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FIG.7
GRAMMAGE [gsm] CONVEYANCE PATH WIDTH [mm]
~70 L1 1.0
71 ~100 L2 2.0
101 ~ 150 L3 3.0
151 ~ 250 L4 4.0
251 ~ L5 5.0
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1
SHEET CONVEYANCE APPARATUS AND
IMAGE FORMING APPARATUS

BACKGROUND OF THE INVENTION

Field of the Invention

The present invention relates to a sheet conveyance
apparatus and an image forming apparatus including the
sheet conveyance apparatus.

Description of the Related Art

Japanese Patent Application Laid-Open No. 2005-162426
discusses an apparatus that detects overlapping (double
feed) of sheets during conveyance by an ultrasonic sensor.
Japanese Patent No. 4410212 discusses an apparatus includ-
ing a double feed detecting sensor that detects double feed
of sheets and configured to detect double feed of sheets by
the double feed detecting sensor in an area which is adjacent
to a nipping location of sheet and in which the amplitude of
sheet is restricted.

When double feed of sheets is detected using an ultrasonic
sensor, it is desirable that the orientation of sheets is stable
in order to reduce variations of detected data by the ultra-
sonic sensor. Sheet grammage is sometimes determined
using an ultrasonic sensor and also in this case, it is desirable
that the orientation of sheets is stable.

In the apparatus, like the one discussed in Japanese Patent
No. 4410212, a double feed detecting sensor is arranged in
an area adjacent to a nipping location of sheet, the displace-
ment width of sheet is restricted and the orientation of sheet
is stabilized, but the following problem arises: an air layer
between doubly-fed sheets is reduced and attenuation of an
ultrasonic wave by the air layer is reduced. Then, depending
on the type of sheet, it becomes difficult to determine double
feed using the attenuation of an ultrasonic wave by the air
layer. If the attenuation of an ultrasonic wave by the air layer
is reduced, the precision of detection of sheet grammage is
also deteriorated.

SUMMARY OF THE INVENTION

According to an aspect of the present invention, a sheet
conveyance apparatus includes a transmission unit config-
ured to transmit an ultrasonic wave toward a sheet being
conveyed, a reception unit arranged opposite to the trans-
mission unit across the sheet and configured to receive the
ultrasonic wave, a conveyance guide unit configured to form
a conveyance path through which the sheet being conveyed
between the transmission unit and the reception unit passes,
and a change unit configured to change a distance of the
conveyance path in a thickness direction of sheet according
to sheet information about the sheet to be conveyed.

Further features of the present invention will become
apparent from the following description of exemplary
embodiments with reference to the attached drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic diagram illustrating an image
forming apparatus.

FIG. 2 is a schematic diagram illustrating a detection unit
of a sheet feeding apparatus.

FIG. 3 is a schematic diagram illustrating a circuit block
of the sheet feeding apparatus.

FIG. 4 is a diagram illustrating a double feed detecting
sensor signal during sheet conveyance.

FIG. 5 is a diagram illustrating the double feed detecting
sensor signal during sheet conveyance.
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FIGS. 6A and 6B are diagrams each illustrating a con-
veyance path width change of the sheet feeding apparatus.

FIG. 7 is a diagram illustrating a relationship between
grammage of sheets and a conveyance path width to be set.

FIGS. 8A to 8E are diagrams each illustrating an opera-
tion of the conveyance path width change of the sheet
feeding apparatus.

FIG. 9 is a flow chart illustrating a processing procedure
of the sheet feeding apparatus.

FIGS. 10A and 10B are diagrams each illustrating the
operation of the conveyance path width change in a modified
example.

FIGS. 11A and 11B are diagrams each illustrating the
operation of the conveyance path width change in a modified
example.

FIGS. 12A and 12B are diagrams each illustrating the
operation of the conveyance path width change in a modified
example.

FIG. 13 is a diagram illustrating the relationship between
sheet grammage and a conveyance path width to be set in the
modified example.

DESCRIPTION OF THE EMBODIMENTS

Various exemplary embodiments, features, and aspects of
the present invention will be described in detail with refer-
ence to the drawings.
<Overview of Image Forming Apparatus>

The configuration of an image forming apparatus accord-
ing to an exemplary embodiment of the present invention
will be described using FIG. 1. In FIG. 1, the image forming
apparatus includes a sheet feeding apparatus 301, an image
forming apparatus body 300, an operation unit 4, a reader
scanner 303, and a post-processing apparatus 304.

The sheet feeding apparatus 301 includes two sheet
feeding units 311 and 312. FEach of the sheet feeding units
311 and 312 stores a sheet bundle in storages 11 and 372,
respectively. The storages 11 and 372 are loading units onto
which a plurality of sheets is loaded. Each of the sheet
feeding units 311 and 312 feeds sheets from the storages 11
and 372, respectively. An escape tray 101 to which doubly-
fed sheets are discharged is provided on the top surface of
the sheet feeding apparatus 301. A full-load sensor 102
detects whether the escape tray 101 are full with discharged
sheets.

