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(54) INKJET PRINTING APPARATUS AND CONTROL METHOD OF THE INKJET PRINTING 
APPARATUS

(57) According to an aspect, an inkjet printing appa-
ratus includes a supply pump (P1) provided in a supply
flow path (C2) for supplying ink from a tank (151) to a
print head (8), a first flow path (C3) connecting the first
position upstream of the supply pump in the supply flow
path and the second position downstream of the supply

pump in the supply flow path, a second flow path (C5)
connecting the tank and the third position downstream
of the supply pump in the supply flow path, and an
open/close valve (V5) provided in the second flow path
and capable of opening and closing the second flow path.
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Description

BACKGROUND OF THE INVENTION

Field of the Invention

[0001] The present invention relates to an inkjet print-
ing apparatus comprising a print head that ejects ink to
print an image and a control method of the inkjet printing
apparatus.

Description of the Related Art

[0002] Conventionally, there has been an inkjet print-
ing apparatus using an ink circulation system for circu-
lating ink between an ink tank and a print head. Such an
inkjet printing apparatus has a supply path for supplying
ink from the ink tank to the print head and a return path
for returning ink from the print head to the ink tank in
order to circulate ink. Japanese Patent Laid-Open No.
2010-155449 discloses that in a printing apparatus using
an ink circulation system, ink is filled by driving a supply
pump provided in an ink supply path and a return pump
provided in an ink return path.
[0003] However, in a case where a branch flow path
is provided to connect the sides of a supply flow path
upstream and downstream of the supply pump, the
branch flow path cannot sufficiently be filled with ink. As
a result, air bubbles remaining inside the branch flow
path may flow into the print head, which raises the pos-
sibility of an ink ejection failure, for example.
[0004] The present invention has been accomplished
in order to solve the above problem. An object of the
present invention is to fill ink into a branch flow path con-
necting the sides of a supply flow path upstream and
downstream of an ink supply pump in an inkjet printing
apparatus using an ink circulation system.

SUMMARY OF THE INVENTION

[0005] The present invention in its first aspect provides
an inkjet printing apparatus as specified in claims 1 to
11. The present invention in its second aspect provides
a control method of an inkjet printing apparatus as spec-
ified in claim 12.
[0006] Further features of the present invention will be-
come apparent from the following description of exem-
plary embodiments with reference to the attached draw-
ings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0007]

FIG. 1 is a diagram showing a printing apparatus in
a standby state;
FIG. 2 is a control configuration diagram of the print-
ing apparatus;

FIG. 3 is a diagram showing the printing apparatus
in a printing state;
FIGS. 4A to 4C are conveying path diagrams of a
print medium fed from a first cassette;
FIGS. 5A to 5C are conveying path diagrams of a
print medium fed from a second cassette;
FIGS. 6A to 6D are conveying path diagrams in the
case of performing print operation for the back side
of a print medium;
FIG. 7 is a diagram showing the printing apparatus
in a maintenance state;
FIGS. 8A and 8B are perspective views showing the
configuration of a maintenance unit;
FIG. 9 is a diagram showing a flow path configuration
of an ink circulation system;
FIG. 10 is a flowchart of an ink filling process of the
entire ink circulation system;
FIG. 11 is a diagram showing a state of the ink cir-
culation system in the case of replenishing a sub-
tank with ink from a main tank;
FIG. 12 is a diagram showing a state of the ink cir-
culation system in the case of filling an upstream flow
path with ink;
FIG. 13 is a flowchart of an ink filling process of a
relief flow path;
FIG. 14 is a diagram showing states of the upstream
flow path in the case of filling the relief flow path with
ink; FIG. 14 (a) shows a state of the upstream flow
path in which the supply pump is driven with the sup-
ply valve and head replacement valve opened; FIG.
14 (b) shows a state of the upstream flow path in
which the head replacement valve is closed after the
state of FIG. 14 (a); FIG. 14 (c) shows a state of the
upstream flow path in which the head replacement
valve is opened after the state of FIG. 14 (b); FIG.
14 (d) shows the upstream flow path in which the
supply pump is continuously driven in the state of
FIG. 14 (c); FIG. 14 (e) shows a state of the upstream
flow path in which the head replacement valve is
closed after the state of FIG. 14 (d); FIG. 14 (f) shows
a state of the upstream flow path in which the head
replacement valve is opened after the state of FIG.
14 (e);
FIG. 15 is a diagram showing a state of the ink cir-
culation system in the case of filling a head unit with
ink;
FIG. 16 is a flowchart of an ink filling process of the
head unit according to a first head unit filling method;
FIG. 17 is a flowchart of an ink filling process of the
head unit according to a second head unit filling
method;
FIG. 18 is a diagram showing a state of the ink cir-
culation system in the case of filling a collection flow
path with ink;
FIG. 19 is a flowchart of an ink filling process of the
collection flow path;
FIG. 20 is a diagram showing a state of the ink cir-
culation system in the case of filling the collection
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flow path with ink; and
FIG. 21 is a flowchart of an ink filling process of the
collection flow path.

DESCRIPTION OF THE EMBODIMENTS

[0008] FIG. 1 is an internal configuration diagram of an
inkjet printing apparatus 1 (hereinafter "printing appara-
tus 1") used in the present embodiment. In the drawings,
an x-direction is a horizontal direction, a y-direction (a
direction perpendicular to paper) is a direction in which
ejection openings are arrayed in a print head 8 described
later, and a z-direction is a vertical direction.
[0009] The printing apparatus 1 is a multifunction print-
er comprising a print unit 2 and a scanner unit 3. The
printing apparatus 1 can use the print unit 2 and the scan-
ner unit 3 separately or in synchronization to perform
various processes related to print operation and scan
operation. The scanner unit 3 comprises an automatic
document feeder (ADF) and a flatbed scanner (FBS) and
is capable of scanning a document automatically fed by
the ADF as well as scanning a document placed by a
user on a document plate of the FBS. The present em-
bodiment is directed to the multifunction printer compris-
ing both the print unit 2 and the scanner unit 3, but the
scanner unit 3 may be omitted. FIG. 1 shows the printing
apparatus 1 in a standby state in which neither print op-
eration nor scan operation is performed.
[0010] In the print unit 2, a first cassette 5A and a sec-
ond cassette 5B for housing a print medium (cut sheet)
S are detachably provided at the bottom of a casing 4 in
the vertical direction. A relatively small print medium of
up to A4 size is placed flat and housed in the first cassette
5A and a relatively large print medium of up to A3 size
is placed flat and housed in the second cassette 5B. A
first feeding unit 6A for sequentially feeding a housed
print medium is provided near the first cassette 5A. Sim-
ilarly, a second feeding unit 6B is provided near the sec-
ond cassette 5B. In print operation, a print medium S is
selectively fed from either one of the cassettes.
[0011] Conveying rollers 7, a discharging roller 12,
pinch rollers 7a, spurs 7b, a guide 18, an inner guide 19,
and a flapper 11 are conveying mechanisms for guiding
a print medium S in a predetermined direction. The con-
veying rollers 7 are drive rollers located upstream and
downstream of the print head 8 and driven by a conveying
motor (not shown). The pinch rollers 7a are follower roll-
ers that are turned while nipping a print medium S to-
gether with the conveying rollers 7. The discharging roller
12 is a drive roller located downstream of the conveying
rollers 7 and driven by the conveying motor (not shown).
The spurs 7b nip and convey a print medium S together
with the conveying rollers 7 and discharging roller 12 lo-
cated downstream of the print head 8.
[0012] The guide 18 is provided in a conveying path of
a print medium S to guide the print medium S in a pre-
determined direction. The inner guide 19 is a member
extending in the y-direction. The inner guide 19 has a

