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(67)  The presentinvention relates to an image form-
ing apparatus comprising: feeding means configured to
feed a sheet to a main conveyance path; image forming
means configured to form animage on the sheet fed from
the feeding means; reverse means configured to pull in
the sheet on which the image has been formed by the
image forming means, the sheet having been conveyed
from the main conveyance path, and reverse a convey-
ance direction of the sheet to feed the sheet to a sub-con-
veyance path after a trailing end of the sheet has passed
through a branch point of the main conveyance path and
the sub-conveyance path; conveyance means config-
ured to again convey the sheet that has been fed to the
sub-conveyance path by the reverse means, to the main
conveyance path from a merging point of the sub-con-
veyance path and the main conveyance path; and control
means configured to control the reverse means and the
conveyance means so as to cause a first sheet that is
fed to the sub-conveyance path by the reverse means to
wait in the sub-conveyance path, wherein the first sheet
that is waiting straddles the branch point, wherein the
control means causes the conveyance means to convey
the first sheet that is waiting to the main conveyance path
after a trailing end of a second sheet that has been fed
from the feeding means and follows the first sheet has
passed through the merging point, and moves a trailing
end of the first sheet downstream of the branch point
before the second sheet reaches the branch point, and

IMAGE FORMING APPARATUS ABLE TO FORM IMAGES ON BOTH SIDES OF SHEET

wherein the control means is further configured to deter-
mine a timing of resuming conveying the first sheet that
is waiting in the sub-conveyance path, in accordance with

a type of the first sheet.
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Description
BACKGROUND OF THE INVENTION
Field of the Invention
[0001] The presentinvention relates to animage forming apparatus that is able to form images on both sides of a sheet.
Description of the Related Art

[0002] To form images on both sides of a sheet, an image forming apparatus includes an auxiliary conveyance path
(sub-conveyance path) in addition to a main conveyance path (Japanese Patent Laid-Open No. 2002-12374). The sub-
conveyance path is a conveyance path that branches from the main conveyance path and again merges with the main
conveyance path, and is used for turning over a sheet. A sheet with an image formed on its first face is sent to the sub-
conveyance path, and the proceeding direction thereof is reversed. The sheet is thus turned over and is again sent to
an image forming unit in the main conveyance path, and an image is formed on the second face.

[0003] To increase productivity when forming images on both sides of a plurality of sheets, a configuration may be
employed in which the plurality of sheets are successively fed, and image formation on the first face of a sheet and
image formation on the second face of another sheet with an image formed on the first face may be performed alternately.
However, if a long sub-conveyance path is provided in order to allow a large number of sheets to wait, the size of the
image forming apparatus will increase. In addition, it is also conceivable that a leading end of a sheet that has been
conveyed from the main conveyance path to the sub-conveyance path will collide with a trailing end of a sheet that is
already waiting in the sub-conveyance path.

SUMMARY OF THE INVENTION

[0004] According to the presentinvention, the length of the sub-conveyance path is shortened while avoiding contact
between a leading sheet and a following sheet in an image forming apparatus that is able to form images on both sides
of a sheet.

[0005] The present invention is realized, for example, on an image forming apparatus as specified in claims 1 to 15.
[0006] 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
[0007]

FIG. 1 is a schematic cross-sectional diagram of an image forming apparatus.
FIG. 2 is a block diagram showing a control system.

FIGS. 3A to 3C are diagrams showing a sheet conveyance order during duplex printing.
FIG. 4 is a diagram showing conveyance paths in a comparative example.
FIGS. 5A to 5F are diagrams illustrating sheet conveyance control.

FIG. 6 is a flowchart depicting sheet conveyance control.

FIG. 7 is a timing chart depicting sheet conveyance control.

FIGS. 8A and 8B are diagrams showing the length of a sub-conveyance path.
FIG. 9 is a diagram showing the length of the sub-conveyance path.

FIG. 10 is a flowchart depicting sheet conveyance control.

FIG. 11 is a timing chart depicting sheet conveyance control.

FIG. 12 is a schematic cross-sectional view of an image forming apparatus.
FIG. 13 is a block diagram showing a control system.

FIGS. 14A to 14F are diagrams illustrating sheet conveyance control.

FIG. 15 is a diagram illustrating sheet conveyance control.

FIG. 16 is a flowchart depicting sheet conveyance control.

FIG. 17 is a timing chart depicting sheet conveyance control.

FIG. 18 is a timing chart depicting sheet conveyance control.

FIGS. 19A to 19C are diagrams showing the length of a sub-conveyance path.
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DESCRIPTION OF THE EMBODIMENTS
First Embodiment

[0008] Hereinafter, embodiments of the present invention will be described in detail with reference to the drawings.
However, the constituent elements described in these embodiments are merely examples, and are not intended to limit
the scope of the invention thereto unless stated otherwise.

Image forming apparatus

[0009] FIG. 1 shows an electrophotographic image forming apparatus 100, which forms multi-color images. Process
stations (process cartridges) 5Y, 5M, 5C, and 5K are image forming units that can be attached to and detached from
the image forming apparatus 100. The four process stations 5Y, 5M, 5C, and 5K have the same configuration, but toner
colors thereof are different. Y, M, C, and K that follow reference signs indicate yellow, magenta, cyan, and black (K),
respectively, which are the toner colors. In the following description, the characters Y, M, C, and K are omitted except
for descriptions of specific process stations. Toner containers 23 are containers for storing toner. Photosensitive drums
1 are image carriers for carrying electrostatic latent images and toner images. Charging rollers 2 uniformly charge the
surfaces of the corresponding photosensitive drums 1. Exposure apparatuses 7 cause a laser beam that corresponds
to input image data to scan on the surface of the corresponding photosensitive drum 1, and form electrostatic latent
images that correspond to the image data on the surface of the corresponding photosensitive drum 1. Each of the
exposure apparatuses 7 is, in the narrow sense, an image forming unit that forms an electrostatic latent image. Note
that the timing at which the exposure apparatuses 7 start to form the electrostatic latent images (image formation timing)
is instructed by a later-described controller. Developing rollers 3 develop the electrostatic latent images by attaching the
toner stored in the corresponding toner containers 23 to the electrostatic latent images, and form toner images. A first
transfer roller 6 transfers the tonerimages carried by the corresponding photosensitive drum 1 to an intermediate transfer
belt 8. The intermediate transfer belt 8 is wound around a driving roller 9 and an opposing roller 10 in a stretched manner,
and is rotated by the driving roller 9 in a direction indicated by an arrow A. As a result of the intermediate transfer belt
8 rotating, the opposing roller 10 also rotates following the intermediate transfer belt 8.

[0010] A feeding apparatus 12 feeds sheets P to a main conveyance path r1. The main conveyance path r1 is a
conveyance path that extends from a feed cassette 13 to a reverse point (turn-over point) 201 (which is also called a
branch point). The feeding apparatus 12 essentially feeds sheets so that a gap between a leading sheet and a following
sheet is fixed. This is because the process stations 5 form images to be transferred to the leading sheet and images to
be transferred to a following sheet, on the intermediate transfer belt 8 with a fixed gap therebetween. A feeding roller
14 feeds each of the sheets P stored in the feed cassette 13 to a conveyance roller pair 15. The conveyance roller pair
15 feeds the sheet P to a registration roller pair 16. The registration roller pair 16 conveys the sheet P so that the timing
at which the toner images conveyed by the intermediate transfer belt 8 arrive at a secondary transfer unit 80 coincides
with the timing at which the sheet P is conveyed by the registration roller pair 16.

[0011] A secondary transfer roller 11 transfers the tonerimages carried by the intermediate transfer belt 8 to the sheet
P. The secondary transfer roller 11 and the intermediate transfer belt 8 form the secondary transfer unit 80. Since the
toner images are formed on the sheet P by the secondary transfer unit 80, the secondary transfer unit 80 is an image
forming unit in the narrow sense. The sheet P nipped by the intermediate transfer belt 8 and the secondary transfer
roller 11 is fed to a fixing device 17. The fixing device 17 includes a fixing roller 18 and a pressure roller 19 that is pressed
against the fixing roller 18. The fixing roller 18 contains a fixing heater 30 and a temperature sensor 31 for measuring
the temperature of the fixing heater 30. The toner images are fixed to the sheet P by heating and pressing the sheet P.
The sheet P on which image formation has been completed is guided by a flapper 55 to a discharge path r3, which is a
conveyance path that branches from the main conveyance path r1. The sheet P is discharged to a discharge tray 90 by
discharge rollers 20, which are provided at an end (exit) of the discharge path r3.

[0012] In the case of forming an image on a second face of the sheet P, the flapper 55 guides the sheet P to a reverse
unit 70. That is to say, the sheet P enters the reverse unit 70 from the reverse point 201, which is an exit of the main
conveyance path r1, and moves toward a reverse roller pair 50. The reverse point 201 is also an entrance of the reverse
unit 70. In FIG. 1, the reverse unit 70 is a conveyance path that is located on the left side of the reverse point 201, and
includes the reverse roller pair 50. The reverse roller pair 50 pulls the sheet P from the main conveyance path r1 into
the reverse unit 70 by rotating in a reverse direction. Thus, a portion of the sheet P is discharged outside the image
forming apparatus 100. Upon a sheet sensor 61 detecting a trailing end of the sheet P, the reverse roller pair 50 stops.
Upon the reverse roller pair 50 rotating in a forward direction, the sheet P is fed to a sub-conveyance path r2 via the
reverse point 201. That is to say, the sheet P is turned over as a result of the direction in which the sheet P is conveyed
being inverted (reversed). The reverse point 201 is also an exit of the reverse unit 70, and is also an entrance of the
sub-conveyance path r2. That is to say, the reverse point 201 is a connecting point that connects the main conveyance
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path r1, the sub-conveyance path r2, and the reverse unit 70 to one another. The sub-conveyance path r2 is also
connected to the main conveyance path r1 at a merging point 200. Thus, the sub-conveyance path r2 is an auxiliary
conveyance path that extends from the reverse point 201 to the merging point 200. The merging point 200 is also an
exit of the sub-conveyance path r2. In the main conveyance path r1, the merging point 200 is provided upstream of the
registration roller pair 16. Upon the reverse roller pair 50 starting to rotate in the forward direction, a conveyance roller
pair 51, a conveyance roller pair 52, and a conveyance roller pair 53 also start to rotate. The sheet P is conveyed by
the conveyance roller pair 51, the conveyance roller pair 52, and the conveyance roller pair 53, and proceeds toward
the merging point 200. The conveyance roller pair 53 may suspend the conveyance of the sheet P before the leading
end of the sheet P reaches the merging point 200. As a result of the conveyance roller pair 53 resuming the conveyance
of the sheet P, the sheet P passes through the merging point 200 and reaches the registration roller pair 16. After the
timing of conveying the sheet P has been adjusted by the registration roller pair 16, the sheet P is conveyed to the
secondary transfer unit 80. As a result of the second face of the sheet P coming into contact with the intermediate transfer
belt 8, the toner images are transferred to the second face. The fixing device 17 fixes toner images to the second face
of the sheet P. The flapper 55 guides the sheet P, for which duplex printing has been completed, toward the discharge
path r3. Thus, the sheet P with images formed on both sides is discharged to the discharge tray 90.

[0013] Note that a sheet sensor 62 may be provided at the merging point 200. Upon the leading end of the sheet P
arriving at the merging point 200, the sheet sensor 62 switches the level of a detection signal from OFF to ON. Upon
the trailing end of the sheet P passing through the merging point 200, the sheet sensor 62 switches the level of the
detection signal from ON to OFF. That is to say, the level of the detection signal is kept ON while the sheet P is passing
the sheet sensor 62. The level of the detection signal is kept OFF while the sheet P is not passing through the sheet
sensor 62. The sheet sensor 62 may be used as a sensor for detecting that the sheet P has reached the registration
roller pair 16. The sheet sensor 63 is a sensor for detecting that the sheet P has passed through the registration roller
pair 16, or has reached a stable-speed point 202.

Control system

[0014] FIG. 2 shows a control system that controls the image forming apparatus 100. A printer control unit 101 has a
CPU 104 and circuits such as a ROM and a RAM (not shown), and controls various units provided in the image forming
apparatus 100. A control program is stored in the ROM. The CPU 104 is connected to an image forming unit 110, a
motor driving unit 111, a flapper driving unit 112, and a sensor unit 113. The image forming unit 110 includes the fixing
device 17, the exposure apparatuses 7, the process stations 5, and so on. The motor driving unit 111 is a drive circuit
for driving motors M1, M2, and M3 in accordance with an instruction from the CPU 104. The motor M1 drives the reverse
roller pair 50. The motor M2 drives the conveyance roller pairs 51, 52, and 53. The conveyance roller pairs 51, 52, and
53 may also be driven by different motors. The motor M3 drives the registration roller pair 16. Motors for driving the
driving roller 9 and the like are omitted in FIGS. 3A to 3C. The flapper driving unit 112 guides the sheet P to the discharge
path r3 or to the sub-conveyance path r2 by controlling the flapper 55 in accordance with a control signal that is output
by the CPU 104. The sensor unit 113 is connected to the sheet sensors 61, 62, and 63, and outputs, to the CPU 104,
the detection signals that are output by the sheet sensors 61, 62, and 63. Note that the CPU 104 may estimate the
position of each sheet by counting the number of drive pulses supplied to the respective motors by the motor driving
unit 111, instead of using these sheet sensors. The number of drive pulses is proportional to the rotation angle of a
rotary shaft of each motor, and to the rotation angle of each roller. Accordingly, the distance by which the sheet P is
conveyed is also proportional to the number of drive pulses.