A feeding operation of sheets stored in the sheet feeding
units 311 and 312 is performed by feeding units 361 and 362
provided in the sheet feeding units 311 and 312, respec-
tively. A sheet fed from the sheet feeding unit 311 is
conveyed to an upper conveyance unit 317. A sheet fed from
the sheet feeding unit 312 is conveyed to a lower convey-
ance unit 318. The lower conveyance unit 318 and the upper
conveyance unit 317 join a joined conveyance unit 319. A
sheet conveyed by the lower conveyance unit 318 or the
upper conveyance unit 317 is conveyed by the joined
conveyance unit 319.

Though not illustrated in the upper conveyance unit 317,
the lower conveyance unit 318, and the joined conveyance
unit 319, each of the units has a stepping motor for rotating
the respective conveyance rollers. Sheets are conveyed in
such a manner that a conveyance control unit controls these
motors to rotate the conveyance rollers.

A detection unit 22 is arranged in the joined conveyance
unit 319. The detection unit 22 includes a transmission
element (transmission unit) 6 that transmits an ultrasonic
wave to detect double feed or sheet grammage and a
reception element (reception unit) 7 that receives an ultra-
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sonic wave which has been transmitted from the transmis-
sion element 6 and has passed through sheets. The detection
unit 22 will be described in detail below.

The sheet feeding apparatus 301 as a sheet conveyance
apparatus that conveys sheets successively conveys sheets
stored in each of the storages 11 and 372 to the image
forming apparatus body 300 according to sheet request
information from the image forming apparatus body 300.
The sheet feeding apparatus 301 conveys a sheet to a
conveyance sensor 350 provided in a transfer portion to the
image forming apparatus body 300 and notifies the image
forming apparatus body 300 of the completion of transfer
preparation.

Upon receipt of the completion of transfer preparation
from the sheet feeding apparatus 301, the image forming
apparatus body 300 sends notification of a transfer request.
The sheet feeding apparatus 301 successively conveys
sheets one by one to the image forming apparatus body 300
each time a transfer request is received. When the tip of a
sheet sent out from the sheet feeding apparatus 301 reaches
the nip of the most upstream conveyance rollers of the image
forming apparatus body 300, the sheet is pulled out by the
conveyance rollers of the image forming apparatus body 300
and discharged from the sheet feeding apparatus 301. The
sheet feeding apparatus 301 ends the feeding operation at the
point of when as many sheets as requested by the image
forming apparatus body 300 have been conveyed. Then, the
sheet feeding apparatus 301 ends the operation after dis-
charging the sheet into the image forming apparatus body
300 and then shifts to a standby state.

The image forming apparatus body 300 notifies the sheet
feeding apparatus 301 of the transfer request and also pulls
out a sheet after another from the sheet feeding apparatus
301 to successively form an image on the sheet.

The operation unit 4 with which a user performs operation
settings for the image forming apparatus and the reader
scanner 303 for reading a document image are arranged in
an upper portion of the image forming apparatus body 300.
The image forming apparatus body 300 conveys a sheet after
reception of the sheet from the sheet feeding apparatus 301
connected to the image forming apparatus body 300.

A flapper 310 which is a swing guide freely swingable
guides a sheet selectively to the escape tray 101 in a case
where double feed of sheets is detected by the detection unit
22 and to an image forming device (image forming unit) 307
in a case where double feed of sheets is not detected. Thus,
in a case where double feed of sheets is detected, the sheets
are discharged to the escape tray 101 by an escape convey-
ance unit 333. In a case where double feed of sheets is not
detected, an image forming operation based on image data
received by the image forming device 307 is performed
starting with the sheet detection by an image reference
sensor 305.

In the present exemplary embodiment, the escape con-
veyance unit 333 that discharges a sheet to the escape tray
101 is arranged in the image forming apparatus body 300,
but a configuration in which the escape conveyance unit 333
is arranged in the sheet feeding apparatus 301 may also be
adopted.

Next, the formation of an image on a sheet will be
described. A semiconductor laser of a laser scanner unit 354
is turned on and light quantity control is exercised. A scanner
motor that controls the rotation of a polygon mirror (not
illustrated) is controlled. Then, a latent image is formed on
a photosensitive drum 353 by laser light based on image
data. A development unit 352 to which toner is fed from a
toner bottle 351 develops the latent image on the photosen-
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sitive drum 353 using the toner. The developed toner image
is primarily transferred from the photosensitive drum 353 to
an intermediate transfer belt 355. The toner image trans-
ferred onto the intermediate transfer belt 355 is secondarily
transferred to the sheet.

A registration conveyance unit 306 is arranged immedi-
ately before the secondary transfer position. The registration
conveyance unit 306 performs skew correction of a sheet
and position adjustments between a toner image formed on
the intermediate transfer belt 355 and the sheet without
stopping the sheet.

