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(54) Sheet treatment apparatus

(57) A sheet treatment apparatus (1) has an image
forming unit (2) that forms images on a plurality of sheets,
a booklet producing unit (5) that produces a booklet by
laying the plurality of sheets on top of one another and
folding the plurality of sheets, the folded back of the book-
let being pressed to flatten a spine of the booklet, and a

control unit that controls the image forming unit to form
the image in an image forming area of the sheet, in way
that the closer the sheet is located to a booklet cover
side, the farther an edge of the image forming area which
is close to a center of a double pages spread is located
away from the center of the double pages spread.
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Description

BACKGROUND

(i) Technical Field

[0001] The present invention relates to a sheet treat-
ment apparatus that treats a sheet.

(ii) Related Art

[0002] Conventionally, in some of pieces of sheet treat-
ment apparatus typified by a printer and a copying ma-
chine, a booklet producing unit is added besides an im-
age forming unit which forms an image on a sheet. The
booklet producing unit produces a booklet from sheets
on which the images are formed. In the booklet producing
unit, the sheets are laid on top of one another and folded
in order to produce the booklet, and the sheets which are
simply folded have a bulge. Therefore, in some of pieces
of sheet treatment apparatus, a square folding process
is performed by the booklet producing unit in order to
produce the high-quality (see Patent Documents 1
through 7 as shown below for example). During the
square folding process, on the sheets in the folded state,
a neighborhood of a portion corresponding to a spine of
the booklet is clamped by a clamping unit, and the portion
corresponding to the back is pressed against a roller.
The roller is moved along the portion corresponding to
the back to press the portion, which results in the booklet
whose back is flattened. In some of pieces of sheet treat-
ment apparatus, the booklet producing unit cuts and
aligns edges of the folded sheets. For cutting and aligning
the edge, Patent Document 7 as shown below discloses
a technique of shifting an area where the image is formed
on the sheet toward the center side of double spread in
order to prevent marginal misalignment caused by cutting
and aligning the edges.
[0003] [Patent Document 1] Japanese Patent Applica-
tion Publication No. 2001-260564
[0004] [Patent Document 2] Japanese Patent Applica-
tion Publication No. 2004-345863
[0005] [Patent Document 3] Japanese Patent Applica-
tion Publication No. 2004-168012
[0006] [Patent Document 4] Japanese Patent Applica-
tion Publication No. 2004-168539
[0007] [Patent Document 5] Japanese Patent Applica-
tion Publication No. 2004-196524
[0008] [Patent Document 6] Japanese Patent Applica-
tion Publication No. 8-324064
[0009] [Patent Document 7] Japanese Patent No.
3495820
[0010] In the above square folding processing, it is pos-
sible to suppress bulge of a booklet. However, this type
of processing has such a problem that if an image is
formed at a flattened portion, creases may be formed on
the image thereby disturbing the image or the image may
lack some part thereof as it is hidden by the back of a

neighboring sheet thereby reducing the quality of a book-
let. In the technique disclosed in Patent Document 7, it
is possible to prevent lack of a part of an image near the
edges of sheets at the time when the edges of the sheets
are aligned by cutting. However, this technique cannot
suppress deterioration of the quality of a booklet due to
disturbance of an image that occurs at the back of the
booklet, because a range where the image is formed is
located closer to the center of a double-page spread.

SUMMARY

[0011] According to an aspect of the invention, there
is provided a sheet treatment apparatus including an im-
age forming unit that forms images in plural sheets; a
booklet producing unit that produces a booklet by laying
the plural sheets on top of one another and folding the
plural sheets, the folded back of the booklet being
pressed to flatten a spine of the booklet; a control unit
that controls the image forming unit to form the image in
an image forming area of the sheet in way that, the closer
the sheet is located to a booklet cover side, the farther
an edge of the image forming area which is close to a
center of a double pages spread is located away from
the center of the double pages spread.
[0012] In the sheet treatment apparatus of the inven-
tion, the edge close to the center of the double spread in
the image forming area where the image is formed is
located away from the center, and the image is formed
away from the flattened portion. Also, the flattened por-
tion is enlarged as the sheet is located closer to the book-
let cover side. However, in the sheet treatment apparatus
of the invention, because the edge in the image forming
area is located farther away from the center as the sheet
is located closer to the booklet cover side, the image is
formed while properly located away from the flattened
portion which depends on the sheet position in the book-
let. Accordingly, the image disturbance by the flattening
is prevented in the back portion of the booklet and the
lack of the image is also prevented in the crease, so that
the booklet quality can be improved.
[0013] In a sheet treatment apparatus of the invention,
the control unit may control the image forming unit to form
the image in the image forming area of the sheet, in way
that the edge of the image forming area which is close
to the center of the double pages spread being located
far away from the center of the double pages spread by
a distance according to a contraction amount of the back,
the contraction amount of the back being the amount that
the back of the booklet contracts when the back of the
booklet of folded sheets is pressed to flatten the spine of
the booklet.
[0014] Because the back is flattened by pressing and
contracting the back, a width of the flattened portion de-
pends on the contraction amount of pressed back. There-
fore, the image is formed in the appropriate area accord-
ing to a degree of the flattening of the booklet back by
placing the edge close to the center in the image forming
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area far away from the center by the distance according
to the contraction amount of back.
[0015] In a sheet treatment apparatus of the invention,
the control unit may obtain information on the number of
sheets indicating the number of sheets constituting the
booklet, and the control unit may control the image form-
ing unit to form the image in the image forming area of
the sheet, in way that the edge of the image forming area
which is close to the center of the double pages spread
being located far away from the center of the double pag-
es spread by a distance according to the number of
sheets indicated by the obtained information on the
number of sheets.
[0016] The width of the flattened portion also depends
on the number of sheets constituting the booklet. There-
fore, the image is formed in the appropriate area accord-
ing to the number of sheets by placing the image forming
area where the image is formed far away from the center
by the distance according to the number of sheets con-
stituting the booklet.
[0017] In a sheet treatment apparatus of the invention,
the control unit may obtain sheet thickness information
indicating a thickness of the sheets constituting the book-
let, and the control unit may control the image forming
unit to form the image in the image forming area of the
sheet, in way that the edge of the image forming area
which is close to the center of the double pages spread
being located far away from the center of the double pag-
es spread by a distance according to the thickness of the
sheet indicated by the obtained sheet thickness informa-
tion.
[0018] The thickness of the booklet depends on the
thickness of sheets constituting the booklet. Therefore,
the image is formed in the appropriate area according to
the thickness of sheets by placing the image forming area
where the image is formed far away from the center by
the distance according to the thickness of sheets consti-
tuting the booklet.
[0019] In a sheet treatment apparatus of the invention,
the image forming unit may include a rotating image hold-
ing body and an exposure device, the exposure device
forming an electrostatic latent image on a surface of the
image holding body by scanning the surface of the image
holding body with exposure light in a rotating axis direc-
tion of the image holding body, the image forming unit
may develop the electrostatic latent image with toner to
obtain a toner image, and the image forming unit may
finally transfer and fixes the toner image to the sheet to
form the fixed toner image on the sheet, and the control
unit may determine exposure start timing based on a de-
gree in which the sheet is located on the booklet cover
side, the exposure start timing when the exposure device
starts the formation of the electrostatic latent image, and
the control unit controls the exposure device to start the
formation of the electrostatic latent image at the exposure
start timing.
[0020] The edge close to the center of the double
spread in the image forming area can be changed ac-