[0015] A controller 102 is a controller for changing the color space of image data and instructing the printer control
unit 101 to print. The controller 102 is connected to a host computer 103 via a network, a printer cable, or the like. The
controller 102 receives image information and a print command from the host computer 103. The controller 102 analyzes
the image information to convert it into bitmap data, and transmits the bitmap data to the printer control unit 101 syn-
chronously with a TOP signal that is transmitted from the printer control unit 101. The printer control unit 101 may also
be implemented as a result of the CPU 104 executing the control program. Some or all of the functions of the printer
control unit 101 may also be implemented by an application specific integrated circuit (ASIC). Some or all of the functions
to be performed by the CPU 104 may also be implemented by hardware such as an ASIC or an FPGA. "FPGA" is an
abbreviation of field programmable gate array.

Duplex circulation

[0016] The image forming apparatus 100 may also have a plurality of duplex printing modes. Essentially, after suc-
cessively formingimages onfirstfaces of N sheets, the image forming apparatus 100 alternately performs image formation
on a second face of a sheet and image formation of the first face of a sheet. That is to say, the image forming apparatus
100 alternately executes image formation on a sheet that is fed from the sub-conveyance path and image formation on
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a sheet that is newly fed from the feed cassette 13.

[0017] FIG. 3A shows a case where N=3. The image forming apparatus 100 successively forms images on the first
faces of first to third sheets, and feeds them to the sub-conveyance path r2. Thereafter, the image forming apparatus
100 alternately executes image formation on the second face of a sheet that is fed again from the sub-conveyance path
r2 and image formation on the first face of a sheet that is fed from the feeding apparatus 12. That is to say, after forming
an image on the first face of the third sheet, the image forming apparatus 100 forms an image on the second face of the
first sheet. Furthermore, the image forming apparatus 100 forms an image on the first face of a fourth sheet, and then
forms an image on the second face of the second sheet. Furthermore, the image forming apparatus 100 forms an image
on the first face of a fifth sheet, and then forms an image on the second face of the third sheet. Lastly, the image forming
apparatus 100 forms an image on the second faces of the third to fifth sheets. This case shown in FIG. 3A illustrates a
three-sheet circulating mode, in which three sheets circulate in the conveyance paths in the image forming apparatus 100.
[0018] FIG. 3B shows a two-sheet circulating mode. FIG. 3C shows a one-sheet circulating mode. In the one-sheet
circulating mode, the image forming apparatus 100 forms an image on the first face of a sheet, and then forms an image
on the second sheet of this sheet. These circulating modes are selected in accordance with the length of the sheets in
the conveyance direction.

[0019] A sheet with an image formed on the first face again reaches the secondary transfer unit 80 via the sub-
conveyance path r2, and an image is formed on the second face thereof. Accordingly, the amount of time a sheet moves
in the sub-conveyance path r2 affects the productivity of image formation. If an image can be formed on a following
sheet while a leading sheet is moving along the sub-conveyance path r2, the moving time is not wasted, and the
productivity is increased. Accordingly, the two-sheet circulating mode and the three-sheet circulating mode are more
productive than the one-sheet circulating mode. Thus, the productivity will increase if sheet conveyance along the sub-
conveyance path r2 is completed until the timing of transferring the toner images to the second face. Note that the
number of sheets that can circulate in a circular path formed by the main conveyance path and the sub-conveyance
path depends on the length of the sub-conveyance path.

[0020] It is assumed that the maximum size of the sheets P that can be printed by the image forming apparatus 100
according to this embodiment is the Ledger size. The length of a sheet P of the Ledger size in the conveyance direction
is 431.8 mm. In this case, the three-sheet circulating mode can be employed in the case of a sheet P of the Letter size
(215.9mm) and the A4 size (210 mm). The two-sheet circulating mode can be employed in the case of a sheet P of the
Ledger/A3 size.

Conveyance control

[0021] FIG. 4 shows a comparative example. The sub-conveyance path r2 in the comparative example is so long that
three sheets P1, P2, and P3 can waitin a path from the reverse roller pair 50 to the merging point 200. In this embodiment,
the number of sheets able to wait in the sub-conveyance path r2 is reduced by shortening the sub-conveyance path r2,
whereas the image forming apparatus 100 is made compact. Upon a trailing end of a sheet P3 passing through the
reverse point 201 due to the reverse rotation of the reverse roller pair 50, the CPU 104 causes the reverse roller pair
50 to start rotating in the forward direction, and also resumes conveying sheets P1 and P2.

[0022] FIGS. 5A to 5F illustrate the three-sheet circulating mode in this embodiment. It is assumed that all sheets are
of the Letter/A4 size.

1. As shown in FIG. 5A, the image forming apparatus 100 conveys a first sheet P1 with an image formed on the
first face to the reverse point 201.

2. As shown in FIG. 5B, the image forming apparatus 100 rotates the reverse roller pair 50 in the reverse direction
to pull the sheet P1 into the reverse unit 70, and thereafter rotates the reverse roller pair 50 in the forward direction.
Thus, the image forming apparatus 100 feeds the sheet P1 to the sub-conveyance path, and conveys the sheet P1
toward the merging point 200. Simultaneously, the image forming apparatus 100 forms an image on the first face
of a second sheet P2, and conveys the second sheet P2 to the reverse point 201.

3. As shown in FIG. 5C, the image forming apparatus 100 causes the sheet P1 to stop and wait at a waiting position,
which is located before the merging point 200. The image forming apparatus 100 rotates the reverse roller pair 50
in the reverse direction to pull the sheet P2 into the reverse unit 70, and thereafter rotates the reverse roller pair 50
in the forward direction. Thus, the image forming apparatus 100 feeds the sheet P2 to the sub-conveyance path r2,
and conveys the sheet P2 toward the merging point 200. The image forming apparatus 100 causes the feeding
apparatus 12 to feed a third sheet P3 to the main conveyance path r1. The sheet P1, which is waiting upstream of
the merging point 200, does not collide with the sheet P3.

4. As shown in FIG. 5D, the sheet P1 continues to wait forward of the merging point 200 while the image forming
apparatus 100 forms an image on the sheet P3. The image forming apparatus 100 causes a trailing end of the sheet
P2 to be nipped by the reverse roller pair 50 to cause the sheet P2 to wait. A portion of the sheet P2 around the
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center thereof is nipped by the conveyance roller pair 51. A leading end of the sheet P2 stops before the conveyance
roller pair 52. The image forming apparatus 100 conveys the sheet P3 toward the reverse point 201 while forming
an image on the first face thereof. At the timing at which a trailing end of the sheet P3 passes through the merging
point 200, the image forming apparatus 100 resumes conveying the sheet P1 and the sheet P2.

5. As shown in FIG. 5E, a leading end of the sheet P3 has not reached the reverse point 201 at the point in time
when the trailing end of the trailing end of the sheet P2 passes through the reverse point 201. Accordingly, the sheet
P3 does not collide with the sheet P2. The image forming apparatus 100 also conveys the sheet P1 using the
conveyance roller pair 53 and feeds the sheet P1 to the main conveyance path r1.

6. As shown in FIG. 5F, the image forming apparatus 100 stops the registration roller pair 16 upon the sheet P1
passing through the registration roller pair 16. Thus, the image forming apparatus 100 synchronizes the timing at
which the toner images for the second face conveyed by the intermediate transfer belt 8 arrive at the secondary
transfer unit 80 with the timing at which the second face of the sheet P1 arrives at the secondary transfer unit 80.
Also, upon the conveyance of the sheet P1 stopping, the image forming apparatus 100 stops the conveyance of
the sheet P2. The sheet P2 waits in the sub-conveyance path r2. The image forming apparatus 100 also conveys
the sheet P3 toward the reverse point 201.

[0023] Thus, if the length of the sub-conveyance path is short, the trailing end and a portion therearound of the sheet
P2 is obstructing the reverse point 201 at the point in time when the trailing end of the sheet P3 passes through the
merging point 200. That is to say, the sheet P2 spans the reverse point 201. However, triggered by the trailing end of
the sheet P3 passing through the merging point 200, the image forming apparatus 100 feeds the sheet P1 to the main
conveyance path r1 from the merging point 200, and also moves the sheet P2 downstream in the sub-conveyance path
f2, thereby making the reverse unit 70 and the reverse point 201 clear. Thus, the sheet P3 and the sheet P2 do not
collide with each other at the reverse point 201, and the three sheets can be circulated in the circular path. In the
comparative example shown in FIG. 4, the length of the sub-conveyance path is sufficiently long, and accordingly, the
top sheet P1 is fed to the main conveyance path r1 after the sheet P3 has been pulled into the reverse unit 70. In contrast,
in the first embodiment, the top sheet P1 is fed to the main conveyance path r1 prior to the arrival of the sheet P3 at the
reverse unit 70. This feeding method may be called preceding feeding.

[0024] Upon the trailing end of the sheet P3 passing through the merging point 200, the printer control unit 101 resumes
conveying the sheet P2, which has been waiting while being nipped by the reverse roller pair 50. That is to say, the
trailing end of the sheet P2 passes through the reverse point 201 until the leading end of the sheet P3 reaches the
reverse point 201. Accordingly, the sheet P2 and the sheet P3 do not collide with each other at the reverse point 201.
Since the sheet P2 waits with its trailing end spanning the reverse roller pair 50 and the sub-conveyance path r2 as
shown in FIG. 5D, the length of the sub-conveyance path r2 according to this embodiment can be made shorter than
the length of the sub-conveyance path r2 in the comparative example.

[0025] According to this embodiment, the trailing end of the sheet P2 needs to move downstream of the reverse point
201 within a period of time from when the trailing end of the sheet P3 passes through the merging point 200 until the
leading end of the sheet P3 reaches the reverse point 201. Accordingly, at the point in time when the trailing end of the
sheet P3 passes through the merging point 200, the distance from the leading end of the sheet P3 to the reverse point
201 needs to be longer than the distance from the trailing end of the waiting sheet P2 to the reverse point 201. However,
the conveyance speed of the sheets P2 and P3 is the same. Also, it is assumed in this embodiment that the length of
the sheets on which images are formed is shorter than the distance along the sub-conveyance path r2 from the reverse
point 201 to the merging point 200. For example, with sheets of the Ledger size, the trailing end of a sheet cannot pass
through the merging point 200 until the leading end of the sheet reaches the reverse point 201, and accordingly, this
embodiment is not applicable.

Flowchart

[0026] FIG. 6 is a flowchart depicting sheet conveyance control executed by the CPU 104 to perform duplex printing.
It is assumed here that duplex printing is performed on M sheets. The image forming apparatus 100 can execute an N-
sheet circulating mode (M and N are natural numbers, where M>N). The length of the sub-conveyance path r2 is a length
on which a maximum of N-1 sheets can wait. The rearmost sheet waits while being nipped by the reverse roller pair 50.
That is to say, the rearmost sheet waits while spanning the reverse roller pair 50 and the sub-conveyance path r2. The
controller 102 receives a print instruction transmitted by the host computer 103. The controller 102 instructs the print
control unit 101 to perform duplex printing in accordance with the print instruction.

[0027] In step S601, the CPU 104 controls the image forming unit 110, the motor driving unit 111, the flapper driving
unit 112, and so on to form an image on the first face of each of the first to N-1th sheets, feeds the first to N-1th sheets
to the sub-conveyance path r2, and causes these sheets to wait. If N=3, the CPU 104 causes the feeding apparatus 12
to feed the first sheet P1, and stops, upon the first sheet P1 reaching the registration roller pair 16, the registration roller
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pair 16 by stopping the motor M3. If the rotational speed of the registration roller pair 16 can be variably controlled, the
stopping of the registration roller pair 16 is not essential. The CPU 104 resumes the rotation of the motor M3 synchronously
with the image forming timing of the image forming unit 110, rotates the registration roller pair 16, conveys the sheet P1
to the secondary transfer unit 80, and transfers the toner images to the first face of the sheet P1. The CPU 104 controls
the flapper 55 through the flapper driving unit 112, and guides the sheet P1 to the reverse roller pair 50. Note that the
CPU 104 may start to rotate the reverse roller pair 50 in the reverse direction using the motor M1 when the leading end
of the sheet P1 passes through the reverse point 201, and thus prepare for the arrival of the leading end of the sheet
P1, for example. Also, the CPU 104, upon being instructed to feed the sheet P2 by the controller 102, instructs the
feeding apparatus 12 to feed the sheet P2. Upon the trailing end of the sheet P1 passing through the reverse point 201,
the CPU 104 starts to rotate the reverse roller pair 50 in the forward direction using the motor M1, and starts to rotate
the conveyance roller pairs 51, 52, and 53 using the motor M2, thereby conveying the sheet P1 to the waiting position.
Upon the sheet P2 reaching the registration roller pair 16, the CPU 104 stops the registration roller pair 16 by stopping
the motor M3. The CPU 104 resumes rotating the motor M3 synchronously with the image formation timing of the image
forming unit 110, rotates the registration roller pair 16, conveys the sheet P2 to the secondary transfer unit 80, and
transfers the toner images on the first face of the sheet P2. The CPU 104 controls the flapper 55 through the flapper
driving unit 112, and guides the sheet P2 to the reverse roller pair 50. Note that the CPU 104 starts to rotate the reverse
roller pair 50 in the reverse direction using the motor M1 when the trailing end of the sheet P2 passes through the merging
point 200, and thus prepares for the arrival of the leading end of the sheet P2. The CPU 104, upon being instructed to
feed the sheet P3 by the controller 102, instructs the feeding apparatus 12 to feed the sheet P3.

