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(54) METHOD FOR REMOVING AIR BUBBLES FROM INKJET HEAD AND APPARATUS FOR 
REMOVING AIR BUBBLES FROM INKJET HEAD

(57) The present invention addresses the problem of
providing a method for removing air bubbles and an ap-
paratus for removing air bubbles from an inkjet head, by
which residual air bubbles in an ink storage chamber pro-
vided with a filter can be efficiently removed and the
amount of wasted ink from a nozzle can be reduced. The
problem is solved through a way in which: an ink storage
chamber 41 is divided into an upstream-side ink chamber
411 and a downstream-side ink chamber 412 with a filter
42 disposed therebetween; a first ink port 44 and a sec-
ond ink port 45 are disposed on upper portions of the
upstream-side ink chamber 411; a third ink port 46 is
disposed on an upper portion inside the downstream-side
ink chamber 412 without the filter 42 therebetween; air
bubbles in the upstream-side ink chamber 411 are re-
moved by closing the passage of the third ink port 46 and
discharging, from the second ink port 45, the ink that has
been introduced into the upstream-side ink chamber 411
from the first ink port 44; and subsequently, air bubbles
in the downstream-side ink chamber 412 are removed
by closing the passage of the second ink port 45, allowing
ink to flow down from the first ink port 44 to the down-
stream-side ink chamber 412 through the filter 42, and
discharging the ink in the downstream-side ink chamber
412 from the third ink port 46.
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Description

TECHNICAL FIELD

[0001] The present invention relates to a bubble re-
moving method for an inkjet head and a bubble removing
device for an inkjet head, and particularly to a bubble
removing method for an inkjet head and a bubble remov-
ing device for an inkjet head that are capable of efficiently
reducing residual bubbles in an ink storage chamber hav-
ing a filter and also reducing the amount of waste ink
from a nozzle.

BACKGROUND

[0002] An inkjet head is frequently used with the nozzle
face thereof placed face down. Therefore, in the case
where bubbles flow into the head or are caught from the
nozzles at an initial ink introduction step, the bubbles
remain on a ceiling surface in an ink storage chamber
intercommunicating with a pressure chamber.
[0003] As a countermeasure, Patent Document 1 de-
scribes that bubbles in an ink storage chamber can be
discharged from a liquid outlet located at a high position
by circulating ink from a liquid inlet of the inkjet head to
the liquid outlet. However, in connection with enhance-
ment of the resolution, the nozzle diameter is also re-
duced to eject small ink droplets, which causes a risk that
the nozzle is clogged with even minute dust or bubbles,
and thus ejection failure occurs. Therefore, Patent Doc-
ument 2 discloses that a filter for removing dust, etc. is
provided in an ink storage chamber, and an ink discharge
passage intercommunicating with the outside through a
joint member is provided at the upper portion of the filter,
whereby the ejection failure caused by clogging of dust
or the like at the nozzle can be prevented. However, since
the ink storage chamber is divided into an upstream side
and a downstream side by the filter, bubbles remaining
at the downstream side nearer to a pressure chamber
than the filter cannot be sufficiently removed.
[0004] Therefore, there is a method of closing the port
of a joint member to cause ink to flow from an ink inflow
port under pressure, thereby purging ink together with
bubbles from the nozzle to remove the bubbles. Howev-
er, when it is intended to perfectly remove bubbles, a
large amount of ink is discarded every time bubbles are
removed, and also there is a problem in durability of the
head because it is necessary to apply strong pressure.
[0005] In order to solve the above problem, according
to the Patent Document 3, the ink storage chamber is
provided with a bubble-releasing path intercommunicat-
ing with the downstream side of the filter through the filter
in addition to an ink inflow passage and an ink discharge
passage, and ink is made to flow from the ink inflow pas-
sage under pressure while the ink is passed through the
filter and discharged from the bubble-releasing path,
thereby removing bubbles remaining at the downstream
side of the filter.

PRIOR ART DOCUMENTS

PATENT DOCUMENTS

[0006]

Patent Document 1: JP-A-2006-175651
Patent Document 2: JP-A-2009-202490
Patent Document 3: JP-A-2012-218398

SUMMARY OF THE INVENTION

PROBLEM TO BE SOLVED BY THE INVENTION

[0007] However, for example, when larger amounts of
dust, etc. and bubbles are intended to be removed by a
filter, the pressure loss of the filter increases, and thus
in order to discharge residual bubbles from the bubble-
releasing path to the downstream side, high pressure is
required to be applied in consideration of the pressure
loss of the filter. However, this causes a problem from
the viewpoint of durability of the head and durability of
the pump.
[0008] Therefore, the inventor of the present applica-
tion has focused attention on an idea that bubbles can
be removed by flow of ink in the downstream-side ink
chamber of the filter, and has reached the present inven-
tion.
[0009] Therefore, the present invention has an object
to provide a bubble removing method for an inkjet head
and a bubble removing device for an inkjet head that can
efficiently remove residual bubbles in the ink storage
chamber provided with filter, and reduce the amount of
waste ink from a nozzle.
[0010] Other object of the present invention will be
made apparent from the description below.

MEANS FOR SOLVING PROBLEM

[0011] The above-described problems are solved by
the following respective inventions.
[0012]

1. A bubble removing method for an inkjet head that
includes a pressure chamber intercommunicating
with a nozzle, an ink storage chamber intercommu-
nicating with the pressure chamber, and a filter dis-
posed in the ink storage chamber, the ink storage
chamber being divided by the filter into an upstream-
side ink chamber distal to the pressure chamber and
a downstream-side ink chamber proximal to the
pressure chamber, comprising:

providing a first ink port for inflow of ink and a
second ink port for discharge of ink at an upper
portion of the upstream-side ink chamber, and
providing a third ink port for discharge of ink at
an upper portion inside the downstream-side ink
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chamber without the filter existing therebe-
tween;
opening each of flow passages intercommuni-
cating with the first ink port and the second ink
port, and closing a flow passage intercommuni-
cating with the third ink port so as to cause ink
to flow from the first ink port into the upstream-
side ink chamber and cause ink to discharge the
ink from the second ink port, thereby removing
bubbles in the upstream-side ink chamber; and
subsequently closing the flow passage inter-
communicating with the second ink port, and
opening the flow passage intercommunicating
with the third ink port so as to cause ink to flow
in from the first ink port and flow from the up-
stream-side ink chamber through the filter to the
downstream-side ink chamber, and cause ink
flowing to the third ink port in the downstream-
side ink chamber to discharge from the third ink
port, thereby removing bubbles in the down-
stream-side ink chamber.

2. The bubble removing method for an inkjet head
according to 1, further comprising:

further providing a fourth ink port for inflow of ink
intercommunicating, through the filter, with a site
which is located away from the third ink port of
the downstream-side ink chamber and at which
flow of ink directing from the first ink port to the
third ink port is stagnant;
opening of each of the flow passages intercom-
municating with the first ink port and the second
ink port respectively, and closing each of the flow
passages intercommunicating with the third ink
port and the fourth ink port so as to cause ink to
flow from the first ink port into the upstream-side
ink chamber and cause ink to discharge the ink
from the second ink port, thereby removing bub-
bles in the upstream-side ink chamber;
subsequently closing the flow passage inter-
communicating with the second ink port, and
opening the flow passage intercommunicating
with the third ink port so as to cause to ink flow
in from the first ink port and cause ink to flow
from the upstream-side ink chamber through the
filter to the downstream-side ink chamber, and
cause ink flowing to the third ink port in the down-
stream-side ink chamber to discharge from the
third ink port, thereby removing bubbles in the
downstream-side ink chamber; and
subsequently closing each of the flow passages
intercommunicating with the first ink port and the
second ink port, and opening the flow passage
intercommunicating with the fourth ink port so
as to cause ink flowing from the fourth ink port
into the downstream-side ink chamber to dis-
charge from the third ink port, thereby removing

bubbles existing at a site where flow of ink di-
recting to the third ink port is stagnant.

3. A bubble removing method for an inkjet head that
includes a pressure chamber intercommunicating
with a nozzle, an ink storage chamber intercommu-
nicating with the pressure chamber, and a filter dis-
posed in the ink storage chamber, the ink storage
chamber being divided by the filter into an upstream-
side ink chamber distal to the pressure chamber and
a downstream-side ink chamber proximal to the
pressure chamber, comprising:

providing a first ink port for inflow of ink and a
second ink port for discharge of ink at an upper
portion of the upstream-side ink chamber, and
providing a third ink port for discharge of ink at
an upper portion inside the downstream-side ink
chamber without the filter existing therebe-
tween;
opening the flow passage intercommunicating
with the first ink port, closing the flow passage
intercommunicating with the second ink port and
opening the flow passage intercommunicating
with the third ink port so as to cause ink to flow
in from the first ink port and cause ink to flow
from the upstream-side ink chamber through the
filter to the downstream-side ink chamber, and
cause ink flowing to the third ink port in the down-
stream-side ink chamber to discharge, from the
third ink port, thereby removing bubbles in the
downstream-side ink chamber; and
subsequently opening each of the flow passag-
es intercommunicating with the first ink port and
the second ink port, and closing the flow pas-
sage intercommunicating with the third ink port
so as to cause ink to flow from the first ink port
into the upstream-side ink chamber and cause
ink to discharge the ink from the second ink port,
thereby removing bubbles in the upstream-side
ink chamber.

