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(54) Sheet conveying device and image forming apparatus incorporating same

(57)  Asheetconveying device (1) includes a control-
ler (19) that detects the uppermost sheet (2A), lifts and
stops the sheet stack (2) at a reference position, and
detects and stores the position. The controller (19) at-
tracts and conveys the uppermost sheet (2A) for a given
number of times with the second detector (16) contacting
it at the reference position, and calculates a variation

amount of the detected angle to convert to a thickness
of M sheets, and stores the result . Then, the controller
(19) retracts the driven contact roller (16D) to a non-de-
tecting position, and, each time the uppermost sheet (2A)
is attracted by N sheets, lifts the sheet stack (2) based
on the thickness of M sheets under N> XM ("M" and "N"
represent positive integers and "X" represents a positive
integer equal to or greater than 1).
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Description
BACKGROUND OF THE INVENTION
FIELD OF THE INVENTION

[0001] Exemplary embodiments of the present patent
application relate to a sheet conveying device that at-
tracts a sheet on top of a sheet stack and conveys the
sheet to a subsequent device for image formation, and
an image forming apparatus incorporating the sheet con-
veying device.

DISCUSSION OF THE RELATED ART

[0002] Sheetconveying devices are provided to anim-
age forming apparatus such as a digital copier, printer,
facsimile machine, offset printing machine and the like
and used to convey a sheet of a recording medium (here-
inafter, "sheet") through the image forming apparatus.
Certain well-known sheet conveying devices attract the
sheet electrostatically or with air suction.

[0003] A description is given of schematic configura-
tions of related-art sheet conveying devices 101 and 201,
referring to FIG. 1 through FIG. 4. For descriptive pur-
poses, the sheet conveying devices 101 and 201 and
units and components included therein are described in
singular form and the reference numerals corresponding
to these common units and components are denoted in
parentheses only for the first appearance.

[0004] Asillustratedin FIG. 1 through FIG. 4, the sheet
conveying device (101, 201) includes a sheet container
(111, 211), a sheet attraction and conveyance unit (112,
212), an air suction unit (113, 213), an air blowing unit
(114, 214), a reference position detector (115, 215), an
upstream position detector (116, 216), adriving unit (117,
217), and a tray elevator (118, 218).

[0005] The sheet container includes a sheet stacking
tray (111A, 211A) on which multiple sheets (102, 202)
(hereinafter, also "sheet stack") are loaded thereon. A
sheet (102A, 202A) placed on top of the sheet stack is
hereinafter referred to as an uppermost sheet.

[0006] The sheetattraction and conveyance unitis dis-
posed above the sheet container, and includes a first
roller (112A, 212A) and a second roller (112B, 212B), a
sheet conveyance belt (112C, 212C) wound around the
two rollers, and an air suction unit (113, 213). When the
air suction method is employed, multiple holes, not illus-
trated, are formed in the surface of the sheet conveyance
belt so that the uppermost sheet can be attracted to the
sheet conveyance belt by action of the air suction unit.
[0007] The sheet attraction and conveyance unit at-
tracts sheets of the sheet stack horizontally loaded on
the sheet stacking tray.

[0008] The air suction unit suctions the uppermost
sheet placed on top of the sheet stack in a vertical direc-
tion to separate the sheet from the other sheets of the
sheet stack, attract the uppermost sheet to the sheet con-
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veyance belt, and convey the uppermost sheet to a pre-
determined position.

[0009] The air blowing unit is disposed at a down-
stream side of the sheet conveying device in a direction
of conveyance of sheets (hereinafter, a "sheet convey-
ance direction D"), which is on the right side of FIG. 1 to
FIG. 4. The air blowing unit blows air toward one end of
the sheet stack to separate the sheets in a vicinity of the
uppermost sheet from each other.

[0010] The upstream position detector is disposed at
an upstream side of the sheet conveying device in the
sheet conveyance direction D, which is on the left side
of FIG. 1 to FIG. 4 and is not affected by the air supplied
from the air blowing unit. Details of the upstream position
detector will be described later. The driving unit is con-
nected to the first roller to rotate the sheet conveyance
belt. The sheet lifting driver is connected to the sheet
stacking tray to move the sheet stacking tray in the ver-
tical direction.

[0011] The difference between the sheet conveying
devices 101 and 201 is in the configurations of the up-
stream position detectors 116 and 216.

[0012] In the sheet conveying device 101, the up-
stream position detector 116 includes a position sensor
116A and a top surface detection lever 116B. The sheet
stack 102 moves up along with elevation of the sheet
stacking tray 111A, so that the uppermost sheet 102A
contacts the top portion of the detection lever 116B. This
action exerts an upward force on the bottom surface de-
tection lever 116B, thereby enabling the position of the
uppermost sheet 102A to be detected.

[0013] By contrast, the upstream position detector 216
of the sheet conveying device 201 includes an angle de-
tection sensor 216A, a top surface position detecting le-
ver 216B, a fulcrum 216C, and a driven contact roller
216D. The driven contact roller 216D contacts the up-
permost sheet 202A at an upstream side in the sheet
conveyance direction D and is rotated with the movement
of the uppermost sheet 202A. The top surface position
detecting lever 216B has one end supporting the driven
contact roller 216D and the other end movable about the
fulcrum 216C. The upstream end detector 216 detects
the position of the uppermost sheet 202A based on the
angle detected by the angle detection sensor 216A.
[0014] In the sheet conveying device, it is important
that the uppermost sheet is located at an appropriate
position to be attracted to the sheet conveyance belt and
that the correct position of the uppermost sheet is detect-
ed.

[0015] To addressthe above-described problems, one
solution involves the sheet conveying device that uses a
reference position detector (115, 215) disposed at a
downstream side of the sheet conveying device in the
sheet conveyance direction. With this configuration, the
reference position detector detects that the uppermost
sheet moved up by the sheet lifting driver has reached a
given position to be attracted by the sheet conveyance
belt, and the position of the uppermost sheet is stored in



3 EP 2 330 064 A2 4

an analog-type upstream position detector, disposed up-
stream from the reference position detector, as dis-
closed, forexample, in Japanese Patent Application Pub-
lication No. 2007-045630 (JP-2007-045630-A1).

[0016] According to the method disclosed in JP-
2007-045630-A1, during the sheet conveying operation
in which the uppermost sheet is being conveyed toward
the image forming section, the position of the uppermost
sheet is not detected in a downstream area where the
uppermost sheet may be affected by attraction to the
sheet conveyance belt and/or rise of the leading edge
thereof due to air blow, but can be controlled by a position
(height) of the trailing end in an upstream area. Therefore,
multiple sheet feeding error and no sheet feeding can be
prevented effectively.