[0028] In step S602,the CPU 104 starts image formation on the first faces of the sheets fed from the feeding apparatus
12. For example, if N-1 sheets are waiting in the sub-conveyance path r2, the CPU 104 controls the image forming unit
110, the motor driving unit 111, the flapper driving unit 112, and so on to start image formation on the first face of an Nth
sheet.

[0029] In step S603, the CPU 104 determines whether or not the trailing end of the sheet on which an image is being
formed has passed through the merging point 200, based on the detection result from the sheet sensors. If the trailing
end of the sheet on which an image is being formed has passed through the merging point 200, the CPU 104 proceeds
to step S604. Note that the CPU 104 controls the flapper 55 and the reverse roller pair 50 to convey the sheet with an
image formed on the first face, toward the reverse roller pair 50.

[0030] In step S604, the CPU 104 resumes conveying the sheets that are waiting in the sub-conveyance path r2. The
CPU 104 starts the motor M1 through the motor driving unit 111 to rotate the reverse roller pair 50 in the forward direction,
starts the motor M2 to rotate the conveyance roller pairs 51, 52, and 53, and resumes conveying the sheets that have
been waiting in the sub-conveyance path r2. Thus, the sheet that is located at the head in the sub-conveyance path r2
is conveyed to the main conveyance path r1. Also, the trailing end of the sheet that has been waiting while being nipped
by the reverse roller pair 50 moves downstream of the reverse point 201. Accordingly, even if the following sheet arrives
at the reverse point 201, the following sheet does not collide with the leading sheet. Note that, upon the trailing end of
the sheet that has been waiting while being nipped by the reverse roller pair 50 passing through the reverse point 201,
the CPU 104 switches the rotation of the motor M1 from forward rotation to reverse rotation, and prepares for a sheet
that will be fed from the main conveyance path r1. Also, upon the trailing end of a sheet that has been fed from the main
conveyance path r1 and pulled into the reverse roller pair 50 passing through the reverse point 201, the CPU 104 switches
the rotation of the motor M1 from reverse rotation to forward rotation, and feeds this sheet to the sub-conveyance path
r2. As shown in FIG. 5C, upon the leading end of the sheet that has been located second from the head in the sub-
conveyance path r2 arriving at the waiting position, the CPU 104 stops the motors M1 and M2.

[0031] In step S605, the CPU 104 forms an image on the second face of the sheet that has been fed from the sub-
conveyance path r2 to the main conveyance path r1, and discharges this sheet. For example, the CPU 104 feeds the
sheet to the secondary transfer unit 80 while synchronizing the sheet conveyance timing with the image formation timing
using the registration roller pair 16. The CPU 104 switches the flapper 55, guides the sheet with an image formed on
the second face to the discharge path r3, and discharges the sheet to the discharge tray 90.

[0032] In step S606, the CPU 104 determines whether or not there is any sheet to be newly fed from the feeding
apparatus 12 to the main conveyance path r1. For example, if M sheets have already been fed, the CPU 104 determines
that there are no more sheets to be fed (i.e. the print job is complete). If the number of sheets that have been fed from
the feeding apparatus 12 has not reach M, the CPU 104 returns to step S602 and repeatedly executes the processing
from step S602 to step S606. That is to say, upon the number of sheets waiting in the sub-conveyance path r2 reaching
the upper limit number, namely N-1, image formation on the first face of a sheet that has been fed from the feeding
apparatus and image formation on the second face of a sheet that has been fed from the sub-conveyance path r2 are
alternately executed. If the number of sheets that have been fed from the feeding apparatus 12 has reached M, there
are no more sheets to be newly fed from the feeding apparatus 12 to the main conveyance path r1, and accordingly,
the CPU 104 proceeds to step S607.

[0033] In step S607, the CPU 104 forms an image on the second faces of the N-1 sheets that have been waiting in
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the sub-conveyance path r2, and discharges these sheets. For example, the CPU 104 feeds the sheets to the secondary
transfer unit 80 while synchronizing the sheet conveyance timing with the image formation timing using the registration
roller pair 16. The CPU 104 switches the flapper 55, guides the sheets with an image formed on the second faces to
the discharge path r3, and discharges the sheets to the discharge tray 90. The CPU 104 controls the motors M1 and
M2 to convey the N-1 sheets downstream of the sub-conveyance path r2. As shown in FIG. 3A and other diagrams,
image formation on the second face of the last N-1 sheet of the M sheets is continuously executed. This is because no
more sheets will be newly fed from the feeding apparatus 12.

Timing chart

[0034] FIG. 7 is a timing chart depicting preceding feeding during duplex printing. It is assumed here that N=3.
[0035] T100: Upon the trailing end of the third sheet P3 passing through the merging point 200, the level of the detection
signal output by the sheet sensor 62 switches to OFF (no sheet detected) (Yes in step S603). The CPU 104 starts to
rotate the reverse roller pair 50 using the motor M1. The CPU 104 also rotates the motor M2 and starts to rotate the
conveyance roller pairs 51, 52, and, 53. The sheets P1 and P2 then move downward along the sub-conveyance path r2.
[0036] T101: Upon the trailing end of the second sheet P2 passing through the reverse point 201, the level of the
detection signal output by the sheet sensor 61 switches to OFF (no sheet detected). To pull the sheet P3 into the reverse
roller pair 70, the CPU 104 rotates the motor M1 in the reverse direction to rotate the reverse roller pair 50 in the reverse
direction.

[0037] T102: Upon the leading end of the sheet P1 reaching the merging point 200, the level of the detection signal
output by the sheet sensor 62 switches to ON (sheet detected).

[0038] T103: Upontheleading end ofthe sheet P1 reaching the sheet sensor 63, which may also be called a registration
sensor, the CPU 104 stops the motors M2 and M3. As a result, the registration roller pair 16 and the conveyance roller
pairs 51, 52, and 53 also stop.

[0039] T104: Upon the leading end of the sheet P3 reaching the reverse point 201, the level of the detection signal
output by the sheet sensor 61 switches to ON (sheet detected). Upon the level of the detection signal output by the
sheet sensor 61 switching to OFF (no sheet detected) due to the trailing end of the sheet P3 passing the sheet sensor
61, the CPU 104 switches the rotation of the motor M1 from rearward rotation to forward rotation. Upon the leading end
of the sheet P3 reaching a predetermined waiting position on the sub-conveyance path r2, the CPU 104 stops the motor
M1.

Length of sub-conveyance path

[0040] FIG. 8A shows a waiting state of sheets in the sub-conveyance path r2. Here, Letter sheets and a Ledger sheet
are shown as an example. The sheet length Ltr of a Letter sheet in the conveyance direction is 215.9 mm. The CPU
104 controls the motor M2 so that the leading end of a first sheet P1 stops at a position that is distant, on the upstream
side, from the merging point 200 by a distance La. Note that, if the leading end of a sheet protrudes downward from the
merging point 200, this sheet may collide with a third sheet P3 that is newly fed from the feeding apparatus 12. Giving
consideration to a variation in conveyance or the like, the sheet P1 waits with its leading end stopping at the position
that is distant, on the upstream side, from the merging point 200 by the distance La. La is determined based on the
result of measurement of the variation in sheet conveyance, the simulation result, or the like. The distance between the
trailing end of the leading sheet P1 and a following sheet P2 is Lb. Lb is determined while considering a variation in
conveyance of the sheet P1, a variation in conveyance of the sheet P2, and a margin value of a sheet length that is
allowable for the image forming apparatus 100.

[0041] The Ledger sheet is an example of a sheet having a maximum printable size for the image forming apparatus
100. The sheet length Lidr of a Ledger sheet in the conveyance direction is 431.8 mm. Since the sheet length of the
Ledger sheetis too long, the three-sheet circulating mode is not applicable, and the two-sheet circulating mode is applied.
In the two-sheet circulating mode, the Ledger sheet waits in a path from the merging point 200 to the reverse point 201.
The CPU 104 stops the leading end of the Ledger sheet at a position that is distant, on the upstream side, from the
merging point 200 by the distance La. This is the same idea as in the case of the Letter size. The distance from the
trailing end of the Ledger sheet to the reverse point 201 is set to Ls, giving consideration to the variation in conveyance.
[0042] As is understood from FIG. 8A, the length of the sub-conveyance path r2 in the image forming apparatus 100
is restricted by the length of the Ledger sheet. The distance Ldup1 from the merging point 200 to the reverse point 201
is determined so as to satisfy the following equation.

Ldupl = La + Lldr + Ls ... (1)
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[0043] FIG. 8B shows a waiting state of sheets in the sub-conveyance path r2 in the comparative example. In the case
of the Letter sheets, the trailing end of a second sheet P2 needs to be located downstream of the reverse point 201.
This restriction determines the distance Ldup2 of the sub-conveyance path r2.

Ldup2 = La + Lltr + Lb + Lltr + Ls
= La + Lldr + Lb + Ls ... (2)

[0044] As is understood by comparing Equation (1) with Equation (2), the length of the sub-conveyance path r2
according to this embodiment is shorter than the length of the sub-conveyance path r2 in the comparative

example by Lb.

[0045] This embodiment mainly takes an example in which the number of sheets to be circulated N is three, but N
may also be four or more. According to this embodiment, the sub-conveyance path r2 is so short that a sheet with an
image formed on the first face needs to wait while spanning the reverse roller pair 50 and the sub-conveyance path r2.
For this reason, the waiting sheet needs to be moved downstream in the sub-conveyance path r2 so that this waiting
sheet does not come into contact with a sheet that is fed in from the main conveyance path r1. That is to say, the CPU
104 executes conveyance control so that the trailing end of a sheet that is present at the reverse point 201 finishes
passing through the reverse point 201 during a period of time from when the trailing end of a sheet that is being printed
on the first face thereof passes through the merging point 200 until the leading end of this sheet reaches the reverse
point 201. That is to say, this embodiment is applicable to an image forming apparatus in which the rearmost sheet
waiting in the sub-conveyance path r2 may be located at least at the reverse point 201. A plurality of sheets may wait
between the sheet at the head and the rearmost sheet that are waiting in the sub-conveyance path r2. Note that the
sheet at the head and the rearmost sheet may be the same sheet. In this case, the two-sheet circulating mode shown
in FIG. 3B is executed by the CPU 104. Accordingly, N need only be an integer that is 2 or greater.

[0046] In the first embodiment, the number of sheets to be circulated may be changed in accordance with the sheet
length. For example, the CPU 104 may set the number of sheets to be circulated to three if the sheet length is equal to
or shorter than a predetermined length, and may set the number of sheets to be circulated to two if the sheet length is
longer than the predetermined length. The predetermined length to serve as a threshold value may be setin accordance
with the length of the conveyance path.

[0047] Also, the first embodiment may employ a configuration in which the conveyance roller pairs 51 and 52 are
omitted, and sheets are directly conveyed from the reverse roller pair 50 to the conveyance roller pair 53.

Second Embodiment

[0048] The second embodiment is an example in which the length of the sub-conveyance path r2 is determined by
also considering factors other than control.

[0049] In the second embodiment, items shared with the first embodiment are assigned the same reference signs,
and descriptions thereof will be omitted.

[0050] Various kinds of sheets are commercially available. For example, not only thick paper and coated paper (gloss
paper) that have a larger basis weight, but also normal paper, thin paper, and the like that have a relatively small basis
weight are widely used. Here, it is to be noticed that the basis weight of sheets affects conveyance control. Typically,
the basis weight of sheets is inversely proportional to sheet conveyance efficiency. For example, conveyance efficiency
in the case of thick paper and gloss paper is lower than conveyance efficiency in the case of plain paper and thin paper.
For this reason, a conveyance delay is likely to occur in the case of thick paper and gloss paper. Such sheets with low
conveyance efficiency may stop upstream of a target position. This may cause a leading sheet and a following sheet to
come into contact with each other at the reverse point 201. The second embodiment proposes conveyance control in
which consideration is given to the sheet type (a parameter that may affect conveyance efficiency, such as the basis
weight).