cording to the exposure start timing when the exposure
device starts the formation of the electrostatic latent im-
age. Therefore, the timing when the formation of the elec-
trostatic latent image is started is controlled by the expo-
sure start timing determined by the sheet position in the
booklet, which allows the position of the edge close to
the center in the image forming area to be precisely con-
trolled.
[0021] A sheet treatment apparatus of the invention
may further include a sheet conveyance unit that conveys
the sheet along a conveyance path through the image
forming unit,
wherein the control unit determines conveyance start tim-
ing based on a degree in which the sheet is located on
the booklet cover side, the conveyance start timing being
the timing when the sheet conveyance unit starts the
sheet conveyance, and the control unit controls the sheet
conveyance unit to start the sheet conveyance at the
conveyance start timing.
[0022] The edge close to the center in the image form-
ing area also depends on the conveyance start timing
when the sheet conveyance unit starts the sheet convey-
ance. Therefore, the edge close to the center in the image
forming area can be controlled using the conveyance
start timing.
[0023] In a sheet treatment apparatus of the invention,
the control unit may control the image forming unit to form
the image on the sheet in way that, the closer the sheet
of the booklet is located to the booklet cover side, the
image having the shorter width in a direction of from an
edge to the center of the double pages spread is formed
on the sheet by the image forming unit.
[0024] The image whose width becomes shorter in the
direction of the end of the double spread from the center
of the double spread is formed as the sheet is located
closer to the booklet cover side. Therefore, the edge po-
sitions can be aligned with one another at the end of the
double spreads on the sheets, even if the edge close to
the center of the double spread in the image forming area
is located away from the center as the sheet is located
closer to a booklet cover side. That is, the margin width
from the end of the double spread of the booklet can
substantially be kept constant on each sheet.
[0025] In a sheet treatment apparatus of the invention,
the control unit may determine scanning speed based on
a degree in which the sheet is located on the booklet
cover side, the scanning speed being the speed of scan-
ning that the exposure device scans the surface of the
image holding body with exposure light, and the control
unit controls the exposure device to scan the surface of
the image holding body with the exposure light at the
scanning speed and to form the electrostatic latent im-
age.
[0026] The width of the image in the direction of the
end of the double spread from the center of the double
spread depends on the scanning speed at which the ex-
posure device scans the surface of the image bearing
body with the exposure light. Therefore, the scanning
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speed at which the exposure device scans the surface
of the image bearing body is determined based on the
sheet position in the booklet, which allows the width of
the image to be precisely controlled.
[0027] A sheet treatment apparatus of the invention
may further include a sheet conveyance unit that conveys
the sheet along a conveyance path through the image
forming unit,
wherein the control unit determines a conveyance speed
of the sheet conveyance unit based on a degree in which
the sheet is located on the booklet cover side, and the
control unit controls the sheet conveyance unit to convey
the sheet at the conveyance speed.
[0028] The width of the image in the direction of the
end of the double spread from the center of the double
spread also depends on the sheet conveyance speed of
the conveyance unit. Therefore, the width of the image
can precisely be controlled through determining the sheet
conveyance speed based on the sheet position in the
booklet.

BRIEF DESCRIPTION OF THE DRAWINGS

[0029] Embodiments of the present invention will be
described in detail based on the following figures, where-
in:

Fig. 1 shows an image forming system as a first em-
bodiment of the invention;
Fig. 2 shows an outline of an image forming appa-
ratus of the image forming system shown in Fig. 1;
Fig. 3 shows an outline of a function of a square
folding device;
Fig. 4 is a block diagram showing an electric config-
uration of the image forming system shown in Fig. 1;
Fig. 5 schematically shows a state in which folded
sheets are flattened by a square folding device 9;
Fig. 6 is a table showing a forbidden distance on
each sheet;
Fig. 7 schematically shows a state in which the folded
sheets are flattened by the square folding device 9;
Fig. 8 is a table showing the forbidden distance on
each sheet;
Fig. 9 shows an image forming area on a sheet;
Fig. 10 is a flowchart showing image formation and
bookbinding process in the image forming system;
Fig. 11 shows an image forming area on a sheet in
a second embodiment of the invention;
Fig. 12 shows an image forming area on a sheet in
a third embodiment of the invention;
Fig. 13 shows an image forming area on a sheet in
a fourth embodiment of the invention;
Fig. 14 schematically shows a state in which the fold-
ed sheets are flattened by a square folding device 9
in a fifth embodiment of the invention; and
Fig. 15 is a table showing the forbidden distance on
each sheet in the fifth embodiment of the invention.

DETAILED DESCRIPTION

[0030] Exemplary embodiments of the sheet treatment
apparatus according to an aspect of the invention will be
described below with reference to the drawings.
[0031] Fig. 1 shows an image forming system as a first
embodiment of the invention.
[0032] An image forming system 1 includes an image
forming apparatus 2 and a post-treatment apparatus 5.
The image forming apparatus 2 forms the image on the
sheet, and the post-treatment apparatus 5 performs the
post-treatment to the sheet on which the image is formed
by the image forming apparatus 2.
[0033] The image forming apparatus 2 is one that
forms the image on the sheet by an electrophotographic
method to convey the sheet to the post-treatment appa-
ratus 5. The image forming apparatus 2 includes an op-
eration panel 21 through which a user inputs information.
[0034] Fig. 2 shows an outline of an image forming
apparatus of the image forming system shown in Fig. 1.
[0035] The image forming apparatus 2 includes an au-
tomatic original supply device 22, an image input device
23, an image output device 24, and a sheet feeder 25.
[0036] The automatic original supply device 22 sup-
plies a loaded original to the image input device 23 one
by one.
[0037] The image input device 23 includes an imaging
unit 231. The image input device 23 reads the original
supplied from the automatic original supply device 22
and the image input device 23 outputs an image signal.
[0038] The image output device 24 includes a scanner
241, a photosensitive drum 242, a charging unit 243, a
development unit 244, a transfer unit 245, and a cleaner
246. The charging unit 243 evenly charges the photo-
sensitive drum 242. The development unit 244 develops
an electrostatic latent image into a toner image. The
transfer unit 245 transfers the toner image to the sheet.
The cleaner 246 recovers residual toner which is not
transferred to the sheet. The image signal from the image
input device 23 is converted into an exposure light signal
by a laser output unit 241a included in the scanner 241.
The exposure light signal passes through a polygon mir-
ror 241b, an fθ lens 241c, and a reflecting objective lens
241d to form the electrostatic latent image on the rotating
cylindrical photosensitive drum 242 based on the original
image. The scanner 241 starts exposure at predeter-
mined exposure start timing, and the electrostatic latent
image is formed by scanning the surface of the photo-
sensitive drum 242 with the exposure light at a predeter-
mined scanning speed. The image signal can also be
inputted from a computer (see Fig. 4) externally connect-
ed to the image forming apparatus 2. The scanner 241
scans the surface of the photosensitive drum 242 with
the exposure light in a rotating axis direction of the pho-
tosensitive drum 242, for forming the electrostatic latent
image. The electrostatic latent image is developed to ob-
tain the toner image. The toner image is transferred to
the sheet, and the cleaner 246 removes the residual toner
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on the photosensitive drum 242. Then, the charging unit
243 charges the photosensitive drum 242. The photo-
sensitive drum 242 corresponds to an example of the
image bearing body described in the invention, and the
scanner 241 corresponds to an example of the exposure
device described in the invention. On the other hand,
when the transfer is finished, the sheet is delivered to the
fixing device 247 to fix the toner image. Thus, the image
is formed in the sheet. In forming the images on the plural
sheets which constitute the booklet, the images are
formed in the order from the side opposite to a booklet
cover, i.e., in the order from the sheet constituting the
inner-most side of the booklet.
[0039] The sheet feeder 25 includes a tray 258 (258a,
258b, and 258c), conveyance rollers 259, and adjust-
ment rollers 250. The sheets are loaded on the tray 258.
The conveyance rollers 259 and the adjustment rollers
250 convey the sheet loaded on the tray 258 along a
conveyance path R through the image output device 24.
The adjustment rollers 250 convey the sheet to the trans-
fer unit 245. The conveyance roller 259 and the adjust-
ment roller 250 correspond to an example of the sheet
conveyance unit described in the invention.
[0040] Returning to Fig. 1, the description will be con-
tinued.
[0041] The post-treatment apparatus 5 includes the in-
serter 6, a booklet finisher 7, a trimming machine 8, a
square folding device 9, and a stacker 10. The sheets
are stored in the inserter 6, and the inserter 6 additionally
inserts the sheet as a booklet cover. The booklet finisher
7 binds the sheets to perform saddle stitching, and the
booklet finisher 7 folds the sheets. The trimming machine
8 cuts and aligns sides of the booklet. The square folding
device 9 performs a booklet finishing process. The book-
lets are loaded on the stacker 10. The post-treatment
apparatus 5 corresponds to an example of the booklet
producing unit described in the invention.
[0042] The booklet finisher 7 includes a sheet tray 71,
a pair of folding rollers 72, and a push-out unit 73. The
sheets conveyed from the image forming apparatus 2
through the inserter 6 are bound on the sheet tray 71.
The sheets are laid on top of one another on the sheet
tray 71 in the order from the side opposite to the booklet
cover, i.e., in the order from the sheet constituting the
inner-most side of the booklet. The push-out unit 73 is
movably provided between the center of the sheet on the
sheet tray 71 and the pair of folding rollers 72. When the
push-out unit 73 pushes out a central portion of the laid
sheets to the position located between the pair of folding
roller 72, the sheets are folded into two. The folded sheets
are conveyed to the square folding device 9 through the
trimming machine 8 while a portion corresponding to a
spine of the booklet is in the forefront. The trimming ma-
chine 8 includes a cutter 81 that cuts and aligns the sheet.
The cutter 81 is provided while being able to be vertically
moved. The cutter 81 is moved to cut and align sheet
portions corresponding to an edge of the booklet.
[0043] The square folding device 9 includes a stop

