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(57) Abstract: Provided is a sheet folding apparatus including a folding

path, a positioning member to support a first end of a printing medium which
is fed along the folding path and arrange the printing medium in an initial
folding location, a folding roller including a pair of rollers rotatably engag-
ing with each other to form a folding nip, a push member to move to an
insertion location for pushing the printing medium on the folding path into
the folding nip and move to a retreat location for escaping from the folding
path, a guide path for returning the printing medium having passed through
the folding nip to the folding path, the guide path provided around at least
one of the pair of rollers, and a shift member, located at an exit of the folding
nip, to selectively guide the printing medium.
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Description
Title of Invention: SHEET FOLDING BASED ON A SINGLE

FOLDING ROLLER
Background Art

A sheet folding apparatus folds a sheet-type medium (hereinafter referred to as
‘paper’) in various forms. The sheet folding apparatus may be used in a finisher with
respect to paper which is discharged from a copier, a printer, etc., or may be a stand-
alone apparatus.

The sheet folding apparatus may fold paper once, or two or more times. Two or more
pairs of rollers may be used to fold paper two or more times. Pairs of rollers that

number as many as the number of times paper is folded are used.
Disclosure of Invention

Brief Description of Drawings

These and/or other aspects will become apparent and more readily appreciated from
the following description of the examples, taken in conjunction with the accompanying
drawings in which:

FIG. 1 is a schematic configuration diagram of an image forming apparatus
according to an example;

FIG. 2 is a configuration diagram of a sheet folding apparatus according to an

example;

[6] FIG. 3 shows a first shift member in a first shift location;

[7] FIG. 4 shows a second shift member in a second shift location;

[8] FIG. 5 shows an example of a V-fold process;

[9] FIG. 6 shows an example of a 4-fold process;

[10] FIG. 7 shows an example of a Z-fold or 3-fold outside process;

[11] FIG. 8 shows an example of a C-fold process;

[12] FIG. 9 shows an example of a double gate fold process;

[13] FIG. 10 shows an example of a roll-fold process;

[14] FIG. 11 shows an example of a W-fold process;

[15] FIG. 12 shows another example of a W-fold process;

[16] FIG. 13 is a configuration diagram of a sheet folding apparatus according to an
example;

[17] FIG. 14 is a configuration diagram of a sheet folding apparatus according to an
example;

[18] FIG. 15 is a configuration diagram of a sheet folding apparatus according to an

example;
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FIG. 16 shows an example of a double gate fold process using the sheet folding

apparatus of FIG. 15; and
FIG. 17 shows a process of allowing paper folded in the form of a double gate to re-

enter a folding nip.

Mode for the Invention

Hereinafter, examples of a sheet folding apparatus and method and a finisher and
image forming apparatus using the sheet folding apparatus and method will be
described with reference to the accompanying drawings. In the drawings, like
reference numerals denote like elements, and a size or thickness of each component
may be exaggerated for clarity of description.

FIG. 1 is a schematic configuration diagram of an image forming apparatus
according to an example.

Referring to FIG. 1, the image forming apparatus may include a printer 100 and a
finisher 400. The printer 100 prints an image on a printing medium such as a sheet-
type medium (hereinafter referred to as 'paper’) supplied from a paper feeder. The
paper feeder may be, for example, a main cassette feeder 210 which is installed under
the printer 100, a secondary cassette feeder 220 which is installed under the main
cassette feeder 210, a high capacity feeder 230 which is installed under the main
cassette feeder 210 or under the secondary cassette feeder 220, a high capacity feeder
240 which is installed at a side of the printer 100, or the like. Although not shown, the
paper feeder may be a multi-purpose tray (MPT).

The printer 100 may print an image on paper P by using various printing methods
such as an electrophotography method, an inkjet method, a thermal transfer method, or
a thermal sublimation method. For example, the image forming apparatus according to
the present example prints a color image on the paper P by using an electropho-
tography method. The above printing methods are well-known in the art, and thus, a
detailed description thereof will be omitted herein.

The image forming apparatus may further include a scanner 300 for reading an image
recorded on a document. The scanner 300 may have various structures such as a
flatbed mechanism where a document is located at a fixed position and an image is
read while a reading member moves, a document feeding mechanism where a reading
member is located at a fixed position and a document is fed, or a combination structure
thereof. The principle and structure of the scanner 300 are well-known in the art, and
thus, a detailed description thereof will be omitted herein.

The finisher 400 may include a sheet folding apparatus 700 for folding, one or more
times, the paper P discharged from the printer 100. The finisher 400 may further
include an alignment apparatus 500 for aligning the paper P discharged from the
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printer 100. The alignment apparatus 500 may have a structure for stapling the paper P
at an end portion thereof or punching a hole in an end portion of the paper P. The
finisher 400 may further include a middle stapler 600 for stapling the paper P at a
center portion thereof. Structures of the alignment apparatus 500 and the middle stapler
600 are well-known in the art, and thus, a detailed description thereof will be omitted
herein.

Hereinafter, examples of a sheet folding apparatus will be described.

FIG. 2 is a configuration diagram of a sheet folding apparatus 700 according to an
example.

FIG. 2 shows a folding path 710 and a folding roller 720. The folding roller 720 is on
the folding path 710. The folding roller 720 includes first and second rollers 721 and
722 rotatably engaging with each other to form a folding nip N. The first roller 721 is
at an upstream side of the folding path 710, and the second roller 722 is at a
downstream side thereof.

