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(54) INKJET PRINTER

(57)  An inkjet printer includes at least one head for

ejecting ink in the form of droplets, the ink being supplied Fig. 5
from aninktank. The head includes: a plurality of nozzles;

an interior flow passage for supplying the ink to the noz-

zles; and a pressure adjustment part. The pressure ad-

justment part is connected to the interior flow passage.

The pressure adjustment part has a damper space filled

with a fixed amount of gas. The gas in the damper space

is in contact with the ink filling the interior flow passage. I

When a negative pressure is developed in the nozzles \’Z 46
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Description
BACKGROUND OF THE INVENTION
Field of the Invention

[0001] The presentinvention relates to an inkjet printer
including a head for ejecting ink in the form of droplets.

Description of the Background Art

[0002] Aninkjet printer which ejects ink from a plurality
of heads toward elongated strip-shaped printing paper
while transporting the printing paper has heretofore been
known. In the inkjet printer of this type, the ink stored in
an ink tank is supplied through pipes to the heads. The
ink supplied to the heads is ejected in the form of ink
droplets from a multiplicity of nozzles provided in the low-
er surface of each of the heads. A conventional inkjet
printer is disclosed, for example, in Japanese Patent Ap-
plication Laid-Open No. 2015-174378.

[0003] In the conventional inkjet printer, the pressure
in the ink tank is maintained constant. Thus, an ink sur-
face in each of the nozzles is controlled to form a menis-
cus. However, once ink droplets are ejected from the
nozzles, the amounts of ink in the nozzles are decreased
momentarily. For this reason, a slightly negative pressure
is developed in the nozzles immediately after the ink
droplets are ejected from the nozzles. This negative pres-
sure is gradually returned to normal by the ink supplied
from the ink tank.

[0004] However, there is a distance between the ink
tank and the nozzles in accordance with the length of the
pipes. Accordingly, it takes a certain amount of time be-
tween the instant at which the negative pressure is de-
veloped in the nozzles and the instant at which the neg-
ative pressure is returned to normal by supplying the ink
from the ink tank.

[0005] In particular, there has been a need for high-
speed and high-quality printing on printing paperinrecent
years. It is hence necessary to eject a multiplicity of ink
droplets in succession from the nozzles of the heads in
ashorttime. Ifink droplets are ejected before the negative
pressure developed in the nozzles by the ejection of pre-
vious ink droplets is returned to normal, the negative
pressure in the nozzles increases gradually. This causes
outside air to enter the nozzles in some cases after the
completion of the ejection of a series of ink droplets. The
air entering the nozzles can cause ejection failures during
the ejection of next ink droplets.

SUMMARY OF THE INVENTION

[0006] Itis therefore an object of the present invention
to provide a technique capable of rapidly relieving a neg-
ative pressure in nozzles when the negative pressure is
developed in the nozzles by the ejection of ink.

[0007] The present invention is intended for an inkjet
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printer comprising at least one head for ejecting ink in
the form of droplets, the ink being supplied from an ink
tank. The head comprises: a plurality of nozzles for eject-
ing ink droplets; an interior flow passage for supplying
the ink to the nozzles; and a pressure adjustment part
connected to the interior flow passage, the pressure ad-
justment part having a damper space filled with a fixed
amount of gas, the gas in the damper space being in
contact with the ink filling the interior flow passage.
[0008] According tothe presentinvention, when a neg-
ative pressure is developed in the nozzles by the ejection
of the ink, the gas in the pressure adjustment part ex-
pands, so that the negative pressure in the nozzles is
rapidly relieved. This prevents outside air from entering
the nozzles.

[0009] These and other objects, features, aspects and
advantages of the present invention will become more
apparent from the following detailed description of the
present invention when taken in conjunction with the ac-
companying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS
[0010]

Fig. 1 is a diagram conceptually showing a configu-
ration of an inkjet printer;

Fig. 2 is a bottom plan view of one head unit;

Fig. 3 is a block diagram showing connections be-
tween a controller and components;

Fig. 4 shows one head unit and a configuration of an
ink supply mechanism for supplying ink to the head
unit;

Fig. 5 is a sectional view of one head;

Fig. 6 shows the process of filling the head with ink;
Fig. 7 is a sectional view of the head according to a
modification; and

Fig. 8 shows one head unit according to another
modification and a configuration of the ink supply
mechanism for supplying ink to the head unit.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0011] A preferred embodiment according to the
present invention will now be described with reference
to the drawings. A direction in which printing paper 9 is
transported is referred to as a "transport direction" here-
inafter.

