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(54) PRINTING APPARATUS, CONTROL METHOD, AND PROGRAM

(57) An object of the present invention is to bring a
print head into a liquid ejectable state while reducing
waste ink. The present invention is a printing apparatus
(1) including: a tank (151) in which liquid is stored; a print
head (8) that comprises an ejection port surface on which
an ejection port is formed, the ejection port ejecting the
liquid which is supplied from the tank; a cap mechanism
(10) that caps the ejection port surface (8a) of the print
head; a timer that counts a time during which the ejection
port surface is capped; and a circulation unit (202, 209)
configured to circulate the liquid in a circulation path in-
cluding the tank and the print head, and in a case where
the timer counts a predetermined time, the circulation
unit circulates the liquid.
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Description

BACKGROUND OF THE INVENTION

Field of the Invention

[0001] The present invention relates to a printing ap-
paratus, a control method, and a program.

Description of the Related Art

[0002] Japanese Patent Laid-Open No. 2008-44337
has disclosed a printer that resolves clogging of a nozzle
by forcibly discharging an amount of ink in accordance
with the effective amount of moisture in the ink.

SUMMARY OF THE INVENTION

[0003] However, in Japanese Patent Laid-Open No.
2008-44337, ink is discharged to resolve clogging, and
therefore, there is such a problem that waste ink occurs.
[0004] Consequently, in view of the above-described
problem, the present invention provides a print head into
a state of capable of ejecting a liquid, such as ink, while
reducing waste ink.
[0005] The present invention in its first aspect provides
a printing apparatus in claims 1 to 11. The present inven-
tion in its second aspect provides a control method in
claim 12. The present invention in its third aspect pro-
vides a program in claim 13.
[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 in the case where a printing ap-
paratus is in a standby state;
FIG. 2 is a block diagram showing a control config-
uration of the printing apparatus;
FIG. 3 is a diagram in the case where the printing
apparatus is in a printing state;
FIG. 4A, FIG. 4B, and FIG. 4C are conveyance path
diagrams of a printing medium fed from a first cas-
sette;
FIG. 5A, FIG. 5B, and FIG. 5C are conveyance path
diagrams of a printing medium fed from a second
cassette;
FIG. 6A, FIG. 6B, FIG. 6C, and FIG. 6D are convey-
ance path diagrams in the case where a printing op-
eration is performed on the backside of a printing
medium;
FIG. 7 is a diagram in the case where the printing
apparatus is in a maintenance state;
FIG. 8A and FIG. 8B are perspective diagrams show-

ing a configuration of a maintenance unit;
FIG. 9 is a diagram showing an ink supply unit;
FIG. 10A and FIG. 10B are diagrams showing a con-
figuration of an ejection portion of a printing element
substrate;
FIG. 11 is a flowchart of timer circulation processing
in a first embodiment;
FIG. 12 is an explanatory diagram of the timer circu-
lation processing in the first embodiment;
FIG. 13A and FIG. 13B are flowcharts of timer circu-
lation processing in a second embodiment;
FIG. 14A, FIG. 14B, and FIG. 14C are explanatory
diagrams of the timer circulation processing in the
second embodiment;
FIG. 15A, FIG. 15B, and FIG. 15C are explanatory
diagrams of timer circulation processing in a third
embodiment;
FIG. 16 is an explanatory diagram of timer circulation
processing in a fourth embodiment;
FIG. 17A and FIG. 17B are explanatory diagrams of
timer circulation processing in a fifth embodiment;
FIG. 18 is an explanatory diagram of timer circulation
processing in a sixth embodiment; and
FIG. 19A, FIG. 19B, and FIG. 19C are explanatory
diagrams of timer circulation processing in a seventh
embodiment.

DESCRIPTION OF THE EMBODIMENTS

[0008] In the following, with reference to the drawings,
a liquid ejection head and a liquid ejection apparatus ac-
cording to embodiments of the present invention are ex-
plained. In the following embodiments, an ink jet print
head that ejects ink and an ink jet printing apparatus are
explained with a specific configuration, but the present
invention is not limited to this. For example, it is possible
to apply the present invention also to a serial head printer,
not limited to a line head printer. Further, it is possible to
apply the liquid ejection head, the liquid ejection appa-
ratus, and a supply method of liquid of the present inven-
tion to a printer, a copy machine, a facsimile having a
communication system, an apparatus, such as a word
processor having a printer unit, and further, an industrial
printing apparatus combined compositely with various
processing apparatuses. For example, it is possible to
use the present invention for use of biochip manufactur-
ing, electronic circuit printing, and so on. The embodi-
ments described below are specific examples of the
present invention, and therefore, various technically fa-
vorable restrictions are imposed. However, as long as
the sprit of the present invention is observed, the embod-
iments are not limited to the embodiments described be-
low or other specific methods.

<About internal configuration of printing apparatus>

[0009] FIG. 1 is an internal configuration diagram of an
ink jet printing apparatus 1 (hereinafter, printing appara-

1 2 
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tus 1). In FIG. 1, the x-direction indicates the horizontal
direction, the y-direction (direction perpendicular to the
paper surface) indicates the direction in which ejection
ports are arrayed in a print head 8, to be described later,
and the z-direction indicates the vertical direction, re-
spectively.
[0010] The printing apparatus 1 is an MFP (Multi Func-
tion Printer) including a print unit 2 and a scanner unit 3
and capable of performing various kinds of processing
relating to the printing operation and the reading opera-
tion by the print unit 2 and the scanner unit 3 individually,
or by an interlocking manner of the print unit 2 and the
scanner unit 3. The scanner unit 3 includes an ADF (Auto
Document Feeder) and an FBS (Flat Bed Scanner) and
is capable of reading of a document automatically fed by
the ADF and reading (scanning) of a document placed
on a document table of the FBS by a user. Here, the MFP
having both the print unit 2 and the scanner unit 3 is
shown, but the MFP may be an aspect in which the scan-
ner unit 3 is not included. FIG. 1 shows the case where
the printing apparatus 1 is in a standby state where the
printing apparatus 1 is performing neither the printing op-
eration nor the reading operation.
[0011] In the print unit 2, at the bottom in the vertically
downward direction of a body 4, a first cassette 5A and
a second cassette 5B for storing a printing medium (cut
sheet) S are installed in an attachable and detachable
manner. In the first cassette 5A, comparatively small
printing media up to the A4 size, and in the second cas-
sette 5B, comparatively large printing media up to the A3
size are stored in a piled-up manner. In the vicinity of the
first cassette 5A, a first feed unit 6A for feeding stored
printing media by separating one by one is provided. Sim-
ilarly, in the vicinity of the second cassette 5B, a second
feed unit 6B is provided. In the case where the printing
operation is performed, the printing medium S is selec-
tively fed from one of the cassettes.
[0012] A conveyance roller 7, a discharge roller 12, a
pinch roller 7a, a spur 7b, a guide 18, an inner guide 19,
and a flapper 11 are conveyance mechanisms for guiding
the printing medium S in a predetermined direction. The
conveyance roller 7 is arranged on the upstream side
and on the downstream side of the print head 8 and is a
drive roller that is driven by a conveyance motor, not
shown schematically. The pinch roller 7a is a follower
roller that nips and rotates the printing medium S together
with the conveyance roller 7. The discharge roller 12 is
arranged on the downstream side of the conveyance roll-
er 7 and is a drive roller that is driven by a conveyance
roller, not shown schematically. The spur 7b sandwiches
and conveys the printing medium S together with the con-
veyance roller 7 arranged on the downstream side of the
print head 8 and the discharge roller 12.
[0013] The guide 18 is provided in the conveyance path
of the printing medium S and guides the printing medium
S in a predetermined direction. The inner guide 19 is a
member extending in the y-direction and has a curved
side surface, and guides the printing medium S along the

side surface. The flapper 11 is a member for switching
directions in which the printing medium S is conveyed at
the time of the both-side printing operation. A discharge
tray 13 is a tray for loading and holding the printing me-
dium S for which the printing operation has been com-
pleted and which is discharged by the discharge roller 12.
[0014] The print head 8 is a color ink jet print head of
full line type and in which a plurality of ejection ports from
which ink is ejected in accordance with print data is ar-
rayed along the y-direction in FIG. 1 so as to correspond
to the width of the printing medium S. In the case where
the print head 8 is at the standby position, an ejection
port surface 8a faces in the vertically downward direction
and is capped by a cap unit 10 as shown in FIG. 1. In the
case where the printing operation is performed, by a print
controller 202, to be described later, the direction of the
print head 8 is changed so that the ejection port surface
8a faces a platen 9. The platen 9 is made up of a flat
plate extending in the y-direction and supports the print-
ing medium S from the rear side, for which the printing
operation is performed by the print head 8. The move-
ment of the print head 8 from the standby position to the
printing position will be described later in detail.
[0015] An ink tank unit 14 stores four color inks to be
supplied to the print head 8, respectively. The four color
inks here refer to inks of cyan (C), magenta (M), yellow
(Y), and black (K). An ink supply unit 15 is provided on
the way in the flow path connecting the ink tank unit 14
and the print head 8 and adjusts the pressure and the
amount of flow of the ink within the print head 8 to an
appropriate range. The printing apparatus 1 has a circu-
lation-type ink supply system and the ink supply unit 15
adjusts the pressure of the ink supplied to the print head
8 and the amount of flow of the ink recovered from the
print head 8 to an appropriate range.
[0016] A maintenance unit 16 includes the cap unit 10
and a wiping unit 17 and performs the maintenance op-
eration for the print head 8 by causing these units to op-
erate at predetermined timing. The maintenance opera-
tion will be explained later in detail.