curved side surface and guides a print medium S along
the side surface. The flapper 11 is a member for changing
a direction in which a print medium S is conveyed in du-
plex print operation. A discharging tray 13 is a tray for
placing and housing a print medium S that was subjected
to print operation and discharged by the discharging roller
12.
[0013] The print head 8 of the present embodiment is
a full line type color inkjet print head. In the print head 8,
a plurality of ejection openings configured to eject ink
based on print data are arrayed in the y-direction in FIG.
1 so as to correspond to the width of a print medium S.
It should be noted that the present invention is not limited
to the full line type and can be applied to a serial type
inkjet print head that performs printing by bidirectional
scanning. When the print head 8 is in a standby position,
an ejection opening surface 8a of the print head 8 is ori-
ented vertically downward and capped with a cap unit 10
as shown in FIG. 1. In print operation, the orientation of
the print head 8 is changed by a print controller 202 de-
scribed later such that the ejection opening surface 8a
faces a platen 9. The platen 9 includes a flat plate ex-
tending in the y-direction and supports, from the back
side, a print medium S subjected to print operation by
the print head 8. The movement of the print head 8 from
the standby position to a printing position will be de-
scribed later in detail.
[0014] An ink tank unit 14 separately stores ink of four
colors to be supplied to the print head 8. An ink supply
unit 15 is provided in the midstream of a flow path con-
necting the ink tank unit 14 to the print head 8 to adjust
the pressure and flow rate of ink in the print head 8 within
a suitable range. The present embodiment adopts a cir-
culation type ink supply system, where the ink supply unit
15 adjusts the pressure of ink supplied to the print head
8 and the flow rate of ink collected from the print head 8
within a suitable range.
[0015] A maintenance unit 16 comprises the cap unit
10 and a wiping unit 17 and activates them at predeter-
mined timings to perform maintenance operation for the
print head 8. The maintenance operation will be de-
scribed later in detail.
[0016] FIG. 2 is a block diagram showing a control con-
figuration in the printing apparatus 1. The control config-
uration mainly includes a print engine unit 200 that exer-
cises control over the print unit 2, a scanner engine unit
300 that exercises control over the scanner unit 3, and
a controller unit 100 that exercises control over the entire
printing apparatus 1. A print controller 202 controls var-
ious mechanisms of the print engine unit 200 under in-
structions from a main controller 101 of the controller unit
100. Various mechanisms of the scanner engine unit 300
are controlled by the main controller 101 of the controller
unit 100. The control configuration will be described be-
low in detail.
[0017] In the controller unit 100, the main controller
101 including a CPU controls the entire printing appara-
tus 1 using a RAM 106 as a work area in accordance
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with various parameters and programs stored in a ROM
107. For example, when a print job is input from a host
apparatus 400 via a host I/F 102 or a wireless I/F 103,
an image processing unit 108 executes predetermined
image processing for received image data under instruc-
tions from the main controller 101. The main controller
101 transmits the image data subjected to the image
processing to the print engine unit 200 via a print engine
I/F 105.
[0018] The printing apparatus 1 may acquire image da-
ta from the host apparatus 400 via a wireless or wired
communication or acquire image data from an external
storage unit (such as a USB memory) connected to the
printing apparatus 1. A communication system used for
the wireless or wired communication is not limited. For
example, as a communication system for the wireless
communication, Wi-Fi (Wireless Fidelity; registered
trademark) and Bluetooth (registered trademark) can be
used. As a communication system for the wired commu-
nication, a USB (Universal Serial Bus) and the like can
be used. For example, when a scan command is input
from the host apparatus 400, the main controller 101
transmits the command to the scanner unit 3 via a scan-
ner engine I/F 109.
[0019] An operating panel 104 is a mechanism to allow
a user to do input and output for the printing apparatus
1. A user can give an instruction to perform operation
such as copying and scanning, set a print mode, and
recognize information about the printing apparatus 1 via
the operating panel 104.
[0020] In the print engine unit 200, the print controller
202 including a CPU controls various mechanisms of the
print unit 2 using a RAM 204 as a work area in accordance
with various parameters and programs stored in a ROM
203. When various commands and image data are re-
ceived via a controller I/F 201, the print controller 202
temporarily stores them in the RAM 204. The print con-
troller 202 allows an image processing controller 205 to
convert the stored image data into print data such that
the print head 8 can use it for print operation. After the
generation of the print data, the print controller 202 allows
the print head 8 to perform print operation based on the
print data via a head I/F 206. At this time, the print con-
troller 202 conveys a print medium S by driving the feed-
ing units 6A and 6B, conveying rollers 7, discharging roll-
er 12, and flapper 11 shown in FIG. 1 via a conveyance
control unit 207. The print head 8 performs print operation
in synchronization with the conveyance operation of the
print medium S under instructions from the print controller
202, thereby performing printing.
[0021] A head carriage control unit 208 changes the
orientation and position of the print head 8 in accordance
with an operating state of the printing apparatus 1 such
as a maintenance state or a printing state. An ink supply
control unit 209 controls the ink supply unit 15 such that
the pressure of ink supplied to the print head 8 is within
a suitable range. A maintenance control unit 210 controls
the operation of the cap unit 10 and wiping unit 17 in the

maintenance unit 16 when performing maintenance op-
eration for the print head 8.
[0022] In the scanner engine unit 300, the main con-
troller 101 controls hardware resources of the scanner
controller 302 using the RAM 106 as a work area in ac-
cordance with various parameters and programs stored
in the ROM 107, thereby controlling various mechanisms
of the scanner unit 3. For example, the main controller
101 controls hardware resources in the scanner control-
ler 302 via a controller I/F 301 to cause a conveyance
control unit 304 to convey a document placed by a user
on the ADF and cause a sensor 305 to scan the docu-
ment. The scanner controller 302 stores scanned image
data in a RAM 303. The print controller 202 can convert
the image data acquired as described above into print
data to enable the print head 8 to perform print operation
based on the image data scanned by the scanner con-
troller 302.
[0023] FIG. 3 shows the printing apparatus 1 in a print-
ing state. As compared with the standby state shown in
FIG. 1, the cap unit 10 is separated from the ejection
opening surface 8a of the print head 8 and the ejection
opening surface 8a faces the platen 9. In the present
embodiment, the plane of the platen 9 is inclined about
45° with respect to the horizontal plane. The ejection
opening surface 8a of the print head 8 in a printing posi-
tion is also inclined about 45° with respect to the horizon-
tal plane so as to keep a constant distance from the platen
9.
[0024] In the case of moving the print head 8 from the
standby position shown in FIG. 1 to the printing position
shown in FIG. 3, the print controller 202 uses the main-
tenance control unit 210 to move the cap unit 10 down
to an evacuation position shown in FIG. 3, thereby sep-
arating the cap member 10a from the ejection opening
surface 8a of the print head 8. The print controller 202
then uses the head carriage control unit 208 to turn the
print head 8 45° while adjusting the vertical height of the
print head 8 such that the ejection opening surface 8a
faces the platen 9. After the completion of print operation,
the print controller 202 reverses the above procedure to
move the print head 8 from the printing position to the
standby position.
[0025] Next, a conveying path of a print medium S in
the print unit 2 will be described. When a print command
is input, the print controller 202 first uses the maintenance
control unit 210 and the head carriage control unit 208
to move the print head 8 to the printing position shown
in FIG. 3. The print controller 202 then uses the convey-
ance control unit 207 to drive either the first feeding unit
6A or the second feeding unit 6B in accordance with the
print command and feed a print medium S.
[0026] FIGS. 4A to 4C are diagrams showing a con-
veying path in the case of feeding an A4 size print medium
S from the first cassette 5A. A print medium S at the top
of a print medium stack in the first cassette 5A is sepa-
rated from the rest of the stack by the first feeding unit
6A and conveyed toward a print area P between the plat-
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en 9 and the print head 8 while being nipped between
the conveying rollers 7 and the pinch rollers 7a. FIG. 4A
shows a conveying state where the front end of the print
medium S is about to reach the print area P. The direction
of movement of the print medium S is changed from the
horizontal direction (x-direction) to a direction inclined
about 45° with respect to the horizontal direction while
being fed by the first feeding unit 6A to reach the print
area P.
[0027] In the print area P, a plurality of ejection open-
ings provided in the print head 8 eject ink toward the print
medium S. In an area where ink is applied to the print
medium S, the back side of the print medium S is sup-
ported by the platen 9 so as to keep a constant distance
between the ejection opening surface 8a and the print
medium S. After ink is applied to the print medium S, the
conveying rollers 7 and the spurs 7b guide the print me-
dium S such that the print medium S passes on the left
of the flapper 11 with its tip inclined to the right and is
conveyed along the guide 18 in the vertically upward di-
rection of the printing apparatus 1. FIG. 4B shows a state
where the front end of the print medium S has passed
through the print area P and the print medium S is being
conveyed vertically upward. The conveying rollers 7 and
the spurs 7b change the direction of movement of the
print medium S from the direction inclined about 45° with
respect to the horizontal direction in the print area P to
the vertically upward direction.
[0028] After being conveyed vertically upward, the
print medium S is discharged into the discharging tray
13 by the discharging roller 12 and the spurs 7b. FIG. 4C
shows a state where the front end of the print medium S
has passed through the discharging roller 12 and the
print medium S is being discharged into the discharging
tray 13. The discharged print medium S is held in the
discharging tray 13 with the side on which an image was
printed by the print head 8 down.
[0029] FIGS. 5A to 5C are diagrams showing a con-
veying path in the case of feeding an A3 size print medium
S from the second cassette 5B. A print medium S at the
top of a print medium stack in the second cassette 5B is
separated from the rest of the stack by the second feeding
unit 6B and conveyed toward the print area P between
the platen 9 and the print head 8 while being nipped be-
tween the conveying rollers 7 and the pinch rollers 7a.
[0030] FIG. 5A shows a conveying state where the
front end of the print medium S is about to reach the print
area P. In a part of the conveying path, through which
the print medium S is fed by the second feeding unit 6B
toward the print area P, the plurality of conveying rollers
7, the plurality of pinch rollers 7a, and the inner guide 19
are provided such that the print medium S is conveyed
to the platen 9 while being bent into an S-shape.
[0031] The rest of the conveying path is the same as
that in the case of the A4 size print medium S shown in
FIGS. 4B and 4C. FIG. 5B shows a state where the front
end of the print medium S has passed through the print
area P and the print medium S is being conveyed verti-