<1. Configuration of Inkjet Printer>

[0012] Fig. 1is a diagram conceptually showing a con-
figuration of an inkjet printer 1 according to one preferred
embodiment of the present invention. This inkjet printer
1 is an apparatus which records a multi-color image on
the printing paper 9 that is an elongated strip-shaped
recording medium by ejecting inks from a plurality of head
units 20 toward the printing paper 9 while transporting
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the printing paper 9. As shown in Fig. 1, the inkjet printer
1includes a transport mechanism 10, four head units 20,
and a controller 30.

[0013] The transport mechanism 10 is a mechanism
for transporting the printing paper 9 in the transport di-
rection along the length of the printing paper 9. The trans-
port mechanism 10 according to the present preferred
embodiment includes an unwinding roller 11, a plurality
of transport rollers 12, and a winding roller 13. The print-
ing paper 9 is unwound from the unwinding roller 11, and
is transported along a transport path formed by the trans-
port rollers 12. Each of the transport rollers 12 rotates
about a horizontal axis to guide the printing paper 9 down-
stream along the transport path. The transported printing
paper 9 is wound and collected on the winding roller 13.
[0014] Atleastone ofthe unwindingroller 11, the trans-
port rollers 12 and the winding roller 13 is driven by the
driving force of a motor to rotate actively. The remainder
of the unwinding roller 11, the transport rollers 12 and
the winding roller 13 are driven to rotate as the printing
paper 9 is transported. Tension in the transport direction
is applied to the printing paper 9 on the transport path by
a difference in rotation speed between the rollers. This
suppresses slack and wrinkles in the printing paper 9
during the transport of the printing paper 9.

[0015] Part of the transport mechanism 10 may be a
separate device independent of the remaining parts. For
example, only part of the transport mechanism 10 which
includes the winding roller 13 may be a separate device
independent of the remaining parts of the transport mech-
anism 10.

[0016] The four head units 20 are mechanisms for
ejecting inks toward the printing paper 9 transported by
the transport mechanism 10. This inkjet printer 1 is what
is called a one-pass type printer which records an image
on the printing paper 9 by ejecting ink droplets from the
head units 20 while the printing paper 9 passes under
the four head units 20 only once. As shown in Fig. 1, the
printing paper 9 is moved substantially horizontally under
the four head units 20 in a direction in which the head
units 20 are arranged. During this movement, a recording
surface of the printing paper 9 faces upwardly (toward
the head units 20). The four head units 20 eject ink drop-
lets of respective colors, i.e. black (K), cyan (C), magenta
(M) andyellow (Y), which are color components of a multi-
color image toward the recording surface of the printing
paper 9.

[0017] The four head units 20 are different from each
other in color of ink for ejection, but are similar to each
other in structure. Fig. 2 is a bottom plan view of one of
the head units 20. As shown in Fig. 2, the one head unit
20 according to the present preferred embodiment in-
cludes a housing 21, and three heads 40 fixed to the
housing 21. Each of the three heads 40 has an exposed
ejection surface at the lower surface of the housing 21.
As shown in Fig. 2, the three heads 40 are arranged in
a width direction (a horizontal direction perpendicular to
the transport direction) of the printing paper 9. The middle
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one of the heads 40 as seen in the width direction is
positioned downstream as seen in the transport direction
from the remaining two heads 40 disposed on the oppo-
site ends as seen in the width direction.

[0018] As shown on an enlarged scale in Fig. 2, the
lower surface of each of the heads 40 has a plurality of
nozzles 41 arranged in a regular alignment. The nozzles
41 are displaced in relation to each other in the width
direction, and each of the nozzles 41 is assigned to a
region having a width of one pixel on the printing paper
9. At the time of printing, ink droplets are ejected from
the nozzles 41 of the heads 40 toward the recording sur-
face of the printing paper 9. As a result, the four head
units 20 record respective single-color images on the re-
cording surface of the printing paper 9. A multi-color im-
age is formed on the recording surface of the printing
paper 9 by superimposing the four single-color images.
[0019] The number of heads 40 in each of the head
units 20 may be one, two or not less than four. The
number of head units 20 included in the inkjet printer 1
may be in the range of one to three or not less than five.
For example, the inkjet printer 1 may further includes a
head unit for ejecting ink of a spot color in addition to the
four head units 20 for ejecting inks of black, cyan, ma-
genta and yellow.