A push member 750, which may be moved from an insertion location (dashed line of
FIG. 2) for pushing paper P on the folding path 710 into the folding nip N to a retreat
location (solid line of FIG. 2) for escaping from the folding path 710, is positioned at
an entrance of the folding nip N. The push member 750 may comprise a rod, a shaft, a
dowel, or similar structure and be moved between the insertion location and the retreat
location, for example, by an actuator 751. The actuator 751 may be, for example, a
linear motor. In FIG. 2, the push member 750 linearly moves to the insertion location
and the retreat location. However, the present disclosure is not limited thereto, and the
push member 750 may rotate to the insertion location and the retreat location.

A positioning member 740 arranges the paper P on the folding path 710 in an initial
folding location. A first end (e.g., a fore-end) PF of the paper P fed along the folding
path 710 is supported by the positioning member 740. The positioning member 740 is
moved along the folding path 710 by an escalating member 741. At least the initial
folding location of the paper P is determined by a location of the positioning member
740. The location of the positioning member 740 may be detected by a location
detecting sensor (not shown). The positioning member 740 may be implemented by
various structures, for example, a plate, a bracket having at least one retaining side, an
indentation, or the like. The escalating member 741 may be implemented by various
structures, for example, a linear motor, a combination of a rotation motor and a linear
movement mechanism, a combination of a rotation motor and a rotary belt or chain, or
the like.

By the above configuration, the paper P may be folded once. For example, one piece
or a plurality of pieces of paper P is fed along the folding path 710, and the first end PF
thereof is supported by the positioning member 740. As the push member 750 moves
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to the insertion location, the push member 750 pushes a center portion of the paper P
into the folding nip N. The paper P is folded once while being pushed into the folding
nip N and is pushed out through an exit of the folding nip N. The folded paper P is ex-
ternally discharged by a discharge roller 760. Thus, a V-fold may be performed. A
folding location may be determined by the positioning member 740.

The sheet folding apparatus 700 according to the present example may perform
folding two or more times by using one folding roller 720. To achieve this, the sheet
folding apparatus 700 includes a guide path for guiding the paper P having passed
through the folding nip N to the folding path 710 again and returning the paper P to the
entrance of the folding nip N, and a shift member 730 for selectively guiding the paper
P to the discharge roller 760 or the guide path, the shift member 730 located at the exit
of the folding nip N. The guide path is provided around at least one of the first roller
721 or the second roller 722. In the present example, the guide path includes a first
guide path 761 and a second guide path 762 respectively provided around the first
roller 721 and the second roller 722, and the shift member 730 includes a first shift
member 731 for selectively guiding the paper P to the first guide path 761, and a
second shift member 732 for selectively guiding the paper P to the second guide path
762. Although not illustrated, an actuator for driving the first and second shift
members 731 and 732 may be provided. The actuator may be, for example, a solenoid
actuator. First and second sensors 771 and 772 for detecting the paper P may be re-
spectively arranged in the first and second guide paths 761 and 762. The first and
second sensors 771 and 772 provide a reference for determining second, third, or
subsequent folding timing, that is, driving timing of the push member 750. Although
not denoted by reference numerals, driven rollers engaging with the first and second
rollers 721 and 722 to feed the paper P may be provided in the first and second guide
paths 761 and 762. In the present example, the first roller 721 and the second roller 722
define side guides (inner guides) of the first and second guide paths 761 and 762. That
is, the paper P having passed through the folding nip N is fed along the first and second
guide paths 761 and 762 in a direction winding around the first and second rollers 721
and 722 and is returned in a direction toward the entrance of the folding nip N.

Referring to FIG. 2, the first and second shift members 731 and 732 are in discharge
locations for guiding the paper P to the discharge roller 760. FIGS. 3 and 4 show states
of the shift member 730. Referring to FIG. 3, the first shift member 731 is in a first
shift location. The paper P having come out from the folding nip N is guided to the
first guide path 761 by the first shift member 731. Referring to FIG. 4, the second shift
member 732 is in a second shift location. The paper P having come out from the
folding nip N is guided to the second guide path 762 by the second shift member 732.

By the above configuration, folding may be performed twice by returning the paper P
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folded once to the entrance of the folding nip N via the first guide path 761 or the
second guide path 762 and pushing the paper P into the folding nip N by using the
push member 750 again. A 4-fold may be performed by once again folding a central
portion of the paper P that has already been folded once. Also, a C-fold or a Z-fold,
which is a 3-fold outside, may be performed by performing folding twice by using the
first guide path 761 or the second guide path 762. Also, a double gate fold, a roll-fold,
a W-fold, etc. may be performed by performing folding three times while allowing the
paper P to sequentially pass through the first guide path 761 and the second guide path
762.

Hereinafter, paper folding methods according to the examples illustrated in FIGS. 2
to 4 will be described.

[V-fold]

FIG. 5 shows an example of a V-fold process. In FIG. 5, only the first and second
rollers 721 and 722, the positioning member 740, the push member 750, and the first
and second shift members 731 and 732 are illustrated.

As illustrated in FIG. 5(a), the positioning member 740 is located such that a central
portion of the paper P is located at an entrance of the folding nip N. That is, a distance
from the folding nip N to the positioning member 740 is 1/2 of a length L of the paper
P. The paper P is fed along the folding path 710. In an example, the paper P may be
discharged from a printer, such as printer 100, and fed along the folding path 710. The
first end PF of one piece or a plurality of pieces of paper P is supported by the po-
sitioning member 740. A “2L point of the paper P is pushed into the folding nip N by
moving the push member 750 to an insertion location (FIG. 5(b)). As the paper P
passes through the folding nip N, the 2L point is folded. The first and second shift
members 731 and 732 are placed in discharge locations. Accordingly, the paper P
folded in the form of a V is discharged by the discharge roller 760 (FIG. 5(c)).