plate 94, a clamping jaw 95, a roller 96, a punch 97, and
a carry-out roller98. The stop plate 94 positions the
sheets. The clamping jaw 95 clamps the sheets posi-
tioned by the stop plate 94. The roller 96 presses and
flattens the sheet portions corresponding to the spine of
the booklet. The punch 97 makes a hole in the booklet
whose back is flattened. The carry-out roller 98 carries
out the booklet to the stacker.
[0044] Fig. 3 shows an outline of a function of the
square folding device.
[0045] The square folding device 9 will be described
with reference to Figs. 1, 2, and 3.
[0046] The stop plate 94 can be moved between a po-
sition where the stop plate 94 closes a conveyance path
of the folded sheet and a position where the stop plate
94 is retracted from the conveyance path. When sheets
P1 which are folded while laid on top of one another as
shown in part (a) of Fig. 3 is delivered to the square folding
device 9, the sheets p1 are positioned by being abutted
on the stop plate 94 located at the position where the
stop plate 94 closes the sheet path as shown in part (b)
of Fig. 3. The clamping jaw 95 clamps the sheets posi-
tioned by the stop plate 94 from the cover side, and the
clamping jaw 95 holds the booklet while the roller 96
presses a portion P1a of the sheets corresponding to the
spine of the booklet. As shown in part (c) of Fig. 3, the
roller 96 flattens the portion P1a corresponding to the
spine of the booklet by pressing the portion P1a along
the portion P1a on the sheets clamped by the clamping
jaw 95. Thus, in the post-treatment apparatus 5, by fold-
ing the plural sheets are folded while laid on top of one
another, and pressing of the sheets, which produces a
booklet B1 whose back is flattened, as shown in part (d)
of Fig. 3. The booklet B1 whose back is flattened is carried
out and loaded onto the stacker 10 by the carry-out roller
98. As shown in part (b) of Fig. 3, because the stop plate
94 located at the position where the stop plate 94 closes
the sheet conveyance path is arranged with a predeter-
mined gap to the clamping jaw 95, the sheets P1 are
clamped while the portion P1a corresponding to the back
is projected from the clamping jaw 95. Because the pro-
jected portion is pressed by the roller 96, a contraction
amount of the back P1a between the state in which the
sheets P1 are folded and the state in which the back P1a
is pressed depends on a width d of the gap between the
stop plate 94 and the clamping jaw 95 as shown in part
(b) of Fig. 3. The square folding device 9 controls the
contraction amount of the back P1a is controlled by
changing the width d of the gap according to setting of
intensity of the square folding process. Specifically, the
width d of the gap is 2 mm in a case where the intensity
of the square folding process is set at a strong level, and
the width d of the gap is 1 mm in a case where the intensity
of the square folding process is set at a weak level.
[0047] Fig. 4 is a block diagram showing an electric
configuration of the image forming system shown in Fig.
1.
[0048] The image forming apparatus 2 includes a con-
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trol circuit 26 that controls the operation of the whole of
the image forming system 1. The control circuit 26 has a
central processing unit (CPU) (not shown) that controls
the operation of the whole of the image forming system
based on a program, ROM (not shown) in that the pro-
gram and a table are stored, RAM (not shown) that tem-
porarily provides a storage area to CPU, and an interface
circuit (not shown) that relays a signal between CPU and
the outside of the control circuit 26. A personal computer
40 of a user is externally connected to the image forming
apparatus 2.
[0049] When an image forming instruction is transmit-
ted to the control circuit 26 from the operation panel 21
or from the externally connected user’ s personal com-
puter 40, the control circuit 26 controls the automatic orig-
inal supply device 22, the image input device 23, the im-
age output device 24, and the sheet feeder 25 of the
image forming apparatus 2 and the control circuit 26
forms the image on the sheet. The control circuit 26 also
controls the operations of the booklet finisher 7, the trim-
ming machine 8, the square folding device 9, and the
stacker 10. For example, the control circuit 26 controls
the drive of each of the clamping jaw 95, the stop plate
94, the roller 96, the punch 97, and the carry-out roller
98. The clamping jaw 95, the stop plate 94, the roller 96,
the punch 97, and the carry-out roller 98 are incorporated
in the square folding device 9. The control circuit 26 cor-
responds to an example of the control unit described in
the invention.
[0050] In the image forming system 1 of the first em-
bodiment, the edge close to the center of the double
spread in the image forming area is located far away from
the center as the sheet is located closer to a booklet cover
side by being folded the sheet with the booklet finisher
7. The area where the booklet is flattened with square
folding device 9 and the image forming area will be de-
scribed below with reference to Figs. 5 to 8.
[0051] Fig. 5 schematically shows a state in which the
folded sheets are flattened by the square folding device
9. In an example shown in part (a) of Fig. 5, sheets P2
are in the state in which 20 sheets P201 to P220 are
folded while laid on top of one another. The sheets P203
to P218 on the sheets P201 to P220 will be omitted in
Fig. 5. When the sheets P2 are clamped by the clamping
jaw 95, a portion P2a of the sheets P2 corresponding to
the back is projected from the clamping jaw 95 by a length
equal to a width d1 of the gap between the stop plate 94
and the clamping jaw 95 as shown in part (b) of Fig. 3.
Fig. 5 shows the state of the case in which the intensity
of the square folding process is set at the strong level.
In this case, the portion P2a corresponding to the back
is projected by the length d1 of 2 mm. Then, as shown
in part (b) of Fig. 5, the roller 96 flattens the portion P2a
corresponding to the back by pressing the portion P2a.
The contraction amount of portion P2a corresponding to
the back from the state shown in part (a) of Fig. 5 in which
the sheets P2 are folded to the state shown in part (b) of
Fig. 5 in which the portion P2a corresponding to the back

