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(57)  Anink cartridge (50) includes an ink chamber
(73) configured to store ink, an air layer (83) formed in Figure 10
the ink chamber, and a pump (170) configured to supply
air to the air layer and draw air from the air layer. An ink
supply system includes a main ink tank having an ink
chamber configured to store ink and an air layer formed
in the ink chamber, a pump configured to supply air to
the air layer and draw air from the air layer, and a sub
ink tank configured to store ink. The main ink tank and
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Description

BACKGROUND OF THE INVENTION

1. Field of the Invention

[0001] The present invention relates generally to ink
cartridges and ink supply systems. In particular, the
presentinvention is directed towards ink cartridges which
may be used in combination with ink jet printers and to-
wards ink supply systems applicable to ink jet printers.

2. Description of Related Art

[0002] A known inkjet printer has a recording head
from which ink is discharged onto a sheet of paper to
form images on the sheet of paper. The known inkjet
printer also has a mainink tank, and a sub ink tank mount-
ed on the recording head. The main ink tank and the sub
ink tank are in fluid communication with each other via
an ink supply path formed by a flexible tube, The known
inkjet printer also has an ink supply mechanism such as
a positive displacement pump, e.g. a tube pump or agear
pump. The pump is provided in the ink supply path be-
tween the main ink tank and the sub ink tank and is con-
figured to supply ink from the main ink tank to the sub in
tank. Ink is drawn into the inside of the pump and then
is pressurized by the pump to be supplied to the sub ink
tank. In some cases, the main ink tank and the pump are
disposed in a cartridge, and the cartridge is configured
to be removable from the inkjet printer.

[0003] Nevertheless, since the pump is provided in the
ink supply path, ink may leak from the pump when the
pump breaks, the tubing of the tube pump ages and de-
teriorates, or sealing of the pump deteriorates.

SUMMARY OF THE INVENTION

[0004] A need has therefore arisen for ink cartridges
and ink supply systems which overcome these and other
shortcomings of the related art. A technical advantage
of the present invention is to prevent ink leakage from a
pump and to supply ink with high reliability.

[0005] According to an aspect of the presentinvention,
au ink cartridge comprises an ink chamber configured to
store ink, a particular air layer formed in the ink chamber,
and a pump configured to supply air to the particular air
layer and draw air from

the particular air layer. With this ink cartridge, ink is sup-
plied from the ink chamber to the outside of ink chamber
and drawn from the outside of ink chamber to the ink
chamber without ink entering into the pump. Therefore
ink does not leak from the pump even if the pump breaks.
[0006] According to another aspect of the present in-
vention, an ink supply system comprising an main ink
tank comprising an ink chamber configured to store ink
and a particular air layer formed in the ink chamber, a
pump configured to supply air to the particular air layer
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and draw air from the particular air layer, and a sub ink
tank configured to store ink. The main ink tank and the
sub ink tank are in fluid communication with each other.
With this ink supply system, ink is supplied from the main
ink tank to the sub ink tank and drawn from the sub ink
tank to the main ink tank without ink entering into pump.
Therefore ink does not leak from the pump even if the
pump breaks.

BRIEF DESCRIPTION OF THE DRAWINGS.

[0007] For a more complete understanding of the
present invention, the needs satisfied thereby, and the
features and technical advantages thereof, reference
now is made to the following descriptions taken in con-
nection with the accompanying drawings.

[0008] Figure 1 is a simplified cross sectional view of
an inkjet recording apparatus, according to an embodi-
ment of the present invention.

[0009] Figure 2(a) is an expanded cross sectional view
of a recording unit when a sub ink tank is not in fluid
communication with the atmosphere.

[0010] Figure 2(b)is an expanded crass sectional view
of the recording unit when the sub ink tank is in fluid
communication with the atmosphere.

[0011] Figure 3(a) is a perspective view of an ink car-
tridge, according to an embodiment of the present inven-
tion, with a case assembled.

[0012] Figure 3(h) is a perspective view of the ink car-
tridge with the case disassembled.

[0013] Figure 4 is a perspective view of the ink car-
tridge from a different angle.

[0014] Figure 5 is a perspective view depicting an in-
ternal structure of the ink cartridge.

[0015] Figure 6 is a side view of the internal structure
seen along an arrow VI in Figure 5.