[0017] Further, another solution involves a detecting
unitthatis provided to detect the position of an uppermost
sheet of a sheet stack at ends of the extreme upstream
portion and the extreme downstream portion. According
to detection signals of the detecting unit, the height of
the sheet stack can be controlled. (For example, Japa-
nese Patent Application Publication No. 11-322101 (JP-
H11-322101-A1).)

[0018] However, in the technique proposed in JP-
2007-045630-A1, as illustrated in FIG. 4, the uppermost
sheet is constantly pressed downward by the upstream
position detector. Therefore, when the uppermost sheet
becomes attracted to the sheet conveyance belt, the up-
permost sheet is constantly embossed or has convex
and concave portions. Therefore, a greater suction force
may be necessary depending on sheet size, sheet basis
weight, and sheet type, and therefore it was likely to
cause adverse affect to the size of the apparatus, the
amount of power consumption, noise, etc.

[0019] Further, the technique disclosed in JP-
H11-322101-A1 requires an even greater suction force
than that required by the technique in JP-2007-045630-
A1, which is also likely to adversely affect to the size of
the apparatus, the amount of power consumption, noise,
etc.

SUMMARY OF THE INVENTION

[0020] The present patentapplication provides a novel
sheet conveying device that can reduce the entire size
of animage forming apparatus, the amount of power con-
sumption, and the amount of noise caused by the action
of a conventional sheet conveying device.

[0021] Inone exemplary embodiment, a sheet convey-
ing device includes a sheet container, an elevator, a
sheet attraction and conveyance unit, a first detector, a
second detector, and a controller. The sheet container
contains a sheet stack including an uppermost sheet of
multiple recording sheets on a sheet stacking tray. The
elevator raises and lowers the sheet stacking tray. The
sheet attraction and conveyance unit attracts the upper-
most sheet placed on top of the sheet stack and conveys
the attracted uppermost sheet to an image forming de-
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vice in which an image is formed and transferred onto a
sheet. The first detector is disposed downstream of the
sheet container in a sheet conveying direction to detect
a position of the uppermost sheet without contacting the
uppermost sheet before the uppermost sheet is attracted
to the sheet attraction and conveyance unit. The second
detector is disposed upstream of the sheet container in
the sheet conveying direction to detect a position of the
uppermost sheet in a vertical direction, and includes a
driven contact roller contactable with the upstream end
of an upper surface of the uppermost sheet in the sheet
conveying direction and rotatably driven with a move-
ment of the uppermost sheet, the top surface position
detection member swingably disposed to support the
driven contact roller, and the angle detector to detect an
angle of the top surface position detection member so
that the position of the uppermost sheet can be obtained
based on the angle. The controller includes a processing
unit to cause the first detector to detect the uppermost
sheet, the elevator to lift and stop the sheet stack at a
position where the sheet attraction and conveyance unit
attracts the uppermost sheet thereto, and the second de-
tector to detect the position of the uppermost sheet of
the stopped sheet stack and store the detection result as
a reference position in the controller. The controller per-
forms a primary operation in which the sheet attraction
and conveyance unit attracts the uppermost sheet for a
given number of times and conveys the uppermost sheet
while the second detector is contacting the uppermost
sheet that is located at the reference position, and the
controller calculates a variation amount of the angle de-
tected by the second detector to convert to a thickness
of M sheets, where "M" represents a positive integer, and
stores the result, and a secondary operation in which the
driven contact roller of the second detector is retreated
from a detecting position where the driven contact roller
contacts the uppermost sheet to a non-detecting position
where the driven contact roller is spaced from the upper-
most sheet, and, each time the sheet attraction and con-
veyance unit attracts the uppermost sheet by N sheets
from the sheet stack and conveys the N sheets, where
"N" represents a positive integer, the elevator moves up
the sheet stack by a sheet amount calculated based on
the thickness of M sheets stored in the controller, satis-
fying a relation of N > XM, where "X" indicates a positive
integer greater than 1.

[0022] The above-described sheet conveying device
may further include an air blowing unit to blow air toward
the sheet stack from a downstream side of the sheet stack
in the sheet conveyance direction to lift up at least the
uppermost sheet on an upper portion of the sheet stack
to separate the uppermost sheet and contiguous sheets
from each other.

[0023] The controller may change an attractive force
exerted by the sheet attraction and conveyance unit to
attract the uppermost sheet during a time period between
when the driven contact roller is located at the detecting
position and when the driven contact roller is located at
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the non-detecting position.

[0024] The position of the base portion of the driven
contact roller in the vertical direction at the non-detecting
position may be equal to the position of the base portion
of the sheet attraction and conveyance unit.

[0025] The controller may cause the sheet attraction
and conveyance unit to attract the uppermost sheet for
one time and convey the uppermost sheet to be detected
while the second detector is contacting the uppermost
sheet that is located at the reference position, calculates
the variation amount of the angle detected by the second
detector to convert to the thickness of M sheets, and
stores the result.

[0026] The controller may change an attractive force
exerted by the sheet attraction and conveyance unit to
attract the uppermost sheet during a time period between
when the driven contact roller is located at the detecting
position and when the driven contact roller is located at
the non-detecting position according to a sheet size of
the sheet stack accommodated in the sheet container.
[0027] The controller may change an attractive force
exerted by the sheet attraction and conveyance unit to
attract the uppermost sheet during a time period between
when the driven contact roller is located at the detecting
position and when the driven contact roller is located at
the non-detecting position according to a sheet basis
weight of the sheet stack accommodated in the sheet
container.

[0028] The controller may change an attractive force
exerted by the sheet attraction and conveyance unit to
attract the uppermost sheet during a time period between
when the driven contact roller is located at the detecting
position and when the driven contact roller is located at
the non-detecting position according to a sheet type of
the sheet stack accommodated in the sheet container.
[0029] Further, in one exemplary embodiment, an im-
age forming apparatus includes an image forming unit to
form animage and the above-described sheet conveying
unit.

[0030] The above-described sheetconveying unit may
further include an air blowing unit to supply air toward
the sheet stack from a downstream side of the sheet stack
in the sheet conveyance direction to lift up at least the
uppermost sheet on an upper portion of the sheet stack
to separate the uppermost sheet and contiguous sheets
from each other.

