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(54) INKJET RECORDING APPARATUS

(57) This inkjet recording apparatus is provided with:
a plurality of heads (3) that discharge the same color of
ink onto a recording medium; an ink tank (84) that stores
ink to be supplied to each of the plurality of heads; and
a fluid delivery unit (850) that delivers ink from the ink
tank to the head side. Each of the heads includes a man-
ifold that is filled with ink and a first and a second ports
(341, 342) in communication with the manifold (34) . Ink

flow paths respectively connected to the first port and the
second port of each head are fitted with open/close
switchable valves (874, 875), and a control unit (9) that
individually controls the opening and closing of the valves
respectively connected to the first and the second ports
of each head is provided. The heads can discharge ink
individually such that maintenance can be performed
quickly while ink consumption is suppressed.
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Description

TECHNICAL FIELD

[0001] The present invention relates to an inkjet re-
cording apparatus including an ink supply device to sup-
ply ink to heads.

BACKGROUND ART

[0002] Examples of recording devices which can form
images on various types of recording media, such as
plain paper and plastic thin sheets, include inkjet printers.
Inkjet printers have heads to eject ink through nozzle
holes. The nozzle holes of the heads eject fine ink drop-
lets to a recording medium to form an image thereon.
[0003] The heads are connected to a tank storing ink
from which the ink is supplied to the heads.
[0004] Dissolved gas, air bubbles, and foreign sub-
stance such as dust included in ink cause poor ejection,
and thus conventional inkjet recording apparatuses
maintain heads at their home position.
[0005] The head maintenance is performed by bringing
the cap case of a capping means, disposed at the home
position, into close contact with the nozzles of the heads;
closing solenoid valves provided on ink flow paths to sup-
ply ink from the ink tank to the heads to bring the cap
case at a negative pressure with a pump; reducing the
pressure in the cap case to a target pressure; and open-
ing the solenoid valves. This allows ink in the ink tank to
flow into the cap case through the heads rapidly, enabling
discharge of all of the air bubbles from the heads and
dust or foreign substance adhering to the inside of the
heads to the outside of the heads (see, for example, Pat-
ent Literature 1).
[0006] Another inkjet recording apparatus includes
supply flow paths to supply ink to heads and collection
flow paths to collect surplus ink from the heads. Such an
inkjet recording apparatus supplies ink to the heads
through the supply flow paths, allows the ink to circulate
in the heads, and discharges the ink from the heads
through the collection flow paths at the time of mainte-
nance (see, for example, Patent Literature 2).
[0007] The heads have filters in front of the collection
flow paths to remove dust and foreign substance. Circu-
lation of ink in the heads allows impurity in the ink to be
removed with the filters.
[0008] Still another inkjet recording apparatus has a
plurality of heads each of which is provided with a supply
port to supply ink and a discharge port to discharge the
supplied ink. The discharge port of each head is connect-
ed to the supply port of another head, and thereby all the
heads are connected in series. Ink is supplied from one
end of the series-connected heads to perform mainte-
nance of all the heads (see, for example, Patent Litera-
ture 3).

PRIOR ART LITERATURES

PATENT LITERATURES

[0009]

Patent Literature 1: Japanese Unexamined Patent
Application Publication No. 2001-113726
Patent Literature 2: Japanese Unexamined Patent
Application Publication No. 2007-261234
Patent Literature 3: Japanese Unexamined Patent
Application Publication No. 2009-285900

DISCLOSURE OF INVENTION

PROBLEMS TO BE SOLVED BY THE INVENTION

[0010] The conventional inkjet recording apparatus
disclosed in Patent Literature 1 simultaneously caps a
plurality of heads and makes all the heads eject ink to
the cap case. Unfortunately, therefore, the capping is si-
multaneously performed for the heads even if some of
them have good ejection, leading to increase in waste of
ink.
[0011] The inkjet recording apparatus disclosed in Pat-
ent Literature 2 collects ink which has passed through
the heads using the collection flow paths and returns the
ink to the ink tank, and thus does not waste ink. Unfor-
tunately, however, the heads need filters so as to prevent
impurity from coming in the ink tank to which ink is to be
returned. Providing the filters for the heads requires reg-
ular inspections of the filters.
[0012] Further, the inkjet recording apparatus dis-
closed in Patent Literature 3, whose heads are connected
in series, requires only one filter, but disadvantageously
requires a long time for maintenance through the ink cir-
culation.
[0013] An object of the present invention is to provide
an inkjet recording apparatus which achieves speedy
maintenance of heads while reducing ink consumption.

MEANS FOR SOLVING PROBLEMS

[0014] In order to solve the above-mentioned prob-
lems, the present invention includes a plurality of heads
to eject ink of the same color onto a recording medium;
an ink tank to store ink to be supplied to the heads; and
a fluid supplying unit to supply ink from the ink tank toward
the heads, wherein each of the heads includes a manifold
to be filled with ink, and a first port and a second port
each communicating with the manifold; an ink flow path
is connected to each of the first and second ports of each
of the heads, the ink flow path being provided with an
open/close switchable valve; and a control unit is provid-
ed to individually control opening and closing of the valve
for each of the first and second ports of each of the heads.
[0015] Further, the present invention may include a
common flow path to which the first ports of all the heads
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are connected in parallel, with the valve between each
of the first ports and the common flow path. Ink may be
supplied to the heads through the common flow path.
[0016] Further, the present invention may include a dis-
charge flow path connected to the common flow path to
discharge ink from the common flow path, and an
open/close switchable valve provided on the discharge
flow path. The control unit may control opening and clos-
ing of the valve on the discharge flow path.
[0017] Further, the present invention may include a
negative pressure forming unit disposed on an ink flow
path between the ink tank and the heads, the negative
pressure forming unit keeping the heads at a negative
pressure lower than an atmospheric pressure; a bypass
flow path to supply ink without using the negative pres-
sure forming unit; and open/close switchable valves pro-
vided ahead of and behind the negative pressure forming
unit, respectively, to shut off a pressure for the ink supply.

EFFECTS OF THE INVENTION

[0018] In order to solve the above-mentioned prob-
lems, the present invention includes a valve for each of
a first port and a second port of each of the heads, and
the control unit individually controls opening and closing
of each valve. When one/some of the heads require(s)
maintenance, therefore, ink supply can be selectively
performed for only the target head(s) to be maintained,
reducing ink consumption for the maintenance.
[0019] Since ink consumption for the maintenance is
reduced without returning the ink used for the mainte-
nance to the ink tank, a filter is not necessary for every
head. This avoids clogging of the nozzles of the heads
which would be caused by foreign substance collected
with filters, and eliminates the need for inspection of the
filters.
[0020] Further, maintenance is required only for
one/some of the heads unlike the case in which mainte-
nance is performed for all the heads series-connected.
This largely shortens the required time.
[0021] The common flow path, to which the first ports
of all the heads are connected in parallel with a valve
between each first port and the common flow path, pre-
vents air bubbles and impurity in a head from moving to
another head, enabling efficient maintenance in a short
time, unlike the case of series-connected heads.
[0022] The common flow path enables the pressure
adjustment for all the heads collectively at one time.
[0023] The discharge flow path to discharge ink from
inside of the common flow path enables easy discharge
of air bubbles generated in the common flow path.
[0024] Further, providing the negative pressure form-
ing unit and the bypass flow path can avoid the effects
of a high pressure when a pressure higher than usual is
applied to any of the heads at the time of maintenance.
Specifically, closing the valves provided ahead of and
behind the negative pressure forming unit, respectively,
can avoid the effects of such a high pressure. This can

protect the negative pressure forming unit.

