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Description
BACKGROUND OF THE INVENTION
1. Field of the Invention

[0001] The present invention relates to an ink supply
device and an ink supply method according to the pre-
amble portion of claim 1 or claim 5, respectively for sup-
plying ink to heads, wherein the ink supply device and
the ink supply method are to be utilized in an inkjet re-
cording apparatus.

2. Description of Related Art

[0002] Inkjet printer are known as a recording appara-
tus which can form images on various types of recording
mediums such as regular paper sheets and plastic thin
plates. Such inkjet printer is provided with heads which
discharge inkfrom nozzle holes. By spraying fine droplets
of ink to a recording medium from the nozzle holes of the
heads, an image is to be formed on the recording medi-
um.

[0003] The heads are connected to a tank in which ink
is pooled and ink is to be supplied to the heads from the
tank.

[0004] At that time, if dissolved gas and bubbles are
mixed in the ink, this will cause poor spraying of ink in
the case where the heads are configured so as to stray
the droplets according to volume fluctuation of content.
Therefore, in a conventional inkjet printer, gas in the ink
is being removed by a degassing module which carries
out vacuum degassing provided in between the ink tank
and the heads (see JP 2011-079295).

[0005] However, although the degassing module pro-
vided in the conventional inkjet printer described in JP
2011-079295 is able to remove dissolved gas included
in the ink but cannot remove bubbles having a size that
can be visually identified. Therefore, there has been a
problem that such bubbles flow into the heads.

[0006] US2008/239027 A1 discloses anink supply de-
vice and method for an inkjet printer with the features of
the preamble portion of claim 1 or 5.

SUMMARY OF THE INVENTION

[0007] The object of the presentinvention is to provide
an inkj et recording apparatus and an ink supply method
that can effectively remove bubbles in ink having a size
that can be visually identified.

[0008] Inorderto achieve the above object, anink sup-
ply device for an inkjet recording apparatus reflecting one
aspect of the present invention includes the features of
claim 1.

[0009] Preferably, in the in supply device of the inkjet
recording apparatus, the second tank is formed in a fun-
nel shape and the ink is supplied from the first ink flow
path so as to flow along the inner wall of the second tank.
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[0010] Preferably, the ink supply device of the inkjet
recording apparatus includes at least two or more first
tanks and a switching unit which selectively switches be-
tween the two first tanks to be connected with the second
tank.

[0011] Preferably, the ink supply device of the inkjet
recording apparatus further includes a degassing unit
which performs vacuum degassing on the ink, the de-
gassing unit being provided in a middle of a path to the
heads from the second tank.

[0012] Inordertoachieve the above object, an ink sup-
ply method reflecting one aspect of the present invention
is an ink supply method for an inkjet recording apparatus,
which method includes the features of claim 5.

[0013] Preferably, in the ink supply method of the inkjet
recording apparatus, the second tank is formed in a fun-
nel shape and the ink is supplied from the first ink flow
path so as to flow along the inner wall of the second tank.
[0014] Preferably, in the ink supply method of the inkjet
recording apparatus, at least two or more first tanks are
included, and the ink is supplied selectively from each of
the first tanks to the second tank.

[0015] Preferably, in the ink supply method of the inkjet
recording apparatus, the ink is supplied to the heads by
being subjected to vacuum degassing by a vacuum de-
gassing device at a middle of a path to the heads from
the second tank.

BRIEF DESCRIPTION OF THE DRAWINGS

[0016] The above and other objects, advantages and
features of the present invention will become more fully
understood from the detailed description given herein-
below and the appended drawings which are given by
way of illustration only, and thus are not intended as a
definition of the limits of the presentinvention, and where-
in:

FIG. 1 is a schematic image of an inkjet recording
apparatus;

FIG. 2 is a plane view showing an arrangement of
heads on a carriage;

FIG. 3 is a cross sectional view showing an inner
structure of a head;

FIG. 4 is a schematic view showing an outline of an
ink supply device;

FIG.5is an explanatory view showing the connected
state of a common flow path and each of the heads;
FIG. 6 is a block diagram showing a control system
of the inkjet recoding apparatus;

FIG. 7 is a flowchart showing an ink surface moni-
toring control;

FIG. 8 is a flowchart showing a head maintenance
control;

FIG. 9 is a flowchart showing an ink feed control;
FIG. 10 is a flowchart showing a back-pressure ad-
justment control of negative pressure forming unit;
FIG. 11 is a flowchart showing a wiping control;
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FIG. 12Ais a cross-sectional view showing the sec-
ond example of sub tank; and

FIG. 12B is a cross-sectional view showing the third
example of sub tank.

DESCRIPTION OF THE PREFERRED EMBODIMENTS
[Outline of an inkjet recording apparatus]

[0017] The inkjet recording apparatus 10 in which an
ink supply device of the embodiment is installed will be
described based on FIGS. 1 to 11. FIG.1 is a schematic
view showing the entire inkjet recording apparatus 10.
[0018] The inkjet recording apparatus 10 mainly in-
cludes a conveyance device 20 which conveys a record-
ing medium along horizontal direction, a carriage 4 in
which a plurality of heads 3 (see FIG. 2) which spray ink
to the recording medium being conveyed from above, a
main moving device 5 which moves the carriage 4 along
horizontal direction which is orthogonal to the convey-
ance direction of the recording medium, a maintenance
unit 7 which performs maintenance of each head 3 in-
stalled in the carriage 4, a nozzle humidifier unit 6 which
maintains humidity of nozzles 311 of each head 3 in-
stalled in the carriage 4, an ink supply device 8 (see FIG.
4) which supplies ink to each head 3 installed in the car-
riage 4, a control device 9 (see FIG. 6) which controls
each of the above components and a frame 100 which
supports the entire structure.

[0019] In the following description, it is assumed that
the direction along the conveyance direction of recording
mediums, whichis horizontal direction, is Y axis direction,
the direction along the conveyance direction of the car-
riage 4, which is horizontal direction, is X axis direction
or main moving direction, and vertical direction is Z axis
direction.

[Conveyance device]

[0020] The conveyance device 20 includes a driving
roller 21, a follower roller (omitted in the drawings), a
driving motor 22 and a conveyance belt 23.

[0021] The driving roller 21 and the follower roller are
pivotally supported so as to rotate, and the driving roller
21 is disposed so as to extend in the main moving direc-
tion X. The driving motor 22 is the driving source for rotary
driving the driving roller 21 and is attached at one end of
the driving roller 21.

[0022] The conveyance belt 23 is formed so as not to
have ends and is crossed between the driving roller 21
and the follower roller. The conveyance belt 23 moves
around the driving roller 21 and the follower roller when
the driving roller 21 rotates, and conveys the recording
medium placed on the conveyance belt in the convey-
ance direction F along Y axis direction. When the rotation
of the driving unit 21 stops, the conveyance belt 23 stops
its rotation around the two rollers and stops the convey-
ance of the recording medium.
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[0023] When the heads 3 finish forward scanning, for
one time, along X axis direction according to the control
of the control device 9, the driving motor 22 rotates the
driving roller 21 for a predetermined amount to convey
the recording medium in the conveyance direction for a
predetermined distance and stops. When the heads 3
start scanning in the opposite direction of the main scan-
ning direction X and finish the scanning, the driving motor
22 performs so-called intermittent conveyance of the re-
cording medium by repeating conveyance of the record-
ing medium for a predetermined distance in the convey-
ance direction F by rotating the driving roller 21 again for
a predetermined amount and stopping the conveyance.
Here, resin films, metals and the like can be used as
recording mediums other than paper sheets and fabrics.

[Frame]

[0024] As shown in FIG. 1, the frame 100 mainly in-
cludes a rectangular main body unit 101 which extends
in X axis direction, a first base unit 102 which supports
one end section of the main body unit 101 in X axis di-
rection, a second base unit 103 which supports the other
end section of the main body unit 101 in X axis direction.
[0025] Thefirstbase unit 102 supports one end section
of the main body unit 101 from below while housing and
holding the maintenance unit 7 therein. Further, the sec-
ond base unit 103 supports the other end section of the
main body unit 101 from below while housing and holding
the nozzle humidifier unit 6 therein.

[0026] In the main body unit 101, the after-mentioned
one pair of carriage rails 51 and 51 of the main moving
device 5is housed and held therein so as to extend along
X axis direction, and the carriage 4 is moved along X axis
direction in the main body unit 101.

[0027] Moreover,thefirstbase unit 102 and the second
base unit 103 are disposed respective at the two ends in
X axis direction having the above-mentioned convey-
ance device 20 therebetween, and the main body unit
101 is bridged above the conveyance device 20. There-
by, while conveying the carriage 4 in the direction that is
orthogonal to the conveyance direction of recording me-
diums being conveyed by the conveyance device 20, im-
age forming can be performed by spraying ink from each
of the heads 3 installed in the carriage 4.

[Main scanning device and carriage]

[0028] The main moving device 5 includes a pair of
carriage rails 51 and 51 in a rod shape which are sup-
ported so as to extend in X axis direction in the main body
unit 101 of the frame 100. The pair of carriage rails 51
and 51 is provided to as to cross over the conveyance
belt 23 of the conveyance device 20. The carriage 4 in a
box shape which is supported along the X axis direction
so as to reciprocate is supported by the carriage rails 51
and 51.

