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(57) A liquid expelling apparatus is capable of per-
forming a liquid expelling process to expel liquid from a
liquid ejecting head through a cap covering a plurality
of nozzles of the liquid ejecting head by sucking in air
from the cap. A control apparatus causes the liquid
ejecting head to perform a liquid ejecting process ac-

cording to occurrence of a liquid expelling event and
causes the liquid expelling apparatus to perform the
liquid expelling process, concurrently with start of the
liquid ejecting process or following the start of the liquid
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Description

Background

[0001] The present disclosure relates to a liquid
ejecting apparatus and an ink-jet recording apparatus.
[0002] Each of the liquid ejecting apparatus and the
ink-jet recording apparatus includes a liquid expelling
apparatus to expel liquid in a liquid ejecting head by
sucking in air from a cap that covers a plurality of noz-
zles.
[0003] The ink-jet recording apparatus includes an
ink ejecting apparatus that ejects ink drops from an
ink-jet head onto a sheet to form an image on the
sheet. The ink ejecting apparatus is an example of a
liquid ejecting apparatus that ejects liquid drops. The
ink-jet head is an example of a liquid ejecting head.
[0004] When air bubbles form in the ink-jet head in
the ink-jet recording apparatus, a failure in ejecting ink
occurs easily. The ink ejecting apparatus may include
an ink expelling apparatus in order to expel the air bub-
bles from the ink-jet head along with ink.
[0005] The ink expelling apparatus sucks in air from a
cap covering a plurality of nozzles in the ink-jet head.
Accordingly, the ink in the ink-jet head is expelled along
with the air bubbles, and new ink that contains no air
bubbles is supplied into the ink-jet head through an ink
supply path. The ink expelling apparatus is an example
of the liquid expelling apparatus.
[0006] For example, it is known that in the ink eject-
ing apparatus a pressure applying mechanism applies
pressure to an ink supply path after the ink expelling
apparatus is operated.

Summary

[0007] A liquid ejecting apparatus according to an as-
pect of the present disclosure includes a liquid storage,
a liquid ejecting head, a pressure-regulating-valve ap-
paratus, a liquid expelling apparatus, and a control ap-
paratus. The liquid storage stores therein liquid. The
liquid ejecting head includes a plurality of nozzles, is
supplied with the liquid from the liquid storage through
a supply path, and is capable of performing a liquid
ejecting process to eject liquid drops from each of the
plurality of nozzles. The pressure-regulating-valve ap-
paratus includes a valve capable of shutting off the
supply path and temporarily switches from a certain
state to another state according to a change in pres-
sure caused in the supply path due to the liquid drops
being ejected by the liquid ejecting head, the certain
state being a state in which the supply path is shut off
using the valve, the other state being a state in which
the shutoff of the supply path using the valve is can-
celed. The liquid expelling apparatus includes a cap
capable of covering the plurality of nozzles, and is cap-
able of performing a liquid expelling process to expel
the liquid from the liquid ejecting head through the cap

by sucking in air from the cap covering the plurality of
nozzles. The control apparatus causes the liquid eject-
ing head to perform the liquid ejecting process accord-
ing to occurrence of a liquid expelling event and causes
the liquid expelling apparatus to perform the liquid ex-
pelling process, concurrently with start of the liquid
ejecting process or following the start of the liquid eject-
ing process.
[0008] An ink-jet recording apparatus according to
another aspect of the present disclosure includes a
sheet transportation apparatus that transports a sheet,
and the liquid ejecting apparatus ejecting ink drops
onto the transported sheet to form an image on the
sheet.
[0009] This Summary is provided to introduce a se-
lection of concepts in a simplified form that are further
described below in the Detailed Description with refer-
ence where appropriate to the accompanying drawings.
This Summary is not intended to identify key features
or essential features of the claimed subject matter, nor
is it intended to be used to limit the scope of the
claimed subject matter. Furthermore, the claimed sub-
ject matter is not limited to implementations that solve
any or all disadvantages noted in any part of this dis-
closure.