4. The bubble removing method for an inkjet head
according to 3, further comprising:

further providing a fourth ink port for inflow of ink
intercommunicating, through the filter, with a site
which is located away from the third ink port of
the downstream-side ink chamber and at which
flow of ink directing from the first ink port to the
third ink port is stagnant;
opening the flow passage intercommunicating
with the first ink port, closing the flow passage
intercommunicating with the second ink port,
and opening the flow passage intercommunicat-
ing with the third ink port so as to cause ink to
flow in from the first ink port and cause ink to
flow from the upstream-side ink chamber
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through the filter to the downstream-side ink
chamber and cause ink flowing to the third ink
port in the downstream-side ink chamber to dis-
charge from the third ink port, thereby removing
bubbles in the downstream-side ink chamber;
subsequently opening each of the flow passag-
es intercommunicating with the first ink port and
the second ink port, and closing the flow pas-
sage intercommunicating with the third ink port
so as to cause ink to flow from the first ink port
into the upstream-side ink chamber and cause
the ink to discharge from the second ink port,
thereby removing bubbles in the upstream-side
ink chamber; and
subsequently closing each of the flow passages
intercommunicating with the first ink port and the
second ink port, and opening the flow passage
intercommunicating with the fourth ink port so
as to cause ink flowing from the fourth ink port
into the downstream-side ink chamber to dis-
charge from the third ink port, thereby removing
bubbles existing at a site where flow of ink di-
recting to the third ink port is stagnant.

5. The bubble removing method for an inkjet head
according to any one of 1 to 4, wherein the pressure
P [kPa] of ink flowing into the ink storage chamber
satisfies the relationship of P ≤ PMN + RF, wherein
PMN represents a nozzle meniscus break pressure,
and RF represents a pressure loss of the filter.
6. The bubble removing method for an inkjet head
according to any one of 1 to 5, wherein the pressure
P [kPa] of ink flowing into the ink storage chamber
satisfies the relationship of P > 7 - RF.
7. A bubble removing device for an inkjet head that
includes a pressure chamber intercommunicating
with a nozzle, an ink storage chamber intercommu-
nicating with the pressure chamber, and a filter dis-
posed in the ink storage chamber, the ink storage
chamber being divided by the filter into an upstream-
side ink chamber distal to the pressure chamber and
a downstream-side ink chamber proximal to the
pressure chamber, comprising:

a first ink port for inflow of ink and a second ink
port for discharge of ink that are provided at an
upper portion of the upstream-side ink chamber;
a third ink port for discharge of ink that is pro-
vided at an upper portion inside the down-
stream-side ink chamber without the filter exist-
ing therebetween; and
an ink tank that stores ink to be supplied to the
ink storage chamber through a liquid delivery
pump,
wherein the ink tank is connected to the first ink
port through a first ink supply pipe, and connect-
ed to the second ink port and the third ink port
through a first ink discharge pipe and a second

ink discharge pipe respectively, and the first ink
supply pipe, the first ink discharge pipe and the
second ink discharge pipe are provided with a
first on-off valve, a second on-off valve and a
third on-off valve respectively; and
a control device that controls the liquid delivery
pump, the first on-off valve, the second on-off
valve and the third on-off valve,
wherein the control device controls to perform a
first control operation of opening the first on-off
valve and the second on-off valve, closing the
third on-off valve, and driving the liquid delivery
pump so as to cause ink flowing from the first
ink port into the upstream-side ink chamber to
discharge from the second ink port, thereby re-
moving bubbles in the upstream-side ink cham-
ber, and after completion of the first control op-
eration, perform a second control operation of
closing the second on-off valve while the first
on-off valve is left open, opening the third on-off
valve and driving the liquid delivery pump so as
to cause ink flowing from the first ink port to pass
through the upstream-side ink chamber and the
downstream-side ink chamber and discharge
from the third ink port, thereby removing bubbles
in the downstream-side ink chamber.

8. The bubble removing device for an inkjet head
according to 7, further comprising:

a fourth ink port for inflow of ink that intercom-
municates, through the filter, with a site which
is located away from the third ink port of the
downstream-side ink chamber and at which flow
of ink directing from the first ink port to the third
ink port is stagnant;
a second ink supply pipe that intercommuni-
cates with the fourth ink port and causes to ink
flow in from the ink tank, the second ink supply
pipe being provided with a fourth on-off valve;
and
a control device that controls the liquid delivery
pump, the first on-off valve, the second on-off
valve, the third on-off valve and the fourth on-
off valve,
wherein the control device controls the liquid de-
livery pump, the first on-off valve, the second
on-off valve, the third on-off valve and the fourth
on-off valve to close the first on-off valve and
the second on-off valve, open the third on-off
valve and the fourth on-off valve and drive the
liquid delivery pump after completion of the sec-
ond control operation so that ink flowing from
the fourth ink port into the downstream-side ink
chamber is discharged from the third ink port.

9. A bubble removing device for an inkjet head that
includes a pressure chamber intercommunicating
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with a nozzle, an ink storage chamber intercommu-
nicating with the pressure chamber, and a filter dis-
posed in the ink storage chamber, the ink storage
chamber being divided by the filter into an upstream-
side ink chamber distal to the pressure chamber and
a downstream-side ink chamber proximal to the
pressure chamber, comprising:

a first ink port for inflow of ink and a second ink
port for discharge of ink that are provided at an
upper portion of the upstream-side ink chamber;
a third ink port for discharge of ink that is pro-
vided at an upper portion inside the down-
stream-side ink chamber without the filter exist-
ing therebetween;
an ink tank that stores ink to be supplied to the
ink storage chamber through a liquid delivery
pump,
wherein the ink tank is connected to the first ink
port through a first ink supply pipe, and connect-
ed to the second ink port and the third ink port
through a first ink discharge pipe and a second
ink discharge pipe respectively, and the first ink
supply pipe, the first ink discharge pipe and the
second ink discharge pipe are provided with a
first on-off valve, a second on-off valve and a
third on-off valve respectively; and
a control device that controls the liquid delivery
pump, the first on-off valve, the second on-off
valve and the third on-off valve,
wherein the control device controls to perform a
second control operation of opening the first on-
off valve, closing the second on-off valve, open-
ing the third on-off valve and driving the liquid
delivery pump so as to cause ink to flow in from
the first ink port and pass through the upstream-
side ink chamber and the downstream-side ink
chamber and discharge the ink from the third ink
port, thereby removing bubbles in the down-
stream-side ink chamber, and after completion
of the second control operation, perform a first
control operation of opening the first on-off valve
and the second on-off valve, closing the third
on-off valve and driving the liquid delivery pump
so as to cause ink flowing from the first ink port
into the upstream-side ink chamber to discharge
from the second ink port, thereby removing bub-
bles in the upstream-side ink chamber.

10. The bubble removing device for an inkjet head
according to 9, further comprising:

a fourth ink port for inflow of ink that intercom-
municates, through the filter, with a site which
is located away from the third ink port of the
downstream-side ink chamber and at which flow
of ink directing from the first ink port to the third
ink port is stagnant;

a second ink supply pipe that intercommuni-
cates with the fourth ink port and causes to ink
flow in from the ink tank, the second ink supply
pipe being provided with a fourth on-off valve;
and
a control device that controls the liquid delivery
pump, the first on-off valve, the second on-off
valve, the third on-off valve and the fourth on-
off valve,
wherein the control device controls the liquid de-
livery pump, the first on-off valve, the second
on-off valve, the third on-off valve and the fourth
on-off valve to close the first on-off valve and
the second on-off valve, open the third on-off
valve and the fourth on-off valve and drive the
liquid delivery pump after completion of the first
control operation so as to cause ink flowing from
the fourth ink port into the downstream-side ink
chamber to discharge from the third ink port.

11. The bubble removing device for an inkjet head
according to 8 or 10, wherein the fourth ink port is
disposed at a site where flow of ink directing from
the first ink port to the third ink port is stagnant in the
downstream-side ink chamber.
12. The bubble removing device for an inkjet head
according to any one of 7 to 11, wherein a control
operation of discharging bubbles in the ink storage
chamber controls the pressure P [kPa] of ink flowing
into the ink storage chamber so that the pressure P
satisfies the relationship of P ≤ PMN + RF, wherein
PMN represents a nozzle meniscus break pressure,
and RF represents a pressure loss of the filter.
13. The bubble removing device for an inkjet head
according to any one of 7 to 12, wherein the pressure
P [kPa] of ink flowing into the ink storage chamber
is controlled to satisfy the relationship of P > 7 - RF
in the control operation.
14. The bubble removing device for an inkjet head
according to any one of 7 to 13, wherein the first ink
port and the second ink port are disposed at both
the end portions in the longitudinal direction of the
upstream-side ink chamber, and the third ink port is
disposed at an end portion of the downstream-side
ink chamber which is farther away from the first ink
port than the second ink port.
15. The bubble removing device for an inkjet head
according to any one of 7 to 14, wherein the third ink
port is located at the same height as or higher than
a lower surface of the filter by which the ink storage
chamber is divided into the upstream-side ink cham-
ber and the downstream-side ink chamber.
16. The bubble removing device for an inkjet head
according to any one of 7 to 15, wherein the area of
the filter by which the ink storage chamber is divided
into the upstream-side ink chamber and the down-
stream-side ink chamber is sufficiently larger than
the opening area of the first ink port.
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17. The bubble removing device for an inkjet head
according to any one of 7 to 16, wherein the ink tank
is partitioned into an ink return chamber and an ink
supply chamber by a partition plate that does not
reach a bottom plate of the ink tank, an ink discharge
pipe is connected to the ink return chamber and an
ink supply pipe is connected to the ink supply cham-
ber.

