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(57)  Thisliquid ejecting apparatus includes an eject-
ing head (20), a liquid reservoir, a pressurizing part for
the liquid reservoir, a supply passage, and an outlet pas-
sage. The ejecting head (20) includes a liquid flow pas-
sage (22), liquid filling chambers (23, 24) in communica-
tion with the liquid flow passage (22), and a plurality of
nozzles (44) provided for the respective liquid filling
chambers (24). When the pressurizing part performs
pressurization, with the communication through the out-
let passage ensured, a liquid in the liquid reservoir flows
through the supply passage and is supplied through a
supply port (221) to the liquid flow passage (22). Part of
the liquid supplied to the liquid flow passage (22) is
drained through an outlet port (222). This produces flows
of liquid different from those produced during the ejection
of the liquid from the nozzles (44) and directed from the
supply port (221) toward the outlet port (222). Thus, pre-
cipitable ingredients accumulated in the liquid flow pas-
sage (22) are efficiently dispersed. That is, the accumu-
lation of the precipitable ingredients in the ejecting head
(20) is efficiently eliminated in the liquid ejecting appara-
tus capable of controlling the ejection of the liquid from
the nozzles (44).

FLUID DISCHARGE DEVICE AND CONTROL METHOD THEREFOR
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Description
Technical Field

[0001] The presentinvention relates to aliquid ejecting
apparatus and a method of controlling the same.

Background Art

[0002] A liquid ejecting apparatus including a plurality
of nozzles and an ejecting head capable of controlling
the ejection of droplets from the nozzles has heretofore
been known (Japanese Patent Application Laid-Open
No. 2013-193008, for example).

[0003] In the liquid ejecting apparatus (printing appa-
ratus) disclosed in Japanese Patent Application Laid-
Open No. 2013-193008, an ejecting head includes a plu-
rality of pressure chambers, and a plurality of nozzles
provided in the respective pressure chambers. Ink in the
pressure chambers is jetted out of the nozzles by the
deformation of piezoelectric elements provided in the re-
spective pressure chambers. The ejecting head further
includes a liquid flow passage (ink chamber) in commu-
nication with the pressure chambers and serving as a
supply path for supplying the ink from an ink supply
source to the pressure chambers (paragraph 0021 and
Fig. 3).

Citation List
Patent Literature

[0004] Patent Literature 1: Japanese Patent Applica-
tion Laid-Open No. 2013-193008

Summary of Invention
Technical Problem

[0005] When such an ejecting head ejects a liquid con-
taining precipitable ingredients after a prolonged pause,
the precipitable ingredients are prone to precipitate in the
liquid flow passage and in the pressure chambers. The
precipitation of the precipitable ingredients in the liquid
flow passage might give rise to a problem such that flow
passages are narrowed down by the precipitable ingre-
dients near communication ports which provide commu-
nication between the liquid flow passage and the pres-
sure chambers.

[0006] To solve the problem of the precipitation in the
ejecting head, what is called a purge is conventionally
performed. In general, known examples of the purge in-
clude a pressurized purge such that pressure is applied
to the interior of the ejecting head to force a liquid out of
the nozzles, and a suction purge such that an external
apparatus connected to the nozzles sucks a liquid in the
ejecting head out of the nozzles.

[0007] In the conventional purge operation, the flow
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rate and flow speed of ink in the ejecting head are much
higher than those in a normal ink ejecting operation, but
flows of ink are produced in the same direction as in the
normal ink ejecting operation. Thus, in regions in the lig-
uid flow passage of the ejecting head where flows of ink
are less prone to be produced in the normal ink ejecting
operation, that is, where the accumulation of the precip-
itable ingredients is prone to occur, flows of ink are less
prone to be produced also in the purge operation, so that
the accumulation of the precipitable ingredients is less
prone to be eliminated.

[0008] In view of the foregoing, it is an object of the
present invention to provide a technique capable of effi-
ciently eliminating the accumulation of precipitable ingre-
dients in a liquid flow passage of an ejecting head.

Solution to Problem

[0009] To solve the aforementioned problem, afirst as-
pect of the presentinvention is intended for a liquid eject-
ing apparatus comprising: an ejecting head having a plu-
rality of nozzles for ejecting a liquid; a liquid reservoir for
storing the liquid therein; a pressurizing part for pressu-
rizing the interior of the liquid reservoir; a supply passage
for supplying the liquid from the liquid reservoir to the
ejecting head; an outlet passage for draining the liquid
from the interior of the ejecting head; an open/close part
provided in the outlet passage and switchable between
an open position in which the communication through the
outlet passage is ensured and a closed position in which
the communication through the outlet passage is closed
off; and a controller for controlling the pressurizing part
and the open/close part, the ejecting head including a
liquid flow passage having a supply port in communica-
tion with the supply passage, and an outlet port in com-
munication with the outlet passage, a liquid filling cham-
ber having a communication port in communication with
the liquid flow passage, and the nozzles each having a
first end in communication with the liquid filling chamber
and a second end exposed to the outside of the ejecting
head, the controller causing the pressurizing part to per-
form the pressurization while holding the open/close part
in the open position, wherein, when the pressurization is
performed, the liquid stored in the liquid reservoir is sup-
plied through the supply passage to the liquid flow pas-
sage, and at least part of the liquid supplied to the liquid
flow passage is drained through the outlet port to the
outlet passage.

[0010] A second aspect of the present invention is in-
tended for the liquid ejecting apparatus according to the
first aspect wherein the liquid filling chamber includes: a
first liquid filling chamber having the communication port
in direct communication with the liquid flow passage; and
a plurality of second liquid filling chambers in direct or
indirect communication with the first liquid filling chamber
and each in communication with a single one of the noz-
Zles.