A plurality of pieces of paper P may be in a state of being stapled at a central portion
thereof by a stapler, such as the middle stapler 600. In this case, the positioning
member 740 is moved to a location denoted by dashed lines in FIG. 5(a). When, in this
state, the first end PF of the plurality of pieces of paper P is supported by the po-
sitioning member 740, a Y2L point of the plurality of pieces of paper P is placed at the
stapler. The plurality of pieces of paper P may be stapled at the 2L point thereof by
using the stapler. The positioning member 740 is moved to a location denoted by solid
lines in FIG. 5(a). The Y2L point of the plurality of pieces of paper P is pushed into the
folding nip N by moving the push member 750 to an insertion location (FIG. 5(b)).
The push member 750 returns to a retreat location. As the plurality of pieces of paper P
pass through the folding nip N, the 2L point is folded. The first and second shift
members 731 and 732 are placed in discharge locations. Accordingly, the plurality of
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pieces of paper P folded in the form of a V are discharged by the discharge roller 760
(FIG. 5(c)).

[4-fold]

FIG. 6 shows an example of a 4-fold process. In FIG. 6, only the first and second
rollers 721 and 722, the positioning member 740, the push member 750, and the first
and second shift members 731 and 732 are illustrated.

As illustrated in FIG. 6(a), the positioning member 740 is located such that a Y2L
point of the paper P is located at an entrance of the folding nip N. The paper P is fed
along the folding path 710. In an example, the paper P may be discharged from a
printer, such as printer 100, and fed along the folding path 710. The first end PF of one
piece or a plurality of pieces of paper P is supported by the positioning member 740.
The Y2L point of the paper P is pushed into the folding nip N by moving the push
member 750 to an insertion location (FIG. 6(b)). As the paper P passes through the
folding nip N, the 2L point is folded. The push member 750 returns to a retreat
location.

The paper P having passed through the folding nip N is fed along the first guide path
761 or the second guide path 762 and is returned to the entrance of the folding nip N.
In the present example, the second shift member 732 is placed in a second shift
location, and the paper P having passed through the folding nip N is returned to the
entrance of the folding nip N along the second guide path 762 (FIG. 6(c) and FIG.
6(d)). When the paper P is fed along the folding path 710 in a reverse direction, and a
central portion of the paper P that is folded once, that is, a 4L point of the paper P,
reaches the vicinity of the folding nip N (FIG. 6(¢)), the YL point of the paper P is
pushed into the folding nip N by moving the push member 750 to the insertion location
(FIG. 6(f)). The first and second shift members 731 and 732 are placed in discharge
locations. Accordingly, the paper P that is folded twice is discharged by the discharge
roller 760 (FIG. 6(g)). The push member 750 returns to the retreat location.

[Z-fold or 3-fold outside]

FIG. 7 shows an example of a Z-fold or 3-fold outside process. In FIG. 7, only the
first and second rollers 721 and 722, the positioning member 740, the push member
750, and the first and second shift members 731 and 732 are illustrated.

As illustrated in FIG. 7(a), the positioning member 740 is located such that a YL
point (in the case of the 3-fold outside, a ¥5L point) of the paper P is located at an
entrance of the folding nip N. The paper P is fed along the folding path 710. In an
example, the paper P may be discharged from a printer, such as printer 100, and fed
along the folding path 710. The first end PF of one piece or a plurality of pieces of
paper P is supported by the positioning member 740. The V4L point (in the case of the
3-fold outside, the 5L point) of the paper P is pushed into the folding nip N by moving
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the push member 750 to an insertion location (FIG. 7(b)). As the paper P passes
through the folding nip N, the Y4L point (in the case of the 3-fold outside, the ¥3L.
point) is folded. The push member 750 returns to a retreat location.

The paper P having passed through the folding nip N is fed around a roller on a side
of the first end PF of the paper P from among the first and second rollers 721 and 722,
that is, the second roller 722, and is returned to the entrance of the folding nip N. To
achieve this, the second shift member 732 is placed in a second shift location, and the
paper P having passed through the folding nip N is returned to the entrance of the
folding nip N along the second guide path 762 (FIG. 7(C) and FIG. 7(d)). When the
paper P is fed along the folding path 710 in a reverse direction, and a Y2L point (in the
case of the 3-fold outside, a ?3L. point) of the paper P reaches the vicinity of the folding
nip N (FIG. 7(e)), the ¥2L point (in the case of the 3-fold outside, the %3L. point) of the
paper P is pushed into the folding nip N by moving the push member 750 to the
insertion location (FIG. 7(f)). The first and second shift members 731 and 732 are
placed in discharge locations. Accordingly, the paper P folded in the form of a Z (in
the form of a 3-fold) is discharged by the discharge roller 760 (FIG. 7(g)). The push
member 750 returns to the retreat location.

[C-fold]

FIG. 8 shows an example of a C-fold process. In FIG. 8, only the first and second
rollers 721 and 722, the positioning member 740, the push member 750, and the first
and second shift members 731 and 732 are illustrated.

As illustrated in FIG. 8(a), the positioning member 740 is located such that a Y3L
point of the paper P is located at an entrance of the folding nip N. The paper P is fed
along the folding path 710. In an example, the paper P may be discharged from a
printer, such as printer 100, and fed along the folding path 710. The first end PF of one
piece or a plurality of pieces of paper P is supported by the positioning member 740.
The Y5L point of the paper P is pushed into the folding nip N by moving the push
member 750 to an insertion location (FIG. 8(b)). As the paper P passes through the
folding nip N, the 5L point is folded. The push member 750 returns to a retreat
location.