is pressed is the length d1 by which the portion P2a cor-
responding to the back is projected. That is, the contrac-
tion amount of portion P2a corresponding to the back is
controlled according to the setting of the intensity of the
square folding process. In the case where the contraction
amount of portion P2a corresponding to the back is the
length d1 of 2 mm, as shown in part (b) of Fig. 5, the
portion P2a corresponding to the back is flattened in the
whole of the thickness of the sheets P2. When the image
is formed in the flattened area, the crease is located in
the image to disturb the image, or the image in the back
portion is lost because the image in the back portion is
hidden behind the back of the adjacent sheet. Accord-
ingly, the flattened area becomes an area where the im-
age formation is forbidden. At this point, sizes of the flat-
tened area differ from one another for the sheets P201
to P220. For example, on the sheet P201, a distance
(hereinafter referred to as forbidden distance) M101 to
the edge from the center of the area where the image
formation is forbidden is substantially equal to the thick-
ness of 20 sheets of 0.087�20=1.74 mm, in the case
where the folded sheets P2 is formed by the 20 sheets
which have a thickness of 0.087 mm each. On the sheet
P202 located inside the sheet P201, a forbidden distance
M102 becomes the thickness of the 19 sheets of
0.087�19=1.653 mm. Thus, the forbidden distance on
each sheet can be computed from the number of sheets,
the position of the sheet, and the thickness of the sheets
constituting the booklet.
[0052] Fig. 6 is a table showing the forbidden distance
on each sheet.
[0053] Fig. 6 shows the forbidden distances M101 to
M120 of the sheets in the case where the 20 sheets which
have a thickness of 0.087mm each are folded while the
intensity of the square folding process is set at the strong
level. In the table of Fig. 6, a value corresponding to a
field of "20th sheet" indicates the forbidden distance
M101. "19th sheet", "18th sheet", ..., and "first sheet" in-
dicate M102, M103, ..., and M120 respectively. The for-
bidden distance also depends on the setting of the inten-
sity of the square folding process.
[0054] Fig. 7 schematically shows a state in which the
folded sheets are flattened by the square folding device
9. As shown in part (a) of Fig. 7, sheets P3 folded while
laid on top of one another are clamped by the clamping
jaw 95 of the square folding device 9. In this case, the
intensity of the square folding process is set at the weak
level, and a width d2 of the gap between the stop plate
94 shown in part (b) of Fig. 3 and the clamping jaw 95 is
1 mm. Accordingly, a portion P3a corresponding to the
back of the sheets P3 is projected from the clamping jaw
95 by d2 of 1 mm. In this case, the contraction amount
of portion P3a corresponding to the back from the state
shown in part (a) of Fig. 7 in which the sheets P3 are
folded to the state shown in part (b) of Fig. 7 in which the
portion P3a corresponding to the back is pressed is d2
of 1 mm. At this point, of 20 sheets P301 to P320, the
ten sheets P301 to P310 from the cover side are pressed,
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and the sheets P311 to P320 located inside the sheets
P301 to P310 are not pressed because the sheets P311
to P320 are not affected by the flattening by the roller 96.
As a result, as shown in part (b) of Fig. 7, the portion P3a
corresponding to the back is flattened by a half width of
the thickness of the sheets P3. Therefore, a forbidden
distance M201 on the sheet P301 on the outer-most side
is substantially equal to the thickness of the ten sheets
of 0.087�10=0.87 mm.
[0055] Fig. 8 is a table showing the forbidden distance
on each sheet.
[0056] Fig. 8 shows the forbidden distances M201 to
M220 of the sheets in the case where the 20 sheets which
have a thickness of 0.087 mm each are folded while the
intensity of the square folding process is set at the weak
level. In the table of Fig. 8, the value corresponding to
the field of "20th sheet" indicates the forbidden distance
M201, and "19th sheet", "18th sheet", ..., and "first sheet"
indicate M202, M203, ..., and M220 respectively. In the
table of Fig. 8, the reason why the forbidden distance
M211 corresponding to "10th sheet" to the forbidden dis-
tance M220 corresponding to "first sheet" become 0 mm
is that the sheets P311 to P320 corresponding to the
"10th sheet" to "first sheet" are not pressed by the roller
96.
[0057] Thus, in the state in which the portions P2a and
P3a corresponding to the booklet back are pressed, the
contraction amount of portions P2a and P3a depend on
the width of the gap between the stop plate 12 and the
clamping jaw 95, and the forbidden distances M101 to
M120 and M201 to M220 depend on the contraction
amount of portions P2a and P3a corresponding to the
booklet back.
[0058] As described above, the forbidden distance on
each sheet is computed from the number of the sheets
constituting the booklet, the position of the sheet, the
thickness of the sheets, and the setting of the intensity
of the square folding process.
[0059] A procedure of determining a distance from the
center to the edge close to the center of the double spread
in the image forming area, where the image is formed,
according to the forbidden distance will be described be-
low.
[0060] Fig. 9 shows the image forming area on the
sheet.
[0061] Part (a) of Fig. 9 shows the sheet P220 located
on the inner-most side as an example of the sheet. The
sheet P220 is located on the side opposite to the booklet
cover side. Part (b) of Fig. 9 shows the sheet P201 located
on the side closest to the booklet cover. The image output
device 24 forms the image in a direction shown by an
arrow Z on the sheets P220 and P201. The conveyance
roller 259 and adjustment roller 250 shown in Fig. 2 con-
vey the sheets P220 and P201 in the direction opposite
to the direction shown by the arrow Z. The surface of
each of the sheets P220 and P201 corresponds to two
pages of the booklet because the surface is folded.
Therefore, each two image forming areas PV1 and PV2

corresponding to the two pages of the booklet are ar-
ranged on each of the sheets P220 and P201. A center
C of the sheet becomes the center of the double spread
of the booklet.
[0062] As shown in Fig. 9, in the image forming areas
PV1 and PV2 where the images are formed on the sheet,
the distance between the center C and edges PV1a and
PV2a close to the center becomes a distance in which a
predetermined marginal width m is added to the width
between the center of the area where the image formation
is forbidden and the center C. For example, as shown in
part (a) of Fig. 9, on the sheet P220 located inside on the
side opposite to the booklet cover side, the distance be-
tween the center C of the sheet P220 and the edges
PV1a and PV2a becomes the distance in which the mar-
ginal width m is added to the forbidden distance M120.
As shown in part (b) of Fig. 9, on the sheet P201 located
on the booklet cover side, the distance between the cent-
er C of the sheet P201 and the edges PV1a and PV2a
becomes the distance in which the marginal width m is
added to the forbidden distance M101.
[0063] As described above, the forbidden distance is
increased as the sheet is located closer to the booklet
cover side when the sheet is folded. Therefore, the edges
PV1a and PV2a close to the center of the double spread
are located farther away from the center C of the sheet
as the sheet is located closer to the booklet cover side.
[0064] The forbidden distance depends on the setting
of the intensity of the square folding process. The con-
traction amount of the back also depends on the setting
of the intensity of the square folding process. According-
ly, the edges PV1a and PV2a close to the center of the
double spread of the image forming areas PV1 and PV2
is located according to the contraction amount of the
back, because the edges PV1a and PV2a are determined
according to the forbidden distance.
[0065] In the first embodiment, the positions of the edg-
es PV1a and PV2a of the image forming areas PV1 and
PV2 on the sheet are controlled by exposure start timing
at which the scanner 241 scans the surface of the pho-
tosensitive drum 242 in the rotating axis direction of the
photosensitive drum 242 with exposure light. Fig. 9
shows the image forming area on the sheet. At this point,
the image on the sheet is one in which the toner image
obtained in the surface of the photosensitive drum 242
is transferred and fixed. The toner image is obtained
when the electrostatic latent image that is formed by
scanning the surface of the rotating photosensitive drum
242 with the exposure light of the scanner 241 is devel-
oped. Therefore, Fig. 9 shows both the image forming
area on the sheet and the state in which the electrostatic
latent image formed by scanning the surface of the ro-
tating photosensitive drum 242 with the exposure light
using the scanner 241 is spread out in a plane. In this
case, the direction shown by an arrow Y corresponds to
the direction in which the scanner 241 scans the surface
of the rotating photosensitive drum 242 in the rotating
axis direction of the photosensitive drum 242 with the
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exposure light. On the other hand, as time advances, the
electrostatic latent image is formed in the direction shown
by the arrow Z by the rotation of the photosensitive drum
242. That is, the arrow Z of Fig. 9 also indicates a time
axis direction when the scanner 241 forms the electro-
static latent image on the surface of the photosensitive
drum 242.
[0066] The control circuit 26 (see Fig. 4) sets the ex-
posure start timing in the scanner 241 such that the dis-
tance from the center C of the sheet P220 to the edges
PV1a and PV2a close to the sheet center of the image
forming areas PV1 and PV2 becomes the distance in
which the predetermined marginal width m is added to
the forbidden distance. In the case where the direction
shown by the arrow Z of Fig. 9 is the time axis direction,
exposure start timing ta1 of the electrostatic latent image
for forming the image in the image forming area PV1 of
the sheet P220 shown in part (a) of Fig. 9 is set earlier
than exposure start timing ta0 by a time period while the
surface of the photosensitive drum 242 is moved by the
distance of the forbidden distance M120. The exposure
start timing ta0 is a reference in the case where the flat-
tening is not performed by the square folding device 9.
The exposure start timing ta1 is determined from the com-
putation of a circumferential velocity of the photosensitive
drum 242. The start of the exposure at the exposure start
timing ta1 earlier than the exposure start timing ta0
makes it earlier that the exposure of the electrostatic la-
tent image is ended with respect to the image in the image
forming area PV1. As a result, the distance from the cent-
er C of the sheet P220 to the edge PV1a close to the
center of the image forming area PV1 becomes the dis-
tance in which the marginal width m is added to the for-
bidden distance M120, after the electrostatic latent image
formed on the surface of the photosensitive drum 242 is
developed to be transferred to the sheet P220. On the
other hand, the exposure start timing tb1 of the electro-
static latent image for forming the image in the image
forming area PV2 of the sheet P220 is set later than the
exposure start timing ta0 by the time period while the
surface of the photosensitive drum 242 is moved by the
distance of the forbidden distance M120, and the expo-
sure is started at the later exposure start timing tb1. The
exposure start timing ta0 is the reference in the case
where the flattening is not performed by the square fold-
ing device 9. Therefore, the distance from the center C
of the sheet P220 to the edge PV2a close to the center
of the image forming area PV2 becomes the distance in
which the marginal width m is added to the forbidden
distance M120, after the electrostatic latent image
formed in the surface of the photosensitive drum 242 is
developed to be transferred the toner image to the sheet
P220. For other sheets P202 to P219, the exposure start
timing ta1 or tb1 is made earlier or later than the exposure
start timing ta0 or tb0 according to the forbidden distanc-
es M102 to M119 respectively. Therefore, the distance
from the center C to the edge PV1a close to the center
of the image forming area PV1 and the distance from the