BRIEF DESCRIPTION OF THE DRAWINGS

[0031] A more complete appreciation of the disclosure
and many of the attendant advantages thereof will be
readily obtained as the same becomes better understood
by reference to the following detailed description when
considered in connection with the accompanying draw-
ings, wherein:

FIG. 1 is a cross-sectional view of a schematic con-
figuration of a conventional sheet conveying device;
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FIG. 2 is a view illustrating a sheet conveying oper-
ation of the sheet conveying device of FIG. 1;

FIG. 3 is a cross-sectional view of a schematic con-
figuration of another conventional sheet conveying
device, including a reference position detection sen-
sor at a downstream side in a direction of convey-
ance of a sheet;

FIG. 4isviewillustrating a sheet conveying operation
of the sheet conveying device of FIG. 3;

FIG. 5 is a cross-sectional view of a schematic con-
figuration of an image forming apparatus incorporat-
ing a sheet conveying device according to an exem-
plary embodiment of the present patent application;
FIG. 6 is a cross-sectional view of a schematic con-
figuration of the sheet conveying device in the image
forming apparatus of FIG. 5;

FIG. 7 is a view illustrating a sheet conveying oper-
ation of the sheet conveying device of FIG. 6;

FIG. 8 is a cross-sectional view of the sheet convey-
ing device of FIG. 6, viewed from a direction Z in
FIG. 7;

FIG. 9 is a cross-sectional view for illustrating a non-
detecting position of an upstream end top sheet de-
tection unit in the sheet conveying operation of the
sheet conveying device of FIG. 6;

FIG. 10 is a block diagram illustrating a control unit
of the sheet conveying device of FIG. 6;

FIG. 11A is a table showing suction forces exerted
on non-coated sheets by an air suction unit provided
in the sheet conveying device of FIG. 6; and

FIG. 11B is a table showing suction forces exerted
on coated sheets by an air suction unit provided in
the sheet conveying device of FIG. 6.

DETAILED DESCRIPTION OF THE PREFERRED EM-
BODIMENTS

[0032] It will be understood that if an element or layer
is referred to as being "on", "against", "connected to" or
"coupled to" another element or layer, then it can be di-
rectly on, against, connected or coupled to the other el-
ement or layer, or intervening elements or layers may be
present. In contrast, if an element is referred to as being
"directly on", "directly connected to" or "directly coupled
to" another elementorlayer, then there are no intervening
elements or layers present. Like numbers referred to like
elements throughout. As used herein, the term "and/or"
includes any and all combinations of one or more of the
associated listed items.

[0033] Spatially relative terms, such as "beneath", "be-
low", "lower", "above", "upper" and the like may be used
herein for ease of description to describe one element or
feature’s relationship to another element(s) or feature(s)
as illustrated in the figures. It will be understood that the
spatially relative terms are intended to encompass dif-
ferent orientations of the device in use or operation in
addition to the orientation depicted in the figures. For
example, if the device in the figures is turned over, ele-
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ments describes as "below" or "beneath" other elements
or features would hen be oriented "above" the other el-
ements or features. Thus, term such as "below" can en-
compass both an orientation of above and below. The
device may be otherwise oriented (rotated 90 degrees
or at other orientations) and the spatially relative descrip-
tors herein interpreted accordingly.

[0034] Although the terms first, second, etc. may be
used herein to describe various elements, components,
regions, layers and/or sections, it should be understood
that these elements, components, regions, layer and/or
sections should not be limited by these terms. These
terms are used only to distinguish one element, compo-
nent, region, layer or section from another region, layer
orsection. Thus, afirst element, component, region, layer
or section discussed below could be termed a second
element, component, region, layer or section without de-
parting from the teachings of the present patent applica-
tion.

[0035] The terminology used herein is for the purpose
of describing particular embodiments only and is not in-
tended to be limiting of the present patent application.
As used herein, the singular forms "a", "an" and "the" are
intended to include the plural forms as well, unless the
context clearly indicates otherwise. It will be further un-
derstood that the terms "includes" and/or "including",
when used in this specification, specify the presence of
stated features, integers, steps, operations, elements,
and/or components, but do not preclude the presence or
addition of one or more other features, integers, steps,
operations, elements, components, and/or groups there-
of.

[0036] Descriptions are given, with reference to the ac-
companying drawings, of examples, exemplary embod-
iments, modification of exemplary embodiments, etc., of
animage forming apparatus according to the present pat-
ent application. Elements having the same functions and
shapes are denoted by the same reference numerals
throughout the specification and redundant descriptions
are omitted. Elements that do not require descriptions
may be omitted from the drawings as a matter of con-
venience. Reference numerals of elements extracted
from the patent publications are in parentheses so as to
be distinguished from those of exemplary embodiments
of the present patent application.

[0037] The present patent application includes a tech-
nique applicable to any image forming apparatus, and is
implemented in the most effective manner in an electro-
photographic image forming apparatus.

[0038] Indescribing preferred embodiments illustrated
in the drawings, specific terminology is employed for the
sake of clarity. However, the disclosure of the present
patent application is not intended to be limited to the spe-
cific terminology so selected and it is to be understood
that each specific element includes all technical equiva-
lents that operate in a similar manner.

[0039] Referring now to the drawings, wherein like ref-
erence numerals designate identical or corresponding
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parts throughout the several views, preferred embodi-
ments of the present patent application are described.
[0040] FIG. 5is a schematic view of an image forming
apparatus 51 according to an exemplary embodiment of
the present patent application.

[0041] InFIG. 5, the image forming apparatus 51 is an
electrophotographic digital copier and includes a docu-
ment reading device 52 to read (scan) original document
data, animage forming device 53 to form an image based
on the data scanned by the document reading device 52,
and a sheet conveying device 1 to separate an uppermost
sheet (recording sheet) 2A from a sheet stack 2 on top
of which the uppermost sheet 2A is placed and convey
the uppermost sheet 2A to the image forming device 53.
[0042] As illustrated in FIG. 5, the image forming ap-
paratus 51 may be a copier, a facsimile machine, a print-
er, a multifunction printer having at least one of copying,
printing, scanning, plotter, and facsimile functions, or the
like. The image forming apparatus 51 may form animage
by an electrophotographic method, an inkjet method, or
any other suitable method. According to this exemplary
embodiment, the image forming apparatus 51 functions
as a copier for forming an image on a recording medium
by the electrophotographic method.

[0043] The uppermost sheet 2A fed from the sheet
conveying device 1 is held and conveyed by a pair of
conveyance rollers 58 provided in a sheet conveyance
path in the image forming device 53. A toner image
formed in the image forming device 53 is transferred onto
the uppermost sheet 2A by an image transfer unit 59,
then fixed onto the upmost sheet 2A by a fixing unit 60
by application of heat and pressure, and discharged by
a pair of sheet discharging rollers 61 to a sheet discharg-
ing tray 62.

[0044] Next, referring to FIG. 6 through FIGS. 11Aand
11B, a detailed description is given of the sheet convey-
ing device 1.