[0029] The carriage 4 is a rectangular case wherein
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the upper part is opened and a plurality of heads 3 are
installed on the bottom plate. As shown in FIG. 1, in the
carriage 4, arm units 42 and 42 extent in both sides in Y
axis direction at the upper part of both side surfaces in
Y axis direction, and the arm units 42 and 42 are placed
onthe carriagerails 51 and 51 via linear guides. Thereby,
the carriage 4 can slide along X axis direction on the
carriage rails 51 and 51.

[0030] Further, linear motors are installed between the
carriage rails 51 and 51 and the arm units 42 and 42 of
the carriage 4. That is, a stator for the linear motor is
provided at each of the carriage rails 51 and 51 and a
needle is provided at each of the arm units 42 and 42 of
the carriage 4. Due to the current control of the coil in the
stators’ side, the carriage 4 can move along X axis direc-
tion.

[0031] FIG.2is aschematic explanatory diagram when
the bottom plate 41 of the carriage 4 is seen from above.
In the inkjet recording apparatus 10, nine heads 3 are
provided for each of nine colors which are Y (yellow), Lm
(light magenta), Or (orange), M (magenta), Bk (black),
B1 (blue), Lk (light black), C (cyan) and Lc (light cyan)
are provided, and total of eighty one heads 3 are attached
on the bottom plate of the carriage 4.

[0032] As shown in the drawing, the head groups of
the colors are aligned in the order of Y, Lm, Or, M, Bk,
BI, Lk, C and Lc along X axis direction, and the nine heads
3ineach head group are arranged in astaggered manner
along Y axis direction.

[0033] Moreover, the bottom plate 41 has slit-shape
openings at attachment positions of the heads 3 along Y
axis direction, and the heads 3 attached on the bottom
plate 41 from above can spray ink droplets just below the
carriage through respective corresponding openings.
[0034] Then, as described above, by arranging the
nine heads 3 in a staggered manner for each color, ink
of each color can be sprayed at an arbitrary position with-
in arange across approximately the entire width in Y axis
direction of the bottom plate 41 of the carriage 4.

[Head]

[0035] FIG. 3 is a cross-section diagram showing a
schematic configuration of a head 3. A head 3 mainly
includes a nozzle plate 31 in which a plurality of nozzles
311 that spray ink are formed, a head chip 32 including
a plurality of channels 321 which lead ink to each nozzle
311 and a plurality of piezoelectric elements which make
the channels 321 discharge ink by causing volume fluc-
tuation in the channels 321, a wiring substrate 33 which
applies driving voltage to each of the piezoelectric ele-
ments in the head chip 32 and a manifold 34 for guiding
ink to each of the channels 321 of the head chip 32
through a filter 343.

[0036] The nozzle plate 31 is a rectangular flat plate,
and when the head 3 is installed in the carriage 4, the
flat plate surface of the nozzle plate 31 is to be parallel
with X-Y plane and the longitudinal direction of the nozzle
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plate 31 is to be parallel with Y axis direction.

[0037] Further, a plurality of through holes which be-
come the nozzles 311 are formed in a line along Y axis
direction in the nozzle plate 31.

[0038] Theheadchip32isformedinarectangularsolid
shape, and a nozzle plate 31 is attached at the bottom
surface thereof. Further, a plurality of channels 321 cor-
responding to the positions of the nozzles 311 of the noz-
zle plate 31 are formed in the head chip 32 in one line
along Y axis direction. Each of the channels 321 is an
ink flow path which penetrates the head chip 32 in up-
down direction and can guide ink in the manifold 334 to
the corresponding nozzle 311 individually. Further, a pi-
ezoelectric element 322 is provided adjacent to each
channel 321 and voltage can be applied selectively to an
arbitrary piezoelectric element 322 to inflate or contract
the piezoelectric element 322 and ink can be sprayed
from the corresponding nozzle 311.

[0039] The wiring substrate 33 is attached on the upper
surface of the head chip 32. The wiring substrate 33 is
connected to the head driving circuit (not shown in the
drawing) via a flexible substrate, and wiring for applying
driving voltage to each of the piezoelectric elements 322
of the head chip 32 from the head driving circuit is pro-
vided on the wiring substrate 33.

[0040] Moreover, the wiring substrate 33 is attached
to the manifold 34 so as to block the lower part of the
manifold 34 which is opened and a rectangular opening
is formed so that ink in the manifold 34 flows to the side
of channels 321 of the head chip 32.

[0041] The manifold 34 is a rectangular solid, wherein
inside thereof is hollow, disposed in a state where the
longitudinal direction thereof aligns Y axis direction. As
described above, although the bottom section thereof is
opened, the wiring substrate 33 is fitted to block the
opened section.

[0042] Further, cylindrical shaped first port 341 and
second port 342, which are connected to inside, are
formed respectively at the upper sections of the manifold
34 in one end side and in the other end side in Y axis
direction.

[0043] Inside of the manifold 34 is divided in two, upper
region and lower region, by the filter 343 which filters
substances mixed in ink. The upper region is connected
with the first port 341 and the second port 342 and the
lower region is connected with the head chip 32. That is,
ink which is supplied to the manifold 34 from outside
through the first port 341 or the second port 342 is filtered
by the filter 343 and moves to the head chip 32 side, and
then, is sprayed from each of the nozzles 311.

[Maintenance unit]

[0044] The maintenance unit 7 performs maintenance
of each head 3 when recording operation is not carried
out. The maintenance unit 7 is provided at one end sec-
tion side of the carriage rails 51 and 51 apart from the
conveyance device 20. Thatis, maintenance is to be per-
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formed in a state where the carriage 4 is moved to the
place at the one end section of the carriage rails 51 and
51 where the carriage 4 faces the maintenance unit 7.
[0045] The maintenance unit7 includes a cleaning de-
vice which wipes the under surface of the nozzle plate
31 of each head 3 and an ink tray 71 (see FIG. 4) which
becomes a tray for the head 3 which is subjected to main-
tenance when the head 3 discharges ink.

[0046] The cleaning device mainly includes a cleaning
roller which can rotate around the rotation axis along X
axis direction which is in sliding contact with the under
surface of the nozzle plate 31 and a roller conveyance
mechanism which conveys the cleaning roller along Y
axis direction. Width of the cleaning roller in X axis direc-
tion is set so that the cleaning roller can wipe the head
groups of three colors among the head groups of nine
colors installed in the carriage 4, and performs cleaning
of all of the heads 3 of the nine colors by one round trip
(forward operation and return operation) and a half (for-
ward operation) of moving operation. In such way, the
nozzles 311 are prevented from clogging due to solidify-
ing of ink.

[0047] Further, ink discharge to the ink tray 71 at the
time of maintenance is carried out by ink supplying pres-
sure of the ink supply device 8 and not by driving of pie-
zoelectric elements 322 of the heads 3. Thereby, clog-
ging of ink flow paths in the heads 3 can be resolved.

[Nozzle humidifier unit]

[0048] The nozzle humidifier unit 6 is provided at the
other end section side of the carriage rails 51 and 51
apart from the conveyance device 20. That is, when the
recording operation is not carried out, the carriage 4
moves to the position where the carriage 4 faces the noz-
zle humidifier unit 6 at the other end section of the car-
riage rails 51 and 51, and performs humidifying of the
nozzles 311 of each head 3 in such state.

[0049] Thatis, the nozzle humidifier unit 6 closely con-
tacts with the nozzles 311 of the nozzle plate 31 and
makes inside of the nozzles be in connected state with
the pool section where humidifying liquid is pooled. The
nozzle humidifier unit 6 mainly includes the pool section
of humidifying liquid and elevating mechanism of the pool
section.

[Ink supply device]

[0050] FIG. 4 is an explanatory diagram showing a
schematic configuration of the ink supply device 8. In the
inkjet recording apparatus 10, the ink supply device 8 is
provided for each color.

[0051] The ink supply device 8 mainly includes main
tanks 81 and 81 as two first tanks in which ink is pooled,
a sub tank 82 as a second tank to which ink is supplied
from each of the main tanks 81 and 81, a degassing de-
vice 83 which is provided at the downstream side of the
sub tank 82 in the ink supplying direction, an intermediate
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tank 84 in which ink is temporarily pooled which is pro-
vided at the downstream side of the degassing device
83 in the ink supplying direction, a negative pressure
forming unit 86 which is provided at the downstream side
of the intermediate tank 84 in the ink supplying direction
and a common flow path 87 for supplying ink to each of
the heads 3, the common flow path 87 being connected
with the first ports 341 of the heads 3 in parallel.

[0052] In FIG. 4, the ink tray 71 of the maintenance
unit 7 is also shown.

[0053] The maintanks 81 and 81 are containers where
the upper parts thereof are opened to the air. The two
main tanks 81 and 81 are detachable from the inkjet re-
cording apparatus 10 so that they can be replaced when
they are empty. Further, because there are two main
tanks 81 and 81, even when one of the main tanks is
empty or is being replaced, ink can be supplied from the
other main tank 81. Therefore, recording operation of the
inkjet recording apparatus 10 can be prevented from be-
ing interrupted. Here, the number of main tanks 81 to be
installed can be more.

[0054] The reference numerals 815 in FIG. 4 refer to
residual sensors which detect whether the ink in the main
tanks 81 and 81 is empty.