The sheet onto which a toner image has been transferred
is conveyed to a fixing unit 308. The fixing unit 308 fuses the
toner by applying heat and pressure to fix the toner to the
sheet. After the fixing, the back surface of the sheet is
subsequently printed or if the sheet is reversed and conveyed
to the post-processing apparatus 304, the sheet is reversed
and conveyed by a reverse conveyance unit 309. If there is
no need to reverse the sheet, the sheet is directly conveyed
to the post-processing apparatus 304 provided downstream
side of the image forming apparatus body 300.

The post-processing apparatus 304 is connected to the
downstream side of the image forming apparatus body 300.
The post-processing apparatus 304 performs desired post-
processing (folding, stapling, and punching) set by the user
through the operation unit 4 on the sheet after an image is
formed. The post-processing apparatus 304 successively
outputs the sheets to a discharge tray 360 as products, which
are then provided to the user.
<Outline Configuration of Double Feed Detecting Unit>

FIG. 2 is a diagram illustrating the arrangement of the
transmission element 6 and the reception element 7 in the
detection unit 22. The detection unit 22 according to the
present exemplary embodiment adopts an ultrasonic sensor.
Across a conveyance path through which the sheets pass, the
transmission element 6 is arranged on the lower side and the
reception element 7 is arranged on the upper side opposite
to each other with a distance d away from each other. An
upper conveyance guide (first guide member) 70 and a lower
conveyance guide (second guide member) 71 that guide a
sheet 35 being conveyed near a detection area of the
detection unit 22 are arranged. The distance between the
upper conveyance guide 70 and the lower conveyance guide
71 in the vertical direction, that is, the distance between the
upper conveyance guide 70 and the lower conveyance guide
71 in the thickness direction of the sheet 35 being conveyed
is changed by guide moving motors 73 and 74 (see FIGS. 3
and 8) that are not illustrated in FIG. 2. Details of changing
the distance between the upper conveyance guide 70 and the
lower conveyance guide 71 in the thickness direction of
sheets will be described below. An opening is provided in an
area of the upper conveyance guide 70 and the lower
conveyance guide 71 constituting a conveyance guide unit to
form a conveyance path of the sheet 35 being conveyed,
through which an ultrasonic signal is propagated from the
transmission element 6 to the reception element 7 so that an
ultrasonic signal is not interfered.
<Circuit Block Configuration>

FIG. 3 is a diagram illustrating a circuit block configu-
ration of the sheet feeding apparatus 301.

A dedicated application specific integrated circuit (ASIC)
2 that drives various loads of the sheet feeding apparatus
301, such as a motor and a fan, is connected to a central
processing unit (CPU) 1 as a control unit of the sheet feeding
apparatus 301. Also, an interface 21, to which information is
sent from the operation unit 4 and which serves as a setting
unit being used for inputting and setting sheet information,
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such as the size, grammage, and surface properties of sheets,
is connected to the CPU 1. Further, a storage device 3 that
stores various kinds of data acquired by the interface 21 as
an acquisition unit that acquires information and target
values used for controlling various operations is connected
to the CPU 1.

A drive circuit 226 drives a lower conveyance motor 10
that rotates a conveyance roller of the lower conveyance unit
318. A drive circuit 43 drives an upper conveyance motor 49
that rotates a conveyance roller of the upper conveyance unit
317. A drive circuit 50 drives a joined conveyance motor 51
that rotates a conveyance roller of the joined conveyance
unit 319. A drive circuit 66 drives an escape conveyance
motor 67 that rotates a conveyance roller of the escape
conveyance unit 333.

A drive circuit 75 drives an upper guide moving motor 73
that moves the upper conveyance guide 70 among the
conveyance guides 70 and 71 that guide sheets conveyed in
a detection area of the detection unit 22. Similarly, a drive
circuit 76 drives a lower guide moving motor 74 that moves
the lower conveyance guide 71.

A transmission circuit 8 that generates and sends a trans-
mission signal to the transmission element 6 of the detection
unit 22 and a reception circuit 9 that receives a reception
signal from the reception element 7 are connected to the
CPU 1. A control integrated circuit (IC) that calculates a
reception signal and performs double feed detection and
grammage detection of sheets is located inside the reception
circuit 9. The control IC outputs a drive signal of the
transmission element 6 to the transmission circuit 8. Double
feed information and grammage information of sheets
detected by the reception circuit 9 is sent to the CPU 1 via
serial communication between the control IC and the CPU
1.

According to the present exemplary embodiment, the
operation unit 4 is mounted on the image forming apparatus
body 300. However, the operation unit 4 may be mounted on
the sheet feeding apparatus 301.
<Received Waveform of Double Feed Detecting Unit>

FIG. 4 is a diagram illustrating an input signal waveform
into the transmission circuit 8 of the detection unit 22 and
received waveforms by the reception circuit 9. The input
signal indicates that a predetermined number of pulses (three
pulses in FIG. 4) of a burst wave of a predetermined voltage
and a predetermined frequency are input. FIG. 4 illustrates
a received waveform without sheets, a received waveform
with a sheet (one-sheet conveyance=single feed), and a
received waveform with sheets (two-sheet
conveyance=double feed). In FIG. 4, waveforms at the same
period of time are illustrated after an input signal is input
into the transmission circuit 8 and the signal is transmitted
by the transmission element 6.