[0051] FIG. 9 is a diagram illustrating the distance Ldup3 of the sub-conveyance path r2 in the second embodiment.
Here, a relationship in which Ldup2>Ldup3>Ldup1 holds. The distance Ldup3 of the sub-conveyance path r2 in the
second embodiment is shorter than the distance Ldup2 of the sub-conveyance path r2 in the comparative example, but
is longer than the distance Ldup1 of the sub-conveyance path r2 in the first embodiment. As shown in FIG. 9, the distance
Ldup3 is the distance from the merging point 200 to the reverse point 201, and the trailing end of the rearmost sheet
waiting in the sub-conveyance path r2 is located at the reverse point 201. Accordingly, plain paper and thin paper will
not completely obstruct the reverse point 201. On the other hand, in the case of thick paper or the like, a sheet may wait
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with the trailing end thereof stopping downstream of the reverse roller pair 50 and upstream of the reverse point 201,
and accordingly may obstruct the reverse point 201. That is to say, if a sheet of plain paper or thin paper is the rearmost
sheet, a following sheet can be conveyed to the reverse unit 70 as in the comparative example, but if a sheet of thick
paper or the like is the rearmost sheet, the following sheet cannot be conveyed to the reverse unit 70. Accordingly,
preceding feeding of waiting sheets described in the first embodiment is necessary for thick paper or the like.

Flowchart

[0052] FIG. 10 is a flowchart showing the sheet conveyance control according to the second embodiment. Note that,
in the second embodiment, items shared with the first embodiment are assigned the same reference signs. In step S601,
image formation on the first to N-1th sheets is completed, and these sheets wait in the sub-conveyance path r2. In step
S602, the CPU 104 causes the feeding apparatus 12 to feed the next sheet (e.g. Nt sheet), and starts to form an image
on the first face of the next sheet.

[0053] In step S1001, the CPU 104 determines whether or not the type of sheet is a specific type (thick paper, gloss
paper etc.). Here, the sheet basis weight may be compared with a threshold value, or the sheet conveyance efficiency
may be compared with a threshold value. Information indicating the type of sheet is provided from the host computer
103, for example. If the type of sheet is a specific type, the CPU 104 proceeds to step S603 to execute preceding feeding
of the sheet at the head that is waiting in the sub-conveyance path r2. Accordingly, the CPU 104 prohibits feeding of
sheets from the feeding apparatus 12 while feeding the sheet at the head that has been waiting in the sub-conveyance
path r2 to the main conveyance path r1. Thereafter, the CPU 104 executes processing in step S604 and the subsequent
steps. That is to say, in the case of thick paper or the like, the same processing as in the first embodiment is applied.
On the other hand, if it is determined that the type of the next sheet is a specific type, the CPU 104 proceeds to step
S1002. Note that, if all M sheets that constitute one print job are of the same type, the type designated by the print job
is to be determined. However, it is sufficient if at least the type of the rearmost sheet in the sub-conveyance path r2 is
determined. This is because the rearmost sheet may obstruct the reverse point 201.

[0054] In step S1002, the CPU 104 determines whether or not a sheet (e.g. Nth sheet) with an image formed on the
first face has been pulled into the reverse unit 70 by the reverse roller pair 50, and the trailing end of this sheet has
passed through the reverse point 201. If the trailing end of the sheet has passed through the reverse point 201, the CPU
104 proceeds to step S604. In step S604, the CPU 104 resumes conveying N-1 sheets that have been waiting in the
sub-conveyance path r2.

[0055] Thus, the timing and trigger of resuming conveying the sheets waiting in the sub-conveyance path r2 are
different between sheets with high conveyance efficiency and sheets with low conveyance efficiency. For example, if a
sheet of plain paper, thin paper, or the like is the rearmost sheet in the sub-conveyance path r2, preceding feeding
according to the first embodiment is not executed. Accordingly, further feeding of the next sheet (N+1t sheet) from the
feeding apparatus 12 is not prohibited, and image formation on this sheet is not prohibited either. This is because it is
possible to cause N sheets to wait in a waiting path formed by the sub-conveyance path r2 and the reverse unit 70, while
forming an image on another sheet and discharge this sheet to the discharge tray 90.

[0056] Thus, if the type of a sheet, from among the sheets waiting in the sub-conveyance path r2, whose trailing end
position is closest to the reverse point is a specific type with low conveyance efficiency, the CPU 104 performs preceding
feeding of the sheet at the head in the sub-conveyance path r2. Thus, a following sheet is less likely to come into contact,
at the reverse point 201, with the leading sheet. On the other hand, if the type of a sheet whose trailing end position is
closest to the reverse point among the sheets waiting in the sub-conveyance path r2 is a type whose conveyance
efficiency is not low, the CPU 104 does not execute preceding feeding. That is to say, the CPU 104 feeds a following
sheet to the reverse unit 70 while making N-1 sheets wait in the sub-conveyance path r2. In this case, the trailing end
of a sheet that is waiting near the reverse point is located downstream of the reverse point, and accordingly, sheets are
unlikely to come into contact with each other.

[0057] FIG. 11 is a timing chart depicting conveyance control for sheets with small conveyance efficiency (i.e. with a
large basis weight), such as thick paper or gloss paper. It is here assumed that N=3.

[0058] T200: Upon the trailing end of the third sheet P3 passing through the merging point 200, the motor M2 is started
and drives the conveyance roller pairs 51, 52, and 53. Note that, in this embodiment, the trailing end of the second sheet
P2 is located downstream of the reverse roller pair 50, as shown in FIG. 9. Accordingly, the CPU 104 does not need to
rotate the motor M1 for driving the reverse roller pair 50.

[0059] T201: Due to the sheet P2 being conveyed downstream by the conveyance roller pairs 51, 52, and 53, the
trailing end of the sheet P2 passes through the reverse point 201.

[0060] T202: Due to the sheet P1 that has been waiting at the head in the sub-conveyance path r2 being conveyed
downstream by the conveyance roller pairs 51, 52, and 53, the leading end of the sheet P1 reaches the merging point 200.
[0061] T203: Upon the leading end of the sheet P1 reaching the sheet sensor 63 (registration sensor), the CPU 104
stops the motor M3 that drives the registration roller pair 16, and the motor M2 that drives the conveyance roller pairs
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51, 52, and 53.

[0062] T204: The CPU 104 starts to rotate the motor M1 in the reverse direction before the leading end of the sheet
P3 reaches the reverse point 201. Thus, preparations to receive the sheet P3 are complete.

[0063] T205: The leading end of the sheet P3 reaches the reverse point 201.

[0064] Asdescribedabove, inthe second embodiment, whetherto execute preceding feeding is switched in accordance
with the sheet type.

[0065] Asaresult, sheets are less likely to come into contact with each other, whereas the length of the sub-conveyance
path r2 is made shorter than in the comparative example.

Third Embodiment

[0066] To match the timing at which the toner images reach the secondary transfer unit 80 with the timing at which
the leading end of a sheet reaches the secondary transfer unit 80, the CPU 104 may variably control the rotational speed
of the registration roller pair 16. For example, if a sheet that has been fed from the feeding apparatus 12 comes after a
predetermined timing, the sheet conveyance speed is temporarily increased. If a sheet that has been fed from the feeding
apparatus 12 comes earlier than the predetermined timing, the sheet conveyance speed is temporarily reduced. However,
the CPU 104 restores the sheet conveyance speed to the conveyance speed of the intermediate transfer belt 8 until
immediately before the leading end of the sheet reaches the secondary transfer unit 80.

[0067] Meanwhile, to reduce the number of motors, it is conceivable to drive the conveyance roller pair 53 and the
registration roller pair 16 using the same motor. In this case, if the rotational speed of the registration roller pair 16
changes, the rotational speed of the conveyance roller pair 53 also changes. If a sheet that is being conveyed along the
sub-conveyance path r2 is nipped near the leading end thereof by the conveyance roller pair 53, and is nipped near the
center or the trailing end thereof by a conveyance roller pair that is driven by a different motor, the sheet may be pulled
toward different sides or folded. To avoid this, it is conceivable to cause the leading end of a sheet that is being conveyed
along the sub-conveyance path r2 to wait in front of the conveyance roller pair 53 until speed adjustment for the registration
roller pair 16 is completed. That is to say, the sheet needs to wait at a waiting position that is upstream of the waiting
position in the first embodiment. If the trailing end of a sheet that is waiting in the sub-conveyance path r2 obstructs the
reverse point 201, a sheet with an image formed on the first face cannot be conveyed to the reverse roller pair 50. To
resolve this, a method of avoiding contact between sheets by extending the sub-conveyance path r2 is conceivable, but
this may make it difficult to reduce the size of the image forming apparatus 100.

[0068] The third embodiment provides an image forming apparatus 100 in which the length of the sub-conveyance
path can be shortened while reducing the number of motors. In particular, in this embodiment, a sheet waits in the sub-
conveyance path r2 in front of the conveyance roller pair 53 while the registration roller pair 16 is performing speed
adjustment. With this configuration, a sheetis less likely to be pulled toward different sides, for example. Sheet conveyance
is resumed in the sub-conveyance path r2 upon the registration roller pair 16 completing speed adjustment, and the
conveyance roller pair 53 is stopped by a clutch upon the leading end of the sheet arriving at a waiting position forward
of the merging point 200. Thus, the trailing end of the sheet that is being conveyed along the sub-conveyance path r2
can be positioned downstream of the reverse point 201. Also, in the main conveyance path r1, sheet conveyance by
the registration roller pair 16 can be continued. This configuration makes it possible to shorten the sub-conveyance path r2.

Description of configuration in third embodiment

[0069] FIG. 12 shows the image forming apparatus 100 according to the third embodiment. The third embodiment is
an image forming apparatus 100 that executes duplex printing using the two-sheet circulating mode, and accordingly,
the length of the sub-conveyance path is shorter than that in the first embodiment. For this reason, the conveyance roller
pair 51 and the conveyance roller pair 53 are provided in the sub-conveyance path r2, and the conveyance roller pair
52 is omitted.

[0070] FIG. 13 shows a control system. The motor M1 drives the reverse roller pair 50 and the conveyance roller pair
51 that is arranged most upstream in the sub-conveyance path r2. A clutch CL1 is a one-way clutch. While the motor
M1 is rotating in the forward direction, the clutch CL1 transmits the driving force of the motor M1 to the conveyance roller
pair 51, and the conveyance roller pair 51 rotates. On the other hand, while the motor M1 is rotating in the reverse
direction, the clutch CL1 does not transmit the driving force of the motor M1 to the conveyance roller pair 51. Note that
the reverse roller pair 50 rotates in the forward and reverse directions in conjunction with the forward and reverse rotations
of the motor M1. The motor M3 drives the registration roller pair 16 and the conveyance roller pair 53 that is arranged
most downstream in the sub-conveyance path r2. A clutch CL2 is an electromagnetic clutch, which is controlled by the
CPU 104 via the motor driving unit 111, for example. That is to say, the CPU 104 can stop the conveyance roller pair
53 by controlling the clutch CL2 even while the registration roller pair 16 is rotating.
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Sheet conveyance control during duplex printing
[0071] FIGS. 14A to 14F are diagrams illustrating the two-sheet circulating mode with Letter/A4-size sheets.

1. As shown in FIG. 14A, the CPU 104 conveys a first sheet P1 with an image formed on the first face to the reverse
point 201.

2. As shown in FIG. 14B, the CPU 104 conveys the sheet P1 along the sub-conveyance path r2 toward a competing
point 203. On the other hand, to adjust the timing at which a second sheet P2 fed from the feeding apparatus 12
arrives at the secondary transfer unit 80, the CPU 104 starts to adjust the rotational speed of the registration roller
pair 16.

3. As shown in FIG. 14C, the CPU 104 controls the motor M1 so that the sheet P1 waits at a first waiting position
x0, which is located in front of the competing point 203. The CPU 104 rotates the motor M2, and conveys a sheet
P2 toward the secondary transfer unit 80 while executing speed adjustment using the registration roller pair 16.
Since the sheet P1 is waiting upstream of the competing point 203, the sheet P1 is not affected by a difference
between the conveyance speed of the conveyance roller pair 53 and the conveyance speed of the conveyance
roller pair 51 and the reverse roller pair 50.

4. As shown in FIG. 14D, upon the sheet P2 reaching a stable-speed point 202, the CPU 104 controls the motor
M1 so that the conveyance speed of the registration roller pair 16 is substantially the same as the conveyance speed
of the image forming unit. The CPU 104 also resumes conveying the sheet P1 by switching on the clutch CL2 to
transmit the driving force of the motor M3 to the conveyance roller pair 53. At this time, the CPU 104 may start the
motor M1 to rotate the conveyance roller pair 51.

5. As shown in FIG. 14E, the CPU 104 switches off the clutch CL2 so that the leading end of the sheet P1 stops at
a second waiting position x1. Thus, the conveyance roller pair 53 can be stopped while the registration roller pair
16 conveys the sheet P2. The length of the sub-conveyance path is designed so that, at this point, the trailing end
of the sheet P1 exits the reverse point 201. Accordingly, the CPU 104 may switch the rotation of the motor M1 from
forward rotation to reverse rotation simultaneously with the leading end of the sheet P1 stopping at the second
waiting position x1, and thus prepare for conveyance of the sheet P2.