BRIEF DESCRIPTION OF THE DRAWINGS

[0013]

Fig. 1 is a schematic diagram showing an example
of a bubble removing device for an inkjet head ac-
cording to a first embodiment to implement a bubble
removing method for an inkjet head according to the
present invention;
Fig. 2 is a partially enlarged cross-sectional view
showing an example of the inkjet head used in Fig. 1;
Fig. 3 is a flowchart showing a bubble removing op-
eration of the bubble removing device for an inkjet
head according to the first embodiment;
Fig. 4 is a diagram showing the states of ink and
bubbles in an ink storage chamber during the bubble
removing operation according to the first embodi-
ment;
Fig. 5 is a schematic diagram showing an example
of a bubble removing device for an inkjet head ac-
cording to a second embodiment to implement the
bubble removing method for an inkjet head accord-
ing to the present invention;
Fig. 6 is a flowchart showing the bubble removing
operation of the bubble removing device for an inkjet
head according to the second embodiment;
Fig. 7 is a diagram showing the states of ink and
bubbles in an ink storage chamber during the bubble
removing operation according to the second embod-
iment; and
Fig. 8 is a flowchart showing a nozzle purge opera-
tion.

DESCRIPTION OF THE PREFERRED EMBODI-
MENTS

[0014] Embodiments according to the present inven-
tion will be described hereunder in detail with reference
to the drawings.

(First Embodiment)

[0015] Fig. 1 is a schematic diagram showing an ex-
ample of a bubble removing device for an inkjet head
according to a first embodiment to implement a bubble
removing method for an inkjet head according to the
present invention, and Fig. 2 is a partially enlarged cross-
sectional view of an example of an inkjet head used in
Fig. 1.

[0016] In Fig. 1, an inkjet head 1 includes a head chip
2, a substrate 3 adhering to the head chip 2, and a man-
ifold 4 which adheres to a surface of the substrate 3 on
the opposite side to the head chip 2 while the substrate
3 is sandwiched therebetween. A nozzle plate 21 having
nozzles 22 adheres to a surface of the head chip 2 on
the opposite side to the substrate 3.
[0017] The bubble removing device includes an ink
tank 5 for ink to be supplied to the inkjet head 1. The
inkjet head 1 and the ink tank 5 intercommunicate with
each other so that ink can be supplied to the inkjet head
1 through an ink supply pipe 6, and ink can be returned
from the inkjet head 1 through an ink discharge pipe 7.
[0018] Although the ink tank 5 is not specifically limited,
the ink tank 5 is preferably partitioned into an ink return
chamber 51 and an ink supply chamber 52 by a partition
plate 50 which does not reach the bottom plate of the
tank. The ink discharge pipe 7 is connected to the ink
return chamber 51, and the ink supply pipe 6 is connected
to the ink supply chamber 52.
[0019] The partition plate 50 is provided to sufficiently
deaerate ink so that bubbles in the ink returned to the ink
return chamber 51 are not supplied from the ink supply
pipe 6 again. When the partition plate is configured not
to reach the bottom plate of the tank, this is preferable
because bubbles themselves have high buoyance and
thus are restricted from passing through the lower side
of the partition plate 50 and feeding into the ink supply
chamber 52. Such an aspect is preferable to a case
where ink is used under circulation.
[0020] The inkjet head 1 of this embodiment is illus-
trated to be used in such an arrangement that the nozzle
faces thereof face the lower side in Figs. 1 and 2. In the
specification, "up" or "down" is indicated with reference
to the working conditions shown in Figs. 1 and 2. Accord-
ingly, the upper side in Figs. 1 and 2 corresponds to "up",
and the lower side in Figs. 1 and 2 corresponds to "down".
[0021] As shown in Fig. 2, the head chip 2 has pressure
chambers 23. The number of pressure chambers 23 is
not limited to a specific value, and at least one pressure
chamber 23 may be provided. The head chip 2 according
to this embodiment has plural pressure chambers 23 ar-
ranged along the X-direction in Figs. 1 and 2. The X-
direction represents the longitudinal direction of the head
chip 2. The pressure chambers 23 discharge liquid drop-
lets from the nozzles 22 intercommunicating with one
ends of the pressure chambers 23 by applying discharge
pressure to ink in the pressure chambers 23. The other
ends of the pressure chambers 23 are opened to an end
face on the substrate 3 side of the head chip 2.
[0022] Any means may be used to apply the discharge
pressure to the ink in the pressure chamber 23, and a
well-known art is applicable. This embodiment exempli-
fies the head chip 2 in which the partition wall 24 for par-
titioning the adjacent pressure chambers 23, 23 there-
through comprises a piezoelectric element. The partition
wall 24 undergoes shear deformation upon application
of a voltage to driving electrodes (not shown) formed on

9 10 
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two opposed surfaces thereof. The shear deformation of
the partition walls 24, 24 at both the sides of the pressure
chamber 23 makes the pressure chamber 23 expand or
contract, whereby the discharge pressure is applied to
the ink and liquid droplets are discharged from the noz-
zles 22.
[0023] The substrate 3 is, for example, a glass sub-
strate, and has a wiring (not shown) for applying a voltage
to the driving electrodes of each partition wall 24 of the
head chip 2. The substrate 3 adheres to the end face of
the head chip 2 to which the other ends of the pressure
chambers 23 are opened. The size of the substrate 3 is
larger than that of the end face of the head chip 2. There-
fore, the outer periphery of the substrate 3 protrudes to
the outside of the head chip 2. In the substrate 3 are
formed through-holes 31 which intercommunicate with
the pressure chambers 23 of the head chip 2 to cause
ink to flow into the pressure chambers 23.
[0024] The manifold 4 is formed of synthetic resin and
configured in a horizontally-long box-shape having an
opening portion 4a in one surface thereof, and adheres
to the substrate 3 so as to block the opening portion 4a.
The internal space of the manifold 4 constitutes an ink
storage chamber 41 for storing ink supplied from an ink
tank 5 described later. The ink storage chamber 41 in-
tercommunicates with all the pressure chambers 23 of
the head chip 2 through the through-holes 31 of the sub-
strate 3. Accordingly, the ink in the ink storage chamber
41 is commonly supplied to the respective pressure
chambers 23 through the through-holes 31.
[0025] A filter 42 formed of, for example, a mesh porous
body of metal or resin is disposed in the ink storage cham-
ber 41. The filter 42 prevents foreign substances con-
tained in ink from flowing into the pressure chambers 23.
The filter 42 is disposed substantially in parallel to the
substrate 3 so that the ink storage chamber 41 is vertically
bisected in Fig. 1, and fixed in the ink storage chamber
41, whereby the ink storage chamber 41 is divided into
an upstream-side ink chamber 411 being distant from
the pressure chambers 23 and a downstream-side ink
chamber 412 being near to the pressure chambers 23
with the filter 42 being located therebetween.
[0026] In the present invention, the filter 42 functions
as a pressure loss element during supply of ink.
[0027] In pump circulation of liquid, the length of an ink
supply pipe, the number of bent portions of the supply
pipe, the number of fittings of on-off valves and the like,
etc. are considered as pressure loss elements. However,
these pressure loss elements are negligible in level as
compared with the pressure loss of the filter.
[0028] A damper member 43 in which gas is encapsu-
lated is disposed in the downstream-side ink chamber
412. The damper member 43 is disposed at a predeter-
mined distance from the substrate 3 so that a damper
surface 431 formed of a flexible membrane (see Fig. 2)
faces the substrate 3. The damper member 43 absorbs
pressure waves propagating from the pressure cham-
bers 23 to the ink storage chamber 41 under discharge

