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(57) Abstract: The present invention relates to a sheet feeding device in-

12 s cluding a movable wall (6) which is tiltable to regulate the leading edges

& \ of sheets stacked. When a sheet feed roller (5) is operated to perform a

sheet feeding operation, a loop (12) is formed in the uppermost sheet. Af-

ter formation of the loop, the movable wall is moved to a regulation re-

lease position to remove the loop formed in the uppermost sheet. After re-

! moval of the loop (2), the movable wall is returned to a regulation position

to raise the leading end of the uppermost sheet so as to separate the upper-
most sheet from the second and subsequent sheets.
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Description
Title of Invention: SHEET FEEDING DEVICE, IMAGE
FORMING APPARATUS, AND IMAGE SCANNING

APPARATUS
Technical Field

The present invention relates to a sheet feeding device that feeds a sheet to an image
forming apparatus, such as a printer or a copier, and a sheet feeding device that feeds a

sheet (document) to an image scanning portion of an image scanning apparatus.

Background Art

In general, an image forming apparatus, such as a printer or a copier, and an image
scanning apparatus each include a sheet feeding device that separates sheets
(documents) stacked on, for example, a sheet feed cassette or a sheet feed tray on a
one-by-one basis and feeds the separated sheet to an image forming portion or a
document scanning portion.

Such a sheet feeding device includes a separating portion based on any of various
methods for separation in order to separate sheets one by one. For example, air
separation and frictional separation have been known. According to the former
method, air is blown onto stacked sheets to separate the sheets and, after that, the
sheets are conveyed one by one while being sucked. According to the latter method,
sheets are separated using a sheet feed roller, a friction force applied by a frictional
member, and a friction force between sheets. In addition, slope separation has also
been known. According to this method, the leading edges of sheets are allowed to abut
against a separation slope to separate the sheets.

A configuration proposed as a special separation method is disclosed in PTL 1.
While part of the uppermost sheet of a stack of sheets is being pressed downward by a
pressing member, a sheet feed roller, positioned downstream of the pressing member,
abutting against the sheet feeds the sheet in the direction opposite to a sheet feeding
direction. Accordingly, the uppermost sheet is moved backward while a loop is being
formed in the sheet and the leading edge of the sheet is moved from the lower side of
the sheet feed roller to the upper side thereof. Thus, the sheet is separated and fed.

In recent years, there have been increasing needs to install and use a small and low-
cost printer or copier on a table at office or home. Related-art printers and copiers have
not sufficiently met the needs. An approach to meeting the needs is to reduce the cost
and size of a sheet feeding device provided for a printer or copier.

As regards a related-art air separation sheet feeding device, it requires a device for

generating air pressure, thus resulting in an increase in size of the feeding device. Ac-
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cordingly, it is difficult to use this feeding device in small printers and copiers. As
regards related-art frictional separation sheet feeding devices, for example, a separation
pad type requires an intermediate plate unit for stacking sheets and pressing the sheets
against the sheet feed roller to generate sheet feed pressure, and a separation pad in
addition to a sheet feed roller. A retard separation type requires a pick roller and a
retard roller in addition to the intermediate plate unit and the sheet feed roller. Ac-
cordingly, such frictional separation sheet feeding devices are generally expensive,

although lower than the air separation type.
The slope separation sheet feeding device is inexpensive and it is relatively easy to

reduce the size of the feeding device but ease of use for a user is poor. Specifically,
upon setting a bundle of sheets, the leading edges of the set sheets are allowed to abut
against the separation slope. Accordingly, the sense of abutment is very small. In some
cases, the sheets are set while the leading ends thereof are lying over the separation
slope by accident. In this case, disadvantageously, multiple-sheet feeding (feeding of
overlapping sheets) often occurs during a sheet feeding operation.

A sheet feeding device disclosed in PTL 1 requires a first sheet feed roller and a
second sheet feed roller, a sensor that detects the shift of a sheet from the lower side to
the upper side of the first sheet feed roller, a mechanism that swings the first sheet feed
roller after detection of the shift, and a movable mechanism that presses a bundle of
sheets. In addition, an upward space is needed because a loop to be formed in a sheet is
large. Disadvantageously, the cost and size of such a sheet feeding device are not suf-

ficiently reduced.
Citation List

Patent Literature
PTL 1: Japanese Patent Laid-Open No. 7-69468
Summary of Invention

The present invention provides a small and low-cost sheet feeding device with ease
of setup of sheets.

According to an aspect of the present invention, a sheet feeding device includes a
sheet supporting portion configured to support a sheet, a sheet feeding portion
configured to feed the uppermost sheet of a bundle of sheets supported by the sheet
supporting portion, and a movable regulating portion disposed downstream of the
bundle of sheets supported by the sheet supporting portion in a sheet feeding direction
such that the movable regulating portion is tiltable between a regulation position where
the portion regulates the movement of the bundle of sheets in the sheet feeding
direction and a regulation release position where the portion falls forward from the

regulation position to release the regulation of the bundle of sheets. While the movable
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regulating portion regulates the movement of the bundle of sheets in the regulation
position, the sheet feeding portion is operated to form a loop in the uppermost sheet
between the sheet feeding portion and the movable regulating portion. The movable
regulating portion is moved to the regulation release position after formation of the
loop to remove the loop formed in the uppermost sheet. The movable regulating
portion is returned to the regulation position after removal of the loop such that the
movable regulating portion raises the leading end of the uppermost sheet so as to
separate the uppermost sheet from the other sheets.

Brief Description of Drawings

[fig.1]Fig. 1 is a perspective view of a sheet feeding device according to a first em-
bodiment.

[fig.2A]Fig. 2A is a front view of a driving transfer mechanism included in the sheet
feeding device of Fig. 1.

[fig.2B]Fig. 2B is a front view of the driving transfer mechanism included in the sheet
feeding device of Fig. 1.

[fig.2C]Fig. 2C is a front view of the driving transfer mechanism included in the sheet
feeding device of Fig. 1.