6. As shown in FIG. 14F, the CPU 104 controls the flapper 55 and conveys the second sheet P2 toward the reverse
point 201. Since the trailing end of the sheet P1 has exited the reverse point 201 at this point, the sheet P2 will not
come into contact with the sheet P1.

[0072] By employing this conveyance control, the distance from the reverse point 201 to the first waiting position x0
can be made shorter than the length of the sheet.

[0073] FIG. 15 shows the sub-conveyance path r2 in a comparative example. The clutch CL2 is not provided in this
comparative example, and accordingly, the sheet P1 always needs to stop and wait at the first waiting position x0.
Moreover, to avoid contact with the sheet P2, the distance from the first waiting position x0 to the reverse point 201
needs to be longer than the length of the sheet P1. In contrast, the third embodiment, in which the distance from the
first waiting position x0 to the reverse point 201 can be made shorter than the length of the sheet, is more advantageous
than the comparative example.

[0074] In particular, during a period from when the leading end of the sheet P2 has passed through the stable-speed
point 202 until the leading end of the sheet P2 reaches the reverse point 201, the CPU 104 starts to move the sheet P1
that is present at the reverse point 201 to move the trailing end of the sheet P1 downstream of the reverse point 201.
[0075] FIG. 16 is a flowchart depicting sheet conveyance control during duplex printing.

[0076] In step S1601, the CPU 104 controls the image forming unit 110, the motor driving unit 111, the flapper driving
unit 112, and so on to form an image on the first face of a leading sheet (first sheet Pl), feeds the leading sheet to the
sub-conveyance path r2, and causes the leading sheet to wait at the first waiting position x0. The amount of time required
from when the leading end of the leading sheet is detected by the sheet sensor 61 until the leading end of the leading
sheet arrives at the first waiting position x0 takes a substantially fixed value (prescribed value). Accordingly, the CPU
104 starts a timer when the leading end of the leading sheet is detected by the sheet sensor 61, and stops the motor
M1 upon the time counted by the timer reaching the prescribed value. Thus, as shown in FIG. 14C, the leading end of
the leading sheet stops at the first waiting position x0.

[0077] In step S1602, the CPU 104 feeds a following sheet from the feeding apparatus 12, and conveys the following
sheet while executing speed adjustment. As shown in FIG. 14B, the timing of feeding the following sheet may be prior
to the timing at which the leading sheet arrives at the first waiting position x0. For example, the CPU 104 adjusts the
conveyance speed of the registration roller pair 16 in accordance with whether or not the timing at which the leading
end of the following sheet arrived at the sheet sensor 62 is later than a prescribed timing (reference timing). This speed
adjustment is executed as a result of the CPU 104 adjusting the rotational speed of the motor M3.

[0078] In step S1603, the CPU 104 determines whether or not the leading end of the following sheet has arrived at
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the stable-speed point 202. For example, the CPU 104 calculates a distance based on the count value of the timer that
was started when the sheet sensor 63 detected the leading end of the following sheet, and the conveyance speed, and
determines whether or not the calculated distance is a distance that corresponds to the stable-speed point 202. If the
leading end of the following sheet has arrived at the stable-speed point 202, the CPU 104 proceeds to step S1604. At
this point, the CPU 104 completes the speed adjustment using the motor M3, and the conveyance speed coincides with
the image forming speed (circumferential speed of the intermediate transfer belt).

[0079] In step S1604, the CPU 104 resumes conveying the leading sheet that has been waiting at the first waiting
position x0. The CPU 104 starts to rotate the motor M1 in the forward direction, and also switches on the clutch CL2.
As a result, the reverse roller pair 50 and the conveyance roller pairs 51 and 53 convey the leading sheet downstream
of the sub-conveyance path r2 at the same conveyance speed.

[0080] Instep S1605, the CPU 104 determines whether or not the trailing end of the leading sheet has passed through
the reverse point 201. For example, the CPU 104 may determine that the trailing end of the leading sheet has passed
through the reverse point 201 if the sheet sensor 61 detects that the trailing end of the leading sheet has passed. Also,
the CPU 104 may determine that the trailing end of the leading sheet has passed through the reverse point 201 if a
predetermined time has elapsed from the time when the trailing end of the leading sheet passed the sheet sensor 61.
The predetermined time is a time obtained by dividing the distance between the sheet sensor 61 and the reverse point
201 by the conveyance speed. If the trailing end of the leading sheet has passed through the reverse point 201, the
CPU 104 proceeds to step S1606.

[0081] In step S1606, the CPU 104 switches the rotation of the motor M1 from forward rotation to rearward rotation,
thereby switching the rotation of the reverse roller pair 50 from forward rotation to rearward rotation. Thus, preparations
for receiving the following sheet at the reverse unit 70 are complete.

[0082] In step S1607, the CPU 104 determines whether or not the leading end of the leading sheet has arrived at the
second waiting position x1. The CPU 104 causes the timer to count the time that has elapsed since conveyance of the
leading sheet was resumed, and determines that the leading end of the leading sheet has arrived at the second waiting
position x1 if the elapsed time reaches a predetermined time. The predetermined time is obtained by dividing the distance
between the first waiting position x0 to the second waiting position x1 by the conveyance speed. Note that the conveyance
roller pair 53 may rotate even after the clutch CL2 has been turned off, due to inertia. Accordingly, the predetermined
time may be made shorter by subtracting a margin. If the leading end of the leading sheet has arrived at the second
waiting position x1, the CPU 104 proceeds to step S1608.

[0083] In step S1608, the CPU 104 switches off the clutch CL2 and stops conveyance of the leading sheet. Thus, the
leading end of the leading sheet stops at the second waiting position x1. The motor M3 is continuously rotating at this
point, and accordingly, the registration roller pair 16 also continuously conveys following sheets. That is to say, the steps
from step S1601 are also sequentially applied to the following sheet, similar to the leading sheet.

[0084] In step S1609, if preparations for image formation on the second face of the leading sheet are complete, the
CPU 104 proceeds to step S1610. In step S1610, the CPU 104 feeds the leading sheet to the main conveyance path
r1, forms an image on the second face, and discharges the leading sheet via the discharge path r3. For example, upon
the leading end of the second face of the leading sheet arriving at the stable-speed point 202, the CPU 104 switches
the flapper 55 and discharges the leading sheet with images on both faces to the discharge tray 90. After the discharging
of the leading sheet is complete, the CPU 104 restores the flapper 55 to an original state thereof for a third sheet to be
fed from the feeding apparatus 12. Thereafter, the third sheet serves as a following sheet, an image is formed on the
first face thereof, and the third sheet is fed to the sub-conveyance path r2. Then, the second sheet fed from the sub-
conveyance path r2 serves as a leading sheet, an image is formed on the second face thereof, and the second sheet
is discharged.

[0085] FIG. 17 is a timing chart depicting the two-sheet circulating mode.

[0086] T300: Asdescribedinstep S1602, to synchronize the timing at which the following sheet arrives at the secondary
transfer unit 80 with the timing at which the toner images arrive at the secondary transfer unit 80, adjustment of the
conveyance speed of the registration roller pair 16 is started.

[0087] T301: As described in step S1601, the motor M1 stops upon the leading sheet reaching the first waiting position
x0. Note that, since step S1601 is described as one step that comprehensively includes various kinds of conveyance
control, this step may be partially executed after step S1602.

[0088] T302: As described in step S1603, the speed adjustment ends upon the leading end of the following sheet
reaching the stable-speed point 202. The CPU 104 restores the conveyance speed of the registration roller pair 16 to
the conveyance speed of the image forming unit. Also, as described in step S1604, the CPU 104 rotates the motor M1
in the forward direction and turns on the clutch CL2.

[0089] T303: Upon the trailing end of the leading sheet passing through the reverse point (reverse roller pair 50) as
described in step S1605, the rotation of the motor M1 is switched from forward rotation to reverse rotation in step S1606.
Thus, the reverse roller pair 50 prepares for the arrival of the following sheet.

[0090] T304: Upon the leading end of the leading sheet reaching the second waiting position x1 as described in step
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S1607, the clutch CL2 is disengaged, and in step S1608, power of the motor M3 is no longer transmitted to the conveyance
roller pair 53.

[0091] T305: the following sheet with an image formed on the first face is conveyed toward the reverse point 201, and
the leading end of the following sheet soon reaches the reverse point 201.

[0092] Note that, in the third embodiment, the CPU 104 starts to drive the motor M1 in accordance with the timing
(T302) at which the speed adjustment for the following sheet ends, as shown in FIG. 17. However, the present invention
is not limited thereto. For example, the CPU 104 may also start to drive the motor M1 before the speed adjustment for
the following sheet ends. Conveyance of the leading sheet may be started while the speed of the registration roller pair
16 is being restored to the processing speed, and the speed adjustment may be completed at the timing at which the
leading end of the leading sheet reaches the conveyance roller pair 53. In this case, the timing at which the CPU 104
starts to drive the motor M1 is obtained from a distance in the sub-conveyance path r2 between the leading end position
of the leading sheet that is waiting at the first waiting position x0 and the conveyance roller pair 53.

[0093] Note that the third embodiment has described the control to increase or decrease, using the registration roller
pair 16, the conveyance speed (feeding speed) of a sheetfed from the feed cassette 13, and again restore this conveyance
speed to the conveyance speed (processing speed) of the image forming unit. Here, the feeding speed, i.e. the convey-
ance speed of a sheet before being increased or decreased by the registration roller pair 16 does not necessarily need
to be the same as the processing speed. The feeding speed may be different from the processing speed.

[0094] In the case of the control according to the third embodiment, the sheet conveyance speed is changed twice.
However, the present invention is not limited thereto. As an example, it is assumed that the conveyance speed of a
sheet fed from the feed cassette 13 is different from the processing speed. The CPU 104 changes the timing of restoring
the sheet conveyance speed to the processing speed based on the timing at which the leading end of the sheet was
detected by the sheet sensor 62. Thus, the position of a sheet that is being conveyed can be aligned with an image
formed on the intermediate transfer belt 8. In the case of this control, the sheet conveyance speed need only be changed
once.

Modifications

[0095] The timing of feeding a following sheet may be set to be later than that in the third embodiment, in relation to
the design. In this case, a leading sheet arrives at the first waiting position x0 before the following sheet reaches the
registration roller pair 16. That is to say, the CPU 104 continues to convey the leading sheet without stopping the leading
sheet at the first waiting position x0. This is because the speed adjustment of the registration roller pair 16 is not started
until the following sheet reaches the registration roller pair 16. However, upon the following sheet reaching the registration
roller pair 16, conveyance of the leading sheet needs to be suspended. This can be realized by the aforementioned
clutch CL2.

[0096] FIG. 18 is a timing chart depicting conveyance control in the case where the timing of feeding a following sheet
is set to be late.

[0097] T400: The CPU 104 conveys a leading sheet that has been pulled into the reverse unit 70, downward in the
sub-conveyance path r2 by rotating the motor M1 in the forward direction and turning on the clutch CL2. Note that the
timing of turning on the clutch CL2 may be when the leading end of the leading sheet reaches the first waiting position
x0. The leading end of the leading sheet passes through the first waiting position x0 and the competing point 203, and
further moves toward the second waiting position x1. That is to say, in the modification, the sheet does not stop at the
first waiting position x0.

[0098] T401: Upon the following sheet arriving at the registration roller pair 16, the CPU 104 switches off the clutch
CL2 and starts to adjust the conveyance speed of the registration roller pair 16. That is to say, the leading sheet stops
when the leading end of the leading sheet reaches a position (suspending position) that is downstream of the conveyance
roller pair 53 and is upstream of the second waiting position x1. This suspending position is also a waiting position. Note
that the CPU 104 also stops the motor M1 during a period in which the conveyance speed is being adjusted. Thus, the
leading sheet will be prevented from being folded due to the trailing end thereof being pressed downstream by the
conveyance roller pair 52.

[0099] T402: Upon the leading end of the following sheet reaching the stable-speed point 202, the CPU 104 ends the
speed adjustment. The CPU 104 restores the conveyance speed of the registration roller pair 16 to the conveyance
speed of the image forming unit. Also, the CPU 104 again rotates the motor M1 in the forward direction and turns on
the clutch CL2. Thus, conveyance of the leading sheet along the sub-conveyance path r2 is resumed.

[0100] T403: Upon the trailing end of the leading sheet passing through the reverse point (reverse roller pair 50), the
CPU 104 switches the rotation of the motor M1 from forward rotation to reverse rotation. Thus, the reverse roller pair
50 prepares for arrival of the following sheet.

[0101] T404: Upon the leading end of the leading sheet reaching the second waiting position x1, the CPU 104 disen-
gages the clutch CL2. As a result, power of the motor M3 is no longer transmitted to the conveyance roller pair 53, the
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leading end of the leading sheet stops at the second waiting position x1, and the leading sheet stops in the sub-conveyance
path r2.

