US009270849B2

a2 United States Patent (10) Patent No.: US 9,270,849 B2

Takashima 45) Date of Patent: Feb. 23, 2016
(54) SHEET POST-PROCESSING APPARATUS (56) References Cited
AND IMAGE FORMING APPARATUS
U.S. PATENT DOCUMENTS
(71)  Applicant: 1kumi Takashima, Aichi (JP) 2007/0009298 Al* 1/2007 Nagasawa etal. ............ 399/410
2007/0057441 Al 3/2007 Tsutsui et al,
(72) Inventor: Ikumi Takashima, Aichi (JP) 2007/0138730 Al 6/2007 Tsutsui et al.
2007/0296141 Al* 12/2007 Inoue .........oooovvvivinnnnn, 271/226
(73) Assignee: Ricoh Company, Limited, Tokyo (JP) 2010/0025910 A1~ 2/2010 Nakayama
2010/0044945 Al1* 2/2010 Igata ...........ccovvvvnnneeen, 270/52.18
(*) Notice:  Subject to any disclaimer, the term of this 501110220945 AL* 92011 Sato. - oeremnrrrrorr 399/408
patent is extended or adjusted under 35 2011/0266742 Al* 11/2011 Satoetal. .....ocoorvvnv.... 271/228
U.S.C. 154(b) by 234 days.
FOREIGN PATENT DOCUMENTS
(21) Appl. No.: 13/798,801
JP 2002-046917 2/2002
(22) Filed: Mar. 13,2013 P 4199203 1072008
_ o * cited by examiner
(65) Prior Publication Data
IS 2013/0242330 A1 Sep. 195 2013 Prfmary Examiner — Daniel J Colilla
Assistant Examiner — John M Royston
(30) Foreign App]ication Priority Data %7E)CAIIO?’H€JJJ A gent, or Firm — Harness, Dickey & Pierce,
Mar. 14, 2012 (IP) oo, 2012-057257
Nov. 19,2012 (IP) wereoeeeeeeeeeeeeeees 2012-253025  (57) ABSTRACT
A sheet post-processing apparatus includes a first conveying
(1)  Int. CL. H unit configured to convey a sheet; a holding unit configured to
b565H 37/04 (2006'0:") hold the sheet conveyed by the first conveying unit; a first
HO4N 1/00 (2006'0;~) post-processing unit configured to perform a post-process on
b42C 1/00 (2006.01) the sheet conveyed by the first conveying unit; a second
(52) US. CL post-processing unit configured to perform a post-process on
CPC HO4N 1/0057 (2013.01); B42C 1/00 the sheet conveyed by the first conveying unit, the second
(2013.01); B65H 37/04 (2013.01); HO4N post-processing unit being arranged below the first post-pro-
170032 (2013.01); B65SH 2501/27 (2013.01); cessing unit; a moving unit configured to move the holding
HO4N 2201/0063 (2013.01); HO4N 2201/0091 unit from the first post-processing unit to the second post-
(2013.01) processing unit; a second conveying unit configured to con-
(58) Field of Classification Search vey the sheet subjected to the post-processed by the first

CPC ...l B65H 2301/51611; B65H 2408/114;
B65H 2408/121; B65H 37/04; GO3G

2215/00848; G0O3G 2215/00827, GO3G
2215/00818; GO3G 15/6582; B26F 1/0092;

B26D 7/015; B26D 1/02; B31F 5/001

USPC ......... 399/407, 408, 410; 400/621; 2770/58.11

See application file for complete search history.

..........

(A}

(<)

(L

post-processing unit or the second post-processing unit in a
direction orthogonal to a direction in which the sheet 1s con-
veyed by the first conveying unit; and a stacking unit config-
ured to stack the sheet conveyed by the second conveying
unit.

19 Claims, 11 Drawing Sheets

3 b 400

1§
e | iteete—— 4018
1A




U.S. Patent Feb. 23, 2016 Sheet 1 of 11 US 9,270,849 B2

210
162

170

150

)
O
O

%

140

f—N

O

S

f
' o/

Py

114

T 115

- — 130

E".. . L*. x r | h-

Lot 3

¥ T™N123

P

120 121 122



U.S. Patent Feb. 23, 2016 Sheet 2 of 11 US 9,270,849 B2

206207 700

214

2233 222b 290

200

100



U.S. Patent Feb. 23, 2016 Sheet 3 of 11 US 9,270,849 B2

201a 201a

o o o o o o i o o e e



US 9,270,349 B2

-

I~

-

e

i . |

Z . .-l l
; .

< ]

& L OV 00V

o

“ 2102 2102

)

P

.S

d% 9l VG Ol

U.S. Patent



US 9,270,349 B2

0107 q102Z 4102
cls 00Y
- 07 /
-
2 e - -
7 c ol . . .‘. ]
LOb ;

m |
Q 2107 0P 00b
o
“ 2L0Z eL0e
)
&
e

d9 Ol V9O Dl

U.S. Patent



US 9,270,349 B2

410c¢

AN

Sheet 6 of 11

Feb. 23, 2016
o
-
NS

d/. Ol

U.S. Patent

00V

N

—~

L OV

g10c¢ qi0c¢

A I B
- B
. _ Xols
L0 €102
V. 9l

N

00V



US 9,270,349 B2

410c¢
¢0S

Sheet 7o0f 11

€0¢

€1L0¢

Feb. 23, 2016

U.S. Patent

$10)7%

L OV

 aaslaniiashas
= =

rlﬁ.l..L

d8 9l

L OV

1‘IJ

410z

€L0c

410c¢

L Ov

<o 1

©L0c¢

V38 Ol

- e



U.S. Patent Feb. 23, 2016 Sheet 8 of 11 US 9,270,849 B2

FI1G.9

504

201




. ,
S
’

F1G.10

e

Pt
(A) i
P
.
N
Lis
2006
2
(B)
(C)

(D)




U.S. Patent Feb. 23, 2016 Sheet 10 of 11 US 9,270,849 B2

: . ™ 1
AN % ' - i 1SRN ¥ ¥ -,

: ¢ X

3

K [ = 1 - - N = e = e ) _1-._1-._ s L - - ! - - T EE
". .l ] L] g



U.S. Patent Feb. 23, 2016 Sheet 11 of 11 US 9,270,849 B2

FIG.12A

WHEN CLAMP 1S CLOSED

415 410

FIG.12B

WHEN CLAMP 15 OPEN

413

410

415



US 9,270,349 B2

1

SHEET POST-PROCESSING APPARATUS
AND IMAGE FORMING APPARATUS

CROSS-REFERENCE TO RELATED
APPLICATIONS

The present application claims priority to and incorporates
by reference the entire contents of Japanese Patent Applica-
tion No. 2012-057257 filed in Japan on Mar. 14, 2012 and
Japanese Patent Application No. 2012-253025 filed 1n Japan
on Nov. 19, 2012.