It is evident here that relative to the received waveform
without sheets, the received waveform during single feed
and the received waveform during double feed have shifted
phases in the peak positions of the received waveforms. It is
also evident that there is a level (=voltage) difference
between the reception level (=voltage) of the peak position
during single feed in which the phase is shifted and the
reception level (=voltage) of the peak position during double
feed. Whether double feed of sheets occurs is determined
based on such a phase difference and a level difference. Also,
the reception level in the peak position of a received
waveform is calculated and converted into grammage to
detect the grammage of sheets being conveyed.

Information (signal) indicating double feed of sheets
issued by the control IC of the reception circuit 9 is sent to
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the CPU 1 and the CPU 1 determines that double feed of
sheets has occurred based on the information. In a case
where the CPU 1 determines that double feed of sheets has
occurred, the CPU 1 transmits a signal indicating an occur-
rence of double feed to the image forming apparatus body
300. Then, as described above, the image forming apparatus
body 300 causes the flapper 310 to guide the doubly-fed
sheets to the escape tray 101.

In the present exemplary embodiment, the doubly-fed
sheets are conveyed to the escape tray 101 when double feed
is detected. However, when double feed is detected, a screen
of the operation unit 4 may be caused to display a message
prompting the user to remove sheets held in the conveyance
path after the conveyance of the sheets is stopped. Gram-
mage information of sheets issued by the control IC of the
reception circuit 9 is sent to the image forming apparatus
body 300. The image forming apparatus body 300 changes
the temperature of the fixing unit 308 according to the
detected grammage of sheets.

FIG. 5 is, like FIG. 4, a diagram illustrating the input
signal waveform into the transmission circuit 8 of the
detection unit 22 and received waveforms by the reception
circuit 9. FIG. 5 indicates that reception levels (voltages) in
the peak position of received waveforms with a sheet
(one-sheet conveyance=single feed) vary. Due to variations,
the precision of grammage detection that detects the gram-
mage of sheets to be conveyed by calculating the reception
level in the peak position of a received waveform and
converting the reception level into grammage deteriorates.
The cause of variations is an unstable sheet orientation in a
detection area of the detection unit 22. It is because a sheet
during conveyance is conveyed through the conveyance path
without the vertical position being fixed. Thus, it is desirable
that the sheet orientation of a sheet being conveyed in the
detection area of the detection unit 22 is stabilized. There-
fore, in the present exemplary embodiment, the orientation
of a sheet during conveyance to be detected is stabilized as
described below.
<Configuration and Operation of Conveyance Guide Near
Double Feed Detecting Unit>

FIGS. 6A and 6B are diagrams illustrating how the
conveyance path width in an ultrasonic sensor detection
position of the sheet feeding apparatus 301 is changed
depending on the grammage (thickness) of sheets conveyed.
The upper conveyance guide 70 regulates the sheet orien-
tation in a detection position of the detection unit 22 and the
lower conveyance guide 71 similarly regulates the sheet
orientation. The conveyance path width here is a distance of
the conveyance path formed by the upper conveyance guide
70 and the lower conveyance guide 71 in the thickness
direction of sheets to be conveyed and a distance between
the upper conveyance guide 70 and the lower conveyance
guide 71 in the thickness direction of sheets.

Thin paper of small grammage narrows the conveyance
path width (FIG. 6A) and thick paper of large grammage
widens the conveyance path width (FIG. 6B). By changing
the conveyance path width according to grammage of sheets
in this manner, sheets can be conveyed in a stable sheet
orientation without the sheets fluttering. Then, if double feed
occurs even in a stable sheet orientation, an air layer is
secured between sheets. Therefore, the precision of detect-
ing double feed and grammage of sheets is high.

In the present exemplary embodiment, as described
above, the conveyance path width suitable for each gram-
mage can be adopted. By changing the conveyance path
width according to the grammage of sheets as illustrated in
FIGS. 6A and 6B, variations of the received waveform
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illustrated in FIG. 5 are reduced and the precision of
detecting double feed and grammage of sheets is improved.

FIG. 7 is a diagram illustrating the relationship between
the grammage of sheets to be conveyed and the conveyance
path width to be set in the sheet feeding apparatus 301. In the
sheet feeding apparatus 301, the conveyance path width to
be set is selected in five stages of L1 to L5 as illustrated in
FIG. 7 based on the sheet grammage of a sheet feed stage set
through the operation unit 4 as an operation unit.

FIGS. 8A to 8E are diagrams illustrating a mechanism
including the guide moving motors (driving units) 73 and 74
for moving the upper conveyance guide 70 and the lower
conveyance guide 71 and the operation thereof to implement
the change of the conveyance path width described with
reference to FIG. 7.