BRIEF DESCRIPTION OF DRAWINGS

[0025]

FIG. 1 is a perspective view of an inkjet recording
apparatus;
FIG. 2 is a plan view showing the layout of heads on
a carriage;
FIG. 3 is a cross-sectional view showing the internal
structure of a head;
FIG. 4 is a typical view schematically showing an ink
supply device;
FIG. 5 is an explanatory diagram showing the con-
nection state between a common flow path and the
heads;
FIG. 6 is a block diagram showing the control system
of the inkjet recording apparatus;
FIG. 7 is a flowchart showing the fluid level monitor-
ing control;
FIG. 8 is a flowchart showing the maintenance con-
trol for one/some of the heads, i.e., target head(s) to
be maintained;
FIG. 9 is a flowchart showing the fluid supplying con-
trol;
FIG. 10 is a flowchart showing the control for adjust-
ment of back pressure of a negative pressure form-
ing unit;
FIG. 11 is a flowchart showing the wiping control;
FIG. 12A is a chart illustrating the states of recovery
from clogging of the nozzles, with the supply pres-
sure changed in a stepwise fashion at the time of
maintenance while the recording operation valve(s)
for given head(s) is (are) open and the maintenance
valve(s) for the given head(s) is (are) closed;
FIG. 12B is a chart illustrating the states of removal
of air bubbles from the heads, with the supply pres-
sure changed in a stepwise fashion at the time of
maintenance while both the recording operation
valve(s) and the maintenance valve(s) for given
head(s) are open;
FIG. 13 is a flowchart showing the maintenance con-
trol for all the heads;
FIG. 14A is a schematic front view of a modification
of the common flow path with its right end connected
to an eighth ink flow path;
FIG. 14B is a schematic front view of a modification
of the common flow path with its left end connected
to an eighth ink flow path; and
FIG. 14C is a schematic front view of a modification
of the common flow path with its center connected
to an eighth ink flow path.

EMBODIMENT FOR CARRYING OUT THE INVENTION

[0026] An inkjet recording apparatus 10 provided with
an ink supply device, which is an embodiment of the
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present invention, is described below with reference to
FIGS. 1 to 13. FIG. 1 is a perspective view showing the
whole of the inkjet recording apparatus 10.
[0027] The inkjet recording apparatus 10 mainly in-
cludes a conveying device 2 to convey recording media
in the horizontal direction, a carriage 4 provided with a
plurality of heads 3 (see FIG. 2) to eject ink from above
onto a conveyed recording medium, a main-scanning de-
vice 5 to move the carriage 4 in the horizontal direction
perpendicular to the conveying direction of recording me-
dia, a maintenance unit 7 to maintain the heads 3 on the
carriage 4, a nozzle moistener unit 6 to moisten the noz-
zles 311 of the heads 3 on the carriage 4, an ink supply
device 8 (see FIG. 4) to supply ink to the heads 3 on the
carriage 4, a control device 9 (see FIG. 6) as a control
unit to control these components, and a frame 100 to
support the whole structure.
[0028] In the following description, the horizontal direc-
tion along the conveying direction of recording media is
referred to as a Y-axis direction; the horizontal direction
along the carrying direction of the carriage 4 is referred
to as an X-axis direction or main-scanning direction; and
the vertical direction is referred to as a Z-axis direction.

[Conveying device]

[0029] The conveying device 2 includes a driving roller
21 and a driven roller (not shown), a driving motor 22,
and a conveyor belt 23.
[0030] The driving roller 21 and the driven roller are
supported to be rotatable about their respective axes,
and the driving roller 21 is disposed so as to extend in
the main-scanning direction X. The driving motor 22 is a
drive source for the rotary drive of the driving roller 21
and is attached to one end of the driving roller 21.
[0031] The conveyor belt 23 is an endless belt and is
stretched across the driving roller 21 and the driven roller.
Rotations of the driving roller 21 make the conveyor belt
23 rotate on the driving roller 21 and the driven roller to
convey a recording medium placed on the upper surface
of the conveyor belt 23 in the conveying direction F along
the Y-axis direction. Stopping of the rotations of the driv-
ing roller 21 makes the conveyor belt 23 stop rotating on
the rollers and stop the conveyance of a recording me-
dium.
[0032] When the heads 3 complete one-way scanning
in the X-axis direction, the driving motor 22 drives the
driving roller 21 to rotate by a predetermined amount to
allow a recording medium to advance by a predetermined
distance in the conveying direction and then to stop.
When the heads 3 start scanning in the opposite direction
along the main-scanning direction X and complete the
scanning, the driving motor 22 again drives the driving
roller 21 to rotate by a predetermined amount to allow
the recording medium to advance by a predetermined
distance in the conveying direction F and then to stop.
The driving motor 22 repeats this processing in accord-
ance with the control by the control device 90. The driving

motor 22 thus performs so-called intermittent convey-
ance of a recording medium.
[0033] As the recording media, resin film and metal or
the like can be used as well as paper and cloth.

[Frame]

[0034] As shown in FIG. 1, the frame 100 is mainly
constituted of a rectangular main body part 101 extending
in the X-axis direction, a first base part 102 supporting
one end portion of the main body part 101 with respect
to the X-axis direction, and a second base part 103 sup-
porting the other end portion of the main body part 101
with respect to the X-axis direction.
[0035] The first base part 102 contains and holds the
maintenance unit 7 therein and supports the one end
portion of the main body part 101 from below. The second
base part 103 contains and holds the nozzle moistener
unit 6 therein and supports the other end portion of the
main body part 101 from below.
[0036] The main body part 101 contains and holds a
pair of carriage rails 51 and 51 of the main-scanning de-
vice 5 (described later) therein with the rails 51 and 51
extending in the X-axis direction. The carriage 4 is carried
in the X-axis direction in the main body part 101.
[0037] The first and second base parts 102 and 103
are disposed on both sides of the conveying device 2
with respect to the X-axis direction, and the main body
part 101 is disposed over the conveying device 2. This
enables the carriage 4 to be carried in the direction per-
pendicular to the direction in which the conveying device
2 conveys recording media, while the heads 3 on the
carriage 4 eject ink to perform image formation.

[Main-scanning device and carriage]

[0038] The main-scanning device 5 includes a pair of
rod-like carriage rails 51 and 51 supported so as to extend
in the X-axis direction in the main body part 101 of the
frame 100. The pair of carriage rails 51 and 51 are dis-
posed over the conveyor belt 23 of the conveying device
2. The box carriage 4 is supported on the carriage rails
51 and 51 so as to move back and forth in the X-axis
direction.
[0039] The carriage 4 is a substantially rectangular
case with its upper part open. The bottom plate of the
carriage 4 is provided with a plurality of heads 3. As
shown in FIG. 1, the face of each side of the carriage 4
has arm portions 42 and 42 at its upper part projecting
in the direction of both sides with respect to the Y-axis
direction. The arm portions 42 and 42 are placed on the
respective carriage rails 51 and 51 with linear guides ther-
ebetween, enabling the carriage 4 to slide on the carriage
rails 51 and 51 in the X-axis direction.
[0040] Linear motors are provided between the car-
riage rails 51 and 51 and the arm portions 42 and 42 of
the carriage 4. Specifically, each of the carriage rails 51
and 51 is provided with a stator of the linear motor, and
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each of the arm portions 42 and 42 of the carriage 4 is
provided with a movable element. Controlling the current
of the coils of the stators allows the carriage 4 to move
in the X-axis direction.
[0041] FIG. 2 is a schematic explanatory diagram of
the bottom plate 41 of the carriage 4 seen from above.
The inkjet recording apparatus 10 has nine heads 3 for
each of nine colors: yellow (Y), light magenta (Lm), or-
ange (Or), magenta (M), black (Bk), blue (B1), light black
(Lk), cyan (C), and light cyan (Lc). A total of 81 heads 3
are provided on the bottom plate of the carriage 4.
[0042] The head groups of the respective colors, Y,
Lm, Or, M, Bk, Bl, Lk, C, and Lc, are arranged in this
order in the X-axis direction as illustrated, and the nine
heads 3 of each head group are arranged in a staggered
manner in the Y-axis direction.
[0043] The bottom plate 41 has slit-like openings ex-
tending in the Y-axis direction at the positions of the
heads 3. The heads 3, which are attached to the bottom
plate 41 from above, can eject ink drops through the
openings to just below the carriage 4.
[0044] Arranging the nine heads 3 in a staggered man-
ner for each color as described above enables ejection
of ink of each color to any position within almost full with
of the bottom plate 41 of the carriage 4 with respect to
the Y-axis direction.