<About control configuration of printing apparatus>

[0017] FIG. 2 is a block diagram showing a control con-
figuration in the printing apparatus 1. The printing appa-
ratus 1 mainly includes a print engine unit 200 configured
to centralizedly control the print unit 2, a scanner engine
unit 300 configured to centralizedly control the scanner
unit 3, and a controller unit 100 configured to centralizedly
control the entire printing apparatus 1. The print controller
202 controls various mechanisms of the print engine unit
200 in accordance with instructions of 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. In the following,
details of the control configuration are explained.
[0018] In the controller unit 100, the main controller
101 including a CPU controls the entire printing appara-

3 4 



EP 3 424 724 A1

4

5

10

15

20

25

30

35

40

45

50

55

tus 1 by using a RAM 106 as a work area in accordance
with programs and various parameters stored in a ROM
107. For example, in the case where a print job is input
from a host apparatus 400 via a host I/F 102 or a wireless
I/F 103, predetermined image processing is performed
for image data received by an image processing unit 108
in accordance with instructions of the main controller 101.
Then, the main controller 101 transmits the image data
for which image processing has been performed to the
print engine unit 200 via a print engine I/F 105.
[0019] The printing apparatus 1 may acquire image da-
ta from the host apparatus 400 via wireless communica-
tion or wired communication or may acquire image data
from an external storage device (USB memory and the
like) connected to the printing apparatus 1. The commu-
nication method that is made use of for wireless commu-
nication or wired communication is not limited. For ex-
ample, as the communication method that is made use
of for wireless communication, it is possible to apply Wi-
Fi (Wireless Fidelity) (registered trademark) and Blue-
tooth (registered trademark). Further, as the communi-
cation method that is made use of for wired communica-
tion, it is possible to apply USB (Universal Serial Bus)
and the like. Furthermore, for example, in the case where
a read command is input from the host apparatus 400,
the main controller 101 transmits this command to the
scanner engine unit 300 via a scanner engine I/F 109.
[0020] An operation unit 104 is a mechanism for a user
to input and output for the printing apparatus 1. It is pos-
sible for a user to give instructions as to the operation,
such as copy and scan, to set a printing mode, to recog-
nize information on the printing apparatus 1, and so on
via the operation panel 104.
[0021] In the print engine unit 200, the print controller
202 including a CPU controls various mechanisms in-
cluded in the print unit 2 by using a RAM 204 as a work
area in accordance with programs and various parame-
ters stored in a ROM 203. In the case where various
commands and image data are received via a controller
I/F 201, the print controller 202 temporarily stores them
in the RAM 204. The print controller 202 causes an image
processing controller 205 to convert the saved image da-
ta into print data so that the print head 8 can make use
of for the printing operation. In the case where print data
is generated, the print controller 202 causes the print
head 8 to perform the printing operation based on the
print data via a head I/F 206. At this time, the print con-
troller 202 conveys the printing medium S by driving the
feed units 6A and 6B, the conveyance roller 7, the dis-
charge roller 12, and the flapper 11 shown in FIG. 1 via
a conveyance control unit 207. In accordance with in-
structions of the print controller 202, the printing opera-
tion by the print head 8 is performed by interlocking the
conveyance operation of the printing medium S and thus
printing processing is performed.
[0022] A head carriage control unit 208 changes the
direction and position of the print head 8 in accordance
with the operating state, such as the maintenance state

and the printing state, of the printing apparatus 1. An ink
supply control unit 209 controls the ink supply unit 15 so
that the pressure of the ink supplied to the print head 8
is adjusted within an appropriate range. A maintenance
control unit 210 controls the operation of the cleaning
mechanisms, such as the cap unit 10 and the wiping unit
17 in the maintenance unit 16, at the time of performing
the maintenance operation for the print head 8.
[0023] In the scanner engine unit 300, the main con-
troller 101 controls hardware resources of a scanner con-
troller 302 by using the RAM 106 as a work area in ac-
cordance with programs and various parameters stored
in the ROM 107. Due to this, various mechanisms includ-
ed in the scanner unit 3 are controlled. For example, by
the main controller 101 controlling the hardware resourc-
es within the scanner controller 302 via a controller I/F
301, a document mounted on the ADF by a user is con-
veyed via a conveyance control unit 304 and read by a
sensor 305. Then, the scanner controller 302 saves the
read image data in a RAM 303. It is possible for the print
controller 202 to cause the print head 8 to perform the
printing operation based on the image data read by the
scanner controller 302 by converting the image data ac-
quired as described above into print data.

<About operation of printing apparatus in printing state>

[0024] FIG. 3 shows the case where the printing ap-
paratus 1 is in the printing state. Compared to the standby
state shown in FIG. 1, the cap unit 10 separates from the
ejection port surface 8a of the print head 8 and the ejec-
tion port surface 8a faces the platen 9. The plane of the
platen 9 is inclined about 45 degrees with respect to the
horizontal direction and the ejection port surface 8a of
the print head 8 at the printing position is also inclined
about 45 degrees with respect to the horizontal direction
so that the distance from the platen 9 is maintained at a
constant value.
[0025] At the time 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 lowers the cap
unit 10 down to the evacuate position shown in FIG. 3
by using the maintenance control unit 210. Due to this,
the ejection port surface 8a of the print head 8 separates
from a cap member 10a. After this, the print controller
202 rotates the print head 8 by 45 degrees while adjusting
the height in the vertical direction of the print head 8 by
using the head carriage control unit 208 and causes the
ejection port surface 8a to face the platen 9. In the case
where the printing operation is completed and the print
head 8 moves from the printing position to the standby
position, the process opposite to that described above is
performed by the print controller 202.
[0026] Next, the conveyance path of the printing me-
dium S in the print unit 2 is explained. In the case where
a print command is input, first, the print controller 202
moves the print head 8 to the printing position shown in
FIG. 3 by using the maintenance control unit 210 and the
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head carriage control unit 208. After this, the print con-
troller 202 drives one of the first feed unit 6A and the
second feed unit 6B in accordance with the print com-
mand by using the conveyance control unit 207 and feeds
the printing medium S.
[0027] FIG. 4A to FIG. 4C are diagrams showing the
conveyance path in the case where the printing medium
S of the A4 size stored in the first cassette 5A is fed. The
printing medium S loaded on the top within the first cas-
sette 5A is separated from the second and subsequent
printing media by the first feed unit 6A and conveyed
toward a printing area P between the platen 9 and the
print head 8 while being nipped by the conveyance roller
7 and the pinch roller 7a. FIG. 4A shows the conveyance
state immediately before the front end of the printing me-
dium S reaches the printing area P. The advancement
direction of the printing medium S is changed from the
horizontal direction (x-direction) to the direction about 45
degrees inclined with respect to the horizontal direction
before the printing medium S reaches the printing area
P by being fed by the first feed unit 6A.
[0028] In the printing area P, ink is ejected toward the
printing medium S from a plurality of ejection ports pro-
vided in the print head 8. The printing medium S in the
area where ink is given is supported by the platen 9 at
its rear side and the distance between the ejection port
surface 8a and the printing medium S is kept constant.
The printing medium S after ink is given passes the left
side of the flapper 11 whose front end is inclined to the
right and is conveyed in the vertically upward direction
of the printing apparatus 1 along the guide 18 while being
guided by the conveyance roller 7 and the spur 7b. FIG.
4B shows the state where the front end of the printing
medium S passes the printing area P and is conveyed in
the vertically upward direction. The advancement direc-
tion of the printing medium S is changed from the position
of the printing area P about 45 degrees inclined with re-
spect to the horizontal direction to the vertically upward
direction by the conveyance roller 7 and the spur 7b.
[0029] After being conveyed in the vertically upward
direction, the printing medium S is discharged to the dis-
charge tray 13 by the discharge roller 12 and the spur
7b. FIG. 4C shows the state where the front end of the
printing medium S passes the discharge roller 12 and is
discharged to the discharge tray 13. The discharged
printing medium S is held on the discharge tray 13 in the
state where the side on which an image is printed by the
print head 8 faces downward.
[0030] FIG. 5A to FIG. 5C are diagrams showing the
conveyance path in the case where the printing medium
S of the A3 size stored in the second cassette 5B is fed.
The printing medium S loaded on the top within the sec-
ond cassette 5B is separated from the second and sub-
sequent printing media by the second feed unit 6B and
conveyed toward the printing area P between the platen
9 and the print head 8 while being nipped by the convey-
ance roller 7 and the pinch roller 7a.
[0031] FIG. 5A shows the conveyance state immedi-