[fig.3]Fig. 3 is a schematic diagram of essential part of the sheet feeding device of Fig.
1.

[fig.4A]Fig. 4A is a diagram illustrating a sheet feeding operation of the sheet feeding
device of Fig. 1.

[fig.4B]Fig. 4B is a diagram illustrating the sheet feeding operation of the sheet
feeding device of Fig. 1.

[fig.4C]Fig. 4C is a diagram illustrating the sheet feeding operation of the sheet
feeding device of Fig. 1.

[fig.5A]Fig. 5A is a perspective view of a sheet feeding device according to a second
embodiment.

[fig.5B]Fig. 5B is a perspective view of the sheet feeding device according to the
second embodiment.

[fig.6]Fig. 6 is a schematic diagram of essential part of the sheet feeding device of
Figs. 5A and 5B.

[fig.7A]Fig. 7A is a diagram illustrating a sheet feeding operation of the sheet feeding
device of Figs. 5A and 5B.

[fig.7B]Fig. 7B is a diagram illustrating the sheet feeding operation of the sheet
feeding device of Figs. SA and 5B.

[fig.7C]Fig. 7C is a diagram illustrating the sheet feeding operation of the sheet
feeding device of Figs. SA and 5B.
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[fig.8A]Fig. 8A is a perspective view of a sheet feeding device according to a third em-
bodiment.

[fig.8B]Fig. 8B is a schematic diagram of essential part of the sheet feeding device of
Fig. 8A.

[fig.9A]Fig. 9A is a diagram illustrating a sheet feeding operation of the sheet feeding
device of Fig. 8A.

[fig.9B]Fig. 9B is a diagram illustrating the sheet feeding operation of the sheet
feeding device of Fig. 8A.

[fig.9C]Fig. 9C is a diagram illustrating the sheet feeding operation of the sheet
feeding device of Fig. 8A.

[fig. 10A]Fig. 10A is a perspective view of a sheet feeding device according to a fourth
embodiment.

[fig. 10B]Fig. 10B is a perspective view of the sheet feeding device according to the
fourth embodiment.

[fig.11A]Fig. 11A is a diagram illustrating a sheet feeding operation of the sheet
feeding device of Figs. 10A and 10B.

[fig.11B]Fig. 11B is a diagram illustrating the sheet feeding operation of the sheet
feeding device of Figs. 10A and 10B.

[fig. 11C]Fig. 11C is a diagram illustrating the sheet feeding operation of the sheet
feeding device of Figs. 10A and 10B.

[fig. 12A]Fig. 12A is a perspective view of a sheet feeding device according to a modi-
fication of the fourth embodiment.

[fig.12B]Fig. 12B is a perspective view of the sheet feeding device according to the
modification of the fourth embodiment.

[fig.13]Fig. 13 is a schematic diagram of an image forming apparatus according to
another aspect of the present invention.

[fig.14]Fig. 14 is a schematic diagram of an image scanning apparatus according to
another aspect of the present invention.

Description of Embodiments

First Embodiment

The entire configuration of an image forming apparatus including a sheet feeding
device according to a first embodiment of the present invention will be described with
reference to Fig. 13. The sheet feeding device, indicated at 1, positioned in lower part
of the image forming apparatus, includes a sheet stacking portion (sheet feed tray) 3,
serving as a sheet supporting portion configured to support a sheet. A bundle of sheets

S supported by the sheet stacking portion 3 are separated and fed one by one to a sheet
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conveying path in a main body of the image forming apparatus (hereinafter, referred to
as the "main body of the apparatus") by a sheet feed roller 5 and a movable wall 6,
serving as a movable regulating portion which will be described later and constitutes a
feature of the present invention. In the sheet conveying path in the main body of the
apparatus, an intermediate conveying roller 20 is disposed. The sheet is conveyed to an
image forming portion 21 on the downstream side by the intermediate conveying roller
20. In the image forming portion 21, a developed toner image is transferred to the sheet
and the sheet is then conveyed to a fixing portion 22. In the fixing portion 22, heat and
pressure are applied to the sheet with the transferred toner image, thus fixing the toner
image to the sheet. The sheet with the fixed toner image is discharged onto a sheet
output tray 24.

Fig. 1 is a perspective view of the sheet feeding device 1 according to the first em-
bodiment. Figs. 2A to 2C are front views of a driving transfer mechanism. The con-
figuration of the sheet feeding device 1 will be described with reference to Figs. 1 to
2C. In the sheet stacking portion 3, serving as the sheet supporting portion on which a
bundle of sheets is set, width regulating members 8 configured to regulate the positions
of the sheets in the width direction thereof is disposed such that the members are
movable in the width direction orthogonal to a sheet feeding direction. The sheet
stacking portion 3 is fixed to the main body of the apparatus such that a surface
supporting the sheets is substantially horizontally disposed.

The sheet feed roller 5, serving as a sheet feeding portion, is disposed above the sheet
stacking portion 3. The sheet feed roller 5 is held by a holding portion 17 which is
supported pivotably about a pivot shaft 4 attached to a frame F at the back of the main
body of the apparatus. The holding portion 17 allows the sheet feed roller 5 to be
vertically swingable about the pivot shaft 4. The frame F is provided with the driving
transfer mechanism configured to drive components of the sheet feeding device 1. The
driving transfer mechanism includes a holding-portion drive gear 19 for driving a
lifting cam 18, which will be described in detail later, allowing the holding portion 17
to pivot, a regulating-portion drive gear 16 for driving a tilting cam 7 allowing the
movable wall 6 to tilt, and an intermediate gear MG disposed between the holding-
portion drive gear 19 and the regulating-portion drive gear 16. A driving force supplied
from a motor (not illustrated), serving as a driving source, is transferred from a driving
transfer gear D through the regulating-portion drive gear 16 to the driving transfer
mechanism.

