheet processing apparatus includes: the
folding plate 215 for folding the sheet bundle SB; the
folding roller pair 230; the folding-enhancement roll-
er unit 260 including the pressing mechanism 265
which presses the fold part SB1 of the folded sheet
bundle SB in the thickness direction of the sheet bun-
dle SB and enhances folding of the sheet bundle SB;
and the unit movement mechanism 263 for advanc-
ing and returning the folding-enhancement roller unit
260 in the width direction of the sheet bundle SB, in
which the folding-enhancement roller unit 260 starts
the pressing from a predetermined position in the
width direction of the sheet bundle SB in the advanc-
ing movement, stops the pressing after going past
one end SB2 of the sheet bundle SB, and then, starts
the pressing from the predetermined position in the
return movement and goes past the other end SB2
of the sheet bundle SB. Thus, when the folding-en-
hancement roller unit 260 comes from the outside of
the end SB2 of the sheet bundle SB to press the
sheet bundle SB, the folding-enhancement roller unit
260 is normally in the pressure-released state; there-
fore, the end SB2 of the sheet bundle SB is not dam-
aged during the folding-enhancement of the fold part
SB1 of the sheet bundle. Further, the entire region
of the sheet bundle in the width direction is not fold-
ing-enhanced at a time, the generation of curl or
crease at or near the fold part due to the accumula-
tion of the twist can be suppressed.
2) The guide member 264 for regulating the start and
release of the pressing of the folding-enhancement
roller unit 260 is provided, and the folding-enhance-
ment roller unit 260 is moved along the guide route
270 of the guide member 264 by the unit movement
mechanism 263. Thus, the pressing can be started
or released in the process of the movement.
3) The guide member 264 includes the first and sec-
ond route changeover claws 277 and 278 for chang-
ing the route. Since the pressing and the pressure
release can be changed by changeover of the route
by the first and second route changeover claws 277
and 278, the changeover operation of starting and
releasing the pressing can be performed only by
moving along the route.
4) The guide route 270 includes the first to sixth guide
routes 271 to 276 which function as the cam grooves.
Therefore, the pressing can be started or released
at stable position and timing.
5) The relation L > La + Lb is satisfied, where La is
a distance over which the folding-enhancement roll-
er unit moves on the sheet bundle in the pressure-
released state during the advancing movement, Lb
is a distance over which the folding-enhancement
roller unit moves on the sheet bundle in the pressure-
released state during the return movement, and L is
the length of the sheet bundle in the width direction
of the sheet bundle. Therefore, the effect of 1) de-
scribed above can be surely obtained.
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6) A symmetric shape can be obtained by setting the
distances La and Lb to be approximately the same
and configuring such that the pressing is started near
the central part of the sheet bundle SB in the width
direction. This makes it possible to reduce the man-
ufacturing cost.
7) Since the folding-enhancement roller unit 260 in-
cludes the folding-enhancement roller pair 261a and
262a rotatably supported by the support member,
the folding-enhancement can be performed by the
rotation of the rollers 261a and 262a.
8) Since the folding-enhancement rollers 261a and
262e are each supported by the support member so
as to be movable in the pressing direction, the upper
and lower rollers 261a and 262a operate to contact
with or separate from each other symmetrically with
respect to the folding-enhancement position. Thus,
the folding-enhancement position becomes con-
stant regardless of the thickness of the sheet bundle
SB. As a result, the damage such as scratch can be
suppressed further.
9) Since the folding-enhancement roller unit 260 in-
cludes the upper folding-enhancement roller 261a
rotatably supported and the reception member dis-
posed to face the upper folding-enhancement roller
261a, the lower folding-enhancement roller 262a can
be omitted, which can reduce the cost.

[0057] The sheet bundle in the claims corresponds to
the reference symbol SB, the folding unit corresponds to
the folding plate 215 and the folding roller pair 230, the
fold part corresponds to the reference symbol SB1, the
pressing unit corresponds to the folding-enhancement
roller unit 260 including the pressing mechanism 265,
the moving unit corresponds to the unit movement mech-
anism 263, the guide unit corresponds to the guide mem-
ber 264, the route corresponds to the guide route 270,
the changeover unit corresponds to the first and second
route changeover claws 277 and 278, the first guide route
corresponds to the reference symbol 271, the second
guide route corresponds to the reference symbol 272,
the third guide route corresponds to the reference symbol
273, the fourth guide route corresponds to the reference
symbol 274, the fifth guide route corresponds to the ref-
erence symbol 275, the sixth guide route corresponds to
the reference symbol 276, the support member corre-
sponds to the reference symbol 265b, the sheet process-
ing apparatus corresponds to the saddle-stitching book-
binding apparatus (second sheet post-processing appa-
ratus) 2, and the image forming system corresponds to
the system including the saddle-stitching bookbinding
apparatus 2 and the image forming apparatus PR in this
embodiment.
[0058] Further, the present invention is not limited to
the embodiment described above, and various modifica-
tions can be made within the content of the present in-
vention. All the technical matters included in the technical
idea described in the scope of claims are the subject of

the present invention. The embodiment is a preferred
example, and a person skilled in the art would conceive
various kinds of alternatives, corrections, modifications,
or improvements on the basis of the disclosure of the
present specification, and these are included in the tech-
nical range described in the attached scope of claims.
[0059] According to the embodiment, the curl or crease
generated at or near the fold part due to the accumulation
of the twist can be suppressed without damaging the end
of the sheet bundle when the fold part of the sheet bundle
is folding-enhanced.
[0060] Although the invention has been described with
respect to specific embodiments for a complete and clear
disclosure, the appended claims are not to be thus limited
but are to be construed as embodying all modifications
and alternative constructions that may occur to one
skilled in the art that fairly fall within the basic teaching
herein set forth.
[0061] The present application claims priority to and
incorporates by reference the entire contents of Japa-
nese Patent Application No. 2012-204755 filed in Japan
on September 18, 2012.