ately before the front end of the printing medium S reach-
es the printing area P. In the conveyance path until the
printing medium S reaches the printing area P by being
fed by the second feed unit 6B, a plurality of the convey-
ance rollers 7, a plurality of the pinch rollers 7a, and the
inner guide 19 are arranged, and thereby, the printing
medium S is curved into an S-shape and conveyed up
to the platen 9.
[0032] The conveyance path after this is the same as
in the case of the printing medium S of the A4 size shown
in FIG. 4B and FIG. 4C. FIG. 5B shows the state where
the front end of the printing medium S passes the printing
area P and is conveyed in the vertically upward direction.
FIG. 5C shows the state where the front end of the printing
medium S passes the discharge roller 12 and is dis-
charged to the discharge tray 13.
[0033] FIG. 6A to FIG. 6D show the conveyance path
in the case where the printing operation (both-side print-
ing) is performed on the backside (second side) of the
printing medium S of the A4 size. In the case where the
both-side printing is performed, after the first side (sur-
face) is printed, the printing operation is performed on
the second side (backside). The conveyance process at
the time of printing the first side is the same as that in
FIG. 4A to FIG. 4C, and therefore, explanation is omitted
here. In the following, the conveyance process after that
in FIG. 4C is explained.
[0034] After the printing operation on the first side by
the print head 8 is completed and the rear end of the
printing medium S passes the flapper 11, the print con-
troller 202 conveys the printing medium S into the inside
of the printing apparatus 1 by reversely rotating the con-
veyance roller 7. As this time, the flapper 11 is controlled
so that the front end thereof inclines to the left side by an
actuator, not shown schematically, and therefore, the
front end (rear end in the printing operation on the first
side) of the printing medium S passes the right side of
the flapper 11 and is conveyed in the vertically downward
direction. FIG. 6A shows the state where the front end
(rear end in the printing operation on the first side) of the
printing medium S passes the right side of the flapper 11.
[0035] After this, the printing medium S is conveyed
along the curved outer circumferential surface of the in-
ner guide 19 and conveyed to the printing area P between
the print head 8 and the platen 9 again. At this time, the
second side of the printing medium S faces the ejection
port surface 8a of the print head 8. FIG. 6B shows the
conveyance state immediately before the front end of the
printing medium S reaches the printing area P for the
printing operation on the second side.
[0036] The conveyance path after this is the same as
in the case where the first side is printed shown in FIG.
4B and FIG. 4C. FIG. 6C shows the state where the front
end of the printing medium S passes the printing area P
and is conveyed in the vertically upward direction. At this
time, the flapper 11 is controlled so as to move to the
position where the front end inclines to the right by an
actuator, not shown schematically. FIG. 6D shows the
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state where the front end of the printing medium S passes
the discharge roller 12 and is discharged to the discharge
tray 13.

<About maintenance operation for print head>

[0037] Next, the maintenance operation for the print
head 8 is explained. As also explained in FIG. 1, the
maintenance unit 16 includes the cap unit 10 and the
wiping unit 17 and performs the maintenance operation
by causing these units to operate at predetermined tim-
ing.
[0038] FIG. 7 is the diagram in the case where the print-
ing apparatus 1 is in the maintenance state. At the time
of moving the print head 8 from the standby position
shown in FIG. 1 to the maintenance position shown in
FIG. 7, the print controller 202 moves the cap unit 10 in
the vertically downward direction as well as moving the
print head 8 upward in the vertical direction.. Then, the
print controller 202 moves the wiping unit 17 in the right-
ward direction in FIG. 7 from the evacuate position. After
this, the print controller 202 moves the print head 8 in the
vertically downward direction and moves the print head
8 to the maintenance position where the maintenance
operation can be performed.
[0039] On the other hand, at the time 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 in the vertically upward
direction while rotating the print head 8 by 45 degrees.
Then, the print controller 202 moves the wiping unit 17
in the rightward direction from the evacuate position. Af-
ter this, the print controller 202 moves the print head 8
in the vertically downward direction and moves the print
head 8 to the maintenance position where the mainte-
nance operation by the maintenance unit 16 can be per-
formed.
[0040] FIG. 8A is a perspective diagram showing a
state where the maintenance unit 16 is at the standby
position and FIG. 8B is a perspective diagram showing
a state where the maintenance unit 16 is at the mainte-
nance position. FIG. 8A corresponds to FIG. 1 and FIG.
8B corresponds to FIG. 7. In the case where the print
head 8 is at the standby position, the maintenance unit
16 is at the standby position shown in FIG. 8A and the
cap unit 10 has moved in the vertically upward direction
and the wiping unit 17 is stored inside the maintenance
unit 16. The cap unit 10 has the box-shaped cap member
10a extending in the y-direction and by causing the cap
member 10a to adhere closely to the ejection port surface
8a of the print head 8, it is possible to suppress evapo-
ration of ink from the ejection port. In the cap member
10a, an absorbent capable of absorbing and storing a
predetermined amount of ink is arranged. Further, the
cap unit 10 also includes a function to recover ink ejected
by preparatory ejection (hereinafter, abbreviated to pre-
liminary ejection) and the like to the cap member 10a and
to cause a suction pump, not shown schematically, to

suck the recovered ink (cap suction).
[0041] On the other hand, at the maintenance position
shown in FIG. 8B, the cap unit 10 has moved in the ver-
tically downward direction and the wiping unit 17 is pulled
out from the maintenance unit 16. The wiping unit 17
includes two wiper units: a blade wiper unit 171 and a
vacuum wiper unit 172.
[0042] In the blade wiper unit 171, the number of blade
wipers 171a for wiping the ejection port surface 8a along
the x-direction are arranged in the y-direction so as to
cover a length corresponding to an array area of the ejec-
tion port. At the time of performing the wiping operation
by using the blade wiper unit 171, the wiping unit 17
moves the blade wiper unit 171 in the x-direction in the
state of being positioned at a height where the print head
8 is capable of coming into contact with the blade wiper
171a. By this movement, the ink or the like attached to
the ejection port surface 8a is wiped off by the blade wiper
171a.
[0043] At the entrance of the maintenance unit 16 at
the time of the blade wiper 171a being stored, a wet wiper
cleaner 16a for giving a wet liquid to the blade wiper 171
a as well as removing ink attached to the blade wiper
171a is arranged. Each time the blade wiper 171a is
stored in the maintenance unit 16, the attached matter
is removed by the wet wiper cleaner 16a and a wet liquid
is applied. Then, at the time of wiping the ejection port
surface 8a next, the wet liquid is transferred to the ejec-
tion port surface 8a and thereby smoothness between
the ejection port surface 8a and the blade wiper 171a is
improved.
[0044] On the other hand, the vacuum wiper unit 172
has a flat plate 172a having an opening extending in the
y-direction, a carriage 172b capable of moving within the
opening in the y-direction, and a vacuum wiper 172c
mounted on the carriage 172b. The vacuum wiper 172c
is arranged so as to be capable of wiping the ejection
port surface 8a in the y-direction accompanying the
movement of the carriage 172b. At the front end of the
vacuum wiper 172c, a suction port connected to a suction
pump, not shown schematically, is formed. Because of
this, in the case where the carriage 172b is moved in the
y-direction while causing the suction pump to operate,
the ink or the like attached to the ejection port surface 8a
of the print head 8 is sucked into the suction port while
being wiped and collected by the vacuum wiper 172c. At
this time, a positioning pin 172d provided at both ends
of the flat plate 172a and the opening is made use of for
positioning the ejection port surface 8a with respect to
the vacuum wiper 172c.
[0045] It is possible for the wiping unit 17 to perform
first wiping processing to perform the wiping operation
by the blade wiper unit 171 but not to perform the wiping
operation by the vacuum wiper unit 172 and second wip-
ing processing to perform both pieces of wiping process-
ing in order. At the time of performing the first wiping
processing, the print controller 202 first pulls out the wip-
ing unit 17 from the maintenance unit 16 in the state
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where the print head 8 is evacuated in the vertically up-
ward direction from the maintenance position in FIG. 7.
Then, the print controller 202 moves the wiping unit 17
into the maintenance unit 16 after moving the print head
8 in the vertically downward direction down to the position
at which the print head 8 is capable of coming into contact
with the blade wiper 171a. By this movement, the ink or
the like attached to the ejection port surface 8a is wiped
off by the blade wiper 171a. That is, the blade wiper 171a
wipes the ejection port surface 8a at the time of moving
from the position where the blade wiper 171a is pulled
out from the maintenance unit 16 into the maintenance
unit 16.
[0046] After the blade wiper unit 171 is stored, next,
the print controller 202 moves the cap unit 10 in the ver-
tically upward direction and causes the cap member 10a
to adhere closely to the ejection port surface 8a of the
print head 8. Then, the print controller 202 drives the print
head 8 in this state and causes the print head 8 to perform
preliminary ejection and sucks the ink recovered within
the cap member 10a by the suction pump.
[0047] On the other hand, at the time of performing the
second wiping processing, first, the print controller 202
pulls out the wiping unit 17 from the maintenance unit 16
by sliding the wiping unit 17 in the state where the print
head 8 is evacuated in the vertically upward direction
from the maintenance position in FIG. 7. Then, the print
controller 202 moves the wiping unit 17 into the mainte-
nance unit 16 after moving the print head 8 in the vertically
downward direction down to the position where the print
head 8 is capable of coming into contact with the blade
wiper 171a. Due to this, the wiping operation by the blade
wiper 171a is performed for the ejection port surface 8a.
Next, the print controller 202 pulls out the wiping unit 17
from the maintenance unit 16 by sliding the wiping unit
17 up to a predetermined position in the state where the
print head 8 is evacuated in the vertically upward direction
from the maintenance position in FIG. 7 again. Following
the above, the print controller 202 performs positioning
of the ejection port surface 8a and the vacuum wiper unit
172 by using the flat plate 172a and the positioning pin
172d while lowering the print head 8 down to the wiping
position shown in FIG. 7. After this, the print controller
202 performs the wiping operation by the above-de-
scribed vacuum wiper unit 172. After evacuating the print
head 8 in the vertically upward direction and storing the
wiping unit 17, the print controller 202 performs prelimi-
nary ejection into the cap member by the cap unit 10 and
the suction operation of recovered ink as in the first wiping
processing.