center C to the edge PV2a close to the center of the
image forming area PV2 become the distance in which
the marginal width m is added to each of the forbidden
distances M102 to M119. Accordingly, the start of the
formation of the electrostatic latent image is controlled
by the exposure start timing depending on the sheet po-
sition in the booklet. Thus, the position of the edge close
to the center of the image forming area can be precisely
controlled.
[0067] The image formation and bookbinding process
in the image forming system 1 will be described below.
[0068] Fig. 10 is a flowchart showing the image forma-
tion and bookbinding process in the image forming sys-
tem.
[0069] On the basis of a program, the control circuit 26
shown in Fig. 4 controls the operation of each unit to
realize the image formation and bookbinding process
shown in Fig. 10. The flow chart of Fig. 10 will be de-
scribed with reference to Fig. 4.
[0070] In the image formation and bookbinding proc-
ess, first the control circuit 26 performs a sheet informa-
tion obtaining process (Step S11) . The control circuit 26
causes the operation panel 21 to display a message for
encouraging a user to input information on the thickness
for each size of the sheets having different sizes stored
in the tray 258 and the inserter 6. When the user operates
the operation panel 21 to input the information on the
thickness, the inputted information is supplied to the con-
trol circuit 26.
[0071] Then, the control circuit 26 performs a book-
binding condition setting process (Step S12). The control
circuit 26 causes the operation panel 21 to display the
message that encourages the user to input the pieces of
information on the number of sheets constituting the
booklet, the size of the sheet used, and the intensity of
the square folding process. When the user operates the
operation panel 21 to input the pieces of information on
the number of sheets constituting the booklet, the size
of the sheet used, and the intensity of the square folding
process, the inputtedpieces of information are supplied
to the control circuit 26 and a job for producing the booklet
is instructed. At this point, the control circuit 26 obtains
information on the number of sheets constituting the
booklet from the user. The control circuit 26 also obtains
sheet thickness information on the sheet thickness cor-
responding to the sheet size used. The tray in that the
corresponding sheets are stored is selected according
to the information on the sheet size.
[0072] The control circuit 26 performs an exposure
start timing computing process (Step S13). The exposure
start timing is timing at which the scanner 241 starts the
scanning of the surface of the photosensitive drum 242
with the exposure light, and the exposure start timing
depends on the sheet constituting the booklet. The con-
trol circuit 26 computes the forbidden distance for each
sheet position in the booklet by using the number of
sheets indicated by the information on the number of
sheets, the sheet thickness indicated by the information

13 14 



EP 1 790 493 A2

9

5

10

15

20

25

30

35

40

45

50

55

on the sheet thickness, and the setting of the intensity of
the square folding process that has an influence on the
contraction amount of back. Then, the control unit 26
computes the exposure start timing according to the com-
puted forbidden distance. For each sheet, the two pieces
of exposure start timing ta1 and tb1 are computed cor-
responding to the image forming areas PV1 and PV2
arranged on each sheet.
[0073] The control circuit 26 performs an exposure tim-
ing setting process (Step S14). In the exposure timing
setting process, according to the sheet position in the
booklet where the next image is formed, i.e., according
to the order of the sheet from the booklet cover, the con-
trol circuit 26 selects and sets the exposure start timing
from the pieces of exposure start timing determined for
each sheet in Step S13.
[0074] Then, the control circuit 26 performs an image
forming process (Step S15). The control circuit controls
each of the devices of the image forming apparatus 2 to
form the image on one sheet. For example, while the
control circuit 26 causes the photosensitive drum 242 to
rotate at a constant speed, the control circuit 26 causes
the scanner 241 to start the formation of the electrostatic
latent image on the photosensitive drum 242 at the timing
set in Step S14. The control circuit 26 also causes the
conveyance roller 259 and adjustment roller 250 to con-
vey the sheet at predetermined conveyance start timing.
[0075] When the image formation for a sheet is finished
to one sheet, the control circuit 2 6 determines whether
or not a counter value of the number of sheets becomes
the number of sheets constituting the booklet (Step S16).
When the control circuit 26 determines that the counter
value becomes the number of sheets constituting the
booklet, the control circuit performs the bookbinding
process in Step S17. When the control circuit 26 deter-
mines that the counter value does not reach the number
of sheets constituting the booklet, the control circuit forms
the images in the image forming areas according to the
positions of the sheet edges in the booklet for all the
sheets constituting the booklet by repeating the process-
es from Step S14.
[0076] In Step S17, the bookbinding process is per-
formed. Specifically, the booklet finisher 7 binds the
sheets. Then, the booklet finisher 7 performs saddle
stitching while the sheets are laid on top of one another,
and the booklet finisher 7 folds the sheets. The trimming
machine 8 cuts and aligns the side of the folded sheets
corresponding to the edge of the booklet, and the square
folding device 9 flattens the portion corresponding to the
spine of the booklet according to the setting of the inten-
sity of the square folding process. This enables the pro-
duction of the booklet whose back isflattened.
[0077] Then, the control circuit 26 performs determi-
nation of the number of booklets (Step S18). The control
circuit 26 determines whether or not the number of bound
booklets reaches the specified number of booklets. When
the control circuit 26 determines that the number of bound
booklets does not reach the specified number of book-