BACKGROUND OF THE INVENTION

1. Field of the Invention
The present invention relates to a sheet post-processing

apparatus and an 1image forming apparatus.

2. Description of the Related Art

In 1image forming apparatuses such as a laser printer and a
color image copying machine using the electrophotographic
process, 1 general, the following method 1s adopted. Image
data input from a personal computer or an 1image mput device
1s exposed by a laser or the like to form an electrostatic latent
image on an 1mage carrier such as a photosensitive drum.
Toner 1s developed by a developing device and then trans-
terred to a sheet such as a form. The toner 1s then fused onto
the sheet by a fixing unit of the heating roller type or the like
to 11X an 1mage, and the sheet 1s discharged.

Image forming apparatuses aiming at automation of opera-
tions are also provided. These apparatuses are connected with
a post-processing apparatus for performing post-processing
including stapling, punching, sorting (gathering), bookbind-
ing, and folding. Sheet post-processing by the post-process-
ing apparatus includes stacking processing for sorting sheets
for every copy and stacking them on a discharge tray and
stapling processing for stapling post-processed sheets for
every predetermined number of sheets and stacking them on
a stack tray.

As an 1mage forming apparatus equipped with a post-
processing apparatus, an image forming apparatus disclosed
in Japanese Patent No. 4199203 1s known for example. The
image forming apparatus includes a document scanning unit
arranged at the top of the apparatus body, a paper feeding unit
arranged at the bottom of the apparatus body, a printing unit
arranged in between the document scanning unit and the
paper feeding unit, a sheet post-processing unit that can per-
form a plurality pieces of sheet post-processing on sheets that
are conveyed from the apparatus body after being printed by
the printing unit, and a discharging unit to which the sheets
alter post-processing are discharged, both units arranged 1n a
space within the apparatus body.

In the image forming apparatus disclosed in Japanese
Patent No. 4199203, however, when sheets are conveyed
from the apparatus body through the short edge feed (SEF),
post processing can be performed on the short edge side that
orthogonal to the sheet conveying direction, but not on the
long edge side that 1s parallel to the sheet conveying direction.
There 1s also a problem that, because a punching unit and a
staple unit 1 the sheet post-processing unit are collaterally
arranged 1n the horizontal direction, the apparatus body has a
large lateral size.

Therefore, there 1s a need to provide a sheet post-process-
ing apparatus that can incorporate a plurality pieces of post-
processing units for performing post-processing on sheets in
a space-saving manner, switch the sheet conveying direction
smoothly, and perform post-processing on sheets without
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2

degrading productivity and to provide an image forming
apparatus including the post-processing apparatus.

SUMMARY OF THE INVENTION

It 1s an object of the present invention to at least partially
solve the problems 1n the conventional technology.

According to an embodiment, there 1s provided a sheet
post-processing apparatus that includes a first conveying unit
configured to convey a sheet; a holding unit configured to
hold the sheet conveyed by the first conveying unit; a first
post-processing unit configured to perform a post-process on
the sheet conveyed by the first conveying unit; a second
post-processing unit configured to perform a post-process on
the sheet conveyed by the first conveying unit, the second
post-processing unit being arranged below the first post-pro-
cessing unit; a moving unit configured to move the holding
unit from the first post-processing unit to the second post-
processing unit; a second conveying unit configured to con-
vey the sheet subjected to the post-processed by the first
post-processing unit or the second post-processing unit in a
direction orthogonal to a direction in which the sheet 1s con-
veyed by the first conveying unit; and a stacking unit config-
ured to stack the sheet conveyed by the second conveying
unit.

According to another embodiment, there 1s provided an
image forming apparatus that includes an image scanning
unit configured to read 1image information; an 1mage forming
unit configured to form an image on a sheet based on the read
image, the image forming umt being arranged below the
image scanning unit; and the sheet post-processing apparatus
according to the above embodiment, arranged 1n between the
image scanning unit and the image forming umt, wherein the
sheet on which the image has been formed 1s conveyed to the
first conveying unit.

The above and other objects, features, advantages and tech-
nical and industrial significance of this invention will be
better understood by reading the following detailed descrip-
tion of presently preferred embodiments of the mvention,
when considered 1n connection with the accompanying draw-
Ings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a schematic configuration diagram illustrating an
image forming apparatus including a sheet post-processing
apparatus in an embodiment of the present invention;

FIG. 2 1s a schematic configuration diagram of the sheet
post-processing apparatus in the image forming apparatus in
FIG. 1 when viewed from the X-X line cross sectional direc-
tion;

FIG. 3 1s a diagram 1llustrating the sheet post-processing
apparatus when viewed from above;

FIG. 4 1s a schematic configuration diagram of the sheet
post-processing apparatus when viewed from above with a
viewpoint different from FIG. 3 (a 90°-rotated viewpoint);

FIGS. SA and 5B are operational schematic diagrams of
entrance rollers, driven rollers, an entrance slide guide plate,
and a clamp unit in the sheet post-processing apparatus;

FIGS. 6A and 6B are operational schematic diagrams of
the entrance rollers, driven rollers, entrance slide guide plate,
and clamp unit 1n the sheet post-processing apparatus;

FIGS. 7A and 7B are operational schematic diagrams of
the entrance rollers, driven rollers, entrance slide guide plate,
and clamp unit 1n the sheet post-processing apparatus;
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FIGS. 8A and 8B are operational schematic diagrams of
the entrance rollers, driven rollers, entrance slide guide plate,
and clamp unit 1n the sheet post-processing apparatus;

FIG. 9 1s a configuration diagram of one of the entrance
rollers, one of the driven roller, and the entrance slide guide
plate 1n the sheet post-processing apparatus;

FI1G. 10 1llustrates the operational process of the clamp unit
in the sheet post-processing apparatus;

FIG. 11 1s a schematic diagram of the clamp unit 1n the
sheet post-processing apparatus; and

FIGS. 12A and 12B are schematic configuration diagrams
of a clamp 1 the clamp unit, FIG. 12A 1llustrating a state
when the clamp 1s closed and FIG. 12B illustrating another
state when the clamp 1s open.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Hereinafter, an embodiment of an image forming appara-
tus mcluding a sheet post-processing apparatus according to
the present invention will be described with reference to the
accompanying drawings.