[0055] In between the main tanks 81 and 81 and the
sub tank 82, there is provided a first ink flow path 811 in
which one end section thereof is branched in two, one
for each main tank 81, and the branched flow paths are
combined at the other end section of the first ink flow
path 811 and this end section leads to the sub tank 82.
A tank valve 812 as a connection switching unit which is
an electromagnetic valve capable of switching the
open/close state of the path is provided near each main
tank 81 in the first ink flow path 811.

[0056] A filter 813 which removes contaminants such
as wastes and dusts from ink is provided in the middle
of the path in the sub tank 82 side of the first ink flow path
811. Further, afirst ink feed pump 814 as a first ink feed
unit which feeds ink to the sub tank side is provided in
the middle of the path which is in the sub tank 82 side of
the first ink flow path 811 closer to the sub tank 82 than
the filter 813.

[0057] The sub tank 82 is formed in a funnel shape
having a wall portion 821 where the diameter thereof be-
comes smaller as going down and the upper part thereof
is closed with a top plate 822.

[0058] The bottom center of the sub tank 82 is con-
nected with the second ink flow path 823 and the ink in
the sub tank 82 is to be supplied to the degassing device
82 side through the second ink flow path 823.

[0059] Moreover, anairopen pipe 824 which maintains
inside of the sub tank 82 at atmospheric pressure is at-
tached to the top plate 822 of the sub tank 82. The air
open pipe 824 is provided with a filter 825 for preventing
dusts and wastes from entering.

[0060] Further, a tip section of the first ink flow path
811 is connected to the pot plate 822 of the sub tank 82
in a state penetrating the top plate 822 and entering all
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the way to the inside.

[0061] The tip section of the first ink flow path 811 ex-
tends to the position where contacts or almost contacts
the inner surface of the side wall 822 of the sub tank 82,
and the ink which is supplied from the first ink flow path
811 is to pour into the ink surface in the sub tank 82 along
the side wall.

[0062] In the sub tank 82, the upper limit position of
the ink surface is set by the after-mentioned ink surface
monitoring control, and the tip section of the first ink flow
path 811 is to pour ink to the side wall at a position higher
than the upper limit position of the ink surface.

[0063] By setting the position of the tip section of the
first ink flow path 811 in the sub tank 82 as described
above, the ink which is supplied from the first ink flow
path 811 is to be always poured into the ink surface after
flowing along the inner surface of the side wall of the sub
tank 82. Therefore, the ink gently flows along the inclined
surface to be pooled in the sub tank 82. Thus, when bub-
bles which can be visually identified are mixed into the
ink supplied from the first ink flow path 811, the bubbles
stay on the ink surface. Further, because the ink gently
flows along the inclined surface, new bubbles can be
prevented from being generated at the ink surface and
mixed in the ink.

[0064] Moreover, the ink in the sub tank 82 is fed to
the downstream side from the bottom, that is, the deepest
part the sub tank 82 through the second ink flow path
823. Therefore, bubbles can be removed from the ink
which is to be supplied to the downstream side than the
sub tank 82.

[0065] That is to say, the sub tank 82 functions as de-
gassing device to remove bubbles from ink.

[0066] Further, in the sub tank 82, a first ink surface
sensor 826 which defines the upper limit position of the
ink surface and a second ink surface sensor 827 which
defines the lower limit position of the ink surface in the
after-mentioned ink surface monitoring control are pro-
vided.

[0067] Bothofthe ink surface sensors 826 and 827 are
float-type sensors provided with floating elements, and
can detect whether the ink surface is above the upper
limit position and below the lower limit position by the
level of the floating elements. The ink surface monitoring
control will be described later.

[0068] The second ink flow path 823 is provided be-
tween the sub tank 82 and the degassing device 83. A
check valve 828 which prevents ink from flowing back-
wards to the sub tank 82 from the degassing device 83
and a second ink feed pump 829 as the second ink feed
unit which feeds ink to the degassing device 83 from the
sub tank 82 are provided in the middle of the second ink
flow path 823.

[0069] The degassing device 83 includes a degassing
module 831 to which the end of the second ink flow path
823 is connected, a vacuum pump 832 which performs
vacuum drawing on the degassing module 831, a vacu-
um pressure sensor 833 which detects the pressure in
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the degassing module 831 and a leak valve 834 which
is a magnetic valve which opens inside of the degassing
module 831 to the air.

[0070] The degassing module 831 includes a vacuum
container in which vacuum is drawn by the vacuum pump
832 and a hollow fiber membrane which allows the ink
to path though toward inside in the vacuum container,
and has a configuration where the dissolved gas in the
ink is to be aspired outside via the hollow fiber membrane
due to the vacuum drawing.

[0071] The vacuum pressure sensor 833 is a detection
device for measuring whether the pressure is decreased
to the target pressure at the time of vacuum drawing.
Further, open control of the leak valve 834 is performed
by the control device 9 so that the degassing module 831
willbe in the atmospheric pressure state from the vacuum
state in order to protect the degassing module 831 when
the inkjet recording apparatus 10is in the power off state.
[0072] A third ink flow patch 835 is provided between
the degassing module 831 and the intermediate tank 84.
Ink is supplied to the intermediate tank 84 by the supply-
ing pressure of the second ink feed pump 829 though
the second and the third ink flow paths 823 and 835.
[0073] The intermediate tank 84 is formed of a flexible
bag, and is to expand and contract by the pooled amount
of ink fluctuating.

[0074] Further, an ink amount sensor 841 which de-
tects the state of ink when a defined amount of ink is
pooled is also installed with the intermediate tank 84.
When ink is supplied from the sub tank 82, ink is to be
supplied by the second ink feed pump 829 until the ink
amount sensor 841 detects that the ink reached the de-
fined amount.

[0075] Fourth to seventh ink flow paths 842 to 845 are
provided between the intermediate tank 84 and the neg-
ative pressure forming unit 86, and ink is to be supplied
through these ink flow paths. A first three-way switching
valve 846 which is an electromagnetic valve is intervened
between the fourth ink flow path 842 and the fifth ink flow
path 843, a second three-way switching valve 847 which
is an electromagnetic valve is intervened between the
fifth ink flow path 843 and the sixth ink flow path 844 and
a third three-way switching valve 848 which is an elec-
tromagnetic valve is intervened between the sixth ink flow
path 844 and the seventh ink flow path 845.

[0076] Moreover, the fifth ink flow path 843 is provided
with a check valve 849 which only allows the flow toward
the second three-way switching valve 847 from the first
three-way switching valve 846, a third ink feed pump 850
which feeds ink to the direction which is same as the
direction of flow allowed by the check valve 849 and a
relief valve 851 which returns the ink to the sub tank 82
when the pressure at the downstream side of the third
ink feed pump 850 exceeds the defined pressure.
[0077] One end section of the branched flow path 852
is connected to the sixth ink flow path 844 at the middle
thereof, and the other end section of the branched flow
path 852 is connected to the first three-way switching



11 EP 2 572 886 B1 12

valve 846. The first three-way switching valve 846 can
switch between the state where the fifth ink flow path 843
is connected to the fourth ink flow path 842 and the state
where the fifth ink flow path 843 is connected to the
branched flow path 852 by the controlling of the control
device 9.

[0078] The second three-way switching valve 847 is
also connected to the return flow path 853 for returning
the ink to the sub tank 82. The second three-way switch-
ing valve 847 can switch between the state where the
fifth ink flow path 843 is connected to the sixth ink flow
path 844 and the state where the fifth ink flow path 843
is connected to the return flow path 853 by the controlling
of the control device 9.

[0079] Switching control of the first and the second
three-way switching valves 846 and 847 is performed at
the same time in combination by the control device 9 to
switch between the supply connection state where ink is
fed to the negative pressure forming unit 86 side from
the intermediate tank 84 through the fourth, fifth and sixth
ink flow paths 842, 843 and 844 (shown by white arrow
in FIG. 4) and the return connection state where ink is
fed to the sub tank 82 side from the negative pressure
forming unit 86 through the branched flow path 852, the
fifth ink flow path 843 and the return flow path 853 (shown
by black arrow in FIG. 4).

[0080] In other words, by using the feeding pressure
of the third ink feed pump 850, the supplying of ink to the
negative pressure forming unit 86 side and the retrieving
of ink from the negative pressure forming unit 86 side
can be executed freely and selectively.

[0081] The third three-way switching valve 848 is also
connected to the detour flow path 854 which performs
ink supply to the side of heads without passing through
the negative pressure forming unit 86, and the third three-
way switching valve 848 can switch between the state
where the sixth ink flow path 844 is connected to the
seventh ink flow path 845 and the state where the sixth
ink flow path 844 is connected to the detour flow path
854 by the controlling of the control device 9.

[0082] Inotherwords,inthe above switching, switching
can be carried out between the state where ink supply
and ink retrieving to and from the negative pressure form-
ing unit 86 can be executed and the state where ink sup-
ply and ink retrieving to and from the heads 3 side (spe-
cifically, to and from the common flow path 87) can be
executed.