[0102] T405: The following sheet with an image formed on the first face is conveyed toward the reverse point 201,
and the leading end of the following sheet soon reaches the reverse point 201.

[0103] In such cases where the timing of feeding the following sheet is set to be late in relation to the design, the CPU
104 may convey the leading sheet further downstream without stopping the leading sheet at the first waiting position
x0. However, upon the leading end of the following sheet arriving at the registration roller pair 16, the CPU 104 turns off
the clutch CL2 and stops the motor M1, thereby suspending conveyance of the leading sheet. With this configuration,
a load on the leading sheet will not be generated due to a difference in the conveyance speed between the conveyance
roller pairs 51 and 53.

Length of sub-conveyance path

[0104] FIG. 19A shows a waiting state of a leading sheet in the sub-conveyance path r2 according to the third em-
bodiment. FIG. 19B shows the position of a following sheet when the leading sheet is conveyed to the merging point
200. In the case of Letter sheets, the leading end of the leading sheet stops for the first time at the first waiting position
x0. The first waiting position x0 is a position upstream of the competing point 203 by a distance La. Upon the leading
end of the following sheet reaching the stable-speed point 202, conveyance of the leading sheet is resumed, and the
leading sheet stops for the second time at the second waiting position x1. The second waiting position x1 is a position
upstream of the merging point 200 by the distance La. Here, the distance La is obtained based on the result of meas-
urement of a variation in sheet conveyance and the simulation result. As shown in FIG. 19A, the distance Ls from the
trailing end of the Letter sheet whose leading end is positioned at the second waiting position x1 to the reverse point
201 is also determined while giving consideration to a variation in conveyance. That is to say, Ls is determined so that
the trailing end is positioned downstream of the reverse point 201 even if an expected variation in conveyance occurs.
[0105] The distance Ldup4 from the competing point 203 and the reverse point 201 is expressed by the following
equation.

Ldup4 = Lltr + Ls - Lc + La ... (3)

[0106] Here, Lc denotes the distance between the first waiting position x0 and the second waiting position x1. Lcis a
distance that is shorter than the distance L2 from the stable-speed point 202 to the reverse point 201 shown in FIG. 19B.
[0107] FIG. 19C shows the size of the sub-conveyance path r2 in the comparative example shown in FIG. 15. In the
comparative example, the trailing end of the leading sheet needs to be positioned downstream of the reverse point 201.
The conveyance path length Ldup5 is determined by this constraint.

Ldupb = La + Lltr + Ls ... (4)

[0108] Accordingly, the sub-conveyance path length in the third embodiment is shorter than the sub-conveyance path
length in the comparative example by the length Lc.

[0109] Although the number of sheets to be circulated is two in the third embodiment, three or more sheets may be
circulated. That is to say, the present invention is applicable to the case where the leading sheet is present at the reverse
point 201 when the leading end of the following sheet has passed through the stable-speed point 202. In this case, the
trailing end of the leading sheet need only pass through the reverse point 201 until the leading end of the following sheet
reaches the reverse point 201. That is to say, yet another sheet may be present in the sub-conveyance path r2.
[0110] In the third embodiment, the CPU 104 may change the number of sheets to be circulated in accordance with
the sheet length. For example, the CPU 104 may set the number of sheets to be circulated to three if the sheet length
is equal to or shorter than a predetermined length, and may set the number of sheets to be circulated to two if the sheet
length is longer than the predetermined length. The predetermined length to serve as a threshold value may be set in
accordance with the length of the conveyance path.

[0111] Also, the third embodiment may employ a configuration in which the conveyance roller pair 51 is omitted, and
sheets are directly conveyed from the reverse roller pair 50 to the conveyance roller pair 53.

[0112] The image forming method is not limited to an electrophotographic method, and may also be an inkjet method
or the like.
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Summary

[0113] According to the above embodiments, the feeding apparatus 12 is an example of a feeding unit that feeds
sheets to the main conveyance path r1. The exposure apparatus 7, the process cartridges, and the secondary transfer
unit 80 are examples of an image forming unit that forms an image on a sheet conveyed along the main conveyance
path r1. The reverse unit 70, which includes the reverse roller pair 50, is an example of a reverse unit that pulls in a
sheet conveyed along the main conveyance path r1, and feeds this sheet to the sub-conveyance path r2 by turning over
the conveyance direction of the sheet. The reverse unit 70 is also an example of a reverse unit that pulls in a sheet on
which an image has been formed by the image forming unit and that has been conveyed from the main conveyance
path, and turns over the conveyance direction of the sheet to feed the sheet to the sub-conveyance path after the trailing
end of the sheet has passed through a branch point of the main conveyance path and the sub-conveyance path. The
conveyance roller pairs 51, 52, 53, and the like are examples of a conveyance unit that conveys, to the main conveyance
path r1, the sheet that has been fed to the sub-conveyance path r2. The conveyance roller pairs 51, 52, and 53 and the
like are examples of a conveyance unit that conveys a sheet that has been fed to the sub-conveyance path by the
reverse unit, again to the main conveyance path from a merging point of the sub-conveyance path and the main con-
veyance path. The CPU 104 and the motor driving unit 111 are examples of a control unit that controls the reverse unit
and the conveyance unit. The CPU 104 and the motor driving unit 111 are examples of a control unit that controls the
reverse unit and the conveyance unit so as to cause a first sheet that is fed to the sub-conveyance path by the reverse
unit to wait in the sub-conveyance path while straddling the branch point.

[0114] As shown in FIG. 5D and other diagrams, the CPU 104 controls the reverse unit and the conveyance unit so
as to cause a first sheet P1 to wait on the downstream side in the sub-conveyance path r2, and so as to cause a second
sheet P to wait so that it may obstruct the reverse point 201. This configuration shortens the sub-conveyance path length
and reduces the size of the image forming apparatus. The reverse point 201 is an example of a connecting portion that
is located on the upstream side in the sub-conveyance path r2 and connects the main conveyance path r1, the sub-
conveyance path r2, and the reverse unit.

[0115] The CPU 104 resumes conveying the first sheet P1 and the second sheet P2 downstream of the sub-conveyance
path r2 after the trailing end of a third sheet P that has been fed from the feeding unit has passed through a merging
portion of the main conveyance path r1 and the sub-conveyance path r2 until the leading end of the third sheet P3
reaches the connecting portion. With this control, the sheets are unlikely to come into contact with each other even if
the sub-conveyance path length is shortened. Note that, in the case of employing the two-sheet circulating mode, the
first sheet and the second sheet are the same sheet. In a circulating mode of circulating four or more sheets in a circular
path, one or more sheets are present between the first sheet and the second sheet.

[0116] According to the above embodiments, the maximum number of sheets that can be simultaneously accommo-
dated in the circular path formed by the reverse unit 70, the sub-conveyance path r2, and the main conveyance path r1
is N. N is an integer that is 2 or greater. While the trailing end of the third sheet P3 is passing through the merging point
200, the second sheet P2 is waiting while spanning the reverse unit 70 and the reverse point 201. That is to say, the
reverse point 201, which is an exit of the main conveyance path r1 and is also an entrance of the reverse unit 70, is
obstructed by the second sheet P2. Also, (N-1) sheets, which are N sheets excluding the third sheet P3, are waiting in
the sub-conveyance path r2.

[0117] The length Ldup of the sub-conveyance path r2 is the length from the reverse point 201 to the merging point
200. In the first embodiment, the length Ldup1 of the sub-conveyance path r2 is shorter than the sum of the total length
of the (N-1) sheets, the total length of gaps between adjacent sheets among the (N-1) sheets, and the distance from
the merging point 200 to the waiting position at which the leading end of the first sheet P1 is waiting. This is shown as
an example in FIG. 8A. Accordingly, referring to FIG. 8A, a trailing end area of the second sheet P2, which is the rearmost
sheet, is positioned upstream of the reverse point 201. This configuration shortens the sub-conveyance path length.
[0118] The CPU 104 may also cause the conveyance unit to convey a waiting first sheet to the main conveyance path
after the trailing end of a second sheet, which follows the first sheet fed from the feeding unit, has passed through the
merging point, and may move the trailing end of the first sheet downstream of the branch point before the second sheet
reaches the branch point. The CPU 104 may also control the reverse unit and the conveyance unit so as to cause the
conveyance unit to convey the waiting first sheet to the main conveyance path, and thereafter cause the first sheet to
wait again upstream of the image forming unit.

[0119] The CPU 104 may also have a first detection unit that detects a sheet that passes through the merging point
200. The first detection unit may be a sheet sensor that is provided at the merging point 200. The first detection unit
may be a counter that counts the number of drive pulses supplied to a motor that involves sheet conveyance. The CPU
104 detects that the leading end of a sheet has arrived at the merging point 200 or that the trailing end thereof has
passed therethrough if the counter value reaches a predetermined value that corresponds to the merging point 200. The
registration roller pair 16 is an example of a registration roller that is provided in the main conveyance path r1 and feeds
a sheet into the image forming unit.
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[0120] The CPU 104, upon recognizing, based on the detection result from the first detection unit, that the trailing end
of a third sheet P3 that is being conveyed by the registration roller pair 16 has passed through the merging point 200,
resumes driving the conveyance unit to feed the first sheet P from the sub-conveyance path r2 into the main conveyance
pathr1. Thus, the CPU 104 can further convey the second sheet P2 that has obstructed the reverse point 201 downstream,
and clear the reverse point 201. Note that, upon the leading end of the first sheet reaching the registration roller pair 16,
the CPU 104 may stop the conveyance of the first sheet P1 and the second sheet P2 by the conveyance unit. This is
for synchronizing the timing at which the first sheet P1 arrives at the secondary transfer unit 80 with the timing at which
toner images arrive thereat.

[0121] The CPU 104 moves the second sheet P2 downstream of the sub-conveyance path r2 by rotating the reverse
roller pair 50, which is a roller in the reverse unit 70, in a forward direction, based on the trailing end of a third sheet P3
that is being conveyed by the registration roller pair 16 passing through the merging point 200. Also, upon the trailing
end of the second sheet P2 passing through the reverse unit 70 and the reverse point 201, the CPU 104 rotates the
roller in the reverse unit 70 in a reverse direction. Thus, preparations for receiving the third sheet P3 at the reverse unit
70 are complete.

[0122] The CPU 104 may also have a second detection unit that detects sheets that pass through the reverse point
201. The second detection unit may be a sheet sensor 61 that detects a sheet passing through the reverse point 201.
The second detection unit may also be a counter that counts the number of drive pulses supplied to a motor that involves
sheet conveyance. Upon the counter value reaching a predetermined value that corresponds to the merging point 200,
the CPU 104 detects that the leading end of a sheet has arrived at the reverse point 201, or that the trailing end thereof
has passed therethrough. The CPU 104 may also recognize, based on the detection result from the second detection
unit, that the trailing end of a second sheet P that is moving downstream of the sub-conveyance path r2 has passed
through the reverse point 201.

[0123] The CPU 104 may also prohibit the feeding of sheets by the feeding apparatus 12 after resuming driving the
conveyance roller pair 53 to feed the first sheet P1 to the main conveyance path r1. It is thus possible to avoid contact
between a sheet that has been fed from the feeding apparatus 12 and a sheet that has been fed again from the sub-
conveyance path r2.

[0124] The CPU 104 may also set the number of sheets to wait in the sub-conveyance path to two if the sheet length
in the sheet conveyance direction is equal to or shorter than a predetermined length, and may also set the number of
sheets to wait in the sub-conveyance path to one if the sheet length in the sheet conveyance direction is longer than
the predetermined length. Note that the distance from the merging point to the branch point in the main conveyance
direction may also be longer than the sheet length in the sheet conveyance direction.

[0125] As described regarding FIG. 10, the CPU 104 may also determine the timing of resuming conveying (N-1)
sheets that are waiting in the sub-conveyance path r2, in accordance with the type of the second sheet P2 that is waiting
at the rear of the (N-1) sheets. For example, if the second sheet is a sheet with low conveyance efficiency, the CPU 104
resumes conveying the (N-1) sheets that are waiting in the sub-conveyance path r2, when the trailing end of a third
sheet has passed through the merging point 200. If the second sheet is a sheet with high conveyance efficiency, the
CPU 104 resumes conveying the (N-1) sheets that are waiting in the sub-conveyance path r2, when the trailing end of
a third sheet that is moving toward the reverse unit 70 has passed through the reverse point 201. As a result, preceding
feeding is executed in the case of a sheet of a type with relatively low conveyance efficiency, such as thick paper or
gloss paper, and accordingly, contact between sheets at the reverse point 201 is less likely to occur. In the case of a
sheet of a type with high conveyance efficiency, such as plain paper or thin paper, preceding feeding may not be executed.
This is because a sheet of a type with high conveyance efficiency is unlikely to obstruct the reverse point 201.