[Heads]

[0045] FIG. 3 is a cross-sectional view roughly showing
the structure of a head 3. The head 3 mainly includes a
nozzle plate 31 having a plurality of nozzles 311 to eject
ink; a head chip 32 including a plurality of channels 321
to lead ink to the nozzles 311 and a plurality of piezoe-
lectric elements 322 to change the sizes of the channels
321 to eject ink; a circuit board 33 to apply drive voltage
to the piezoelectric elements 322 of the head chip 32;
and a manifold 34 to introduce ink to the channels 321
of the head chip 32 through the filter 343.
[0046] The nozzle plate 31 is a rectangular flat plate
whose flat face is parallel to the X-Y plane and whose
long side is parallel to the Y-axis direction with the heads
3 on the carriage 4.
[0047] The nozzle plate 31 has a plurality of through
holes, the nozzles 311, arranged in a row in the Y-axis
direction.
[0048] The head chip 32 has the shape of a rectangular
parallelepiped, and the nozzle plate 31 is attached to the
bottom face of the head chip 32. The head chip 32 has
a plurality of channels 321 arranged in a row in the Y-
axis direction, the positions of the channels 321 coincid-
ing with those of the nozzles 311 of the nozzle plate 31.
The channels 321 are ink flow paths vertically penetrating
the head chip 32 and can lead the ink in the manifold 34
individually to the respective nozzles 311. A piezoelectric
element 322 is provided next to each channel 321. Se-
lectively applying voltage to any piezoelectric element
322 expands and contracts the piezoelectric element

322, enabling ejection of ink from the corresponding noz-
zle 311.
[0049] The circuit board 33 is provided on the upper
face of the head chip 32. The circuit board 33 is connected
to a head drive circuit (not shown) with a flexible substrate
therebetween and is wired for applying the drive voltage
from the head drive circuit to the piezoelectric elements
322 of the head chip 32.
[0050] The circuit board 33 is attached to the manifold
34 so as to cover the open bottom of the manifold 34 and
has a rectangular opening so that the ink in the manifold
34 comes toward the channels 321 of the head chip 32.
[0051] The manifold 34 is a hollow rectangular paral-
lelepiped disposed with its long side extending in the Y-
axis direction. The bottom of the manifold 34 is open but
the circuit board 33 is fitted to the opening to cover it as
described above.
[0052] The manifold 34 has a cylindrical first port 341
and second port 342 at its one end portion and the other
end portion, respectively, with respect to the Y-axis di-
rection at the upper part of the manifold 34. The ports
341 and 342 communicate with the inside.
[0053] The inside of the manifold 34 is divided into two
parts, upper and lower parts, by the filter 343 which
strains ink to remove impurity. The upper part is connect-
ed to the first and second ports 341 and 342, and the
lower part is connected to the head chip 32. The ink sup-
plied from outside into the manifold 34 through the first
port 341 or second port 342 is thus strained with the filter
343, goes to the head chip 32, and then is ejected from
the nozzles 311.

[Maintenance unit]

[0054] The maintenance unit 7 maintains the heads 3
when recording operation is not performed. The mainte-
nance unit 7 is disposed at one end portion of the carriage
rails 51 and 51, a place different from the position of the
conveying device 2. Specifically, the maintenance is per-
formed with the carriage 4 at the one end portion of the
carriage rails 51 and 51 to face the maintenance unit 7.
[0055] The maintenance unit 7 includes a cleaning de-
vice which wipes out the bottom faces of the nozzle plates
31 of the heads 3, and an ink tray 71 (see FIG. 4) which
serves as a pan of ink ejected from the target head(s) to
be maintained.
[0056] The cleaning device is mainly constituted of a
cleaning roller rotatable about the axis extending in the
X-axis direction to slidably contact with the bottom faces
of the nozzle plates 31 and a roller conveyance mecha-
nism to convey the cleaning roller in the Y-axis direction.
The width of the cleaning roller with respect to the X-axis
direction is set in such a way that the cleaning roller can
wipe out the head groups of three colors among those
of nine colors provided on the carriage 4. One and a half
round trip of the cleaning roller cleans all the heads 3.
Clogging of the nozzles 311 due to ink solidification is
thus prevented.
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[0057] The ink ejection toward the ink tray 71 for the
maintenance is performed not by the drive of the piezo-
electric elements 322 of the heads 3 but by the ink supply
pressure from the ink supply device 8. The clogging of
the ink flow paths in the heads 3 are thus overcome.

[Nozzle moistener unit]

[0058] The nozzle moistener unit 6 is disposed at the
other end portion of the carriage rails 51 and 51, a place
different from the position of the conveying device 2. Spe-
cifically, when recording operation is not performed, the
carriage 4 moves to the other end portion of the carriage
rails 51 and 51 to face the nozzle moistener unit 6 so that
the nozzle moistener unit 6 moistens the nozzles 311 of
the heads 3.
[0059] Specifically, the nozzle moistener unit 6 is to
come into close contact with the nozzles 311 of the nozzle
plates 31 so that the interior of each nozzle is connected
to the moistener fluid storage section. The nozzle mois-
tener unit 6 is mainly constituted of the moistener flu-
id.storage section and a mechanism to move the storage
section up and down.

[Ink supply device]

[0060] FIG. 4 is a schematic explanatory diagram
roughly showing the structure of the ink supply device 8.
The inkjet recording apparatus 10 has the ink supply de-
vice 8 for each color.
[0061] The ink supply device 8 mainly includes two
main tanks 81 and 81 as a first tank to store ink; a sub-
tank 82 as a second tank to which ink is supplied from
the main tanks 81 and 81; a deaeration device 83 dis-
posed downstream of the sub-tank 82 in the ink supply
direction; an intermediate tank 84 disposed downstream
of the deaeration device 83 in the ink supply direction as
an ink tank to temporarily store ink; a negative pressure
forming unit 86 disposed downstream of the intermediate
tank 84 in the ink supply direction; and a common flow
path 87 to which the first ports 341 of the heads 3 are
connected in parallel to supply ink to the heads 3.
[0062] FIG. 4 also shows the ink tray 71 of the main-
tenance unit 7.
[0063] Each of the two main tanks 81 and 81 is a con-
tainer with its upper part open to atmosphere and is de-
tachable from the inkjet recording apparatus 10 to be
replaced when it gets empty. When one of the two main
tanks 81 and 81 is empty or is being replaced, the other
main tank 81 can supply ink, and thus the inkjet recording
apparatus 10 can avoid interruption of recording opera-
tion. A larger number of main tanks 81 may be provided.
[0064] The reference number 815s of FIG. 4 indicates
remaining amount sensors to determine whether the ink
in the main tanks 81 and 81 has been run out.
[0065] Between the main tanks 81 and 81 and the sub-
tank 82, a first ink flow path 811 is provided. One end of
the first ink flow path 811 branches off for the main tanks