lets, the control circuit continues the production of the
booklet by repeating the processes from Step S14. When
the control circuit 26 determines that the number of bound
booklets reaches the specified number of booklets, the
image formation and bookbinding process is ended.
[0078] According to the first embodiment, as shown in
Fig. 9, in image forming areas PV1 and PV2 where the
images are formed, the edges PV1a and PV1b close to
the center of the double spread are separated away from
the center, and the images are formed in the areas sep-
arated away from the flattened portion P2a correspond-
ing to the spine of the booklet. The flattened area indi-
cated by each of the forbidden distances M101 to M120
is enlarged as each of the sheets P201 to P220 is located
closer to the booklet cover side. However, according to
the first embodiment, the edges PV1a and PV1b of the
image forming areas are located farther away from the
center as the sheet is located closer to the booklet cover
side, so that the image is properly formed while separated
away from the flattened portion according to the sheet
position in the booklet. Accordingly, the image distur-
bance by the flattening is prevented in the back portion
of the booklet and the lack of the image is also prevented
in the crease, so that the booklet quality can be improved.
[0079] Because the edges PV1a and PV1b of the im-
age forming areas are located farther away from the cent-
er as the sheet is located closer to the booklet cover side,
the image positions are aligned with respect to the center
of the double spread when the booklet is opened. There-
fore, the booklet has the high quality.
[0080] The width of the flattened portion depends on
the contraction amount of the pressed back. The edge
close to the center of the image forming area is located
at the distance according to the setting of the intensity of
the square folding process. Therefore, the edge is locat-
ed at the distance according to the contraction amount
of back, which enables the image to be properly formed
in the area according to a degree in which the spine of
the booklet isflattened.
[0081] The edges PV1a and PV1b of the image form-
ing areas where the images are formed are located at
the distance according to the number of sheets consti-
tuting the booklet and the sheet thickness, accordingly
the image can be properly formed in the area according
to the booklet thickness which depends on the number
of sheets.
[0082] In the first embodiment, the photosensitive
drum is described as an example of the image bearing
body. However, a photosensitive belt may be used as
image bearing body. Even in the case where the image
forming apparatus includes the exposure devices of at
least four colors of Y (yellow), M (magenta), C (cyan),
and K (black), the plural exposure devices may similarly
be controlled.

(Second Embodiment)

[0083] In the first embodiment, the timing at which the
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formation of the electrostatic latent image is started is
controlled at the computed exposure start timing by the
scanner 241. However, the change in position of the edge
PV1a of the image forming area is not limited only to the
control of the start timing of the scanner 241. Then, a
second embodiment of the invention will be described.
In the second embodiment, the sheet conveyance start
timing is simultaneously controlled by an adjustment roll-
er 250. In the following description of the second embod-
iment, the same component is designated by the same
numeral as the first embodiment, and a difference be-
tween the first embodiment and the second embodiment
will be described below.
[0084] Fig. 11 shows an image forming area on the
sheet in the second embodiment of the invention.
[0085] Part (a) of Fig. 11 shows the sheet P220 located
on the inner-most side as an example of the sheet. The
sheet P220 is located on the side opposite to the booklet
cover side. Part (b) of Fig. 9 shows the sheet P201 located
on the side closest to the booklet cover. The sheets P220
and P201 are conveyed in the direction opposite to the
direction shown by the arrow Z with the conveyance roller
259 and the adjustment roller 250 as shown in Fig. 2.
[0086] In the second embodiment, the edge close to
the center of the double spread is located farther away
from the center C as the sheet is located closer to the
booklet cover side. Therefore, in the adjustment roller
250, the conveyance start timing is adjusted for each
sheet.
[0087] In the second embodiment, the control circuit
26 (see Fig. 4) sets the conveyance start timing in the
adjustment roller 250 such that the distance from the
center C of the sheet P220 to the edge PV1a close to
the sheet center of the image forming area PV1 becomes
the distance in which the predetermined marginal width
m is added to the forbidden distance. That is, in the case
where the direction shown by the arrow Z of Fig. 11 is
set to the time axis, conveyance start timing tc1 at which
the adjustment roller 250 starts the conveyance of the
sheet P220 shown in part (a) of Fig. 11 is set later than
the conveyance start timing tc0 by a time period while
the surface of the photosensitive drum 242 is moved by
the distance of the forbidden distance M120. The con-
veyance start timing tc0 is the timing in the case where
the flattening is not performed by the square folding de-
vice 9 . The conveyance start timing tc1 is determined
by the computation from the circumferential speed of the
photosensitive drum 242. The sheet conveyance is start-
ed at the later conveyance start timing tc1, which rela-
tively makes it earlier that the transfer of the toner image
to the sheet is completed in the image forming area PV1.
Therefore, with the image which is transferred and fixed
to the sheet P220, the distance from the center C of the
sheet P220 to the edge PV1a close to the center of the
image forming area PV1 becomes the distance in which
the marginal width m is added to the forbidden distance
M120.
[0088] In the second embodiment, through the proc-

esses in Steps S13 and S14 of Fig. 10, the control circuit
26 computes and sets the conveyance start timing along
with the exposure start timing.
[0089] Thus, because the start of the sheet convey-
ance is controlled by the conveyance start timing deter-
mined based on the sheet position in the booklet, similarly
by the start timing control of the electrostatic latent image
formation in the first embodiment, the position of the edge
close to the center of the image forming area can pre-
cisely be controlled. In the second embodiment, because
the sheet conveyance start timing is changed, similarly
to the image forming area PV1, the position movement
occurs in the image forming area PV2. For the image
forming area PV2, in consideration of the delay of the
sheet conveyance start timing, the exposure start timing
tb1 for forming the electrostatic latent image is further
delayed.
[0090] In the second embodiment, the conveyance
start timing is adjusted by the adjustment roller. Alterna-
tively, a timing adjustment sensor is provided at a position
of the adjustment roller, the sheet is not temporarily
stopped at the adjustment roller, and the sheet is accel-
erated or decelerated in a period during which the image
forming area PV1 reaches the photosensitive drum since
the sensor detects a front end of the sheet. This may
enable the control of the time when the image forming
area PV1 reaches the photosensitive drum to adjust the
exposure start timing. Similarly in the image forming area
PV1, the position movement occurs in the image forming
area PV2 because the sheet conveyance start timing is
changed. However, the time when the image forming ar-
ea PV2 reaches the photosensitive drum may be con-
trolled and then the exposure start timing from the center
C is adjusted through accelerating or decelerating the
sheet in the period from when the image forming area
PV1 passes through the photosensitive drum to when
the image forming area PV2 reaches the photosensitive
drum.

(Third Embodiment)