Brief Description of The Drawings

[0010]

Fig. 1 is a view illustrating a configuration of an ink-
jet recording apparatus according to an embodi-
ment;
Fig. 2 is a view illustrating the ink-jet recording ap-
paratus at the time of performing an ink expelling
process;
Fig. 3 is a block diagram illustrating a configuration
of a control apparatus included in the ink-jet re-
cording apparatus according to the embodiment;
Fig. 4 is a view illustrating configurations of an ink
supplying apparatus, an ink-jet head, and an ink
expelling apparatus that are included in the ink-jet
recording apparatus according to the embodiment;
Fig. 5 is a cross-sectional view of a pressure-regu-
lating-valve apparatus in a closed state in the ink-
jet recording apparatus according to the embodi-
ment;
Fig. 6 is a cross-sectional view of the pressure-
regulating-valve apparatus in an open state in the
ink-jet recording apparatus according to the embo-
diment;
Fig. 7 is a timing chart showing a relationship be-
tween operations of a suction pump and a control
valve and pressure in a head; and
Fig. 8 is a timing chart showing a relationship be-
tween operations of the suction pump, the ink-jet
head, and the control valve and the pressure in a
head.
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Detailed Description

[0011] Hereinafter, an embodiment of the present dis-
closure will be described with reference to the draw-
ings. Note that the following embodiment is an example
embodying the present disclosure and is not intended
to limit the technical scope of the present disclosure.
[0012] Configuration of Ink-Jet Recording Apparatus
10
[0013] An ink-jet recording apparatus 10 according to
an embodiment is an image forming apparatus that can
perform a printing process by ink-jetting. The printing
process is a process of forming an image on a sheet 9.
The sheet 9 is an image formation medium in the form
of a sheet, such as paper or a resin film.
[0014] Note that the ink-jet recording apparatus 10
may be a facsimile apparatus, copying machine, or
multifunctional device that can perform the printing pro-
cess by ink-jetting.
[0015] As illustrated in Fig. 1, the ink-jet recording
apparatus 10 includes, for example, a sheet accommo-
dating portion 12, a sheet transportation apparatus 2,
an ink ejecting apparatus 3, a drying apparatus 6, and a
control apparatus 8. The sheet transportation appara-
tus 2, the ink ejecting apparatus 3, the drying apparatus
6, and the control apparatus 8 are accommodated in a
housing 11 that is a main body.
[0016] The ink ejecting apparatus 3 includes an ink
supplying apparatus 4, a plurality of ink-jet heads 30,
and an ink expelling apparatus 5. The ink supplying
apparatus 4 supplies inks to the plurality of ink-jet
heads 30.
[0017] Each ink-jet head 30 includes a nozzle group
310 including a plurality of nozzles 31 (refer to Figs. 1
and 4). Each of the plurality of nozzles 31 ejects ink
drops. The ink expelling apparatus 5 performs an ink
expelling process to expel inks from the plurality of ink-
jet heads 30.
[0018] The sheet accommodating portion 12 can ac-
commodate therein a plurality of sheets 9. The sheet
transportation apparatus 2 transports, along a sheet
transportation path 20, each sheet 9 accommodated in
the sheet accommodating portion 12, and discharges
the sheet 9 into a discharge tray 13 from the sheet
transportation path 20.
[0019] The sheet transportation apparatus 2 in-
cludes, for example, a sheet feeding mechanism 21, a
plurality of transportation roller pairs 22, a primary
transportation unit 23, an output-side transportation unit
24, and a discharge roller pair 25. The sheet feeding
mechanism 21 feeds each sheet 9 to the sheet trans-
portation path 20 from the sheet accommodating por-
tion 12.
[0020] The plurality of transportation roller pairs 22
takes over the transportation of the sheet 9 from the
sheet feeding mechanism 21, and transports the sheet
9 toward the primary transportation unit 23.
[0021] The primary transportation unit 23 is arranged