81 and 81, and the other end is joined and reaches the
sub-tank 82. The first ink flow path 811 has tank valves
812 and 812 as a connection switching unit near the main
tanks 81 and 81. The tank valves 812 and 812 are sole-
noid valves switchable between open and closed states
of the flow paths.
[0066] The first ink flow path 811 has a filter 813 in the
middle portion of the first ink flow path 811 near the sub-
tank 82 to remove impurity such as dirt and dust from
ink. The first ink flow path 811 has a first fluid supplying
pump 814 as a first fluid supplying unit, which is disposed
nearer to the sub-tank 82 than the filter 813 is to the sub-
tank 82, to supply ink toward the sub-tank.
[0067] The sub-tank 82 is in the shape of a funnel hav-
ing a sidewall part 821 with its diameter smaller toward
the bottom. The top of the sub-tank 82 is covered with a
top plate 822.
[0068] The bottom center of the sub-tank 82 is con-
nected to a second ink flow path 823 through which the
ink in the sub-tank 82 can be supplied to the deaeration
device 83.
[0069] The top plate 822 of the sub-tank 82 is provided
with an air open tube 824 to keep the inside of the sub-
tank 82 at an atmospheric pressure. The air open tube
824 is provided with a filter 825 to prevent dust and dirt
from coming in from outside.
[0070] The tip of the first ink flow path 811 is connected
to the top plate 822 of the sub-tank 82 with the tip coming
in the sub-tank 82 through the top plate 822. The tip of
the first ink flow path 811 comes to such a position as to
contact or almost contact the inner face of the sidewall
822 of the sub-tank 82. The ink supplied from the first ink
flow path 811 drops to the fluid surface in the sub-tank
82 along the sidewall 822. The upper limit position of the
ink surface in the sub-tank 82 is determined by a fluid
level monitoring control, described later, and the tip of
the first ink flow path 811 supplies ink to the sidewall 822
from a position higher than the upper limit position of the
ink surface.
[0071] Since the tip position of the first ink flow path
811 relative to the sub-tank 82 is set as described above,
the ink supplied from the first ink flow path 811 always
runs down the inner face of the sidewall part 822 of the
sub-tank 82 before dropping to the fluid surface. This
allows the ink to run gently down along the inclined sur-
face to be collected in the sub-tank 82. Accordingly, when
visually recognizable air bubbles enter the ink supplied
from the first ink flow path 811, the air bubbles stay at
the surface of the ink. The gentle flow of the ink along
the inclined surface prevents new air bubbles from gen-
erating at the ink surface and from entering the ink.
[0072] Further, since the ink is supplied from the bot-
tom part or deepest part of the sub-tank 82 to the down-
stream side through the second ink flow path 823, the
ink supplied to the downstream side of the sub-tank 82
is free from air bubbles.
[0073] In other words, the sub-tank 82 serves as a de-
foaming means to defoam the ink.
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[0074] In the sub-tank 82, a first fluid level sensor 826
and a second fluid level sensor 827 are provided. The
first and second fluid level sensors 826 and 827 deter-
mine the upper and lower limit positions of the ink surface,
respectively, in the later-descried fluid level monitoring
control.
[0075] The fluid level sensors 826 and 827 are float
sensors having a float and can determine whether the
fluid level is higher or lower than the upper or lower limit
position based on the level of the float. The fluid level
monitoring control is described in detail later.
[0076] The second ink flow path 823, described above,
is provided between the sub-tank 82 and the deaeration
device 83. The second ink flow path 823 has a non-return
valve 828 and a second fluid supplying pump 829 in the
middle portion of the flow path 823. The non-return valve
828 prevents ink from returning from the deaeration de-
vice 83 to the sub-tank 82. The second fluid supplying
pump 829 serves as a second fluid supplying unit to sup-
ply ink from the sub-tank 82 to the deaeration device 83.
[0077] The deaeration device 83 includes a deaeration
module 831 to which the end of the second ink flow path
823 is connected, a vacuum pump 832 to evacuate air
from the deaeration module 831, a vacuum sensor 833
to detect the pressure in the deaeration module 831, and
a leak valve 834 which is a solenoid valve to allow the
inside of the deaeration module 831 to be open to the
atmospheric pressure.
[0078] The deaeration module 831 includes a vacuum
case to be evacuated by the vacuum pump 832, and a
hollow fiber membrane through which the ink travels in-
ward in the vacuum case. The evacuation vacuums out
the gas dissolved in the ink through the hollow fiber mem-
brane.
[0079] The vacuum sensor 833 is a detecting means
to determine whether the pressure is reduced to a target
pressure at the time of the evacuation. The leak valve
834 is controlled by the control device 9 to open to bring
the deaeration module 831 from the vacuum state to the
atmospheric-pressure state for the maintenance of the
deaeration module 831 when the inkjet recording appa-
ratus 10 is powered off.
[0080] Between the deaeration module 831 and the
intermediate tank 84, a third ink flow path 835 is provided.
The supply pressure given by the second fluid supplying
pump 829 allows ink to be supplied to the intermediate
tank 84 through the second and third ink flow paths 823
and 835.
[0081] The intermediate tank 84 is formed of a flexible
bag and expands/contracts according to the change in
amount of ink stored therein.
[0082] The intermediate tank 84 is provided with a fluid
volume sensor 841 to detect the state in which a prede-
termined amount of ink is stored. At the time of the ink
supply from the sub-tank 82, the second fluid supplying
pump 829 supplies ink until the fluid volume sensor 841
detects the ink reaching the predetermined amount.
[0083] Between the intermediate tank 84 and the neg-