Overall Configuration

FIG. 1 1s a schematic configuration diagram illustrating
one embodiment of an image forming apparatus including a
sheet post-processing apparatus 1n the embodiment. In FIG.
1, this image forming apparatus 1 includes an 1mage forming
unit 100, a sheet post-processing apparatus 200, and an image
scanning unit 300. In the following, parts other than the sheet
post-processing apparatus 200 and a discharge tray 210 wall
be referred to as the apparatus body for convenience.

The image forming unit 100 1s what1s called a tandem-type
color image forming unit of the indirect transfer type. The
image forming unit 100 includes an image forming part 110
around whose central part a four-color image forming station
111 1s arranged, an optical writing unit (not 1llustrated) that 1s
provided adjacently below the image forming part 110, a
paper feeding unit 120 that 1s provided below the image
forming part 110, a feeding conveying path (vertical convey-
ing path) 130 that conveys a sheet picked up by the paper
teeding unit 120 to a secondary transier umit 140 and a fixing
unit 150, a discharging conveying path 160 that conveys the
sheet on which an 1mage 1s fixed to the sheet post-processing
apparatus 200 side, and a duplex conveying path 170 that
reverses the sheet with the image formed on its one surface
and allows 1image formation on the other surface.

The image forming part 110 includes photosensitive drums
tor each of the YMCK (Y: yellow, M: magenta, C: cyan, and
K: black) colors of the image forming station 111, a charging
unit, a developing unit, a primary transier unit, a cleaning,
unit, and a neutralization unit, each of which 1s arranged along,
the perimeter of the photosensitive drum, an intermediate
transfer belt 112 that intermediately transfers an image
formed on the photosensitive drum using the primary transier
unit, and an optical writing unit that writes an 1image onto each
photosensitive drum for the corresponding color. The optical
writing unit 1s arranged below the image forming station 111,
while the mntermediate transier belt 112 1s arranged above the
image forming station 111. The intermediate transier belt 112
1s rotatably supported by a plurality of support rollers, one
support roller 114 of which faces a secondary transter roller
115 through the intermediate transfer belt 112, thereby allow-
ing an 1mage on the intermediate transier belt 112 to be
secondarily transierred to the sheet. Because the image form-
ing process of the tandem-type color image forming unit of
the indirect transfer type 1s publicly known, and 1t does not
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directly relate to the subject of the present invention, its
detailed description will be omaitted.

The paper feeding unit 120 includes a paper feed tray 121,
a pick-up roller 122, and a feeding conveying roller 123, and
teeds a sheet picked up from the paper feed tray 121 upward
along the vertical conveying path 130. Animage 1s transferred
to the fed sheet in the secondary transter unit 140, and the
sheet 1s fed into the fixing unit 150. The fixing umt 150
includes a fixing roller and a pressing roller. When the sheet
passes through the nip between both rollers, the fixing umit
150 applies heat and pressure on the sheet, thereby allowing
toner to be fixed onto the sheet.

The discharging conveying path 160 and the duplex con-
veying path 170 are provided at the downstream of the fixing
umt 150. Both paths are bifurcated into two directions by a
biturcating claw 161, thereby allowing the sheet conveying
path to be selected between a case of the sheet being conveyed
to the sheet post-processing apparatus 200 side or a case of the
sheet being conveyed to the duplex conveying path 170. Atthe
direct upstream side of the bifurcating claw 161 in the sheet
conveying direction, provided 1s bifurcating conveying roll-
ers 162, thereby exerting a conveying force to the sheet.

The sheet post-processing apparatus 200 1s arranged in a
space formed 1n between the image forming unit 100 and the
image scanmng unit 300 of the apparatus body. The sheet
post-processing apparatus 200 performs predetermined post-
processing on a sheet with an image formed thereon conveyed
from the image forming unit 100 and stacks the sheet on the
discharge tray 210 that 1s positioned at the endpoint, details of
which will be describe later.

The 1image scanning umt 300 optically scans a document
set on a contact glass and reads an 1image on the document
surface. Because the structure and functions of the image
scanning unit 300 are publicly known, and 1t does not directly
relate to the subject of the present invention, its detailed
description will be omaitted.

In the mmage forming umt 100 configured as outlined
above, image data to be used 1n writing 1s generated based on
document data read by the 1mage scanning unit 300 or print
data transferred from an external PC and the like. Based on
the image data, the optical writing unit performs optical writ-
ing on each photosensitive drum. Images formed on each
photosensitive drum for the corresponding color are succes-
stvely transterred to the intermediate transfer belt 112, and a
color image on which images with four colors are superim-
posed 1s formed on the intermediate transier belt 112. A sheet
1s fed from the paper feed tray 121 in accordance with the
image formation. The sheet 1s temporarily stopped at the
position of a registration roller (not illustrated) right 1n front
of the secondary transfer unit 140, 1s fed 1n synchronization
with the leading end of an 1image on the intermediate transier
belt 112, 1s secondarily transferred by the secondary transier
umt 140, and 1s fed into the fixing unit 150.