below the plurality of ink-jet heads 30. The primary
transportation unit 23 transports each sheet 9 along
the nozzle groups 310 of the plurality of ink-jet heads
30.
[0022] In the primary transportation unit 23, a plural-
ity of suspension rollers 231 supports and rotates an
endless primary transportation belt 230. This causes
the primary transportation unit 23 to transport each
sheet 9 on an upper surface of the primary transporta-
tion belt 230, and further feeds the sheet 9 to the out-
put-side transportation unit 24. A portion between the
upper surface of the primary transportation belt 230
and the plurality of ink-jet heads 30 forms a portion of
the sheet transportation path 20.
[0023] The output-side transportation unit 24 is ar-
ranged downstream of the primary transportation unit
23 in a sheet-transportation direction, where the pri-
mary transportation unit 23 is situated at a reference
position.
[0024] In the output-side transportation unit 24, a
plurality of suspension rollers 241 supports and rotates
an endless output-side transportation belt 240. This
causes the output-side transportation unit 24 to trans-
port each sheet 9 on an upper surface of the output-
side transportation belt 240, and further feeds the sheet
9 to the discharge roller pair 25, where an image is
formed on the sheet 9.
[0025] The drying apparatus 6 blows heated air to
each sheet 9 transported by the output-side transporta-
tion unit 24, such that ink on the sheet 9 is dried. The
discharge roller pair 25 discharges, into the discharge
tray 13, each sheet 9 on which an image is formed.
[0026] The ink supplying apparatus 4 includes a plur-
ality of ink containers 40 each storing therein ink. Each
ink container 40 is an example of a liquid storage that
stores therein liquid. The ink is an example of liquid.
[0027] The ink supplying apparatus 4 supplies ink to
each of the plurality of ink-jet heads 30 from a corre-
sponding one of the plurality of ink containers 40. The
ink containers 40 of the plurality of ink containers 40
respectively store therein inks of different colors. The
ink-jet heads 30 of the plurality of ink-jet heads 30 re-
spectively eject inks of different colors. In the present
embodiment, examples of the color of the ink include
four colors that are black, cyan, magenta, and yellow.
[0028] Each ink-jet head 30 performs an ink ejecting
process to eject ink drops from each of the plurality of
nozzles 31. The plurality of ink-jet heads 30 ejects ink
drops onto each sheet 9 transported by the primary
transportation unit 23, such that an image is formed on
the sheet 9.
[0029] The ink ejecting process is an example of a
liquid ejecting process to eject liquid drops. Each ink-
jet head 30 is an example of a liquid ejecting head that
performs the liquid ejecting process. The ink ejecting
apparatus 3 is an example of a liquid ejecting appara-
tus that ejects liquid drops onto each transported sheet
9 to form an image on the sheet 9.
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[0030] The ink expelling process is an example of a
liquid expelling process to expel liquid from the liquid
ejecting head. The ink expelling apparatus 5 is an ex-
ample of a liquid expelling apparatus that performs the
liquid expelling process.
[0031] Each ink-jet head 30 includes an introduction
path 33 that communicates with the plurality of nozzles
31 (refer to Fig. 4). Ink supplied by the ink supplying
apparatus 4 is supplied to the plurality of nozzles 31
through the introduction path 33.
[0032] Each ink-jet head 30 further includes a plural-
ity of piezoelectric elements 32 each corresponding to
a corresponding one of the plurality of nozzles 31 (refer
to Fig. 4). Each piezoelectric element 32 vibrates by
being supplied with an ejection drive signal by the con-
trol apparatus 8, to thereby apply pressure to ink and
jet the ink from a corresponding one of the nozzles 31.
[0033] When air bubbles form in each ink-jet head 30
in the ink ejecting apparatus 3, a failure in ejecting ink
occurs easily. The ink ejecting apparatus 3 includes the
ink expelling apparatus 5 in order to expel the air bub-
bles from each ink-jet head 30 along with ink.
[0034] The ink expelling apparatus 5 includes a cap
51 that can cover the nozzle group 310 of each of the
plurality of ink-jet heads 30 (refer to Figs. 2 and 4).
Further, the ink expelling apparatus 5 includes a suc-
tion apparatus 52 that sucks in air from the cap 51
covering the nozzle group 310 (refer to Figs. 2 and 4).
The ink expelling process is a process of expelling ink
from each of the plurality of ink-jet heads 30 through
the cap 51 by air being sucked in from the cap 51.
[0035] The ink expelling process is performed to ex-
pel the air bubbles from each ink-jet head 30 along with
ink. Further, concurrently with expelling of ink from
each ink-jet head 30, new ink is supplied to the ink-jet
head 30 by the ink supplying apparatus 4.
[0036] When the printing process is performed, the
primary transportation unit 23 is supported at the refer-
ence position enabling the sheet transportation path 20
to be formed between the primary transportation unit 23
and the plurality of ink-jet heads 30. Fig. 1 illustrates
the primary transportation unit 23 situated at the refer-
ence position.
[0037] The primary transportation unit 23 is sup-
ported movably to a transportation retraction position
that is more distant from the plurality of ink-jet heads
30 than the reference position. Fig. 2 illustrates the
primary transportation unit 23 situated at the transpor-
tation retraction position. In the present embodiment,
the transportation retraction position is a position situ-
ated vertically below the reference position.
[0038] The ink expelling apparatus 5 includes a cap
unit 50 that includes the caps 51 and a portion of or all
of the suction apparatus 52, and a unit moving appara-
tus 500 that moves the cap unit 50 and the primary
transportation unit 23 (refer to Figs. 1 and 2).
[0039] The cap unit 50 is supported movably be-
tween a cap retraction position and a cap position. Fig.