[0091] In the above embodiments, the photosensitive
drum 242 forms the electrostatic latent image at a con-
stant speed. That is, the speed at which the scanner 241
scans the surface of the photosensitive drum 242 in the
rotating axis direction of the photosensitive drum 242 with
the exposure light is kept constant. However, the position
of the edge PV1a of the image forming area can also be
changed through changing the scanning speed of the
scanner 241. Then, a third embodiment of the invention
will be described. In the third embodiment, the scanner
241 controls the scanning speed. In the following descrip-
tion of the third embodiment, the same component is des-
ignated by the same numeral as the above embodiments,
and the difference between the third embodiment and
the above embodiments will be described below.
[0092] Fig. 12 shows the image forming area on the
sheet in the third embodiment of the invention.
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[0093] Part (a) of Fig. 12 shows the sheet P220 located
on the inner-most side as an example of the sheet. The
sheet P220 is located on the side opposite to the booklet
cover side. Part (b) of Fig. 12 shows the sheet P201 lo-
cated on the side closest to the booklet cover. The image
output device 24 forms the image in the direction shown
by the arrow Z on the sheets P220 and P201.
[0094] In the third embodiment, the speed at which the
scanner 241 scans the surface of the photosensitive
drum 242 in the rotating axis direction of the photosen-
sitive drum 242 with the exposure light is increased as
the sheet is located closer to the booklet cover side.
[0095] In the third embodiment, the control circuit 26
(see Fig. 4) sets the scanning speed of the scanner 241
such that the distance from the center C of the sheet
P220 to the edge PV1a close to the sheet center of the
image forming area PV1 becomes the distance in which
the predetermined marginal width m is added to the for-
bidden distance. That is, in the case where the direction
shown by the arrow Z of Fig. 12 is set to the time axis,
the scanning speed of the scanner 241 is increased such
that the scanning is ended earlier by the time period while
the surface of the photosensitive drum 242 moves over
the distance of the forbidden distance M120. The accel-
erated speed is determined by the computation from the
circumferential speed of the photosensitive drum 242.
The scanner 241 scans the surface of the photosensitive
drum 242 at the high scanning speed, which makes it
earlier that the exposure of the electrostatic latent image
is ended for the image of the image forming area PV1,
while the exposure start timing or the sheet conveyance
start timing is kept constant. That is, the width in the di-
rection of the end of the double spread from the center
of the double spread of the to be formed becomes short-
ened. Therefore, in the image which is transferred and
fixed to the sheet P220, the distance from the center C
of the sheet P220 to the edge PV1a close to the center
of the image forming area PV1 becomes the distance in
which the marginal width m is added to the forbidden
distance M120.
[0096] Thus, because the scanner 241 is controlled by
the scanning speed determined based on the sheet po-
sition in the booklet, similarly by the start timing control
of the electrostatic latent image formation in the first em-
bodiment, the position of the edge close to the center of
the image forming area can precisely be controlled. Fur-
ther, in accordance with the third embodiment, because
the width in the direction of the end of the double spread
from the center of the double spread of the to be formed
becomes shortened according to the change in position
of the edge close to the center, the position of the edge
close to the double spread end of the image forming area
is kept constant for all the sheets.
[0097] In the third embodiment, because the scanning
speed of the scanner 241 is changed, not only the width
in the direction of the end of the double spread from the
center of the double spread of the formed image but also
the width in the direction of the spine of the booklet be-

come shortened. In the third embodiment, the scanning
speed of the scanner 241 is changed. Therefore, for the
image forming area PV2, in consideration of shortening
the image width, it is necessary to delay the start timing
for forming the electrostatic latent image.
[0098] In the third embodiment, through the processes
in Steps S13 and S14 of Fig. 10, the control circuit 26
computes and sets the scanning speed of the scanner
241 along with the exposure start timing.

(Fourth Embodiment)

[0099] In the third embodiment, the scanning speed of
the scanner 241 is changed. However, the position of the
edge PV1a of the image forming area can also be
changed through changing the conveyance speed of the
adjustment roller 250 while the scanning speed of the
scanner 241 is kept constant. Then, a fourth embodiment
of the invention will be described. In the fourth embodi-
ment, the conveyance speed of the adjustment roller 250
is controlled. In the following description of the fourth em-
bodiment, the same component is designated by the
same numeral as the above embodiments, and the dif-
ference between the fourth embodiment and the above
embodiments will be described below.
[0100] Fig. 13 shows the image forming area on the
sheet in the fourth embodiment of the invention.
[0101] Part (a) of Fig. 13 shows the sheet P220 located
on the inner-most side as an example of the sheet. The
sheet P220 is located on the side opposite to the booklet
cover side. Part (b) of Fig. 13 shows the sheet P201 lo-
cated on the side closest to the booklet cover. The image
output device 24 forms the image in the direction shown
by the arrow Z on the sheets P220 and P201.
[0102] In the fourth embodiment, the conveyance
speed of the adjustment roller 250 is decreased as the
sheet is located closer to the booklet cover side.
[0103] In the fourth embodiment, the control circuit 26
(see Fig. 4) sets the conveyance speed of the adjustment
roller 250 such that the distance from the center C of the
sheet P220 to the edge PV1a close to the sheet center
of the image forming area PV1 becomes the distance in
which the predeterminedmarginal width m is added to
the forbidden distance. That is, in the case where the
direction shown by the arrow Z of Fig. 13 is set to the
time axis, the conveyance speed of the adjustment roller
250 is further decreased such that the sheet is delayed
by the distance of the forbidden distance M120 at the
time when the transfer of the electrostatic latent image
corresponding to the edge PV1a close to the sheet center
of the image forming area PV1 to the sheet is finished.
The decelerated speed is determined by the computation
from the circumferential speed of the photosensitive
drum 242. The adjustment roller 250 conveys the sheet
at the slow conveyance speed, which allows the width in
the direction of the end of the double spread from the
center of the double spread of the to be formed to be
shortened while the exposure start timing is kept con-
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stant. Therefore, in the image which is transferred and
fixed to the sheet P220, the distance from the center C
of the sheet P220 to the edge PV1a close to the center
of the image forming area PV1 becomes the distance in
which the marginal width m is added to the forbidden
distance M120.
[0104] Thus, because the conveyance of the adjust-
ment roller 250 is controlled at the conveyance speed
determined based on the sheet position in the booklet,
similarly by the start timing control of the electrostatic
latent image formation in the first embodiment, the posi-
tion of the edge close to the center of the image forming
area can precisely be controlled. Further, in accordance
with the fourth embodiment, the width of the image in the
direction of the end of the double spread from the center
of the double spread becomes shortened according to
the change in position of the edge close to the center,
the position of the edge close to the double spread end
of the image forming area is kept constant for all the
sheets. In the fourth embodiment, because the scanning
speed of the scanner 241 is kept constant, the width of
the formed image in the direction of the spine of the book-
let is not shortened. In the fourth embodiment, the con-
veyance speed of the adjustment roller 250 is changed.
Therefore, for the image forming area PV2, in consider-
ation of the image width shortened, the start timing for
forming the electrostatic latent image is delayed. Alter-
natively, the sheet is accelerated or decelerated in the
period during which the image forming area PV2 reaches
the photosensitive drum since the image forming area
PV1 passes through the photosensitive drum. This may
enable the control of the time when the image forming
area PV2 reaches the photosensitive drum to adjust the
exposure start timing of the electrostatic latent image.
[0105] In the fourth embodiment, through the process-
es in Steps S13 and S14 of Fig. 10, the control circuit 26
computes and sets the conveyance speed of the adjust-
ment roller 250 along with the exposure start timing.

(Fifth Embodiment)

[0106] In the fourth embodiment, the area where the
image formation is forbidden is limited to the portion
where the back isflattened. However, the area where the
image formation is forbidden can be enlarged. A fifth em-
bodiment of the invention will be described below. In the
fifth embodiment, the area where the image formation is
forbidden is further enlarged. In the following description
of the fifth embodiment, the same component is desig-
nated by the same numeral as the above embodiments,
and the difference between the fifth embodiment and the
above embodiments will be described below.
[0107] Fig. 14 schematically shows a state in which
the folded sheets are flattened by the square folding de-
vice 9 in the fifth embodiment of the invention.
[0108] For example, as shown in part (a) of Fig. 14,
sheets P5 include 20 sheets P501 to P520 which are
folded while laid on top of one another. The fifth embod-