<About ink supply unit>

[0048] FIG. 9 is a diagram showing the ink supply unit
15 adopted in the ink jet printing apparatus 1 of the
present embodiment. The ink supply unit 15 has a con-
figuration in which ink is supplied from the ink tank unit
14 to the print head 8. Here, the configuration of one color

ink is shown, but in fact, such a configuration is prepared
for each ink color. The ink supply unit 15 is controlled
basically by the ink supply control unit 209 shown in FIG.
2. In the following, each configuration of the units is ex-
plained.
[0049] Ink circulates mainly between a sub tank 151
and the print head 8 (head unit in FIG. 9). In the head
unit 8, the ejection operation of ink is performed based
on image data and the ink not ejected is recovered again
to the sub tank 151.
[0050] The sub tank 151 that stores a predetermined
amount of ink is connected to a supply flow path C2 for
supplying ink to the head unit 8 and a recovery flow path
for recovering ink from the head unit 8. That is, the cir-
culation path through which ink circulates is made up of
the sub tank 151, the supply flow path C2, the head unit
8, and the recovery flow path 4.
[0051] In the sub tank 151, a liquid surface detection
unit 151a including a plurality of pins is provided and it
is possible for the ink supply control unit 209 to grasp the
height of the ink liquid surface, that is, the ink remaining
amount within the sub tank 151 by detecting whether or
not there is a conduction current between the plurality of
pins. A decompression pump P0 is a negative pressure
generation source for decompressing the inside of the
sub tank 151. An atmosphere open valve V0 is a valve
for switching whether or not to cause the inside of the
sub tank 151 to communicate with the atmosphere.
[0052] A main tank 141 is a tank storing ink that is sup-
plied to the sub tank 151. The main tank 141 is made up
of a flexible member and the sub tank 151 is filled with
ink by a change in volume of the flexible member. The
main tank 141 has a configuration attachable to and de-
tachable from the printing apparatus main body. On the
way of a tank connection flow path C1 that connects the
sub tank 151 and the main tank 141, a tank supply valve
V1 for switching connections of the sub tank 151 and the
main tank 141 is arranged.
[0053] With the above configuration, in the case of de-
tecting that the ink within the sub tank 151 becomes
smaller than a predetermined amount by the liquid sur-
face detection unit 151a, the ink supply control unit 209
closes the atmosphere open valve V0, a supply valve
V2, a recovery valve V4, and a head exchange valve V5
and opens the tank supply valve V1. In this state, the ink
supply control unit 209 causes the decompression pump
P0 to operate. Then, the pressure inside the sub tank
151 becomes negative and ink is supplied from the main
tank 141 to the sub tank 151. In the case of detecting
that the ink within the sub tank 151 exceeds a predeter-
mined amount by the liquid surface detection unit 151a,
the ink supply control unit 209 closes the tank supply
valve V1 and stops the decompression pump P0.
[0054] The supply flow path C2 is a flow path for sup-
plying ink from the sub tank 151 to the head unit 8 and
on the way thereof, a supply pump P1 and the supply
valve V2 are arranged. During the printing operation, by
driving the supply pump P1 in the state where the supply
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valve V2 is open, it is possible to circulate ink in the cir-
culation path while supplying ink to the head unit 8. The
amount of ink ejected per unit time by the head unit 8
fluctuates in accordance with image data. The amount
of flow of the supply pump P1 is determined so as to be
compatible also with the case where the head unit 8 per-
forms the ejection operation that maximizes the amount
of ink to be ejected per unit time.
[0055] A relief flow path C3 is a flow path that is located
on the upstream side of the supply valve V2 and which
connects the upstream side and the downstream side of
the supply pump P1. On the way of the relief flow path
C3, a relief valve V3, which is a differential pressure
valve, is arranged. In the case where the ink supply
amount per unit time from the supply pump P1 is larger
than the total value of the ejection amount per unit time
of the head unit 8 and the flow amount (amount of ink to
be drawn) per unit time in the recovery pump P2, the
relief valve V3 is opened in accordance with the pressure
that is exerted on the relief valve V3 itself. Due to this, a
circulation path made up of a part of the supply flow path
C2 and the relief flow path C3 is formed. By providing
the configuration of the above-described relief flow path
C3, the ink supply amount for the head unit 8 is adjusted
in accordance with the ink ejection amount in the head
unit 8, and therefore, it is possible to stabilize the flow
pressure within the circulation path irrespective of image
data.
[0056] The recovery flow path C4 is a flow path for
recovering ink from the head unit 8 to the sub tank 151
and on the way thereof, a recovery pump P2 and the
recovery valve V4 are arranged. At the time of circulating
ink within the circulation path, the recovery pump P2 func-
tions as a negative pressure generation source to suck
ink from the head unit 8. By the drive of the recovery
pump P2, an appropriate pressure difference arises be-
tween an IN flow path 80b and an OUT flow path 80c
within the head unit 8, and therefore, it is possible to
circulate ink between the IN flow path 80b and the OUT
flow path 80c. The flow path configuration within the head
unit 8 will be described later in detail.
[0057] The recovery valve V4 is a valve for checking
a backflow in the case where the printing operation is not
being performed, that is, ink is not being circulated within
the circulation path. In the circulation path of the present
embodiment, the sub tank 151 is arranged above the
head unit 8 in the vertical direction (see FIG. 1). Because
of this, in the case where the supply pump P1 and the
recovery pump P2 are not driven, there is a possibility
that ink flows backward from the sub tank 151 to the head
unit 8 due to a water head difference between the sub
tank 151 and the head unit 8. In order to check such a
backflow, in the present embodiment, the recovery valve
V4 is provided in the recovery flow path C.
[0058] Similarly, the supply valve V2 also functions as
a valve for checking a backflow of ink from the sub tank
151 to the head unit 8 in the case where the printing
operation is not being performed, that is, ink is not being