[0045] Asillustratedin FIG. 6 through FIG.9, the sheet
conveyingdevice 1includes asheet container 11, asheet
attraction and conveyance unit 12, an air suction unit 13,
an air blowing unit 14, a driving unit 17, a sheet lifting
unit 18, a downstream end detector 15, and an upstream
end detector 16. In addition, the sheet conveying device
1 further includes a controller 19 including a processing
unit that controls the air suction unit 13, the air blowing
unit 14, the driving unit 17, and the sheet lifting unit 18
based on detection signals transmitted from the down-
stream end detector 15 and the upstream end detector
16, as illustrated in FIG. 10.

[0046] The sheet container 11 includes a sheet stack-
ing tray 11A that has a horizontal bottom plane on which
the sheet stack 2 including multiple sheets is loaded. The
sheet container 11 is connected to the sheet lifting unit
18 that is connected to the controller 19. The sheet lifting
unit 18 drives to lift the sheet stacking tray 11A, and the
sheet stack 2 accommodated within the sheet container
11 rises along with the elevation of the sheet stacking
tray 11A.
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[0047] The sheet lifting unit 18 that serves as an ele-
vator includes a stepping motor and a servo motor with
an encoder attached so as to lift the sheet stacking tray
11Ain any given increment.

[0048] The sheet attraction and conveyance unit 12 is
connected to the driving unit 17 that is connected to the
controller 19, and includes two rollers 12A and 12B and
a sheet attraction conveyance belt 12C entrained around
the two rollers 12A and 12B. As illustrated in FIG. 8, the
sheet attraction and conveyance belt 12C has multiple
suction holes 12D formed across a surface thereof. The
air suction unit 13 is provided in a space formed inside
a loop of the sheet attraction and conveyance belt 12C
for suctioning air through the multiple suction holes 12D.
[0049] The air suction unit 13 is connected to the con-
troller 19. As illustrated in FIGS. 7 and 8, by suctioning
airunder control of the controller 19, the uppermost sheet
2A that is placed vertically on top of the sheet stack 2
loaded on the sheet container 11 is separated from the
other sheets of the sheet stack 2 and attracted to the
sheet attraction and conveyance belt 12C. With the up-
permost sheet 2A attached to the attraction and convey-
ance belt 12C, the driving unit 17 is driven by the con-
troller 19 to rotate the sheet attraction and conveyance
belt 12C, thereby conveying the uppermost sheet 2A
from the sheet conveying device 1 to the image forming
device 53 of the image forming apparatus 51.

[0050] Asiillustrated in FIG. 8, the sheet stack 2 has a
rectangular shape defined by a first pair of opposed first
and second sides 2B and 2C and a second pair of op-
posed third and fourth sides 2D and 2E. Both the third
side 2D and the fourth side 2E extend in a direction that
connects the two rollers 12A and 12B of the sheet attrac-
tion and conveyance unit 12. Thefirst side 2B is disposed
at a downstream side, which is on the right side of FIG.
6, in the sheet conveyance direction. The second side
2C is disposed at an upstream side, which is on the left
side of FIG. 6, in the sheet conveyance direction.
[0051] As illustrated in FIG. 7, the air blowing unit 14
is disposed in a vicinity of the first side 2B of the upper-
most sheet 2A, facing the first side 2B, and is connected
to the controller 19. The air blowing unit 14 supplies air
toward the sheet stack 2 to lift up the uppermost sheet
2A and some other upper sheets of the sheet stack 2 in
the vicinity of the first side 2B to separate them from each
other.

[0052] In this exemplary embodiment, the air blowing
unit 14 is disposed only at a position facing the first side
2B. However, an additional air blowing unit can be dis-
posed at positions facing the third side 2D and/or the
fourth side 2E.

[0053] In the present embodiment, the downstream
end detector 15 that serves as a first detector is a non-
contact-type digital sensor such as a reflection-type op-
tical photosensor, and is connected to the controller 19.
[0054] As illustrated in FIG. 7, the downstream end
detector 15 is disposed on the first side 2B of the sheet
stack 2, in an upper position in the vertical direction of
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the uppermost sheet 2A. With this configuration, the
downstream end detector 15 detects whether or not the
uppermost sheet 2A is located at an optimum position in
the vertical direction for the air suction unit 13 to suction
the uppermost sheet 2A.

[0055] The controller 19 drives the sheet lifting unit 18
to lift the sheet stack 2. When the downstream end de-
tector 15 detects the end portion of the uppermost sheet
2A on the first side 2B, and the sheet lifting unit 18 stops
driving.

[0056] The upstream end detector 16 that serves as a
second detector includes a driven contact roller 16D, a
top surface position detecting lever 16B, and an angle
detection sensor 16A. The top surface position detecting
lever 16B has one end supporting the driven contactroller
16D and the other end movable about a fulcrum 16C.
The driven contact roller 16D contacts an upper surface
of the uppermost sheet 2A at an upstream side in the
sheet conveyance direction D and is rotated with the
movement of the uppermost sheet 2A.

[0057] The angle detection sensor 16A detects an an-
gle of movement of the fulcrum 16C of the top surface
position detecting lever 16B.

[0058] The upstream end detector 16 detects the po-
sition of the uppermost sheet 2A based on the angle de-
tected by the angle detection sensor 16A. The position
of the uppermost sheet 2A is obtained based on the
length of the top surface position detecting lever 16B and
the angle detected by the angle detection sensor 16A of
the top surface position detecting lever 16B with respect
to the movement of the sheet stack 2 in the vertical di-
rection, and is converted to the position of the driven con-
tact roller 16D in the vertical direction.

[0059] The upstream end detector 16 is connected to
the controller 19 that recognize the position of the upper-
most sheet 2A on the second side 2C in the vertical di-
rection constantly according to the detection signal of the
upstream end detector 16.

[0060] As described above, in response to the down-
stream end detector 15 detecting that the uppermost
sheet 2A has reached the predetermined position, the
sheet lifting unit 18 stops. Then, the upstream end de-
tector 16 detects the position of the uppermost sheet 2A
and stores that position as reference position data that
indicates that the uppermost sheet 2A is located at a
reference position.

[0061] Even if the downstream end of the uppermost
sheet 2A in the sheet conveyance direction is attracted
to the sheet attraction and conveyance belt 12C due to
assistance of the air suction unit 13, the driven contact
roller 16D presses the end portion at the upstream side
of the uppermost sheet 2A to prevent uplift of the upper-
most sheet 2A, and therefore the upstream end detector
16 can recognize the position of the end portion at the
un-lifted upstream end of the uppermost sheet 2A. There-
fore, based on the reference position data stored in the
controller 19, the sheets can be attracted and conveyed
reliably.
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[0062] First, the controller 19 causes the sheet lifting
unit 18 to lift the sheet stack 2. When the downstream
end detector 15 detects the uppermost sheet 2A, the con-
troller 19 then causes the sheet lifting unit 18 to stop the
sheet stack 2 at an optimum position for air suction by
the air suction unit 13. At this time, the upstream end
detector 16 detects the position of the uppermost sheet
2A so that the controller stores the position as a reference
position of the uppermost sheet 2A.