The upper conveyance guide 70 is vertically movably
supported and an upward force is applied by a first spring 23.
The movement in an upward arrow direction of the upper
conveyance guide 70 is regulated by a first cam 24. The first
cam 24 is provided coaxially with an upper guide moving
roller 78 connected to the upper guide moving motor 73 via
an upper guide moving belt 77.

The lower conveyance guide 71 is vertically movably
supported and a downward force is applied by a second
spring 25. The movement in a downward arrow direction of
the lower conveyance guide 71 is regulated by a second cam
26. The second cam 26 is provided coaxially with a lower
guide moving roller 80 connected to the lower guide moving
motor 74 via a lower guide moving belt 79.

The guide moving motors 73 and 74, the upper guide
moving roller 78, the first cam 24, the upper guide moving
belt 77, the lower guide moving belt 79, the lower guide
moving roller 80, and the second cam 26 are included in a
change unit that changes the conveyance path width.

The upper guide moving belt 77 is rotated in a T direction
in FIGS. 8B to 8E by the rotation of the upper guide moving
motor 73 and the first cam 24 is rotated by the rotation of the
upper guide moving roller 78 connected to the upper guide
moving belt 77. With the rotation of the first cam 24, the
upper conveyance guide 70 moves vertically.

Similarly, the lower guide moving belt 79 is rotated in an
S direction in FIGS. 8B to 8E by the rotation of the lower
guide moving motor 74 and the second cam 26 is rotated by
the rotation of the lower guide moving roller 80 connected
to the lower guide moving belt 79. With the rotation of the
second cam 26, the lower conveyance guide 71 moves
vertically.

Thus, the distance (conveyance path width) between the
upper conveyance guide 70 and the lower conveyance guide
71 can be changed by controlling the rotation amount of the
upper guide moving motor 73 and the lower guide moving
motor 74. That is, by driving the upper guide moving motor
73 and the lower guide moving motor 74, the conveyance
path width can be changed from [1 of the minimum
conveyance path width illustrated in FIG. 8A to the con-
veyance path width L2 illustrated in FIG. 8B. Further, by
driving the upper guide moving motor 73 and the lower
guide moving motor 74, the conveyance path width can be
changed to the conveyance path width L3 illustrated in FIG.
8C or the conveyance path width L4 illustrated in FIG. 8D.
Further, by driving the upper guide moving motor 73 and the
lower guide moving motor 74, the conveyance path width
can be changed to L5 of the maximum conveyance path
width illustrated in FIG. 8E.

In this manner, the conveyance path width is changed to
a conveyance path width according to the grammage of
sheets as described with reference to FIG. 7 by vertically
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moving the upper conveyance guide 70 and the lower
conveyance guide 71. The initial value of the conveyance
path width is L5 and the position thereof is determined by a
home position sensor (not illustrated).

A form in which the conveyance path width is changed
stepwise from [.1 to L5 is illustrated, but there is no need to
change the conveyance path by a width stepwise manner and
the conveyance path width may be changed according to the
grammage of sheets by rotating the guide moving motors 73
and 74 by a desired amount.

FIG. 9 is a flow chart when the CPU 1 as a control unit
changes the conveyance path width according to the gram-
mage of sheets to be conveyed.

In step S101, the CPU 1 of the sheet feeding apparatus
301 monitors until a sheet feeding job arises and when a
sheet feeding job arises (YES in step S101), the processing
proceeds to step S102. In step S102, the CPU 1 determines
whether the storage that feeds sheet is an upper sheet feed
stage, that is, the storage 11. In a case where the storage for
feeding sheet is the upper storage 11 (YES in step S102), the
processing proceeds to step S103. The CPU 1 changes the
conveyance path width to a setting value illustrated in FIG.
7 based on the grammage of sheets being loaded on the
upper storage 11 according to a flow R encircled by a line.

The flow encircled by the line R will be described. In step
S103, the CPU 1 checks whether the set grammage set
through the operation unit 4 of sheets being loaded on the
upper storage 11 is 70 gsm or less. In a case where the CPU
1 determines that the set grammage is 70 gsm or less (YES
in step S103), the processing proceeds to step S104. In step
S104, the CPU 1 sets the conveyance path width to 1.0 mm
and the processing proceeds to step S112.

In a case where the set grammage is not 70 gsm or less
(NO in step S103), the processing proceeds to step S105. In
step S105, the CPU 1 checks whether the set grammage is
71 to 100 gsm. In a case where the CPU 1 determines that
the set grammage is 71 to 100 gsm (YES in step S105), the
processing proceeds to step S106. In step S106, the CPU 1
sets the conveyance path width to 2.0 mm and the processing
proceeds to step S112.

In a case where the set grammage is not 71 to 100 gsm
(NO in step S105), the processing proceeds to step S107. In
step S107, the CPU 1 checks whether the set grammage is
101 to 150 gsm. In a case where the CPU 1 determines that
the set grammage is 101 to 150 gsm (YES in step S107), the
processing proceeds to step S108. In step S108, the CPU 1
sets the conveyance path width to 3.0 mm and the processing
proceeds to step S112.