[0083] The negative pressure forming unit 86 mainly
includes arectangular main container 861 in which awide
opening is formed in the front side thereof, a film member
862 formed of a flexible resin film which blocks the open-
ing of the main container 861 and a spring (not shown in
the drawing) which presses the center of the film member
862 toward outside from inside of the main container 861.
[0084] The maincontainer861 is connected to the sev-
enth ink flow path 845 and the eighth ink flow path 863
which connects to the common flow path 87 to which all
of the first ports 341 of the nine heads 3 are connected
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in parallel.

[0085] Further, because the center part of the film
member 862 is pressed outside by the spring, the film
member 862 is in an approximately conical shape.
[0086] After ink is filled in the main container 861 at
the pressure same as the atmospheric pressure, by mak-
ing the first and the second three-way switching valves
846 and 847 be in the return connection state to retrieve
the ink from the main container 861, inside of each of the
heads 3 is to be in a negative pressure state via the com-
mon flow path 87. When the heads 3 are at the atmos-
pheric pressure, ink can easily leak from the nozzles 311
and poor spraying and variation in dot diameter can easily
occur because ink can easily adhere around the nozzles
311. Therefore, the reason for maintaining inside of the
heads 3 at negative pressure is to prevent the above
problems.

[0087] Here, the target pressure of the negative pres-
sure can be controlled by adjusting the retrieving amount
of ink in the main container 861.

[0088] Atthe top partsection of the main container 861
of the negative pressure forming unit 86, a communica-
tion pipe 864 which communicates with inside of the main
container 861 and extends upward is provided. An ink
surface sensor 865 is attached at the end section of the
communication pipe 864 in the main container 861 side
and a pressure sensor 866 is attached at the upper end
section of the communication pipe 864. A branched pipe
867 inwhich one end thereofis opened to the atmosphere
and which extends horizontally is connected to the middle
section of the communication pipe 864, and an open
valve 868 which opens/closes the branched pipe 867 and
an air filter 869 which filters the air are connected in the
middle of the branched pipe 867.

[0089] The above configuration is used when control-
ling the main container 861 to be at a predetermined neg-
ative pressure by supplying ink in the main container 861.
That is, ink is supplied into the main container 861 until
the ink surface is detected by the ink surface sensor 865
in the state where the open valve 868 is opened, and
then, the open valve 868 is closed and the inkiis retrieved
from the main container 861 until the pressure sensor
866 indicates the target negative pressure. In such way,
each head 3 can be in the state of a predetermined neg-
ative pressure through the negative pressure forming unit
86.

[0090] The eighthink flow path 863 which extends from
the negative pressure forming unit 86 is combined with
the detour flow path 854 in the middle thereof and is con-
nected to the common flow path 87. Further, a protection
valve 871 which is an electromagnetic valve which is nor-
mally opened is provided in the eighth ink flow path 863
at a position more to the negative pressure forming unit
86 side than the position where the eighth ink flow path
863 combines with the detour flow path 854.

[0091] The common flow path 87 is a hollow container
in a flat plate shape where the front side is shaped in an
approximately isosceles triangle (specifically, a penta-
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gon shape where two corners at the bottom of the isos-
celes triangle are cut along vertical direction), and the
common flow path 87 is installed in the carriage 4 so that
the bottom thereof is disposed along horizontal direction.
The eighth ink flow path 863 is connected to the common
flow path 87 at the part corresponding to the apex of the
isosceles triangle and the first ports 341 of the nine heads
3 of the same color are connected to the part correspond-
ing to the bottom of the isosceles triangle.

[0092] In the common flow path 87, ink pass through
the inner space where the isosceles triangle shape sim-
ilar to the outer shape is made into three-dimensional
shape. Atthattime, because ink is supplied from the apex
position, inkis supplied equally to each head 3 connected
to each part at the bottom of the common flow path 87
without great bias.

[0093] Outside shape of the commonflow path 87 does
not need to be approximately isosceles triangle shape
as long as the front shape of the inner space where ink
is supplied is in an approximately isosceles triangle
shape.

[0094] Further, a waste flow path 872 which leads to
a waste tank (not shown in the drawing) is connected
near the apex position of the common flow path 87. A
waste valve 873 which is an electromagnetic valve which
is normally opened is provided at the waste flow path
872, and the waste flow path 872 is a flow path for dis-
charging ink in order to exhaust bubbles by opening the
waste valve 872 at the time when filling the common flow
path 87 with ink. Because the waste flow path 872 is
connected at the apex which is the upper end section of
the common flow path 87, by further supplying ink to the
common flow path 87 in the state where the common
flow path 87 isfilled with ink, bubbles will float at the upper
part in the common flow path 87 and can be effectively
exhausted along with ink. In such way, bubbles which
cause poor spraying of ink can be removed and a stable
ink spraying can be performed.

[0095] FIG. 5 is an explanatory diagram showing the
connected state of the common flow path 87 and each
of the heads 3. As shown in FIGS. 4 and 5, the common
flow path 87 is connected with the first port 341 of each
head 3 via the recording operation valves 874 which are
an electromagnetic valve which is normally opened.
[0096] Further, the second port 342 of each head 3 is
connected to the common waste flow path 876 via the
maintenance valves 875 which are normally opened in
parallel with each other. The common waste flow path
876 is combined with the waste flow path 872 at the down-
stream side of the waste valve 873 and is connected to
the waste tank.

[Control device]

[0097] FIG. 6 is a block diagram showing the control
system of the ink supply device 8. The control device 9
shown in FIG. 6 carries out the controlling of the entire
inkjet recording apparatus 10. However, only the config-
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uration of the ink supply device 8 is shown here and other
configurations are omitted in the drawing. Further, as for
the configuration including a plurality of same structure,
only one thereof will be described.

[0098] The control device 9 also controls the driving of
each part of the inkjet recoding apparatus 10 such as
converting of image data of an image to be recorded on
a recording medium input from an external device into
data corresponding to each nozzle 311 of each head 3
and such like other than controlling of the ink supply de-
vice 8.

[0099] As shown in FIG. 6, the control device 9 is con-
figured of a computer of general purpose in which a CPU
91, a ROM 92, a RAM 93, an input/output interface (not
shownin the drawing) and the like are connected to abus.
[0100] The first to the third ink feed pumps 814, 829
and 850, the vacuum pump 832, the tank valve 812, the
leak valve 834, the first to the third three-way switching
valves 846, 847 and 848, the open valve 868, the pro-
tection valve 871, the waste valve 873, the recording op-
eration valves 874 and the maintenance valves 875 are
connected to the control device 9, and these are subject-
ed to be controlled by the control device 9.

[0101] Moreover, the residual sensor 815, the first and
the second ink surface sensors 826 and 827, the ink
amount sensor 841, the ink surface sensor 865, the vac-
uum pressure sensor 833 and the pressure sensor 866
are connected to the control device 9, and various types
of signals are input from the above parts.

[0102] Further, an input operation unit 94 which sup-
ports and inputs execution or the like of various types of
operations operated by an operator, a display unit 95
which displays various types of information such as error
information, and such like are also connected to the con-
trol device 9.

[0103] The control device 9 carries out the ink surface
monitoring control of the sub tank 82, maintenance con-
trol of the heads 3 and the like on the above described
control subjects according to the detected information.

[Ink surface monitoring control]

[0104] The ink surface monitoring control in the sub
tank 82 which is performed by the control device 9 will
be described in detail based on the flowchart of FIG. 7.
[0105] The ink surface monitoring control is a control
to supplying ink to the sub tank 82 from the main tank 81
and to maintain and assure a constant ink amount in the
sub tank 82. The ink surface monitoring control is repeat-
edly performed on a predetermined cycle.

[0106] In the ink surface monitoring control, it is as-
sumed that the tank valve 812 of one of the main tanks
81 and 81 is opened and the other tank valve 812 is
closed.

[0107] First, the control device 9 initializes the timer
counter which is used to determine whether the main
tank 81 which is currently connected to the sub tank 82
is empty (step S1).
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[0108] Next, whether the ink in the sub tank 82 is at
the detection level of the first ink surface sensor 826
which indicates that the ink in the sub tank 82 is full is
determined by the first ink surface sensor 826 (step S3).
[0109] As aresult, when it is detected that the ink is at
the detection level of the first ink surface sensor 826, the
control device 9 ends the ink surface monitoring control
because the ink in the sub tank 82 is at the target amount.
[0110] On the other hand, when it is detected that the
ink is not at the detection level of the first ink surface
sensor 826, the control device 9 starts counting of the
timer to determined whether the main tank 81 is empty
and activates the first ink feed pump 814 to execute ink
supply to the sub tank 82 from the main tank 81 (step S5).
[0111] Next, the control device 9 determines whether
the ink in the sub tank 82 is at the detection level of the
second ink surface sensor 827 which indicates that the
ink in the sub tank 82 is almost empty by the second ink
surface sensor 827 (step S7).

[0112] As aresult, when it is detected that the ink is at
the detection level of the second ink surface sensor 827,
the control device 9 determines whether the timer indi-
cates that a predetermined ink feeding time has elapsed
(step S9).

[0113] When the timer does not indicate that the pre-
determined ink feeding time has elapsed, the control de-
vice 9 returns to step S3 and determines whether the sub
tank 82 is full or not.

[0114] Theinkfeedingtime inthe determination of step
S9 is set to a time period sufficient to fill up the sub tank
82 with the ink feeding ability of the first ink feed pump.
That is, when the sub tank 82 is not full even when the
ink feeding time has elapsed, itis presumed that the main
tank 81 is already empty.