The driving force is transferred from the holding-portion drive gear 19 of the driving
transfer mechanism through a drive gear train G to the sheet feed roller 5, serving as a
sheet feeding portion, so that the sheet feed roller 5 is rotated. The holding portion 17

allows the sheet feed roller 5 to be swung downward and be brought into contact with
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the upper surface of the sheet bundle supported by the sheet stacking portion 3. The
sheet feed roller 5 is rotated through the drive gear train G, so that the uppermost sheet,
indicated at Sa, is fed. The holding-portion drive gear 19 has a tooth surface which
meshes with the drive gear train G and which has a notch 19a. When the notch 19a
faces the drive gear train G, the rotation of the sheet feed roller 5 is temporarily
stopped because the driving force is not transferred to the sheet feed roller 5.

Referring to Fig. 2A, the holding portion 17 is configured to be vertically pivoted by
rotation of the lifting cam 18 in sliding contact with one end of the holding portion 17.
The lifting cam 18 is fixed to the holding-portion drive gear 19 which meshes with the
drive gear train G. When the driving force rotates the holding-portion drive gear 19
through the drive gear train G, the lifting cam 18 is rotated to vertically pivot the
holding portion 17. Vertical pivoting of the holding portion 17 allows the sheet feed
roller 5 to be vertically swung. Fig. 2B illustrates a state where the sliding contact
between the lifting cam 18 and the holding portion 17 is broken and the downwardly
moved sheet feed roller 5 is in contact with the upper surface of the sheet bundle
supported by the sheet stacking portion 3. When the holding portion 17 is disconnected
from the lifting cam 18, the sheet feed roller 5 is moved downward under its own
weight or by a spring (not illustrated).

The movable wall 6, serving as the movable regulating portion, is disposed on the
downstream side of the sheet stacking portion 3 in the sheet feeding direction (on the
left of Fig. 1). The movable wall 6 is pivotable about a pivot shaft 6a provided under
the movable wall 6 and is biased by a spring (not illustrated) so as to be tiltable such
that upper part of the wall in a substantially vertical posture falls forward. When the
movable wall 6 is in substantially the vertical posture, a regulation surface 6b, serving
as the inner surface, or rear surface of the movable wall 6, configured to regulate the
leading edges of the sheets is at a substantially right angle (about 90 degrees) relative
to a flat surface (horizontal plane) of the sheet stacking portion 3 on which the sheets
are supported. In the present embodiment, the sheet support surface of the sheet
stacking portion 3 is the horizontal plane. The sheet support surface may be slightly
inclined. In this case, the regulation surface 6b of the movable wall 6 is set at a sub-
stantially right angle (about 90 degrees) or angle slightly smaller than it relative to the
sheet support surface of the sheet stacking portion 3.

The outer surface, or front surface of the movable wall 6 is in sliding contact with the
tilting cam 7. When the periphery, indicated at 7a, of the tilting cam 7 is in sliding
contact with the movable wall 6, the movable wall 6 is in substantially the vertical
posture. Referring to Fig. 2C, when the tilting cam 7 is rotated and a recess 7b faces
the movable wall 6, the movable wall 6 is tilted forward. In the following description,

the position of the movable wall 6 in substantially the vertical posture for regulating



WO 2012/017624 PCT/JP2011/004290

[0021]

[0022]

[0023]

[0024]

the leading edges of the sheets will be called a "regulation position" and the position of
the movable wall 6 in a forward tilted posture will be called a "regulation release
position".

The tilting cam 7 is fixed to the regulating-portion drive gear 16. The driving force is
transferred from the motor (not illustrated), serving as the driving source, through the
drive gear train G, the holding-portion drive gear 19, and the intermediate gear MG to
the regulating-portion drive gear 16, so that the tilting cam 7 is rotated to pivot the
movable wall 6. The movable wall 6 includes ribs 6c¢, configured to reduce sliding re-
sistance with a sheet, arranged on the upper end thereof.

An operation of separating and feeding sheets by the sheet feeding device 1
according to the first embodiment will now be described with reference to Figs. 3 and
4A to 4C.

Fig. 3 is a schematic sectional view of the sheet stacking portion 3 on which the
bundle of sheets S is set by a user. In such a state, the sheet feed roller 5 is located in a
receding position at a higher level and the movable wall 6 is located in the regulation
position such that the movable wall 6 is in substantially the vertical posture to regulate
the movement of the sheets in the sheet feeding direction. Accordingly, when the user
sets the bundle of sheets S such that the leading edges of the sheets S abut against the
regulation surface 6b, serving as the inner surface, of the movable wall 6 in sub-
stantially the vertical posture (where the wall is perpendicular to the sheet support
surface of the sheet stacking portion 3), the sheet bundle can be set with reliably.
Specifically, when the user inserts the sheet bundle onto the sheet support surface of
the sheet stacking portion 3 until the leading edges of the sheets abut against the
regulation surface 6b of the movable wall 6, the user can get a sense of setting the
sheet bundle. Note that a trailing-edge regulating portion configured to regulate the
trailing edge of the sheet bundle is not indispensable. If a trailing-edge regulating plate
is not used, the user can easily set a sheet bundle with one hand. Accordingly, ease of
use (ease of setup of sheets) can be achieved.

Fig. 4A is a diagram illustrating a state where a sheet feeding operation starts after
setup of the sheet bundle (the driving transfer mechanism is shifted from a mode of
Fig. 2A to that of Fig. 2B). The sheet feed roller 5, which has receded at a higher level,
is swung and is brought into contact with the uppermost sheet Sa of the stacked sheets
S and is then rotated. Thus, the uppermost sheet Sa is fed but the leading edge of the
uppermost sheet Sa is regulated by the movable wall 6 disposed in the regulation
position, so that a loop 12 is formed in the uppermost sheet Sa between the sheet feed
roller 5 and the movable wall 6. To form the loop 12, the coefficient of friction
between the sheet feed roller 5 and the sheet S is set such that a feeding force applied
by the sheet feed roller 5 is higher than a buckling force (stiffness that maintains the



WO 2012/017624 PCT/JP2011/004290

[0025]

[0026]

[0027]

[0028]

flatness) of the sheet S. On the other hand, the second and subsequent sheets S start to
be fed to the downstream side by a frictional force between the sheets but a loop is not
formed in the second and subsequent sheets S because the frictional force is set so as to
be lower than the buckling force of the sheet.