[0011] A third aspect of the present invention is intend-
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ed for the liquid ejecting apparatus according to the sec-
ond aspect wherein the second liquid filling chambers
include respective pressure generating elements, and
wherein, when the pressure generating elements are
driven, pressure is applied to the interior of the second
liquid filling chambers to eject the liquid in the form of
droplets from the nozzles.

[0012] A fourth aspect of the present invention is in-
tended for the liquid ejecting apparatus according to any
one of the first to third aspects wherein, when the pres-
surization is performed, the liquid stored in the liquid res-
ervoir is supplied through the supply passage to the liquid
flow passage; part of the liquid supplied to the liquid flow
passage is drained through the outlet port to the outlet
passage; and another part of the liquid supplied to the
liquid flow passage is ejected from the nozzles through
the liquid filling chamber.

[0013] A fifth aspect of the present invention is intend-
ed fortheliquid ejecting apparatus according to the fourth
aspect wherein, when the pressurization is performed,
the flow rate of the liquid drained from the liquid flow
passage through the outlet port to the outlet passage is
higher than the total flow rate of the liquid ejected from
the nozzles.

[0014] Asixthaspectof the presentinvention is intend-
ed for a method of controlling a liquid ejecting apparatus,
the liquid ejecting apparatus including an ejecting head
having a plurality of nozzles for ejecting a liquid, a liquid
reservoir for storing therein the liquid to be supplied
through a supply passage to the ejecting head, an outlet
passage for draining the liquid from the ejecting head,
and a pressurizing part for pressurizing the interior of the
liquid reservoir, wherein the pressurizing part is caused
to perform the pressurization while an open/close part
provided in the outlet passage is held in an open position
to ensure the communication through the outlet passage,
and wherein, when the pressurization is performed, the
liquid stored in the liquid reservoir is supplied through the
supply passage to a liquid flow passage in the ejecting
head, and at least part of the liquid supplied to the liquid
flow passage is drained to the outlet passage.

[0015] A seventh aspect of the present invention is in-
tended for the method of controlling a liquid ejecting ap-
paratus according to the sixth aspect wherein the ejecting
head includes the liquid flow passage having a supply
port in communication with the supply passage, and an
outlet port in communication with the outlet passage, a
liquid filling chamber having a communication port in
communication with the liquid flow passage, and the noz-
zles each having a first end in communication with the
liquid filling chamber and a second end exposed to the
outside of the ejecting head, and wherein, when the pres-
surization is performed, part of the liquid supplied to the
liquid flow passage is drained through the outlet port to
the outlet passage, and another part of the liquid supplied
to the liquid flow passage is ejected from the nozzles
through the liquid filling chamber.

[0016] An eighth aspect of the present invention is in-
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tended for the method of controlling a liquid ejecting ap-
paratus according to the seventh aspect wherein, when
the pressurization is performed, the flow rate of the liquid
drained from the liquid flow passage through the outlet
port to the outlet passage is higher than the total flow
rate of the liquid ejected from the nozzles.

Advantageous Effects of Invention

[0017] According to the first to eighth aspects of the
present invention, the pressurizing part performs the
pressurization to thereby produce flows of liquid directed
toward the outlet passage in the liquid flow passage. That
is, when the pressurization is performed, the flows of lig-
uid different in direction from those produced during the
normal liquid ejection toward the nozzles are produced
in the liquid flow passage. Thus, the precipitable ingre-
dients accumulated in the liquid flow passage are effi-
ciently dispersed.

[0018] In particular, according to the fourth and sev-
enth aspects, the pressurizing part performs the pressur-
ization to thereby produce flows of liquid directed from
the supply port toward the outlet port in the liquid flow
passage and to produce flows of liquid directed from the
liquid flow passage through the liquid filling chamber and
ejected from the nozzles. Thus, the precipitable ingredi-
ents accumulated in the liquid flow passage are dis-
persed. At the same time, the precipitable ingredients in
the liquid filling chamber are eliminated.

[0019] In particular, according to the fifth and eighth
aspects, the flow rate of the liquid directed from the supply
port toward the outlet port is sufficiently ensured in the
liquid flow passage. Thus, the precipitable ingredients
accumulated in the liquid flow passage are dispersed
more efficiently.

Brief Description of Drawings
[0020]

[fig. 1] Fig. 1 is a diagram conceptually illustrating
the configuration of a recording apparatus according
to one embodiment.

[fig. 2] Fig. 2 is a vertical sectional view of a recording
head according to the one embodiment.

[fig. 3] Fig. 3 is a sectional view of the recording head
taken along the line A-A according to the one em-
bodiment.

[fig. 4] Fig. 4 is a block diagram showing an ink supply
system in the recording apparatus according to the
one embodiment.

[fig. 5] Fig. 5 is a flow diagram showing a procedure
for a recovery step according to the one embodi-
ment.

[fig. 6] Fig. 6 is a view showing the recovery step
according to the one embodiment.
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Description of Embodiments

[0021] Anembodimentaccording to the presentinven-
tion will now be described with reference to the drawings.
A direction in which printing paper 9 is transported is re-
ferred to hereinafter as a "transport direction".

<1. Configuration of Recording Apparatus>

[0022] Fig. 1 is a diagram conceptually illustrating the
configuration of a recording apparatus 1 which is one
embodiment of a liquid ejecting apparatus according to
the present invention. Fig. 2 is a vertical sectional view
of arecording head 20 in the recording apparatus 1. Fig.
3 is a sectional view of the recording head 20 taken along
the line A-A. Fig. 4 is a block diagram showing an ink
supply system in the recording apparatus 1.