ative pressure forming unit 86, fourth to seventh ink flow
paths 842 to 845 are provided through which ink is sup-
plied. A first three-way switching valve 846, which is a
solenoid switching valve, is disposed between the fourth
and fifth ink flow paths 842 and 843; a second three-way
switching valve 847, which is a solenoid switching valve,
is disposed between the fifth and sixth ink flow paths 843
and 844; and a third three-way switching valve 848, which
is a solenoid switching valve, is disposed between the
sixth and seventh ink flow paths 844 and 845.
[0084] A non-return valve 849, a third fluid supplying
pump 850, and a relief valve 851 are provided on the fifth
ink flow path 843. The non-return valve 849 permits only
the flow in the direction from the first three-way switching
valve 846 toward the second three-way switching valve
847. The third fluid supplying pump 850 serves as a fluid
supplying unit to supply fluid in the same direction as the
direction which the non-return valve 849 permits. The
relief valve 851 returns ink to the sub-tank 82 when the
pressure exceeds a predetermined pressure on the
downstream side of the third fluid supplying pump 850.
[0085] One end of a branching flow path 852 is con-
nected to the middle portion of the sixth ink flow path 844,
and the other end of the branching flow path 852 is con-
nected to the first three-way switching valve 846. The
control by the control device 9 allows the first three-way
switching valve 846 to switch between the state in which
the fifth ink flow path 843 is connected to the fourth ink
flow path 842 and the state in which the fifth ink flow path
843 is connected to the branching flow path 852.
[0086] The second three-way switching valve 847 is
also connected to a return flow path 853 to return ink to
the sub-tank 82. The control by the control device 9 allows
the second three-way switching valve 847 to switch be-
tween the state in which the fifth ink flow path 843 is
connected to the sixth ink flow path 844 and the state in
which the fifth ink flow path 843 is connected to the return
flow path 853.
[0087] The switching controls of the first and second
three-way switching valves 846 and 847 are combined
and simultaneously performed by the control device 9.
Specifically, the control device 9 performs control so as
to switch between (i) the connection state for supply to
supply ink from the intermediate tank 84 toward the neg-
ative pressure forming unit 86 through the fourth, fifth,
and sixth ink flow paths 842, 843, and 844 (i.e., the white
arrow of FIG. 4) and (ii) the connection state for return
to supply ink from the negative pressure forming unit 86
toward the sub-tank 82 through the branching flow path
852, the fifth ink flow path 843, and the return flow path
853 (i.e., the black arrow of FIG. 4).
[0088] Specifically, the ink supply/collection to/from
the negative pressure forming unit 86 can be freely and
selectively performed using the pumping pressure of the
third fluid supplying pump 850.
[0089] The third three-way switching valve 848 is also
connected to a bypass flow path 854 to supply ink to the
heads without using the negative pressure forming unit
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86. The control by the control device 9 allows the switch-
ing between the state in which the sixth ink flow path 844
is connected to the seventh ink flow path 845 and the
state in which the sixth ink flow path 844 is connected to
the bypass flow path 854.
[0090] Specifically, this enables the switching between
the state in which the ink supply/collection to/from the
negative pressure forming unit 86 can be performed and
the state in which the ink supply/collection to/from the
heads 3 (or the common flow path 87 in a strict sense)
can be performed.
[0091] The negative pressure forming unit 86 is mainly
constituted of a rectangular body container 861 with its
front side largely open, a film member 862 composed of
a flexible resin film to cover the opening of the body con-
tainer 861, and a spring (not shown) to push the center
of the film member 862 from inside of the body container
861 outward.
[0092] The body container 861 is connected to the
above-described seventh ink flow path 845 and an eighth
ink flow path 863 leading to the common flow path 87 to
which all the first ports 341 of the nine heads 3 are con-
nected in parallel.
[0093] The film member 862, whose center is pushed
outward by the spring, has a substantially conical shape
projecting outward and is in a state of tension.
[0094] When the body container 861 is filled with ink
at the same pressure as the atmospheric pressure and
then the ink is collected from the body container 861 with
the first and second three-way switching valves 846 and
847 in the connection state for return, the insides of the
heads 3 are brought into a state of negative pressure
lower than the atmospheric pressure through the com-
mon flow path 87. If the insides of the nozzles 3 are at
the atmospheric pressure, the ink easily comes out of
the nozzles 311 and thus easily adheres around the noz-
zles 311, leading to poor ejection and variation in dot
diameter. The purpose of keeping the insides of the
heads 3 at the negative pressure is to prevent such prob-
lems.
[0095] A target negative pressure can be controlled
through the adjustment of the amount of ink to be col-
lected from the body container 861.
[0096] A communication tube 864 is provided at the
upper part of the body container 861 of the negative pres-
sure forming unit 86. The communication tube 864 com-
municates with the inside of the body container 861 and
extends upward. A fluid level sensor 865 is attached to
the end portion of the communication tube 864 near the
body container 861, and a pressure sensor 866 is at-
tached to the upper end portion of the communication
tube 864. A branching tube 867 is connected to the mid-
dle portion of the communication tube 864. The branch-
ing tube 867 horizontally extends, and its one end is open
to the atmosphere. An opening valve 868 to open and
close the branching tube 867 and an air filter 869 to filter
the air are provided in the middle portion of the branching
tube 867.

[0097] These are the configuration used to supply ink
to the body container 861 and control the pressure to be
a predetermined negative pressure. Specifically, ink is
supplied to the body container 861 with the opening valve
868 open until the fluid level sensor 865 detects a fluid
surface. The opening valve 868 is then closed and the
ink is collected from the body container 861 until the pres-
sure sensor 866 indicates a target negative pressure. In
this way, the heads 3 are brought into the state of a pre-
determined negative pressure through the negative pres-
sure forming unit 86.
[0098] The eighth ink flow path 863 extending from the
negative pressure forming unit 86 joins the bypass flow
path 854 and is connected to the common flow path 87.
A protecting valve 871, which is a normally-open solenoid
valve, is provided nearer to the negative pressure forming
unit 86 than the point where the bypass flow path 854
joins the eighth ink flow path 863 is to the negative pres-
sure forming unit 86.
[0099] The common flow path 87 is a flat hollow con-
tainer having a substantially isosceles triangular shape
(in a strict sense, having the shape of a pentagon ob-
tained by vertically cutting off the both-side portions of
the base of a isosceles triangle), when viewed from the
front. The common flow path 87 is mounted on the car-
riage 4 in such a way that the bottom and inner bottom
face of the common flow path 87 are horizontal.
[0100] The eighth ink flow path 863 is connected to the
portion, equivalent to the vertex of the isosceles triangle,
of the common flow path 87; and the first ports 341 of
the nine heads 3 for the same color are connected in
parallel to the portion, equivalent to the base of the isos-
celes triangle, of the common flow path 87.
[0101] The common flow path 87 has an inner space
substantially having the shape of a three-dimensional tri-
angle, the same as its external shape. Ink passes through
the inner space of the common flow path 87. Ink is sup-
plied from the position of the vertex and thus the ink is
evenly supplied to the heads 3 connected to the portions
of the base without a large bias.
[0102] The common flow path 87 does not necessarily
have to be substantially isosceles triangular in external
shape but may have another external shape as long as
the inner space, to which ink is to be supplied, is sub-
stantially isosceles triangular in shape when viewed from
the front.
[0103] A waste fluid flow path 872 as a discharge flow
path leading to a waste fluid tank (not shown) is connect-
ed to a place near the vertex of the common flow path
87. The waste fluid flow path 872 is provided with a waste
fluid valve 873, which is a normally-closed solenoid valve.
When the common flow path 87 is filled with ink, the waste
fluid valve 873 is opened to discharge ink through the
waste fluid flow path 872 to discharge air bubbles. The
waste fluid flow path 872 is connected to the vertex or
the upper end portion of the common flow path 87. When
the common flow path 87 is filled with ink and ink is further
supplied thereto, therefore, air bubbles float up in the
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common flow path 87 and effectively go out along with
the ink. This can remove air bubbles, which are the cause
of poor ink ejection, and enables stable ejection.
[0104] FIG. 5 is an explanatory diagram showing the
connection state between the common flow path 87 and
the heads 3. As shown in FIGS. 4 and 5, the common
flow path 87 is connected to the first ports 341 of the
heads 3, with a recording operation valve 874 between
each first port 341 and the common flow path 87. The
recording operation valves 874 are normally-open sole-
noid valves.
[0105] The second ports 342 of the heads 3 are con-
nected in parallel to a common waste fluid flow path 876,
with a normally-closed maintenance valve 875 between
each second port 342 and the common waste fluid flow
path 876. The common waste fluid flow path 876 joins
the waste fluid flow path 872 downstream of the waste
fluid valve 873 and is connected to the waste fluid tank.
[0106] The main purpose of discharging ink through
the waste fluid flow path 872 is to discharge air bubbles
from the common flow path 87 and thus only the waste
fluid flow path 872, not joining the common waste fluid
flow path 876, may be connected to the sub-tank 82 for
recycling the ink. In this case, the common waste fluid
flow path 876 alone is connected to the waste fluid tank.

[Control device]

[0107] FIG. 6 is a block diagram showing the control
system of the ink supply device 8. The control device 9
shown in FIG. 6 controls the overall inkjet recording ap-
paratus 10, but only the configuration of the ink supply
device 8 is shown here and the other configuration is
omitted. For a plurality of components, only one of them
is shown.
[0108] The control device 9 controls not only the ink
supply device 8 but also the driving for each component
of the inkjet recording apparatus 10, such as conversion
of data of an image to be recorded on a recording medium
inputted from an external device into the data corre-
sponding to the nozzles 311 of the heads 3.
[0109] As shown in FIG. 6, the control device 9 is con-
stituted of a general-purpose computer in which a CPU
91, a ROM 92, a RAM 93, a not-shown input/output in-
terface, and the like are connected to a bus.
[0110] The first to third fluid supplying pumps 814, 829,
and 850; the vacuum pump 832; the tank valves 812; the
leak valve 834; the first to third three-way switching
valves 846, 847, and 848; the opening valve 868; the
protecting valve 871; the waste fluid valve 873; the re-
cording operation valves 874; and the maintenance
valves 875 are connected to the control device 9 to be
controlled by the control device 9.
[0111] Further, the remaining amount sensors 815; the
first and second fluid level sensors 826 and 827; the fluid
volume sensor 841; the fluid level sensor 865; the vac-
uum sensor 833; and the pressure sensor 866 are also
connected to the control device 9. Various types of de-

tection signals are inputted from these sensors to the
control device 9.
[0112] Still further, an input operation unit 94 through
which an operator inputs instructions to, for example, ex-
ecute various types of operations; a display unit 95 to
display various types of information such as error infor-
mation; and the like are also connected to the control
device 9.
[0113] In accordance with the detection information,
the control device 9 performs control for the above-men-
tioned components, such as the fluid level monitoring
control for the sub-tank 82 and the maintenance control
for the heads 3.