[0115] Therefore, the control device 9 stops the driving
of the firstink feed pump 814 (step S11), determines that
the main tank 81 is empty (step S13) and closes the tank
valve 812 which is currently open and opens the other
tank valve 812 to executed switching of the main tanks
from which ink is to be supplied to the sub tank 82 (step
S15). At this time, a display control can be performed to
notify that the one of the main tanks is empty in the display
unit 95.

[0116] Further, after the main tanks 81 are switched,
the control device 9 returns the processing to step S1
again and restarts ink supply to the sub tank 82.

[0117] Whenthe subtank 82is detected as being emp-
ty by the second ink surface sensor 827 in step S7 even
when feeding of ink is carried out by the first ink feed
pump 814 (step S7; NO), this condition indicates that
both of the main tanks 81 and 81 are empty and that all
of the ink in the main tanks 81 and 81 and the sub tank
82 are nearly used up. Therefore, the control device 9
stops all of the recording operation of the inkjet recording
apparatus 10 when the inkjet recording apparatus 10 is
in the middle of recording operation in order to prevent
the recording operation to be performed poorly. Further,
at this time, a display control to execute a notification
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display indicating that the operation is stopped due to an
error and a warning display indicating that the tanks are
empty can be carried out in the display unit 95.

[Maintenance control]

[0118] The maintenance control of the heads 3 which
is performed by the control device 9 will be described in
detail based on the flowchart of FIG. 8. Here, it is as-
sumed that the heads 3 to which maintenance needs to
be performed are specified by carrying out spraying test
on all of the heads 3 in advance and that the heads 3
which are subjected to maintenance are already input by
the input operation unit 94.

[0119] Further, it is assumed that the carriage 4 is on
stand-by right above the maintenance unit 7.

[0120] First, the control device 9 switches the first and
the second three-way valves 846 and 847 so as to be in
the supply connection state (connection shown by the
white arrow in FIG. 4) and also switches the third three-
way switching valve 848 to be connected to the detour
flow path 854 from the sixth ink flow path 844 (step S21).
[0121] Then,the controldevice 9 controls soas to open
the waste valve 873 of the common flow path 87, close
the protection valve 871 and close the recording opera-
tion valves 874 of all of the heads 3 (step S23).

[0122] Thereafter, the control device 9 executes feed-
ing control of ink (step S25).

[0123] Here, the feeding control will be described
based on the flowchart of FIG. 9.

[0124] At the time of feeding, the control device oper-
ates the third ink feed pump 859 (step S251), and deter-
mined whether the preset operation time period T1 has
elapsed (step S253) while maintaining the operation of
the third ink feed pump 850 and, continues the operation
of the third ink feed pump 850 until the operation time
period T1 elapses.

[0125] By such operation of the third ink feed pump
850, the ink in the intermediate tank 84 bypasses the
negative pressure forming unit 86 and is supplied directly
to the common flow path 87. At this time, because the
recording operation valves 874 of all of the heads 3 are
closed and the maintenance valves 875 of all of the heads
3 are normally opened, ink is not supplied to each of the
heads 3 and the common flow path 87 is to be filed with
ink. Further, when the common flow path 87 is filled with
ink, extraink is to be discharged from the waste flow path
872. Due to such supply being continued for a certain
time period, bubbles in the common flow path 87 float at
the upper section in the common flow path 87 and are
exhausted from the waste flow path 872.

[0126] Then, when the operation time period T1 elaps-
es, the control device 9 stops the operation of the third
ink feed pump 850 (step S255) and the third ink feed
pump 850 is to be on stand-by until the waiting time period
T2 elapses. In such way, the bubbles which are gener-
ated due to ink being poured into the common flow path
87 float and are collected at the upper section in the com-



17 EP 2 572 886 B1 18

mon flow path 87.

[0127] When the waiting time period T2 elapses, the
control device 9 determines whether the number of times
the ink supply and waiting are repeated reached the pre-
set target number of times N (step S259).

[0128] When the repeated number of times has not yet
reached the target number of times, the control device 9
returns the processing to step S251 and executes the
ink supply and waiting again.

[0129] Here, the operation time period T1, the waiting
time period T2 and the target number of times N can be
set with respect to the control device 9 by the input op-
eration unit 94 in advance. The target number of time N
ofthe repeating is preferred to be set to atleast two times
or more so that the bubbles floated to the upper section
in the common floe path 87 during the waiting time can
be exhausted in the next ink supplying.

[0130] The description returns to FIG. 8 again.
[0131] When the ink feeding control ends, the control
device 9 controls so as to close the waste valve 873 of
the common flow path 87 (step S27) and to open the
recording operation valves 874 and the maintenance
valves 875 of the heads 3 which are subjected to main-
tenance (step S29).

[0132] Then, the control device 9 executes the ink
feeding control again (step S31). The operation time pe-
riod T1, the waiting time period T2 and the target number
of times N at this time can be the same values as in step
S25 or can be set to different values.

[0133] In the above ink supply, ink is supplied to the
heads 3 which are subjected to maintenance from the
common flow path through the first ports 314. The sup-
plied ink is discharged to the common waste flow path
876 through the second ports 342, and a part of the ink
is discharged to the ink tray 71 from the nozzles 311 of
the heads 3.

[0134] When the second time ink feeding control ends,
the control device 9 closes the maintenance valves 875
of the heads 3 which are subjected to maintenance (step
S33).

[0135] Then, the control device 9 executes the third
time ink feeding control (step S35). Similarly, the opera-
tion time period T1, the waiting time period T2 and the
target number of times N at this time can be the same
values as in steps S25 and S31 or can be set to different
values.

[0136] In the above ink supply, ink is supplied into the
heads 3 which are subjected to maintenance from the
common flow path 87 through the first ports 341 and is
dischargedtotheinktray 71 fromthe nozzles of the heads
3. At this time, supplying pressure of ink acts entirely on
discharging of ink through the nozzles 311. Therefore,
foreign substances and the like are pushed out in the
nozzles 311 which were clogged and the clogging can
be resolved, for example.

[0137] When the third time ink feeding control ends,
the control device 9 opens all of the recording operation
valves 874 of all of the heads 3 except for the heads 3
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which are subjected to maintenance (step S37). Further,
the control device 9 opens the protection valve 871 and
switches the third three-way switching valve 848 so that
the sixth ink flow path 844 and the seventh ink flow path
845 are connected (step S39).

[0138] Then, the control device 9 executes back-pres-
sure adjusting control of the negative pressure forming
unit (step S41) and ends the maintenance control by ex-
ecuting wiping control of each of the heads 3 (step S43).
[0139] Here,the back-pressure adjusting control of the
negative pressure forming unit will be described in detail
based on the flowchart of FIG. 10.

[0140] First, the control device 9 switches soas to open
the open valve 868 and close the protection valve 871
(step S411).

[0141] Next, the control device 9 sets the current pres-
sure of the pressure sensor 866 in the negative pressure
forming unit 86 to the atmospheric pressure (step S412).
[0142] Then, the control device 9 starts the operation
of the third ink feed pump 850 (step S413) and deter-
mines whether the ink supplied in the main container 861
of the negative pressure forming unit 86 reached the ink
surface sensor 865 which is positioned at the upper end
section of the main container 861 (step S414).

[0143] Whenthe ink has notyetreached the upper end
section of the main container 861, ink supply to the main
container 861 continues, and when the ink reached the
upper end section of the main container 861, the opera-
tion of the third ink feed pump 850 is stopped (step S415).
[0144] Thereafter, the control device 9 closes the open
valve 868 (step S416) and performs the control to switch
the first and the second three-way switching valves 846
and 847 to be in the return connection state (the black
arrow in FIG. 4) (step S417).

[0145] Then, when the control device 9 operates the
third ink feed pump 850 again (step S418), the ink inside
the main container 861 of the negative pressure forming
unit 86 is discharged. As a result, inside pressure in the
main container 861 declines.

[0146] The pressure value of the negative pressure
suited for ink spraying by each of the heads 3 is set in
advance, and when it is detected that the pressure is
declined to the pressure value of negative pressure suit-
ed for ink spray by the pressure sensor 866 (step S419),
the operation of the third ink feed pump 850 is stopped
(step S420).

[0147] Then, the control device 9 opens the protection
valve 871 (step S421), and thereby, the negative pres-
sure forming unit 86 and each of the heads 3 are con-
nected via the eighth ink flow path 863 and the common
flow path 87. Therefore, inside of each of the heads 3 is
to be at negative pressure same as inside of the negative
pressure forming unit 86.

[0148] Thereafter, the control device 9 controls so as
to switch the first and the second three-way switching
valves 846 and 847 so as to be in the supply connection
state (the white arrow in FIG. 4) (step S422) and ends
the back-pressure adjusting control of the negative pres-
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sure forming unit.

[0149] The wiping control will be described based on
the flowchart of FIG. 11. In the wiping control, periphery
of each of the nozzles 311 of all of the heads 3 on the
carriage 4 is to be wiped.

[0150] Wiping of each nozzle 311 is carried out by con-
veying the wiping roller, which rotary drives around the
rotary axis along X axis direction, along Y axis direction
while making the wiping roller be in sliding contact with
the under surface of the nozzle plate 31.