cally upward. FIG. 5C shows a state where the front end
of the print medium S has passed through the discharging
roller 12 and the print medium S is being discharged into
the discharging tray 13.
[0032] FIGS. 6A to 6D show a conveying path in the
case of performing print operation (duplex printing) for
the back side (second side) of an A4 size print medium
S. In the case of duplex printing, print operation is first
performed for the first side (front side) and then per-
formed for the second side (back side). A conveying pro-
cedure during print operation for the first side is the same
as that shown in FIGS. 4A to 4C and therefore description
will be omitted. A conveying procedure subsequent to
FIG. 4C will be described below.
[0033] After the print head 8 finishes print operation for
the first side and the back end of the print medium S
passes by the flapper 11, the print controller 202 turns
the conveying rollers 7 reversely to convey the print me-
dium S into the printing apparatus 1. At this time, since
the flapper 11 is controlled by an actuator (not shown)
such that the tip of the flapper 11 is inclined to the left,
the front end of the print medium S (corresponding to the
back end during the print operation for the first side) pass-
es on the right of the flapper 11 and is conveyed vertically
downward. FIG. 6A shows a state where the front end of
the print medium S (corresponding to the back end during
the print operation for the first side) is passing on the right
of the flapper 11.
[0034] Then, the print medium S is conveyed along the
curved outer surface of the inner guide 19 and then con-
veyed again to the print area P between the print head
8 and the platen 9. At this time, the second side of the
print medium S faces the ejection opening surface 8a of
the print head 8. FIG. 6B shows a conveying state where
the front end of the print medium S is about to reach the
print area P for print operation for the second side.
[0035] The rest of the conveying path is the same as
that in the case of the print operation for the first side
shown in FIGS. 4B and 4C. FIG. 6C shows a state where
the front end of the print medium S has passed through
the print area P and the print medium S is being conveyed
vertically upward. At this time, the flapper 11 is controlled
by the actuator (not shown) such that the tip of the flapper
11 is inclined to the right. FIG. 6D shows a state where
the front end of the print medium S has passed through
the discharging roller 12 and the print medium S is being
discharged into the discharging tray 13.
[0036] Next, maintenance operation for the print head
8 will be described. As described with reference to FIG.
1, the maintenance unit 16 of the present embodiment
comprises the cap unit 10 and the wiping unit 17 and
activates them at predetermined timings to perform main-
tenance operation.
[0037] FIG. 7 is a diagram showing the printing appa-
ratus 1 in a maintenance state. In the case of moving the
print head 8 from the standby position shown in FIG. 1
to a maintenance position shown in FIG. 7, the print con-
troller 202 moves the print head 8 vertically upward and
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moves the cap unit 10 vertically downward. The print con-
troller 202 then moves the wiping unit 17 from the evac-
uation position to the right in FIG. 7. After that, the print
controller 202 moves the print head 8 vertically downward
to the maintenance position where maintenance opera-
tion can be performed.
[0038] On the other hand, in the case of moving the
print head 8 from the printing position shown in FIG. 3 to
the maintenance position shown in FIG. 7, the print con-
troller 202 moves the print head 8 vertically upward while
turning it 45°. The print controller 202 then moves the
wiping unit 17 from the evacuation position to the right.
Following that, the print controller 202 moves the print
head 8 vertically downward to the maintenance position
where maintenance operation can be performed by the
maintenance unit 16.
[0039] FIG. 8A is a perspective view showing the main-
tenance unit 16 in a standby position. FIG. 8B is a per-
spective view showing the maintenance unit 16 in a main-
tenance position. FIG. 8A corresponds to FIG. 1 and FIG.
8B corresponds to FIG. 7. When the print head 8 is in
the standby position, the maintenance unit 16 is in the
standby position shown in FIG. 8A, the cap unit 10 has
been moved vertically upward, and the wiping unit 17 is
housed in the maintenance unit 16. The cap unit 10 com-
prises a box-shaped cap member 10a extending in the
y-direction. The cap member 10a can be brought into
intimate contact with the ejection opening surface 8a of
the print head 8 to prevent ink from evaporating from the
ejection openings. The cap unit 10 also has the function
of collecting ink ejected to the cap member 10a for pre-
liminary ejection or the like and allowing a suction pump
(not shown) to suck the collected ink.
[0040] On the other hand, in the maintenance position
shown in FIG. 8B, the cap unit 10 has been moved ver-
tically downward and the wiping unit 17 has been drawn
from the maintenance unit 16. The wiping unit 17 com-
prises two wiper units: a blade wiper unit 171 and a vac-
uum wiper unit 172.
[0041] In the blade wiper unit 171, blade wipers 171a
for wiping the ejection opening surface 8a in the x-direc-
tion are provided in the y-direction by the length of an
area where the ejection openings are arrayed. In the case
of performing wiping operation by the use of the blade
wiper unit 171, the wiping unit 17 moves the blade wiper
unit 171 in the x-direction while the print head 8 is posi-
tioned at a height at which the print head 8 can be in
contact with the blade wipers 171a. This movement en-
ables the blade wipers 171a to wipe ink and the like ad-
hering to the ejection opening surface 8a.
[0042] The entrance of the maintenance unit 16
through which the blade wipers 171a are housed is
equipped with a wet wiper cleaner 16a for removing ink
adhering to the blade wipers 171a and applying a wetting
liquid to the blade wipers 171a. The wet wiper cleaner
16a removes substances adhering to the blade wipers
171a and applies the wetting liquid to the blade wipers
171a each time the blade wipers 171a are inserted into