Fig. 4B is a diagram illustrating the sheet feeding operation after formation of the
loop in the uppermost sheet Sa. After formation of the loop in the uppermost sheet Sa,
the rotation of the sheet feed roller 5 is temporarily stopped to finish the formation of
the loop. Since the position of the notch 19a of the holding-portion drive gear 19 is set
such that the notch 19a faces the drive gear train G in the state of Fig. 2B, the driving
force is not transferred to the sheet feed roller 5, so that the rotation of the sheet feed
roller 5 is temporarily stopped.

After that, the movable wall 6 is pivoted about the pivot shaft 6a from the regulation
position to the regulation release position. When the movable wall 6 is shifted to the
regulation release position, the loop formed in the uppermost sheet Sa is removed, so
that the leading edge of the uppermost sheet Sa projects on the downstream side
beyond the leading edges of the second and subsequent sheets by a distance corre-
sponding to the formed loop. Temporarily stopping the rotation of the sheet feed roller
5 reliably prevents the second and subsequent sheets from being brought out when the
movable wall 6 is tilted.

It is unnecessary to temporarily stop the sheet feed roller 5. In this case, so long as a
loop is sufficiently formed in the uppermost sheet, if the second and subsequent sheets
are slightly brought out when the movable wall 6 is tilted, the leading edge of the
uppermost sheet in which the loop is removed can be allowed to considerably project
beyond the leading edges of the second and subsequent sheets. Accordingly, the
uppermost sheet can be reliably separated from the second and subsequent sheets. If
the sheet feed roller 5 is not temporarily stopped as described above, the time to stop
the roller is not needed, thus increasing the number of sheets conveyed per unit time,
namely, throughput.

Fig. 4C is a diagram illustrating the sheet feeding operation after removal of the loop
in the uppermost sheet Sa. After the loop in the uppermost sheet Sa is removed, the
movable wall 6 in the regulation release position is returned to the regulation position.
At this time, the leading edge of the uppermost sheet Sa projects on the downstream
side beyond the leading edges of the second and subsequent sheets because the loop is
removed. Accordingly, the leading edge of the uppermost sheet Sa is brought into
contact with the regulation surface 6b of the movable wall 6 which is being shifted to
the regulation position and is then moved upward along the regulation surface 6b, so
that the leading end of the uppermost sheet Sa is moved over the edge of the movable

wall 6. When the movable wall 6 is returned to the regulation position where the wall
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is in substantially the vertical posture, the leading end of the uppermost sheet Sa is
lying over the edge of the movable wall 6 and the leading edges of the second and
subsequent sheets are regulated by the regulation surface 6b of the movable wall 6.

Consequently, the leading end of the uppermost sheet Sa is spaced apart from the
second sheet. When the movable wall 6 is returned to the regulation position, the
uppermost sheet Sa has to be moved over the edge of the movable wall 6. Therefore,
an angle (acute angle) formed by the regulation surface 6b and the leading edge of the
uppermost sheet Sa brought into contact with the movable wall 6 which is being
shifted to the regulation position has to be 60 degrees or less.

After that, the temporarily stopped sheet feed roller 5 starts rotating, such that only
the uppermost sheet Sa can be fed from above the movable wall 6 to the downstream
side. The movable wall 6 regulates and prevents the second and subsequent sheets
from being brought out, thus preventing multiple-sheet feeding. The lifting cam 18 and
the tilting cam 7 rotated by the motor (not illustrated) allow lifting of the holding
portion 17 and pivoting of the movable wall 6 at proper timing, thus achieving the
above-described series of operation steps.

The sheet feeding device 1 according to the first embodiment does not need a high-
cost component, such as a related-art intermediate plate unit or a frictional separating
member. Essential part of the device is composed of the sheet feed roller 5 and the
movable wall 6. Advantageously, a reduction in cost and size (space) of the device can
be achieved. Furthermore, the sound of lifting an intermediate plate and the sound of
sliding a sheet fed between the sheet feed roller and the frictional member which occur
in a frictional separation sheet feeding device do not occur in the device according to
the present embodiment. Accordingly, silence is also achieved. Moreover, since sheets
can be set so as to abut against the movable wall 6 in substantially the vertical posture
relative to the sheet support surface of the sheet stacking portion 3, the ease of setup of
sheets can be achieved.

Second Embodiment

Figs. 5A and 5B are perspective views of a sheet feeding device 9 according to a
second embodiment. The second embodiment differs from the first embodiment in that
the movable regulating portion, constituting a feature of the present invention, includes
a fixed slope member 10 and a movable regulation rib member 11 instead of the plate-
shaped movable wall 6 illustrated in Fig. 1. In addition, in the present embodiment, the
intermediate gear MG to be placed between the holding-portion drive gear 19 and the
regulating-portion drive gear 16 of the driving transfer mechanism is omitted as il-
lustrated in Fig. SA. The driving force from the motor (not illustrated) is directly
supplied to the shaft of the regulating-portion drive gear 16. For the rest, the second

embodiment is substantially the same as the first embodiment. Accordingly, the same
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or similar components as or to those in the first embodiment are designated by the
same reference numerals and redundant description is omitted.

Referring to Fig. SA, the regulation rib member 11 includes a pivot shaft 11a and a
plurality of columnar ribs integrated with the pivot shaft 11a. It is unnecessary to
provide a plurality of columnar ribs. The regulation rib member 11 may include a
single columnar rib. The fixed slope member 10 is disposed downstream of the sheet
stacking portion 3 and is tilted such that its height is gradually increased from the
upstream side to the downstream side in the sheet feeding direction.

The regulation rib member 11 is pivoted about the pivot shaft 11a between two
positions, i.e., a regulation position where the regulation rib member 11 is in sub-
stantially the vertical posture and a regulation release position where the regulation rib
member 11 is positioned below the fixed slope member 10. The fixed slope member 10
fixed to the main body of the apparatus is disposed in a place where the regulation rib
member 11 is disposed. The fixed slope member 10 has notches 10a which allow the
regulation ribs of the regulation rib member 11 to pass through.