[0020] The controller 30 is a means for controlling the
operations of the components in the inkjet printer 1. As
conceptually shown in Fig. 1, the controller 30 is formed
by a computer including a processor 31 such as a CPU,
amemory 32 such as a RAM, and a storage part 33 such
as a hard disk drive. A computer program P for executing
a printing process is installed in the storage part 33.
[0021] Fig. 3 is a block diagram showing connections
between the controller 30 and the components in the
inkjet printer 1. As shown in Fig. 3, the controller 30 is
connected to the transport mechanism 10 and the four
head units 20 described above for communication there-
with. The controller 30 temporarily reads the computer
program P stored in the storage part 33 onto the memory
32. The processor 31 performs arithmetic processing
based on the computer program P, so that the controller
30 controls the operations of the aforementioned com-
ponents. Specifically, the controller 30 controls pressu-
rizing mechanisms 42 to be described later in each of
the heads 40 while controlling a motor connected to at
least one of the rollers in the transport mechanism 10.
Thus, the printing process in the inkjet printer 1 proceeds.
[0022] The inkjet printer 1 according to the present pre-
ferred embodiment is selectable between a low-speed
printing mode and a high-speed printing mode. In the
low-speed printing mode, the controller 30 executes the
printing process while transporting the printing paper 9
at alow speed. In the high-speed printing mode, the con-
troller 30 executes the printing process while transporting
the printing paper 9 at a speed higher than that in the
low-speed printing mode.
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<2. Ink Supply Mechanism>

[0023] Theinkjetprinter 1 includes anink supply mech-
anism 50 for each of the head units 20. Fig. 4 shows one
of the head units 20 and a configuration of the ink supply
mechanism 50 for supplying ink | to the one head unit 20.
[0024] As shown in Fig. 4, the ink supply mechanism
50 includes an ink tank 51, a supply pipe 52, and a me-
niscus adjustment part 53.

[0025] Theinktank 51 is a container for storing therein
the ink | to be supplied to the head unit 20. The ink | is
stored near the bottom of the interior space in the ink
tank 51. The ink tank 51 is connected to an ink source
not shown through an addition pipe 54. When the ink | in
the ink tank 51 is reduced to a small amount, the ink | is
added from the ink source through the addition pipe 54
into the ink tank 51. Gas (for example, air) is present in
the space lying over the stored ink | in the interior space
of the ink tank 51.

[0026] The supply pipe 52 is a pipe that connects the
ink tank 51 and the three heads 40 mounted in the head
unit 20. As shown in Fig. 4, the supply pipe 52 includes
a main pipe 521 and three branch pipes 522. The main
pipe 521 has an upstream end connected to the bottom
of the ink tank 51. The three branch pipes 522 extend
from three branch positions 520 provided on the main
pipe 521 toward the heads 40, respectively. Each of the
branch pipes 522 has a downstream end connected to
a supply port 43 to be described later of a corresponding
one of the heads 40.

[0027] The meniscus adjustment part 53 is a mecha-
nism for adjusting a gas pressure in the ink tank 51. The
meniscus adjustment part 53 may be formed by a gas
pressure sensor and a suction pump, for example. The
gas pressure in the space lying over the ink | in the ink
tank 51 is adjusted to a pressure slightly lower than its
surrounding ambient pressure by the meniscus adjust-
ment part 53. This prevents the ink | from dripping down
from the nozzles 41 of the heads 40. The surface of the
ink | in each of the nozzles 41 forms a meniscus.

<3. Structure of Head>

[0028] Fig. 5 is a sectional view of one of the heads
40. As mentioned above, the multiplicity of nozzles 41
are provided in the lower surface of each of the heads
40. For purposes of avoiding complexity of illustration,
only nine nozzles 41 are schematically shown in Fig. 5.
The one head 40 as shown in Fig. 5 includes the pres-
surizing mechanisms 42 for the respective nozzles 41.
For example, a piezoelectric element is used as each of
the pressurizing mechanisms 42. The piezoelectric ele-
ment is deformed in accordance with voltage supplied
from the controller 30. This applies pressure to the ink |
in a corresponding one of the nozzles 41, so that ink
droplets are ejected from the corresponding one of the
nozzles 41. The pressurizing mechanisms 42 may be
mechanisms which thermally expand the ink by means
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of a heater.

[0029] The head 40 as shown in Fig. 5 includes the
supply port 43, a drainage port 44, an interior flow pas-
sage 45, and a pressure adjustment part 46. The supply
port 43 and the drainage port 44 are provided in spaced-
apart positional relation in the upper surface of the head
40. The supply port 43 is provided, for example, near one
widthwise edge of the upper surface of the head 40. The
drainage port 44 is provided, for example, near the other
widthwise edge of the upper surface of the head 40. The
branch pipe 522 of the supply pipe 52 has a downstream
end connected to the supply port 43.