the maintenance unit 16. The wetting liquid is transferred
to the ejection opening surface 8a in the next wiping op-
eration for the ejection opening surface 8a, thereby fa-
cilitating sliding between the ejection opening surface 8a
and the blade wipers 171a.
[0043] The vacuum wiper unit 172 comprises a flat
plate 172a having an opening extending in the y-direc-
tion, a carriage 172b movable in the y-direction within
the opening, and a vacuum wiper 172c mounted on the
carriage 172b. The vacuum wiper 172c is provided to
wipe the ejection opening surface 8a in the y-direction
along with the movement of the carriage 172b. The tip
of the vacuum wiper 172c has a suction opening con-
nected to the suction pump (not shown). Accordingly, if
the carriage 172b is moved in the y-direction while oper-
ating the suction pump, ink and the like adhering to the
ejection opening surface 8a of the print head 8 are wiped
and gathered by the vacuum wiper 172c and sucked into
the suction opening. At this time, the flat plate 172a and
a dowel pin 172d provided at both ends of the opening
are used to align the ejection opening surface 8a with
the vacuum wiper 172c.
[0044] In the present embodiment, it is possible to carry
out a first wiping process in which the blade wiper unit
171 performs wiping operation and the vacuum wiper
unit 172 does not perform wiping operation and a second
wiping process in which both the wiper units sequentially
perform wiping operation. In the case of the first wiping
process, the print controller 202 first draws the wiping
unit 17 from the maintenance unit 16 while the print head
8 is evacuated vertically above the maintenance position
shown in FIG. 7. The print controller 202 moves the print
head 8 vertically downward to a position where the print
head 8 can be in contact with the blade wipers 171a and
then moves the wiping unit 17 into the maintenance unit
16. This movement enables the blade wipers 171a to
wipe ink and the like adhering to the ejection opening
surface 8a. That is, the blade wipers 171a wipe the ejec-
tion opening surface 8a when moving from a position
drawn from the maintenance unit 16 into the maintenance
unit 16.
[0045] After the blade wiper unit 171 is housed, the
print controller 202 moves the cap unit 10 vertically up-
ward and brings the cap member 10a into intimate con-
tact with the ejection opening surface 8a of the print head
8. In this state, the print controller 202 drives the print
head 8 to perform preliminary ejection and allows the
suction pump to suck ink collected in the cap member
10a.
[0046] In the case of the second wiping process, the
print controller 202 first slides the wiping unit 17 to draw
it from the maintenance unit 16 while the print head 8 is
evacuated vertically above the maintenance position
shown in FIG. 7. The print controller 202 moves the print
head 8 vertically downward to the position where the print
head 8 can be in contact with the blade wipers 171a and
then moves the wiping unit 17 into the maintenance unit
16. This movement enables the blade wipers 171a to
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perform wiping operation for the ejection opening surface
8a. Next, the print controller 202 slides the wiping unit 17
to draw it from the maintenance unit 16 to a predeter-
mined position while the print head 8 is evacuated again
vertically above the maintenance position shown in FIG.
7. Then, the print controller 202 uses the flat plate 172a
and the dowel pins 172d to align the ejection opening
surface 8a with the vacuum wiper unit 172 while moving
the print head 8 down to a wiping position shown in FIG.
7. After that, the print controller 202 allows the vacuum
wiper unit 172 to perform the wiping operation described
above. After evacuating the print head 8 vertically upward
and housing the wiping unit 17, the print controller 202
allows the cap unit 10 to perform preliminary ejection into
the cap member and suction operation of collected ink
in the same manner as the first wiping process.
[0047] FIG. 9 is a diagram including the ink supply unit
15 adopted in the inkjet printing apparatus 1 of the
present embodiment. A flow path configuration of an ink
circulation system of the present embodiment will be de-
scribed with reference to FIG. 9. The ink supply unit 15
is configured to supply ink from the ink tank unit 14 to the
print head 8. Although the drawing shows a configuration
for one ink color, such a configuration is actually prepared
for each ink color. The ink supply unit 15 is basically con-
trolled by the ink supply control unit 209 shown in FIG.
2. Each configuration of the unit will be described below.
[0048] Ink is mainly circulated between a sub-tank 151
and the print head 8 (head unit in FIG. 9). In the head
unit 8, ink ejection operation is performed based on image
data and ink not ejected is collected to the sub-tank 151.
[0049] The sub-tank 151 storing a predetermined
amount of ink is connected to a supply flow path C2 for
supplying ink to the head unit 8 and a collection flow path
C4 for collecting ink from the head unit 8. That is, the
sub-tank 151, the supply flow path C2, the head unit 8,
and the collection flow path C4 form a circulation path
through which ink is circulated.
[0050] The sub-tank 151 is equipped with a liquid level
detection unit 151a including a plurality of pins. The ink
supply control unit 209 can grasp an ink liquid level,
namely the amount of ink remaining in the sub-tank 151
by detecting the presence or absence of continuity be-
tween the pins. A decompression pump P0 is a negative
pressure source for decompressing the inside of the sub-
tank 151. An air release valve V0 is a valve for switching
communication and non-communication between the in-
side of the sub-tank 151 and the air.
[0051] A main tank 141 is a tank that stores ink to be
supplied to the sub-tank 151. The main tank 141 is made
from a flexible material. A change in the volume of the
flexible material allows the sub-tank 151 to be filled with
ink. The main tank 141 can be attached to and detached
from the body of the printing apparatus. In the midstream
of a tank connection flow path C1 connecting the sub-
tank 151 to the main tank 141, a tank supply valve V1 is
provided to switch the connection between the sub-tank
151 and the main tank 141.

[0052] With the above configuration, if the liquid level
detection unit 151a detects that the amount of ink in the
sub-tank 151 becomes less than a predetermined
amount, the ink supply control unit 209 closes the air
release valve V0, a supply valve V2, a collection valve
V4, and a head replacement valve V5 and opens the tank
supply valve V1. In this state, the ink supply control unit
209 activates the decompression pump P0, whereby the
inside of the sub-tank 151 has a negative pressure and
ink is supplied from the main tank 141 to the sub-tank
151. If the liquid level detection unit 151a detects that the
amount of ink in the sub-tank 151 exceeds a predeter-
mined amount, the ink supply control unit 209 closes the
tank supply valve V1 and deactivates the decompression
pump P0.
[0053] The supply flow path C2 is a flow path for sup-
plying ink from the sub-tank 151 to the head unit 8. A
supply pump P1 and the supply valve V2 are provided in
the midstream of the supply flow path C2. During print
operation, the supply pump P1 is driven with the supply
valve V2 opened, thereby circulating ink through the cir-
culation path while supplying ink to the head unit 8. The
amount of ink ejected by the head unit 8 per unit time
varies according to image data. The amount of flow
through the supply pump P1 is determined so as to cope
with a case where the head unit 8 performs ejection op-
eration to consume a maximum amount of ink per unit
time.
[0054] A relief flow path C3 is a flow path located up-
stream of the supply valve V2 and connecting the up-
stream side and downstream side of the supply pump
P1. A section connected to the upstream side of the sup-
ply pump P1 is referred to as a first connection section
and a section connected to the downstream side is re-
ferred to as a second connection section. A relief valve
V3, which is a differential pressure valve, is provided in
the midstream of the relief flow path C3. In a case where
the amount of ink supplied from the supply pump P1 per
unit time is greater than the sum total of the amount of
ejection from the head unit 8 per unit time and the amount
of flow (the amount of ink to be drawn) through the col-
lection pump P2 per unit time, the relief valve V3 is
opened depending on a pressure applied thereon. This
forms a circulation flow path that consists of the relief
flow path C3 and part of the supply flow path C2. Provid-
ing the relief flow path C3 makes it possible to adjust the
amount of ink supplied to the head unit 8 depending on
the amount of ink consumed in the head unit 8 and sta-
bilize a fluid pressure in the circulation path irrespective
of image data.
[0055] The collection flow path C4 is a flow path for
collecting ink from the head unit 8 to the sub-tank 151.
A collection pump P2 and the collection valve V4 are
provided in the midstream of the collection flow path C4.
In the case of circulating ink through the circulation path,
the collection pump P2 serves as a negative pressure
source to suck ink from the head unit 8. Driving the col-
lection pump P2 produces a suitable pressure difference
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between an inflow path 80b and an outflow path 80c in
the head unit 8 and enables ink to flow from the inflow
path 80b to the outflow path 80c. A flow path configuration
in the head unit 8 will be described later in detail.
[0056] The collection valve V4 is a valve for preventing
backflow in a case where no printing operation is per-
formed, that is, ink is not circulated through the circulation
path. In the circulation path of the present embodiment,
the sub-tank 151 is located vertically above the head unit
8 (see FIG. 1). Accordingly, in a case where neither the
supply pump P1 nor the collection pump P2 is driven, a
difference in pressure head between the sub-tank 151
and the head unit 8 may cause backflow of ink from the
sub-tank 151 to the head unit 8. In order to prevent such
backflow, the collection valve V4 is provided in the col-
lection flow path C4 in the present embodiment.
[0057] Similarly, in a case where no printing operation
is performed, that is, ink is not circulated through the cir-
culation path, the supply valve V2 also functions as a
valve for preventing ink from being supplied from the sub-
tank 151 to the head unit 8.
[0058] A head replacement flow path C5 is a flow path
connecting the supply flow path C2 to an air chamber
(space not storing ink) of the sub-tank 151. The head
replacement valve V5 is provided in the midstream of the
head replacement flow path C5. One end of the head
replacement flow path C5 is connected to the supply flow
path C2 upstream of the head unit 8 and is referred to
as a third connection section. The third connection sec-
tion is located downstream of the supply valve V2. The
other end of the head replacement flow path C5 is con-
nected to the upper part of the sub-tank 151 to commu-
nicate with the inner air chamber and is referred to as a
fourth connection section. The head replacement flow
path C5 is used for collecting ink from the head unit 8 in
use, for example, in the case of replacing the head unit
8 or transporting the printing apparatus 1. The head re-
placement valve V5 is controlled by the ink supply control
unit 209 so as to be closed except for the case of filling
the printing apparatus 1 with ink or collecting ink from the
head unit 8. The supply valve V2 described above is pro-
vided in the supply flow path C2 between the third con-
nection section to the head replacement flow path C5
and the second connection section to the relief flow path
C3. The second connection section may be located
downstream of the third connection section in the supply
flow path C2.
[0059] Next, the flow path configuration in the head
unit 8 will be described. Ink supplied from the supply flow
path C2 to the head unit 8 passes through a filter 83 and
is then supplied to a first negative pressure control unit
81 and a second negative pressure control unit 82. The
first negative pressure control unit 81 is controlled to have
a low negative pressure. The second negative pressure
control unit 82 is controlled to have a high negative pres-
sure. These pressures in the first negative pressure con-
trol unit 81 and the second negative pressure control unit
82 are created within a suitable range by driving the col-