[0016] Figure 7 is a cross sectional view of the ink car-
tridge taken along the VII-VII line in Figure 5.

[0017] Figure 8is an exploded cross sectional view of
the ink cartridge.

[0018] Figure 9 is a partial cross sectional view taken
along the IX-IX line in Figure 8.

[0019] Figure 10 is a cross sectional view of the ink
cartridge when the ink cartridge is filled with a predeter-
mined amount of ink.

[0020] Figure 11 is an exploded view of an air commu-
nication portion.
[0021] Figure 12(a) is a partial cross sectional view of

the air communication portion when a valve is positioned
at P1.

[0022] Figure 12(b) is a partial cross sectional view of
the air communication portion when the valve is posi-
tioned at P2.

[0023] Figure 13 is a partial cross sectional view of a
pump.

[0024] Figure 14 is an exploded view of an ink supply
portion.

[0025] Figure 15 is a partial cross sectional view of the
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ink supply portion.

[0026] Figure 16 is a perspective view of a cartridge
mounting portion and the ink cartridges when the ink car-
tridges are not mounted to the cartridge mounting portion.
[0027] Figure 17 is a perspective view of the cartridge
mounting portion and the ink cartridges when the ink car-
tridges are mounted to the cartridge mounting portion.
[0028] Figure 18 is a side view of the cartridge mount-
ing portion seen along an arrow XVIII in Figure 17.
[0029] Figure 19 is a cross sectional view of the car-
tridge mounting portion and the ink cartridge taken along
XIX-XIX line in Figure 17.

[0030] Figures 20(a) to 20(c) are schematics depicting
an ink supply process and an ink draw process.

DETAILED DESCRIPTION OF EMBODIMENTS

[0031] Referring to Figures 1, 2(a) and 2(b), an inkjet
recording device 10 is configured to record color images
or monochrome images on a recording medium e.g.. a
sheet of paper with a black ink or several colors of inks,
for example, with five colors of inks, e.g. cyan ink, ma-
genta ink, yellow ink, dye-based black ink, and pigment-
based black ink. Inkjet recording device 10 comprises a
paper feed device 12, a convey device 13, a recording
unit 14, an ink supply system 11, a paper tray 16, and a
discharge tray 17. Paper tray 16 is configured to accom-
modate sheets of paper and the sheets are fed by the
paper feed device 12 to a paper path 18, Paper path 18
is formed in a 90-degree-rotated "U" shape. Convey de-
vice 13 is provided along paper path 18. Convey device
13 comprises a pair of convey rollers 13A, a pair of dis-
charge rollers 13B, and a platen 19. Convey rollers 13A
are positioned on the upstream side of recording unit 14
in paper path 18, and discharge rollers 13B are positioned
on the downstream side of recording unit 14 in paper
path 18.

[0032] Convey rollers 13A are configured to convey
the sheet fed by paper feed

device 12 to platen 19. Recording unit 14 is positioned
directly above platen 19. Recording unit 14 is configured
to record images on the sheet passing over platen 19.
Discharge rollers 13B are configured to start nipping and
conveying the sheet when the leading edge of the sheet
reaches discharge rollers 13B. Both convey rollers 13A
and discharge rollers 13B are configured to convey the
sheet until the trailing edge of the sheet passes between
convey rollers 13A. After the sheet has passed between
convey rollers 13A, the sheet is conveyed by only dis-
charge rollers 13B. Discharge tray 17 is positioned at the
most downstream of paper path 18. Discharge rollers
13B are configured to discharge the sheet, on which the
image is recorded, to discharge tray 17.

[0033] Recording unit 14 comprises a carriage 30, at
least one sub ink tank 21, a head control board 27, and
a recording head 26. Carriage 30 is supported by rails
slidably thereon and is configured to slide in the back-
and-forth direction of Figure 1. Sub ink tank 21 is config-
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ured to store ink to be supplied to recording head 26.
Five sub ink tanks 21 are provided corresponding to the
five colors of inks respectively for example.

[0034] Recording head 26 comprises a plurality of noz-
zles 28 through which ink is ejected toward the sheet of
paper based on image signals input to head control board
27. Inkjet recording device 10 comprises a main control-
ler configured to perform an overall control of inkjet re-
cording device 10, and the image signals are output from
the main controller and input to head control board 27.
[0035] Carriage 30 comprises a side face, and at least
one joint 33 is provided at the side face of carriage 30.
At least one flexible tube 32 is connected to the at least
one joint 33. Five tubes 32 and five joints 33 are provided
corresponding to the five colors of inks respectively for
example. A path 34 is provided in carriage 30 extending
from joint 33 to the bottom of sub ink tank 21.