Claims

1. A sheet processing apparatus (2) comprising:

a folding unit (215, 230) that folds a sheet bundle
(SB);
a pressing unit (260) that presses a fold part of
the sheet bundle (SB), which has been folded
by the folding unit (215, 230), in a thickness di-
rection of the sheet bundle (SB) to enhance fold-
ing of the fold part; and
a moving unit (263) that advances and returns
the pressing unit (260) in a width direction of the
sheet bundle (SB), wherein:

the pressing unit (260) starts pressing from
a predetermined position in the width direc-
tion of the sheet bundle (SB) during advanc-
ing movement, and releases pressing after
going past one end of the sheet bundle (SB);
and
the pressing unit (260) starts pressing from
the predetermined position during return
movement and goes past the other end of
the sheet bundle (SB).

2. The sheet processing apparatus (2) according to
claim 1, further comprising a guide unit (264) that
regulates start and release of pressing of the press-
ing unit (260), wherein the pressing unit (260) is
moved along a route (270) of the guide unit (264) by
the moving unit (263).

3. The sheet processing apparatus (2) according to
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claim 2, wherein:

the guide unit (264) includes a changeover unit
(277, 278) that changes the route(270) ; and
pressing and the release of pressing are
changed by changeover of the route (270) by
the changeover unit (277, 278).

4. The sheet processing apparatus (2) according to
claim 2 or 3, the route (27) including:

a first guide route (271) to guide the pressing
unit (260) in a pressure-released state during
the advancing movement;
a second guide route (272) to guide the pressing
unit (260) in a pressed state during the advanc-
ing movement;
a third guide route (273) to change the pressing
unit (260) from the pressure-released state to
the pressed state during the advancing move-
ment;
a fourth guide route (274) to guide the pressing
unit (260) in the pressure-released state during
the return movement;
a fifth guide route (275) to guide the pressing
unit (260) in the pressed state during the return
movement; and
a sixth guide route (276) to change the pressing
unit (260) from the pressure-released state to
the pressed state during the return movement.

5. The sheet processing apparatus (2) according to any
one of claims 1 to 4, wherein a relation L > La + Lb
is satisfied, where La is a distance over which the
pressing unit (260) moves over the sheet bundle
(SB) in a pressure-released state during the advanc-
ing movement, Lb is a distance over which the press-
ing unit (260) moves over the sheet bundle (SB) in
the pressure-released state during the return move-
ment, and L is a length of the sheet bundle (SB) in
the width direction of the sheet bundle (SB).

6. The sheet processing apparatus (2) according to any
one of claims 1 to 5, wherein the distances La and
Lb are approximately the same and pressing is start-
ed near a central part of the sheet bundle (SB) in the
width direction.

7. The sheet processing apparatus (2) according to any
one of claims 1 to 6, wherein the pressing unit (260)
includes a pressing roller pair (261a, 262a) rotatably
supported by a support member (265b).

8. The sheet processing apparatus (2) according to
claim 7, wherein the pressing roller pair (261a, 262a)
is supported by the support member (265b) so that
each roller (261a, 262a) can be moved in a pressing
direction.

9. An image forming system comprising the sheet
processing apparatus (2) according to any one of
claims 1 to 8.

10. A method of enhancing folding of a sheet bundle
(SB) in a sheet processing apparatus (2) including
a folding unit (215, 230) that folds a sheet bundle
(SB), a pressing unit (260) that presses a fold part
of the sheet bundle (SB), which has been folded by
the folding unit (215, 230), in a thickness direction
of the sheet bundle (SB) to enhance folding of the
fold part, and a moving unit (263) that advances and
returns the pressing unit (260) in a width direction of
the sheet bundle (SB), the method comprising:

a first step of moving the pressing unit (260) to
a vicinity of a central part of the sheet bundle
(SB) in one direction in a pressure-released
state and pressing;
a second step of moving the pressing unit (260)
in the one direction in a pressed state in the first
step and stopping the pressing unit (260) after
going past the sheet bundle (SB);
a third step of bringing the pressing unit (260)
into the pressure-released state after the sec-
ond step, moving the pressing unit (260) in the
other direction to the vicinity of the central part
of the sheet bundle (SB) in the pressure-re-
leased state, and pressing; and
a fourth step of moving the pressing unit (260)
in the other direction in the pressed state in the
third step and stopping the pressing unit (260)
after the pressing unit (260) goes past the sheet
bundle (SB).
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