lection pump P2.
[0060] An ink ejection unit 80 has a plurality of printing
element substrates 80a, in each of which a plurality of
ejection openings are arrayed, to form an elongated ejec-
tion opening array. A common supply flow path 80b (in-
flow path) for guiding ink supplied from the first negative
pressure control unit 81 and a common collection flow
path 80c (outflow path) for guiding ink supplied from the
second negative pressure control unit 82 extend in a di-
rection in which the printing element substrates 80a are
arrayed. Each printing element substrate 80a has an in-
dividual supply flow path connected to the common sup-
ply flow path 80b and an individual collection flow path
connected to the common collection flow path 80c. Ac-
cordingly, an ink flow is produced in each printing element
substrate 80a such that ink flows from the common sup-
ply flow path 80b having a relatively low negative pres-
sure to the common collection flow path 80c having a
relatively high negative pressure. Pressure chambers
communicating with ejection openings respectively and
filled with ink are provided in a path connecting the indi-
vidual supply flow path to the individual collection flow
path. An ink flow also occurs in pressure chambers and
ejection openings that do not perform printing. In a case
where ejection operation is performed in the printing el-
ement substrates 80a, ink flowing from the common sup-
ply flow path 80b to the common collection flow path 80c
is partly ejected from the ejection openings and con-
sumed, whereas ink not ejected flows to the collection
flow path C4 through the common collection flow path
80c.
[0061] With the above configuration, in printing oper-
ation, the ink supply control unit 209 closes the tank sup-
ply valve V1 and the head replacement valve V5, opens
the air release valve V0, the supply valve V2, and the
collection valve V4, and drives the supply pump P1 and
the collection pump P2. This establishes a circulation
path through which ink flows in the order of the sub-tank
151, the supply flow path C2, the head unit 8, the collec-
tion flow path C4, and the sub-tank 151. In a case where
the amount of ink supplied from the supply pump P1 per
unit time is greater than the sum total of the amount of
ejection from the head unit 8 per unit time and the amount
of flow through the collection pump P2 per unit time, ink
flows from the supply flow path C2 into the relief flow path
C3, thereby adjusting the amount of ink flow from the
supply flow path C2 to the head unit 8.
[0062] In a case where no printing operation is per-
formed, the ink supply control unit 209 deactivates the
supply pump P1 and the collection pump P2 and closes
the air release valve V0, the supply valve V2, and the
collection valve V4 to stop the ink flow in the head unit 8
and prevent backflow caused by difference in pressure
head between the sub-tank 151 and the head unit 8. Fur-
ther, closing the air release valve V0 prevents ink from
leaking or evaporating from the sub-tank 151.
[0063] In the case of collecting ink from the head unit
8, the ink supply control unit 209 closes the tank supply
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valve V1, the supply valve V2, and the collection valve
V4, opens the air release valve V0 and the head replace-
ment valve V5, and drives the decompression pump P0,
whereby the inside of the sub-tank 151 has a negative
pressure and ink is collected from the head unit 8 to the
sub-tank 151 through the head replacement flow path
C5. As described above, the head replacement valve V5
is a valve that is closed during normal printing operation
or standby and is opened in the case of collecting ink
from the head unit 8. However, the head replacement
valve V5 is opened also in the case of filling the head
replacement flow path C5 with ink in a filling process of
the head unit 8.

<Ink Filling Process>

[0064] Next, an ink filling process in the ink circulation
system described with reference to FIG. 9 will be de-
scribed. The ink filling process is performed for filling ink
into the sub-tank 151, the print head 8, and flow paths
through which ink is to be circulated, for example, after
the main tank 141 is attached to the ink tank unit 14. The
ink filling process is not limited to the arrival of the printing
apparatus 1 but may be performed after the print head 8
is replaced or ink is totally collected to the sub-tank 151
for transportation.
[0065] FIG. 10 is a flowchart of an ink filling process of
the entire ink circulation system. The ink filling process
is performed by the ink supply control unit 209 controlling
the operation of various pumps and valves provided in
the ink supply unit 15.
[0066] First, in step S1001, the ink supply control unit
209 replenishes the sub-tank 151 with ink from the main
tank 141.
[0067] FIG. 11 shows a state of the ink circulation sys-
tem in the case of replenishing the sub-tank 151 with ink
from the main tank 141. In this state, the air release valve
V0, the supply valve V2, the head replacement valve V5,
and the collection valve V4 are closed and the tank supply
valve V1 is opened. The supply pump P1 and the collec-
tion pump P2 are inactive. In a case where the decom-
pression pump P0 is driven in this state, a negative pres-
sure is created inside the sub-tank 151 and the sub-tank
151 is replenished with ink from the main tank 141
through the tank connection flow path C1. If the liquid
level detection unit 151a in the sub-tank 151 detects that
the amount of ink in the sub-tank 151 exceeds a prede-
termined amount, the ink supply control unit 209 closes
the tank supply valve V1 and deactivates the decompres-
sion pump P0. The ink supply control unit 209 then opens
the air release valve V0 to release the negative pressure
from the sub-tank 151 to the air.
[0068] Next, in step S1002, the ink supply control unit
209 supplies ink from the sub-tank 151 to fill an upstream
flow path with ink. The upstream flow path is a collective
name of flow paths between the sub-tank 151 and the
head unit 8 including the supply flow path C2, the relief
flow path C3, and the head replacement flow path C5.