[0063] Even if the uppermost sheet 2A is attracted to
the sheet attraction and conveyance belt 12C by the air
suction unit 13 during sheet conveyance and the down-
stream end detector 15 cannot properly detect the up-
permost sheet 2A, the upstream end detector 16 can
detect the position of the uppermost sheet 2A on the sec-
ond side 2¢c where the uppermost sheet 2A is not attract-
edtothe sheetattraction and conveyance belt 12C. Then,
the controller 19 causes the sheet lifting unit 18 to lift the
sheet stack 2 so that the position of the uppermost sheet
2A detected by the upstream end detector 16 assumes
the reference position. By so doing, the sheets can be
conveyed reliably.

[0064] Next, a description is given of a configuration
of the sheet conveying device 1 according to an exem-
plary embodiment of the present invention.

[0065] The sheet stack 2 generally accommodates
sheets of paper that are commercially available and
packed by wrapping paper. Even if such sheets have
slight deviations, the size, basis weight, and type of the
sheets are all within a constant acceptable deviation
range, and therefore the thickness of the sheets can also
be substantially identical. Accordingly, in this exemplary
embodiment, in addition to the above-described basic
control operations the following control operations are
also conducted.

[0066] The controller 19 converts the variation amount
of the angles detected by the upstream end detector 16
each time the sheet attraction and conveyance unit 12
attracts the uppermost sheet 2A from the sheet stack 2
into the thickness of one sheet, and stores that data. After
a predetermined number of sheets (for example, 10
sheets) has been conveyed, each time the sheet attrac-
tion and conveyance unit 12 attracts and conveys the
uppermost sheet 2A of the sheet stack 2, the controller
19 causes the sheet lifting unit 18 to lift the sheet stacking
tray 11A by an amount equivalent to the thickness of one
sheet as calculated and stored in the controller 19.
[0067] Specifically, after storing the reference position
detected by the upstream end detector 16, the controller
19 detects and stores the thickness per sheet of the sheet
stack 2. Then, the controller 19 drives the sheet lifting
unit 18 to lift up the sheet stack 2 by an amount equal to
the stored thickness per sheet each time one uppermost
sheet 2A is picked up from the sheet stack 2.

[0068] The thickness of one sheet is calculated based
on the variation amount of the angles detected by the
upstream end detector 16 and the length of the top sur-
face position detecting lever 16B previously obtained
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when the uppermost sheet 2A is conveyed one by one
in the sheet conveying operation.

[0069] Further, calculation of the thickness per sheet
based on a predetermined number of sheets (i.e., ten
sheets) is designed to increase the accuracy of the cal-
culated thickness of a sheet by removing variations in
thickness between sheets and detection errors by calcu-
lating the thickness per sheet based on the average thick-
ness of the predetermined number of individual sheets.
Accordingly, while the lowest number of the "predeter-
mined number" is one, the highest number thereof is de-
termined based on the required accuracy. The thickness
per sheet can be calculated based on the maximum and
minimum average values of five sheets, for example. Fur-
ther, in other cases, the thickness per sheet can be ad-
justed or changed according to the required accuracy for
the sheet conveyance operation.

[0070] Further, after the predetermined number of
sheets has been conveyed to obtain the thickness per
sheet, the controller 19 causes the driven contact roller
16D to retreat from a detecting position at which the driv-
en contact roller 16D contacts the uppermost sheet 2A
to a non-detecting position at which the driven contact
roller 16D is withdrawn from and does not contact the
uppermost sheet 2A.

[0071] Specifically, when the controller 19 drives the
sheet lifting unit 18 to lift the uppermost sheet 2A based
onthe stored thickness per sheet, the driven contactroller
16 of the upstream end detector 16 is lifted up so as not
to contact the uppermost sheet 2A and is retracted to the
non-detecting position so as not interfere with the upper-
most sheet 2A to be attracted to the sheet attraction and
conveyance belt 12C by the air suction unit 13, as illus-
trated in FIG. 9.

[0072] By so doing, the uppermost sheet 2A can be
moved up to the reference position while the driven con-
tact roller 16 of the upstream end detector 16 stays re-
tracted to the non-detecting position, thereby conveying
the uppermost sheet 2A and other sheets reliably.
[0073] Further, since the upstream end detector 16 re-
treats to the non-detecting position, the driven contact
roller 16D does not press against the uppermost sheet
2A. Therefore, the suction force exerted by the air suction
unit 13 can be reduced compared to a conventional de-
vice in which the sheet lifting unit 18 is driven while the
upstream end detector 16 detects the uppermost sheet
2A, thus reducing the amount of noise generated.
[0074] Further, the position of the bottom portion of the
driven contact roller 16D in the vertical direction at the
non-detecting position is equal to the position of the bot-
tom portion of the sheet attraction and conveyance unit
12. That is, the non-detecting position of the driven con-
tactroller 16D of the upstream end detector 16 is located
at a position where the base portion (i.e., the contact
portion with the uppermost sheet 2A) of the driven contact
roller 16D in the vertical direction is located at the same
height as the bottom portion (i.e., the sheet attracting
surface) of the sheet attraction and conveyance belt 12C.
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Accordingly, as illustrated in FIG. 9, fluttering of the up-
permost sheet 2A caused by the air suction unit 13 and/or
the air blowing unit 14 can be prevented, thereby con-
veying the uppermost sheet 2A and other sheets reliably.
[0075] Further, the controller 19 stores the thickness
per sheet at the start of sheet conveyance operation, that
is, when the sheet attraction and conveyance unit 12
starts sheet attraction and conveyance. Namely, when
the first given number of sheets of the sheet stack 2 is
conveyed, the controller 19 does not cause the upstream
end detector 16 to be retracted. That is, as in the con-
ventional way, the upstream end detector 16 contacts
the uppermost sheet 2A to detect the position thereof,
elevates the sheet stack 2, and conveys the predeter-
mined number of sheets. At the same time, the controller
19 calculates and stores the thickness per sheet, the driv-
en contact roller 16D of the upstream end detector 16 is
lifted upward, the upstream end detector 16 is retracted,
and the subsequent sheets of the sheet stack 2 are
moved up based on the stored thickness per sheet.
Therefore, the suction force of the air suction unit 13 can
be reduced reliably.