[Liquid level monitoring control]

[0114] The fluid level monitoring control for the sub-
tank 82 to be performed by the control device 9 is de-
scribed in detail on the basis of the flowchart of FIG. 7.
[0115] The fluid level monitoring control is a control for
supplying ink from a main tank 81 to the sub-tank 82 and
keeping a constant amount of ink in the sub-tank 82. The
fluid level monitoring control is repeatedly performed on
a predetermined cycle.
[0116] The fluid level monitoring control is on the as-
sumption that any one of the tank valves 812 of the main
tanks 81 and 81 is open and that the other tank valve
812 is closed.
[0117] First, the control device 9 initializes a timer
counter for determining whether the main tank 81 cur-
rently connected to the sub-tank 82 is empty (Step S1).
[0118] The control device 9 then determines whether
the ink in the sub-tank 82 reaches the level to be detected
by the first fluid level sensor 826 indicating that the sub-
tank 82 is full, using the first fluid level sensor 826 (Step
S3).
[0119] When it is determined that the ink reaches the
level to be detected by the first fluid level sensor 826, the
amount of ink in the sub-tank 82 reaches a target amount
and thus the control device 9 ends the fluid level moni-
toring control.
[0120] When determining that the ink does not reach
the level to be detected by the first fluid level sensor 826,
the control device 9 starts counting with the timer for de-
termining whether the main tank 81 is empty, and actu-
ates the first fluid supplying pump 814 to execute ink
supply from the main tank 81 to the sub-tank 82 (Step S5).
[0121] Next, the control device 9 determines whether
the ink in the sub-tank 82 reaches the level to be detected
by the second fluid level sensor 827 indicating that the
ink is close to empty, using the second fluid level sensor
827 (Step S7).
[0122] When determining that the ink reaches the level
to be detected by the second fluid level sensor 827, the
control device 9 determines whether a predetermined
time for supplying fluid has elapsed based on the time-
keeping with the timer (Step S9).
[0123] If the predetermined time for supplying fluid has
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not elapsed based on the timekeeping with the timer, the
control device 9 returns the process to Step S3 and de-
termines whether the sub-tank 82 is filled up.
[0124] The time for supplying fluid in the determination
at Step S9 is set to a time enough to fill up the sub-tank
82 by the pumping capacity of the first fluid supplying
pump. In other words, if the sub-tank 82 is not filled up
after the passage of the time for supplying fluid, it is pre-
sumed that the main tank 81 is already empty.
[0125] The control device 9 thus stops the drive of the
first fluid supplying pump 814 (Step S11), determines
that the main tank 81 is empty (Step S13), closes the
tank valve 812 which has been open, and opens the other
tank valve 812 to switch main tanks for ink supply to the
sub-tank 82 (Step S15). At this time, the control device
9 may control the display unit 95 to announce that one
of the main tanks 81 is empty.
[0126] After switching the main tanks 81, the control
device 9 returns the process to Step S1 and resumes the
ink supply to the sub-tank 82.
[0127] If the sub-tank 82 is determined to be empty
with the second fluid level sensor 827 at Step S7 even
though the first fluid supplying pump 814 is pumping
(Step S7: NO), both the main tanks 81 and 81 are empty
and all the ink in the main tanks 81 and 81 and the sub-
tank 82 is being exhausted. The control device 9 thus
stops all the recording operation of the inkjet recording
apparatus 10 to prevent recording operation defect dur-
ing the recording operation. At this time, the control de-
vice 9 may control the display unit 95 to announce stop-
page due to error or to warn that the ink is empty.

[Maintenance control (in the case in which one/some of 
the heads is/are to be maintained)]

[0128] The maintenance control for the heads 3 to be
performed by the control device 9 is described in detail
on the basis of the flowchart of FIG. 8. Here, it is assumed
that ejection tests are done in advance for all the heads
3 to identify the head(s) 3 which need(s) maintenance,
and that the target head(s) 3 to be maintained is (are)
already inputted through the input operation unit 94.
[0129] It is also assumed that the carriage 4 stands by
just above the maintenance unit 7.
[0130] First, the control device 9 switches the first and
second three-way switching valves 846 and 847 to the
connection state for supply (i.e., the connection indicated
by the white arrow of FIG. 4), and switches the third three-
way switching valve 848 so that the sixth ink flow path
844 is connected to the bypass flow path 854 (Step S21).
[0131] Further, the control device 9 performs control
so as to open the waste fluid valve 873 for the common
flow path 87, close the protecting valve 871, and close
the recording operation valves 874 for all the heads 3
(Step S23).
[0132] The control device 9 executes the ink fluid sup-
plying control (Step S25).
[0133] The fluid supplying control is described on the