[0030] The interior flow passage 45 is a flow passage
of the ink | provided inside the head 40. As shown in Fig.
5, the interior flow passage 45 includes a main flow pas-
sage 451 and a plurality of branch flow passages 452.
The main flow passage 451 extends from the supply port
43 to the drainage port 44. The branch flow passages
452 extend from respective branch positions 450 provid-
ed on the main flow passage 451 toward the nozzles 41.
The ink | introduced from the supply port 43 passes
through the main flow passage 451 and the branch flow
passages 452, and is then supplied to the nozzles 41.
[0031] Fig. 6 shows the process of filling the head 40
with the ink I. For filling the unfilled head 40 with the ink
I, a drainage pipe 441 is connected to the drainage port
44, as shown in Fig. 6. Then, the ink | stored in the ink
tank 51 is introduced through the supply pipe 52 and the
supply port 43 to the interior flow passage 45 by the pres-
sure of a pump not shown. Gas and excess ink | present
in the interior flow passage 45 are discharged through
the drainage port 44 to the drainage pipe 441.

[0032] Referring again to Fig. 5, the pressure adjust-
ment part 46 is a mechanism for adjusting the pressure
in the nozzles 41 immediately after the ink ejection. As
shown in Fig. 5, the pressure adjustment part 46 includes
a damper pipe 461. After the aforementioned process of
filling the heads 40 with the ink | is completed, the drain-
age pipe 441 is removed from the drainage port 44 of the
head 40, and the damper pipe 461 is connected to the
drainage port 44. Thus, the pressure adjustment part 46
is connected to the downstream end of the main flow
passage 451. The damper pipe 461 is a cylindrical con-
tainer with a lid. When the damper pipe 461 is connected
to the drainage port 44, a damper space 460 that is an
isolated enclosed space is formed in the damper pipe
461. The damper space 460 is filled with a fixed amount
of gas.

[0033] The gas in the damper space 460 is in contact
with the ink | that fills the main flow passage 451. For
example, air is used as the gas in the damper space 460.
Alternatively, an inert gas such as nitrogen gas may be
used in place of air to fill the damper space 460. The use
of the inert gas suppresses the deterioration of the ink |
due to the gas in the damper space 460.

[0034] The ejection of ink droplets from the nozzles 41
decreases the amount of ink | filling the nozzles 41. Ac-
cordingly, the pressure in the nozzles 41 immediately
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after the ejection of the ink | is a negative pressure lower
than outside atmospheric pressure. In the structure ac-
cording to the present preferred embodiment, the gas in
the damper space 460 expands immediately after the
negative pressure is developed. Thus, the negative pres-
sure in the nozzles 41 is rapidly relieved. This prevents
outside air from entering the nozzles 41 because of the
negative pressure in the nozzles 41. As a result, ejection
failures of ink droplets resulting from the entry of air is
suppressed.

[0035] In particular, the negative pressure is prone to
develop in the nozzles 41 when ink droplets are ejected
in succession from the nozzles 41 in the high-speed print-
ing mode. In such a structure that the heads 40 are con-
nected to the single ink tank 51 through the supply pipe
52 as in the present preferred embodiment, it is time-
consuming to add the ink | from the ink tank 51 after the
ejection of the ink droplets from the nozzles 41. In the
structure according to the present preferred embodi-
ment, however, the negative pressure in the nozzles 41
is rapidly relieved by the expansion of the gas in the pres-
sure adjustment part 46.

[0036] In the structure according to the present pre-
ferred embodiment, the pressure adjustment part 46 is
implemented only by attaching the damper pipe 461 to
the drainage port 44. Thus, the negative pressure in the
nozzles 41 is relieved without the use of any complicated
mechanism such as a regulator and without the use of
power inherent in the pressure adjustment part 46. The
drainage port 44 serves both as an opening for connect-
ing the drainage pipe 441 during the filling of the head
40 with the ink | and as an opening for connecting the
damper pipe 461 after the filling of the head 40 with the
ink I. In this manner, the drainage port 44 has such two
functions. This reduces the number of openings provided
in the head 40.

[0037] When the volume of the damper space 460 is
too small, it is difficult to effectively produce the effect of
expanding the gas in the damper space 460 in accord-
ance with the negative pressure in the nozzles 41. For
this reason, the volume of the damper space 460 is pref-
erably not less than 2 cm3, for example, and more pref-
erably not less than 3 cm3. The damper pipe 461 accord-
ing to the present preferred embodiment extends up-
wardly from the drainage port 44. Thus, if part of the ink
| in the main flow passage 451 temporarily enters the
damper pipe 461, the ink | is not accumulated in the
damper pipe 461. Therefore, the volume of the damper
space 460 is not reduced by the accumulation of the ink 1.