1 illustrates the cap unit 50 situated at the cap retrac-
tion position. Fig. 2 illustrates the cap unit 50 situated at
the cap position.
[0040] The cap retraction position is a position at
which the cap unit 50 does not interfere with the pri-
mary transportation unit 23 situated at the reference
position. The cap position is a position of the cap unit
50 when the cap 51 covers the nozzle group 310 of
each of the plurality of ink-jet heads 30.
[0041] The unit moving apparatus 500 moves the pri-
mary transportation unit 23 from the reference position
to the transportation retraction position and further
moves the cap unit 50 from the cap retraction position
to the cap position according to first movement control
by the control apparatus 8 (refer to Fig. 2).
[0042] The unit moving apparatus 500 further moves
the cap unit 50 from the cap position to the cap retrac-
tion position and further moves the primary transporta-
tion unit 23 from the transportation retraction position to
the reference position according to second movement
control by the control apparatus 8 (refer to Fig. 1).
[0043] In the present embodiment, the suction appa-
ratus 52 includes an expelling path 520, a suction
pump 521, a buffer tank 522, a control valve 523, and
a collection tank 524 (refer to Fig. 4).
[0044] The expelling path 520 is a tube that commu-
nicates with an interior of the cap 51, and with the suc-
tion pump 521 and the collection tank 524. For exam-
ple, the expelling path 520 may be a pipe, a hose, or a
combination of a pipe and a hose.
[0045] The suction pump 521 is arranged in the ex-
pelling path 520 between the cap 51 and the collection
tank 524. In the present embodiment, the suction pump
521 is a tube pump. Accordingly, when the suction
pump 521 is stopped, shutoff is performed in a portion
in which the suction pump 521 is arranged in the expel-
ling path 520. Note that the same applies to the case in
which a diaphragm pump is adopted as the suction
pump 521.
[0046] The buffer tank 522 is arranged in the expel-
ling path 520 between the cap 51 and the suction pump
521. The buffer tank 522 temporarily stores therein air
and ink that flow through the expelling path 520.
[0047] The control valve 523 is arranged in the expel-
ling path 520 between the cap 51 and the buffer tank
522. The control valve 523 switches between an expel-
ling-path closed state and an expelling-path open state
according to an input control signal. The expelling-path
closed state is a state in which the expelling path 520 is
shut off. The expelling-path open state is a state in
which the shutoff of the expelling path 520 is canceled.
[0048] The ink expelling apparatus 5 performs the ink
expelling process by a warming-up movement and an
expelling movement after the warming-up movement is
performed. The warming-up movement is a movement
to stop the suction pump 521 after the suction pump
521 operates for a specified period of time when the
control valve 523 is in the expelling-path closed state.
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The expelling movement is a movement to switch the
control valve 523 from the expelling-path closed state
to the expelling-path open state.
[0049] Pressure in the buffer tank 522 is decreased
by the ink expelling apparatus 5 performing the warm-
ing-up movement. Ink is sucked in from each ink-jet
head 30 due to a negative pressure in the buffer tank
522 by the ink expelling apparatus 5 performing the
expelling movement.
[0050] Ink is expelled from each ink-jet head 30 along
with air bubbles by the suction apparatus 52 operating,
and new ink that contains no air bubbles is supplied
into the ink-jet head 30 by the ink supplying apparatus
4.
[0051] The control apparatus 8 controls the sheet
transportation apparatus 2, the ink ejecting apparatus
3, and the drying apparatus 6.
[0052] The control apparatus 8 includes, for example,
a central processing unit (CPU) 80, a random access
memory (RAM) 81, a secondary storage device 82, a
signal interface 83, and a communication device 84
(refer to Fig. 3).
[0053] The CPU 80 executes a computer program to
perform various types of control and data processes.
The RAM 81 temporarily stores the computer program
and various types of data executed by the CPU 80.
[0054] The secondary storage device 82 is a compu-
ter-readable, nonvolatile storage device. The second-
ary storage device 82 stores the computer program
and various types of data executed by the CPU 80. For
example, one or both of a flash memory and a hard
disk drive are adopted as the secondary storage device
82.
[0055] The signal interface 83 converts detection sig-
nals of various sensors into digital detection data and
transmits the detection data to the CPU 80. The signal
interface 83 further converts a control command that is
output from the CPU 80 into a control signal and trans-
mits the control signal to a device to be controlled.
[0056] The communication device 84 performs com-
munication with another apparatus such as a host ap-
paratus 100 via a network 1000. The CPU 80 performs
communication with another apparatus through the
communication device 84. The host apparatus 100 is
an information processing apparatus that requests the
ink-jet recording apparatus 10 to perform the printing
process described above.
[0057] The CPU 80 includes a plurality of processing
modules implemented by executing the computer pro-
gram. The plurality of processing modules includes, for
example, a transportation control section 8a, a printing
control section 8b, and a head adjustment section 8c
(refer to Fig. 3).
[0058] The transportation control section 8a controls
the sheet transportation apparatus 2 to control trans-
portation of each sheet 9. In the present embodiment,
the transportation control section 8a forms a portion of
the sheet transportation apparatus 2.