The sheet on which the image has been fixed by the fixing
umt 150 1s conveyed, by the switching operation of the bifur-
cating claw 161, to the discharging conveying path 160 side
for the time after the printing of single-sided printing and the
time after the printing of duplex printing, and 1s conveyed to
the duplex conveying path 170 side for the time after the
single-sided printing of duplex printing. The sheet conveyed
to the duplex conveying path 170 after single-sided printing
1s, after being reversed, fed finally into the secondary transfer
unit 140, where an 1mage 1s formed on the blank side, and 1s
then sent back to the discharging conveying path 160 side.
The sheet conveyed to the discharging conveying path 160
side 1s conveyed to the sheet post-processing apparatus 200,
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and 1s, after being subjected to predetermined post-process-
ing or without post-processing, discharged to the discharge
tray 210.

Sheet Post-Processing Unit

FIG. 2 1s a schematic configuration diagram of the sheet
post-processing apparatus 200 viewed along the X-X line
cross sectional direction in the 1image forming apparatus 1n
FIG. 1. FIG. 3 1s a diagram 1llustrating the sheet post-process-
ing apparatus 200 when viewed from above. FIG. 4 1s a
schematic configuration diagram of the sheet post-processing
apparatus 200 when viewed from above with a viewpoint
different from FIG. 3 (a 90°-rotated viewpoint). The sheet
post-processing apparatus 200 includes mainly, 1n order from
the upstream side 1n the sheet conveying direction, an
entrance roller 201a, a driven roller 2015, and a feed guiding
plate 501 as a first conveying unit; punch jogger fences (align-
ment plates) 211; a clamp unit 400 as a holding unit and a
moving unit; a punching unit 600 as a {irst post-processing
unit; a stapling unit 700, a stapling tray 206, trailing-end
reference fences 207, and staple jogger fences (alignment
plates) 208 as a second post-processing unit; discharging
rollers 209 as a second conveying unit; and the discharge tray
210 as a stacking unit. A punch stage including the punching
unit 600 and a staple stage including the stapling unit 700 and
the stapling tray 206 are vertically arranged. Vertical arrange-
ment of a plurality of post-processing units prevents an
increase 1n the lateral size of the 1mage forming apparatus 1.
The clamp unit 400 1s configured, as described later, so that
two clamps 401 as holding units pass a sheet P between the
punching unit 600 and the stapling unit 700.

A sheet receiving unit of the sheet post-processing appa-
ratus 200 includes a pair of entrance rollers 201qa that receive
the sheet P from the discharging conveying path 160 of the
image forming unit 100 and a feed guiding plate 501 for
conveying the recerved sheet to the punching unit 600. The
sheet 1s conveyed along the feed guiding plate 501 through
rotation of the pair of entrance rollers 201a by an entrance
motor (not illustrated). At the upstream side of the pair of
entrance rollers 201, arranged 1s an entrance sensor 203 (see
FIGS. 5A and 5B). The entrance sensor 203 detects the lead-
ing end and trailing end of the sheet received by the pair of
entrance rollers 201a and determines the timing for perform-
ing each sheet processing based on the detection timing of the
leading end and trailing end of the detected sheet and the step
number of the driving of the entrance motor, which 1s a
stepping motor. The pair of entrance rollers 201a provided
along the conveying path function as a conveying unit.

In the configuration of the sheet post-processing apparatus
200 at the downstream of the pair of entrance rollers 201, as
illustrated by the arrow A 1n FIG. 3 along the sheet conveying
direction, the sheet P having a short edge and a long edge ({or
example, an A4 sheet) 1s recerved from the image forming
unit 100 through SEF. Post-processing on punch hole posi-
tions C by the punching unit 600 and post-processing on
stapling positions D by the stapling unit 700 are then per-
formed 1n the vicinity of the long edge that 1s parallel to the
conveying direction A. At the downstream of the punching
unit 600 and the stapling unit 700, the conveying direction of
the sheet P 1s switched by the discharging rollers 209 to the
orthogonal direction (the arrow B) with respect to the con-
veying direction A from the image forming unit 100, and
processing on the sheet P 1s performed through long edge feed
(LEF).

The sheet P discharged from the pair of entrance rollers
201a enters the punch stage with one edge (the upper long
edge 1n FIG. 3) supported by the clamps 401 on the punching
unit 600 side and with the other edge (the lower long edge in
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FIG. 3) supported by the staple tray 206. The leading and
trailing ends of the sheet are aligned by the punch jogger
fences 211. The sheet P 1s positioned by allowing its sheet
trailing end to be abutted against an abutting member 411 1n
cach of the two clamps 401 included 1n the clamp unit 400,
held by the clamps 401, and then punched by the punching
unmit 600. After the punching, one of the sheet long edges 1s
pushed out of the punching unit 600 by the clamp unit 400 and
talls toward the staple stage. In a mode where punching 1s not
performed, one of the sheet long edges falls toward the staple
stage without punching operation by the punching unit 600
during the above-described punching operation.

After one of the sheet long edges falls from the punch stage
to the staple stage, and the entire sheet 1s placed on the staple
tray 206, process differs depending on shift modes, one that
shifts and discharges a sheet and the other that staples a
plurality of sheets and discharges them. Fach mode will be
described together with 1ts corresponding structure.

Shift Mode

The shift mode 1s a mode 1n which, without a punching
process or a stapling process performed on sheets, the dis-
charging position 1s shifted along the direction perpendicular
to the sheet conveying direction when the sheets are dis-
charged on the discharge tray 210, and the sheets are sorted
for every predetermined number of sheets.

As 1llustrated 1n FIG. 4, the staple tray 206 includes two
trailing-end reference fences 207 and two staple jogger
tences (alignment plates) 208. The two trailing-end reference
tences 207 are formed 1n a right-opening U shape 1n the top
view as illustrated 1n FI1G. 4 and formed 1n a left-opening U
shape 1n the side view, and are fixed to the end on the stapling
unit 700 side of the staple tray 206 so that an abutting surface
207a projects vertically further upward than the plane of the
staple tray 206. The two staple jogger fences (alignment
plates) 208 are disposed within a guide shaft (not 1llustrated)
fixed to the staple tray 206. Furthermore, the two staple jogger
tences (alignment plates) 208 are coupled to a stepping motor
214 through a timing belt (not 1llustrated) and linearly recip-
rocate by the forward and backward rotational drive of the
stepping motor 214, each of which can be driven indepen-
dently.