The pivot shaft 11a of the regulation rib member 11 is provided with a cam follower
11b. The cam follower 11b is in sliding contact with the tilting cam 7 fixed to the
regulating-portion drive gear 16. With this arrangement, when the regulating-portion
drive gear 16 is rotated, the regulation rib member 11 is pivoted through the cam
follower 11b in sliding contact with the tilting cam 7.

Fig. 5A illustrates a state where the ribs of the regulation rib member 11 are stopped
in the regulation position such that the ribs are in substantially the vertical posture. Fig.
5B illustrates a state where the regulation rib member 11 has fallen forward and is
located in the regulation release position. While the regulation rib member 11 is in the
regulation release position, the ribs do not project upwardly from the upper surface of
the fixed slope member 10. The ribs are retracted from the upper surface of the fixed
slope member 10 into the notches 10a.

A sheet feeding operation of the sheet feeding device 9 according to the second em-
bodiment will be described with reference to Figs. 6 and 7A to 7C.

Fig. 6 is a schematic diagram illustrating a state where a bundle of sheets S is set on
the sheet stacking portion 3 by the user. In this state, the sheet feed roller 5 is located in
the receding position at a higher level and the ribs of the regulation rib member 11 are
arranged in the regulation position for regulating the movement of the sheets in the
sheet feeding direction. Accordingly, when the user sets the bundle of sheets S such
that the leading edges of the sheets S abut against regulation surfaces 11c of the re-
spective ribs in substantially the vertical posture (substantially perpendicular to the
sheet support surface of the sheet stacking portion 3), the sheet bundle can be set with

reliability. In other words, when the user inserts the sheet bundle until the leading



11

WO 2012/017624 PCT/JP2011/004290

[0039]

[0040]

[0041]

[0042]

edges of the sheets abut against the regulation surfaces 11c of the ribs of the regulation
rib member 11, the user can get a sense of setting the sheet bundle.

Fig. 7A is a diagram illustrating a state where a sheet feeding operation starts after
setup of the sheets. The sheet feed roller 5, which has receded in the receding position
at a higher level, is moved downward and is brought into contact with the upper
surface of the uppermost sheet Sa of the stacked sheets S and is then rotated. Con-
sequently, the uppermost sheet Sa is fed but the leading edge of the sheet is regulated
by the regulation surfaces 11c of the respective ribs of the regulation rib member 11 in
substantially the vertical posture, thus forming a loop 12 in the uppermost sheet Sa
between the sheet feed roller 5 and the regulation rib member 11. To form the loop 12,
the coefficient of friction between the sheet feed roller 5 and the sheet S is set such that
a feeding force applied by the sheet feed roller 5 is higher than the buckling force
(stiffness that maintains the flatness) of the sheet. On the other hand, the second and
subsequent sheets S start to be fed to the downstream side by a frictional force between
the sheets but a loop is not formed in the second and subsequent sheets because the
frictional force is set so as to be lower than the buckling force of the sheet.

Fig. 7B is a diagram illustrating the sheet feeding operation after formation of the
loop in the uppermost sheet Sa. After the loop is formed in the uppermost sheet Sa, the
rotation of the sheet feed roller 5 is temporarily stopped to finish the formation of the
loop. Since the position of the notch 19a of the holding-portion drive gear 19 is set
such that the notch 19a faces the drive gear train G in such a state, the driving force is
not transferred to the sheet feed roller 5, so that the rotation of the sheet feed roller 5 is
temporarily stopped.

After that, when the regulation rib member 11 is shifted from the regulation position
to the regulation release position below the fixed slope member 10, the loop formed in
the uppermost sheet Sa is removed. At this time, the leading edge of the uppermost
sheet Sa projects on the downstream side beyond the leading edges of the second and
subsequent sheets by a distance corresponding to the formed loop such that the leading
end of the uppermost sheet Sa is lying over the fixed slope member 10.

Fig. 7C is a schematic diagram illustrating the sheet feeding operation after removal
of the loop in the uppermost sheet. After the loop in the uppermost sheet is removed,
the regulation rib member 11 in the regulation release position is returned to the
regulation position. At this time, the leading edge of the uppermost sheet Sa projects
on the downstream side beyond the leading edges of the second and subsequent sheets
because the loop is removed. Accordingly, the leading end of the uppermost sheet Sa is
lying on the fixed slope member 10. After that, the uppermost sheet Sa is brought into
contact with the regulation surfaces 11c of the respective ribs of the regulation rib

member 11, which is being returned from the regulation release position to the
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regulation position, and is then moved upward along the regulation surfaces 11c, so
that the leading end of the uppermost sheet Sa is moved over the ribs. When the
regulation rib member 11 is returned to the regulation position where the ribs are in
substantially the vertical posture, the leading end of the uppermost sheet Sa is lying
over the upper ends of the respective ribs of the regulation rib member 11 and the
leading edges of the second and subsequent sheets are regulated by the regulation
surfaces 11c of the ribs of the regulation rib member 11. Consequently, the leading end
of the uppermost sheet Sa is separated apart from the second sheet.

After that, the rotation of the sheet feed roller 5, which has been temporarily stopped,
is restarted, thus feeding only the uppermost sheet Sa lying over the regulation rib
member 11 to a device on the downstream side. At this time, the regulation rib member
11 regulates and prevents the second and subsequent sheets from being brought out,
thus preventing multiple-sheet feeding.

According to the present embodiment, the fixed slope member 10 is included in the
main body of the apparatus integrated with the sheet stacking portion 3. The movable
regulating portion can be achieved by small and simple parts. Advantageously, the cost
of the sheet feeding device can be further reduced while offering the same advantages
as those of the first embodiment.