The paper P having passed through the folding nip N is fed around a roller on an
opposite side of the first end PF of the paper P from among the first and second rollers
721 and 722, that is, the first roller 721, and is returned to the entrance of the folding
nip N. To achieve this, the first shift member 731 is placed in a first shift location, and
the paper P having passed through the folding nip N is returned to the entrance of the
folding nip N along the first guide path 761 (FIG. 8(c) and FIG. 8(d)). When the paper
P is fed along the folding path 710 in a forward direction, and a %3L. point of the paper
P reaches the vicinity of the folding nip N (FIG. 8(e)), the ?5L point of the paper P is
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pushed into the folding nip N by moving the push member 750 to the insertion location
(FIG. 8(f)). The first and second shift members 731 and 732 are placed in discharge
locations. Accordingly, the paper P folded in the form of a C is discharged by the
discharge roller 760 (FIG. 8(g)). The push member 750 returns to the retreat location.

[Double gate fold]

FIG. 9 shows an example of a double gate fold process. In FIG. 9, only the first and
second rollers 721 and 722, the positioning member 740, the push member 750, and
the first and second shift members 731 and 732 are illustrated.

As illustrated in FIG. 9(a), the positioning member 740 is located such that a YL
point of the paper P is located at an entrance of the folding nip N. The paper P is fed
along the folding path 710. In an example, the paper P may be discharged from a
printer, such as printer 100, and fed along the folding path 710. The first end PF of one
piece or a plurality of pieces of paper P is supported by the positioning member 740.
The YL point of the paper P is pushed into the folding nip N by moving the push
member 750 to an insertion location (FIG. 9(b)). As the paper P passes through the
folding nip N, the V4L point is folded. The push member 750 returns to a retreat
location.

The paper P having passed through the folding nip N is fed around a roller on an
opposite side of the first end PF of the paper P from among the first and second rollers
721 and 722, that is, the first roller 721, and is returned to the entrance of the folding
nip N. To achieve this, the first shift member 731 is placed in a first shift location, and
the paper P having passed through the folding nip N is returned to the entrance of the
folding nip N along the first guide path 761 (FIG. 9(c) and FIG. 9(d)). When the paper
P is fed along the folding path 710 in a forward direction, and a %4L point of the paper
P reaches the vicinity of the folding nip N (FIG. 9(e)), the 4L point of the paper P is
pushed into the folding nip N by moving the push member 750 to the insertion location
(FIG. 9(f)). The push member 750 returns to the retreat location.

The paper P having passed through the folding nip N for the second time is fed
around a roller on an opposite side of the first end PF of the paper P from among the
first and second rollers 721 and 722, that is, the second roller 722, and is returned to
the entrance of the folding nip N. To achieve this, the second shift member 732 is
placed in a second shift location, and the paper P having passed through the folding nip
N for the second time is returned to the entrance of the folding nip N along the second
guide path 762 (FIG. 9(g)). When the paper P is fed along the folding path 710 in a
reverse direction, and a %2L point of the paper P reaches the vicinity of the folding nip
N (FIG. 9(h)), the Y2L point of the paper P is pushed into the folding nip N by moving
the push member 750 to the insertion location (FIG. 9(i)). The first and second shift
members 731 and 732 are placed in discharge locations. Accordingly, the paper P
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folded in the form of a double gate is discharged by the discharge roller 760 (FIG.
9(3)). The push member 750 returns to the retreat location.

[Roll-fold]

FIG. 10 shows an example of a roll-fold process. In FIG. 10, only the first and
second rollers 721 and 722, the positioning member 740, the push member 750, and
the first and second shift members 731 and 732 are illustrated.

As illustrated in FIG. 10(a), the positioning member 740 is located such that a 4L
point of the paper P is located at an entrance of the folding nip N. The paper P is fed
along the folding path 710. In an example, the paper P may be discharged from a
printer, such as printer 100, and fed along the folding path 710. The first end PF of one
piece or a plurality of pieces of paper P is supported by the positioning member 740.
The YL point of the paper P is pushed into the folding nip N by moving the push
member 750 to an insertion location (FIG. 10(b)). As the paper P passes through the
folding nip N, the V4L point is folded. The push member 750 returns to a retreat
location.

The paper P having passed through the folding nip N is fed around a roller on an
opposite side of the first end PF of the paper P from among the first and second rollers
721 and 722, that is, the first roller 721, and is returned to the entrance of the folding
nip N. To achieve this, the first shift member 731 is placed in a first shift location, and
the paper P having passed through the folding nip N is returned to the entrance of the
folding nip N along the first guide path 761 (FIG. 10(c) and FIG. 10(d)). When the
paper P is fed along the folding path 710 in a forward direction, and a Y2L point of the
paper P reaches the vicinity of the folding nip N (FIG. 10(e)), the ¥2L point of the
paper P is pushed into the folding nip N by moving the push member 750 to the
insertion location (FIG. 10(f)). The push member 750 returns to the retreat location.

The paper P having passed through the folding nip N for the second time is fed
around the first roller 721 again, and is returned to the entrance of the folding nip N.
To achieve this, the first shift member 731 is maintained at the first shift location. The
paper P having passed through the folding nip N for the second time is returned to the
entrance of the folding nip N along the first guide path 761 (FIG. 10(g)). When the
paper P is fed along the folding path 710 in the forward direction, and a %L point of
the paper P reaches the vicinity of the folding nip N (FIG. 10(h)), the 34L point of the
paper P is pushed into the folding nip N by moving the push member 750 to the
insertion location (FIG. 10(i)). The first and second shift members 731 and 732 are
placed in discharge locations. Accordingly, the paper P folded in the form of a roll is
discharged by the discharge roller 760 (FIG. 10(j)). The push member 750 returns to
the retreat location.

[W-fold]
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FIG. 11 shows an example of a W-fold process. In FIG. 11, only the first and second
rollers 721 and 722, the positioning member 740, the push member 750, and the first
and second shift members 731 and 732 are illustrated.