circulated within the circulation path.
[0059] A head exchange flow path C5 is a flow path
that connects the supply flow path C2 and an air layer
(portion where ink is not stored) of the sub tank 151 and
on the way thereof, the head exchange valve V5 is ar-
ranged. One end of the head exchange flow path C5 is
connected to the upstream of the head unit 8 in the supply
flow path C2 and the other end is connected to the upper
portion of the sub tank 151 and communicates with the
air layer inside thereof. The head exchange flow path C5
is made use of for recovering ink from the head unit 8 in
use at the time of exchanging the head unit 8 or trans-
porting the printing apparatus 1. The head exchange
valve V5 is controlled by the ink supply control unit 209
so as to close except for the case where the printing
apparatus 1 is initially filled with ink and the case where
ink is recovered from the head unit 8. Further, the above-
described supply valve V2 is provided between the con-
nection portion with the head exchange flow path C5 ad
the connection portion with the relief flow path C3 in the
supply flow path C2.
[0060] Next, the flow path configuration within the head
unit 8 is explained. The ink supplied to the head unit 8
by the supply flow path C2 is supplied to a first negative
pressure control unit 81 configured to generate a weak
negative pressure and a second negative pressure con-
trol unit 82 configured to generate a strong negative pres-
sure after passing a filter 83. The pressures in the first
negative pressure control unit 81 and the second nega-
tive pressure control unit 82 are generated in an appro-
priate range by the drive of the recovery pump P2.
[0061] In an ink ejection unit 80, a plurality of printing
element substrates 80a on which a plurality of ejection
portions having an ejection port is arrayed is arranged
and a long ejection port row is formed. The common sup-
ply flow path 80b (IN flow path) for guiding ink supplied
by the first negative pressure control unit 81 and the com-
mon recovery flow path 80c (OUT flow path) for guiding
ink supplied by the second negative pressure control unit
82 are also extending in the array direction of the printing
element substrate 80a. Further, on the individual printing
element substrates 80a, an individual supply flow path
connected with the common supply flow path 80b and
an individual recovery flow path connected with the com-
mon recovery flow path 80c are formed. Because of this,
on the individual printing element substrates 80a, a flow
of ink is generated, which flows in from the common sup-
ply flow path 80b where the negative pressure is relatively
weak and flows out to the common recovery flow path
80c where the negative pressure is relatively strong. In
the case where the ejection operation is performed on
the printing element substrate 80a, a part of the ink that
moves from the common supply flow path 80b to the com-
mon recovery flow path 80c is discharged by being eject-
ed from the ejection port, but the ink that is not ejected
moves to the recovery flow path C4 via the common re-
covery flow path 80c.
[0062] With the above configuration, in the case where
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the printing operation is performed, the ink supply control
unit 209 closes the tank supply valve V1 and the head
exchange valve V5, opens the atmosphere open valve
V0, the supply valve V2, and the recovery valve V4, and
drives the supply pump P1 and the recovery pump P2.
Due to this, a circulation path of the sub tank 151 → the
supply flow path C2 → the head unit 8 → the recovery
flow path C4 → the sub tank 151 is established. In the
case where the ink supply amount per unit time from the
supply pump P1 is larger than the total value of the ejec-
tion amount per unit time of the head unit 8 and the flow
amount per unit time in the recovery pump P2, ink flows
into the relief flow path C3 from the supply flow path C2.
Due to this, the flow amount of the ink that flows into the
head unit 8 from the supply flow path C2 is adjusted.
[0063] In the case where the printing operation is not
being performed, the ink supply control unit 209 stops
the supply pump P1 and the recovery pump P2 and clos-
es the atmosphere open valve V0, the supply valve V2,
and the recovery valve V4. Due to this, the flow of ink
within the head unit 8 stops and a backflow due to the
water head difference between the sub tank 151 and the
head unit 8 is suppressed. Further, by closing the atmos-
phere open valve V0, leakage of ink and evaporation of
ink from the sub tank 151 are suppressed.
[0064] In the case of recovering ink from the head unit
8, the ink supply control unit 209 closes the tank supply
valve V1, the supply valve V2, and the recovery valve 4,
opens the atmosphere open valve V0 and the head ex-
change valve V5, and drives the decompression pump
P0. Due to this, the inside of the sub tank 151 enters a
negative pressure state and the ink within the head unit
8 is recovered to the sub tank 151 via the head exchange
flow path C5. As described above, the head exchange
valve V5 is a valve that is closed in the normal printing
operation and at the time of standby and opened at the
time of recovering ink from the head unit 8. However, the
head exchange valve V5 is also opened at the time of
filling the head exchange flow path C5 with ink in the case
where the head unit 8 is filled initially.

<About ejection portion>

[0065] FIG. 10A is a planar schematic diagram in which
a part of the printing element substrate 80a is enlarged
and FIG. 10B is a sectional schematic diagram at a sec-
tion line XB-XB in FIG. 10A. On the printing element sub-
strate 80a, a pressure chamber 1005 filled with ink and
an ejection port 1006 that ejects ink are provided. In the
pressure chamber 1005, at the position facing the ejec-
tion port 1006, a printing element 1004 is provided. Fur-
ther, on the printing element substrate 80a, an individual
supply flow path 1008 connected with the common sup-
ply flow path 80b and an individual recovery flow path
1009 connected with the common recovery flow path 80c
are formed in plurality, respectively, for each ejection port
1006.
[0066] With the above-described configuration, on the

printing element substrate 80a, a flow of ink is generated,
which flows in from the common supply flow path 80b
where the negative pressure is relatively weak (pres-
sures is high) and flows out to the common recovery flow
path 80c where the negative pressure is relatively strong
(pressure is low). In more detail, ink flows in the order of
the common supply flow path 80b → the individual supply
flow path 1008 → the pressure chamber 1005 → the
individual recovery flow path 1009 → the common recov-
ery flow path 80c. In the case where ink is ejected by the
printing element 1004, part of the ink moving from the
common supply flow path 80b to the common recovery
flow path 80c is discharged to the outside of the head
unit 8 by being ejected from the ejection port 1006. On
the other hand, the ink that is not ejected from the ejection
port 1006 is recovered to the recovery flow path C4
through the common recovery flow path 80c.

<About preliminary ejection>

[0067] Preliminary ejection is an operation for dis-
charging inks whose colors are mixed by being pushed
into the ejection port by the wiping processing at a posi-
tion having no relation with printing. The preliminary ejec-
tion is performed after the first wiping processing or the
second wiping processing described above is performed.
The reason is that the ejection port rows are sequentially
wiped off in the wiping processing, and therefore, in the
series of wiping operation, the ink wiped off at the ejection
port row in the front tier is attached to the ejection port
row in the next tier at the time of wiping off the ejection
port row in the next tier and thereby mixed-color inks
remain. Consequently, after the wiping processing, the
preliminary ejection is performed for the cap member
10a. Due to this preliminary ejection, the inks whose
colors are mixed within the ejection port are discharged.
[0068] In the following, with the basic configuration ex-
plained hitherto in mind, preferred embodiments of the
present invention are explained.

[First Embodiment]

[0069] The present embodiment supposes the case
where (the ejection port surface of) the print head is
capped by a cap mechanism for a long time. In such a
cap closed state, although the progress speed is slow
compared to that in the cap open state, evaporation of
ink progresses. Consequently, even in the cap closed
state, in the case where evaporation of ink progresses
over a long elapsed time, there is a possibility that it be-
comes difficult to eject ink from the ejection portion be-
cause concentrated ink remains stagnant at the ejection
port. Consequently, in the present embodiment, the in-
side of the print head is kept in a printable state by cir-
culating ink in the case where a predetermined time
elapses in the cap closed state.
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<About timer circulation processing>

[0070] In the following, processing (referred to as timer
circulation processing) to circulate ink in the case where
a predetermined time elapses by counting time by a timer
is explained by using FIG. 11. The following processing
is started in the state where the printing apparatus 1 is
in the cap open state, that is, in the state where the ejec-
tion port surface 8a is not capped by the cap unit 10 (for
example, the state in FIG. 3).
[0071] At step S1101, the print controller 202 causes
the print head 8 to make a transition from the cap open
state into the cap closed state by controlling the mainte-
nance control unit 210 to move the cap unit 10 that is not
capping the ejection port surface 8a.
[0072] At step S1102, the print controller 202 starts a
timer in the cap closed state. This timer is a timer that
the printing apparatus 1 includes and counts the contin-
uation time of the cap closed state (referred to as capping
time). It is possible for the print controller 202 to acquire
the capping time at any timing.
[0073] At step S1103, the print controller 202 deter-
mines whether a predetermined time (for example, six
hours) has elapsed, that is, whether the counter started
at step S1102 has counted a predetermined time. In the
case where the determination results at step S1103 are
affirmative, the processing advances to step 1104 and
on the other hand, in the case where the determination
results are negative, the processing advances to step
S1106.
[0074] At step S1104, the print controller 202 circulates
ink within the above-described circulation path by con-
trolling the ink supply control unit 209. Due to this, an ink
flow occurs at the ejection portion 1000 within the print
head 8. FIG. 12 shows the way the thickened ink remain-
ing stagnant within the ejection port 1006 flows out from
the individual recovery flow path 1009 due to an ink flow
1201 that has occurred at this step. The vertical axis cor-
responds to the time axis and indicates an elapse of time
from top to bottom in FIG. 12. As shown in FIG. 12, due
to an ink flow 1201 that occurs each time a predetermined
time elapses, the ink remaining stagnant within the ejec-
tion port 1006 is diffused and the inside of the ejection
port 1006 is filled with fresh ink. As a result of this, ejection
stability (characteristics of being capable of stably eject-
ing ink from the ejection port) of the ejection portion 1000
(at the ejection port 1006) is restored.
[0075] At step S1105, the print controller 202 resets
the timer.
[0076] At step S1106, the print controller 202 deter-
mines whether there is a print command. In the case
where the determination results are affirmative, the timer
circulation processing is terminated. In the case where
the determination results at step S1106 are negative, the
processing returns to step S1103 and the timer circula-
tion processing is continued. The above is the contents
of the timer circulation processing in the present embod-
iment.

<About effect of the present embodiment>

[0077] By the present embodiment, it is made possible
to prevent the ejection port 1006 from being clogged by
concentrated ink and to secure ejection stability of the
ejection portion 1000 in the case where the print head 8
is capped by the cap unit 10 for a long time.