Third Embodiment

Fig. 8A is a perspective view of a sheet feeding device 13 according to a third em-
bodiment. The third embodiment differs from the first embodiment in that a sheet edge
pressing portion 14 is provided. For the rest, the third embodiment is substantially the
same as the first embodiment. Accordingly, the same or similar components as or to
the first embodiment are designated by the same reference numerals and redundant de-
scription is omitted.

The sheet edge pressing portion 14 includes a pivot shaft 14a and a plurality of sheet
pressing members 14b extending from the pivot shaft 14a in a direction orthogonal to
the axis of the shaft. The sheet edge pressing portion 14 is in sliding contact with a
pressing cam 15 fixed to the regulating-portion drive gear 16. When the pressing cam
15 is rotated, the sheet edge pressing portion 14 is pivoted about the pivot shaft 14a, so
that the sheet pressing members 14b are moved between a pressing position, where the
members press the leading edge of a sheet obliquely downward, and a receding
position where the members are not in contact with the sheet. The regulating-portion
drive gear 16 is rotated by the driving force from the motor (not illustrated), so that the
pressing cam 15 and the tilting cam 7 are also rotated, thus pivoting the sheet edge
pressing portion 14 and the movable wall 6 at predetermined timing.

The movable wall 6 has slits 6d each of which extends downward from the upper end

of the wall in a position where the slit faces the corresponding sheet pressing member
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14b of the sheet edge pressing portion 14. When the movable wall 6 is placed in the
regulation position, the sheet pressing members 14b are inserted into the respective
slits and are positioned in the pressing position such that the members intersect the
movable wall 6.

A sheet feeding operation of the sheet feeding device 13 according to the third em-
bodiment will now be described with reference to Figs. 8B and 9A to 9C.

Fig. 8B is a diagram illustrating a state where a bundle of sheets S is set on the sheet
stacking portion 3 by the user, the state being the same as that in Fig. 3 related to the
first embodiment. At this time, the sheet edge pressing portion 14 is positioned at the
receding position at a higher level.

Fig. 9A is a diagram illustrating a state where the sheet feeding operation starts after
setup of the bundle of sheets S. First, the sheet feed roller 5, which has receded at a
higher level, is swung and is brought into contact with the uppermost sheet of the
bundle of sheets stacked. Subsequently, the sheet edge pressing portion 14, which has
receded at a higher level, is moved downward and presses the leading edge of the
sheet. The sheet edge pressing portion 14 is urged by a resilient member (not 1il-
lustrated) such that the portion 14 presses the leading edge of the sheet obliquely
downward. When the sheet edge pressing portion 14 presses the leading edge of the
sheet, the sheet is not moved in the direction opposite to the sheet feeding direction
because the sheet feed roller 5, which has first been moved downward, is in pressure
contact with the sheet. After that, the rotation of the sheet feed roller 5 is started and
the uppermost sheet Sa starts to be fed but the leading edge of the sheet is regulated by
the movable wall 6 in the regulation position where the wall is in substantially the
vertical posture. Since the sheet feeding force applied by the sheet feed roller 5 is
higher than the buckling force of the sheet, a loop 12 is formed in the vicinity of the
leading edge of the uppermost sheet Sa. At this time, since the sheet pressing members
14b apply an oblique downward force to the leading edge of the uppermost sheet Sa,
the loop 12 which is upturned is surely formed. A loop in the opposite direction,
namely, a downturned loop is not formed.

Fig. 9B is a diagram illustrating the sheet feeding operation after formation of the
loop in the uppermost sheet Sa. After the loop is formed in the uppermost sheet, the
rotation of the sheet feed roller 5 is temporarily stopped to finish the formation of the
loop. After that, the sheet edge pressing portion 14 is pivoted about the pivot shaft 14a
to the receding position at a higher level and the movable wall 6 is also pivoted from
the regulation position to the regulation release position. When the sheet pressing
members 14b and the movable wall 6 recede, the loop formed in the uppermost sheet
Sa is removed, so that the leading edge of the uppermost sheet Sa projects on the

downstream side beyond the leading edges of the second and subsequent sheets by a
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distance corresponding to the formed loop.

Fig. 9C is a diagram illustrating the sheet feeding operation after removal of the loop
in the uppermost sheet Sa. After the loop in the uppermost sheet Sa is removed, the
movable wall 6 in the regulation release position is again moved to the regulation
position. At this time, since the leading edge of the uppermost sheet Sa projects on the
downstream side beyond the leading edges of the second and subsequent sheets
because the loop is removed, the leading end of the uppermost sheet Sa is moved onto
the movable wall 6 which is being returned to the regulation position. When the
movable wall 6 is returned to the regulation position where the wall is in substantially
the vertical posture, the leading end of the uppermost sheet Sa is lying over the
movable wall 6. Since the movable wall 6 regulates the leading edges of the second
and subsequent sheets, the leading end of the uppermost sheet Sa is separated apart
from the second and subsequent sheets. After that, the rotation of the sheet feed roller
5, which has been temporarily stopped, is restarted, thus feeding only the uppermost
sheet Sa lying over the movable wall 6 to the downstream side.

According to the third embodiment, if sheets set by the user have curl, an upturned
loop can be stably formed in the vicinity of the leading edge of the sheet. Advan-
tageously, the performance of more reliable separation can be provided without being
affected by the curl of sheets while offering the same advantages as those of the first
embodiment.

Fourth Embodiment

Figs. 10A and 10B are perspective views of a sheet feeding device 40 according to a
fourth embodiment. The fourth embodiment differs from the first embodiment in that
the movable wall 6 integrally includes a rib-shaped protrusion 6e at the middle of
thereof. For the rest, the fourth embodiment is substantially the same as the first em-
bodiment. Accordingly, the same or similar components as or to those of the first em-
bodiment are designated by the same reference numerals and redundant description is
omitted.

Referring to Figs. 10A and 10B, the protrusion 6e which protrudes from the
regulation surface 6b toward sheets stacked on the sheet stacking portion 3 is in-
tegrated with a middle portion of the movable wall 6 in the longitudinal direction
thereof. A facing end surface of the protrusion 6e which faces the sheets functions as a
regulation surface to substantially regulate the sheets.