As illustrated in FIG. 11(a), the positioning member 740 is located such that a 4L
point of the paper P is located at an entrance of the folding nip N. The paper P is fed
along the folding path 710. In an example, the paper P may be discharged from a
printer, such as printer 100, and fed along the folding path 710. The first end PF of one
piece or a plurality of pieces of paper P is supported by the positioning member 740.
The YL point of the paper P is pushed into the folding nip N by moving the push
member 750 to an insertion location (FIG. 11(b)). As the paper P passes through the
folding nip N, the V4L point is folded. The push member 750 returns to a retreat
location.

The paper P having passed through the folding nip N is fed around a roller on an
opposite side of the first end PF of the paper P from among the first and second rollers
721 and 722, that is, the first roller 721, and is returned to the entrance of the folding
nip N. To achieve this, the first shift member 731 is placed in a first shift location, and
the paper P having passed through the folding nip N is returned to the entrance of the
folding nip N along the first guide path 761 (FIG. 11(c) and FIG. 11(d)). When the
paper P is fed along the folding path 710 in a forward direction, and a 34L point of the
paper P reaches the vicinity of the folding nip N (FIG. 11(e)), the 4L point of the
paper P is pushed into the folding nip N by moving the push member 750 to the
insertion location (FIG. 11(f)). The push member 750 returns to the retreat location.

The paper P having passed through the folding nip N for the second time is fed
around the first roller 721 again, and is returned to the entrance of the folding nip N.
To achieve this, the first shift member 731 is maintained at the first shift location. The
paper P having passed through the folding nip N for the second time is returned to the
entrance of the folding nip N along the first guide path 761 (FIG. 11(g)). When the
paper P is fed along the folding path 710 in the forward direction, and a Y2L point of
the paper P reaches the vicinity of the folding nip N (FIG. 11(h)), the ¥2L point of the
paper P is pushed into the folding nip N by moving the push member 750 to the
insertion location (FIG. 11(i)). The first and second shift members 731 and 732 are
placed in discharge locations. Accordingly, the paper P folded in the form of a W is
discharged by the discharge roller 760 (FIG. 11(j)). The push member 750 returns to
the retreat location.

[Another W-fold method]

FIG. 12 shows another example of a W-fold process. In FIG. 12, only the first and
second rollers 721 and 722, the positioning member 740, the push member 750, and
the first and second shift members 731 and 732 are briefly illustrated.
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As illustrated in FIG. 12(a), the positioning member 740 is located such that a 4L
point of the paper P is located at an entrance of the folding nip N. The paper P is fed
along the folding path 710. In an example, the paper P may be discharged from a
printer, such as printer 100, and fed along the folding path 710. The first end PF of one
piece or a plurality of pieces of paper P is supported by the positioning member 740.
The YL point of the paper P is pushed into the folding nip N by moving the push
member 750 to an insertion location (FIG. 12(b)). As the paper P passes through the
folding nip N, the V4L point is folded. The push member 750 returns to a retreat
location.

The paper P having passed through the folding nip N is fed around a roller on a side
of the first end PF of the paper P from among the first and second rollers 721 and 722,
that is, the second roller 722, and is returned to the entrance of the folding nip N. To
achieve this, the second shift member 732 is placed in a second shift location, and the
paper P having passed through the folding nip N is returned to the entrance of the
folding nip N along the second guide path 762 (FIG. 12(c) and FIG. 12(d)). When the
paper P is fed along the folding path 710 in a reverse direction, and a Y2L point of the
paper P reaches the vicinity of the folding nip N (FIG. 12(e)), the ¥2L point of the
paper P is pushed into the folding nip N by moving the push member 750 to the
insertion location (FIG. 12(f)). The push member 750 returns to the retreat location.

The paper P having passed through the folding nip N for the second time is fed
around the first roller 721 and is returned to the entrance of the folding nip N. To
achieve this, the first shift member 731 is maintained at a first shift location. The paper
P having passed through the folding nip N for the second time is returned to the
entrance of the folding nip N along the first guide path 761 (FIG. 12(g)). When the
paper P is fed along the folding path 710 in a forward direction, and a 34L point of the
paper P reaches the vicinity of the folding nip N (FIG. 12(h)), the 34L point of the
paper P is pushed into the folding nip N by moving the push member 750 to the
insertion location (FIG. 12(i)). The first and second shift members 731 and 732 are
placed in discharge locations. Accordingly, the paper P folded in the form of a W is
discharged by the discharge roller 760 (FIG. 12(j)). The push member 750 returns to
the retreat location.

In order to enable performance of the 4-fold, Z-fold, and W-fold processes (the first
method), lengths of the first and second guide paths 761 and 762 should be equal to or
greater than 1/2 of the length L of applicable maximum paper P. The lengths of the
first and second guide paths 761 and 762 refer to lengths over which the paper P
having passed through the folding nip N reaches the folding nip N again along the first
and second guide paths 761 and 762. In the present example, since the first and second

rollers 721 and 722 define side guides (inner guides) of the first and second guide
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paths 761 and 762, outer circumferential lengths of the first and second rollers 721 and
722 should be equal to or greater than 1/2 of the length L of the applicable maximum
paper P.

In order to enable 3-fold, lengths of the first and second guide paths 761 and 762
should be equal to or greater than 1/3 of the length L of applicable maximum paper P.
In the present example, since the first and second rollers 721 and 722 define side
guides (inner guides) of the first and second guide paths 761 and 762, outer circum-
ferential lengths of the first and second rollers 721 and 722 should be equal to or
greater than 1/3 of the length L of the applicable maximum paper P.

In order to enable C-fold, lengths of the first and second guide paths 761 and 762
should be equal to or greater than 2/3 of the length L of applicable maximum paper P.
In the present example, since the first and second rollers 721 and 722 define side
guides (inner guides) of the first and second guide paths 761 and 762, outer circum-
ferential lengths of the first and second rollers 721 and 722 should be equal to or
greater than 2/3 of the length L of the applicable maximum paper P.