After the sheet falls to the staple stage, one of the long
edges (the right-hand long edge 1n FI1G. 4) 1s abutted against
the trailing-end reference tences 207, whereby alignment in
the conveying direction (the arrow B 1n FIG. 2) on the staple
stage 1s performed. Alignment in a direction orthogonal to the
conveying direction (the arrow B) 1s performed by the staple
jogger fences 208. A discharging guide plate 212 and the
discharging rollers 209 are arranged at the downstream of the
staple stage. The discharging guide plate 212 can move ver-
tically by a stepping motor 224 and a pulley 204 that 1s
belt-driven by the stepping motor 224. The sheet 1s conveyed
while being held between the discharging rollers 209 and a
driven roller 213 attached to the discharging guide plate 212,
1s discharged to the discharge tray 210, and 1s stacked on the
discharge tray 210. When sheets are sorted for every prede-
termined number of sheets, the sheets are discharged to the
discharge tray 210 with a shift corresponding to the move-
ment of the alignment position (the position of the staple
jogger fences 208) 1n a direction orthogonal to the conveying
direction on the staple stage. As a result, when the sheets are
stacked on the discharge tray 210, the discharging positions
are alternately shifted for the every predetermined number of
sheets, thereby allowing the sheets to be sorted.

A sheet retainer 220 for retaining sheets stacked on the
discharge tray 210 1s arranged at the mounting part of the
discharge tray 210 to the body part of the sheet post-process-
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ing apparatus 200. Sheet retaining release operation and sheet
retaining operation are performed by turning on and off of a
solenoid 221. In other words, the solenoid 221 i1s turned on 1n
accordance with the feeding of a sheet to release the pressing
operation of the sheet retainer 220. When the sheet trailing
end passes through the discharging rollers 209, the solenoid
221 1s turned off to perform sheet retaining.

The discharge tray 210 includes a fixed tray unit 222q at the
downstream side in the conveying direction and a movable
tray unit 2225 at the upstream side. The movable tray unit
222b moves vertically by a tray DC motor 223q and acam and
link mechanism 2235. The movable tray unit 2225 1s pivotally
supported i an oscillatable manner by the fixed tray unit
222a through a pivot 223¢ with its end at the upstream side
being an oscillating end. The working end of the cam and link
mechanism 2235 1s connected to the movable tray unit 2225.
An end of the movable tray unit 2225 at the upstream side in
the sheet conveying direction 1s a free end. As a result, when
the tray DC motor 223a rotates, the movable tray unit 2225, in
accordance with the rotation, oscilla‘[es about the pivot 223c.
When the number of discharged sheets amounts to a prede-
termined number, the tray DC motor 2234 rotates through an
instruction from a control unit, which will be described later,
thereby moving downward the movable tray unit 2225.

A tray sheet surface sensor (not 1llustrated) 1s arranged on
the sheet retainer 220. When the tray sheet surface sensor 1s
off while sheet retaining 1s performed by the sheet retainer
220, the free end of the movable tray unit 2225 1s moved
upward until the tray sheet surface sensor 1s turned on. When
the tray sheet surface sensor 1s on, the free end of the movable
tray umt 2225 1s moved downward once until the sheet sur-
face sensor 1s turned on, and then moved upward until 1t 1s
turned on again, thereby maintaining the height of the free
end of the movable tray unit 2225 1n the discharge tray 210 on
which sheets (or a batch of sheets) are stacked constant.

By thus moving upward and downward the free end of the
movable tray umt 2225 1n accordance with the sheet stacking,
condition of the discharge tray 210 and maintaining the dis-
tance from the nip of the discharging rollers 209 to the sheet
stacking unit of the movable tray unit 2225 constant, the
contact angle between a sheet discharged from the discharg-
ing rollers 209 and the movable tray umt 2225 can be kept
constant so as to stabilize the alignment quality of the sheets
stacked on the discharge tray 210 and allow stacking of a large
number of sheets. By repeating the foregoing operation,
sorted sheets are stacked on the discharge tray 210.

Staple Mode

The staple mode 1s a mode, 1n which when sheets are
discharged, they are stapled by the stapling unit 700 for every
predetermined number of sheets and are discharged. In the
staple mode, one of the sheet long edges 1s pushed out of the
punching unit 600 by the two clamps 401, and the two clamps
401 move until the one of the sheet long edges abuts against
the trailing-end reference fences 207 through the vertical
operation of the clamp unit 400, which will be described later,
thereby performing alignment 1n the conveying direction on
the staple stage. This alignment 1s performed based on the
trailing-end reference fences 207.

At the completion of the abutting of the one of the sheet
long edges, sheet alignment 1n the direction perpendicular to
the sheet conveying direction on the staple stage by the staple
jogger fences 208 arranged on the staple tray 206 described
above 1n the description of the shiit mode 1s performed.

The staple tray 206 includes a home sensor (not 1llustrated)
that detects a standby position of the staple jogger fences
(alignment plates) 208. The staple tray 206 1s also provided
with trailing-end reference fences 207 through a slider (not
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illustrated) on a guide shaft (not illustrated), and they can
move 1n the same direction as the staple jogger fences (align-
ment plates) 208. A rack (not 1llustrated) 1s held by the shider
and 1s coupled to a gear (not 1llustrated) that 1s arranged nearly
at the center of the staple tray 206, thereby allowing the
trailing-end reference fences 207 to move symmetrically with
respect to the gear.

A guide 1s provided at the end of the trailing-end reference
tences 207. A base (not illustrated) of the stapling unit 700
hooks the mside of the guide through the movement of the
stapling unit 700, thereby allowing the trailing-end reference
tences 207 to follow. When the stapling unit 700 moves 1n a
direction toward the end of the staple tray 206, the separation
between the trailing-end reference fences 207 becomes
larger. When the stapler moves to the center of the staple tray
206, because the trailing-end reference fences 207 are biased
toward the center of the staple tray 206 by a spring (not
illustrated), the separation between the trailing-end reference
tences 207 becomes smaller.