In a case where the set grammage is not 101 to 150 gsm
(NO in step S107), the processing proceeds to step S109. In
step S109, the CPU 1 checks whether the set grammage is
151 to 250 gsm. In a case where the CPU 1 determines that
the set grammage is 151 to 250 gsm (YES in step S109), the
processing proceeds to step S110. In step S110, the CPU 1
sets the conveyance path width to 4.0 mm and the processing
proceeds to step S112.

In a case where the set grammage is not 151 to 250 gsm
(NO in step S109), the processing proceeds to step S111. In
step S111, the CPU 1 sets the conveyance path width to the
maximum 5.0 mm and the processing proceeds to step S112.

The conveyance path width is set to the width according
to the grammage in such a manner that the CPU 1 controls
the rotation amount of the upper guide moving motor 73 and
the lower guide moving motor 74 via the drive circuits 75
and 76.

After the conveyance path width is changed, in step S112,
the CPU 1 starts to feed sheets from the upper storage 11.
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Subsequently, in step S113, in a case where the sheet feeding
job has ended (YES in step S113), the CPU 1 ends the
processing procedure. In a case where, in step S113, the
sheet feeding job has not yet ended (NO in step S113), the
processing proceeds to step S114. In a case where the sheet
feed stage is not changed (NO in step S114), the processing
returns to step S112. The CPU 1 continues upper-stage sheet
feeding. If the sheet feed stage is changed (YES in step
S114), the processing proceeds to a flow R' that changes the
conveyance path width based on grammage of sheets loaded
on the lower-stage repository 372. In a flow R', like the
aforementioned flow R, the conveyance path width is
changed to a setting value based on the grammage of sheets
being loaded on the lower sheet feed stage, that is the lower
storage 372. After the conveyance path width is changed in
the flow R', in step S115, the CPU 1 starts to feed sheets from
the lower storage 372. Subsequently, in step S116, if the
sheet feeding job has ended (YES in step S116), the CPU 1
ends the job. In a case where, in step S116, the sheet feeding
job has not yet ended (NO in step S116), the processing
proceeds to step S117. In a case where the sheet feed stage
is not changed (NO in step S117), the processing returns to
step S115. The CPU 1 continues lower-stage sheet feeding.
In a case where the sheet feed stage is changed (YES in step
S117), the processing proceeds to the flow R. After the
conveyance path width is changed, in step S112, the CPU 1
starts to feed sheets from the upper storage 11.

The conveyance path width in the detection area of the
detection unit 22 is varied according to the grammage of
sheets to be conveyed by the control being executed by the
CPU 1 according to the flowchart illustrated in FIG. 9, so
that a stable sheet orientation is always maintained in the
detection area. Accordingly, the precision of detection by the
ultrasonic sensor can be improved and double feed of sheets
can reliably be detected.

In addition, the precision of detecting the grammage of
sheets can also be improved. With improved precision of
detecting the grammage of sheets, sheet grammage is deter-
mined more precisely compared to the case where the
grammage of sheets input with a predetermined width
through the operation unit 4 in advance. Even if the user
makes a grammage setting error, image forming parameters
of the image forming apparatus body 300, for example, the
fixing temperature of the fixing device and the like can be set
to the optimal ones according to the sheet grammage.

In the present exemplary embodiment, the upper guide
moving motor 73 and the lower guide moving motor 74 are
used for moving the conveyance guides 70 and 71, so that
the five-stage conveyance path width illustrated in FIG. 7 is
implemented. However, the drive unit for moving the upper
conveyance guide 70 and the lower conveyance guide 71 is
not limited to a motor. For example, as illustrated in FIGS.
10A and 10B, the drive unit may be structured using an
attraction force of solenoids 81 and 82 in a W direction
illustrated in FIG. 10B.

That is, the conveyance path width may be widened from
L6 to L7 by pulling each of the solenoids 81 and the solenoid
82 in the W direction illustrated in FIG. 10B so that the
upper conveyance guide 70 is moved upward and the lower
conveyance guide 71 is moved downward. Whether to
energize the solenoids 81 and 82 as drive units for moving
the upper conveyance guide 70 and the lower conveyance
guide 71 is controlled by the CPU 1.

Instead of moving both of the upper conveyance guide 70
and the lower conveyance guide 71, the present exemplary
embodiment may be configured in such a manner that only
one conveyance guide of the upper conveyance guide 70 and
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the lower conveyance guide 71 is moved. For example, only
the lower conveyance guide 71 may be moved by using, as
illustrated in FIG. 11A, a solenoid 83 and pulling, as
illustrated in FIG. 11B, the solenoid 83 in a W direction
illustrated in FIG. 11B. Conversely, only the upper convey-
ance guide 70 may be moved by using, as illustrated in FIG.
12A, a solenoid 84 and pulling, as illustrated in FIG. 12B,
the solenoid 84 in a W direction illustrated in FIG. 12B.

In a system in which the conveyance guides are moved
using these solenoids, as illustrated in FIG. 13, the convey-
ance path width is configured in such a manner that two-
stage path widths are set depending on the grammage of
sheets to be conveyed.