[0023] This recording apparatus 1 is an inkjet printing
apparatus which records a color image on the printing
paper 9 that is an elongated strip-shaped recording me-
dium by ejecting ink droplets from a plurality of recording
heads 20 onto the printing paper 9 while transporting the
printing paper 9. The recording apparatus 1 is capable
of performing an image recording step in which an image
is recorded on the printing paper 9, and a recovery step
in which the maintenance of the recording heads 20 is
carried out.

[0024] As shown in Figs. 1 and 2, the recording appa-
ratus 1 includes a transport mechanism 10, the four re-
cording heads 20, and a cap mechanism 30 which are
parts related to the image recording step. As shown in
Fig. 4, the recording apparatus 1 further includes an ink
tank 51, a pump 52, a pressure tank 53, and piping 60
which serve as an ink supply system for supplying ink to
each of the recording heads 20. The recording apparatus
1 further includes a controller 80 for controlling the afore-
mentioned parts.

[0025] First, the parts related to the image recording
step in the recording apparatus 1 will be described with
reference to Figs. 1 to 3.

[0026] The transport mechanism 10 is a mechanism
for transporting the printing paper 9 in the transport di-
rection that is the longitudinal direction of the printing
paper 9. The transport mechanism 10 according to the
presentembodiment includes an unwinder 11, a plurality
of rollers 12 and a winder 13.

[0027] A motor (not shown) serving as a power source
is coupled to the unwinder 11, the plurality of rollers 12
andthe winder 13. The unwinder 11, the plurality of rollers
12 and the winder 13 rotate when the controller 80 drives
the motor. The printing paper 9 is accordingly unwound
from the unwinder 11, and is transported along a trans-
port path formed by the rollers 12 to the winder 13.
[0028] Each of the rollers 12 rotates about a horizontal
axis to guide the printing paper 9 downstream in the trans-
port direction. The printing paper 9 comes in contact with
the rollers 12, so that tension is applied to the printing
paper 9. After being transported, the printing paper 9 is
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wound and collected on the winder 13.

[0029] The four recording heads 20 are arranged in
spaced apart relation in the transport direction over the
transport path of the printing paper 9. The four recording
heads 20 are ejecting heads for ejecting ink droplets of
yellow (Y), magenta (M), cyan (C) and black (K) onto the
upper surface of the printing paper 9.

[0030] The recording apparatus 1 according to the
present embodiment is what is called a one-pass type
recording apparatus which records a desired image pat-
tern on the printing paper 9 by ejecting ink droplets from
the recording heads 20 while the printing paper 9 passes
under the recording heads 20 only once. Only the struc-
ture of one of the recording heads 20 will be described
below because the four recording heads 20 are substan-
tially similar in structure to each other.

[0031] As shown in Figs. 2 and 3, one recording head
20 includes a housing 21, an ink flow passage 22 pro-
vided in the housing 21, a plurality of ink chambers 23
provided in the housing 21, and a plurality of pressure
chambers 24 provided in the housing 21.

[0032] Theinkflow passage 22 is aliquid flow passage
which is primarily filled with ink supplied from the outside
of the recording head 20. As shown in Fig. 3, the ink flow
passage 22 is provided with a supply port 221 and an
outlet port 222. Flows of ink through the supply port 221
and the outlet port 222 will be described later.

[0033] Eachoftheinkchambers 23 is afirstliquid filling
chamber which is filled with ink secondarily in the record-
ing head 20. As shown in Fig. 3, the recording head 20
according to the present embodiment includes three ink
chambers 23. As shown in Figs. 2 and 3, each of the ink
chambers 23 is in communication with the ink flow pas-
sage 22 through a first communication port 41. The first
communication port 41 is provided with a filter 411 for
filtering out solid components such as impurities con-
tained in the ink. A perforated metal having small perfo-
rations is used for the filter 411 in the present embodi-
ment, but filters of other configurations may be used as
the filter 411.

[0034] Each of the pressure chambers 24 is a second
liquid filling chamber which is filled with ink tertiarily in
the recording head 20. As shown in Fig. 2, each of the
pressure chambers 24 includes a second communication
port 42, a pressure generating element 43, and a nozzle
44. Although the pressure chambers 24 in the present
embodiment are disposed under the ink chambers 23,
the pressure chambers 24 may be disposed on the same
level as the ink chambers 23.

[0035] The second communication ports 42 respec-
tively provide communication between the interior of the
respective pressure chambers 24 and the interior of the
ink chambers 23. The second communication ports 42
are disposed under each of the ink chambers 23. That
is, each of the ink chambers 23 is in communication with
the plurality of pressure chambers 24. When the pressure
inthe pressure chambers 24 is decreased, ink is supplied
from the ink chambers 23 through the second communi-
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cation ports 42 to the pressure chambers 24.

[0036] The pressure generating element 43 is dis-
posed at the upper wall surface of each of the pressure
chambers 24. The nozzle 44 is disposed at the lower wall
surface of each of the pressure chambers 24 to provide
communication between each pressure chamber 24 and
exterior space. When no ink is ejected, a liquid surface
of ink forms a meniscus inside the nozzle 44. The nozzle
44 has a lower end portion which is exposed at the lower
surface of the housing 21.

[0037] Theindividual nozzles 44 of the recording head
20 are arranged two-dimensionally at the lower surface
of the housing 21. In the recording head 20 shown in
Figs. 2and 3, the nozzles 44 are shown as arranged one-
dimensionally at the lower surface of the housing 21 for
the purpose of facilitating the illustration. The individual
nozzles 44 are staggered or offset in a direction orthog-
onal to the transport direction, so that each of the nozzles
44 is assigned to a region having a width of one pixel on
the printing paper 9.