After stapling processing, the discharging guide plate 212
1s moved downward to hold a batch of sheets by the discharg-
ing rollers 209 and the driven roller 213 attached to the
discharging guide plate 212, and the batch of sheets are dis-
charged to the discharge tray 210. While the batch of sheets 1s
being discharged, the solenoid 221 1s turned on to release the
sheet retainer 220, and the movable tray unit 2225 1s moved
downward by a predetermined amount. Next, the discharging
guide plate 212 1s moved upward with such timing that the
trailing end of the batch of sheets passes through a batch
discharge sensor 225 to prepare for the reception of the next
sheet. The solenoid 221 turned off with the same timing to
perform sheet retaining.

Next, FIGS. 5A to 8B are operational schematic diagrams
of the entrance rollers 201a, the driven rollers 20154, and an
entrance slide guide plate 502. In each drawing, A is a sche-
matic diagram viewed from the upstream side 1n the sheet
conveying direction, while B 1s a schematic diagram viewed
from a direction orthogonal to the sheet conveying direction.
The sheet conveyed by the pair of entrance rollers 201qa
undergoes shiit operation to allow the sheet end to enter the
punching unit 600. The shift function 1s a shift mechanism
having the entrance rollers 201a and the driven rollers 2015
that come 1nto contact with the entrance rollers 201a to form
anip for holding and conveying the sheet. The entrance rollers
201a are provided movably in its axial direction by an
entrance roller driving source such as a motor, while the
driven rollers 2015 are provided movably in its axial direction
in accordance with the movement of the entrance rollers
201a.

First, after conveying the end of the sheet P to the punching
unit 600 by the entrance rollers 201a and the driven rollers
2015 (see FIGS. SA and 5B), the conveying unit 1s switched
from the entrance rollers 201a to the clamp unit 400 (see
FIGS. 6A and 6B). The entrance rollers 201a stop while
holding the trailing end of the sheet P, and when the two
clamps 401 hold the sheet P, the driven rollers 2015 that are
rotatably attached to the entrance slide guide plate 502 move
obliquely downward at the upstream side in the sheet convey-
ing direction, thereby allowing the entrance rollers 201a to
release pressure and allowing conveying by the two clamps
401 (see FIGS. 7A and 7B). For the sheet P held by the two
clamps 401, the leading end (the short edge) of the sheet P 1s
drawn to the punch jogger fences (the alignment plates) 211
ol the punch stage, and one of the long edges of the sheet P 1s
abutted against the abutting plates of the two clamps 401 to be
aligned, and 1s punched by the punching unit 600. After the
punching, the clamp unit 400 moves along the guide (see
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FIGS. 8A and 8B), and pushes the sheet P held by the two
clamps 401 out of the punching unit 600. The sheet P that has
been pushed out moves to the staple stage arranged below the
punch stage 1n accordance with the movement of the two
clamps 401. The entrance slide guide plate 502 1s 1n advance
slid and retreated to a position that does not interfere with the
talling path of the sheet P (see FIGS. 7A and 7B).

When the sheet P moves to the staple stage, 1t moves to the
sheet trailing-end abutting surfaces of the trailing-end refer-
ence fences 207 while being held by the two clamps 401, and
when the trailing end of the sheet P reaches the abutting
surfaces 207a of the trailing-end reference fences 207, the
two clamps 401 open. The entrance slide guide plate 502 1s
slid and returned to the original position, and this operation
supplies pressure for the driven rollers 2015, thereby allowing
the next sheet to be recerved.

FIG. 9 1s a configuration diagram of one of the entrance
rollers 201a and the entrance slide guide plate 502. The
entrance rollers 201a are coupled to a stepping motor 306 as
the entrance roller driving source through a timing belt 505,
and rotates by the forward rotation of the stepping motor 506.
Both the entrance roller 201a and the driven roller 2015 are
coupled with a coupling member 503. The coupling member
503 includes a first part 5034 that 1s parallel to the conveying
direction of the sheet P conveyed by the entrance roller 2014,
a second part 5035 that 1s extended from the first part 503a 1n
a direction orthogonal to the conveying direction of the sheet
P, and a third part 503¢ that 1s extended from the second part
5035 obliquely downward 1n the upstream direction, and 1s
formed 1n nearly a left-opening U shape. The entrance roller
201a 1s rotatably attached to the second part 5035. A slot
5031 (or may be a long channel) 1s formed in the third part
503¢, which supports the shait of the driven roller 2015 rotat-
ably and slidably from the end that 1s connected to the second
part 5035 to the tip side. A rack 50341 whose teeth form a line
in a direction parallel to the axial direction of the entrance
roller 201a 1s formed at the end of the first part 503a of the
coupling member 503. The rack 50341 meshes with a pinion
510 that 1s fixed to the rotating shait of the motor 504 and 1s
rotatably driven by the motor 504, thereby allowing both the
entrance roller 201q and the driven roller 2015 to move 1n the
axial direction and allowing the shift operation.

The driven roller 2015 1s rotatably attached to the entrance
slide guide plate 502 as a guide plate. The entrance slide guide
plate 502 includes guide pins 502q and 35025 that project
toward the near side of the sheet of FIG. 9. The guide pins
502a and 5025 are slidably freely {it into a slot 511q that 1s
provided 1n a slide guide plate 511 fixed to an appropriated
position of the apparatus body and inclined obliquely down-
ward 1n the upstream direction with respect to the conveying,
direction of the sheet P conveyed by the entrance roller 201a.
The entrance slide guide plate 502 1s also provided with a rack
507 that 1s inclined obliquely downward in the upstream
direction with respect to the conveying direction of the sheet
P conveyed by the entrance roller 201a. The rack 507 1is
coupled to the stepping motor 506 as a nip formation release
driving source through a pinion with a torque limiter 508 and
a timing belt 509. In other words, the stepping motor 306 1s a
common driving source as the entrance roller driving source
and the nip formation release driving source. By the backward
rotation of the stepping motor 506, the entrance slide guide
plate 502 slides obliquely downward in the upstream direc-
tion, thereby allowing the driven roller 2015 to release pres-
sure against the entrance roller 201a. When the stepping
motor forwardly rotates, the entrance slide guide plate 502
slides obliquely upward 1n the downstream direction, thereby
allowing the driven roller 2015 to come 1nto contact with the
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entrance roller 201q and produce pressure. The torque limiter
1s activated by the pressure, thereby preventing the rotational
force of the stepping motor 506 from being transmitted to the
pinion 508.