While the present invention has been described with
reference to exemplary embodiments, 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. 2014-217361, filed Oct. 24, 2014, which is
hereby incorporated by reference herein in its entirety.

What is claimed is:

1. A sheet conveyance apparatus comprising:

a transmission unit configured to transmit an ultrasonic
wave toward a sheet being conveyed;

a reception unit arranged opposite to the transmission unit
across the sheet and configured to receive the ultrasonic
wave;

a conveyance guide unit configured to form a conveyance
path through which the sheet being conveyed between
the transmission unit and the reception unit passes;

an acquisition unit configured to acquire grammage infor-
mation about grammage of the sheet to be conveyed;

a change unit configured to change a distance of the
conveyance path in a thickness direction of the sheet;
and

a control unit configured to control the change unit to set
the distance of the conveyance path in the thickness
direction of the sheet according to the grammage
information acquired by the acquisition unit,

wherein, in a case where the grammage information
indicates that grammage of the sheet is first grammage,
the control unit controls the change unit to set the
distance of the conveyance path in such a manner that
the distance of the conveyance path in the thickness
direction of the sheet becomes larger than in a case
where the grammage information indicates that gram-
mage of the sheet is second grammage which is smaller
than the first grammage.

2. The sheet conveyance apparatus according to claim 1,
wherein whether double sheet feed occurs is determined
based on a signal of the received ultrasonic wave.

3. The sheet conveyance apparatus according to claim 1,
further comprising a setting unit configured to set grammage
information about grammage of the sheet to be conveyed,

wherein the acquisition unit acquires the grammage infor-
mation set by the setting unit.

4. The sheet conveyance apparatus according to claim 1,
wherein the control unit controls the change unit to set, by
moving the conveyance guide unit, the distance of the
conveyance path in the thickness direction of the sheet near
an area through which the ultrasonic wave transmitted by the
transmission unit and received by the reception unit propa-
gates.
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5. The sheet conveyance apparatus according to claim 1,
wherein the conveyance guide unit includes a first guide
member and a second guide member arranged opposite to
the first guide member,

wherein the sheet passes between the first guide member
and the second guide member, and

wherein the control unit controls the change unit to set the
distance between the first guide member and the second
guide member in the thickness direction of the sheet by
moving both of the first guide member and the second
guide member in the thickness direction of the sheet to
be conveyed.

6. The sheet conveyance apparatus according to claim 1,
wherein the conveyance guide unit includes a first guide
member and a second guide member arranged opposite to
the first guide member, and

wherein the change unit moves only one of the first guide
member and the second guide member in the thickness
direction of the sheet to be conveyed.

7. An image forming apparatus comprising:

a transmission unit configured to transmit an ultrasonic
wave toward a sheet being conveyed;

a reception unit arranged opposite to the transmission unit
across the sheet and configured to receive the ultrasonic
wave;

a conveyance guide unit configured to form a conveyance
path through which the sheet being conveyed between
the transmission unit and the reception unit passes;

an image forming unit configured to form an image on the
sheet guided by the conveyance guide unit;

an acquisition unit configured to acquire sheet informa-
tion about the sheet to be conveyed;

a change unit configured to change a distance of the
conveyance path in a thickness direction of the sheet;
and

a control unit configured to control the change unit to
change the distance of the conveyance path according
to the acquired sheet information.

8. The image forming apparatus according to claim 7,
further comprising a setting unit configured to set grammage
information about grammage of the sheet to be conveyed,

wherein the acquisition unit acquires the grammage infor-
mation set by the setting unit.

9. The image forming apparatus according to claim 7,
wherein the control unit controls the change unit to set, by
moving the conveyance guide unit, the distance of the
conveyance path in the thickness direction of the sheet near
an area through which the ultrasonic wave transmitted by the
transmission unit and received by the reception unit propa-
gates.

10. The image forming apparatus according to claim 7,
wherein the conveyance guide unit includes a first guide
member and a second guide member arranged opposite to
the first guide member,

wherein the sheet passes between the first guide member
and the second guide member, and

wherein the control unit controls the change unit to set the
distance between the first guide member and the second
guide member in the thickness direction of the sheet by
moving both of the first guide member and the second
guide member in the thickness direction of the sheet to
be conveyed.

11. The image forming apparatus according to claim 7,
wherein the conveyance guide unit includes a first guide
member and a second guide member arranged opposite to
the first guide member, and
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wherein the change unit moves only one of the first guide
member and the second guide member in the thickness
direction of the sheet to be conveyed.

12. The image forming apparatus according to claim 7,

wherein the acquisition unit acquires grammage informa-
tion about grammage of the sheet as the sheet infor-
mation, and

wherein in a case where the grammage information indi-
cates that grammage of the sheet is first grammage, the
control unit controls the change unit to set the distance
of the conveyance path in the thickness direction of the
sheet larger than the distance of the case where the
grammage information indicates that grammage of the
sheet is second grammage, which is smaller than the
first grammage.