[0069] FIG. 12 shows a state of the ink circulation sys-
tem in the case of filling the upstream flow path with ink.
The supply valve V2 and the head replacement valve V5
are opened after the completion of ink replenishment to
the sub-tank 151. It should be noted that the relief valve
V3 is a differential pressure valve that is opened depend-
ing on a pressure applied thereon. In a case where the
supply pump P1 is driven in this state, ink is supplied
from the sub-tank 151 to fill the upstream flow path with
ink. The collection pump P2 is inactive and the first and
second negative pressure control units 81 and 82 are
closed because a predetermined negative pressure is
not applied thereto. Accordingly, ink is not supplied to
the head unit 8.

<Relief Flow Path Filling Process>

[0070] In the ink filling process of the upstream flow
path, an ink filling process of the relief flow path C3 will
be described below in particular. The relief flow path C3
is a branch flow path (first flow path) connecting the sides
of the supply flow path C2 upstream and downstream of
the supply pump P1. The relief flow path C3 cannot suf-
ficiently be filled with ink only by supplying ink from the
supply pump P1 and there is a possibility that air bubbles
remain inside the flow path. If air bubbles remain inside
the relief flow path C3, the air bubbles may flow into the
head unit 8 to cause a problem such as an ejection failure
in the ejection openings.
[0071] In view of the above, in the present embodi-
ment, the head replacement flow path C5 and the head
replacement valve V5 are used to fill the relief flow path
C3 with ink. This can reduce air bubbles remaining inside
the relief flow path C3. The head replacement flow path
C5 is a branch flow path (second flow path) connecting
the sub-tank 151 to a section downstream of the connec-
tion section where the relief flow path C3 (first flow path)
is connected to the supply flow path C2 downstream of
the supply pump P1. The head replacement valve V5 is
provided in the head replacement flow path C5 and
serves as an open/close valve capable of opening and
closing the head replacement flow path C5. The ink filling
process of the relief flow path C3 will be described below
in detail.
[0072] FIG. 13 is a flowchart of the ink filling process
of the relief flow path C3. FIG. 14 show states of the
upstream flow path in the case of filling the relief flow
path C3 with ink.
[0073] First, in step S1301, the ink supply control unit
209 opens the supply valve V2 and the head replacement
valve V5.
[0074] In step S1302, the ink supply control unit 209
drives the supply pump P1. FIG. 14 (a) shows the up-
stream flow path in step S1302 in which the supply pump
P1 is driven with the supply valve V2 and head replace-
ment valve V5 opened. As illustrated, air bubbles remain
in the relief flow path C3. Since the relief flow path C3
has the relief valve V3 for adjusting the amount of ink
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flow, a flow resistance in the relief flow path C3 is higher
than that in the head replacement flow path C5 and ink
is less prone to flow even though the supply pump P1 is
driven with the head replacement valve V5 opened. As
a result, air bubbles remain inside the relief flow path C3.
[0075] Next, in step S1303, the ink supply control unit
209 closes the head replacement valve V5. FIG. 14 (b)
shows the upstream flow path in step S1303 in which the
head replacement valve V5 is closed. As illustrated, if
the head replacement valve V5 is closed with the supply
pump P1 driven, ink and air bubbles are circulated
through the circulation flow path which consists of the
relief flow path C3 and part of the supply flow path C2.
[0076] In step S1304, the ink supply control unit 209
waits a predetermined time with the head replacement
valve V5 closed. In the present embodiment, the ink sup-
ply control unit 209 waits two seconds with the head re-
placement valve V5 closed.
[0077] In step S1305, the ink supply control unit 209
opens the head replacement valve V5. At this time, the
supply pump P1 remains driven. FIG. 14 (c) shows the
upstream flow path with the head replacement valve V5
opened. As illustrated, opening the head replacement
valve V5 allows air bubbles passing through the supply
flow path C2 to flow into the head replacement flow path
C5. At this time, since the negative pressure control units
in the head unit 8 are closed, ink flows into the head
replacement flow path C5 without flowing toward the
head unit 8.
[0078] The supply pump P1 is continuously driven in
the state of FIG. 14 (c), whereby air bubbles flowing
through the head replacement flow path C5 move to the
sub-tank 151 as shown in FIG. 14 (d) and burst inside
the sub-tank 151. In the present embodiment, air bubbles
remaining inside the relief flow path C3 are removed in
this manner.
[0079] In step S1306, the ink supply control unit 209
counts the number of times of opening and closing the
head replacement valve V5. In this case, an operation
(open/close operation) of closing and opening the head
replacement valve V5 from step S1303 to step S1305 is
regarded as one time and the cumulative number of times
is counted.
[0080] In step S1307, the ink supply control unit 209
determines whether a predetermined number of
open/close operations of the head replacement valve V5
have been performed. In the present embodiment, the
predetermined number is preset to ten and stored in a
storage device. If the number of open/close operations
of the head replacement valve V5 is less than the pre-
determined number, the ink supply control unit 209 pro-
ceeds to step S1308. If the number of open/close oper-
ations of the head replacement valve V5 is not less than
the predetermined number, the ink supply control unit
209 proceeds to step S1309.
[0081] In step S1308, the ink supply control unit 209
waits a predetermined time with the head replacement
valve V5 opened. In the present embodiment, the ink

supply control unit 209 waits two seconds with the head
replacement valve V5 opened. After waiting the prede-
termined time, the ink supply control unit 209 returns to
step S1303 to repeat the process.
[0082] FIG. 14 (e) shows the upstream flow path with
the head replacement valve V5 closed again after a lapse
of the predetermined time. In this state, remaining air
bubbles are circulated again through the circulation flow
path. As shown in FIG. 14 (f), the head replacement valve
V5 is opened after a lapse of a predetermined time. This
allows remaining air bubbles to flow into the head re-
placement flow path C5 and burst in the sub-tank 151.
According to the present embodiment, the open/close
operation of the head replacement valve V5 is repeated
a predetermined number of times at predetermined time
intervals (that is, the head replacement valve V5 is
opened and closed intermittently), thereby gradually re-
moving air bubbles that cannot totally be removed by one
open/close operation. In the present embodiment, an
open/close operation of "opening two seconds and clos-
ing two seconds" the head replacement valve V5 is re-
peated ten times, but the present invention is not limited
to this example.
[0083] In step S1309, the ink supply control unit 209
closes the head replacement valve V5, deactivates the
supply pump P1, and finishes the filling process of the
upstream flow path.
[0084] The open/close operation of the head replace-
ment valve V5 may not necessarily be performed with
the supply pump P1 driven. For example, the operation
may be performed by driving the supply pump P1 with
the head replacement valve V5 closed, temporarily de-
activating the supply pump P1, opening the head replace-
ment valve V5, and then driving the supply pump P1
again.
[0085] As described above, according to the relief flow
path filling process of the present embodiment, air bub-
bles remaining in the relief flow path C3 can be removed
by means of the head replacement flow path C5 (that is,
by repeating the open/close operation of the head re-
placement valve V5).
[0086] Returning to FIG. 10, after the upstream flow
path is completely filled with ink, the ink supply control
unit 209 fills the head unit 8 with ink in step S1003. Two
methods of filling the head unit 8 will be described below.