[0038] Therecording head 20 according to the present
embodiment is an ejecting head of what is called a pie-
zoelectric type. Thus, the pressure generating element
43 according to the present embodiment is a piezoelec-
tric element. When an ejection signal that is an electric
signal is sent from the controller 80 to one of the pressure
generating elements 43, the pressure generating ele-
ment 43 is deformed to exert pressure on the ink which
fills one of the pressure chambers 24. When the pressure
in the pressure chamber 24 is increased, the ink in the
pressure chamber 24 is ejected in the form of droplets
from the nozzle 44.

[0039] The recording heads according to the present
invention are not limited to those of a piezoelectric type.
For example, the recording heads according to the
presentinvention may be whatis called thermalrecording
heads in which a heater used as the pressure generating
element heats the liquid in each pressure chamber to
generate bubbles, thereby increasing the pressure in
each pressure chamber.

[0040] As shown in Fig. 2, the cap mechanism 30 in-
cludes a cap 31 and a cap moving mechanism 32. The
cap 31 covers a surface of the recording head 20 which
has the nozzles 44 for a time period during which the
recording head 20 performs no recording on the printing
paper 9. This suppresses the evaporation of a solvent of
the ink from the meniscus surfaces of the ink formed in
the nozzles 44 for the time period during which no re-
cording is performed on the printing paper 9, which in
turn results in the solidification or agglomeration of the
ink near the nozzles 44.

[0041] The cap 31 includes an ink drain mechanism
311. This allows the ejection of ink from the nozzles 44
while the cap 31 covers the nozzles 44. After being eject-
ed from the recording head 20 toward the cap 31, the ink
is drained from the interior of the cap 31 through the ink
drain mechanism 311.

[0042] The cap moving mechanism 32 places the cap
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31 at a nozzle-facing position under the recording head
20 for the time period during which the recording head
20 performs no recording on the printing paper 9. When
the recording head 20 performs the recording on the print-
ing paper 9, on the other hand, the cap moving mecha-
nism 32 moves the cap 31 to a standby position (indicated
by broken lines in Fig. 2) which does not vertically overlap
the recording head 20 before the start of an image re-
cording step. After the completion of the image recording
step, the cap moving mechanism 32 moves the cap 31
to the nozzle-facing position under the recording head
20, so that the nozzles 44 are covered with the cap 31.
[0043] Although the cap 31 placed at the nozzle-facing
position covers the nozzles 44 in the present embodi-
ment, the present invention is not limited to this. When
ink which is less prone to cause the problem of the evap-
oration from the meniscus surfaces is used, the cap 31
need not fully cover the nozzles 44. Although the cap 31
shown in Fig. 2 does not cover the entire lower surface
of the recording head 20, the cap 31 may cover the entire
lower surface of the recording head 20.

[0044] When the recording apparatus 1 executes the
image recording step, ink droplets are ejected from the
nozzles 44 onto the upper surface of the printing paper
9 while the transport mechanism 10 transports the print-
ing paper 9.

[0045] InFigs. 2 and 3, only the three ink chambers 23
and the eighteen pressure chambers 24 are shown as
provided in the housing 21 of the recording head 20 for
the purpose of facilitating the illustration. However, the
number of ink chambers 23 in one recording head 20
may be one, two or greater than three. The number of
pressure chambers 24 in communication with each of
the ink chambers 23 may be greater than or less than six
shown in the present embodiment.

[0046] In each actual recording head 20, the nozzles
44 are positioned in opposed relation to the substantially
full width of the upper surface of the printing paper 9. This
allows each actual recording head 20 to ejectink droplets
across the substantially full width of the upper surface of
the printing paper 9.

[0047] The plurality of recording heads 20 may be used
to record ink droplets of the same color onto the printing
paper 9. For example, two or more recording heads 20
which eject ink droplets of the same color may be dis-
posed in combination along the width of the printing paper
9 to thereby eject ink droplets of that color across the
substantially full width of the upper surface of the printing
paper 9.

[0048] The four recording heads 20 corresponding to
the respective colors sequentially perform such a proc-
ess of ejecting ink droplets to thereby form a color pattern
on the upper surface of the printing paper 9.

[0049] The controller 80 is a section for controlling the
operations of each part in the recording apparatus 1. As
conceptually shown in Fig. 1, the controller 80 according
to the present embodiment includes a computer having
an arithmetic processor 81 such as a CPU, a memory 82
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such as a RAM, and a storage part 83 such as a hard
disk drive. As shown in Figs. 1, 2 and 4, the controller 80
is electrically connected to the transport mechanism 10;
the pressure generating elements 43, the ink drain mech-
anisms 311 and the cap moving mechanisms 32 of the
four recording heads 20; and the pump 52, a pressure
regulating part 531, a liquid level sensor 532, an on-off
valve 611 and an on-off valve 631 which are to be de-
scribed later.

[0050] The controller 80 temporarily reads a computer
program 831 and data 832 which are stored in the storage
part 83 onto the memory 82. The arithmetic processor
81 performs arithmetic processing based on the compu-
ter program 831 and the data 832, so that the controller
80 controls the operations of the parts in the recording
apparatus 1. Thus, the image recording process and a
recovery step to be described later in the recording ap-
paratus 1 proceed. It should be noted that the controller
80 may be formed by electronic circuitry.

[0051] For the recording of an image pattern on the
upper surface of the printing paper 9, the controller 80
controls the ejection of ink droplets from the nozzles 44.
Thus, the controller 80 controls the ejection position and
ejection rate of ink droplets from the nozzles 44 in the
image recording step.

[0052] In the present embodiment, the control of the
ejection position of ink droplets is exercised by controlling
the ejection timing of the ink droplets from the nozzles
44. In the present embodiment, ink droplets are ejected
from the nozzles 44 while the printing paper 9 is trans-
ported at a constant speed. While passing under the re-
cording heads 20, the printing paper 9 receives ink drop-
lets ejected from predetermined nozzles 44 of each of
the recording heads 20. Thus, the impact positions of ink
droplets on the printing paper 9 in the transport direction
are determined by the ejection timing of the ink droplets
from the nozzles 44.