iment differs from the above embodiments in that a
clamping jaw 195 of the square folding device 9 has a
projection 195a in the surface in which the clamping jaw
195 clamps the booklet P5. In this case, a recess P5a is
formed in the portion which is clamped by the projection
195a of the clamping jaw 195. When the image is formed
in the recess P5a, the disturbance of image occurs in the
recess P5a, or the image is lost. Accordingly, in the case
where the clamping jaw 195 has the projection 195a, the
area where the image formation is forbidden also in-
cludes the recess P5a formed by the projection 195a.
Even in this case, the area where the image formation is
forbidden is depends on each sheet. For example, as
shown in part (b) of Fig. 14, on the sheet P501 located
on the side closest to the cover, the distance to the edge
from the center of the area where the image formation is
forbidden is set to the forbidden distance N501. As shown
in part (a) of Fig. 14, before the flattening is performed
by the roller 96, it is assumed that t is a width of the
projection 195a, w is a distance between the projection
195a and the surface in which the roller 96 of the clamping
jaw 195 is moved, and d3 is a width of a gap between
the stop plate 94 (not shown) and the clamping jaw 195.
A distance v between the front end of the sheet P520
located on the side opposite to the booklet cover and the
front end of the portion P5a corresponding to the spine
of the booklet is equal to the thickness of 20 sheets. For
example, in the case where the thickness of the booklet
is 0.087 mm, the distance v is 0.087�20=1.74 mm. In
this case, a half length u of an arc possessed by the
portion P5a corresponding to the spine of the booklet is
a quarter of a circumference of a circle having a radius
of the distance v. Therefore, the length u is u=1.74�2�π/
4=2.73mm. At this point, for example, it is assumed that
d3 is 1.5 mm, w is 4 mm, t is 0.3 mm, and the width from
the sheet center in the area where the image formation
is forbidden, i.e., forbidden distance is N501. Then,
N501=u+(d3+w+t-v)=6.79 mm. Similarly to the forbidden
distance N501, the forbidden distances N502 to N520
corresponding to other sheets P502 to P520 can be com-
puted from the number of sheets constituting the booklet,
the sheet position, and the thickness of the sheets.
[0109] Fig. 15 is a table showing the forbidden distance
on each sheet in the fifth embodiment of the invention
[0110] Fig. 15 shows the forbidden distances N501 to
N520 on each sheet in the case where the 20 sheets are
folded while the intensity of the square folding process
is set to the strong level. Each of the sheets has the thick-
ness of 0.087 mm. In the table of Fig. 15, the value cor-
responding to the field of "20th sheet" indicates the for-
bidden distance M501, and "19th sheet", "18th sheet", ...,
and "first sheet" indicate M502, M503, ..., and M520 re-
spectively.
[0111] In the fifth embodiment, through the exposure
start timing computing process shown in Step S13 of Fig.
10, in consideration of the projection 195a of the clamping
jaw 195, the forbidden distance is computed on each
sheet position in the booklet.
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[0112] In the above embodiments, control circuit 26 is
incorporated into the image forming apparatus 2. How-
ever, the invention is not limited to the above embodi-
ments. For example, the control circuits may be mounted
on both the image forming apparatus and the square fold-
ing device such that the functions are shared.
[0113] In the above embodiments, the forbidden dis-
tance is determined based on the information on the
number of sheets and the sheet thickness information.
However, the invention is not limited to the above em-
bodiments. For example, the forbidden distance may be
determined based on either the information on the
number of sheets or the sheet thickness information.
[0114] In the above embodiments, through the square
folding process, the back is pressed by the roller 96 while
the clamping jaw 95 clamps the booklet. However, the
invention is not limited to the above embodiments. Other
modes may be used as the shape of the roller and the
way how to move as long as the roller produces the book-
let whose back isflattened. Any device which flattens the
back may be used instead of the roller.
[0115] According to an aspect of the present invention,
the edge close to the center of the double pages spread
in the image forming area where the image is formed is
located away from the center, and the image is formed
away from the flattened portion. Also, the flattened por-
tion is enlarged as the sheet is located closer to the book-
let cover side. However, in the sheet treatment apparatus
of the invention, because the edge in the image forming
area is located farther away from the center as the sheet
is located closer to the booklet cover side, the image is
formed while properly located away from the flattened
portion which depends on the sheet position in the book-
let. Accordingly, the image disturbance by the flattening
is prevented in the back portion of the booklet and the
lack of the image is also prevented in the crease, so that
the booklet quality can be improved.
[0116] The foregoing description of the embodiments
of the present invention has been provided for the pur-
poses of illustration and description. It is not intended to
be exhaustive or to limit the invention to the precise forms
disclosed. Obviously, many modifications and variations
will be apparent to practitioners skilled in the art. The
embodiments were chosen and described in order to best
explain the principles of the invention and its practical
applications, thereby enabling others skilled in the art to
understand the invention for various embodiments and
with the various modifications as are suited to the partic-
ular use contemplated. It is intended that the scope of
the invention be defined by the following claims and their
equivalents.

Claims

1. A sheet treatment apparatus comprising:

an image forming unit that forms images on a

plurality of sheets;
a booklet producing unit that produces a booklet
by laying the plurality of sheets on top of one
another and folding the plurality of sheets, the
folded back of the booklet being pressed to flat-
ten a spine of the booklet ; and
a control unit that controls the image forming
unit to form the image in an image forming area
of the sheet, in way that the closer the sheet is
located to a booklet cover side, the farther an
edge of the image forming area which is close
to a center of a double pages spread is located
away from the center of the double pages
spread.

2. A sheet treatment apparatus according to claim 1,
wherein the control unit controls the image forming
unit to form the image in the image forming area of
the sheet, in way that the edge of the image forming
area which is close to the center of the double pages
spread being located far away from the center of the
double pages spread by a distance according to a
contraction amount of the back, the contraction
amount of the back being the amount that the back
of the booklet contracts when the back of the booklet
of folded sheets is pressed to flatten the spine of the
booklet.

3. A sheet treatment apparatus according to claim 1,
wherein the control unit obtains information on the
number of sheets indicating the number of sheets
constituting the booklet, and the control unit controls
the image forming unit to form the image in the image
forming area of the sheet, in way that the edge of
the image forming area which is close to the center
of the double pages spread being located far away
from the center of the double pages spread by a dis-
tance according to the number of sheets indicated
by the obtained information on the number of sheets.

4. A sheet treatment apparatus according to claim 1,
wherein the control unit obtains sheet thickness in-
formation indicating a thickness of the sheets con-
stituting the booklet, and the control unit controls the
image forming unit to form the image in the image
forming area of the sheet, in way that the edge of
the image forming area which is close to the center
of the double pages spread being located far away
from the center of the double pages spread by a dis-
tance according to the thickness of the sheet indi-
cated by the obtained sheet thickness information.

5. A sheet treatment apparatus according to claim 1,
wherein the image forming unit includes a rotating
image holding body and an exposure device, the ex-
posure device forming an electrostatic latent image
on a surface of the image holding body by scanning
the surface of the image holding body with exposure
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light in a rotating axis direction of the image holding
body, the image forming unit develops the electro-
static latent image with toner to obtain a toner image,
and the image forming unit finally transfers and fixes
the toner image to the sheet to form the fixed toner
image on the sheet, and

the control unit determines exposure start timing
based on a degree in which the sheet is located
on the booklet cover side, the exposure start tim-
ing beng the timing when the exposure device
starts the formation of the electrostatic latent im-
age, and the control unit controls the exposure
device to start the formation of the electrostatic
latent image at the exposure start timing.

6. A sheet treatment apparatus according to claim 5,
further comprising a sheet conveyance unit that con-
veys the sheet along a conveyance path through the
image forming unit,
wherein the control unit determines conveyance
start timing based on a degree in which the sheet is
located on the booklet cover side, the conveyance
start timing being the timing when the sheet convey-
ance unit starts the sheet conveyance, and the con-
trol unit controls the sheet conveyance unit to start
the sheet conveyance at the conveyance start tim-
ing.

7. A sheet treatment apparatus according to claim 1,
wherein the control unit controls the image forming
unit to form the image on the sheet in way that, the
closer the sheet of the booklet is located to the book-
let cover side, the image having the shorter width in
a direction of from an edge to the center of the double
pages spread is formed on the sheet by the image
forming unit.

8. A sheet treatment apparatus according to claim 7,
wherein the control unit determines scanning speed
based on a degree in which the sheet is located on
the booklet cover side, the scanning speed being the
speed of scanning that the exposure device scans
the surface of the image holding body with exposure
light, and the control unit controls the exposure de-
vice to scan the surface of the image holding body
with the exposure light at the scanning speed and to
form the electrostatic latent image.

9. A sheet treatment apparatus according to claim 7,
further comprising a sheet conveyance unit that con-
veys the sheet along a conveyance path through the
image forming unit,
wherein the control unit determines a conveyance
speed of the sheet conveyance unit based on a de-
gree in which the sheet is located on the booklet
cover side, and the control unit controls the sheet
conveyance unit to convey the sheet at the convey-

ance speed.
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