[0076] Further, even if the sheet stack 2 contained in
the sheet container 11 is changed to a different type as
required by a user, the controller 19 stores the thickness
per sheet at the start of sheet conveyance of the replace-
ment sheet stack. According to this operation, an accu-
rate thickness per sheet can be obtained for the replace-
ment sheet type, so that the sheet stack 2 can be lifted
by the correct amount.

[0077] Further, the controller 19 changes the attractive
force exerted by the sheet attraction and conveyance
unit 12, depending on the position of the driven contact
roller 16D at the detecting position or at the non-detecting
position, according to the size, basis weight, and type of
sheets of the sheet stack 2 accommodated in the sheet
container 11.

[0078] Specifically, as illustrated in FIGS. 11A and
11B, the suction force exerted by the air suction unit 13
is determined according to the sheet size (a, b, or c),
sheet basis weight (x, y, or z), and sheet type (coated
sheet or non-coated sheet), and stored in the controller
19.

[0079] The suction force exerted by the air suction unit
13 is set selectively between when the position of the
uppermost sheet 2A is detected and when the driven
contact roller 16D is retracted. That is, the setting of the
suction force is prepared for the detecting position at
which the driven contact roller 16D of the upstream end
detector 16 contacts the uppermost sheet 2A and the
non-detecting position at which the driven contact roller
16D of the upstream end detector 16 does not contact
the uppermost sheet 2A.

[0080] Itis to be noted that the image forming appara-
tus 51 is notlimited to the electrophotographic digital cop-
ier as described above, but can be another type of digital
copier employing an inkjet method and the like. Further-
more, the image forming apparatus 51 is not limited to
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the digital copier as described above, but can be a printer,
facsimile machine, or offset printing machine.

[0081] Next, a description is given of operations of the
sheet conveying device 1 of the image forming apparatus
51 having the above-described configuration.

[0082] First, the controller 19 detects and stores the
thickness of one sheet by conveying a first batch of a
predetermined number of sheets of the sheet stack 2 with
the same operation method as that of a conventional im-
age forming apparatus. Specifically, the controller 19
causes the sheet lifting unit 18 to lift the sheet stack 2
with the driven contact roller 16D of the upstream end
detector 16 constantly contacting the uppermost sheet
2A. At this time, an angle of the top surface position de-
tecting lever 16B detected by the angle detection sensor
16A becomes equal to the angle corresponding to the
reference position stored in the uppermost sheet 2A of
the first batch of the sheet stack 2. Also at this timing,
the controller 19 detects the thickness of one sheet ac-
cording to the variation amount of the angle detected by
the angle detection sensor 16A obtained each time one
sheet is conveyed, and stores that value.

[0083] Then, after the first batch of predetermined
number of sheets of the sheet stack 2 is conveyed, the
controller 19 elevates the driven contact roller 16D to the
non-detecting position and causes the sheet lifting unit
18 to lift the sheet stack 2 only by an amount equivalent
to the stored thickness of one sheet each time one sheet
is conveyed. At this time, the controller 19 controls the
sheet attraction and conveyance unit 12, that is, the con-
troller 19 adjusts the attractive force exerted when the
driven contact roller 16D is at the non-detecting position,
according to the size, basis weight, and type of sheets
of the sheet stack 2.

[0084] Itis to be noted that the above-described struc-
ture can store not only a thickness of one sheet but also
a thickness of multiple sheets such as M sheets. When
the thickness of M sheets is stored, the sheet stacking
tray 11A can be lifted each time N sheets are conveyed.
The relation of M and N is expressed by "N > XM", where
"N" and "M" represent positive integers and "X" repre-
sents a positive integer greater than 1. In this case, N is
dividable by M, and therefore the calculation can be per-
formed easily, which can reduce a margin of error.
[0085] As described above, the sheet conveying de-
vice 1 according to an exemplary embodiment of the
present patent application, the controller 19 includes a
processing unit to cause the downstream side sheet de-
tector 15 to detect the uppermost sheet 2A, the sheet
lifting unit 18 to lift and stop the sheet stack at a position
where the sheet attraction and conveyance unit 12 at-
tracts the uppermost sheet 2A for a predetermined
number of times and convey the uppermost sheet 2A to
be detected while the upstream side sheet detector 16
is contacting the uppermost sheet 2A that is located at
the reference position, calculates the variation amount
ofthe angle detected by the upstream side sheet detector
16 and convert the variation amount to the thickness of
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M sheets, where "M" represents a positive integer, and
stores the result. Then, the controller 19 causes the driv-
en contact roller 16D to be retracted from the detecting
position where the driven contact roller 16D contacts the
uppermost sheet 2A to a non-detecting position where
the driven contact roller 16D is spaced from the upper-
most sheet 2A. And, each time the sheet attraction and
conveyance unit 12 attracts the uppermost sheet 2A by
N sheets from the sheet stack 2 and conveys the N
sheets, where "N" is a positive integer, the sheet lifting
unit 18 lifts the sheet stacking tray 11A with the sheet
stack 2 by a sheet amount calculated based on the thick-
ness of M sheets stored in the controller 19, satisfying
the relation of N > XM, where "X" indicates a positive
integer equal to or greater than 1.

[0086] Therefore, by calculating the variation amount
ofthe angle detected by the upstream side sheet detector
16, converting the variation amount to the thickness of
M sheets, and storing the results, even when the driven
contact roller 16D is retracted to the non-detecting posi-
tion, the sheet stacking tray 11A is raised by the sheet
lifting unit 18 based on the stored data of the thickness
of M sheets, thereby disposing the uppermost sheet 2A
at the reference position. And at the same time, the load
of the driven contact roller 16D to the uppermost sheet
2A can be reduced to convey sheets such as the upper-
most sheet 2A reliably.

[0087] Accordingly, even if the attractive force exerted
by the sheet attraction and conveyance unit 12 is re-
duced, the sheet can be conveyed reliably, thereby en-
abling the entire apparatus size, the amount of power
consumption, and the amount of noise to be reduced.
[0088] Further, the controller 19 of the sheet conveying
device 1 according to the exemplary embodiment of the
present patent application can change the amount of at-
tractive force exerted by the sheet attraction and convey-
ance unit 12 to attract the uppermost sheet 2A during a
time period between when the driven contact roller 16D
is located at the detecting position and when the driven
contactroller 16D is located at the non-detecting position.
[0089] Therefore, since the load of the driven contact
roller 16D to the uppermost sheet 2A is reduced, the at-
tractive force exerted by the sheet attraction and convey-
ance unit 12 to attract the uppermost sheet 2A when the
driven contact roller 16D is at the non-detecting position
can be more reduced than that when the driven contact
roller 16D is at the detecting position. Therefore, the en-
tire apparatus size, the amount of power consumption,
and the amount of noise can be reduced.