[0053] In the present embodiment, the ejection rate
and ejection timing of ink droplets are controlled by an
ejection signal sent from the controller 80 to the pressure
generating elements 43. The controller 80 generates the
ejection signal to be outputted to the pressure generating
elements 43, based on an inputted image pattern and
positional information about the printing paper 9. Other
operations of the controller 80 will be described later.
[0054] The controller 80 according to the present em-
bodiment may select the ink droplets for ejection from
the nozzles 44 from among ink droplets of three types of
liquid volumes: large, medium and small sizes. Specifi-
cally, in the image recording step, the controller 80 de-
termines the ejection timing, and selects the liquid vol-
ume size to determine the ejection rate, thereby gener-
ating the ejection signal to be outputted to the pressure
generating elements 43.

[0055] Next, the system for supplying ink to the record-
ing head 20 will be described with reference to Fig. 4. As
mentioned above, the recording apparatus 1 includes the
ink tank 51, the pump 52, the pressure tank 53, and the
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piping 60 which serve as the ink supply system for sup-
plying ink to the recording head 20. The piping 60 in-
cludes a first supply pipe 61 which connects the ink tank
51 and the pressure tank 53, a second supply pipe 62
which connects the pressure tank 53 and the recording
head 20, and a return pipe 63 which connects the record-
ing head 20 and the ink tank 51.

[0056] Theinktank51 is aliquid reservoir which stores
theinktherein. Theink storedin the inktank 51 is supplied
through the first supply pipe 61 to the pressure tank 53.
The first supply pipe 61 has a first end connected to and
communicated with the interior of the ink tank 51 near
the lower end portion of the ink tank 51, and a second
end connected to and communicated with the interior of
the pressure tank 53.

[0057] Thepumpb52isaliquidtransportpartinterposed
in the first supply pipe 61. The pump 52 produces a flow
of ink directed from the ink tank 51 toward the pressure
tank 53 in the first supply pipe 61 in accordance with an
operation signal from the controller 80. Thus, the ink
stored in the ink tank 51 is supplied to the pressure tank
53.

[0058] Inthe presentembodiment, the on-off valve 611
and a filter 612 are further interposed in the first supply
pipe 61. The on-off valve 611 is disposed between the
ink tank 51 and the pump 52. The filter 612 is disposed
between the pump 52 and the pressure tank 53.

[0059] When the on-off valve 611 is in a closed posi-
tion, the communication through the first supply pipe 61
is closed off. That is, when the on-off valve 611 is in the
closed position, the communication between the ink tank
51 and the pressure tank 53 is closed off. On the other
hand, when the on-off valve 611 is in an open position,
the communication through the first supply pipe 61 is
ensured. The on-off valve 611 is normally in the closed
position, and is brought into the open position only when
the pump 52 is put into operation to supply ink from the
ink tank 51 to the pressure tank 53. This prevents pres-
sure fluctuation in the pressure tank 53 from exerting
influence on the ink tank 51.

[0060] The filter 612 removes solid components and
foreign materials contained in the ink passing through
the first supply pipe 61. This suppresses the contamina-
tion of solid components and foreign materials in the ink
supplied to the pressure tank 53 and the recording head
20.

[0061] The pressure tank 53 is a liquid reservoir which
temporarily stores therein the ink to be supplied to the
recording head 20. The pressure tank 53 includes the
pressure regulating part 531 and the liquid level sensor
532. The pressure regulating part 531 is a mechanism
for regulating the pressure in the pressure tank 53. That
is, the pressure regulating part 531 forms a pressurizing
part which pressurizes the interior of the pressure tank
53.

[0062] The liquid level sensor 532 is a sensor for de-
tecting the liquid level of the ink stored in the pressure
tank 53. Upon judging that the liquid level of the ink stored
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in the pressure tank 53 is lower than a predetermined
first vertical position, based on a signal from the liquid
level sensor 532, the controller 80 opens the on-off valve
611 into the open position, and puts the pump 52 into
operation. Upon judging that the liquid level of the ink
stored in the pressure tank 53 is higher than a predeter-
mined second vertical position, based on the signal from
the liquid level sensor 532, the controller 80 stops the
pump 52, and closes the on-off valve 611 into the closed
position. Thus, the liquid level in the pressure tank 53 is
adjusted to within a previously determined fixed range.
In the present embodiment, the second vertical position
is higher than the first vertical position. However, the first
vertical position and the second vertical position may be
the same position.

[0063] The pressure tank 53 is connected through the
second supply pipe 62 to the recording head 20. The
second supply pipe 62 has a first end connected to and
communicated with the interior of the pressure tank 53
near the lower end portion of the pressure tank 53, and
a second end connected to the supply port 221 of the
recording head 20. Thus, the interior of the pressure tank
53 is connected through the second supply pipe 62 and
the supply port 221 to the ink flow passage 22 of the
recording head 20.

[0064] That is, the pressure tank 53 is indirectly con-
nected to and communicated with the ink flow passage
22, the ink chambers 23 and the pressure chambers 24
through the second supply pipe 62. Thus, the pressure
inthe recording head 20 is adjusted by adjusting the pres-
sure in the pressure tank 53. In this manner, the second
supply pipe 62 forms a supply passage which supplies
the ink from the pressure tank 53 to the recording head
20.