In order to enable double gate fold, roll-fold, and W-fold (the second method),
lengths of the first and second guide paths 761 and 762 should be equal to or greater
than 3/4 of the length L of applicable maximum paper P. In the present example, since
the first and second rollers 721 and 722 define side guides (inner guides) of the first
and second guide paths 761 and 762, outer circumferential lengths of the first and
second rollers 721 and 722 should be equal to or greater than 3/4 of the length L of the
applicable maximum paper P.

By taking the above relationships into account, lengths of the first and second guide
paths 761 and 762 may be at least equal to or greater than 1/3 of the length L of ap-
plicable maximum paper P, and when the first and second rollers 721 and 722 define
side guides (inner guides) of the first and second guide paths 761 and 762, outer cir-
cumferential lengths of the first and second rollers 721 and 722 may be equal to or
greater than 1/3 of the length L of the applicable maximum paper P.

FIG. 13 is a schematic configuration diagram of a sheet folding apparatus 700a
according to an example. The sheet folding apparatus 700a according to the present
example is different from the sheet folding apparatus 700 illustrated in FIG. 2 in that
the first and second guide paths 761 and 762 are respectively defined by a first outer
guide 761a and a first inner guide 761b, and a second outer guide 762a and a second
inner guide 762b. Although not denoted by reference numerals, pairs of feed rollers
rotatably engaging with each other, and feeding the paper P along the first and second
guide paths 761 and 762 may be provided in the first and second guide paths 761 and
762.

According to the above configuration, limitation on outer circumferential lengths of
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the first and second rollers 721 and 722 applied to the sheet folding apparatus 700 il-
lustrated in FIG. 2 is not applied to the sheet folding apparatus 700a according to the
present example. Accordingly, sizes of the first and second rollers 721 and 722 may be
large. However, lengths of the first and second guide paths 761 and 762 should satisfy
the above condition according to a folding method.

FIG. 14 is a schematic configuration diagram of a sheet folding apparatus 700b
according to an example. The sheet folding apparatus 700b according to the present
example is different from the sheet folding apparatus 700 illustrated in FIG. 2 in that a
guide path includes an inner guide path and an outer guide path and a gate member for
selectively guiding paper having passed through the folding nip N and been guided to
the guide path by a shift member to the inner guide path or the outer guide path is
provided.

Referring to FIG. 14, the first guide path 761 includes a first inner guide path 761-1
and a first outer guide path 761-2. The first inner guide path 761-1 is a path adjacent to
the first roller 721, and the first outer guide path 761-2 is at an outer side of the first
inner guide path 761-1. The outer circumference of the first roller 721 may define a
side guide (inner guide) of the first inner guide path 761-1.

A feed distance of the paper P when the paper P having passed through the folding
nip N returns to an entrance of the folding nip N is longer along the first outer guide
path 761-2 than along the first inner guide path 761-1. A first gate member 733 se-
lectively guides the paper P guided to the first guide path 761 by the first shift member
731 to the first inner guide path 761-1 or the first outer guide path 761-2. For example,
the first gate member 733 may rotate to a location (denoted by solid lines) for guiding
the paper P to the first inner guide path 761-1 and a location (denoted by dashed lines)
for guiding the paper P to the first outer guide path 761-2. Although not illustrated, the
first gate member 733 may be driven by an actuator such as solenoid.

Likewise, the second guide path 762 includes a second inner guide path 762-1 and a
second outer guide path 762-2. The second inner guide path 762-1 is a path adjacent to
the second roller 722, and the second outer guide path 762-2 is at an outer side of the
second inner guide path 762-1. The outer circumference of the second roller 722 may
define a side guide (inner guide) of the second inner guide path 762-1.

A feed distance of the paper P when the paper P having passed through the folding
nip N returns to the entrance of the folding nip N is longer along the second outer
guide path 762-2 than along the second inner guide path 762-1. A second gate member
734 selectively guides the paper P guided to the second guide path 762 by the second
shift member 732 to the second inner guide path 762-1 or the second outer guide path
762-2. For example, the second gate member 734 may rotate to a location (denoted by

solid lines) for guiding the paper P to the second inner guide path 762-1 and a location
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(denoted by dashed lines) for guiding the paper P to the second outer guide path 762-2.
Although not illustrated, the second gate member 734 may be driven by an actuator
such as solenoid.

Although not denoted by reference numerals, driven rollers rotatably engaging with
the first and second rollers 721 and 722, and feeding the paper P along the first and
second inner guide paths 761-1 and 762-1 may be provided in the first and second
inner guide paths 761-1 and 762-1. In addition, although not denoted by reference
numerals, pairs of feed rollers rotatably engaging with each other, and feeding the
paper P along the first and second outer guide paths 761-2 and 762-2 may be provided
in the first and second outer guide paths 761-2 and 762-2.

According to the above configuration, a path satisfying a length condition of the
guide path according to a folding method may be selected, and thus, folding may be
performed in various ways. Also, the paper P having a small length may be guided to
the first and second inner guide paths 761-1 and 762-1, and the paper P having a large
length may be guided to the first and second outer guide paths 761-2 and 762-2. Ac-
cordingly, the paper P having various lengths may be folded in various ways.

A radius of curvature of the first and second outer guide paths 761-2 and 762-2 may
be greater than that of the first and second inner guide paths 761-1 and 762-1.
According to the above configuration, the paper P may be guided to a proper guide
path according to a thickness or rigidity of the paper P. For example, the paper P
having a large thickness or rigidity may be guided to the first and second outer guide
paths 761-2 and 762-2 having a large radius of curvature, and the paper P having a
small thickness or rigidity may be guided to the first and second inner guide paths
761-1 and 762-1 having a small radius of curvature.