[0151] On the other hand, because nine heads 3 for
each of the nine colors are installed in the carriage 4 in
the inkjet recording apparatus 10, the area where wiping
needs to be carried out is very large. Therefore, when
attempting to complete the wiping by conveying the wip-
ing roller for one way, the wiping roller needs to be made
long in its rotary axis direction, and this may easily cause
warping and an effective wiping may not be able to take
place.

[0152] Thus, the wiping roller is made so as to be ap-
proximately in same size as the width of the heads 3 for
three colors in X axis direction, and the wiping roller car-
ries out wiping of the nozzles of all of the heads 3 of nine
colors in three times of conveyance.

[0153] Hereinafter, the operation control will be de-
scribed.

[0154] First, the control device 9 executes the convey-
ance of the wiping roller for one way (forward) from its
stand-by position while rotating the wiping roller (step
S431). In such way, wiping is carried out on the heads 3
corresponding to three colors.

[0155] Next, the control device 9 moves the carriage
4 for the distance same as the width of the heads 3 cor-
responding to three colors in X axis direction (step S433)
and executes the conveyance of the wiping roller for one
way (returning) while rotating the wiping roller (step
S435). In such way, wiping is carried out on the heads 3
corresponding to the next three colors.

[0156] Further, the control device 9 moves the carriage
4 for the distance same as the width of the heads 3 cor-
responding to three colors in X axis direction (step S437)
and executes conveyance of the wiping roller for one way
(forward) wile rotating the wiping roller (step S439). In
such way, wiping is carried out on the heads 3 corre-
sponding to the last three colors.

[0157] Furthermore, the wiping is repeatedly carried
out for the number of times set in advance. Therefore,
when wiping is finished for the heads 3 of all nine colors,
the control device 9 compares the current number of
times wiping has been executed and the presetrepeating
number of times (step S441). As a result, when the cur-
rent number of times wiping has been executed has not
yet reached the preset repeating number of times, the
control device returns the processing to step S431 and
starts the wiping operation again.

[0158] On the other hand, when the current number of
times wiping has been executed reached the preset re-
peating number of times, the wiping control ends.
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[Technical advantages in the embodiment of the present
invention]

[0159] The ink supply device 8 of the inkj et recording
apparatus 10 is provided with the sub tank 82 having a
funnel shape in the middle of the path to the heads 3 from
the main tank 81, and ink is supplied to the sub tank 82
from the main tank 81 so that the ink is poured along the
inclined inner wall surface of the sub tank 82. Further,
the ink is fed to each of the heads 3 from the bottom
section of the sub tank 82 via the intermediate tank 84,
the negative pressure forming unit 86, the common flow
path 87 and the like.

[0160] Therefore, because ink is supplied into the sub
tank 82 by being poured along the inclined inner wall
surface, generation of bubbles can be reduced due to
the ink being calmly poured comparing to when ink is
poured so as to hit the ink surface. Further, even when
bubbles are already mixed, the bubbles in the ink which
is calmly poured in the sub tank 82 remain at the ink
surface of the pooled ink, and by the ink being fed from
the bottom section of the sub tank 82, only the bubbles
remain in the sub tank 82 and bubbles can be removed
from the ink which is to be fed toward the downstream.
[0161] Insuchway, bubbles having a size which is vis-
ually identifiable can be effectively removed from ink and
a stable ink droplet spraying can be carried out at each
of the heads 3.

[0162] Further, by providing two main tanks 81 and car-
rying out ink supply to the sub tank 82 from either one of
the main tanks 81, the tank can be promptly switched to
the other main tank 81 when ink in the selected main tank
81 runs out. Therefore, interruption of ink spraying oper-
ation can be avoided and continuous spraying can be
realized.

[0163] Moreover, by including the degassing device 83
in the middle of the path to the heads 3 from the sub tank
82, fine bubbles and dissolved gas in the ink which cannot
be visually identified can also be removed and even more
stable ink droplet spraying can be carried out at each of
the heads 3.

[Others]

[0164] In the above embodiment, the sub tank 82 in a
funnel shapeis shown as an example. However, sub tank
is not limited to the above example as long as the con-
figuration allows ink to be poured from the first ink flow
path 811 along the inner wall surface of the sub tank.

[0165] For example, as shown in the sub tank 82A in
FIG. 12A which is the second example, the tank may be
in a cylinder shape or a rectangular parallelepiped shape
and the tip section of the first ink flow path 811 may be
disposed near or so as to contact the inner wall surface
of the sub tank 82A so that ink will be poured along the
inner wall surface along vertical direction. In such case,
because ink flows along the vertical surface in the sub
tank 82A, ink is to flow at faster speed than in the case
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of inclined wall. However, generation of bubbles can be
reduced sufficiently comparing to the case where ink is
directly poured into the ink surface and bubbles can be
removed from the ink which is supplied toward down-
stream side of the sub tank 82 by the bubbled being re-
mained at the ink surface.

[0166] Moreover, as shown in the sub tank 82B in FIG.
12B which is the third example, differently from the sub
tank 82, the tank may have a configuration where only
the part where the ink supplied from the first ink flow path
811 flows along is formed as an inclined surface and not
the entire wall surface of the tank, and the part where the
ink does not flow along may be vertically upright. In such
case, because the ink in the sub tank 82 is calmly poured
along the inclined surface, advantages similar to those
obtained by the sub tank 82 can also be obtained.
[0167] The presentinventionis notlimited to the above
descriptions of the embodiment, and can be arbitrarily
modified within the scope of the claims.

[0168] According to one aspect of the preferred em-
bodiment of the present invention, there is provided an
ink supply device of an inkjet recording apparatus includ-
ing a first tank which pools ink which is to be supplied to
heads, the heads spraying the ink onto a recording me-
dium, a second tank which is provided in a middle of a
path to the heads from the first tank, a first ink feed unit
which feeds the ink to the second tank from the first tank,
a second ink feed unit which feeds the ink to the heads
side from the second tank and a first ink flow path which
connects the first tank and the second tank, and an end
section of the first ink flow path in the second tank side
is connected to the second tank so that the ink flows
along an inner wall of the second tank and the second
ink feed unit feeds the ink from a lower section of the
second tank.

[0169] In the ink supply device of the inkjet recording
apparatus, the second tank is provided in the middle of
the path to the heads from the first tank, ink is supplied
to the second tank from the first tank so as to flow along
the inner wall of the second tank and the inks is fed to
the heads from the lower section of the second tank.
[0170] Therefore, because inkis supplied into the sec-
ond tank is poured along the inner wall, generation of
bubbles can be reduced due to the ink being calmly
poured comparing to when ink is poured so as to hit the
ink surface. Further, even when bubbles are already
mixed, the bubbles in the ink which is calmly poured in
the second tank remain at the ink surface of the pooled
ink, and by the ink being fed from the lower section of
the second tank, only the bubbles remain in the second
tank and bubbles can be removed from the ink which is
to be fed toward the heads side.

[0171] Insuchway, bubbles having a size which is vis-
ually identifiable can be effectively removed from ink and
a stable ink droplet spraying can be carried out at the
heads.

[0172] Further, at least a part of the inner wall of the
second tank where the ink is supplied from the first ink
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flow path is inclined so that the ink flows along the inner
wall.

[0173] In the ink supply device of the inkjet recording
apparatus, by making the part of the inner wall of the
second tank where the ink is supplied from the first ink
flow path be inclined, the supplied ink is poured calmly.
Therefore, generation of bubbles and mixing of gas can
be prevented even more.

[0174] Preferably, the secondtankisformedina funnel
shape and the ink is supplied from the first ink flow path
so as to flow along the inner wall of the second tank.
[0175] In the ink supply device of the inkjet recording
apparatus, by forming the second tank in a funnel shape,
ink can be poured along the inclined surface regardless
of the position in the inner wall where the ink is supplied.
Therefore, the position where ink is supplied from the
first ink flow path into the second tank can be adjusted
easily.

[0176] Preferably, the ink supply device of the inkjet
recording apparatus includes at least two or more first
tanks and a switching unit which selectively switches be-
tween the two first tanks to be connected with the second
tank.

[0177] In the ink supply device of the inkjet recording
device, by including two or more first tanks and by selec-
tively supplying ink to the second tank, the first tanks can
be switched promptly, from one tank to the other, when
the selected first tank runs out of ink. Therefore, inter-
ruption of ink spraying operation can be avoided and con-
tinuous spraying can be realized.

[0178] Preferably, the ink supply device of the inkjet
recording apparatus further includes a degassing unit
which performs vacuum degassing on the ink, the de-
gassing unit being provided in a middle of a path to the
heads from the second tank.