[0065] Pressure in the pressure chambers 24 is ad-
justed in the image recording step and during a waiting
time period except the recovery step so that ink menisci
are formed in the nozzles 44. In the present embodiment,
the pressure in the pressure tank 53 is adjusted so that
the pressure in the ink chambers 23 is a negative pres-
sure because the pressure chambers 24 are disposed
under the ink flow passage 22 and the ink chambers 23.
[0066] The return pipe 63 has a first end connected to
the outlet port 222 of the recording head 20, and a second
end connected for communication with the interior of the
ink tank 51. This causes the ink drained from the ink flow
passage 22 of the recording head 20 through the outlet
port 222 thereof to flow back to the ink tank 51. That is,
the return pipe 63 forms an outlet passage which drains
the ink from the interior of the recording head 20.
[0067] The on-off valve 631 and a filter 632 are inter-
posed in the return pipe 63. When the on-off valve 631
is in a closed position, the communication through the
return pipe 63 is closed off. That is, when the on-off valve
631 isinthe closed position, the communication between
the ink flow passage 22 of the recording head 20 and the
ink tank 51 is closed off. In that case, the ink is not drained
from the interior of the recording head 20 through the
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outlet port 222 thereof.

[0068] On the other hand, when the on-off valve 631
is in an open position, the communication through the
return pipe 63 is ensured. When the pressure in the ink
flow passage 22 is higher than a predetermined pressure
and the on-off valve 631 is in the open position, the ink
is drained from the interior of the ink flow passage 22
through the outlet port 222 to the return pipe 63. The ink
drained through the outlet port 222 flows through the on-
off valve 631, and is then filtered by the filter 632 so that
solid components and the like are removed from the ink.
Thereafter, the ink flows back to the ink tank 51. In this
manner, the on-off valve 631 forms an open/close part
provided in the return pipe 63 serving as the outlet pas-
sage and switchable between the open position and the
closed position.

[0069] The on-off valve 631 is in the closed position in
the image recording step and during the waiting time pe-
riod except the recovery step. This prevents the ink from
flowing from the return pipe 63 through the outlet port
222 into the ink flow passage 22 even when the pressure
in the pressure tank 53 is adjusted so that the pressure
in the ink chambers 23 is the negative pressure.

[0070] The ejection of ink droplets by means of the
pressure generating elements 43 causes a temporary
decrease in the pressure in the pressure chambers 24
after the ink ejection. Then, the pressure chambers 24
are replenished with the ink from the ink chambers 23.
Thus, the ink is supplied from the ink flow passage 22 to
the ink chambers 23, and is further supplied from the
pressure tank 53 through the second supply pipe 62 to
the ink flow passage 22.

<2. Recovery Step>

[0071] Next, the recovery step of each of the recording
heads 20 in the recording apparatus 1 will be described
with reference to Figs. 3 to 6. Fig. 5 is a flow diagram
showing a procedure for the recovery step according to
the present embodiment. Fig. 6 is a view showing one
recording head 20 in the recovery step according to the
present embodiment.

[0072] In the recording apparatus 1 according to the
present embodiment, the ink ejected from the recording
head 20 contains precipitable ingredients. For this rea-
son, precipitable ingredients 200 precipitate downwardly
and accumulate in the ink flow passage 22 of the record-
ing head 20, as shown in Fig. 3, if no ink is ejected for a
long period of time.

[0073] When ink droplets are ejected from the nozzles
44 by means of the pressure generating elements 43, for
example, in the image recording step, spitting or flushing,
flows of ink directed from the interior of the ink flow pas-
sage 22 through the first communication ports 41 toward
the ink chambers 23 are produced in the ink flow passage
22, as indicated by solid arrows in Fig. 3. In this case,
the precipitable ingredients 200 accumulated near the
first communication ports 41 are removed to some extent,
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but it is difficult to eliminate all of the precipitable ingre-
dients 200 accumulated in the entire ink flow passage
22. To solve such a problem, the recovery step to be
described below is performed in the present invention.
The recovery step according to the present embodiment
is a kind of what is called pressurized purge which cleans
the interior of the recording head 20 by pressurizing the
interior of the recording head 20. The procedure for the
recovery step will be described with reference to Fig. 5.
[0074] First, the nozzles 44 and the cap 31 are brought
into opposed relation (Step S101). Specifically, the con-
troller 80 operates the cap moving mechanism 32 to place
the cap 31 at the nozzle-facing position. This causes the
ink ejected from the nozzles 44 to be directed toward the
interior of the cap 31 in Step S 103 to be described later.
[0075] Next, the controller 80 opens the on-off valve
631 shown in Fig. 4 into the open position (Step S102).
This allows the ink to be drained from the interior of the
ink flow passage 22 of the recording head 20 through the
outlet port 222 and the return pipe 63.

[0076] Then, when the on-off valve 631 is in the open
position to ensure the communication through the return
pipe 63, the pressure regulating part 531 pressurizes the
interior of the pressure tank 53 (Step S103). After the
pressure regulating part 531 performs the pressurization,
the ink stored in the pressure tank 53 is supplied through
the second supply pipe 62 to the ink flow passage 22 of
the recording head 20. This increases the pressure in
the ink flow passage 22.

[0077] Theincrease inthe pressureinthe ink flow pas-
sage 22 causes part of the ink supplied to the ink flow
passage 22 to be drained through the outlet port 222 to
the return pipe 63. The ink drained to the return pipe 63
is filtered by the filter 632 so that foreign materials are
removed from the ink. The filtered ink is supplied to the
ink tank 51.

[0078] After the ink is drained from the interior of the
ink flow passage 22 to the return pipe 63, flows of ink
directed from the supply port 221 toward the outlet port
222 are produced, as indicated by hollow arrows in Fig.
6. Thus, the precipitable ingredients 200 accumulated in
a lower part of the interior of the ink flow passage 22 are
dispersed by the flows of ink. That is, the accumulation
of the precipitable ingredients 200 in the ink flow passage
22 is eliminated.