of ink. Accordingly, an effect of pressure waves occurring
in a pressure chamber 23 on the other pressure cham-
bers 23 through the ink storage chamber 41 can be al-
leviated.
[0029] In the ink storage chamber 41, the upstream-
side ink chamber 411 is provided with a first ink port 44
and a second ink port 45.
[0030] The first ink port 44 is a port through which ink
is made to flow into the ink storage chamber 41. A con-
nection portion 441 is provided at the first ink port 44 so
as to be erected upwards. The connection portion 441
intercommunicates with the ink supply pipe 6. In this em-
bodiment, the ink supply pipe 6 is a first ink supply pipe.
[0031] The second ink port 45 is a port through which
ink flowing from the first ink port 44 into the upstream-
side ink chamber 411 is discharged together with bubbles
in the ink. A connection portion 451 is provided at the
second ink port 45 so as to be erected upwards.
[0032] The connection portion 451 intercommunicates
with the ink discharge pipe 7. Specifically, an end portion
of the ink discharge pipe 7 on the inkjet head 1 side is
split into two branch pipes 7a, 7b. The connection portion
451 of the second ink port 45 intercommunicates with
the branch pipe 7a out of these branch pipes. In this em-
bodiment, the branch pipe 7a of the ink discharge pipe
7 is a first ink discharge pipe.
[0033] The inner diameter of a flow passage extending
from the second ink port 45 through the connection por-
tion 451, the branch pipe 7a and the ink discharge pipe
7 and reaching the ink tank 5 is equal to or larger than
the opening diameter of the second ink port 45. There-
fore, the pressure loss of the flow passage intercommu-
nicating with the second ink port 45 does not increase,
so that ink and bubbles in the ink can be smoothly dis-
charged.
[0034] Furthermore, it is preferable that the opening
diameter of the second ink port 45 is equal to or larger
than the opening diameter of the first ink port 44, whereby
ink flowing in from the first ink port 44 can be smoothly
discharged from the second ink port 45.
[0035] It is preferable that the first ink port 44 and the
second ink port 45 are located at both the ends in the
longitudinal direction of the upstream-side ink chamber
411 as shown in Fig. 1. Specifically, in this embodiment,
the first ink port 44 is opened to the upper surface of the
end portion at the left side of the upstream-side ink cham-
ber 411 in Fig. 1, and the second ink port 45 is opened
to the upper surface of the end portion at the right side
of the upstream-side ink chamber 411 in Fig. 1, whereby
ink flowing from the first ink port 44 into the upstream-
side ink chamber 411 can be made to efficiently flow to
the second ink port 45 over the whole inside of the up-
stream-side ink chamber 411. Accordingly, a site at which
ink is stagnant is hardly formed in the upstream-side ink
chamber 411, and thus bubbles in the ink can be more
efficiently removed.
[0036] In the ink storage chamber 41, the downstream-
side ink chamber 412 is provided with a third ink port 46.
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The third ink port 46 is a port through which ink flowing
from the first ink port 44 through the upstream-side ink
chamber 411 into the downstream-side ink chamber 412
is discharged together with bubbles in the ink. The filter
42 is disposed between the upstream-side ink chamber
411 and the downstream-side ink chamber 412. There-
fore, when ink is discharged from the third ink port 46,
the ink necessarily passes through the filter 42 and flows
into the downstream-side ink chamber 412. Accordingly,
bubbles remaining in the filter 42 can be also discharged
to the downstream-side ink chamber 412, and removed
from the third ink port 46.
[0037] A connection portion 461 is provided at the third
ink port 46 so as to be erected upwards. The connection
portion 461 intercommunicates with the ink discharge
pipe 7. Specifically, the connection portion 461 of the
third ink port 46 intercommunicates with the branch pipe
7b of the ink discharge pipe 7. In this embodiment, the
branch pipe 7b of the ink discharge pipe 7 is a second
ink discharge pipe.
[0038] The inner diameter of a flow passage extending
from the third ink port 46 through the connection portion
461, the branch pipe 7b and the ink discharge pipe 7,
and reaching the ink tank 5 is equal to or larger than the
opening diameter of the third ink port 46. Therefore, the
pressure loss of the flow passage intercommunicating
with the third ink port 46 does not increase, and ink and
bubbles in the ink can be smoothly discharged.
[0039] The third ink port 46 is not covered by the filter
42. Accordingly, the third ink port 46 intercommunicates
with the downstream-side ink chamber 412 through no
filter. Accordingly, when ink and bubbles in the ink in the
downstream-side ink chamber 412 are discharged from
the third ink port 46, they undergo no pressure loss from
a filter. Therefore, the ink and the bubbles in the ink can
be efficiently discharged without increasing the inflow
pressure when the ink is made to flow into the manifold 4.
[0040] Further describing, according to the present in-
vention, the pressure P of ink which is fed to the first ink
port 44 by a liquid delivery pump 61 is preferably deter-
mined in consideration of the pressure loss of the filter,
the nozzle meniscus break pressure of the nozzle 22 and
other non-negligible pressure losses. In the present in-
vention, the nozzle meniscus break pressure of the noz-
zle 22 must be sufficiently considered from the viewpoint
of preventing waste of ink.
[0041] In the present invention, the pressure P of ink
means the inflow pressure of ink which is made to flow
into the manifold 4 by driving the liquid delivery pump 61,
and it is measured at a flow passage at the upstream of
the first ink port 44 (total pressure is measured when
there is a fourth ink port 47 described later).
[0042] For example, when an on-off valve represented
by reference numeral 72 of Fig. 1 is provided at the down-
stream of the third ink port 46, the pressure loss of the
on-off valve occurs in addition to the pressure loss of the
filter 42. Accordingly, when the on-off valve is provided,
it is more preferable to set the pressure in consideration

of addition of the pressure loss of the on-off valve.
[0043] Furthermore, the pressure P of ink also varies
according to the water head difference between the ink
tank 5 and the inkjet head 1. The pressure P of ink in the
present invention is defined as the pressure when the
water head difference between the ink tank 5 and the
inkjet head 1 is set to zero.
[0044] Furthermore, the opening diameter of the third
ink port 46 is preferably larger than the opening diameter
of one nozzle 22. Such a configuration makes it easier
for ink flowing into the downstream-side ink chamber 412
to be discharged smoothly from the third ink port 46 than
that from the nozzles 22. Accordingly, the amount of
waste ink to be discharged from the nozzles 22 under
removal of bubbles can be reduced.
[0045] The opening diameter of the nozzle 22 means
the opening diameter of the tip in the discharge direction
of the nozzle 22. When the opening shape of the tip in
the discharge direction of the nozzle 22 is circular, the
opening diameter indicates the diameter of the circle. On
the other hand, when the opening shape is not circular,
the opening shape is replaced by a circle having the same
area as the opening area of the tip in the discharge di-
rection of the nozzle 22, and the opening diameter is set
to the diameter of the circle.
[0046] When ink is made to flow in from the first ink
port 44 and then discharged from the third ink port 46 for
removal of bubbles, it is preferable that the pressure P
of ink to flow from the first ink port 44 into the ink storage
chamber 41 satisfies the relationship of P ≤ PMN + RF
[kPa] wherein the PMN represents the nozzle meniscus
break pressure and RF represents the pressure loss of
the filter 42. With this configuration, when the ink flowing
into the downstream-side ink chamber 412 is discharged
from the third ink port 46, the ink is not discharged from
the nozzle 22, and the amount of waste ink can be re-
duced to substantially zero.
[0047] The lower limit of the pressure P of ink is re-
quired to be larger than the filter meniscus break pressure
PMF as the pressure under which ink can pass through
the filter 42. Specifically, it is preferable to satisfy the
relationship of P > 7 - RF [kPa]. With this configuration,
the ink flowing from the first ink port 44 into the upstream-
side ink chamber 411 can be made to rapidly flow through
the filter 42 into the downstream-side ink chamber 412.
Accordingly, the bubble removing operation can be early
completed.
[0048] The opening diameter of the third ink port 46 is
preferably set to be equal to or larger than the opening
diameter of the first ink port 44, whereby the ink flowing
in from the first ink port 44 can be smoothly discharged
from the third ink port 46.
[0049] It is preferable that the third ink port 46 is located
at an end portion of the downstream-side ink chamber
412 which is more distant from the first ink port 44 than
the second ink port 45. Specifically, in this embodiment,
the downstream-side ink chamber 412 has an extension
portion 412a which protrudes outwards from the end por-
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tion on the second ink port 45 side of the upstream-side
ink chamber 411. The third ink port 46 is opened to the
upper surface of the extension portion 412a.
[0050] With the above configuration, the ink passing
through the filter 42 and flowing into the downstream-
side ink chamber 412 can be made to efficiently flow to
the third ink port 46 over the whole inside of the down-
stream-side ink chamber 412. Accordingly, a site at which
ink is stagnant is hardly formed in the downstream-side
ink chamber 412, and bubbles in ink can be more effi-
ciently removed.
[0051] Furthermore, the third ink port 46 is preferably
located at the same height position as the lower surface
421 of the filter 42 or a position higher than the lower
surface 421. With this arrangement, a step portion serv-
ing as a weir for disturbing discharge of bubbles adhering
to the lower surface 421 of the filter 42 is not formed
between the filter 42 and the third ink port 46, so that the
discharge performance of bubbles can be more en-
hanced. The height means the distance by which the
manifold 4 is spaced from the opening portion 4a.
[0052] It is preferable that the area of the filter 42 is
sufficiently larger than the opening area of the first ink
port 44. Accordingly, even when dust contained in ink
flowing from the first ink port 44 adheres to the filter 42
during discharge of the ink from the third ink port 46, flow
of the ink passing through the filter 42 to the downstream-
side ink chamber 412 is not immediately disturbed.
[0053] The liquid delivery pump 61 for supplying ink in
the ink tank 5 to the inkjet head 1 and a first on-off valve
62 for electrically opening/closing a flow passage inter-
communicating with the first ink port 44 are connected
to some points of the ink supply pipe 6. A second on-off
valve 71 for electrically opening/closing a flow passage
intercommunicating with the second ink port 45 is con-
nected to some point of the branch pipe 7a of the ink
discharge pipe 7. Furthermore, the third on-off valve 72
for electrically opening/closing a flow passage intercom-
municating with the third ink port 46 is connected to some
point of the branch pipe 7b of the ink discharge pipe 7.
[0054] A bubble detection sensor 73 for detecting bub-
bles in the ink discharged from the second ink port 45
and the third ink port 46 is connected to some point of
the ink discharge pipe 7.
[0055] For example, an electrode type sensor, an op-
tical sensor or the like may be used as the bubble detec-
tion sensor 73. The electrode type bubble sensor, for
example, measures minute current flowing between two
electrodes, and monitors the difference between current
values of flowing current when liquid is fully filled in a
detector and when bubbles are mixed in the detector. It
is also preferable that the detector to be fully filled with
liquid containing no bubbles detects ink in the ink supply
pipe 6 because ink containing no bubble is preferable as
the liquid.
[0056] As shown in Fig. 1, the bubble detection sensor
73 is preferably connected to some point at the down-
stream of the ink discharge pipe 7 with respect to the