[0179] In the ink supply device of the inkjet recording
apparatus, by providing the degassing unit in the middle
of the path to the heads from the second tank, fine bub-
bles and dissolved gas in the ink which cannot be visually
identified can also be removed and even more stable ink
droplet spraying can be carried out at the heads.
[0180] According to another aspect of the preferred
embodiment of the present invention, there is provided
an ink supply method of an inkjet recording apparatus,
wherein the inkjet recording apparatus including a first
tank which pools ink which is to be supplied to heads,
the heads spraying the ink onto a recording medium, a
second tank which is provided in a middle of a path to
the heads from the first tank, a first ink feed unit which
feeds the ink to the second tank from the first tank, a
second ink feed unit which feeds the ink to the heads
side from the second tank and a first ink flow path which
connects the firsttank and the second tank, and the meth-
od including ink supplying to the second tank from an
end section of the first ink flow path in a second tank side
so that the ink flows along an inner wall of the second
tank, and ink feeding from a lower section of the second
tank by the second ink feed unit.
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[0181] In the in supply method of the inkjet recording
apparatus, the second tank is provided in the middle of
the path to the heads from the first tank, ink is supplied
to the second tank from the first tank so as to flow along
the inner wall of the second tank and the inks is fed to
the heads from the lower section of the second tank.
[0182] Therefore, because inkis supplied into the sec-
ond tank is poured along the inner wall, generation of
bubbles can be reduced due to the ink being calmly
poured comparing to when ink is poured so as to hit the
ink surface. Further, even when bubbles are already
mixed, the bubbles in the ink which is calmly poured in
the second tank remain at the ink surface of the pooled
ink, and by the ink being fed from the lower section of
the second tank, only the bubbles remain in the second
tank and bubbles can be removed from the ink which is
to be fed toward the heads side.

[0183] Insuchway, bubbles having a size which is vis-
ually identifiable can be effectively removed from ink and
a stable ink droplet spraying can be carried out at the
heads.

[0184] Moreover, the ink supply method of the inkjet
recording apparatus includes ink supply wherein at least
a part of the inner wall of the second tank where the ink
is supplied from the first ink flow path is inclined so that
the ink flows along the inner wall.

[0185] Inthe ink supply method of the inkj et recording
apparatus, by making the part of the inner wall of the
second tank where the ink is supplied from the first ink
flow path be inclined, the supplied ink is poured calmly.
Therefore, generation of bubbles and mixing of gas can
be prevented even more.

[0186] Preferably, the ink supply method of the inkjet
recording apparatus includes ink supply wherein the sec-
ond tank is formed in a funnel shape and the ink is sup-
plied from the first ink flow path so as to flow along the
inner wall of the second tank.

[0187] In the ink supply method of the inkjet recording
apparatus, by forming the second tank in a funnel shape,
ink can be poured along the inclined surface regardless
of the position in the inner wall where the ink is supplied.
Therefore, the position where ink is supplied from the
first ink flow path into the second tank can be adjusted
easily.

[0188] Preferably, the ink supply method of the inkjet
recording apparatus includes ink supply wherein at least
two or more firsttanks are included and the ink is supplied
selectively from each of the first tanks to the second tank.
[0189] In the ink supply method of the inkjet recording
device, by including two or more first tanks and by selec-
tively supplying ink to the second tank, the first tanks can
be switched promptly, from one tank to the other, when
the selected first tank runs out of ink. Therefore, inter-
ruption of ink spraying operation can be avoided and con-
tinuous spraying can be realized.

[0190] Preferably, the ink supply method of the inkjet
recording apparatus includes ink supply wherein the ink
is supplied to the heads by being subjected to vacuum
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degassing by a vacuum degassing device at a middle of
a path to the heads from the second tank.

[0191] Inthe ink supply method of the inkj et recording
apparatus, by providing the degassing unit in the middle
of the path to the heads from the second tank, fine bub-
bles and dissolved gas in the ink which cannot be visually
identified can also be removed and even more stable ink
droplet spraying can be carried out at the heads.

Claims

1. An ink supply device (8) for an inkjet recording ap-
paratus, comprising:

a first tank (81) adapted to pool ink which is to
be supplied to heads (3) for spraying the ink onto
a recording medium;

a second tank (82;82B) which is provided in a
path to the heads (3) from the first tank (81);

a first ink feed unit (814) adapted to feed the ink
to the second tank (82;82B) from the first tank
(81);

a second ink feed unit (829) adapted to feed the
ink to the heads side from the second tank
(82;82B); and

afirstink flow path (811) which connects the first
tank (81) and the second tank (82;82B), wherein
an end section of the first ink flow path (811) in
the second tank side is connected to the second
tank (82;82B) so that the ink can flow along an
inner wall of the second tank (82;82B) and the
second ink feed unit (829) is adapted to feed the
ink from a lower section of the second tank
(82;82B);

characterized in that

at least a part of the inner wall of the second
tank (82;82B) where the ink is supplied, in op-
eration, from the first ink flow path (811) is in-
clined so that the ink can flow along the inner
wall.

2. The ink supply device (8) for an inkjet recording ap-
paratus of claim 1, wherein
the second tank (82) is formed in a funnel shape and
the ink is adapted to be supplied from the first ink
flow path (811) so as to flow along the inner wall of
the second tank (82).

3. The ink supply device (8) for an inkjet recording ap-
paratus of claim 1 or 2, comprising:

at least two or more first tanks (81); and

a switching unitadapted to selectively switch be-
tween the two first tanks (81) to be connected
with the second tank (82;82B).

4. The ink supply device (8) for an inkjet recording ap-
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paratus of at least one of claims 1 to 3, further com-
prising a degassing unit (83) adapted to perform vac-
uum degassing on the ink, the degassing unit (83)
being provided in a path to the heads (3) from the
second tank (82;82B).

An ink supply method for an inkjet recording appa-
ratus (10), wherein the inkjet recording apparatus
(10) comprises:

a first tank (81) adapted to pool ink which is to
be supplied to heads (3) for spraying the ink onto
a recording medium;

a second tank (82;82B) which is provided in a
path to the heads (3) from the first tank (81);
afirst ink feed unit (814) adapted to feed the ink
to the second tank (82;82B) from the first tank
(81);

a second ink feed unit (829) adapted to feed the
ink to the heads side from the second tank (82);
and

afirstink flow path (811) which connects the first
tank (81) and the second tank (82;82B);

the method including:

supplying ink to the second tank (82;82B)
from an end section of the first ink flow path
(811) in a second tank side so that the ink
flows along an inner wall of the second tank
(82;82B), and

feeding ink from a lower section of the sec-
ond tank (82;82B) by the second ink feed
unit (829),

characterized in that

at least a part of the inner wall of the second
tank (82;82B) where the ink is supplied from
the first ink flow path (11) is inclined so that
the ink flows along the inner wall.

The ink supply method for an inkjet recording appa-
ratus (10) of claim 5, wherein

the second tank (82) is formed in a funnel shape and
the ink is supplied from the first ink flow path (811)
so as to flow along the inner wall of the second tank
(82).

The ink supply method for an inkjet recording appa-
ratus (10) of claim 5 or 6, wherein

at least two or more first tanks (81) are included in
the inkjet recording apparatus (10), and

the ink is supplied selectively from each of the first
tanks (81) to the second tank (82;828).

The ink supply method for an inkjet recording appa-
ratus (10) of at least one of claims 5 to 7, wherein

the inkis supplied to the heads (3) by being subjected
to vacuum degassing by a vacuum degassing device
(83) at a path to the heads (3) from the second tank
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(82;82B).

Patentanspriiche

Eine Tintenzuflhrvorrichtung (8) firr eine Tinten-
strahl-Aufzeichnungsvorrichtung, mit:

einem ersten Tank (81), der eingerichtet ist, um
Tinte zu sammeln, welche Képfen (3) zum Spri-
hen der Tinte auf ein Aufzeichnungsmedium zu-
zufuhren ist,

einem zweiten Tank (82;82B), derin einem Weg
zu den Kopfen (3) von dem ersten Tank (81)
vorgesehen ist,

einer ersten Tintenférdereinheit (814) die einge-
richtet ist, um die Tinte von dem ersten Tank
(81) zu dem zweiten Tank (82;82B) zu férdern,
einer zweiten Tintenférdereinheit (829), die ein-
gerichtet ist, um die Tinte von dem zweiten Tank
(82;82B) zu der Seite der Kdpfe zu fordern,
einem ersten Tintenstromungsweg (811), der
den ersten Tank (81) und den zweiten Tank
(82;82B) verbindet, wobei ein Endabschnitt des
ersten Tintenstrdmungswegs (811) in der zwei-
ten Tankseite mit dem zweiten Tank (82;82B)
so verbunden ist, dass die Tinte entlang einer
Innenwand des zweiten Tanks (82;82B) stro-
men kann, und die zweite Tintenfordereinheit
(829) eingerichtet ist, um die Tinte von einem
unteren Abschnitt des zweiten Tanks (82;82B)
zu fordern,

dadurch gekennzeichnet, das

mindestens ein Teil der Innenwand des zweiten
Tanks (82;82B), wohin die Tinte im Betrieb von
dem ersten Tintenstromungsweg (811) zuge-
fihrt wird, so geneigt ist, dass die Tinte entlang
der Innenwand strdmen kann.

Die Tintenzufiihreinrichtung (8) firr eine Tintenstrahl-
Aufzeichnungsvorrichtung gemaR Anspruch 1, wo-
bei,

der zweite Tank (82) in einer Trichterform ausgebil-
det ist und die Tinte von dem ersten Tintenstro-
mungsweg (811) so zugefiihrt werden kann, dass
sie entlang der Innenwand des zweiten Tanks (82)
stromt.