[0059] The printing control section 8b causes the
plurality of ink-jet heads 30 to perform the ink ejecting
process in synchronization with the transportation of
the sheet 9.
[0060] The head adjustment section 8c controls the
ink expelling apparatus 5 to perform the ink expelling
process. In the present embodiment, the printing con-
trol section 8b and the head adjustment section 8c form
a portion of the ink ejecting apparatus 3.
[0061] Note that a portion or all of the processes exe-
cuted by the CPU 80 may be executed by, for example,
a digital signal processor (DSP) or a system on a chip
(SoC). Each of the CPU 80, the DSP, and the SoC is an
example of the processor.
[0062] By the way, the ink supplying apparatus 4 in-
cludes a supply path 41 and a pressure-regulating-
valve apparatus 42 in the ink ejecting apparatus 3 (re-
fer to Fig. 4). The pressure-regulating-valve apparatus
42 is arranged in the supply path 41 connected to each
ink container 40 and to a corresponding one of the ink-
jet heads 30.
[0063] The pressure-regulating-valve apparatus 42
temporarily switches from a supply-path closed state to
a supply-path open state according to a change in
pressure caused in the supply path 41 due to ink drops
being ejected by each ink-jet head 30. The supply-path
closed state is a state in which the supply path 41 is
shut off using a valve 423 (refer to Fig. 5).
[0064] On the other hand, the supply-path open state
is a state in which the shutoff of the supply path 41
using the valve 423 is canceled (refer to Fig. 6). When
the pressure-regulating-valve apparatus 42 switches to
the supply-path open state, ink is replenished in each
ink-jet head 30 in response to ink drops being ejected
by the ink-jet head 30 (refer to Fig. 6).
[0065] In other words, the valve 423 is a member that
can shut off the supply path 41. When the pressure-
regulating-valve apparatus 42 is in the supply-path
open state, each ink-jet head 30 is supplied with ink
from a corresponding one of the ink containers 40
through the supply path 41.
[0066] The ink supplying apparatus 4 further includes
a pressurizing pump 43 that is arranged in the supply
path 41 (refer to Fig. 4). The pressurizing pump 43
applies pressure to ink in the supply path 41. The print-
ing control section 8b operates the pressurizing pump
43 when the printing process is performed. Note that
the ink supplying apparatus 4 may include no pressur-
izing pump 43.
[0067] As illustrated in Fig. 5, the pressure-regulat-
ing-valve apparatus 42 includes a primary chamber
421, a secondary chamber 422, the valve 423, a cover
member 424, a first spring 425, and a second spring
426. The cover member 424 includes a pressure re-
ceiving plate 424a and a diaphragm 424b.
[0068] The primary chamber 421 includes an inflow
port 42a into which ink flows. A communication hole
42c is formed in a partition between the primary cham-
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ber 421 and the secondary chamber 422. In other
words, the primary chamber 421 and the secondary
chamber 422 communicate with each other by the com-
munication hole 42c.
[0069] The secondary chamber 422 includes an out-
flow port 42b from which ink flows. The valve 423 is a
member that can open and close the communication
hole 42c.
[0070] The valve 423 includes a shielding portion
423a that closes the communication hole 42c, and an
axial portion 423b that is arranged to pass through the
communication hole 42c. The valve 423 can be moved
between a closed position at which the communication
hole 42c is closed with the shielding portion 423a, and
an open position at which the communication hole 42c
is open.
[0071] The shielding portion 423a is arranged in the
primary chamber 421, and the axial portion 423b ex-
tends into the secondary chamber 422 from the shield-
ing portion 423a. The secondary chamber 422 includes
an opening 42d.
[0072] The cover member 424 covers the opening
42d of the secondary chamber 422. The pressure re-
ceiving plate 424a covers a portion of the opening 42d,
and the diaphragm 424b covers a remaining portion of
the opening 42d.
[0073] The diaphragm 424b is connected to the pres-
sure receiving plate 424a and to an edge portion of the
opening 42d of the secondary chamber 422. The dia-
phragm 424b is a member that can contract and ex-
pand.
[0074] The first spring 425 is arranged in the primary
chamber 421, and the second spring 426 is arranged in
the secondary chamber 422. The first spring 425
biases the shielding portion 423a to hold the valve 423
at the closed position.
[0075] The second spring 426 biases the pressure
receiving plate 424a outward from the secondary
chamber 422 to hold the pressure receiving plate 424a
at a reference position. When each ink-jet head 30 per-
forms the ink ejecting process, pressure in the second-
ary chamber 422 is decreased so that the diaphragm
424b contracts, and the pressure receiving plate 424a
resists a biasing force of the second spring 426 to be
moved inward of the secondary chamber 422 from the
reference position (refer to Fig. 6).
[0076] When the pressure receiving plate 424a is
moved inward of the secondary chamber 422, the pres-
sure receiving plate 424a resists a biasing force of the
first spring 425 to press the axial portion 423b of the
valve 423 toward the primary chamber 421 (refer to
Fig. 6). As a result, the valve 423 is moved from the
closed position to the open position, and the pressure-
regulating-valve apparatus 42 switches from the sup-
ply-path closed state to the supply-path open state.
[0077] In other words, the diaphragm 424b contracts
and expands according to a change in pressure in the
secondary chamber 422, and the valve 423 opens and