<First Head Unit Filling Method>

[0087] In a first head unit filling method, the head unit
8 is filled with ink by capping the head unit 8 and driving
the decompression pump P0 of the sub-tank 151 while
delivering ink by means of the supply pump P1.
[0088] FIG. 15 shows a state of the ink supply unit 15
in the case of filling the head unit 8 with ink according to
the first head unit filling method. The supply pump P1 is
driven after the upstream flow path is completely filled
with ink. The head unit 8 is capped with the cap unit 10
and a decompression pump P3 of the cap unit 10 is driv-
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en. The decompression pump P0 of the sub-tank 151
and the decompression pump P3 of the cap unit 10 may
be a single common pump. In the case of using the de-
compression pump P0 of the sub-tank 151 also as the
decompression pump P3 of the cap unit 10, the decom-
pression pump P0 is connected to each of the sub-tank
151 and the cap unit 10 and a valve is provided in each
flow path. The opening and closing of these valves are
controlled by the ink supply control unit 209, whereby the
decompression pump P0 can function as a pump that
decompresses each of the sub-tank 151 and the cap unit
10.
[0089] FIG. 16 is a flowchart of a head unit ink filling
process according to the first head unit filling method.
[0090] First, in step S1601, the ink supply control unit
209 drives the supply pump P1 to supply ink to the supply
flow path C2 upstream of the head unit 8. At this time,
the negative pressure control units in the head unit 8 are
closed.
[0091] In step S1602, the ink supply control unit 209
caps the head unit 8 with the cap unit 10. That is, the
ejection opening surface 8a of the head unit 8 is covered
with the cap member 10a of the cap unit 10.
[0092] In step S1603, the ink supply control unit 209
drives the decompression pump P3 of the cap unit 10.
More specifically, the ink supply control unit 209 creates
a negative pressure inside the cap unit 10 while delivering
ink by means of the supply pump P1. This negative pres-
sure opens the negative pressure control units in the
head unit 8 and draws ink to the ejection openings, there-
by filling ink. The decompression pump P3 functions as
a cap decompression pump for decompressing the inside
of the cap unit 10. Decompressing the inside of the cap
unit 10 means decompressing the inside of the cap.
[0093] In step S1604, the ink supply control unit 209
waits a predetermined time with the supply pump P1 and
decompression pump P3 driven until the head unit 8 is
completely filled with ink. The predetermined waiting time
until the completion of ink filling is preset.
[0094] In step S1605, the ink supply control unit 209
deactivates the supply pump P1 and the decompression
pump P3 after a lapse of the predetermined time.
[0095] As described above, according to the first head
unit filling method, the head unit 8 can be filled with ink
in a short time by causing the decompression pump P3
to create a negative pressure inside the cap unit 10 while
delivering ink by means of the supply pump P1. In other
words, a force of the supply pump P1 for delivering ink
and a force of the negative pressure inside the cap unit
10 for sucking ink are used to fill the head unit 8 with ink.
This configuration enables short-time ink filling even in a
case where a flow path from the sub-tank 151 to the head
unit 8 is long and fluid resistance is high.

<Second Head Unit Filling Method>

[0096] In a second head unit filling method, the head
unit 8 is filled with ink by capping the head unit 8, driving

the decompression pump P3 to decompress the inside
of the cap unit 10 and create a negative pressure, and
then driving the supply pump P1. According to the second
print head filling method, since the decompression pump
P3 is deactivated and the supply pump P1 is driven after
a negative pressure is created, the negative pressure
inside the cap unit 10 and head unit 8 can be reduced
as compared with the first print head filling method. Ac-
cordingly, it is possible to reduce a mixture of colors that
may be made downstream of the head unit 8 at the time
of releasing the negative pressure.
[0097] A state of the ink supply unit 15 in the case of
filling ink according to the second head unit filling method
is the same as that shown in FIG. 15. However, according
to the present method, the head unit 8 is first capped and
the supply pump P1 is driven after the decompression
pump P3 is driven and the inside of the cap has a negative
pressure.
[0098] FIG. 17 is a flowchart of a head unit filling proc-
ess according to the second head unit filling method.
[0099] First, in step S1701, the ink supply control unit
209 caps the head unit 8 with the cap unit 10.
[0100] In step S1702, the ink supply control unit 209
drives the decompression pump P3 of the cap unit 10 to
decompress the inside of the cap unit 10 and create a
negative pressure.
[0101] In step S1703, after the inside of the cap unit
10 is decompressed to have a predetermined pressure,
the ink supply control unit 209 deactivates the decom-
pression pump P3. The ink supply control unit 209 may
wait a preset/predetermined time until the inside of the
cap unit 10 is decompressed to have the predetermined
pressure. Alternatively, a pressure sensor that measures
the pressure inside the cap unit 10 may be provided such
that the ink supply control unit 209 deactivates the de-
compression pump P3 if the pressure becomes equal to
the predetermined pressure. The predetermined pres-
sure is a pressure at which the first negative pressure
control unit 81 and the second negative pressure control
unit 82 are controlled such that the negative pressure
inside the cap unit 10 allows ink to flow through the head
unit 8 from the common supply flow path 80b to the com-
mon collection flow path 80c. Each of the first negative
pressure control unit 81 and the second negative pres-
sure control unit 82 has a pressure regulating valve that
is opened by application of a negative pressure from the
cap unit 10 to the ejection openings. Upon the opening
of the pressure regulating valve, flow paths from the sub-
tank 151 to the ejection openings communicate with each
other and driving of the decompression pump P3 starts
ink flowing from the supply flow path C2 to the head unit 8.
[0102] In step S1704, the ink supply control unit 209
drives the supply pump P1 and supplies ink to the head
unit 8. More specifically, the ink supply control unit 209
delivers ink by means of the supply pump P1 while using
the negative pressure created inside the cap unit 10 to
fill the head unit 8 with ink. The decompression pump P3
for decompressing the inside of the cap unit 10 is inactive.
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[0103] In step S1705, the ink supply control unit 209
waits a predetermined time with the supply pump P1 driv-
en until the head unit 8 is completely filled with ink. If the
ejection openings are filled with ink along with the ink
filling process, the negative pressure in the ejection open-
ings is removed and the pressure regulating valves of
the negative pressure control units are closed, which
stops the ink flow through the head unit 8.
[0104] In step S1706, the ink supply control unit 209
deactivates the supply pump P1 after the head unit 8 is
completely filled with ink.
[0105] As described above, according to the second
head unit filling method, the head unit 8 is filled with ink
by creating a negative pressure inside the cap unit 10,
then deactivating the decompression pump P3, and driv-
ing the supply pump P1 using the negative pressure. Ac-
cordingly, it is possible to reduce the negative pressure
inside the cap unit 10 and head unit 8 and reduce a mix-
ture of colors that may be made downstream of the head
unit 8 at the time of releasing the negative pressure as
compared with the first head unit filling method.
[0106] Returning to FIG. 10, after the head unit 8 is
completely filled with ink, the ink supply control unit 209
fills the collection flow path C4 with ink in step S1004. In
the present embodiment, the decompression pump P0
of the sub-tank 151 is driven to decompress the sub-tank
151 and a negative pressure created in the sub-tank 151
is used to fill the collection flow path C4 with ink from the
head unit 8.
[0107] FIG. 18 shows a state of the ink circulation sys-
tem in the case of filling the collection flow path C4 with
ink. After the head unit 8 is completely filled with ink, the
decompression pump P0 of the sub-tank 151 is driven
with the collection valve V4 opened and the air release
valve V0 closed.
[0108] An unshown backflow prevention valve is pro-
vided upstream of a section where the relief flow path C3
is connected to the supply flow path C2 upstream of the
supply pump P1. In a case where ink tries to flow back
from the supply flow path C2 to the sub-tank 151, the
backflow prevention valve is automatically closed to pre-
vent backflow of ink to the sub-tank 151. That is, the
backflow prevention valve prevents ink from being drawn
back from the supply flow path C2 to the sub-tank 151
by decompressing the sub-tank 151.
[0109] FIG. 19 is a flowchart of an ink filling process of
the collection flow path C4.
[0110] First, in step S1901, the ink supply control unit
209 drives the decompression pump P0 of the sub-tank
151 with the collection valve V4 opened and the air re-
lease valve V0 closed. A negative pressure created in-
side the sub-tank 151 by driving the decompression
pump P0 allows ink to flow from the head unit 8 to the
collection flow path C4. In short, the decompression
pump P0 serves as a tank decompression pump for de-
compressing the inside of the sub-tank 151.
[0111] In step S1902, the ink supply control unit 209
waits a predetermined time until the collection flow path

C4 is completely filled with ink. The predetermined wait-
ing time until the completion of ink filling is preset.
[0112] In step S1903, the ink supply control unit 209
deactivates the decompression pump P0 of the sub-tank
151 after the collection flow path C4 is completely filled
with ink.
[0113] As described above, according to the ink filling
process of the collection flow path C4 in the present em-
bodiment, the negative pressure created in the sub-tank
151 can be used to fill the collection flow path C4 with
ink from the head unit 8. In other words, the negative
pressure created in the sub-tank 151 acts as a force for
drawing ink from the head unit 8 to the collection flow
path C4.
[0114] If the collection flow path C4 is filled before filling
the head unit 8, the air is taken in from the ejection open-
ings of the head unit 8. Thus, the collection flow path C4
is filled after filling the head unit 8 with ink.