[Second Embodiment]

[0078] In the present embodiment, a case is explained
where the time intervals (referred to as circulation inter-
vals) at which ink is circulated are changed in accordance
with the installation environment of the printing apparatus
1, specifically, in accordance with temperature and hu-
midity. The circulation interval is a time interval between
a previous circulation operation and a following circula-
tion operation. In the following, differences from the al-
ready-described embodiment are explained mainly and
explanation of the same contents as those of the already-
described embodiment is omitted appropriately.

<About timer circulation processing>

[0079] In the following, timer circulation processing in
the present embodiment is explained by using FIG. 13A.
[0080] At step S1310, the print controller 202 causes
the print head 8 to make a transition from the cap open
state into the cap closed state by controlling the mainte-
nance control unit 210 to move the cap unit 10 that is not
capping the ejection port surface 8a.
[0081] At step S1320, the print controller 202 performs
processing (referred to as within-cap evaporation rate
count processing) to count an evaporation rate of ink with-
in the cap unit 10. Details of the within-cap evaporation
rate count processing will be described later by using
FIG. 13B.
[0082] At step S1330, the print controller 202 deter-
mines a circulation interval. Specifically, the print control-
ler 202 functions as a circulation interval determination
unit and determines the value of the circulation interval
corresponding to the within-cap evaporation rate count
value acquired at step S1320 by referring to a table as
shown in FIG. 14A. In the case where the table shown
in FIG. 14A is used, for example, on a condition that the
within-cap evaporation rate count value is 200, the cir-
culation interval is 18 hours. The table in FIG. 14A is
merely exemplary and it may also be possible to use
another table holding a value range of the within-cap
evaporation rate count and values of the circulation in-
terval corresponding thereto. However, in such a table,
generally, the larger the within-cap evaporation rate
count value, the shorter the circulation interval is set. The
reason is that the larger the within-cap evaporation rate
count value, the more the evaporation of ink progresses,
and therefore, the ink is apt to thicken and it is necessary
to perform circulation of the ink more frequently. Here,
the case where a table is used is explained, but it may
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also be possible to calculate the circulation interval by
using a mathematical expression in which a within-cap
evaporation rate count value is substituted in place of
using a table.
[0083] At step S1340, the print controller 202 starts the
timer that counts the capping time.
[0084] At step S1350, the print controller 202 deter-
mines whether the count value of the timer that starts at
step S1340 has reached the circulation interval deter-
mined at step S1330. In the case where the determination
results at step S1350 are affirmative, the processing ad-
vances to step S1360 and on the other hand, in the case
where the determination results are negative, the
processing advances to step S1380.
[0085] The processing at step S1360 is the same as
the processing at step S1104 and the processing at step
S1370 is the same as the processing at step S1105. After
step S1370, the processing advances to step S1380.
[0086] At step S1380, the print controller 202 deter-
mines whether there is a print command. In the case
where the determination results are affirmative, the timer
circulation processing is terminated and on the other
hand, in the case where the determination results are
negative, the processing advances to step S1390.
[0087] At step S1390, the print controller 202 deter-
mines whether a predetermined time (for example, one
week) has elapsed after the cap close at step S1310.
This step is processing performed for terminating the tim-
er circulation processing in the case where it is expected
that the printing apparatus 1 is not used for a long time
and the necessity to keep the inside of the print head 8
in a printable state is not so urgent. The processing at
this step may be performed in the flow of the first embod-
iment. In the case where the determination results at step
S1390 are affirmative, the timer circulation processing is
terminated and on the other hand, in the case where the
determination results are negative, the processing re-
turns to step S1350 and the timer circulation processing
is continued. The above is the contents of the timer cir-
culation processing in the present embodiment.

<About within-cap evaporation rate count processing>

[0088] In the following, the above-described within-cap
evaporation rate count processing (step S1320) is ex-
plained in detail by using FIG. 13B.
[0089] At step S1321, the print controller 202 acquires
the current within-cap evaporation rate count value.
Here, the within-cap evaporation rate is a parameter in-
dicating the degree of the progress of evaporation of ink
within the ejection portion 1000 capped by the cap unit
10 and is counted by the print controller 202. The current
within-cap evaporation rate count value is stored in the
ROM 203.
[0090] At step S1322, the print controller 202 acquires
temperature and humidity of the installation environment
of the printing apparatus 1. The printing apparatus 1 in-
cludes a thermometer and a hygrometer and it is possible

for the print controller 202 to acquire temperature and
humidity of the installation environment of the printing
apparatus 1 at any timing.
[0091] At step S1323, the print controller 202 calcu-
lates an evaporation speed coefficient corresponding to
the temperature and humidity acquired at step S1322. In
the following, a derivation method of the evaporation
speed coefficient is explained in detail.
[0092] First, based on the temperature and humidity
acquired at step S1322, the state of the installation en-
vironment (referred to as temperature and humidity state)
is classified by using a graph as illustrated in FIG. 14B.
In the case where the graph shown in FIG. 14B is used,
the temperature and humidity state is classified into one
of a first temperature and humidity state 1401, a second
temperature and humidity state 1402, and a third tem-
perature and humidity state 1403. The first temperature
and humidity state 1401 is a low-temperature and high-
humidity state, that is, a state where ink does not con-
centrate easily. The third temperature and humidity state
1403 is a high-temperature and low-humidity state, that
is, a state where ink concentrates easily. The second
temperature and humidity state 1402 is an intermediate
state between the first temperature and humidity state
1401 and the third temperature and humidity state 1403.
[0093] Next, by referring to a table as illustrated in FIG.
14C, the evaporation speed coefficient corresponding to
the temperature and humidity state classified above is
calculated. As shown in FIG. 14C, for the state where ink
concentrates more easily, the evaporation speed coeffi-
cient is larger. The graph shown in FIG. 14B and the table
shown in FIG. 14C are merely exemplary and another
graph or another table may be used. The graph for clas-
sifying the temperature and humidity state based on tem-
perature and humidity and the table holding the evapo-
ration speed coefficient for each temperature and humid-
ity state as described above are stored in advance in the
ROM 203 and it is possible for the print controller 202 to
use those at any timing.
[0094] At step S1324, the print controller 202 acquires
an accumulated time (m) of the cap open state (referred
to as cap open time) between the within-cap evaporation
rate count processing of the previous time and the within-
cap evaporation rate count processing of this time. The
printing apparatus 1 includes a timer that counts the cap
open time and it is possible for the print controller 202 to
acquire the cap open time at any timing.
[0095] At step S1325, the print controller 202 multiplies
the evaporation speed coefficient calculated at step
S1323 and the cap open time acquired at step S1324.
Then, the value obtained by the multiplication is added
to the current within-cap evaporation rate count value
acquired at step S1321.
[0096] At step S1326, the print controller 202 updates
the within-cap evaporation rate count value, specifically,
overwrites the within-cap evaporation rate count value
stored in the ROM 203 by the value calculated at step
S1325 and saves.
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[0097] At step S1327, the print controller 202 deter-
mines whether the within-cap evaporation rate count val-
ue is larger than or equal to a predetermined threshold
value (in the present embodiment, larger than or equal
to 500). The threshold value 500 described here is merely
an example and in the case where the table used at step
S1330 is changed, the threshold value used at this step
is also changed as a matter of course. In the case where
the determination results at step S1327 are affirmative,
the processing advances to step S1328 and on the other
hand, in the case where the determination results are
negative, the within-cap evaporation rate count process-
ing is terminated (the processing advances to step
S1330).
[0098] At step S1328, the print controller 202 drives
and causes the printing element 1004 to perform prelim-
inary ejection of ink. Alternatively, it may also be possible
for the print controller 202 to perform cap suction by con-
trolling the maintenance control unit 210. In the case
where the within-cap evaporation rate count value is larg-
er than or equal to 500 (YES at step S1327), the evap-
oration of ink has progressed significantly, and therefore,
it is difficult to restore ejection stability of the ejection
portion 1000 by circulation alone. Consequently, an at-
tempt to restore ejection stability is made by performing
preliminary ejection or cap suction at this step.
[0099] At step S1329, the print controller 202 resets
the within-cap evaporation rate count value (sets to 0).
After step S1329, the within-cap evaporation rate count
processing is terminated (the processing advances to
step S1330). The above is the contents of the within-cap
evaporation rate count processing in the present embod-
iment.

<About modification example of the present embodi-
ment>

[0100] In the above-described example, the circulation
interval is determined based on the temperature and hu-
midity of the printing apparatus 1, but it may also be pos-
sible to determine the circulation interval based on one
of the temperature and humidity. Further, in the above-
described example, the within-cap evaporation rate is
reset at step S1329, but it may also be possible to use a
method of performing subtraction for the count value ac-
cording to the amount of preliminary ejection and the in-
tensity of cap suction. Furthermore, in the case where a
mechanism capable of deriving ink density information,
to be described later in a fourth embodiment, is included,
it may also be possible to change the subtraction value
of the within-cap evaporation rate in accordance with the
density information.