closes the communication hole 42c according to the
contraction and expansion of the diaphragm 424b.
[0078] When the pressure-regulating-valve appara-
tus 42 switches from the supply-path closed state to
the supply-path open state, ink flows into the outflow
port 42b from the inflow port 42a through the primary
chamber 421, the communication hole 42c, and the
secondary chamber 422 (refer to Fig. 6).
[0079] On the other hand, when each ink-jet head 30
stops performing the ink ejecting process, the pressure
in the secondary chamber 422 is increased so that the
diaphragm 424b expands, and the pressure receiving
plate 424a returns to the reference position due to the
biasing force of the second spring 426. As a result, the
valve 423 is moved from the open position to the closed
position, and the pressure-regulating-valve apparatus
42 switches from the supply-path open state to the
supply-path closed state (refer to Fig. 5).
[0080] When the ink expelling apparatus 5 operates
in the ink ejecting apparatus 3, pressure in each ink-jet
head 30 is decreased suddenly. Accordingly, the pres-
sure-regulating-valve apparatus 42 may be damaged.
[0081] Fig. 7 is a timing chart showing a relationship
between a pump drive signal PD1, which is a drive
signal input by the suction pump 521, a valve control
signal VD1, which is a control signal input by the control
valve 523, and a head pressure P1. The head pressure
P1 is pressure in each ink-jet head 30.
[0082] In Fig. 7, a situation in which the pump drive
signal PD1 is at a low level indicates that the suction
pump 521 is stopped, and a situation in which the pump
drive signal PD1 is at a high level indicates that the
suction pump 521 is operating.
[0083] In Fig. 7, a situation in which the valve control
signal VD1 is at a low level indicates that the control
valve 523 is in the expelling-path closed state, and a
situation in which the valve control signal VD1 is at a
high level indicates that the control valve 523 is in the
expelling-path open state.
[0084] In other words, the operation of the ink expel-
ling apparatus 5 when the pump drive signal PD1
changes from a low level to a high level and the pump
drive signal PD1 further changes from a high level to a
low level under the situation in which the valve control
signal VD1 is at a low level is the warming-up move-
ment.
[0085] In addition, the operation of the ink expelling
apparatus 5 when the valve control signal VD1
changes from a low level to a high level is the expelling
movement.
[0086] As illustrated in Fig. 7, when the ink expelling
apparatus 5 operates, the head pressure P1 is de-
creased suddenly. Accordingly, the pressure-regulat-
ing-valve apparatus 42 may be damaged. In the pre-
sent embodiment, when the head pressure P1 is de-
creased suddenly, the diaphragm 424b of the pres-
sure-regulating-valve apparatus 42 may be damaged.
[0087] In the ink ejecting apparatus 3, the control ap-
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paratus 8 performs a process for preventing the pres-
sure-regulating-valve apparatus 42 from being da-
maged by the operation of the ink expelling apparatus
5.
[0088] In the present embodiment, the head adjust-
ment section 8c controls the plurality of ink-jet heads 30
when causing the ink expelling apparatus 5 to perform
the ink expelling process.
[0089] The head adjustment section 8c performs the
first movement control and ink expelling control accord-
ing to occurrence of a predetermined ink expelling
event. For example, the ink expelling event is an event
to input an ink expelling instruction through an opera-
tion apparatus not illustrated or through the communi-
cation device 84. The ink expelling event is an example
of a liquid expelling event.
[0090] The head adjustment section 8c performs the
first movement control and then performs the ink expel-
ling control.
[0091] A timing chart in Fig. 8 illustrates a relation-
ship between the operation of the suction pump 521,
the plurality of ink-jet heads 30, and the control valve
523 and the head pressure P1 when the head adjust-
ment section 8c performs the ink expelling control.
[0092] In the ink expelling control, the head adjust-
ment section 8c operates the plurality of ink-jet heads
30 and also causes the ink expelling apparatus 5 to
perform the ink expelling process.
[0093] Specifically, in the ink expelling control, the
head adjustment section 8c causes the ink expelling
apparatus 5 to perform the warming-up movement. In
Fig. 8, the period in which the pump drive signal PD1 is
at a high level is a period of the warming-up movement.
[0094] In the ink expelling control described above,
the head adjustment section 8c causes each ink-jet
head 30 to perform the ink ejecting process after the
warming-up movement of the ink expelling apparatus 5
is ended. In Fig. 8, the period in which an ejection con-
trol signal JC1 is at a high level is a period in which
each ink-jet head 30 is caused to perform the ink eject-
ing process.
[0095] The head adjustment section 8c causes the
ink expelling apparatus 5 to perform the expelling
movement, concurrently with the start of the ink eject-
ing process or following the start of the ink ejecting
process. The head adjustment section 8c causes the
ink expelling apparatus 5 to perform the expelling
movement to thereby cause the ink expelling apparatus
5 to perform the ink expelling process.
[0096] In Fig. 8, the time point at which the valve
control signal VD1 has changed from a low level to a
high level is a time point at which the expelling move-
ment has been performed. In the example illustrated in
Fig. 8, the head adjustment section 8c causes the ink
expelling apparatus 5 to perform the expelling move-
ment, following the start of the ink ejecting process.
The head adjustment section 8c causes the ink expel-
ling apparatus 5 to perform the expelling movement to