The driven roller 2015 thus moves obliquely 1n the
upstream direction by the nip formation release unit having
the stepping motor 506 as the nip formation release driving
source, the rack 507 of the entrance slide guide plate 502, the
torque-limiter-equipped pinion 508 and the timing belt 509,
thereby releasing the formation of the nip with the entrance
roller 201a. Accordingly, because the retreat of the driven
roller 2016 1s performed i1n the linear movement 1n the
obliquely upstream direction, 1t follows a less redundant path
than the conventional arcuate retreat path of a driven roller
through the rotation of a guide plate, and sheet processing can
be performed without degrading productivity. Therefore, the
sheet conveying direction can be switched smoothly, sheets
can be conveyed to the downstream side stably and process-
ing on sheets can be performed.

The drive of the driven roller 2015 can be achieved at low
cost using the stepping motor 506 for rotating the entrance
roller 201a.

FIG. 10 1llustrates the operation of the clamp unit 400. The
sheet discharged from the entrance roller 201a enters the
punch stage with 1ts one of the long edge supported by the
clamp unit 400. The leading end and trailing end of the short
edges of the sheet that has entered are aligned by the punch
jogger fences 211, and the one of the long edges 1s abutted
against the abutting member 411 of the clamp 401A provided
within the clamp unit 400, and 1s positioned (see FIG. 10(A)).
When the sheet 1s positioned, the clamp 401 A 1s closed to
hold the sheet, which 1s then punched by the punching unit
600 (see FIG. 10(B)). After the punching, the clamp 401A
holding the sheet moves along a guide 402. By the movement
of the clamp 401 A, the held sheet 1s pushed out of the punch-
ing unit 600, moved downward to the staple stage, and guided
to the staple stage. The clamp 401B positioned on the staple
stage moves to the punch stage along the guide 402 (see FIG.
10(C)).

Arrniving at the staple stage, the clamp 401 A moves to the
abutting surface 207a of each of the trailing-end reference
tences 207 while holding the sheet, and when one of the sheet
long edges arrives at the abutting surface of each of the
trailing-end reference fences 207, releases the holding of the
sheet. The clamp 401B waits at the reception position so that
the next sheet can be punched at the punch stage (see FIG.
10(D)). Receiving the next sheet, the clamp 401B 15 closed.
After the next sheet 1s punched, the clamps 401 A and 401B
move along the guide 402, and by the movement of the clamps
401, the sheet on the clamp 401 A 15 stacked on the staple tray
406.

FIG. 11 1s a configuration diagram of the clamp unit 400.
The clamp unit 400 includes two pairs of clamps 401A and
401B as a holding unit and an elliptic guide 402 and a link 405
as a moving unit. The clamp unit 400 moves vertically and
horizontally by allowing the two pairs of clamps 401A and
401B to move along the guide 402 1n a circular manner. In
FIG. 11, a pair of clamps 401 A and 401B correspond to the
clamp 401 1illustrated in the upper side of FIG. 4, while
another pair of clamps 401A and 401B correspond to the
clamp 401 illustrated 1n the lower side of FIG. 4, where only

one pair of clamps 401 A and 401B will be described.
The link 405 includes a linear arm that 1s rotatable with the

center of rotation 404 that 1s rotatably driven by a driving

source (not illustrated) as the fulcrum, and includes long
channels 405a and 4055 1n between the center of rotation 404

and the arm ends. The guide 402 1s a member having an
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clliptic guide hole 4024a. The clamps 401 A and 401B have
cylindrical guide members 415A and 4135B that pass through
the guide hole 4024 of the guide 402 and are freely {it into the
long channels 405a and 4055, respectively. The clamps 401 A
and 401E operate by allowing the guide members 415A and
415B to move along the long channels 4054 and 4055 of the
link 405 and the guide hole 402q of the guide 402 when the
link 405 rotates with the center of rotation 404 as the fulcrum
by the rotational drive of a driving source such as a stepping,
motor (not i1llustrated). The gmide 402, link 405, and driving,
source of the clamp unit 400 are arranged at positions that do
not interfere with sheet conveying. The other pair of clamps
401A and 401B (the clamp 401 1n the lower side of FIG. 4),
cach guide member 1s coupled to the guide members 415A
and 415B coaxially and operates as 1s the case with the above
description.

FIGS. 12A and 12B are configuration diagrams of the
clamp 401A (401B also has the same configuration). The
clamp 401 A includes a base 410, an abutting part 411 erected
on the base 410, a holding part 413 that 1s rotatably attached
to the abutting part 411 with the center of rotation 412 as the
tulcrum, a torsion spring 414 provided in between the base
410 and the holding part 413, a cylindrical guide member 4135
that 1s extended from the base 410 1n the orthogonal direction,
and a solenoid 416 that 1s attached on the base 410. The
holding part 413 includes an opening and closing part 4134
with the center of rotation 412 as the fulcrum and a pressed
part 4135 that 1s extended from one end of the opening and
closing part 413a and bent. When the holding part 413 1s
closed, the Clamp 401A has pressure exerted to hold a sheet by
the torsion spring 414. When opening the holding part 413,
the action of the projection of an actuator 4164 of the solenmd
416 presses an end of the opening and closing part 413a,
thereby rotating the holding part with the center of rotation
412 as the fulcrum and opening 1t.

As described above, according to the sheet post-processing
apparatus 1n the embodiment, a sheet that 1s conveyed by the
first conveying unit and post-processed by the first post-pro-
cessing unit 1s moved by the holding unit and the moving unat,
and a second conveying unit 1s provided, which conveys the
sheet post-processed by the second post-processing unit 1n a
conveying direction orthogonal to the conveying direction
conveyed from the image forming unit, where the second
conveying unit conveys the sheet conveyed from the image
forming apparatus with its one of the short edge and long edge
being at the head and post-processed by the first or second
post-processing unit to the stacking unit with the other one of
the short edge and long edge of the sheet at the head, thereby
allowing a plurality of post-processing functions to be
arranged 1n a space-saving manner, switching the sheet con-
veying direction smoothly, and allowing processing on sheets
without degrading productivity by eliminating redundant
operation.