[0090] Further,inthe sheetconveyingdevice 1 accord-
ing to the exemplary embodiment of the present patent
application, the position of the base portion of the driven
contact roller 16D in the vertical direction at the non-de-
tecting position is equal to the position of the base portion
of the sheet attraction and conveyance unit 12.

[0091] Therefore, when the air blowing unit 14 blows
sheets placed an upper part of the sheet stack 2 to sep-
arate from each other, the driven contact roller 16D can
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prevent fluttering of the sheets.

[0092] Further, the sheet conveying device 1 accord-
ing to an exemplary embodiment of the present patent
application, the controller 19 causes the sheet attraction
and conveyance unit 12 to attract the uppermost sheet
2A for a predetermined number of times and convey the
uppermost sheet 2A to be detected while the upstream
side sheet detector 16 is contacting the uppermost sheet
2A that is located at the reference position, calculates
the variation amount of the angle detected by the up-
stream side sheet detector 16 and convert the variation
amount to the thickness of M sheets, and stores the re-
sult.

[0093] Therefore, since the controller 19 stores the
thickness of M sheets as soon as the sheet attraction
and conveyance unit 12 starts sheet attraction and con-
veyance, the attractive force exerted by the sheet attrac-
tion and conveyance unit 12 to attract the uppermost
sheet 2A can be reduced reliably.

[0094] Further,inthe sheetconveying device 1 accord-
ing to the exemplary embodiment of the present patent
application, the controller 19 changes an attractive force
exerted by the sheet attraction and conveyance unit 12
to attract the uppermost sheet 2A during a time period
between when the driven contact roller 16D is located at
the detecting position and when the driven contact roller
16D is located at the non-detecting position according to
a sheet size of the sheet stack 2 accommodated in the
sheet stacking tray 11A of the sheet container 11.
[0095] Therefore, according to the sheet size of the
sheet stack 2, the attractive force exerted by the sheet
attraction and conveyance unit 12 to attract the upper-
most sheet 2A when the driven contact roller 16D is at
the non-detecting position can be more reduced than that
when the driven contact roller 16D is at the detecting
position. Therefore, the entire apparatus size, the amount
of power consumption, and the amount of noise can be
reduced.

[0096] Further,inthe sheetconveying device 1 accord-
ing to the exemplary embodiment of the present patent
application, the controller 19 changes an attractive force
exerted by the sheet attraction and conveyance unit 12
to attract the uppermost sheet 2A during a time period
between when the driven contact roller 16D is located at
the detecting position and when the driven contact roller
16D is located at the non-detecting position according to
a sheet basis weight of the sheet stack 2 accommodated
in the sheet stacking tray 11A of the sheet container 11.
[0097] Therefore, according to the sheet basis weight
of the sheet stack 2, the attractive force exerted by the
sheet attraction and conveyance unit 12 to attract the
uppermost sheet 2A when the driven contact roller 16D
is atthe non-detecting position can be more reduced than
that when the driven contact roller 16D is at the detecting
position. Therefore, the entire apparatus size, the amount
of power consumption, and the amount of noise can be
reduced.

[0098] Further,inthe sheetconveying device 1 accord-



17 EP 2 330 064 A2 18

ing to the exemplary embodiment of the present patent
application, the controller 19 changes an attractive force
exerted by the sheet attraction and conveyance unit 12
to attract the uppermost sheet 2A during a time period
between when the driven contact roller 16D is located at
the detecting position and when the driven contact roller
16D is located at the non-detecting position according to
a sheet type of the sheet stack 2 accommodated in the
sheet stacking tray 11A of the sheet container 11.
[0099] Therefore, according to the sheet type of the
sheet stack 2, the attractive force exerted by the sheet
attraction and conveyance unit 12 to attract the upper-
most sheet 2A when the driven contact roller 16D is at
the non-detecting position can be more reduced than that
when the driven contact roller 16D is at the detecting
position. Therefore, the entire apparatus size, the amount
of power consumption, and the amount of noise can be
reduced.

[0100] Further, the image forming apparatus 51 ac-
cording to the exemplary embodiment of the present pat-
ent application includes the sheet conveying device 1
therein.

[0101] Therefore, the image forming apparatus 51 in-
cluding the sheet conveying device 1 can reduce the en-
tire apparatus size, the amount of power consumption,
and the amount of noise.

[0102] Further, the image forming apparatus 51 ac-
cording to the exemplary embodiment of the present pat-
ent application can correspond to a digital copier.
[0103] Therefore, the image forming apparatus 51
serving as adigital copier can reduce the entire apparatus
size, the amount of power consumption, and the amount
of noise.

[0104] Further, the image forming apparatus 51 ac-
cording to the exemplary embodiment of the present pat-
ent application can correspond to a printer.

[0105] Therefore, the image forming apparatus 51
serving as a printer can reduce the entire apparatus size,
the amount of power consumption, and the amount of
noise.

[0106] Further, the image forming apparatus 51 ac-
cording to the exemplary embodiment of the present pat-
ent application can correspond to a facsimile machine.
[0107] Therefore, the image forming apparatus 51
serving as a facsimile machine can reduce the entire ap-
paratus size, the amount of power consumption, and the
amount of noise.

[0108] Further, the image forming apparatus 51 ac-
cording to the exemplary embodiment of the present pat-
ent application can correspond to an offset printing ma-
chine.

[0109] Therefore, the image forming apparatus 51
serving as an offset printing machine can reduce the en-
tire apparatus size, the amount of power consumption,
and the amount of noise.

[0110] The above description has been given of the
structure of the sheet conveying device that employs an
air suction method. However, the sheet conveying device
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is also applicable with an electrostatic sheet conveying
method in which an uppermost sheet of a sheet stack is
attracted electrostatically to an endless belt so that the
uppermost sheet can be conveyed for an image forming
operation.

[0111] As described above, the sheet conveying de-
vice and the image forming apparatus according to an
exemplary embodiment of the present patent application
can achieve a reduction in the entire apparatus size, the
amount of power consumption, and the amount of noise.
Therefore, the sheet conveying device that separate and
convey an uppermost sheet by suctioning the uppermost
sheet from a sheet stack and the image forming appara-
tus that incorporates the sheet conveying device are in-
dustrially useful and important.

[0112] The above-described exemplary embodiments
are illustrative only, and numerous additional modifica-
tions and variations are possible in light of the above
teachings. For example, elements and/or features of dif-
ferent illustrative and exemplary embodiments herein
may be combined with each other and/or substituted for
each other within the scope of this disclosure. It is there-
fore to be understood that the disclosure of this patent
specification may be practiced otherwise than as specif-
ically described herein.