An operation of the protrusion 6e will now be described with reference to Figs. 11A
to 11C. Fig. 11A is a diagram illustrating a state where a bundle of sheets S is set. This
state is the same as that illustrated in Fig. 3 related to the first embodiment. When the
bundle of sheets S is set in this state, middle portions of the leading edges of the sheets

S abut against the facing end surface of the protrusion 6e. At this time, the leading



15

WO 2012/017624 PCT/JP2011/004290

[0057]

[0058]

[0059]

[0060]

[0061]

[0062]

[0063]

edges of the sheets S are not in contact with any part other than the facing end surface
of the protrusion 6e.

When the sheet feeding operation starts, the uppermost sheet Sa is fed by the sheet
feed roller 5. Referring to Fig. 11B, a loop is gradually formed in the middle portion of
the leading edge of the uppermost sheet Sa which abuts against the protrusion 6e.
When the uppermost sheet Sa is further fed by the sheet feed roller 5, the loop formed
in the middle portion of the leading edge of the uppermost sheet Sa spreads to the
whole width of the sheet as illustrated in Fig. 11C. The sheet feeding operation after
formation of the loop is the same as that in the first embodiment. Accordingly, de-
scription is omitted.

According to the fourth embodiment, pressure applied to the leading edge of a sheet
can be locally increased by reducing the area of contact between the movable wall 6
and the leading edge of the sheet. If a thick sheet of high stiffness is used, a loop can
be stably formed with a small conveying force. Advantageously, the sheet can be
separated and fed with reliability.

Figs. 12A and 12B illustrate a sheet feeding device 41 according to a modification of
the fourth embodiment. The device 41 includes a movable wall 6f that offers the same
advantages as those of the above-described fourth embodiment. The movable wall 6f is
a modification of the rib-shaped projection 6e in Figs. 10A and 10B. The movable wall
6f is placed between fixed slope members 3a integrated with the sheet stacking portion
3. The movable wall 6f is tilted by the tilting cam 7 disposed in the vicinity of the
movable wall 6f.

Fig. 12A illustrates the posture of the movable wall 6f when a bundle of sheets is set.
Fig. 12B illustrates the movable wall 6f fell down when a sheet is fed.

Since a sheet feeding operation of the sheet feeding device 41 illustrated in Figs. 12A
and 12B is the same as that of the sheet feeding device 40 in Fig. 11, description is
omitted.

According to the above-described embodiments, the sheet feeding device provided
for the image forming apparatus has been described as an example. The present
invention is also applicable to an automatic document feeder of a general image
scanning apparatus, as illustrated in Fig. 14.

The configuration of the image scanning apparatus will be described with reference
to Fig. 14. The sheet feed roller 5 is disposed above a document tray 23 and the
movable wall 6 is disposed downstream of the document tray 23. Documents 39 set on
the document tray 23 are separated and fed one by one by the sheet feeding device
according to the present invention and is then conveyed to a registration roller 25. The
sheet feeding device has a configuration according to any of the first to third em-

bodiments of the present invention.
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After skew correction by the registration roller 25, a document is conveyed through a
read roller 26 to a platen roller 28 and a platen glass 31. The document, passed through
the platen roller 28, travels through a read discharge roller 27 and is then discharged
onto a sheet output tray 24 through a discharge roller 29. An image scanning portion
30 includes a lamp 33 which irradiates a surface of the document with light, a lens 37,
a CCD 38, and mirrors 34, 35, and 36 which guide light reflected from the document
irradiated with light by the lamp 33 to the lens 37 and the CCD 38. The lamp 33 and
the mirror 34 are attached to a scanning unit 32, which is controlled so as to move in
parallel to the platen glass 31. The reflected light from the document is focused on the
CCD 38 to be converted into an electrical image signal and the signal is output, so that
document information can be read.

When the present invention is applied to the automatic document feeder as described
above, documents can be separated and fed one by one with reliability. Moreover,
since related-art frictional separation is not used, damage to documents is reduced.

While the present invention has been described with reference to exemplary em-
bodiments, it is to be understood that the invention is not limited to the disclosed
exemplary embodiments. The scope of the following claims is to be accorded the
broadest interpretation so as to encompass all such modifications and equivalent
structures and functions.

This application claims the benefit of Japanese Patent Application No. 2010-177680,
filed August 6, 2010, which is hereby incorporated by reference herein in its entirety.
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Claims

A sheet feeding device comprising:

a sheet supporting portion configured to support a sheet;

a sheet feeding portion configured to feed the uppermost sheet of a
bundle of sheets supported by the sheet supporting portion; and

a movable regulating portion disposed downstream of the bundle of
sheets supported by the sheet supporting portion in a sheet feeding
direction such that the movable regulating portion is tiltable between a
regulation position where the portion regulates the movement of the
bundle of sheets in the sheet feeding direction and a regulation release
position where the portion falls forward from the regulation position to
release the regulation of the bundle of sheets, wherein

while the movable regulating portion regulates the movement of the
bundle of sheets in the regulation position, the sheet feeding portion is
operated to form a loop in the uppermost sheet between the sheet
feeding portion and the movable regulating portion, the movable
regulating portion is moved to the regulation release position after
formation of the loop to remove the loop formed in the uppermost
sheet, and the movable regulating portion is returned to the regulation
position after removal of the loop such that the movable regulating
portion raises the leading end of the uppermost sheet so as to separate
the uppermost sheet from the other sheets.

The device according to Claim 1, further comprising:

a sheet edge pressing portion disposed downstream of the bundle of
sheets supported by the sheet supporting portion in the sheet feeding
direction such that the sheet edge pressing portion is movable between
a pressing position where the portion downwardly presses the leading
edge of the uppermost sheet and a pressing release position where the
portion recedes upward to release the pressing of the uppermost sheet,
wherein

the sheet edge pressing portion is disposed such that the portion in the
pressing position intersects the movable regulating portion.