thereby cause the ink expelling apparatus 5 to perform
the ink expelling process.
[0097] As illustrated in Fig. 8, when each ink-jet head
30 performs the ink ejecting process, the head pres-
sure P1 is decreased by a degree necessary for the
pressure-regulating-valve apparatus 42 to switch to the
supply-path open state.
[0098] Therefore, when the ink expelling control is
performed, the ink expelling process is started in a
state in which ink can flow from the inflow port 42a to
the outflow port 42b of the pressure-regulating-valve
apparatus 42. As a result, the degree of decrease in
head pressure P1 when the ink expelling process is
started is mitigated (refer to Fig. 8).
[0099] The head adjustment section 8c further
causes the ink-jet head 30 to stop the ink ejecting pro-
cess, following the start of the ink expelling process. In
Fig. 8, the time point at which the ejection control signal
JC1 has changed from a high level to a low level is a
time point at which the ink ejecting process is stopped.
[0100] The ink ejecting process is stopped immedi-
ately after the start of the ink expelling process, so that
unnecessary power consumption by the plurality of
piezoelectric elements 32 is avoided.
[0101] The ink ejecting apparatus 3 is adopted, so
that the pressure-regulating-valve apparatus 42 can be
prevented from being damaged due to the operation of
the ink expelling apparatus 5.