branch pipes 7a, 7b. With this arrangement, bubbles in
ink discharged from any port of the second ink port 45
and the third ink port 46 can be detected by one bubble
detection sensor 73, and thus the configuration can be
simplified. However, each of the branch pipes 7a, 7b may
be provided with the bubble detection sensor as not
shown.
[0057] The liquid delivery pump 61 and the first on-off
valve 62, the second on-off valve 71 and the third on-off
valve 72 are electrically connected to a control device 8.
The control device 8 controls the driving of the liquid de-
livery pump 61 (ON/OFF) and the opening/closing of the
first on-off valve 62, the second on-off valve 71 and the
third on-off valve 72 according to a pre-stored predeter-
mined program when bubbles in the ink storage chamber
41 are removed.
[0058] A detection signal of the bubble detection sen-
sor 73 is input to the control device 8. After the driving of
the liquid delivery pump 61 is started for bubble removal,
the control device 8 monitors the detection signal input
from the bubble detection sensor 73 at a predetermined
time interval, and determines the presence or absence
of bubbles in ink discharged from the ink storage chamber
41.
[0059] Next, an example of the bubble removing oper-
ation of the bubble removing device described with re-
spect to the first embodiment will be further described
with reference to Figs. 3 and 4. Fig. 3 is a flowchart show-
ing the bubble removing operation, and Fig. 4 is a dia-
gram showing the states of ink and bubbles in the ink
storage chamber 41 during the bubble removing opera-
tion.
[0060] The bubble removing operation is performed in
an initial ink introduction step in which the ink storage
chamber 41 is filled with ink from its empty state or a
maintenance step for the inkjet head 1. In the following
description, a case where the bubble removing operation
is executed in the initial ink introduction step will be de-
scribed. However, the bubble removing operation exe-
cuted in the maintenance step may be likewise per-
formed.
[0061] In the initial state, the ink storage chamber 41
is under an empty state. The control device 8 opens all
the on-off valves 62, 71 and 72 to open the respective
flow passages intercommunicating with all the ink ports
44, 45 and 46 when performing the bubble removing op-
eration. Furthermore, a flag a is set to 0.
[0062] First, the control device 8 checks the flag a
(S101). At this time, since flag a = 0 is set, the control
device 8 closes the third on-off valve 72 so as to close
the flow passage intercommunicating with the third ink
port 46 (S102).
[0063] Subsequently, the control device 8 controls the
liquid delivery pump 61 to start its driving and supply ink
into the ink storage chamber 41 (S103), whereby ink in
the ink tank 5 flows from the first ink port 44 into the
upstream-side ink chamber 411 under predetermined
pressure (Fig. 4(a)).
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[0064] The ink flowing from the first ink port 44 into the
upstream-side ink chamber 411 is made to flow over the
entire inside of the upstream-side ink chamber 411, pass
from the second ink port 45 through the branch pipe 7a
and the ink discharge pipe 7 and then return to the ink
tank 5. During the driving of the liquid delivery pump 61,
ink circulation is performed such that the ink is made to
flow from the ink tank 5 through the upstream-side ink
chamber 411 and return to the ink tank 5 again. In this
process, bubbles B1 in the upstream-side ink chamber
411 are efficiently discharged from the second ink port
45 by the circulation flow of ink (Fig. 4(b)).
[0065] The bubbles B1 in the ink passed from the sec-
ond ink port 45 through the ink discharge pipe 7 and
returned to the ink tank 5 are detected by the bubble
detection sensor 73. The control device 8 monitors the
detection signal from the bubble detection sensor 73 at
a predetermined time interval after the driving of the liquid
delivery pump 61 is started in the bubble removing op-
eration. This time interval is set to a predetermined time
period for which it is estimated that bubbles in the up-
stream-side ink chamber 411 or the downstream-side ink
chamber 412 have been removed from the start of the
driving of the liquid delivery pump 16. The control device
8 continues to drive the liquid delivery pump 61 and cir-
culates the ink in the upstream-side ink chamber 411
until the bubble detection sensor 73 detects no longer
the bubbles B1 in the ink inside the ink discharge pipe 7
(S104).
[0066] When the bubble detection sensor 73 detects
no longer the bubbles B1 in the ink flowing inside the ink
discharge pipe 7, the control device 8 stops the driving
of the liquid delivery pump 61 to stop supply of ink to the
ink storage chamber 41 (S105).
[0067] Thereafter, the control device 8 sets flag a = 1
(S106), opens all the on-off valves 62, 71 and 72 (S107)
and then returns to the processing starting from step
S101.
[0068] Since flag a = 1 is set in second step S101, the
control device 8 closes only the second on-off valve 71
to close only the flow passage intercommunicating with
the second ink port 45 (S108).
[0069] Thereafter, the control device 8 starts the driv-
ing of the liquid delivery pump 61 again so that ink is
supplied into the ink storage chamber 41 (S109). At this
time, since the flow passage intercommunicating with the
second ink port 45 is closed, ink flowing from the first ink
port 44 into the upstream-side ink chamber 411 passes
through the filter 42, and flows into the downstream-side
ink chamber 412. The ink flowing into the downstream-
side ink chamber 412 is made to pass from the third ink
port 46 through the branch pipe 7b and the ink discharge
pipe 7, and return to the ink tank 5, whereby the ink is
circulated between the ink storage chamber 41 and the
ink tank 5.
[0070] The control device 8 continues the driving of the
liquid delivery pump 61 and continues to supply ink to
the first ink port 44, thereby continuing discharge of ink

from the third ink port 46. During the driving of the liquid
delivery pump 61, ink is circulated such that the ink is
made to pass from the ink tank 5 through the upstream-
side ink chamber 411 and the downstream-side ink
chamber 412 and return to the ink tank 5 again, whereby
the ink is circulated between the ink storage chamber 41
and the ink tank 5. In this process, bubbles B2 in the
downstream-side ink chamber 412 are efficiently dis-
charged from the third ink port 46 by circulation flow of
ink (Fig. 4(c)).
[0071] In a preferable aspect of the present invention,
the opening diameter of the third ink port 46 is set to be
larger than the opening diameter of one nozzle 22, so
that ink flowing into the downstream-side ink chamber
412 is more easily and smoothly discharged from the
third ink port 46 than that from the nozzle 22. Therefore,
when the bubbles B2 in the downstream-side ink cham-
ber 412 are removed, a large amount of ink is prevented
from being needlessly discharged from the nozzles 22,
and thus the amount of waste ink is reduced.
[0072] Furthermore, by setting the pressure P of ink
flowing from the first ink port 44 into the ink storage cham-
ber 41 so as to satisfy the relationship of P ≤ PMN + RF
[kPa], ink flowing into the downstream-side ink chamber
412 is not discharged from the nozzles 22 during dis-
charge of the ink from the third ink port 46, so that the
amount of waste ink can be reduced to substantially zero.
[0073] By setting the pressure P of the ink so as to
satisfy the relationship of P > 7 - RF [kPa], ink flowing
into the upstream-side ink chamber 411 can be made to
rapidly pass through the filter 42 and flow to the down-
stream-side ink chamber 412. Accordingly, the bubble
removing operation can be early completed.
[0074] The control device 8 also monitors the detection
signal from the bubble detection sensor 73 at a prede-
termined time interval when bubbles in the downstream-
side ink chamber 412 are removed as in the case of the
removal of bubbles in the upstream-side ink chamber
411. The driving of the liquid delivery pump 61 is contin-
ued until the bubbles B2 in the ink flowing in the ink dis-
charge pipe 7 are not detected any longer (S110).
[0075] When the bubbles B1 in the ink flowing in the
ink discharge pipe 7 are not detected any longer by the
bubble detection sensor 73, the control device 8 stops
the driving of the liquid delivery pump 61 to stop the ink
supply to the ink storage chamber 41 (S111).
[0076] Thereafter, the control device 8 closes all the
on-off valves 62, 71 and 72 to close the respective flow
passages intercommunicating with all the ink ports 44,
45 and 46 (S112).
[0077] Through the above operation, ink is filled in the
upstream-side ink chamber 411 and the downstream-
side ink chamber 412 of the ink storage chamber 41. The
amount of waste ink which is needlessly discharged from
the nozzles 22 is reduced, and residual bubbles in the
ink storage chamber 41 are efficiently removed.
[0078] When the bubbles in the downstream-side ink
chamber 412 are removed, ink flowing from the first ink
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port 44 into the upstream-side ink chamber 411 neces-
sarily passes through the filter 42, and then flows into the
downstream-side ink chamber 412, so that bubbles re-
maining in the filter 42 can be also removed.
[0079] As described with respect to the embodiment,
the bubble removing operation is preferably performed
such that the bubbles B2 in the downstream-side ink
chamber 412 are removed after the bubbles B1 in the
upstream-side ink chamber 411 of the ink storage cham-
ber 41 are removed, whereby the residual bubbles can
be more efficiently removed with a small ink circulation
amount.

(Second Embodiment)

[0080] Fig. 5 is a schematic configuration diagram
showing an exemplary bubble removing device for an
inkjet head according to a second embodiment to imple-
ment the bubble removing method for an inkjet head ac-
cording to the present invention. The components rep-
resented by the same reference numerals as shown in
Fig. 1 have the same configurations, and the detailed
description thereof are omitted because the description
of Fig. 1 can be referred to.
[0081] The second embodiment is particularly prefer-
ably applicable to a case where bubbles in the ink storage
chamber 41 cannot be sufficiently removed by the bubble
removing operation using the aforementioned third ink
port 46 or cannot be rapidly removed.
[0082] In the second embodiment, the manifold 4 of
the inkjet head 1 is added with a fourth ink port 47 for
causing ink to flow into the ink storage chamber 41. The
fourth ink port 47 is a port for causing ink to flow into the
downstream-side ink chamber 412. A connection portion
471 is provided at the fourth ink port 47 so as to be erected
upwards.
[0083] The connection portion 471 intercommunicates
with the ink supply pipe 6. Specifically, the ink supply
pipe 6 is configured so that an end portion on the inkjet
head 1 side thereof is split into two branch pipes 6a and
6b. In this embodiment, the connection portion 471 of the
fourth ink port 47 intercommunicates with the branch pipe
6b of these pipes. The connection portion 441 of the first
ink port 44 intercommunicates with the branch pipe 6a.
The first on-off valve 62 is connected to some point of
the branch pipe 6a. In this embodiment, the branch pipe
6a of the ink supply pipe 6 is a first ink supply pipe, and
the branch pipe 6b is a second ink supply pipe.
[0084] A fourth on-off valve 63 for electrically open-
ing/closing a flow passage intercommunicating with the
fourth ink port 47 is connected to some point of the branch
pipe 6b. The fourth on-off valve 63 is electrically connect-
ed to and controlled by the control device 8.
[0085] The fourth ink port 47 intercommunicates with
the downstream-side ink chamber 412 not through the
upstream-side ink chamber 411. Accordingly, the flow
rate of ink directing from the fourth ink port 47 to the third
ink port 46 can be set to be higher than the flow rate of