FIG. 15 is a configuration diagram of a sheet folding apparatus 700c according to an
example. The sheet folding apparatus 700c according to the present example is
different from the sheet folding apparatus 700 illustrated in FIG. 2 in that the sheet
folding apparatus 700c includes a guide member installed at an exit of a guide path that
is capable of moving to a guide location for guiding the paper P to the folding path 710
and an escape location for escaping from the guide location.

Referring to FIG. 15, a first guide member 781 is at an exit of the first guide path
761. The first guide member 781 may move from a first escape location al to a first
guide location bl. For example, the first guide member 781 may be installed at a
rotation axis of the first roller 721 so as to be capable of rotating to the first escape
location al and the first guide location b1. Although not illustrated, the first guide
member 781 is rotated to the first escape location al and the first guide location b1 by
an actuator. The actuator may be, for example, a rotation motor. The rotation motor

may be connected to the first guide member 781, for example, by a gear. At the first
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guide location b1, the first guide member 781 guides the paper P so that the paper P
fed along the first guide path 761 may stably enter the folding path 710.

A second guide member 782 is at an exit of the second guide path 762. The second
guide member 782 may move from a second escape location a2 to a second guide
location b2. For example, the second guide member 782 may be installed at a rotation
axis of the second roller 722 so as to be capable of rotating to the second escape
location a2 and the second guide location b2. Although not illustrated, the second
guide member 782 is rotated to the second escape location a2 and the second guide
location b2 by an actuator. The actuator may be, for example, a rotation motor. The
rotation motor may be connected to the second guide member 782, for example, by a
gear. At the second guide location b2, the second guide member 782 guides the paper
P so that the paper P fed along the second guide path 762 may stably enter the folding
path 710.

According to the above configuration, the paper P having come out from the guide
path may stably enter the folding path 710, and thus, a second or subsequent folding
operation may be stably performed.

The first guide member 781 may further have a first blocking location c1. The first
blocking location c1 is a location for blocking the paper P that comes out from the
second guide path 762 and is fed along the folding path 710 in a reverse direction from
reversely entering the first guide path 761 via an exit of the first guide path 761.
Likewise, the second guide member 782 may further have a second blocking location
c2. The second blocking location c2 is a location for blocking the paper P that comes
out from the first guide path 761 and is fed along the folding path 710 in a forward
direction from reversely entering the second guide path 762 via an exit of the second
guide path 762.

According to the above configuration, the paper P having come out from the first and
second guide paths 761 and 762 may be blocked from reversely entering the second
and first guide paths 762 and 761. Thus, an operational error of a sheet folding
apparatus may be prevented, and operation reliability of the sheet folding apparatus
may be improved.

FIG. 16 shows an example of a double gate fold process using the sheet folding
apparatus 700c illustrated in FIG. 15. In FIG. 16, only the first and second rollers 721
and 722, the positioning member 740, the push member 750, the first and second shift
members 731 and 732, and the first and second guide members 781 and 782 are briefly
illustrated.

As illustrated in FIG. 16(a), the positioning member 740 is located such that a 4L
point of the paper P is located at an entrance of the folding nip N. The first guide

member 781 is placed in the first guide location b1, and the second guide member 782
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is placed in the second blocking location c2 for blocking the paper P that is fed along
the folding path 710 in a forward direction from entering the second guide path 762 via
an exit thereof. The paper P is fed along the folding path 710. In an example, the paper
P may be discharged from a printer, such as printer 100, and fed along the folding path
710. The first end PF of one piece or a plurality of pieces of paper P is supported by
the positioning member 740. The first guide member 781 is moved to the first escape
location al, and the second guide member 782 is moved to the second escape location
a2. The YL point of the paper P is pushed into the folding nip N by moving the push
member 750 to an insertion location (FIG. 16(b)). As the paper P passes through the
folding nip N, the V4L point is folded. The push member 750 returns to a retreat
location.

The paper P having passed through the folding nip N is fed around a roller on an
opposite side of the first end PF of the paper P from among the first and second rollers
721 and 722, that is, the first roller 721, and is returned to the entrance of the folding
nip N. To achieve this, the first shift member 731 is placed in a first shift location, and
the paper P having passed through the folding nip N is returned to the entrance of the
folding nip N along the first guide path 761. In this regard, the first guide member 781
is placed in the first guide location b1 for guiding the paper P to the folding path 710,
and the second guide member 782 is placed in the second blocking location c2 for
blocking the paper P that is fed along the folding path 710 in the forward direction
from entering the second guide path 762 (FIG. 16(c) and FIG. 16(d)). When the paper
P is fed along the folding path 710 in the forward direction, and a 3L point of the
paper P reaches the vicinity of the folding nip N (FIG. 16(e)), the first and second
guide members 781 and 782 are respectively moved to the first and second escape
locations al and a2, and the 34L point of the paper P is pushed into the folding nip N
by moving the push member 750 to the insertion location (FIG. 16(f)). The push
member 750 returns to the retreat location.

The paper P having passed through the folding nip N for the second time is fed
around the second roller 722 and is returned to the entrance of the folding nip N. To
achieve this, the second shift member 732 is placed in a second shift location, and the
paper P having passed through the folding nip N for the second time is returned to the
entrance of the folding nip N along the second guide path 762 (FIG. 16(g)). The
second guide member 782 is placed in the second guide location b2, and the first guide
member 781 is placed in the first blocking location c1 for blocking the paper P that is
fed along the folding path 710 in a reverse direction from entering the first guide path
761 via an exit thereof. When the paper P is fed along the folding path 710 in the
reverse direction, and a %2L point of the paper P reaches the vicinity of the folding nip
N (FIG. 16(h)), the first and second guide members 781 and 782 are respectively
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moved to the first and second escape locations al and a2, and the Y2L point of the
paper P is pushed into the folding nip N by moving the push member 750 to the
insertion location (FIG. 16(i)). The first and second shift members 731 and 732 are
placed in discharge locations. Accordingly, the paper P folded in the form of a double
gate is discharged by the discharge roller 760 (FIG. 16(j)). The push member 750
returns to the retreat location.