basis of the flowchart of FIG. 9.
[0134] At the time of fluid supplying, the control device
actuates the third fluid supplying pump 850 (Step S251),
determines whether a predetermined actuation time T1
has elapsed during the actuation (Step S253), and allows
the third fluid supplying pump 850 to continue actuating
until the actuation time T1 has elapsed.
[0135] The actuation of the third fluid supplying pump
850 allows the ink in the intermediate tank 84 to be directly
supplied to the common flow path 87 without passing
through the negative pressure forming unit 86. At this
time, the recording operation valves 874 for all the heads
3 are closed, and the maintenance valves 875 are nor-
mally-closed valves. The common flow path 87 is thus
filled up with ink without supplying ink to the heads 3.
When the common flow path 87 is filled up with ink, sur-
plus ink is discharged through the waste fluid flow path
872. Continuation of such supply for a given time allows
air bubbles to come up in the common flow path 87 and
to be discharged through the waste fluid flow path 872.
[0136] When the actuation time T1 has elapsed, con-
trol device 9 stops the third fluid supplying pump 850
(Step S255) and waits until a standby time T2 has
elapsed. This allows air bubbles, which appeared when
ink flowed into the common flow path 87, to come up in
the common flow path 87 to be collected.
[0137] When the standby time T2 has elapsed, the con-
trol device 9 determines whether the number of repeats
of ink supply and standby has reached a predetermined
target number N (Step S259).
[0138] If the number has not reached the target
number, the control device 9 returns the process to Step
S251 and performs the ink supply and standby again.
[0139] The actuation time T1, the standby time T2, and
the target number N may be set in advance through the
input operation unit 94 for the control device 9. The target
repeat number N is preferably set to two or more so that
the air bubbles which have come up in the common flow
path 87 during the standby can be discharged at the time
of the next ink supply.
[0140] The explanation returns to FIG. 8.
[0141] After the fluid supplying control, the control de-
vice 9 preforms control so as to close the waste fluid
valve 873 for the common flow path 87 (Step S27) and
to open the recording operation valve (s) 874 and the
maintenance valve (s) 875 for the target head(s) 3 to be
maintained (Step S29).
[0142] The fluid supplying control is then executed
again (Step S31). The actuation time T1, the standby
time T2, and the target number N at this time may be set
to the values identical to or different from those at Step
S25.
[0143] At the time of the ink supply in this case, ink is
supplied from the common flow path 87 to the target
head(s) 3 to be maintained through the first port (s) 341.
The supplied ink is discharged through the second port(s)
342 to the common waste fluid flow path 876, and part
of the supplied ink is ejected through the nozzles 311 of
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the head(s) 3 to the ink tray 71.
[0144] At the completion of the second fluid supplying
control, the control device 9 closes the maintenance
valve(s) 875 for the target head(s) 3 to be maintained
(Step S33).
[0145] The third fluid supplying control is then executed
(Step S35). The actuation time T1, the standby time T2,
and the target number N at this time, too, may be set to
the values identical to or different from those at Step S25
or S31.
[0146] At the time of the ink supply in this case, ink is
supplied from the common flow path 87 to the target
head(s) 3 to be maintained through the first port (s) 341,
and is ejected through the nozzles 311 to the ink tray 71.
At this time, all the ink supply pressure acts on the ejection
from the nozzles 311 and thereby foreign substance and
the like can be pushed out of clogged nozzles 311, elim-
inating clogging.
[0147] At the completion of the third fluid supplying
control, the control device 9 opens all the recording op-
eration valves 874 for the heads 3 except the target
head(s) 3 to be maintained (Step S37), opens the pro-
tecting valve 871, and switches the third three-way
switching valve 848 to the state in which the sixth ink flow
path 844 is connected to the seventh ink flow path 845
(Step S39).
[0148] The control device 9 then executes the control
for adjustment of back pressure of the negative pressure
forming unit (Step S41), further executes the wiping con-
trol of the heads 3, and ends the maintenance control
(Step S43).
[0149] The control for adjustment of back pressure of
the negative pressure forming unit is described in detail
on the basis of the flowchart of FIG. 10.
[0150] First, the control device 9 performs switching to
open the opening valve 868 and close the protecting
valve 871 (Step S411).
[0151] The control device 9 then sets the current pres-
sure of the pressure sensor 866 of the negative pressure
forming unit 86 to the atmospheric pressure (Step S412).
[0152] The control device 9 then starts actuating the
third fluid supplying pump 850 (Step S413) and deter-
mines whether the ink supplied to the body container 861
of the negative pressure forming unit 86 reaches the fluid
level sensor 865 disposed at the upper end part of the
body container 861 (Step S414).
[0153] If the ink does not reach the upper end part of
the body container 861, the control device 9 continues
the ink supply to the body container 861; and if the ink
reaches the upper end part of the body container 861,
the control device 9 stops the third fluid supplying pump
850 (Step S415).
[0154] After that, the control device 9 performs control
to close the opening valve 868 (Step S416) and to switch
the first and second three-way switching valves 846 and
847 to the connection state for return (i.e., the black arrow
of FIG. 4) (Step S4171). The control device 9 then actu-
ates the third fluid supplying pump 850 again (Step

S418), and the ink in the body container 861 of the neg-
ative pressure forming unit 86 is discharged. As a result,
the internal pressure of the body container 861 decreas-
es.
[0155] The negative pressure value suitable for ink
ejection from the heads is determined in advance. When
the pressure sensor 866 detects that the pressure has
reduced to the negative pressure value suitable for ink
ejection (Step S419), the control device 9 stops the third
fluid supplying pump 850 (Step S420).
[0156] The control device 9 then opens the protecting
valve 871 (Step S421), thereby connecting the negative
pressure forming unit 86 to the heads 3, with the eighth
ink flow path 863 and the common flow path 87 in be-
tween. As a result, the interiors of the heads 3 have the
same negative pressure as the interior of the negative
pressure forming unit 86.
[0157] After that, the control device 9 performs control
to switch the first and second three-way switching valves
846 and 847 to the connection state for supply (i.e., the
white arrow of FIG. 4) (Step S422), and ends the control
for adjustment of back pressure of the negative pressure
forming unit.
[0158] The wiping control is described on the basis of
the flowchart of FIG. 11. In the wiping control, the nozzles
311 and their periphery are wiped out for all the heads 3
on the carriage 4.
[0159] The nozzles 311 are wiped out in such a way
that the wiping roller is driven to rotate around its axis
extending in the X-axis direction so that the wiping roller
is conveyed in the Y-axis direction on the lower faces of
the nozzle plates 31.
[0160] Since the inkjet recording apparatus 10 is pro-
vided with nine heads 3 for each of the nine colors on
the carriage 4, the area to be wiped is very large. If the
wipe is to be done by a single one-way conveyance of
the wiping roller, the wiping roller has to be long in the
direction of its rotation axis. This may cause the roller to
easily bend and may fail to perform effective wipe.
[0161] In view of this, the wiping roller has a width sub-
stantially identical to the width of the heads 3 for three
adjacent colors with respect to the X-axis direction so
that the wiping roller wipes the nozzles of all the heads
3 for the nine colors in three travels.
[0162] The control for the operation is described below.
[0163] First, the control device 9 makes a one-way
(outward) conveyance of the wiping roller from its stand-
by position while rotating the wiping roller (Step S431).
The wiping roller thus wipes the heads 3 for three colors.
[0164] Next, the control device 9 moves the carriage
4 by the same distance as the width of the three-color
heads 3 with respect to the X-axis direction (Step S433),
and makes a one-way (homeward) conveyance of the
wiping roller while rotating the wiping roller (Step S435).
The wiping roller thus wipes the heads 3 for the next three
colors.
[0165] The control device 9 further moves the carriage
4 by the same distance as the width of the three-color
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heads 3 with respect to the X-axis direction (Step S437),
and makes a one-way (outward) conveyance of the wip-
ing roller while rotating the wiping roller (Step S439). The
wiping roller thus wipes the heads 3 for the last three
colors.
[0166] The wipes are repeated a predetermined
number of times. When completing the wipes for the nine
colors, the control device 9 compares the number of
wipes which have been made currently with the prede-
termined repeat number (Step S441). If the current
number of wipes has not reached the predetermined re-
peat number, the control device 9 returns the process to
Step S431 and starts the wiping operation again.
[0167] If the current number of wipes coincides with
the predetermined repeat number, the control device 9
ends the wiping control.
[0168] FIG. 12A is a chart illustrating the states of re-
covery from clogging of the nozzles 311 in the fluid sup-
plying control at Step S35 of the maintenance control
shown in FIG. 8. Specifically, the chart illustrates the
states of recovery from clogging of the nozzles 311 ob-
tained when a supply pressure for supplying fluid is
changed in a stepwise fashion while the recording oper-
ation valve(s) 874 connected to the target head(s) 3 to
be maintained is (are) open and the maintenance valve
(s) 875 connected to the target head(s) 3 to be maintained
is (are) closed. The ink supply pressure is controlled
through PWM control for a motor, a drive source of the
third fluid supplying pump 850.
[0169] As shown in the drawing, the supply pressure
of 10 [kPa] does not cause poor ejection but fails to make
a full recovery, the supply pressure of 20 [kPa] allows
good ejection, and the supply pressures of 30 [kPa] and
40 [kPa] makes a recovery allowing better ejection.
These results show that the ink supply pressure of 30
[kPa] or more is preferable for the maintenance of the
nozzles 311 in order to allow the nozzles 311 to recover
from clogging.
[0170] FIG. 12B is a chart illustrating the states of re-
moval of air bubbles in the fluid supplying control at Step
S31 of the maintenance control shown in FIG. 8. Specif-
ically, the chart illustrates the states of removal of air
bubbles obtained when a supply pressure for supplying
fluid is changed in a stepwise fashion while both the re-
cording operation valve(s) 874 and the maintenance
valve(s) 875 connected to the target head(s) 3 to be main-
tained are open.
[0171] As shown in the drawing, the supply pressure
of 3 [kPa] fails to fully discharge air bubbles from the
heads 3, the supply pressures of 4 [kPa] and 5 [kPa]
allow some of the air bubbles to be discharged but toler-
ate air bubbles remaining in the heads 3 to an unsatis-
factory extent, the supply pressures of 7 [kPa] and 9 [kPa]
allow satisfactory discharge of air bubbles from the heads
3, and the supply pressure of 10 [kPa] allows more sat-
isfactory discharge of air bubbles from the heads 3.
These results shows that the ink supply pressure of 7
[kPa] or more is preferable for the maintenance in order

to discharge air bubbles from the heads 3.