ink directing from the first ink port 44 to the third ink port
46. This is because the flow passage through which ink
flows from the fourth ink port 47 to the downstream-side
ink chamber 412 is remarkably narrower than the flow
passage through which ink flows from the upstream-side
ink chamber 411 to the downstream-side ink chamber
412. Therefore, bubbles in the downstream-side ink
chamber 412 can be more surely and efficiently removed
as compared with a case where ink is made to flow in
from the first ink port 44.
[0086] Unlike the third ink port 46, the fourth ink port
47 is covered by the filter 48. Accordingly, the fourth ink
port 47 intercommunicates with the downstream-side ink
chamber 412 through the filter 48. Therefore, ink supplied
to the fourth ink port 47 necessarily passes through the
filter 48 and then flows into the downstream-side ink
chamber 412.
[0087] A different filter from the filter 42 may be used
as the filter 48 or the same filter as the filter 42 may be
used.
[0088] When the filter 48 is a filter different from the
filter 42, the filter 48 having a smaller pressure loss than
the filter 42 may be used and is preferable. The flow rate
of ink flowing from the fourth ink port 47 into the down-
stream-side ink chamber 412 can be more increased
without increasing the inflow pressure of the ink, so that
bubbles in the downstream-side ink chamber 412 can be
still more surely and efficiently removed.
[0089] When the filter 48 is the same filter as the filter
42, the filter 48 can be configured by merely extending
an end portion of the filter 42 toward the fourth ink port
47 so that the filter 42 covers the fourth ink port 47. There-
fore, the configuration can be simplified, and the assem-
bling can be also easily performed.
[0090] It is preferable that the fourth ink port 47 is dis-
posed at a site where flow of ink directing from the first
ink port 44 to the third ink port 46 is stagnant in the down-
stream-side ink chamber 412. According to this arrange-
ment, bubbles remaining at the stagnant site when the
ink flowing in from the first ink port 44 is discharged from
the third ink port 46 can be also surely removed.
[0091] Specifically, in this embodiment, the fourth ink
port 47 is disposed at an end portion of the downstream-
side ink chamber 412 which is farther away from the third
ink port 46 than the first ink port 44. More specifically,
the downstream-side ink chamber 412 has an extension
portion 412b protruding outwards from the end portion
on the first ink port 44 side of the upstream-side ink cham-
ber 411. The fourth ink port 47 is opened to the upper
surface of the extension portion 412b. Accordingly, the
fourth ink port 47 is disposed at the end portion opposed
to the third ink port 46 in the longitudinal direction along
an X-direction of the ink storage chamber 41 in Fig. 5.
[0092] Accordingly, the ink flowing from the fourth ink
port 47 into the downstream-side ink chamber 412 effi-
ciently flows over the entire inside of the downstream-
side ink chamber 412, and is discharged from the third
ink port 46. Therefore, stagnation can be made hard to
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be formed in the downstream-side ink chamber 412, so
that bubbles can be more surely removed.
[0093] In this embodiment, the opening diameter of the
third ink port 46 is preferably equal to or larger than the
opening diameter of the fourth ink port 47, whereby the
ink flowing from the fourth ink port 47 into the down-
stream-side ink chamber 412 can be smoothly dis-
charged from the third ink port 46.
[0094] Next, an example of the bubble removing oper-
ation of the bubble removing device according to the sec-
ond embodiment will be further described with reference
to Figs. 6 and 7. Fig. 6 is a flowchart showing the bubble
removing operation, and Fig. 7 is a diagram showing the
states of ink and bubbles in the ink storage chamber 41
during the bubble removing operation according to the
second embodiment.
[0095] In the following description, a case where the
bubble removing operation is performed in the initial ink
introduction step will be described, and the same is also
applied in the maintenance step.
[0096] In the initial state, the ink storage chamber 41
is under an empty state. When the bubble removing op-
eration is started, the control device 8 opens all the on-
off valves 62, 63, 71 and 72 to open the respective flow
passages intercommunicating with all the ink ports 44,
45, 46 and 47. Furthermore, the flag a is set to 0.
[0097] First, the control device 8 checks the flag a
(S201). At this time, flag a = 0 is set, so that the control
device 8 closes the third on-off valve 72 and the fourth
on-off valve 63 to close the respective flow passages
intercommunicating with the third ink port 46 and the
fourth ink port 47 (S202).
[0098] Next, the control device 8 controls the liquid de-
livery pump 61 to start its driving and supply ink into the
ink storage chamber 41 (S203). Accordingly, the ink in
the ink tank 5 flows from the first ink port 44 into the
upstream-side ink chamber 411 under predetermined
pressure, and is discharged from the second ink port 45
as in the case of the first embodiment. In this process,
bubbles in the upstream-side ink chamber 411 are re-
moved.
[0099] Thereafter, the control device 8 continues ink
supply to the first ink port 44 until bubbles in the ink flowing
from the second ink port 45 through the ink discharge
pipe 7 and returning to the ink tank 5 are not detected
any longer by the bubble detection sensor 73 as in the
case of the steps S103 to S106 of the bubble removing
operation in the first embodiment shown in Fig. 3, thereby
circulating ink between the ink storage chamber 41 and
the ink tank 5 (S204).
[0100] When no bubble is detected, the control device
8 stops the driving of the liquid delivery pump 61 to stop
ink supply (S205). Thereafter, the control device 8 sets
flag a = 1 (S206), and opens all the on-off valves 62, 63,
71 and 72 (S207), and then returns to the processing
starting from step S201.
[0101] Then, since flag a = 1 is set in the second step
S201, the control device 8 closes the second on-off valve

71 and the fourth on-off valve 63 to close the flow passage
intercommunicating with the second ink port 45 and the
fourth ink port 47 (S208, S209).
[0102] Thereafter, the control device 8 controls the liq-
uid delivery pump 61 again to starts its driving and supply
ink into the ink storage chamber 41 (S210). At this time,
the control device 8 continues the ink supply to the first
ink port 44 for a preset predetermined time without refer-
ring to any detection signal of the bubble detection sensor
73, whereby the ink flowing from the first ink port 44 into
the upstream-side ink chamber 411 passes through the
filter 42 and flows into the downstream-side ink chamber
412 as in the case of the first embodiment. The ink flowing
into the downstream-side ink chamber 412 is made to
pass from the third ink port 46 through the branch pipe
7b and the ink discharge pipe 7 and return to the ink tank
5, whereby ink is circulated between the ink storage
chamber 41 and the ink tank 5.
[0103] When a predetermined time elapses, the con-
trol device 8 stops the driving of the liquid delivery pump
61 to stop ink supply (S211).
[0104] Subsequently, the control device 8 opens the
fourth on-off valve 63 to open the fourth ink port 47, and
further closes the first on-off valve 62 to close the flow
passage intercommunicating with the first ink port 44
(S212).
[0105] Thereafter, the control device 8 controls the liq-
uid delivery pump 61 to start its driving again and supply
ink into the ink storage chamber 41 (S213).
[0106] At this time, ink flows from the fourth ink port 47
into the downstream-side ink chamber 412, and is dis-
charged from the third ink port 46. Since the ink does not
pass through the upstream-side ink chamber 411, the
ink is circulated at a high flow rate in the downstream-
side ink chamber 412, and bubbles B2 remaining in the
downstream-side ink chamber 412 are removed (Fig. 7).
Particularly, ink adhering to the lower surface 421 of the
filter 42 can be also surely discharged from the third ink
port 46 by the ink flowing at the high flow rate.
[0107] Furthermore, in this embodiment, the fourth ink
port 47 is disposed at a site where flow of ink directing
from the first ink port 44 to the third ink port 46 is stagnant
in the downstream-side ink chamber 412, so that bubbles
remaining in the neighborhood of and just below the first
ink port 44 can be surely removed.
[0108] The control device 8 monitors the detection sig-
nal from the bubble detection sensor 73 at a predeter-
mined time interval during ink supply to the fourth ink port
47. The driving of the liquid delivery pump 61 is continued
until bubbles B2 in ink flowing in the ink discharge pipe
7 are not detected any longer (S214).
[0109] When the bubbles B2 in the ink flowing in the
ink discharge pipe 7 are not detected any longer by the
bubble detection sensor 73, the control device 8 controls
the liquid delivery pump 61 to stop its driving and stop
ink supply to the ink storage chamber 41 (S215).
[0110] Thereafter, the control device 8 closes all the
on-off valves 62, 63, 71 and 72 to close the respective
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flow passages intercommunicating with all the ink ports
44, 45, 46 and 47 (S216).
[0111] Through the above operation, ink is filled in the
upstream-side ink chamber 411 and the downstream-
side ink chamber 412 of the ink storage chamber 41. As
in the case of the first embodiment, the amount of waste
ink which is needlessly discharged from the nozzles 22
is reduced, and bubbles remaining in the ink storage
chamber 41 are efficiently removed.
[0112] When bubbles are detected in step S214 of the
flowchart of the bubble removing operation shown in Fig.
6, the control device 8 may control the liquid delivery
pump 61 to temporarily stop its driving, and open the first
on-off valve 62 to open the flow passage intercommuni-
cating with the first ink port 44. Thereafter, the control
device 8 may return to step S209 to circulate ink from
the first ink port 44 to the third ink port 46. In this case,
a time required to complete the bubble removing opera-
tion is longer, but bubbles can be more surely removed.
[0113] In step S210 of the flowchart of the bubble re-
moving operation shown in Fig. 6, the control device 8
does not continue ink supply for a preset predetermined
time, but may refer to the detection signal of the bubble
detection sensor 73 and circulate ink from the first ink
port 44 to the third ink port 46 until bubbles are not de-
tected any longer. In this case, bubbles can be more sure-
ly removed.
[0114] Furthermore, in step S207 of the flowchart of
the bubble removing operation shown in Fig. 6, the
processing is executed before returning to step S201.
However, the processing may be executed after the de-
termination of step S201. Furthermore, all the on-off
valves 62, 63, 71 and 72 are opened. However, only the
second on-off valve 71 may be opened so that ink is
circulated to the third ink port 46.
[0115] In step S107 of the flowchart of the bubble re-
moving operation shown in Fig. 3, the processing is ex-
ecuted before returning to step S101. However, the
processing may be executed after the determination of
step S101. Furthermore, all the on-off valves 62, 63 and
71 are opened. However, only the second on-off valve
71 may be opened so that ink is circulated to the third
ink port 46.
[0116] Furthermore, in the first embodiment, the steps
S102 to S104 and the steps S108 to S110 of the bubble
removing flowchart shown in Fig. 3 may be interchanged
with each other, or in the second embodiment, the steps
S202 to S204 and the steps S208 to S214 of the bubble
removing flowchart shown in Fig. 6 may be interchanged
with each other.
[0117] Furthermore, the steps S202 to S204 and the
steps S208 to S210 may be interchanged with each other.
At this time, in step S210, ink supply is not continuously
performed for a predetermined time, but the detection
signal of the bubble detection sensor 73 may be referred
to.
[0118] In the first and second embodiments, after ink
discharged from the second ink port 45 and/or the third