Modified Examples

[0102] The configuration of the ink ejecting apparatus
3 described above may be applied to another liquid
ejecting apparatus that ejects liquid other than ink.
[0103] It is to be understood that the embodiments
herein are illustrative and not restrictive, since the
scope of the disclosure is defined by the appended
claims.

Claims

1. A liquid ejecting apparatus (3), comprising:

a liquid storage (40) that stores therein liquid;
a liquid ejecting head (30) that includes a plur-
ality of nozzles (31), is supplied with the liquid
from the liquid storage (40) through a supply
path (41), and is capable of performing a liquid
ejecting process to eject liquid drops from
each of the plurality of nozzles (31);
a pressure-regulating-valve apparatus (42)
that includes a valve (423) capable of shutting
off the supply path (41) and temporarily
switches from a certain state to another state
according to a change in pressure caused in
the supply path (41) due to the liquid drops
being ejected by the liquid ejecting head (30),

5

10

15

20

25

30

35

40

45

50

55



8

13 EP 4 825 593 A1 14

the certain state being a state in which the
supply path (41) is shut off using the valve
(423), the other state being a state in which
the shutoff of the supply path (41) using the
valve (423) is canceled;
a liquid expelling apparatus (5) that includes a
cap (51) capable of covering the plurality of
nozzles (31), and is capable of performing a
liquid expelling process to expel the liquid from
the liquid ejecting head (30) through the cap
(51) by sucking in air from the cap (51) cover-
ing the plurality of nozzles (31); and
a control apparatus (8) that causes the liquid
ejecting head (30) to perform the liquid eject-
ing process according to occurrence of a liquid
expelling event and causes the liquid expelling
apparatus (5) to perform the liquid expelling
process, concurrently with start of the liquid
ejecting process or following the start of the
liquid ejecting process.

2. The liquid ejecting apparatus (3) according to claim
1, wherein
the control apparatus (8) causes the liquid ejecting
head (30) to stop the liquid ejecting process, fol-
lowing the start of the liquid ejecting process.

3. The liquid ejecting apparatus (3) according to claim
1 or 2, wherein the liquid expelling apparatus (5)
includes

a suction pump (521),
an expelling path (520) that communicates
with an interior of the cap (51) and with the
suction pump (521),
a buffer tank (522) that is arranged in the ex-
pelling path (520) between the cap (51) and
the suction pump (521) and temporarily stores
therein air and the liquid that flow through the
expelling path (520), and
a control valve (523) that is arranged in the
expelling path (520) between the cap (51) and
the buffer tank (522) and is capable of switch-
ing between an expelling-path closed state
and an expelling-path open state according to
an input control signal, the expelling-path
closed state being a state in which the expel-
ling path (520) is shut off, the expelling-path
open state being a state in which the shutoff of
the expelling path (520) being canceled, and

the liquid expelling apparatus (5) performs the li-
quid expelling process by a warming-up movement
and an expelling movement, the warming-up
movement being a movement to operate and
further stop the suction pump (521) when the con-
trol valve (523) is in the expelling-path closed state,
the expelling movement being a movement to

switch the control valve (523) from the expelling-
path closed state to the expelling-path open state
after the warming-up movement is performed.

4. The liquid ejecting apparatus (3) according to any
one of claims 1 to 3, wherein

the pressure-regulating-valve apparatus (42)
includes
a primary chamber (421) that includes an in-
flow port (42a) into which the liquid flows,
a secondary chamber (422) that includes an
outflow port (42b) from which the liquid flows,
and includes an opening (42d),
a cover member (424) that covers the opening
(42d) and includes a diaphragm (424b) that
contracts and expands according to a change
in pressure in the secondary chamber (422),
and
the valve (423) that opens and closes a com-
munication hole (42c) according to the con-
traction and expansion of the diaphragm
(424b), the communication hole (42c) being
formed in a partition between the primary
chamber (421) and the secondary chamber
(422).

5. An ink-jet recording apparatus (10), comprising:

a sheet transportation apparatus (2) that trans-
ports a sheet; and
the liquid ejecting apparatus (3) according to
any one of claims 1 to 4, the liquid ejecting
apparatus (3) ejecting ink drops onto the trans-
ported sheet to form an image on the sheet.
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