Die Tintenzufiihreinrichtung (8) fir eine Tintenstrahl-
Aufzeichnungsvorrichtung gemaf Anspruch 1 oder
2, mit:

mindestens zwei oder mehr erste Tanks (81)
und

einer Umschalteinheit, die eingerichtet ist, um
selektiv zwischen den zwei ersten Tanks (81)
zur Verbindung mit dem zweiten Tank (82;82B)
umzuschalten.
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Die Tintenzufiihreinrichtung (8) fiir eine Tintenstrahl-
Aufzeichnungsvorrichtung zumindest eines der An-
spriche 1 bis 3, ferner mit einer Entgasungseinheit
(83), die eingerichtet ist, um eine Unterdruckentga-
sung an der Tinte auszufiihren, wobei die Entga-
sungseinheit (83) in einem Weg zu den Kdpfen (3)
von dem zweiten Tank (82;82B) vorgesehen ist.

Ein Tintenzufiihrverfahren fiir eine Tintenstrahl-Auf-
zeichnungsvorrichtung (10), wobei die Tintenstrahl-
Aufzeichnungsvorrichtung (10) aufweist:

einen ersten Tank (81), der eingerichtet ist, um
Tinte zu sammeln, welche Képfen (3) zum Spri-
hen der Tinte auf ein Aufzeichnungsmedium zu-
zufuhren ist,

einen zweiten Tank (82;82B), der in einem Weg
zu den Kopfen (3) von dem ersten Tank (81)
vorgesehen ist,

eine erste Tintenférdereinheit (814) die einge-
richtet ist, um die Tinte von dem ersten Tank
(81) zu dem zweiten Tank (82;82B) zu férdern,
eine zweite Tintenfordereinheit (829), die einge-
richtet ist, um die Tinte von dem zweiten Tank
(82;82B) zu der Seite der Kdpfe zu férdern, und
einen ersten Tintenstrémungsweg (811), der
den ersten Tank (81) und den zweiten Tank
(82;82B) verbindet,

wobei das Verfahren aufweist:

Zufihren von Tinte zu dem zweiten Tank
(82;82B) von einem Endabschnitt des ers-
ten Tintenstromungswegs (811) in einer
zweiten Tintenseite, sodass die Tinte ent-
lang einer Innenwand des zweiten Tank
(82;82B) strémt, und

Fordern von Tinte von einem unteren Ab-
schnitt des zweiten Tanks (82;82B) durch
die zweite Tintenférdereinheit (829),
dadurch gekennzeichnet, dass
zumindestein Teil der Innenwand des zwei-
ten Tanks (82;82B), wohin die Tinte von
dem ersten Tintenstrdmungsweg (11) zu-
geflihrt wird, so geneigt ist, dass die Tinte
entlang der Innenwand stromt.

Das Tintenzufihrverfahren fir eine Tintenstrahl-
Aufzeichnungsvorrichtung (10) gemaR Anspruch 5,
wobei

der zweite Tank (82) in einer Trichterform ausgebil-
det ist und die Tinte von dem ersten Tintenstro-
mungsweg (811) so zugeflihrt wird, dass sie entlang
der Innenwand des zweiten Tanks (82) stromt.

Das Tintenzufiihrverfahren fur eine Tintenstrahl-
Aufzeichnungsvorrichtung (10) gemafR Anspruch 5
oder 6, wobei

mindestens zwei oder mehr erste Tanks (81) in der
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Tintenstrahl-Aufzeichnungsvorrichtung (10) enthal-
ten sind, und

die Tinte selektiv von jedem der ersten Tanks (81)
zu dem zweiten Tank (82;82B) zugefiihrt wird.

Das Tintenzufihrverfahren fir eine Tintenstrahl-
Aufzeichnungsvorrichten (10) zumindest eines der
Anspriiche 5 bis 7, wobei

die Tinte zu den Kopfen (3) zugeflhrt wird, indem
sie einer Unterdruckentgasung durch eine Unterdru-
ckentgasungsvorrichtung (83) an einem Weg von
dem zweiten Tank (82;82B) zu den Koépfen (3) un-
terzogen wird.

Revendications

Dispositif d’alimentation en encre (8) pour un appa-
reil d’enregistrement a jet d’encre, comprenant :

un premier réservoir (81) adapté pour regrouper
I'encre qui doit étre fournie a des tétes (3) de
pulvérisation de [I'encre sur un support
d’enregistrement ;

un second réservoir (82 ; 82B) qui est disposé
dans une voie allant du premier réservoir (81)
aux tétes (3) ;

une premiére unité d’amenée d’encre (814)
adaptée pour amener I'encre du premier réser-
voir (81) au second réservoir (82 ; 82B) ;

une seconde unité d’amenée d’encre (829)
adaptée pour amener I'encre du second réser-
voir (82 ; 82B) au cbté des tétes ; et

une premiere voie d’écoulement d’encre (811)
qui relie le premier réservoir (81) et le second
réservoir (82 ; 82B), dans lequel une section
d’extrémité de la premiére voie d’écoulement
d’encre (811) du c6té du second réservoir est
reliée au second réservoir (82 ; 82B) de sorte
que I'encre puisse s’écouler le long d’'une paroi
intérieure du second réservoir (82 ; 82B) et la
seconde unité d’amenée d’encre (829) est
adaptée pouramener’encre depuis une section
inférieure du second réservoir (82 ; 82B) ;
caractérisé en ce

qu’au moins une partie de la paroi intérieure du
second réservoir (82 ; 82B) ou I'’encre est four-
nie, en fonctionnement, depuis la premiére voie
d’écoulementd’encre (811) estinclinée de sorte
que I'encre puisse s’écouler le long de la paroi
intérieure.

Dispositif d’alimentation en encre (8) pour un appa-
reil d’enregistrement a jet d’encre selon la revendi-
cation 1, dans lequel

le second réservoir (82) est formé en entonnoir et
I'encre est adaptée pour étre fournie depuis la pre-
miéere voie d’écoulement d’encre (811) de sorte a
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s’écouler le long de la paroi intérieure du second
réservoir (82).

Dispositif d’alimentation en encre (8) pour un appa-
reil d’enregistrement a jet d’encre selon la revendi-
cation 1 ou 2, comprenant :

au moins deux premiers réservoirs ou plus (81) ;
et

une unité de commutation adaptée pour com-
muter de maniére sélective entre les deux pre-
miers réservoirs (81) qui doivent étre reliés au
second réservoir (82 ; 82B).

Dispositif d’alimentation en encre (8) pour un appa-
reil d’enregistrement a jet d’encre selon au moins
'une des revendications 1 a 3, comprenant en outre
une unité de dégazage (83) adaptée pour réaliser le
dégazage par le vide surl’encre, l'unité de dégazage
(83) étant disposée dans une voie allant du second
réservoir (82 ; 82B) aux tétes (3).

Procédé d’alimentation en encre pour un appareil
d’enregistrement a jet d’encre (10), dans lequel I'ap-
pareil d’enregistrement a jetd’encre (10) comprend :

un premier réservoir (81) adapté pour regrouper
I'encre qui doit étre fournie a des tétes (3) de
pulvérisation de l'encre sur un support
d’enregistrement ;

un second réservoir (82 ; 82B) qui est disposé
dans une voie allant du premier réservoir (81)
aux tétes (3) ;

une premiére unité d’amenée d’encre (814)
adaptée pour amener I'encre du premier réser-
voir (81) au second réservoir (82 ; 82B) ;

une seconde unité d’amenée d’encre (829)
adaptée pour amener I'encre du second réser-
voir (82 ; 82B) au c6té des tétes ; et

une premiére voie d’écoulement d’encre (811)
qui relie le premier réservoir (81) et le second
réservoir (82 ; 82B),

le procédé comprenant :

la fourniture d’encre au second réservoir
(82 ; 82B) depuis une section d’extrémité
de la premiere voie d’écoulement d’encre
(811) d’un cété du second réservoir de sorte
que I'encre s’écoule le long d’une paroi in-
térieure du second réservoir (82 ; 82B) et
'amenée d’encre depuis une section infé-
rieure du second réservoir (82 ; 82B) par la
seconde unité d’amenée d’encre (829),
caractérisé en ce

qu’au moins une partie de la paroiintérieure
du second réservoir (82 ; 82B) ou I'encre
est fournie depuis la premiéere voie d’écou-
lement d’encre (811) est inclinée de sorte
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que I'encre s’écoule le long de la paroi in-
térieure.

Procédé d’alimentation en encre pour un appareil
d’enregistrement a jet d’encre (10) selon la revendi-
cation 5, dans lequel

le second réservoir (82) est formé en entonnoir et
I'encre est fournie depuis la premiére voie d’écoule-
ment d’encre (811) de sorte a s’écouler le long de la
paroi intérieure du second réservoir (82).

Procédé d’alimentation en encre pour un appareil
d’enregistrement a jet d’encre (10) selon la revendi-
cation 5 ou 6, dans lequel

au moins deux premiers réservoirs ou plus (81) sont
inclus dans I'appareil d’enregistrement a jet d’encre
(10), et

I'encre est fournie de maniére sélective depuis cha-
cundes premiers réservoirs (81) au second réservoir
(82; 82B).

Procédé d’alimentation en encre pour un appareil
d’enregistrement a jet d’encre (10) selon au moins
I'une des revendications 5 a 7, dans lequel

I'encre est fournie aux tétes (3) en étant soumise au
dégazage par le vide par un dispositif de dégazage
par le vide (83) sur une voie allant du second réser-
voir (82 ; 82B) aux tétes (3).
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