The device according to Claim 1, further comprising:

a driving transfer mechanism configured to transfer a driving force
from a driving source to the sheet feeding portion, wherein

the movable regulating portion is tilted by a tilting cam fixed to a

regulating-portion drive gear provided for the driving transfer
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mechanism.

The device according to Claim 1, wherein the movable regulating
portion is column-shaped, a fixed slope member is provided for the
sheet supporting portion such that the member is disposed downstream
of the sheet supporting portion in the sheet feeding direction, and when
the column-shaped movable regulating portion is moved to the
regulation release position, the column-shaped movable regulating
portion recedes from an inclined surface of the fixed slope member.
The device according to Claim 1, wherein the movable regulating
portion is rib-shaped and is disposed so as to abut against middle
portions of the leading edges of the sheets supported by the sheet
supporting portion.

The device according to Claim 5, wherein fixed slope members are
arranged on both sides of the rib-shaped movable regulating portion.
An image forming apparatus including an image forming portion
configured to form an image on a sheet fed by a sheet feeding device,
the device comprising:

a sheet supporting portion configured to support a sheet;

a sheet feeding portion configured to feed the uppermost sheet of a
bundle of sheets supported by the sheet supporting portion; and

a movable regulating portion disposed downstream of the bundle of
sheets supported by the sheet supporting portion in a sheet feeding
direction such that the movable regulating portion is tiltable between a
regulation position where the portion regulates the movement of the
bundle of sheets in the sheet feeding direction and a regulation release
position where the portion falls forward from the regulation position to
release the regulation of the bundle of sheets, wherein

while the movable regulating portion regulates the movement of the
bundle of sheets in the regulation position, the sheet feeding portion is
operated to form a loop in the uppermost sheet between the sheet
feeding portion and the movable regulating portion, the movable
regulating portion is moved to the regulation release position after
formation of the loop to remove the loop formed in the uppermost
sheet, and the movable regulating portion is returned to the regulation
position after removal of the loop such that the movable regulating
portion raises the leading end of the uppermost sheet so as to separate
the uppermost sheet from the other sheets.

The apparatus according to Claim 7, wherein
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the device further includes a sheet edge pressing portion disposed
downstream of the bundle of sheets supported by the sheet supporting
portion in the sheet feeding direction such that the sheet edge pressing
portion is movable between a pressing position where the portion
downwardly presses the leading edge of the uppermost sheet and a
pressing release position where the portion recedes upward to release
the pressing of the uppermost sheet, and

the sheet edge pressing portion is disposed such that the portion in the
pressing position intersects the movable regulating portion.

The apparatus according to Claim 7, wherein

the device further comprises a driving transfer mechanism configured
to transfer a driving force from a driving source to the sheet feeding
portion, and

the movable regulating portion is tilted by a tilting cam fixed to a
regulating-portion drive gear provided for the driving transfer
mechanism.

The apparatus according to Claim 7, wherein the movable regulating
portion is column-shaped, a fixed slope member is provided for the
sheet supporting portion such that the member is disposed downstream
of the sheet supporting portion in the sheet feeding direction, and when
the column-shaped movable regulating portion is moved to the
regulation release position, the column-shaped movable regulating
portion recedes from an inclined surface of the fixed slope member.
The apparatus according to Claim 7, wherein the movable regulating
portion is rib-shaped and is disposed so as to abut against middle
portions of the leading edges of the sheets supported by the sheet
supporting portion.

The apparatus according to Claim 11, wherein fixed slope members are
arranged on both sides of the rib-shaped movable regulating portion.
An image scanning apparatus including an image scanning portion
configured to scan an image on a sheet fed by a sheet feeding device,
the device comprising:

a sheet supporting portion configured to support a sheet;

a sheet feeding portion configured to feed the uppermost sheet of a
bundle of sheets supported by the sheet supporting portion; and

a movable regulating portion disposed downstream of the bundle of
sheets supported by the sheet supporting portion in a sheet feeding

direction such that the movable regulating portion is tiltable between a
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regulation position where the portion regulates the movement of the
bundle of sheets in the sheet feeding direction and a regulation release
position where the portion falls forward from the regulation position to
release the regulation of the bundle of sheets, wherein

while the movable regulating portion regulates the movement of the
bundle of sheets in the regulation position, the sheet feeding portion is
operated to form a loop in the uppermost sheet between the sheet
feeding portion and the movable regulating portion, the movable
regulating portion is moved to the regulation release position after
formation of the loop to remove the loop formed in the uppermost
sheet, and the movable regulating portion is returned to the regulation
position after removal of the loop such that the movable regulating
portion raises the leading end of the uppermost sheet so as to separate
the uppermost sheet from the other sheets.

The apparatus according to Claim 13, wherein

the device further comprises a sheet edge pressing portion disposed
downstream of the bundle of sheets supported by the sheet supporting
portion in the sheet feeding direction such that the sheet edge pressing
portion is movable between a pressing position where the portion
downwardly presses the leading edge of the uppermost sheet and a
pressing release position where the portion recedes upward to release
the pressing of the uppermost sheet, and

the sheet edge pressing portion is disposed such that the portion in the
pressing position intersects the movable regulating portion.

The apparatus according to Claim 13, wherein

the device further comprises a driving transfer mechanism configured
to transfer a driving force from a driving source to the sheet feeding
portion, and

the movable regulating portion is tilted by a tilting cam fixed to a
regulating-portion drive gear provided for the driving transfer
mechanism.

The apparatus according to Claim 13, wherein the movable regulating
portion is column-shaped, a fixed slope member is provided for the
sheet supporting portion such that the member is disposed downstream
of the sheet supporting portion in the sheet feeding direction, and when
the column-shaped movable regulating portion is moved to the
regulation release position, the column-shaped movable regulating

portion recedes from an inclined surface of the fixed slope member.
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The apparatus according to Claim 13, wherein the movable regulating
portion is rib-shaped and is disposed so as to abut against middle
portions of the leading edges of the sheets supported by the sheet
supporting portion.

The apparatus according to Claim 17, wherein fixed slope members are

arranged on both sides of the rib-shaped movable regulating portion.
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