ink port 46 may be returned to an ink tank different from
the ink tank 5 and deaerated, the ink may be circulated
and reused.
[0119] After the bubbles B1 and B2 in the ink storage
chamber 41 are removed, nozzle purge for discharging
ink from the nozzles 22 may be performed, whereby bub-
bles remaining in the pressure chambers 23 and the noz-
zles 22 can be also removed. It has been experimentally
verified that the time required for the purge is shorter and
the amount of waste ink caused by the purge is reduced
as compared with a case where the bubbles in the ink
storage chamber 41 are removed by only purge because
the purge is performed after the bubbles in the ink storage
chamber 41 are removed.
[0120] An example of a nozzle purge operation in the
first embodiment will be described with reference to Fig.
8.
[0121] In the initial state, all the on-off valves 62, 71
and 72 are closed. Therefore, the control device 8 opens
only the first on-off valve 62 to open only the flow passage
intercommunicating with the first ink port 44 (S301).
[0122] Subsequently, the control device 8 controls the
liquid delivery pump 61 to drive and supply ink in the ink
tank 5 from the first ink port 44 into the ink storage cham-
ber 41 under predetermined pressure, whereby the ink
flowing from the first ink port 44 into the ink storage cham-
ber 41 passes through the through-holes 31 of the sub-
strate 3, flows into the respective pressure chambers 23,
and is purged from the nozzles 22 together with residual
bubbles (S302).
[0123] The ink pressure P at this time is larger than the
nozzle meniscus break pressure PMN and the filter me-
niscus break pressure PMF. When the ink pressure P is
small, much time is taken to complete nozzle purge, and
thus specifically the pressure P is preferably set to 10
kPa or more. The upper limit of the ink pressure P is set
to the pressure durability of the inkjet head 1 or less.
Specifically, it is preferably set to 50 kPa or less.
[0124] The ink supply to the first ink port 44 is continued
for a predetermined time. During this time period, ink is
continued to be purged from the nozzles 22 (S303). When
a preset time elapses, the control device 8 controls the
liquid delivery pump 61 to stop its driving and stop ink
supply, and finishes the purge (S304).
[0125] An example of the nozzle purge operation in the
first embodiment has been described. The same nozzle
purge may be performed after the bubble removing op-
eration in the second embodiment as in the case of the
first embodiment.
[0126] It has been recently known that the speed can
be increased by using a line head including plural inkjet
heads which are disposed in the width direction of a re-
cording medium. When plural inkjet heads are provided,
the liquid delivery pump and the plural inkjet heads are
arranged to intercommunicate with one another and ap-
ply pressure. Therefore, the device configuration is sim-
plified. However, when bubbles are removed by applying
pressure in consideration of the pressure losses of filters
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provided to the plural inkjet heads, the load imposed on
the liquid delivery pump is more remarkable. However,
the present invention is also appropriately applicable to
such a case.
[0127] The line head is exemplified as an example us-
ing plural inkjet heads. However, it is needless to say that
the present invention is not limited to the above style. For
example, a scan type head in which plural inkjet heads
are disposed may be used.

EXPLANATIONS OF LETTERS OR NUMERALS

[0128]

1: inkjet head
21: nozzle plate
2: head chip
22: nozzle
23: pressure chamber
24: partition wall
3: substrate
31: through-hole
4: manifold
4a: opening portion
41: ink storage chamber
411: upstream-side ink chamber
412: downstream-side ink chamber
412a: extension portion
42: filter
421: lower surface
43: damper member
431: damper surface
44: first ink port
441: connection portion
45: second ink port
451: connection portion
46: third ink port
461: connection portion
47: fourth ink port
471: connection portion
48: filter
5: ink tank
50: partition plate
6: ink supply pipe
6a, 6b: branch pipe
61: liquid delivery pump
62: first on-off valve
63: fourth on-off valve
7: ink discharge pipe
7a, 7b: branch pipe
71: second on-off valve
72: third on-off valve
73: bubble detection sensor
8: control device
B1, B2: bubble

Claims

1. A bubble removing method for an inkjet head that
includes a pressure chamber intercommunicating
with a nozzle, an ink storage chamber intercommu-
nicating with the pressure chamber, and a filter dis-
posed in the ink storage chamber, the ink storage
chamber being divided by the filter into an upstream-
side ink chamber distal to the pressure chamber and
a downstream-side ink chamber proximal to the
pressure chamber, comprising:

providing a first ink port for inflow of ink and a
second ink port for discharge of ink at an upper
portion of the upstream-side ink chamber, and
providing a third ink port for discharge of ink at
an upper portion inside the downstream-side ink
chamber without the filter existing therebe-
tween;
opening each of flow passages intercommuni-
cating with the first ink port and the second ink
port, and closing a flow passage intercommuni-
cating with the third ink port so as to cause ink
to flow from the first ink port into the upstream-
side ink chamber and cause ink to discharge the
ink from the second ink port, thereby removing
bubbles in the upstream-side ink chamber; and
subsequently closing the flow passage inter-
communicating with the second ink port, and
opening the flow passage intercommunicating
with the third ink port so as to cause ink to flow
in from the first ink port and flow from the up-
stream-side ink chamber through the filter to the
downstream-side ink chamber, and cause ink
flowing to the third ink port in the downstream-
side ink chamber to discharge from the third ink
port, thereby removing bubbles in the down-
stream-side ink chamber.

2. The bubble removing method for an inkjet head ac-
cording to claim 1, further comprising:

further providing a fourth ink port for inflow of ink
intercommunicating, through the filter, with a site
which is located away from the third ink port of
the downstream-side ink chamber and at which
flow of ink directing from the first ink port to the
third ink port is stagnant;
opening of each of the flow passages intercom-
municating with the first ink port and the second
ink port respectively, and closing each of the flow
passages intercommunicating with the third ink
port and the fourth ink port so as to cause ink to
flow from the first ink port into the upstream-side
ink chamber and cause ink to discharge the ink
from the second ink port, thereby removing bub-
bles in the upstream-side ink chamber;
subsequently closing the flow passage inter-
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communicating with the second ink port, and
opening the flow passage intercommunicating
with the third ink port so as to cause to ink flow
in from the first ink port and cause ink to flow
from the upstream-side ink chamber through the
filter to the downstream-side ink chamber, and
cause ink flowing to the third ink port in the down-
stream-side ink chamber to discharge from the
third ink port, thereby removing bubbles in the
downstream-side ink chamber; and
subsequently closing each of the flow passages
intercommunicating with the first ink port and the
second ink port, and opening the flow passage
intercommunicating with the fourth ink port so
as to cause ink flowing from the fourth ink port
into the downstream-side ink chamber to dis-
charge from the third ink port, thereby removing
bubbles existing at a site where flow of ink di-
recting to the third ink port is stagnant.

3.  A bubble removing method for an inkjet head that
includes a pressure chamber intercommunicating
with a nozzle, an ink storage chamber intercommu-
nicating with the pressure chamber, and a filter dis-
posed in the ink storage chamber, the ink storage
chamber being divided by the filter into an upstream-
side ink chamber distal to the pressure chamber and
a downstream-side ink chamber proximal to the
pressure chamber, comprising:

providing a first ink port for inflow of ink and a
second ink port for discharge of ink at an upper
portion of the upstream-side ink chamber, and
providing a third ink port for discharge of ink at
an upper portion inside the downstream-side ink
chamber without the filter existing therebe-
tween;
opening the flow passage intercommunicating
with the first ink port, closing the flow passage
intercommunicating with the second ink port and
opening the flow passage intercommunicating
with the third ink port so as to cause ink to flow
in from the first ink port and cause ink to flow
from the upstream-side ink chamber through the
filter to the downstream-side ink chamber, and
cause ink flowing to the third ink port in the down-
stream-side ink chamber to discharge, from the
third ink port, thereby removing bubbles in the
downstream-side ink chamber; and
subsequently opening each of the flow passag-
es intercommunicating with the first ink port and
the second ink port, and closing the flow pas-
sage intercommunicating with the third ink port
so as to cause ink to flow from the first ink port
into the upstream-side ink chamber and cause
ink to discharge the ink from the second ink port,
thereby removing bubbles in the upstream-side
ink chamber.