[0126] As shown in FIG. 5A and other diagrams, the distance of a section from the merging point 200 to the reverse
point 201 in the main conveyance path r1 is longer than the sheet length in the sheet conveyance direction. As a result,
an Nth sheet can move along the main conveyance path r1 while (N-1) sheets are waiting in the sub-conveyance path r2.
[0127] As described regarding FIGS. 12 and 13, the conveyance roller pair 51 is an example of a first conveyance
unit that conveys a sheet that has been fed to the sub-conveyance path r2 by the reverse unit 70. The conveyance roller
pair 53 is an example of a second conveyance unit that is provided downstream of the first conveyance unit in the sheet
conveyance direction in the sub-conveyance path r2, and conveys sheets to the merging point 200 of the sub-conveyance
path r2 and the main conveyance path r1. The registration roller pair 16 is an example of a third conveyance unit that
is provided in the main conveyance path r1 between the merging point 200 and the secondary transfer unit 80, which
is an image forming unit, and conveys sheets while variably adjusting the sheet conveyance speed. The motor M3 is
an example of a first drive unit that drives the second conveyance unit and the third conveyance unit. The CPU 104 is
an example of a control unit that controls the reverse unit 70, the first conveyance unit, and the first drive unit. As shown
in FIG. 14C, the CPU 104 causes a sheet that has been fed to the sub-conveyance path r2 by the reverse unit 70 to
wait at the first waiting position x0, which is located upstream of the second conveyance unit, in the sub-conveyance
path r2, until the variable adjustment of the conveyance speed of the third conveyance unit is completed. Upon the
variable adjustment of the conveyance speed of the third conveyance unit being completed, the CPU 104 conveys the
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sheet downstream of the second conveyance unit. As a result, the load applied to a sheet by the conveyance roller pairs
51 and 53 whose conveyance speeds are temporarily different is reduced.

[0128] Upon the variable adjustment of the conveyance speed of the third conveyance unit by the third conveyance
unit being completed, the CPU 104 conveys a sheet that has been waiting at the first waiting position x0 to the second
waiting position x1, which is located downstream from the second conveyance unit, and causes this sheet to wait at the
second waiting position x1. Thus, the following sheet can move toward the reverse unit 70 without coming into contact
with the leading sheet, as shown in FIG. 14F.

[0129] Theclutch CL2is an example of a clutch that engages and disengages the second conveyance unit with respect
to the first drive unit. The CPU 104 causes a sheet to wait at the second waiting position x1 by causing the clutch CL2
to disengage the first drive unit from the second conveyance unit. Thus, the registration roller pair 16 and the conveyance
roller pair 53 can be driven by a single motor, and the number of motors can be reduced.

[0130] As shown in FIG. 13, the motor M1 is an example of a second drive unit that drives the reverse unit 70 and the
first conveyance unit (e.g. conveyance roller pair 51). The clutch CL1 is an example of a one-way clutch that transmits
the driving force of the second drive unit to the first conveyance unit if the second drive unit is rotating in the forward
direction, and does not transmit the driving force of the second drive unit to the first conveyance unit if the second drive
unit is rotating in the reverse direction. Thus, the reverse roller pair 50 and the conveyance roller pair 51 can be driven
by a single motor, and accordingly, the number of motors can be reduced. That is to say, even if the reverse roller pair
50 and the conveyance roller pair 51 are driven by a single motor, the reverse rotation of the reverse roller pair 50 can
be started early by employing a one-way clutch. Note that the clutches CL1 and CL2 may also be electromagnetic
clutches that are switched between an engaging state and a disengaging state by a solenoid or the like.

[0131] As shown in FIG. 16, the CPU 104 rotates the second drive unit in the reverse direction upon the trailing end
of the rearmost sheet in the sub-conveyance path r2 having been conveyed downstream, in the sub-conveyance path
r2, of the reverse point 201 that connects the main conveyance path r1, the sub-conveyance path r2, and the reverse
unit 70. Thus, preparations for receiving a following sheet at the reverse unit 70 are complete. Note that, as shown in
FIG. 19A, the sheet length in the sheet conveyance direction may also be shorter than or equal to the distance from the
entrance of the sub-conveyance path r2 to the second waiting position.

[0132] Note thatthe registration roller pair 16 is also an example of a first conveyance unit that changes the conveyance
speed of a sheet fed from the feeding unit from a first speed to a second speed, and convey the sheet along the main
conveyance path. The exposure apparatus 7, the process cartridges, and the secondary transfer unit 80 are examples
of an image forming unit that forms an image on a sheet that is conveyed at the second speed from the first conveyance
unit. The reverse unit 70 is an example of a reverse unit that pulls in a sheet on which an image has been formed by
the image forming unit and that has been conveyed from the main conveyance path, and turns over the conveyance
direction of the sheet to feed the sheet to the sub-conveyance path after the trailing end of the sheet has passed through
a branch point of the main conveyance path and the sub-conveyance path. The conveyance roller pair 53 is an example
of a second conveyance unit that again conveys a sheet that has been fed to the sub-conveyance path by the reverse
unit, from the sub-conveyance path to the main conveyance path. The motor M3 is an example of a driving source that
drives the first conveyance unit and the second conveyance unit. The CPU 104 is an example of a control unit that
controls the reverse unit and the second conveyance unit so as to cause a first sheet that is fed to the sub-conveyance
path by the reverse unit to wait upstream of the second conveyance unit in the sub-conveyance path. The CPU 104
may also cause the reverse unit to convey a waiting first sheet to the second conveyance unit in accordance with the
timing at which the first conveyance unit completes the changing of the conveyance speed of a second sheet that follows
the first sheet from the first speed to the second speed, and move the trailing end of the first sheet downstream of the
branch point before the second sheet reaches the branch point. The CPU 104 may also control the reverse unit and the
second conveyance unit so as to cause the reverse unit to convey a waiting first sheet downstream of the second
conveyance unit, and thereafter cause the first sheet to wait again upstream of the merging point of the sub-conveyance
path and the main conveyance path. The clutch CL2 is an example of a clutch that that transmits or disengages the
driving force of the driving source to/from the second conveyance unit. The CPU 104 may also control the clutch so as
to cause the first sheet to wait again upstream of the merging point by causing the clutch to disengage, from the second
conveyance unit, the driving force of the driving source.

[0133] The conveyance roller pair 51 is an example of a third conveyance unit that conveys, to the second conveyance
unit, a sheet that has been fed to the sub-conveyance path by the reverse unit. The motor M1 is an example of a second
driving source that drives the reverse unit and the third conveyance unit. The clutch CL1 is an example of a one-way
clutch that transmits the driving force of the second driving source to the third driving conveyance unit if the second
driving source is rotating in the forward direction, and does not transmit the driving force of the second driving source
to the third conveyance unit if the second driving source is rotating in the reverse direction.

[0134] The sheet sensor 62 is an example of a detection unit that is provided between the feeding unit and the image
forming unit and detects sheets that are conveyed along the main conveyance path. Based on the timing at which the
leading end of a second sheet was detected by the detection unit, the CPU 104 may set the first speed, change the
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sheet conveyance speed of the first conveyance unit from the second speed to the first speed, and further change the
sheet conveyance speed from the first speed to the second speed.

[0135] Asdescribedregarding the modification, there may be animage forming apparatus in which variable adjustment
of the conveyance speed of the registration roller pair 16 is started while a sheet that has been fed to the sub-conveyance
path r2 by the reverse unit 70 is being conveyed by the conveyance roller pair 53. In this case, the CPU 104 suspends
the sheet conveyance by causing the clutch CL2 to disengage the conveyance roller pair 53 from the motor M3. Upon
the variable adjustment of the conveyance speed of the registration roller pair 16 being completed, the CPU 104 resumes
conveying sheets by causing the clutch CL2 to engage the motor M3 to the conveyance roller pair 53. Furthermore, the
CPU 104 again causes the clutch CL2 to disconnect the conveyance roller pair 53 from the motor M3 so that the leading
end of a sheet stops at a waiting position that is located upstream of the merging point 200. As a result, the load applied
to a sheet by the conveyance roller pairs 51 and 53 whose conveyance speeds are temporarily different is reduced.
[0136] When causing the clutch CL2 to disengage the conveyance roller pair 53 from the motor M3, the CPU 104
stops the forward rotation of the reverse unit 70 and the conveyance roller pair 51. When causing the clutch CL2 to
engage the conveyance roller pair 53 to the motor M3, the CPU 104 resumes the forward rotation of the reverse unit 70
and the conveyance roller pair 51. Thus, the load applied to a sheet by the conveyance roller pairs 51 and 53 is reduced.
[0137] The CPU 104 temporarily increases or decreases the conveyance speed of the registration roller pair 16 to
synchronize the timing at which a sheet arrives at a toner image transfer position with the timing at which the toner
images arrive at the transfer position. When the conveyance speed of the registration roller pair 16 is matched with the
conveyance speed of the image forming unit (intermediate transfer belt 8), the CPU 104 completes the variable adjustment
of the conveyance speed of the registration roller pair 16. In the case where the registration roller pair 16 and the
conveyance roller pair 53 are driven by the same motor, the conveyance speed of the conveyance roller pair 53 also
temporarily increases or decreases. Consequently, a state where the conveyance speed of the conveyance roller pair
53 does not coincide with the conveyance speed of the conveyance roller pair 51 is entered, and a load may be applied
to a sheet that is being conveyed while spanning the conveyance roller pair 53 and the conveyance roller pair 51.
Accordingly, it is worthwhile applying this embodiment.

[0138] In the case where the first conveyance unit changes the sheet conveyance speed from the second speed to
the first speed while the second conveyance unit is conveying a first sheet that has been fed to the sub-conveyance
path by the reverse unit, the CPU 104 may also control the clutch so as to cause the clutch to disengage, from the
second conveyance unit, the driving force of the driving source and cause the first sheet to wait in the sub-conveyance
path. Here, the waiting first sheet straddles the branch point. The CPU 104 may also cause the clutch to transmit the
driving force of the driving source to the second conveyance unitin accordance with the timing at which the first conveyance
unit completes the changing of the conveyance speed of a second sheet that follows the first sheet from the first speed
to the second speed, and move the trailing end of the first sheet downstream of the branch point before the second
sheet reaches the branch point. The CPU 104 may also cause the second conveyance unit to convey a waiting first
sheet, and thereafter cause the clutch to disengage, from the second conveyance unit, the driving force of the driving
source, thereby causing the first sheet to wait again upstream of the merging point of the sub-conveyance path and the
main conveyance path.

[0139] Note that numerals attached to the aforementioned technical terms, including "first", "second" and "third", are
merely attached to distinguish between the same or similar technical terms. Each numeral may be replaced with another
numeral. For example, the first conveyance unit may also be called the third conveyance unit. Numerals in the claims
may coincide with, or differ from, numerals in the specification. For example, a first conveyance unit stated in the claims
may be stated as a third conveyance unit. Thus, numerals themselves do not have any technical meanings.

Other Embodiments

[0140] Embodiment(s) of the present invention can also be realized by a computer of a system or apparatus that reads
out and executes computer executable instructions (e.g., one or more programs) recorded on a storage medium (which
may also be referred to more fully as a 'non-transitory computer-readable storage medium’) to perform the functions of
one or more of the above-described embodiment(s) and/or that includes one or more circuits (e.g., application specific
integrated circuit (ASIC)) for performing the functions of one or more of the above-described embodiment(s), and by a
method performed by the computer of the system or apparatus by, for example, reading out and executing the computer
executable instructions from the storage medium to perform the functions of one or more of the above-described em-
bodiment(s) and/or controlling the one or more circuits to perform the functions of one or more of the above-described
embodiment(s). The computer may comprise one or more processors (e.g., central processing unit (CPU), micro process-
ing unit (MPU)) and may include a network of separate computers or separate processors to read out and execute the
computer executable instructions. The computer executable instructions may be provided to the computer, for example,
from a network or the storage medium. The storage medium may include, for example, one or more of a hard disk, a
random-access memory (RAM), a read only memory (ROM), a storage of distributed computing systems, an optical disk
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(such as a compact disc (CD), digital versatile disc (DVD), or Blu-ray Disc (BD)™), a flash memory device, a memory
card, and the like.

[0141] While the presentinvention has been described with reference to exemplary embodiments, itis 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.
[0142] An image forming unit (5Y-5K) forms an image on a sheet. A reverse unit (70) pulls in the sheet from a main
conveyance path (r1) and reverses a conveyance direction of the sheet to feed the sheet to a sub-conveyance path (r2).
A control unit (101) causes a conveyance unit (51, 52, 53) to convey a first sheet that is waiting to the main conveyance
path after a trailing end of a second sheet that has been fed from a feeding unit (12) and follows the first sheet has
passed through a merging point (200), and moves a trailing end of the first sheet downstream of a branch point (201)
before the second sheet reaches the branch point.

[0143] This application is a divisional application of European patent application no. 17 201 519.0 (the "parent appli-
cation"), also published under no. EP 3 330 803 A. The original claims of the parent application are repeated below in
the present specification in the form of Items and form part of the content of this divisional application as filed.