[0113] Obviously, numerous modifications and varia-
tions of the present patent application are possible in light
of the above teachings. It is therefore to be understood
that the invention may be practiced otherwise than as
specifically described herein.

[0114] The present patent application is based on Jap-
anese Patent Application No. 2009-276481, filed on De-
cember4,2009in the Japan Patent Office, and Japanese
Patent Application No. 2010-251987, filed on November
10, 2010 in the Japan Patent Office, the contents and
disclosures of which are hereby incorporated by refer-
ence herein in their entirety.

Claims

1. A sheet conveying device (1), characterized by
comprising:

a sheet container (11) to contain a sheet stack
(2) including an uppermost sheet (2A) of multiple
recording sheets on a sheet stacking tray (11A);
an elevator (18) to raise and lower the sheet
stacking tray (11A);

a sheet attraction and conveyance unit (12) to
attract the uppermost sheet (2A) placed on top
of the sheet stack (2) and convey the attracted
uppermost sheet (2A) to an image forming de-
vice (53) in which an image is formed and trans-
ferred onto a sheet;

afirst detector (15) disposed downstream of the
sheet container (11) in a sheet conveying direc-
tion (D) to detect a position of the uppermost
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sheet (2A) without contacting the uppermost
sheet (2A) before the uppermost sheet (2A) is
attracted to the sheet attraction and conveyance
unit (12);

a second detector (16) disposed upstream of
the sheet container (11) in the sheet conveying
direction (D) to detect a position of the upper-
most sheet (2A) in a vertical direction, the sec-
ond detector (16) including:

a driven contact roller (16D) contactable
with the upstream end of an upper surface
of the uppermost sheet (2A) in the sheet
conveying direction (D) and rotatably driven
with @a movement of the uppermost sheet
(2A) :

a top surface position detection member
(16B) swingably disposed to support the
driven contact roller (16D); and

an angle detector (16A) to detect an angle
of the top surface position detection mem-
ber (16B) so that the position of the upper-
most sheet (2A) can be obtained based on
the angle; and

a controller (19) including a processing unit to
cause the first detector (15) to detect the upper-
most sheet (2A), the elevator (18) to lift and stop
the sheet stack (2) at a position where the sheet
attraction and conveyance unit (12) attracts the
uppermost sheet (2A) thereto, and the second
detector (16) to detect the position of the upper-
most sheet (2A) of the stopped sheet stack (2)
and store the detection result as a reference po-
sition in the controller (19),

the controller (19) performing a primary opera-
tion in which the sheet attraction and convey-
ance unit (12) attracts the uppermost sheet (2A)
for a given number of times and conveys the
uppermost sheet (2A) while the second detector
(16) is contacting the uppermost sheet (2A) that
is located at the reference position, and the con-
troller (19) calculates a variation amount of the
angle detected by the second detector (16) to
convert to a thickness of M sheets, where "M"
represents a positive integer, and stores the re-
sult, and a secondary operation in which the driv-
en contact roller (16D) of the second detector
(16) is retreated from a detecting position where
the driven contact roller (16D) contacts the up-
permost sheet (2A) to a non-detecting position
where the driven contact roller (16D) is spaced
from the uppermost sheet (2A), and, each time
the sheet attraction and conveyance unit (12)
attracts the uppermost sheet (2A) by N sheets
from the sheet stack (2) and conveys the N
sheets, where "N" represents a positive integer,
the elevator (18) moves up the sheet stack (2)
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by asheetamount calculated based on the thick-
ness of M sheets stored in the controller (19),
satisfying a relation of N > XM, where "X" indi-
cates a positive integer equal to or greater than
1.

The sheet conveying device (1) according to claim
1, characterized by further comprising an air blow-
ing unit (14) to blow air toward the sheet stack (2)
from a downstream side of the sheet stack (2) in the
sheet conveyance direction (D) to lift up at least the
uppermost sheet (2A) on an upper portion of the
sheet stack (2) to separate the uppermost sheet (2A)
and contiguous sheets from each other.

The sheet conveying device (1) according to claim
1, characterized in that the controller (19) changes
an attractive force exerted by the sheet attraction
and conveyance unit (12) to attract the uppermost
sheet (2A) during a time period between when the
driven contact roller (16D) is located at the detecting
position and when the driven contact roller (16D) is
located at the non-detecting position.

The sheet conveying device according to claim 1,
characterized in that the position of the base por-
tion of the driven contact roller (16D) in the vertical
direction at the non-detecting position is equal to the
position of the base portion of the sheet attraction
and conveyance unit (12).

The sheet conveying device (1) according to claim
1, characterized in that the controller (19) causes
the sheet attraction and conveyance unit (12) to at-
tract the uppermost sheet (2A) for one time and con-
vey the uppermost sheet (2A) to be detected while
the second detector (16) is contacting the uppermost
sheet (2A) that is located at the reference position,
calculates the variation amount of the angle detected
by the second detector (16) to convert to the thick-
ness of M sheets, and stores the result.

The sheet conveying device (1) according to claim
1, characterized in that the controller (19) changes
an attractive force exerted by the sheet attraction
and conveyance unit (12) to attract the uppermost
sheet (2A) during a time period between when the
driven contact roller (16D) is located at the detecting
position and when the driven contact roller (16D) is
located at the non-detecting position according to a
sheet size of the sheet stack (2) accommodated in
the sheet container (11).

The sheet conveying device (1) according to claim
1, characterized in that the controller (19) changes
an attractive force exerted by the sheet attraction
and conveyance unit (12) to attract the uppermost
sheet (2A) during a time period between when the
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driven contact roller (16D) is located at the detecting
position and when the driven contact roller (16D) is
located at the non-detecting position according to a
sheet basis weight of the sheet stack (2) accommo-
dated in the sheet container (11).

The sheet conveying device (1) according to claim
1, characterized in that the controller (19) changes
an attractive force exerted by the sheet attraction
and conveyance unit (12) to attract the uppermost
sheet (2) during a time period between when the
driven contact roller (16D) is located at the detecting
position and when the driven contact roller (16D) is
located at the non-detecting position according to a
sheet type of the sheet stack (2) accommodated in
the sheet container (11).

Animage forming apparatus (51), characterized by
comprising:

an image forming device (53) to form an image;
and

the sheet conveying device (1) according to
claim 1.

Theimage forming apparatus (51) according to claim
9, characterized in that the sheet conveying unit
(1) further includes an air blowing unit (14) to supply
air toward the sheet stack (2) from a downstream
side of the sheet stack (2) in the sheet conveyance
direction (D) to lift up at least the uppermost sheet
(2A) on an upper portion of the sheet stack (2) to
separate the uppermost sheet (2A) and contiguous
sheets from each other.
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