The first and second blocking locations c1 and c2 of the first and second guide
members 781 and 782 may be respectively locations for guiding the paper P having
come out from the first and second guide paths 761 and 762 to go into the folding nip
N again. Independently of the first and second blocking locations c1 and c2, the first
and second guide members 781 and 782 may further have first and second re-entry
locations for guiding the paper P having come out from the first and second guide
paths 761 and 762 to go into the folding nip N again.

When the paper P re-enters the folding nip N as described above, the folded paper P
may be pressed between the first and second rollers 721 and 722 one more time, and
thus, a vivid folding line may be obtained.

FIG. 17 shows a process of allowing paper P folded in the form of a double gate to
re-enter a folding nip N. After the process of FIG. 16(i), as illustrated in FIG. 17(a), for
example, the first shift member 731 is shifted to the first shift location so that the paper
P folded in the form of a double gate enters the first guide path 761. The first guide
member 781 is moved to the first blocking location c1 (or a first re-entry location d1)
(FIG. 17(b)). As aresult, as illustrated in FIG. 17(c), the paper P having come out from
the first guide path 761 re-enters the folding nip N. In this regard, the first and second
shift members 731 and 732 are placed in the discharge locations, and the paper P is
discharged by the discharge roller 760 (FIG. 17(d)). If necessary, the operations of
FIG. 17(a) to (c) may be performed two or more times.

The above re-entry process may be applied to 4-fold, Z-fold, W-fold, 3-fold outside,
C-fold, double gate fold, and roll-fold.

It should be understood that examples described herein should be considered in a de-
scriptive sense only and not for purposes of limitation. Descriptions of features or
aspects within each example should typically be considered as available for other
similar features or aspects in other examples.

While one or more examples have been described with reference to the figures, it will
be understood by those of ordinary skill in the art that various changes in form and
details may be made therein without departing from the spirit and scope of the

inventive concept as defined by the following claims.
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Claims

A sheet folding apparatus comprising:

a folding path;

a positioning member to support a first end of a printing medium which
is fed along the folding path and arrange the printing medium in an
initial folding location;

a folding roller comprising a pair of rollers rotatably engaging with
each other to form a folding nip;

a push member to move to an insertion location for pushing the printing
medium on the folding path into the folding nip, and move to a retreat
location for escaping from the folding path;

a guide path for returning the printing medium having passed through
the folding nip to the folding path, the guide path provided around at
least one of the pair of rollers; and

a shift member, located at an exit of the folding nip, to selectively guide
the printing medium.

The sheet folding apparatus of claim 1, wherein a length of the guide
path is equal to or greater than 1/3 of a maximum printing medium
length.

The sheet folding apparatus of claim 1,

wherein the at least one of the pair of rollers defines an inner guide of
the guide path, and

wherein an outer circumferential length of a roller from among the pair
of rollers defining the inner guide of the guide path is equal to or
greater than 1/3 of a maximum printing medium length.

The sheet folding apparatus of claim 1, wherein the guide path
comprises an inner path adjacent to the roller, and an outer path located
at an outer side of the inner path.

The sheet folding apparatus of claim 4, further comprising a gate
member to selectively guide the printing medium to the inner path or
the outer path.

The sheet folding apparatus of claim 1, further comprising a guide
member to selectively move to a guide location for guiding the printing
medium coming out from the guide path to the folding path or an
escape location for escaping from the guide location.

The sheet folding apparatus of claim 6, wherein the guide member

rotates on an axis of a roller from among the pair of rollers around
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which the guide path is disposed.

The sheet folding apparatus of claim 6, wherein the guide member
moves to a re-entry location for allowing the printing medium coming
out from the guide path to re-enter the folding nip.

The sheet folding apparatus of claim 6, wherein the guide member
moves to a blocking location for blocking the printing medium on the
folding path from reversely entering the guide path.

The sheet folding apparatus of claim 1,

wherein the pair of rollers comprises a first roller and a second roller,
wherein the guide path comprises a first guide path around the first
roller and a second guide path around the second roller,

wherein the shift member comprises a first shift member to selectively
guide the printing medium having passed through the folding nip to the
first guide path and a second shift member to selectively guide the
printing medium having passed through the folding nip to the second
guide path, and

wherein a length of each of the first and second guide paths is equal to
or greater than 1/3 of a maximum printing medium length.

The sheet folding apparatus of claim 10,

wherein the first and second rollers define inner guides of the first and
second guide paths, and

wherein an outer circumferential length of each of the first and second
rollers is equal to or greater than 1/3 of a maximum printing medium
length.

The sheet folding apparatus of claim 10, further comprising a gate
member,

wherein at least one of the first guide path or the second guide path
comprises an inner path adjacent to a corresponding roller, and an outer
path located at an outer side of the inner path, and

wherein the gate member selectively guides the printing medium to the
inner path or the outer path.

The sheet folding apparatus of claim 10, further comprising first and
second guide members to selectively move to a guide location for
guiding the printing medium coming out from the first and second
guide paths to the folding path or an escape location for escaping from
the guide location.

The sheet folding apparatus of claim 13, wherein the first and second

guide members move to a re-entry location for allowing the printing
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medium coming out from the first and second guide paths to re-enter
the folding nip.

The sheet folding apparatus of claim 13, wherein the first and second
guide members move to a blocking location for blocking the printing
medium on the folding path from reversely entering the first and second

guide paths.
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