[0079] Also, the increase in the pressure in the ink flow
passage 22 causes another part of the ink supplied to
the ink flow passage 22 to flow through the ink chambers
23 and the pressure chambers 24 and to be ejected from
the nozzles 44, as indicated by solid arrows in Fig. 6.
[0080] The controller 80 operates the ink drain mech-
anism 311 during a time interval between an instant be-
fore or after the start of Step S103 and an instant after
the completion of Step S103. Thus, the ink ejected from
the nozzles 44 toward the cap 31 is drained from the
interior of the cap 31 by the ink drain mechanism 311,
and is discarded or recycled.

[0081] In this manner, the ink is ejected from the noz-
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Zles 44 in the recovery step, so that the precipitable in-
gredients 200 accumulated in the ink chambers 23 and
the pressure chambers 24 are drained. Thus, the accu-
mulation of the precipitable ingredients 200 in the ink
chambers 23 and the pressure chambers 24 is eliminated
at the same time that the precipitable ingredients 200 in
the ink flow passage 22 are dispersed.

[0082] After the completion of the pressurization, the
controller 80 closes the on-off valve 631 into the closed
position (Step S104). Then, the pressure regulating part
531 regulates the pressures in the pressure tank 53 and
in the recording head 20 to the same pressures as in the
image recording step. Thereafter, the ink adhering to the
lower surface of the recording head 20 is wiped off by a
wiping mechanism (not shown) (Step S105). This cleans
the exposed surfaces of the nozzles 44.

[0083] In the present embodiment, the flow rate of the
ink drained from the ink flow passage 22 through the
outlet port 222 to the return pipe 63 in the recovery step
is higher than the total flow rate of the ink ejected from
all of the nozzles 44. This ensures the sufficient flow rate
of the ink directed from the supply port 221 toward the
outlet port 222 in the ink flow passage 22. Thus, the pre-
cipitable ingredients 200 accumulated in the ink flow pas-
sage 22 are dispersed more efficiently.

[0084] For the higher flow rate of the ink drained
through the outlet port 222, the cross-sectional area of
the flow passage of the outlet port 222 and the return
pipe 63 may be made greater. In this case, the flow pas-
sage resistance of the ink flowing from the ink flow pas-
sage 22 through the outlet port 222 and the return pipe
63 is lower than the flow passage resistance of the ink
flowing from the ink flow passage 22 through the first
communication ports 41, the ink chambers 23, the sec-
ond communication ports 42, the pressure chambers 24
and the nozzles 44.

[0085] This causes the flow rate of the ink drained
through the outlet port 222 to the return pipe 63 to be
further higher than the total flow rate of the ink ejected
from all of the nozzles 44. Thus, the precipitable ingre-
dients 200 accumulated in the ink flow passage 22 are
dispersed further efficiently.

[0086] Inthepresentembodiment, the ink drained from
the recording head 20 to the return pipe 63 flows back
to the ink tank 51, as mentioned above. Thus, the ink
drained from the interior of the ink flow passage 22
through the outlet port 222 in the recovery step is collect-
ed into the ink tank 51, and may be recycled for the sub-
sequentimage recording step and the recovery step. This
suppresses the amount of ink discarded in the recovery
step.

<3. Modifications>

[0087] While the one embodiment according to the
present invention has been described hereinabove, the
presentinvention is notlimited to the aforementioned em-
bodiment.
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[0088] Intheaforementioned one embodiment, the two
liquid filling chambers, i.e. the ink chamber 23 and the
pressure chamber 24, are interposed between the ink
flow passage 22 and each of the nozzles 44. However,
the present invention is not limited to this. The ink flow
passage 22 and each of the pressure chambers 24 may
be in direct communication with each other, so that only
one liquid filling chamber, i.e. the pressure chamber 24,
may be interposed between the ink flow passage 22 and
each of the nozzles 44. Also, a plurality of ink chambers
23 may be interposed between the ink flow passage 22
and each of the pressure chambers 24. That is, three or
more liquid filling chambers, i.e. two or more ink cham-
bers 23 and the pressure chamber 24, may be interposed
between the ink flow passage 22 and each of the nozzles
44,

[0089] Although the cap 31 is moved relative to the
recording head 20, with the recording head 20 fixed in
position, in the aforementioned one embodiment, the
present invention is not limited to this. With the cap 31
at a fixed position, the recording head 20 may be moved
between a standby position opposed to the cap 31 and
a printing position opposed to the printing paper 9.
[0090] In the aforementioned one embodiment, with
the recording head 20 fixed in position, the ink is ejected
toward the printing paper 9 while the printing paper 9 is
moved relative to the recording head 20. Instead, with
the printing paper 9 fixed in position, the ink may be eject-
ed toward the printing paper 9 while the recording head
20 is moved relative to the printing paper 9.

[0091] In the aforementioned one embodiment, the
open/close part provided in the return pipe 63 is the on-
off valve 631. However, the open/close part provided in
the outlet passage may be a pump in which communica-
tion therethrough is closed during a stoppage period,
such as adiaphragm pump and a tubing pump. According
to the present invention, the open/close part other than
the on-off valve may be used so long as the open/close
part is switchable between an open position in which the
communication through the outlet passage is ensured
and a closed position in which the communication
through the outlet passage is closed off.

[0092] In the case where such a pump is used as the
open/close part provided in the outlet passage, the flow
rate of the ink drained from the recording head to the
outlet passage may be controlled by controlling the rate
of flow through the pump when the pump is driven (in the
open position). In this case, the total flow rate of the ink
ejected from the nozzles and the flow rate of the ink
drained from the recording head to the outlet passage
are controlled more precisely.