<About effect of the present embodiment>

[0101] By the present embodiment, it is made possible
to keep the inside of the print head 8 in a printable state
(to secure ejection stability of the ejection portion 1000)

by circulating ink with a frequency in accordance with the
installation environment, that is, the temperature and hu-
midity of the printing apparatus 1.

[Third Embodiment]

[0102] In the second embodiment, the within-cap
evaporation rate is counted by taking into consideration
the evaporation of ink in the cap open state. In contrast
to this, in the present embodiment, the within-cap evap-
oration rate is counted also by taking into consideration
the evaporation of ink in the cap closed state

<About timer circulation processing>

[0103] In the following, timer circulation processing in
the present embodiment is explained by using FIG. 15A.
[0104] The processing at step S1510 to step S1560 is
the same as the processing at step S1310 to step S1360.
[0105] At step S1570, the print controller 202 performs
within-cap evaporation rate addition processing while the
cap is closed to add the amount of fluctuations in the
within-cap evaporation rate due to the evaporation of ink
that progresses while the cap is closed to the count value
of the within-cap evaporation rate. Details of the within-
cap evaporation rate count processing while the cap is
closed will be described later by using FIG. 15B.
[0106] The processing at step S1590 to step S1600 is
the same as the processing at step S1380 to step S1390.
However, in the present embodiment, in the case of NO
at step S1600, the processing returns to step S1530 and
the circulation interval is derived again. As described
above, in the present embodiment, the circulation interval
is derived each time circulation is performed (step S1560
→ ··· → step S1600 NO → step S1530), and due to this,
it is possible to perform circulation at appropriate inter-
vals.

<About within-cap evaporation rate addition processing 
while cap is closed>

[0107] In the following, the above-described within-cap
evaporation rate addition processing while the cap is
closed (step S1570) is explained in detail by using FIG.
15B.
[0108] At step S1571, the print controller 202 acquires
the current within-cap evaporation rate count value.
[0109] At step S1572, the print controller 202 acquires
the temperature and humidity in the installation environ-
ment of the printing apparatus 1.
[0110] At step S1573, the print controller 202 calcu-
lates an evaporation speed coefficient corresponding to
the temperature and humidity acquired at step S1572. In
the following, a derivation method of the evaporation
speed coefficient is explained in detail.
[0111] First, as in the second embodiment, based on
the temperature and humidity acquired at step S1572,
by using the graph as illustrated in FIG. 14B, the temper-
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ature and humidity state of the installation environment
is classified.
[0112] Next, by referring to a table as illustrated in FIG.
15C, an evaporation speed coefficient corresponding to
the temperature and humidity state classified above is
calculated. As shown in FIG. 15C, for the state where ink
concentrates more easily, the evaporation speed coeffi-
cient is larger. However, the cap closed state is a state
where evaporation of ink does not progress easily com-
pared to the cap open state, and therefore, all the values
of the evaporation speed coefficients held in the table in
FIG. 15C are smaller than the values of the evaporation
speed coefficients held in the table in FIG. 14C. The table
shown in FIG. 15C is merely exemplary and it may be
possible to use another table.
[0113] At step S1574, the print controller 202 acquires
a capping time.
[0114] At step S1575, the print controller 202 multiplies
the evaporation speed coefficient calculated at step
S1573 and the capping time acquired at step S1574.
Then, the value obtained by the multiplication is added
to the current within-cap evaporation rate count value
acquired at step S1571.
[0115] At step S1576, the print controller 202 updates
the within-cap evaporation rate count value, specifically,
overwrites the within-cap evaporation rate count value
stored in the ROM 203 by the value calculated at step
S1575 and saves.
[0116] The processing at step S1577 to step S1579 is
the same as the processing at step S1327 to step S1329.
The above is the contents of the within-cap evaporation
rate addition processing while the cap is closed in the
present embodiment.

<About effect of the present embodiment>

[0117] In the present embodiment, the within-cap
evaporation rate is counted by also taking into consider-
ation the evaporation of ink in the cap closed state, in
addition to the evaporation of ink in the cap open state.
Consequently, it is made possible to keep the inside of
the print head 8 in a printable state (to secure ejection
stability of the ejection portion 1000) by circulating ink
with a more appropriate frequency than that in the second
embodiment based on the within-cap evaporation rate
calculated more accurately than that in the second em-
bodiment.

[Fourth embodiment]

[0118] In the present embodiment, a case is explained
where the printing apparatus 1 includes a mechanism to
derive ink density information and the circulation interval
of ink is changed in accordance with the density informa-
tion.

<About density information>

[0119] In the following, density information is ex-
plained. In the present embodiment, the print controller
202 acquires ink density information (referred to as den-
sity Nc) at the time of determining the circulation interval.
As the density Nc, a value calculated by an expression
below is stored in the ROM 203 and it is possible for the
print controller 202 to acquire the density Nc at any timing. 

Here, Nx+i indicates the density after the printing oper-
ation and Nx indicates the density before the printing op-
eration. Further, Jn indicates the amount of ink within a
circulation system of the black ink before the printing op-
eration, In indicates the amount of ink ejected by printing,
and V indicates the amount of evaporation from the cir-
culation system. The print controller 202 calculates NX+1
for each printing operation and overwrites the ROM 203
by the calculated value as the density Nc and saves.

<About determination method of circulation interval 
based on density information>

[0120] The print controller 202 refers to a table as il-
lustrated in FIG. 16 and determines the circulation inter-
val corresponding to the acquired density Nc. In the case
where the table shown in FIG. 16 is used, for example,
on a condition that the within-cap evaporation rate count
value is 200 and the density Nc is 0.087, the circulation
interval is 13.5 hours. The table in FIG. 16 is merely ex-
emplary and it may also be possible to use another table
holding value ranges of the within-cap evaporation rate
count and the density Nc and the circulation interval val-
ues corresponding thereto. However, in the table such
as this, settings are performed generally so that the larger
the within-cap evaporation rate count value, or the higher
the density Nc, the shorter the circulation interval is. The
reason is that the larger the within-cap evaporation rate
count value, or the higher the density Nc, the more the
evaporation of ink progresses, and therefore, ink easily
thickens and it is necessary to perform circulation of ink
frequently. Here, the case is explained where a table is
used, but it may also be possible to calculate the circu-
lation interval by using a mathematical expression in
which the within-cap evaporation rate count value and
the density Nc are substituted in place of using a table.

<About effect of the present embodiment>

[0121] In the present embodiment, the circulation in-
terval is derived by also taking into consideration the ink
density information, in addition to the within-cap evapo-
ration rate count value. Consequently, it is made possible
to keep the inside of the print head 8 in a printable state
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(to secure ejection stability of the ejection portion 1000)
by circulating ink with a more appropriate frequency than
that in the above-described embodiment.

[Fifth Embodiment]

[0122] In the present embodiment, a case is explained
where the time during which ink is circulated (referred to
as circulation execution time) is changed in accordance
with temperature.
[0123] The print controller 202 refers to a table as
shown in FIG. 17A and derives the circulation execution
time corresponding to the acquired temperature. Here,
as the temperature that the print controller 202 acquires,
it may be possible to use the temperature in the installa-
tion environment of the printing apparatus 1 described
above. Alternatively, in the case where the printing ap-
paratus 1 includes a mechanism to measures the tem-
perature of the print head 8, it may also be possible to
use the measured temperature of the print head 8.
[0124] In the case where the table shown in FIG. 17A
is used, for example, on a condition that the temperature
is 20°C, the circulation execution time is 2 m. The table
in FIG. 17A is merely exemplary and it may be possible
to use a table holding a value range of temperature and
the circulation execution time values corresponding
thereto. However, in the table such as this, settings are
performed generally so that the higher the temperature,
the shorter the circulation execution time is. The reason
is that the higher the temperature, the lower the viscosity
of ink is as shown in FIG. 17B, and therefore, it is possible
to restore the ejection stability of the ejection portion 1000
in a short circulation execution time. Here, the case is
explained where a table is used, but it may also be pos-
sible to calculate the circulation execution time by using
a mathematical expression in which the value of temper-
ature is substituted in place of using a table.

<About effect of the present embodiment>

[0125] By the present embodiment, it is made possible
to perform circulation for an appropriate time in accord-
ance with temperature.

[Sixth Embodiment]

[0126] In the present embodiment, a case is explained
where the printing apparatus 1 includes a head temper-
ature adjustment mechanism to adjust the temperature
of the print head 8 and the circulation execution time is
changed in accordance with the set temperature of the
head temperature adjustment mechanism.
[0127] The print controller 202 refers to a table as
shown in FIG. 18 and derives the circulation execution
time corresponding to the acquired set temperature of
the head temperature adjustment mechanism. The table
in FIG. 18 is merely exemplary and it may be possible to
use another table holding values of set temperature of

the head temperature adjustment mechanism and values
of the circulation execution time corresponding thereto.
However, in the table such as this, settings are performed
generally so that the higher the set temperature of the
head temperature adjustment mechanism, the shorter
the circulation execution time is. The reason is that the
higher the set temperature of the head temperature ad-
justment mechanism, the lower the viscosity of ink is as
explained in the fifth embodiment, and therefore, it is pos-
sible to restore the ejection stability of the ejection portion
1000 in a short circulation execution time. Here, the case
where a table is used is explained, but it may also be
possible to calculate the circulation execution time by
using a mathematical expression in which the value of
temperature is substituted in place of using a table. Fur-
ther, an embodiment is also considered in which a plu-
rality of tables as shown in FIG. 18 is stored in the ROM
203 and a table is selected and used in accordance with
power that can be consumed and a user setting.