<Filling Process of Collection Flow Path in Single De-
compression Pump Configuration>

[0115] The negative pressure created by decompress-
ing the inside of the cap unit 10 in the head unit filling
process according to the first head unit filling method
described above can also be used to decompress the
sub-tank 151 and fill the collection flow path C4.
[0116] FIG. 20 shows a state of the ink circulation sys-
tem in the case of filling the collection flow path C4 with
ink after the head unit 8 is completely filled with ink ac-
cording to the first head unit filling method. The single
decompression pump P0 has the function of decom-
pressing the sub-tank 151 and the cap unit 10 (that is,
the head unit 8). In this case, there are provided a flow
path C6 connecting the decompression pump P0 to the
sub-tank 151 and a flow path C7 connecting the decom-
pression pump P0 to the cap unit 10. Further, the flow
path C6 to the sub-tank 151 is equipped with a sub-tank
decompression valve V6 and the flow path C7 to the cap
unit 10 is equipped with a cap unit decompression valve
V7. If the ink supply control unit 209 drives the decom-
pression pump P0 with the sub-tank decompression
valve V6 opened and the cap unit decompression valve
V7 closed, the sub-tank 151 is decompressed. If the ink
supply control unit drives the decompression pump P0
with the cap unit decompression valve V7 opened and
the sub-tank decompression valve V6 closed, the cap
unit 10 is decompressed. The following is description of
a filling method of the collection flow path C4 in a case
where the head unit 8 is filled with ink according to the
first head unit filling method in the ink supply unit 15 hav-
ing the above configuration.
[0117] It should be noted that the unshown backflow
prevention valve is provided upstream of the section
where the relief flow path C3 is connected to the supply
flow path C2 upstream of the supply pump P1. In a case
where ink tries to flow back from the supply flow path C2
to the sub-tank 151, the backflow prevention valve is au-
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tomatically closed to prevent backflow of ink to the sub-
tank 151.
[0118] FIG. 21 is a flowchart of an ink filling process of
the collection flow path C4. It is assumed that the head
unit 8 has been decompressed by driving the single de-
compression pump P0 and the head unit 8 has been com-
pletely filled with ink. Accordingly, before the process
shown in the flowchart of FIG. 21, the cap unit decom-
pression valve V7 is opened and the sub-tank decom-
pression valve V6 is closed. Further, the decompression
pump P0 is inactive. The ink filling process of the collec-
tion flow path C4 described below is performed subse-
quently to the head unit filling process in the first head
unit filling method shown in FIG. 16.
[0119] First, in step S2101, the ink supply control unit
209 closes the cap unit decompression valve V7. That
is, the cap unit 10 is disconnected from the decompres-
sion pump P0.
[0120] In step S2102, the ink supply control unit 209
opens the sub-tank decompression valve V6. That is, the
flow path C6 connecting the decompression pump P0 to
the sub-tank 151 is opened. As a result, the collection
flow path C4 connecting the sub-tank 151 to the head
unit 8 is decompressed using the negative pressure cre-
ated for decompressing the inside of the cap.
[0121] As described above, the negative pressure cre-
ated by the decompression pump P0 in the case of de-
compressing the inside of the cap unit 10 can be used
to decompress the sub-tank 151 by controlling the open-
ing and closing of the cap unit decompression valve V7
and sub-tank decompression valve V6. A negative pres-
sure created by decompressing the sub-tank 151 allows
ink to flow from the head unit 8 to the collection flow path
C4.
[0122] In step S2103, the ink supply control unit 209
waits a predetermined time until the collection flow path
C4 is completely filled with ink. The predetermined wait-
ing time until the completion of ink filling is preset.
[0123] As described above, in the present embodi-
ment, the negative pressure created in the case of de-
compressing the inside of the cap unit 10 may be used
to decompress the sub-tank 151 in the single decom-
pression pump configuration. Accordingly, the inside of
the sub-tank 151 can be decompressed and the collec-
tion flow path C4 can be filled with ink only by controlling
the opening and closing of the valves with the decom-
pression pump P0 inactive.
[0124] In step S2102 described above, the speed of
decompressing the sub-tank 151 may be accelerated by
driving the decompression pump P0 in addition to open-
ing the sub-tank decompression valve V6.
[0125] As described above, according to the present
invention, ink can be filled in the inkjet printing apparatus
having the configuration described above.
[0126] While the present invention has been described
with reference to exemplary embodiments, it is to be un-
derstood 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.

Claims

1. An inkjet printing apparatus comprising:

a print head (8) comprising an ejection opening
for ink;
a tank (151) storing the ink to be supplied to the
print head;
a supply flow path (C2) for supplying the ink from
the tank to the print head;
a supply pump (PI) provided in the supply flow
path and supplying the ink from the tank to the
print head;
a first flow path (C3) connecting the first position
upstream of the supply pump in the supply flow
path and the second position downstream of the
supply pump in the supply flow path;
a second flow path (C5) connecting the tank and
the third position downstream of the supply
pump in the supply flow path; and
an open/close valve (V5) provided in the second
flow path and capable of opening and closing
the second flow path.

2. The inkjet printing apparatus according to claim 1,
wherein the first flow path is filled with the ink by
driving of the supply pump and repeating an
open/close operation of the open/close valve.

3. The inkjet printing apparatus according to claim 2,
wherein the open/close operation of the open/close
valve is repeated a predetermined number of times
at predetermined time intervals.

4. The inkjet printing apparatus according to any one
of claims 1 to 3, wherein the third position is on the
downstream side of the second position.

5. The inkjet printing apparatus according to any one
of claims 1 to 4, further comprising:
a differential pressure valve provided in the first flow
path.

6. The inkjet printing apparatus according to any one
of claims 1 to 5, wherein the second flow path is
connected to an air chamber inside the tank.

7. The inkjet printing apparatus according to any one
of claims 1 to 6, wherein the tank is a sub-tank storing
the ink supplied from a main tank attachable to and
detachable from the inkjet printing apparatus.

8. The inkjet printing apparatus according to claim 2 or
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3, further comprising:

a cap unit configured to cap an ejection opening
surface with which the ejection opening provid-
ed; and
a decompression pump connected to the cap
unit and decompressing inside of the cap unit,
wherein, after the first flow path is completely
filled with the ink, the print head is filled with the
ink by capping the ejection opening surface by
the cap unit and driving of the supply pump and
the decompression pump.

9. The inkjet printing apparatus according to any one
of claims 1 to 8, further comprising:

a collection flow path for collecting the ink from
the print head to the tank; and
a circulating unit configured to circulate ink so
as to flow through the supply flow path and the
collection flow path.

10. The inkjet printing apparatus according to claim 9,
wherein the print head comprises:

pressure chambers which communicate with the
ejection openings respectively and are filled with
the ink to be ejected from the ejection openings
respectively; and
wherein the circulating unit circulates the ink to
pass through inside of the pressure chambers.

11. The inkjet printing apparatus according to any one
claims 1 to 10, wherein in the print head, the ejection
openings are arrayed in a width direction of a print
medium.

12. A control method of an inkjet printing apparatus, the
inkjet printing apparatus comprising:

a print head (8) comprising an ejection opening
for ink;
a tank (151) storing the ink to be supplied to the
print head;
a supply flow path (C2) for supplying the ink from
the tank to the print head;
a supply pump (P1) provided in the supply flow
path and supplying the ink from the tank to the
print head;
a first flow path (C3) connecting the first position
upstream of the supply pump in the supply flow
path and the second position downstream of the
supply pump in the supply flow path;
a second flow path (C5) connecting the tank and
the third position downstream of the supply
pump in the supply flow path; and
an open/close valve (V5) provided in the second
flow path and capable of opening and closing

the second flow path,
the method comprising the step of filling the first
flow path with the ink by driving of the supply
pump and repeating an open/close operation of
the open/close valve (S1301 to S1309).
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