4. The bubble removing method for an inkjet head ac-
cording to claim 3, further comprising:

further providing a fourth ink port for inflow of ink
intercommunicating, through the filter, with a site
which is located away from the third ink port of
the downstream-side ink chamber and at which
flow of ink directing from the first ink port to the
third ink port is stagnant;
opening the flow passage intercommunicating
with the first ink port, closing the flow passage
intercommunicating with the second ink port,
and opening the flow passage intercommunicat-
ing with the third ink port so as to cause ink to
flow in from the first ink port and cause ink to
flow from the upstream-side ink chamber
through the filter to the downstream-side ink
chamber and cause ink flowing to the third ink
port in the downstream-side ink chamber to dis-
charge from the third ink port, thereby removing
bubbles in the downstream-side ink chamber;
subsequently opening each of the flow passag-
es intercommunicating with the first ink port and
the second ink port, and closing the flow pas-
sage intercommunicating with the third ink port
so as to cause ink to flow from the first ink port
into the upstream-side ink chamber and cause
the ink to discharge from the second ink port,
thereby removing bubbles in the upstream-side
ink chamber; and
subsequently closing each of the flow passages
intercommunicating with the first ink port and the
second ink port, and opening the flow passage
intercommunicating with the fourth ink port so
as to cause ink flowing from the fourth ink port
into the downstream-side ink chamber to dis-
charge from the third ink port, thereby removing
bubbles existing at a site where flow of ink di-
recting to the third ink port is stagnant.

5.  The bubble removing method for an inkjet head ac-
cording to any one of claims 1 to 4, wherein the pres-
sure P [kPa] of ink flowing into the ink storage cham-
ber satisfies the relationship of P ≤ PMN + RF, wherein
PMN represents a nozzle meniscus break pressure,
and RF represents a pressure loss of the filter.

6. The bubble removing method for an inkjet head ac-
cording to any one of claims 1 to 5, wherein the pres-
sure P [kPa] of ink flowing into the ink storage cham-
ber satisfies the relationship of P > 7 - RF.

7. A bubble removing device for an inkjet head that in-
cludes a pressure chamber intercommunicating with
a nozzle, an ink storage chamber intercommunicat-
ing with the pressure chamber, and a filter disposed
in the ink storage chamber, the ink storage chamber
being divided by the filter into an upstream-side ink
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chamber distal to the pressure chamber and a down-
stream-side ink chamber proximal to the pressure
chamber, comprising:

a first ink port for inflow of ink and a second ink
port for discharge of ink that are provided at an
upper portion of the upstream-side ink chamber;
a third ink port for discharge of ink that is pro-
vided at an upper portion inside the down-
stream-side ink chamber without the filter exist-
ing therebetween; and
an ink tank that stores ink to be supplied to the
ink storage chamber through a liquid delivery
pump,
wherein the ink tank is connected to the first ink
port through a first ink supply pipe, and connect-
ed to the second ink port and the third ink port
through a first ink discharge pipe and a second
ink discharge pipe respectively, and the first ink
supply pipe, the first ink discharge pipe and the
second ink discharge pipe are provided with a
first on-off valve, a second on-off valve and a
third on-off valve respectively; and
a control device that controls the liquid delivery
pump, the first on-off valve, the second on-off
valve and the third on-off valve,
wherein the control device controls to perform a
first control operation of opening the first on-off
valve and the second on-off valve, closing the
third on-off valve, and driving the liquid delivery
pump so as to cause ink flowing from the first
ink port into the upstream-side ink chamber to
discharge from the second ink port, thereby re-
moving bubbles in the upstream-side ink cham-
ber, and after completion of the first control op-
eration, perform a second control operation of
closing the second on-off valve while the first
on-off valve is left open, opening the third on-off
valve and driving the liquid delivery pump so as
to cause ink flowing from the first ink port to pass
through the upstream-side ink chamber and the
downstream-side ink chamber and discharge
from the third ink port, thereby removing bubbles
in the downstream-side ink chamber.

8. The bubble removing device for an inkjet head ac-
cording to claim 7, further comprising:

a fourth ink port for inflow of ink that intercom-
municates, through the filter, with a site which
is located away from the third ink port of the
downstream-side ink chamber and at which flow
of ink directing from the first ink port to the third
ink port is stagnant;
a second ink supply pipe that intercommuni-
cates with the fourth ink port and causes to ink
flow in from the ink tank, the second ink supply
pipe being provided with a fourth on-off valve;

and
a control device that controls the liquid delivery
pump, the first on-off valve, the second on-off
valve, the third on-off valve and the fourth on-
off valve,
wherein the control device controls the liquid de-
livery pump, the first on-off valve, the second
on-off valve, the third on-off valve and the fourth
on-off valve to close the first on-off valve and
the second on-off valve, open the third on-off
valve and the fourth on-off valve and drive the
liquid delivery pump after completion of the sec-
ond control operation so that ink flowing from
the fourth ink port into the downstream-side ink
chamber is discharged from the third ink port.

9. A bubble removing device for an inkjet head that in-
cludes a pressure chamber intercommunicating with
a nozzle, an ink storage chamber intercommunicat-
ing with the pressure chamber, and a filter disposed
in the ink storage chamber, the ink storage chamber
being divided by the filter into an upstream-side ink
chamber distal to the pressure chamber and a down-
stream-side ink chamber proximal to the pressure
chamber, comprising:

a first ink port for inflow of ink and a second ink
port for discharge of ink that are provided at an
upper portion of the upstream-side ink chamber;
a third ink port for discharge of ink that is pro-
vided at an upper portion inside the down-
stream-side ink chamber without the filter exist-
ing therebetween;
an ink tank that stores ink to be supplied to the
ink storage chamber through a liquid delivery
pump,
wherein the ink tank is connected to the first ink
port through a first ink supply pipe, and connect-
ed to the second ink port and the third ink port
through a first ink discharge pipe and a second
ink discharge pipe respectively, and the first ink
supply pipe, the first ink discharge pipe and the
second ink discharge pipe are provided with a
first on-off valve, a second on-off valve and a
third on-off valve respectively; and
a control device that controls the liquid delivery
pump, the first on-off valve, the second on-off
valve and the third on-off valve,
wherein the control device controls to perform a
second control operation of opening the first on-
off valve, closing the second on-off valve, open-
ing the third on-off valve and driving the liquid
delivery pump so as to cause ink to flow in from
the first ink port and pass through the upstream-
side ink chamber and the downstream-side ink
chamber and discharge the ink from the third ink
port, thereby removing bubbles in the down-
stream-side ink chamber, and after completion
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of the second control operation, perform a first
control operation of opening the first on-off valve
and the second on-off valve, closing the third
on-off valve and driving the liquid delivery pump
so as to cause ink flowing from the first ink port
into the upstream-side ink chamber to discharge
from the second ink port, thereby removing bub-
bles in the upstream-side ink chamber.

10. The bubble removing device for an inkjet head ac-
cording to claim 9, further comprising:

a fourth ink port for inflow of ink that intercom-
municates, through the filter, with a site which
is located away from the third ink port of the
downstream-side ink chamber and at which flow
of ink directing from the first ink port to the third
ink port is stagnant;
a second ink supply pipe that intercommuni-
cates with the fourth ink port and causes to ink
flow in from the ink tank, the second ink supply
pipe being provided with a fourth on-off valve;
and
a control device that controls the liquid delivery
pump, the first on-off valve, the second on-off
valve, the third on-off valve and the fourth on-
off valve,
wherein the control device controls the liquid de-
livery pump, the first on-off valve, the second
on-off valve, the third on-off valve and the fourth
on-off valve to close the first on-off valve and
the second on-off valve, open the third on-off
valve and the fourth on-off valve and drive the
liquid delivery pump after completion of the first
control operation so as to cause ink flowing from
the fourth ink port into the downstream-side ink
chamber to discharge from the third ink port.

11. The bubble removing device for an inkjet head ac-
cording to claim 8 or 10, wherein the fourth ink port
is disposed at a site where flow of ink directing from
the first ink port to the third ink port is stagnant in the
downstream-side ink chamber.

12.  The bubble removing device for an inkjet head ac-
cording to any one of claims 7 to 11, wherein a control
operation of discharging bubbles in the ink storage
chamber controls the pressure P [kPa] of ink flowing
into the ink storage chamber so that the pressure P
satisfies the relationship of P ≤ PMN + RF, wherein
PMN represents a nozzle meniscus break pressure,
and RF represents a pressure loss of the filter.

13. The bubble removing device for an inkjet head ac-
cording to any one of claims 7 to 12, wherein the
pressure P [kPa] of ink flowing into the ink storage
chamber is controlled to satisfy the relationship of P
> 7 - RF in the control operation.

14. The bubble removing device for an inkjet head ac-
cording to any one of claims 7 to 13, wherein the first
ink port and the second ink port are disposed at both
the end portions in the longitudinal direction of the
upstream-side ink chamber, and the third ink port is
disposed at an end portion of the downstream-side
ink chamber which is farther away from the first ink
port than the second ink port.

15. The bubble removing device for an inkjet head ac-
cording to any one of claims 7 to 14, wherein the
third ink port is located at the same height as or higher
than a lower surface of the filter by which the ink
storage chamber is divided into the upstream-side
ink chamber and the downstream-side ink chamber.

16. The bubble removing device for an inkjet head ac-
cording to any one of claims 7 to 15, wherein the
area of the filter by which the ink storage chamber
is divided into the upstream-side ink chamber and
the downstream-side ink chamber is sufficiently larg-
er than the opening area of the first ink port.

17. The bubble removing device for an inkjet head ac-
cording to any one of claims 7 to 16, wherein the ink
tank is partitioned into an ink return chamber and an
ink supply chamber by a partition plate that does not
reach a bottom plate of the ink tank, an ink discharge
pipe is connected to the ink return chamber and an
ink supply pipe is connected to the ink supply cham-
ber.
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