[0093] Althoughtheinkdrained from the outlet port222
of the recording head 20 flows back to the ink tank 51 in
the aforementioned one embodiment, the present inven-
tion is not limited to this. The ink drained from the outlet
port 222 of the recording head 20 in the recovery step
may be designed to be drained through the outlet pas-
sage to the outside of the recording apparatus 1 without
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flowing back to the ink tank 51.

[0094] In the aforementioned one embodiment, the
size of the ink droplets ejected from the nozzles 44 may
be selected from among the three types: large, medium
and small sizes. However, the size of the ink droplets
ejectable from the nozzles 44 may be of one or two types
or of not less than four types.

[0095] The aforementioned recording apparatus 1
records an image on the printing paper 9 serving as a
recording medium. However, the recording apparatus
according to the present invention may be configured to
record a pattern of an image and the like on a sheet-like
recording medium other than general paper (for example,
a film made of resin and the like).

[0096] The components described in the aforemen-
tioned embodiment and in the modifications may be con-
sistently combined together, as appropriate.

Reference Signs List

[0097]

1 Recording apparatus
Printing paper

10 Transport mechanism
20 Recording heads

22 Ink flow passage

23 Ink chambers

24 Pressure chambers

31 Cap

41 First communication ports

42 Second communication ports
43 Pressure generating elements
44 Nozzles

61 First supply pipe

62 Second supply pipe
63 Return pipe

80 Controller

200 Precipitable ingredients
221 Supply port

222 Outlet port

51 Ink tank

52 Pump

53 Pressure tank

531  Pressure regulating part
532  Liquid level sensor

631  On-off valve

632  Filter

Claims

1. Aliquid ejecting apparatus comprising:

an ejecting head having a plurality of nozzles for
ejecting a liquid;

a liquid reservoir for storing said liquid therein;
a pressurizing part for pressurizing the interior
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of said liquid reservoir;

a supply passage for supplying said liquid from
said liquid reservoir to said ejecting head;

an outlet passage for draining said liquid from
the interior of said ejecting head;

an open/close part provided in said outlet pas-
sage and switchable between an open position
in which the communication through said outlet
passage is ensured and a closed position in
which the communication through said outlet
passage is closed off; and

a controller for controlling said pressurizing part
and said open/close part,

said ejecting head including

a liquid flow passage having a supply port in
communication with said supply passage, and
an outlet port in communication with said outlet
passage,

a liquid filling chamber having a communication
port in communication with said liquid flow pas-
sage, and

said nozzles each having a first end in commu-
nication with said liquid filling chamber and a
second end exposed to the outside of said eject-
ing head,

said controller causing said pressurizing part to
perform the pressurization while holding said
open/close part in said open position,

wherein, when said pressurization is performed,
said liquid stored in said liquid reservoir is sup-
plied through said supply passage to said liquid
flow passage, and at least part of said liquid sup-
plied to said liquid flow passage is drained
through said outlet port to said outlet passage.

2. The liquid ejecting apparatus according to Claim 1,

wherein said liquid filling chamber includes:

a first liquid filling chamber having said commu-
nication port in direct communication with said
liquid flow passage; and

a plurality of second liquid filling chambers in
direct or indirect communication with said first
liquid filling chamber and each in communica-
tion with a single one of said nozzles.

The liquid ejecting apparatus according to Claim 2,
wherein said second liquid filling chambers include
respective pressure generating elements, and
wherein, when said pressure generating elements
are driven, pressure is applied to the interior of said
second liquid filling chambers to eject said liquid in
the form of droplets from said nozzles.

The liquid ejecting apparatus according to any one
of Claims 1 to 3,

wherein, when said pressurization is performed, said
liquid stored in said liquid reservoir is supplied
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through said supply passage to said liquid flow pas-
sage; part of said liquid supplied to said liquid flow
passage is drained through said outlet port to said
outlet passage; and another part of said liquid sup-
plied to said liquid flow passage is ejected from said
nozzles through said liquid filling chamber.

The liquid ejecting apparatus according to Claim 4,
wherein, when said pressurization is performed, the
flow rate of said liquid drained from said liquid flow
passage through said outlet port to said outlet pas-
sage is higher than the total flow rate of said liquid
ejected from said nozzles.

A method of controlling a liquid ejecting apparatus,
the liquid ejecting apparatus including an ejecting
head having a plurality of nozzles for ejecting a liquid,
a liquid reservoir for storing therein said liquid to be
supplied through a supply passage to said ejecting
head, an outlet passage for draining said liquid from
said ejecting head, and a pressurizing part for pres-
surizing the interior of said liquid reservoir,

wherein said pressurizing part is caused to perform
the pressurization while an open/close part provided
in said outlet passage is held in an open position to
ensure the communication through said outlet pas-
sage, and

wherein, when said pressurizationis performed, said
liquid stored in said liquid reservoir is supplied
through said supply passage to a liquid flow passage
in said ejecting head, and at least part of said liquid
supplied to said liquid flow passage is drained to said
outlet passage.

The method of controlling a liquid ejecting apparatus
according to Claim 6,

wherein said ejecting head includes

said liquid flow passage having a supply portin com-
munication with said supply passage, and an outlet
port in communication with said outlet passage,

a liquid filling chamber having a communication port
in communication with said liquid flow passage, and
said nozzles each having a first end in communica-
tion with said liquid filling chamber and a second end
exposed to the outside of said ejecting head, and
wherein, when said pressurization is performed, part
of said liquid supplied to said liquid flow passage is
drained through said outlet port to said outlet pas-
sage, and another part of said liquid supplied to said
liquid flow passage is ejected from said nozzles
through said liquid filling chamber.

The method of controlling a liquid ejecting apparatus
according to Claim 7,

wherein, when said pressurization is performed, the
flow rate of said liquid drained from said liquid flow
passage through said outlet port to said outlet pas-
sage is higher than the total flow rate of said liquid
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ejected from said nozzles.
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