Although the embodiment of the present invention has
been described above, the present invention 1s not limited
thereto, and various alternations and applications are pos-
sible. As far as those alternations and applications are pro-
vided with the constituents of the present invention, they are
included within the scope of the present invention.

For example, 1n the sheet post-processing apparatus 200 of
the above-described embodiment, the sheet P having a short
edge and long edge (for example, an A4 sheet) 1s recerved
from the image forming unit 100 through SEF, the conveying
direction of the sheet P after the post-processing 1s switched
to the orthogonal direction (the arrow B) by the discharging,
rollers 209 with respect to the conveying direction A from the
image forming unit 100, and the sheet P 1s conveyed to the
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discharge tray 210 through LEF. In place thereof, the sheet P

may be received from the image forming unit 100 through

LEF, and after being post-processed, conveyed to the dis-

charge tray 210 through SEF.

According to the embodiments, 1t 1s possible to allow a
plurality of post-processing units to be arranged 1n a space-
saving manner, switch the sheet conveying direction
smoothly, and allow processing on sheets without degrading
productivity by eliminating redundant operation.

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.

What 1s claimed 1s:

1. A sheet post-processing apparatus, comprising:

a first conveying unit configured to convey a sheet;

a holding unit configured to hold the sheet conveyed by the
first conveying unit;

a first post-processing unit configured to perform a post-
process on the sheet conveyed by the first conveying
unit;

a second post-processing unit configured to perform a post-
process on the sheet conveyed by the first conveying
unit, the second post-processing unit being arranged
directly below the first post-processing unit;

a moving unit configured to move the holding unit from the
first post-processing unit to the second post-processing,
unit;

a second conveying umt configured to convey the sheet
subjected to the post-processed by the first post-process-
ing unit or the second post-processing unit in a direction
orthogonal to a direction 1n which the sheet 1s conveyed
by the first conveying unit; and

a stacking unit configured to stack the sheet conveyed by
the second conveying unit,

wherein the moving unit moves in a circular manner.

2. The sheet post-processing apparatus according to claim

wherein

the holding unit holds the sheet with the sheet being held by
the first conveying unit, and

aiter holding by the first conveying unit 1s released, the
holding unit 1s moved by the moving unit.

3. The sheet post-processing apparatus according to claim

1, wherein the moving unit moves the holding unit 1n a cir-

cular manner.

4. The sheet post-processing apparatus according to claim
1, wherein the first conveying unit includes an entrance roller
for recerving a sheet, an entrance roller driving source for
rotating the entrance roller, a driven roller that 1s 1n contact
with the entrance roller to form a nip for holding and convey-
ing the sheet, and a nip formation release unit for moving the
driven roller to release the formation of the nip.

5. The sheet post-processing apparatus according to claim
1, wherein

the first post-processing unit 1s a punching unit configured

to perform a punching process on the sheet, and

the second post-processing unit 1s a stapling unit config-

ured to perform a stapling process on the sheet.

6. The sheet post-processing apparatus according to claim
4, wherein the nip formation release unit releases the forma-
tion of the nip by moving the driven roller linearly obliquely
to a upstream side 1n a direction 1n which the sheet recerved by
the entrance roller 1s conveyed.

7. The sheet post-processing apparatus according to claim
4, wherein the nip formation releasing unit includes a guide
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plate to which the driven roller 1s attached in a rotatable
manner, a nip formation release driving source, and a trans-
mission unit configured to transmit a driving force from the
driving source to the guide plate so that the driven roller
moves between a {first position at which the driven roller
forms a nip together with the entrance roller and a second
position at which the formation of the nip 1s released.
8. The sheet post-processing apparatus according to claim
4, wherein the entrance roller driving source and the nip
formation release driving source uses a common driving
source.
9. The sheet post-processing apparatus according to claim
4, wherein the entrance roller driving source 1s a motor, and
the motor drives the entrance roller by the rotation of the
motor 1 one direction and moves the driven roller by the
rotation of the motor in the opposite direction.
10. An 1image forming apparatus comprising;
an 1mage scanning unit configured to read image informa-
tion;
an 1mage forming unit configured to form an 1mage on a
sheet based on the read 1mage, the 1mage forming unit
being arranged below the image scanning unit; and
the sheet post-processing apparatus according to claim 1
arranged 1n between the 1image scanning unit and the
image forming unit, wherein the sheet on which the
image has been formed 1s conveyed to the first conveying
umnit.
11. The sheet post-processing apparatus according to claim
1, wherein the holding unit holding the sheet moves along a
guide.
12. The sheet post-processing apparatus according to claim
11, wherein the guide has a circular shape.
13. The sheet post-processing apparatus according to claim
1, wherein the moving unit includes a link.
14. The sheet post-processing apparatus according to claim
13, wherein the link includes a linear arm that 1s rotatable with
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a center of rotation, and includes long channels 1n between the
center of rotation and arm ends.

15. The sheet post-processing apparatus according to claim
14, wherein a guide includes an elliptical guide hole, and

the holding unit includes a cylindrical guide member that

passes through the guide hole of the guide and 1s freely
fit into the long channels.

16. The sheet post-processing apparatus according to claim
15, wherein the holding unit operates by allowing the guide
member to move along the long channels of the link and the
guide hole of the guide when the link rotates with the center
of rotation as a fulcrum by a rotational drive of a driving
source.

17. The sheet post-processing apparatus according to claim
1, wherein the holding unit includes a base, an abutting part
erected on the base, a holding part that 1s rotatably attached to
the abutting part with a center of rotation as a fulcrum, a
torsion spring provided in between the base and the holding
part, a cylindrical gmide member that 1s extended from the
base 1n an orthogonal direction, and a solenoid that 1s attached
on the base.

18. The sheet post-processing apparatus according to claim
17, wherein the holding part includes an opening and closing,
part with the center of rotation as the fulcrum and a pressed
part that 1s extended from one end of the opening and closing
part and bent.

19. The sheet post-processing apparatus according to claim
18, wherein:

when the holding part 1s closed, the holding unit has a

pressure exerted to hold a sheet by the torsion spring;
and

when opening the holding part, an action of a projection of

an actuator of the solenoid presses an end of the opening
and closing part, thereby rotating the holding part with
the center of rotation as the fulcrum.
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