<4. Modifications>

[0038] While the one preferred embodiment according
to the present invention has been described herein-
above, the present invention is not limited to the afore-
mentioned preferred embodiment.

[0039] Fig. 7 is a sectional view of the head 40 accord-
ing to a modification. In the modification shown in Fig. 7,
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the pressure adjustment part 46 is connected to an open-
ing provided near the supply port 43, rather than the
drainage port 44. In such a configuration, the negative
pressure in the nozzles 41 is rapidly relieved by the pres-
sure adjustment part 46 when the length of the flow pas-
sage extending from the nozzles 41 to the pressure ad-
justment part 46 is shorter than the length of the flow
passage extending from the nozzles 41 to the ink tank 51.
[0040] Itis, however, more preferable thatthe pressure
adjustment part 46 is connected to a location down-
stream from the most downstream one of the branch po-
sitions 450 of the main flow passage 451 as in the afore-
mentioned preferred embodiment. This is because such
a structure poses a lower risk that part of the gas in the
damper space 460 becomes bubbles which in turn enter
the interior flow passage 45 to reach the nozzles 41.
[0041] Fig. 8 shows one of the head units 20 according
to another modification and a configuration of the ink sup-
ply mechanism 50 for supplying the ink | to the one head
unit 20. In the modification shown in Fig. 8, the pressure
adjustment part46 is connected to the ink tank 51 through
arelay pipe 47 and a regulator 60. The regulator 60 main-
tains the gas pressure in the damper space 460 constant.
This allows the regulator 60 to positively adjust the
amount of gas in the damper space 460 at a constant
amount. This avoids the problem that the amount of gas
in the damper space 460 changes gradually with pro-
longed use.

[0042] The aforementioned inkjet printer 1 records an
image on the printing paper 9. However, the inkjet printer
according to the present invention may be configured to
record an image on a recording medium other than gen-
eral paper (for example, a film made of resin).

[0043] The components described in the aforemen-
tioned preferred embodiment and in the modifications
may be combined together, as appropriate, without in-
consistencies.

[0044] While the invention has been described in de-
tail, the foregoing description is in all aspects illustrative
and not restrictive. It is understood that numerous other
modifications and variations can be devised without de-
parting from the scope of the invention.

Claims

1. An inkjet printer comprising
at least one head for gjecting ink in the form of drop-
lets, the ink being supplied from an ink tank,
said head comprising:

a plurality of nozzles for ejecting ink droplets;
an interior flow passage for supplying the ink to
said nozzles; and

a pressure adjustment part connected to said
interior flow passage,

said pressure adjustment part having a damper
space filled with a fixed amount of gas,



5.

10.

9 EP 3 351 392 A1

the gas in said damper space being in contact
with the ink filling said interior flow passage.

The inkjet printer according to claim 1, wherein
said damper space is an isolated enclosed space.

The inkjet printer according to claim 1,
further including:

aregulator for maintaining a gas pressure in said
damper space constant.

The inkjet printer according to any one of claims 1
to 3, wherein:

said interior flow passage includes

a main flow passage, and

a plurality of branch flow passages extending
from respective branch positions provided on
said main flow passage toward said nozzles;
and

said pressure adjustment part is connected to
said main flow passage in a location down-
stream from the most downstream one of said
branch positions of said main flow passage.

The inkjet printer according to claim 4, wherein:

said head further includes

a supply port for introducing the ink into said
interior flow passage, and

a drainage port for discharging the ink from said
interior flow passage; and

said pressure adjustment part is connected to
said drainage port.

The inkjet printer according to claim 5, wherein
said pressure adjustment part includes a damper
pipe connected to said drainage port, and

said damper space is formed in said damper pipe.

The inkjet printer according to claim 6, wherein
said damper pipe extends upwardly from said drain-
age port.

The inkjet printer according to any one of claims 1
to 7, wherein

said damper space has a volume of not less than 2
cm3,

The inkjet printer according to any one of claims 1
to 8, wherein

the gas filling said damper space is an inert gas.

The inkjet printer according to any one of claims 1
to 9, wherein:

said at least one head includes a plurality of
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heads; and

a pipe connecting said ink tank and said plurality
of heads includes

a main pipe connected to said ink tank, and

a plurality of branch pipes extending from said
main pipe toward said plurality of heads.
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