[0144] Item 1: An image forming apparatus comprising:

feeding means configured to feed a sheet to a main conveyance path;

image forming means configured to form an image on the sheet fed from the feeding means;

reverse means configured to pull in the sheet on which the image has been formed by the image forming means,
the sheet having been conveyed from the main conveyance path, and reverse a conveyance direction of the sheet
to feed the sheet to a sub-conveyance path after a trailing end of the sheet has passed through a branch point of
the main conveyance path and the sub-conveyance path;

conveyance means configured to again convey the sheet that has been fed to the sub-conveyance path by the
reverse means, to the main conveyance path from a merging point of the sub-conveyance path and the main
conveyance path; and

control means configured to control the reverse means and the conveyance means so as to cause a first sheet that
is fed to the sub-conveyance path by the reverse means to wait in the sub-conveyance path, wherein the first sheet
that is waiting straddles the branch point,

wherein the control means causes the conveyance means to convey the first sheet that is waiting to the main
conveyance path after a trailing end of a second sheet that has been fed from the feeding means and follows the
first sheet has passed through the merging point, and moves a trailing end of the first sheet downstream of the
branch point before the second sheet reaches the branch point.

[0145] Item 2: The image forming apparatus according to Item 1,

wherein the control means is further configured to control the conveyance means so as to cause the conveyance means
to convey the first sheet that is waiting to the main conveyance path, and thereafter cause the first sheet to wait again
upstream of the image forming means.

[0146] Item 3: The image forming apparatus according to Item 1, further comprising:

detection means configured to detect a sheet that passes through the merging point,

wherein, upon the detection means detecting that the trailing end of the second sheet has passed through the
merging point, the control means resumes driving the conveyance means to feed the first sheet from the sub-
conveyance path to the main conveyance path.

[0147] Item 4: The image forming apparatus according to Item 1,

wherein the control means is further configured to determine a timing of resuming conveying the first sheet that is waiting
in the sub-conveyance path, in accordance with a type of the first sheet.

[0148] Item 5: The image forming apparatus according to Item 4,

wherein, if the first sheet is a sheet with low conveyance efficiency, the control means resumes conveying the first
sheet that is waiting in the sub-conveyance path, when the trailing end of the second sheet passes through the
merging point, and

if the first sheet is a sheet with high conveyance efficiency, the control means resumes conveying the first sheet
that is waiting in the sub-conveyance path, when the trailing end of the second sheet that is moving toward the
reverse means passes through the branch point.

[0149] Item 6: The image forming apparatus according to Item 1,
wherein a distance from the merging point to the branch point in the main conveyance path is longer than a length of
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the sheet in the conveyance direction of the sheet.
[0150] Item 7: An image forming apparatus comprising:

feeding means configured to feed a sheet to a main conveyance path;

first conveyance means configured to change a conveyance speed of the sheet fed from the feeding means from
a first speed to a second speed, and convey the sheet along the main conveyance path;

image forming means configured to form an image on the sheet that is conveyed from the first conveyance means
at the second speed;

reverse means configured to pull in the sheet on which the image has been formed by the image forming means,
the sheet having been conveyed from the main conveyance path, and reverses a conveyance direction of the sheet
to feed the sheet to a sub-conveyance path after a trailing end of the sheet has passed through a branch point of
the main conveyance path and the sub-conveyance path;

second conveyance means configured to again convey the sheet that has been fed to the sub-conveyance path by
the reverse means, from the sub-conveyance path to the main conveyance path;

driving source configured to drive the first conveyance means and the second conveyance means; and

control means configured to control the reverse means and the second conveyance means so as to cause a first
sheet that is fed to the sub-conveyance path by the reverse means to wait upstream of the second conveyance
means in the sub-conveyance path, wherein the first sheet that is waiting straddles the branch point,

wherein the control means is further configured to cause the reverse means to convey the first sheet that is waiting
to the second conveyance means in accordance with a timing at which the first conveyance means completes
changing of a conveyance speed of a second sheet that follows the first sheet from the first speed to the second
speed, and move a trailing end of the first sheet downstream of the branch point before the second sheet reaches
the branch point.

[0151] Item 8: The image forming apparatus according to Item 7,

wherein the control means is further configured to control the reverse means and the second conveyance means so as
to cause the reverse means to convey the first sheet that is waiting, downstream of the second conveyance means, and
thereafter cause the first sheet to wait again upstream of a merging point of the sub-conveyance path and the main
conveyance path.

[0152] Item 9: The image forming apparatus according to Item 8, further comprising:

clutch configured to transmit a driving force of the driving source to the second conveyance means and disengage
the driving force of the second conveyance means,

wherein the control means is further configured to control the clutch so as to cause the first sheet to wait again
upstream of the merging point by causing the clutch to disengage the driving force of the driving source from the
second conveyance means.

[0153] Item 10: An image forming apparatus comprising:

feeding means configured to feed a sheet to a main conveyance path;

first conveyance means configured to change a conveyance speed of the sheet fed from the feeding means from
a second speed to a first speed, further changes the conveyance speed from the first speed to the second speed,
and convey the sheet along the main conveyance path;

image forming means configured to form an image on the sheet that is conveyed from the first conveyance means
at the second speed;

reverse means configured to pull in the sheet on which the image has been formed by the image forming means,
the sheet having been conveyed from the main conveyance path, and reverse a conveyance direction of the sheet
to feed the sheet to a sub-conveyance path after a trailing end of the sheet has passed through a branch point of
the main conveyance path and the sub-conveyance path,

second conveyance means configured to again convey the sheet that has been fed to the sub-conveyance path by
the reverse means, from the sub-conveyance path to the main conveyance path;

driving source configured to drive the first conveyance means and the second conveyance means;

clutch configured to transmit a driving force of the driving source to the second conveyance means and disengage
the driving force of the driving source from the second conveyance means; and

control means configured to control the clutch so as to cause the clutch to disengage, from the second conveyance
means, the driving force of the driving source and cause a first sheet that has been fed to the sub-conveyance path
by the reverse means to wait in the sub-conveyance path in a case where the first conveyance means changes the
conveyance speed of the sheet from the second speed to the first speed while the second conveyance means is
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conveying the first sheet, wherein the first sheet that is waiting straddles the branch point,

wherein the control means is further configured to cause the clutch to transmit the driving force of the driving source
to the second conveyance means in accordance with a timing at which the first conveyance means completes
changing of the conveyance speed of a second sheet that follows the first sheet from the first speed to the second
speed, and move a trailing end of the first sheet downstream of the branch point before the second sheet reaches
the branch point.

[0154] Item 11: The image forming apparatus according to Item 10,

wherein the control means is further configured to control the second conveyance means and the clutch so as to cause
the first sheet to wait again upstream of a merging point of the sub-conveyance path and the main conveyance path, by
causing the second conveyance means to convey the first sheet that is waiting, and thereafter causing the clutch to
disengage, from the second conveyance means, the driving force of the driving source.

[0155] Item 12: The image forming apparatus according to Item 7 or 10, further comprising:

third conveyance means configured to convey the sheet that has been fed to the sub-conveyance path by the reverse
means, to the second conveyance means;

second driving source configured to drive the reverse means and the third conveyance means; and

one-way clutch configured to transmit a driving force of the second driving source to the third conveyance means
if the second driving source is rotating in a forward direction, and not transmit the driving force of the second driving
source to the third conveyance means if the second driving source is rotating in a reverse direction.

[0156] Item 13: The image forming apparatus according to Item 7 or 10, further comprising:

detection means configured to detect a sheet that is conveyed along the main conveyance path, the detection means
being provided between the feeding means and the image forming means,

wherein, based on a timing at which a leading end of the second sheet is detected by the detection means, the
control means sets the first speed, changes the conveyance speed at which the first conveyance means conveys
the sheet from the second speed to the first speed, and further changes the conveyance speed from the first speed
to the second speed.

[0157] Item 14: The image forming apparatus according to any one of Items 1, 7 and 10,

wherein the control means is further configured to set the number of sheets to wait in the sub-conveyance path to two
if a length of the sheet in the conveyance direction of the sheet is equal to or shorter than a predetermined length, and
set the number of sheets to wait in the sub-conveyance path to one if the length of the sheet in the conveyance direction
of the sheet is longer than the predetermined length.

[0158] Item 15: The image forming apparatus according to Item 7 or 10,

wherein a length of the sheet in the conveyance direction of the sheet is shorter than a distance from the branch point
in the sub-conveyance path to a merging point of the sub-conveyance path and the main conveyance path.

Claims
1. Animage forming apparatus (100) comprising:

feeding means (12) configured to feed a sheet (P) to a main conveyance path (r1);

image forming means (10, 11) configured to form an image on the sheet (P) fed from the feeding means (12);
reverse means (70) configured to pull in the sheet (P) on which the image has been formed by the image forming
means (110), the sheet (P) having been conveyed from the main conveyance path (r1), and reverse a conveyance
direction of the sheet (P) to feed the sheet (P) to a sub-conveyance path (r2) after a trailing end of the sheet
(P) has passed through a branch point (201) of the main conveyance path (r1) and the sub-conveyance path (r2);
conveyance means (51,52, 53) configured to again convey the sheet (P) that has been fed to the sub-conveyance
path (r2) by the reverse means (70), to the main conveyance path (r1) from a merging point (200) of the sub-
conveyance path (r2) and the main conveyance path (r1); and

control means (101, 102, 104) configured to control the reverse means (70) and the conveyance means (51,
52, 53) so as to cause a first sheet (P1) that is fed to the sub-conveyance path (r2) by the reverse means (70)
to waitin the sub-conveyance path (r2), wherein the first sheet (P 1) thatis waiting straddles the branch point (201),
wherein the control means (101, 102, 104) causes the conveyance means (51, 52, 53) to convey the first sheet
(P1) that is waiting to the main conveyance path (r1) after a trailing end of a second sheet (P2) that has been
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fed from the feeding means (12) and follows the first sheet (P1) has passed through the merging point (200),
and moves a trailing end of the first sheet (P1) downstream of the branch point (201) before the second sheet
reaches the branch point,

characterized in that

the control means (101, 102, 104) is further configured to determine a timing of resuming conveying the first
sheet (P1) that is waiting in the sub-conveyance path (r2), in accordance with a type of the first sheet (P1).

The image forming apparatus according to claim 1,

wherein the control means (101, 102, 104) is further configured to control the conveyance means (51, 52, 53) so
as to cause the conveyance means (51, 52, 53) to convey the first sheet (P1) that is waiting to the main conveyance
path (r1), and thereafter cause the first sheet (P1) to wait again upstream of the image forming means (10, 11) in
the main conveyance path (r1).

The image forming apparatus (100) according to claim 1, further comprising:

detection means (62) configured to detect a sheet (P) that passes through the merging point (200),

wherein, upon the detection means (62) detecting that the trailing end of the second sheet (P2) has passed
through the merging point (200), the control means (101, 102, 104) resumes driving the conveyance means
(51, 52, 53) to feed the first sheet (P1) from the sub-conveyance path (r2) to the main conveyance path (r1).

The image forming apparatus (100) according to claim 1,

wherein, if the first sheet (P1) is a sheet with low conveyance efficiency such as thick paper or gloss paper
causing a conveyance delay, the control means (101, 102, 104) resumes conveying the first sheet (P1) that is
waiting in the sub-conveyance path (r2), when the trailing end of the second sheet (P2) passes through the
merging point (200), and

if the first sheet (P1) is a sheet with high conveyance efficiency such as plain paper or thin paper, the control
means (101, 102, 104) resumes conveying the first sheet (P1) that is waiting in the sub-conveyance path (r2),
when the trailing end of the second sheet (P2) that is moving toward the reverse means (70) passes through
the branch point (201).

The image forming apparatus (100) according to claim 1,
wherein a distance (Ldup1, Ldup2, Ldup3) from the merging point (200) to the branch point (201) in the main
conveyance path (r1) is longer than a length of the sheet (P) in the conveyance direction of the sheet (P).

The image forming apparatus (100) according to claim 1,

wherein the control means (101, 102, 104) is further configured to set the number of sheets (P) to wait in the sub-
conveyance path (r2) to two if a length of the sheet (P) in the conveyance direction of the sheet (P) is equal to or
shorter than a predetermined length, and set the number of sheets (P) to wait in the sub-conveyance path (r2) to
one if the length of the sheet (P) in the conveyance direction of the sheet (P) is longer than the predetermined length.
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—~— 851604

v

S$1605

TRAILING END OF LEADING SHEET
PASSED THROUGH REVERSE POINT
?

YES

SWITCH ROTATION OF REVERSE ROLLER
FROM FORWARD ROTATION TO REVERSE ROTATION

—~—$1606

v

$1607

LEADING END OF
LEADING SHEET ARRIVED AT
SECOND WAI'I;ING POSITION

YES

SWITCH OFF CLUTCH TO STOP CONVEYING LEADING SHEET

—~— 851608

A

S$1609

PREPARATIONS
FOR IMAGE FORMATION ON SECOND
FACE COMPLETE?

v YES

FORM IMAGE ON SECOND FACE OF LEADING SHEET
AND DISCHARGE LEADING SHEET

—~ 81610

END
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