13. The image forming apparatus according to claim 7,
wherein the image forming unit includes a fixing unit
configured to fix the image to the sheet by heat, and
wherein a temperature of the fixing unit is controlled
based on a signal of the received ultrasonic wave.

14. The image forming apparatus according to claim 7,
wherein whether double sheet feed occurs is determined
based on output from the reception unit.

15. The image forming apparatus according to claim 14,
wherein the sheet is discharged, if double sheet feed occurs,
without being conveyed to the image forming unit.

16. The image forming apparatus according to claim 14,
wherein the sheet is stopped, if double sheet feed occurs,
without being conveyed to the image forming unit.

17. The image forming apparatus according to claim 7,

wherein the conveyance guide unit includes a first guide
member and a second guide member arranged opposite
to the first guide member,

wherein the sheet passes between the first guide member
and the second guide member, and

wherein the control unit controls the change unit to set the
distance between the first guide member and the second
guide member in the thickness direction of the sheet by
moving only one of the first guide member and the
second guide member in the thickness direction of the
sheet to be conveyed.

18. A sheet conveyance apparatus comprising:

a double sheet feed detector, including a transmitter and
a receiver arranged opposite to the transmitter across
the sheet, configured to detect whether double sheet
feed occurs based on an output from the receiver;

a conveyance guide unit configured to form a conveyance
path through which the sheet being conveyed between
the transmitter and the receiver passes;

an acquisition unit configured to acquire grammage infor-
mation about grammage of the sheet to be conveyed;

a change unit configured to change a distance of the
conveyance path in a thickness direction of the sheet;
and

a control unit configured to control the change unit to set
the distance of the conveyance path in the thickness
direction of the sheet according to the grammage
information acquired by the acquisition unit,

wherein, in a case where the grammage information
indicates that grammage of the sheet is first grammage,
the control unit controls the change unit to set the
distance of the conveyance path in such a manner that
the distance of the conveyance path in the thickness
direction of the sheet becomes larger than in a case
where the grammage information indicates that gram-
mage of the sheet is second grammage which is smaller
than the first grammage, and
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wherein the double sheet feed detector detects whether
double sheet feed occurs in a state where the distance
of the conveyance path in the thickness direction of the
sheet is changed by the change unit.

19. The sheet conveyance apparatus according to claim
18, wherein the transmitter transmits an ultrasonic wave
toward the sheet being conveyed and the receiver receives
the ultrasonic wave transmitted by the transmitter, and

wherein the double sheet feed detector detects whether
double sheet feed occurs based on a signal of the
ultrasonic wave received by the receiver.

20. The sheet conveyance apparatus according to claim
18, further comprising a setting unit configured to set
grammage information about grammage of the sheet to be
conveyed,

wherein the acquisition unit acquires the grammage infor-
mation set by the setting unit.

21. An image forming apparatus comprising:

an image forming unit configured to form an image on a
sheet;

a double sheet feed detector, including a transmitter and
a receiver arranged opposite to the transmitter across
the sheet, configured to detect whether double sheet
feed occurs based on an output from the receiver;

a conveyance guide unit configured to form a conveyance
path through which the sheet being conveyed between
the transmitter and the receiver passes;

an acquisition unit configured to acquire grammage infor-
mation about grammage of the sheet to be conveyed;

a change unit configured to change a distance of the
conveyance path in a thickness direction of the sheet;
and

a control unit configured to control the change unit to set
the distance of the conveyance path in the thickness
direction of the sheet according to the grammage
information acquired by the acquisition unit,

wherein, in a case where the grammage information
indicates that grammage of the sheet is first grammage,
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the control unit controls the change unit to set the
distance of the conveyance path in such a manner that
the distance of the conveyance path in the thickness
direction of the sheet becomes larger than in a case
where the grammage information indicates that gram-
mage of the sheet is second grammage which is smaller
than the first grammage, and

wherein the double sheet feed detector detects whether

double sheet feed occurs in a state where the distance
of the conveyance path in the thickness direction of the
sheet is changed by the change unit.

22. The image forming apparatus according to claim 21,
wherein the transmitter transmits an ultrasonic wave toward
the sheet being conveyed and the receiver receives the
ultrasonic wave transmitted by the transmitter, and

wherein the double sheet feed detector detects whether

double sheet feed occurs based on output from the
receiver.

23. The image forming apparatus according to claim 21,
further comprising a setting unit configured to set grammage
information about grammage of the sheet to be conveyed,

wherein the acquisition unit acquires the grammage infor-

mation set by the setting unit.

24. The sheet conveyance apparatus according to claim 1,

wherein the conveyance guide unit includes a first guide

member and a second guide member arranged opposite
to the first guide member,

wherein the sheet passes between the first guide member

and the second guide member, and

wherein the control unit controls the change unit to set the

distance between the first guide member and the second
guide member in the thickness direction of the sheet by
moving only one of the first guide member and the
second guide member in the thickness direction of the
sheet to be conveyed.
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