<About effect of the present embodiment>

[0128] By the present embodiment, it is made possible
to perform circulation for an appropriate time in accord-
ance with the set temperature of the head temperature
adjustment mechanism. Further, in the present embod-
iment, circulation is performed in the cap closed state,
and therefore, even in the case where the target temper-
ature of the head temperature adjustment mechanism is
set to a temperature higher than the temperature during
printing, it is possible to suppress evaporation of moisture
in ink.

[Seventh Embodiment]

[0129] In the present embodiment, in the case where
the timer circulation processing is repeated as in the first
to third embodiments, the moisture evaporated from the
ink at the ejection port is absorbed by an absorbent ar-
ranged in the cap member 10a or ink or the like impreg-
nated in an absorbent. In view of that the inside of the
cap member 10a becomes wet by the absorbent or the
like that absorbs moisture as described above and the
progress of evaporation of moisture from the ink at the
ejection port is suppressed, subtraction is performed for
the within-cap evaporation rate count.
[0130] In the following, timer circulation processing in
the present embodiment is explained by using FIG. 19A.
[0131] The processing at step S1910 to S1960 is the
same as the processing at step S1510 to step S1560.
[0132] At step S1970, the print controller 202 updates
the timer circulation time counter by adding 1 thereto.
[0133] At step S1980, the print controller 202 performs
within-cap evaporation rate subtraction processing by
timer circulation to subtract the amount of fluctuations in
the within-cap evaporation rate due to the absorbent hav-
ing absorbed moisture from the within-cap evaporation
rate count value. Details of the within-cap evaporation
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rate subtraction processing by timer circulation will be
described later by using FIG. 19B.
[0134] The processing at step S1990 to step S2020 is
the same as the processing at step S1570 to step S1600.
In the present embodiment, further at step S2030, the
print controller 202 resets the timer circulation time coun-
ter.

<About within-cap evaporation rate subtraction process-
ing by timer circulation>

[0135] In the following, the above-described within-cap
evaporation rate subtraction processing (S1980) by timer
circulation is explained in detail by using FIG. 19B.
[0136] At step S1981, the print controller 202 acquires
the current within-cap evaporation rate count value.
[0137] At step S1982, the print controller 202 acquires
the timer circulation time counter value.
[0138] At step S1983, the print controller 202 derives
the subtraction value corresponding to the timer circula-
tion time counter value acquired at step S1982 by refer-
ring to a table as illustrated in FIG. 19C. In the following,
a derivation method of the subtraction value is explained
in detail.
[0139] In the case where timer circulation is performed
and fresh ink hat has not thickened is supplied to the
ejection port, the moisture content of the absorbent ar-
ranged in the cap member 10a increases by absorbing
moisture evaporated from the ink. As a result of this, the
inside of the cap member 10a enters a wet state due to
the absorbent whose moisture content has increased and
a state where the within-cap evaporation rate is low is
brought about.
[0140] Further, by experimental results, it is known that
the smaller the timer circulation time, the higher the hu-
midification effect inside the cap per timer circulation is.
Because of this, as shown in FIG. 19C, the smaller the
timer circulation time, the larger the subtraction value that
is subtracted from the within-cap evaporation rate count
value is. As the timer circulation time increases, the mois-
ture inside the cap and the moisture of the absorbent
saturate, and therefore, the humidification effect inside
the cap due to the evaporation of moisture from the noz-
zle is hardly obtained. Because of this, in the case where
the timer circulation time exceeds 32, the subtraction val-
ue is set to 0.
[0141] At step S1984, the print controller 202 updates
the within-cap evaporation rate count value based on the
acquired subtraction value. Specifically, the print control-
ler 202 overwrites the ROM 203 by the value obtained
by subtracting the subtraction value from the within-cap
evaporation rate count value stored in the RAM 203 and
saves.

<About effect of present embodiment>

[0142] In the present embodiment, the within-cap
evaporation rate is counted by also taking into consider-

ation the humidification effect inside the cap due to timer
circulation. Consequently, it is made possible to keep the
inside the print head 8 in a printable state (to secure ejec-
tion stability of the ejection portion 1000) by circulating
ink with a more appropriate frequency than that in the
third embodiment based on the within-cap evaporation
rate derived more accurately than that in the third em-
bodiment.

[Other Embodiments]

[0143] Embodiment(s) of the present invention can al-
so be realized by a computer of a system or apparatus
that reads out and executes computer executable in-
structions (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 me-
dium’) 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 per-
form the functions of one or more of the above-described
embodiment(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 processing unit (MPU)) and may include a
network of separate computers or separate processors
to read out and execute the computer executable instruc-
tions. The computer executable instructions may be pro-
vided 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 (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.
[0144] By the present invention, it is possible to bring
a print head into a liquid ejectable state while reducing
waste ink.
[0145] 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. A printing apparatus (1) comprising:
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a tank (151) in which liquid is stored;
a print head (8) that comprises an ejection port
surface on which an ejection port is formed, the
ejection port ejecting the liquid which is supplied
from the tank;
a cap mechanism (10) that caps the ejection port
surface (8a) of the print head;
a timer that counts a time during which the ejec-
tion port surface is capped; and
a circulation unit (202, 209) configured to circu-
late the liquid in a circulation path including the
tank and the print head, wherein
in a case where the timer counts a predeter-
mined time, the circulation unit circulates the liq-
uid.

2. The printing apparatus according to claim 1, further
comprising:
an interval determination unit configured to deter-
mine an interval of circulation between a previous
circulation operation and a following circulation op-
eration by the circulation unit as the predetermined
time based on temperature and humidity in an instal-
lation environment of the printing apparatus.

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

a count unit configured to count an evaporation
rate of the liquid, wherein
the interval determination unit determines the
interval based on the evaporation rate counted
by the count unit.

4. The printing apparatus according to claim 3, wherein
the count unit calculates an evaporation speed co-
efficient corresponding to the temperature and the
humidity and counts the evaporation rate by multi-
plexing the calculated evaporation speed coefficient
and a time during which the ejection port surface is
not capped.

5. The printing apparatus according to claim 3, wherein
in a case where the evaporation rate is higher than
or equal to a predetermined threshold value, cap
suction or preliminary ejection is performed.

6. The printing apparatus according to claim 3, further
comprising:
an updating unit configured to update the evapora-
tion rate based on the time during which the ejection
port surface is capped.

7. The printing apparatus according to claim 6, wherein
the interval determination unit determines the inter-
val again based on the evaporation rate updated by
the updating unit.

8. The printing apparatus according to claim 6, further
comprising:
an updating unit configured to update the evapora-
tion rate based on a number of times circulation is
performed by the circulation unit while the ejection
port surface is capped.

9. The printing apparatus according to claim 2, wherein
the interval determination unit determines the inter-
val based on density information on the liquid.

10. The printing apparatus according to claim 1, further
comprising:
a derivation unit configured to derive a time during
which the circulation unit performs circulation based
on temperature in an installation environment of the
printing apparatus or temperature of the print head.

11. The printing apparatus according to claim 1, further
comprising:

a head temperature adjustment mechanism that
adjusts temperature of the print head; and
a derivation unit configured to derive a time dur-
ing which the circulation unit performs circula-
tion based on set temperature of the head tem-
perature adjustment mechanism.

12. A control method of a printing apparatus (1) includ-
ing:

a tank (151) in which liquid is stored;
a print head (8) that comprises an ejection port
surface on which an ejection port is formed, the
ejection port ejecting the liquid which is supplied
from the tank;
a cap mechanism (10) that caps the ejection port
surface (8a) of the print head;
a timer that counts a time during which the ejec-
tion port surface is capped; and
a circulation unit (202, 209) configured to circu-
late the liquid in a circulation path including the
tank and the print head, the control method com-
prising:
a step of, by the circulation unit, circulating the
liquid in a case where the timer counts a prede-
termined time.

13. A program for causing a computer to perform each
step in a control method of a printing apparatus (1)
including:

a tank (151) in which liquid is stored;
a print head (8) that comprises an ejection port
surface on which an ejection port is formed, the
ejection port ejecting the liquid which is supplied
from the tank;
a cap mechanism (10) that caps the ejection port
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surface (8a) of the print head;
a timer that counts a time during which the ejec-
tion port surface is capped; and
a circulation unit (202, 209) configured to circu-
late the liquid in a circulation path including the
tank and the print head, the control method com-
prising:
a step of, by the circulation unit, circulating the
liquid in a case where the timer counts a prede-
termined time.
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