[Maintenance control (in the case in which all of the heads 
are to be maintained)]

[0172] Next, the maintenance control for all the heads
3 to be performed by the control device 9 is described in
detail on the basis of the flowchart of FIG. 13.
[0173] The control device 9 brings the first and second
three-way switching valves 846 and 847 into the connec-
tion state for supply (i.e., the connection indicated by the
white arrow of FIG. 4) and connects the third three-way
switching valve 848 to the bypass flow path 854, with the
carriage 4 on standby above the maintenance unit 7 (Step
S51).
[0174] The control device 9 opens the waste fluid valve
873 for the common flow path 87, closes the protecting
valve 871, and closes the recording operation valves 874
for all the heads 3 (Step S53).
[0175] The control device 9 then executes the ink fluid
supplying control (see FIG. 9) (Step S55) and discharges
air bubbles from the common flow path 87 along with ink.
[0176] At the completion of the fluid supplying control,
the control device 9 closes the waste fluid valve 873 for
the common flow path 87 (Step S57) and opens the re-
cording operation valves 874 and the maintenance
valves 875 for all the heads 3 (Step S59).
[0177] The control device 9 then executes the second
fluid supplying control (Step S61) and discharges air bub-
bles and impurity etc., if any, from the heads 3 to the
outside through the nozzles 311 and the second ports
342.
[0178] At the completion of the fluid supplying control,
the control device 9 closes the maintenance valves 875
for all the heads 3 (Step S63).
[0179] The control device 9 then executes the control
for adjustment of back pressure of the negative pressure
forming unit (see FIG. 10) (Step S65), further executes
the wiping control for the heads 3 (see FIG. 11), and ends
the maintenance control (Step S67).

[Technical effects of embodiments of invention]

[0180] The inkjet recording apparatus 10 includes
nines heads 3 for the same color. The manifold 34 of
each head 3 has the first and second ports 341 and 342
each communicating with the inside of the manifold 34.
The flow paths connected to the first and second ports
341 and 342 are provided with a recording operation
valve 874 and a maintenance valve 875, respectively,
for which opening/closing control is performed by the
control device 9.
[0181] The control device 9 thus can individually open
and close each of the first ports 341 and second ports
342 for any head 3. This enables recovery from clogging
by discharging impurity from the heads 3 and enables
discharge of air bubbles for only one/some of the heads
3, i. e., target head (s) 3 to be maintained.
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[0182] As a result, ink consumption for maintenance
can be reduced.
[0183] Since ink consumption is reduced without col-
lecting the ink used for the maintenance, each head does
not have to have a filter to collect ink and the need for
inspecting filters is eliminated.
[0184] Further, maintaining only one/some target
head(s) 3 largely shortens the required time compared
to the case of maintaining all the heads connected in
series.
[0185] Further, since the inkjet recording apparatus 10
includes the common flow path 87 to which the heads 3
are connected in parallel, air bubbles and impurity in a
head 3 do not move to another head 3 unlike the case
of a plurality of heads connected in series. The common
flow path 87 also allows pressure adjustment of all the
heads 3 collectively at one time, for example.
[0186] In the case in which the waste fluid flow path
872 is provided to discharge ink from the common flow
path 87, air bubbles generated in the common flow path
87 can be easily discharged through the waste fluid flow
path 872.
[0187] Further, providing the negative pressure form-
ing unit 86 and the bypass flow path 854 can avoid the
effects of a high pressure when a pressure higher than
usual is applied to any of the heads 3 at the time of main-
tenance. Specifically, closing the protecting valve 871
and the third three-way switching valve 848 provided
ahead of and behind the negative pressure forming unit
86, respectively, can avoid the effects of such a high pres-
sure. This can protect the negative pressure forming unit
86.

[Others]

[0188] In the above-described embodiments, the com-
mon flow path 87 is like a flat plate having a substantially
isosceles triangular shape when viewed from the front,
but the shape is not limited thereto.
[0189] FIGS. 14A to 14C show modifications of the
common flow path 87. A common flow path 87A of the
modifications has the shape of a rectangle, when viewed
from the front, whose long side is parallel with the Y-axis
direction. The common flow path 87A, which is a hollow
flow path, has the shape of a rectangular parallelepiped
as a whole and the inner space of the common flow path
87A has the same shape as its external shape.
[0190] Unlike the above-described common flow path
87, the common flow path 87A has a flat uppermost face.
The waste fluid flow path 872 is connected to the common
flow path 87A to be substantially at the same level as the
inner upper face of the common flow path 87A and allows
discharge of air bubbles gathering at the uppermost part
of the common flow path 87A at the time of maintenance.
[0191] FIGS. 14A to 14C show the cases in which the
connection position of an eighth ink flow path 863 to sup-
ply ink to the common flow path 87 is the right end, the
left end, and the center, respectively, of the common flow

path 87A. Such a common flow path 87A, having a rec-
tangular shape when viewed from above, allows selec-
tion of any connection position of the eighth ink flow path
863.

INDUSTRIAL APPLICABILITY

[0192] The present invention has applicability in the
field of inkjet recording apparatuses to eject ink with a
plurality of heads for one color.

REFERENCE NUMERALS

[0193]

3 head
9 control device (control unit)
10 inkjet recording apparatus
34 manifold
341 first port
342 second port
8 ink supply device
81 main tank (first tank)
811 first ink flow path
812 tank valve (connection switching

unit)
814 first fluid supplying pump (first fluid

supplying unit)
82, 82A and 82B sub-tank (second tank)
829 second fluid supplying pump (sec-

ond fluid supplying unit)
83 deaeration device
84 intermediate tank (ink tank)
848 third three-way switching valve

(valve)
850 third fluid supplying pump (fluid sup-

plying unit)
854 bypass flow path
86 negative pressure forming unit
87 common flow path
871 protecting valve (valve)
872 waste fluid flow path (discharge flow

path)
873 waste fluid valve (valve)
874 solenoid valve for recording opera-

tion (valve)
875 maintenance valve (valve)

Claims

1. An inkjet recording apparatus comprising:

a plurality of heads to eject ink of the same color
onto a recording medium;
an ink tank to store ink to be supplied to the
heads; and
a fluid supplying unit to supply ink from the ink
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tank toward the heads, wherein
each of the heads includes a manifold to be filled
with ink, and a first port and a second port each
communicating with the manifold;
an ink flow path is connected to each of the first
and second ports of each of the heads, the ink
flow path being provided with an open/close
switchable valve; and
a control unit is provided to individually control
opening and closing of the valve for each of the
first and second ports of each of the heads.

2. The inkjet recording apparatus according to claim 1,
further comprising a common flow path to which the
first ports of all the heads are connected in parallel,
with the valve between each of the first ports and the
common flow path, wherein
ink is supplied to the heads through the common flow
path.

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

a discharge flow path connected to the common
flow path to discharge ink from the common flow
path; and
an open/close switchable valve provided on the
discharge flow path, wherein
the control unit controls opening and closing of
the valve on the discharge flow path.

4. The inkjet recording apparatus according to any one
of claims 1 to 3, further comprising:

a negative pressure forming unit disposed on an
ink flow path between the ink tank and the heads,
the negative pressure forming unit keeping the
heads at a negative pressure lower than an at-
mospheric pressure;
a bypass flow path to supply ink without using
the negative pressure forming unit; and
open/close switchable valves provided ahead of
and behind the negative pressure forming unit,
respectively, to shut off a pressure for the ink
supply.
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