[0036] A valve mechanism 37 is provided in carriage
30, and valve mechanism 37 comprises a cylinder 39,
which is in fluid communication with sub ink tank 21, a
coil spring 41, and a piston 40. Coil spring 41 and piston
40 are accommodated in cylinder 39. Cylinder 39 com-
prises a bottom wall and has an opening 42 formed
through the bottom wall of cylinder 39. Caoil spring 41 is
compressed and urges piston 40 in a direction that piston
40 closes opening 42. A rod 43 extends from piston 40
through opening 42 to the outside of cylinder 39.

[0037] Referring to Figure 2(b), piston 40 is configured
to move within cylinder 39 against the urging force of coil
spring 41 to open opening 42 when a force is applied to
rod 43 in a direction opposite the direction of the urging
force of coil spring 41. The inside of the sub ink tank 21
is configured to communicate with the atmosphere via
cylinder 39 and opening 42 when opening 42 is opened.
When ink is flowed into or out of the sub ink tank 21 via
tube 32, opening 42 is made open. When inkjet recording
device 10 is in a waiting state in which inkjet recording
device 10 does not perform recording, opening 42 is
made closed to prevent evaporation of ink.

[0038] Referring to Figure 1, ink supply system 11
comprises a cartridge mounting portion 200, at least one
ink cartridge 50, at least one flexible tube 32, and at least
one sub ink tank 21. Cartridge mounting portion 200 is
configured to detachably mount at least one ink cartridge
50 therein. Ink cartridge 50 comprises a main ink tank 70
for storing ink. Main ink tank 70 and sub ink tank 21 are
configured to be in fluid communication with each other
via tube 32. Five tubes 32 are connected to five main ink
tanks 70 of five ink cartridges 50 and five sub ink tanks
21 respectively for example. Ink flows between main ink
tank 70 and sub ink tank 21 bi-directionally via tube 32.
Tube 32 is made of at least one flexible synthetic resin.
Tube 32 therefore is configured to be flexed and follow
the movement of carriage 30 when carriage 30 recipro-
cates.

[0039] When ink in sub ink tank 21 and tube 32 is re-
turned to main ink tank 30, air bubbles trapped in sub ink
tank 21 and tube 32 may also be transferred to main ink
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tank 30 along with the ink, and the air bubbles may be
separated from ink inside main ink tank 30. After that, ink
may be supplied from main ink tank 70 to sub ink tank
21. Consequently ink in sub ink tank 21 is replaced with
ink in main ink tank 70, and ink in sub ink tank 21 and
ink in main ink tank 70 are mixed. Thus, the viscosity of
ink may be equalized by the mixture.

[0040] ReferringtoFigures3to9, ink cartridge 50 com-
prises a case 52. Case 52 has a rectangular parallelepi-
ped shape having a width in Y-axis direction in Figures
3 to 5, a height in Z-axis direction in Figures 3 to 9, and
a depth in X-axis direction in Figures 3 to 9. The height
is greater than the width, and the depth is greater than
the height. X-axis direction is parallel with a direction in
which ink cartridge 50 is mounted into cartridge mounting
portion 200. X-Y plane which is defined by X axis and Y
axis is a horizontal plane. X-axis, Y-axis, and Z-axis are
perpendicular to one another,

[0041] Case 52 comprises a first case member 53 and
a second case member 54. Case 52 is configured to be
selectively disassembled into first case member 53 and
second case member 54 along X-axis direction. The
shape of first case member 53 is substantially the same
as the shape of second case member 54. Each of first
case member 53 and second case member 54 is made
of at least one synthetic resin, and is manufactured by
injection molding.

[0042] Case 52 comprises a top face 59 and a front
face 60. Front face 60 has a first end and a second end,
and top face is connected to the first end of front face 60.
Opening 56 is formed through top face 59 and extends
to front face 60. An opening 56 is defined by cut-out por-
tions 61 formed in first case member 53 and second case
member

54 respectively, A portion of arod 182, which is described
later, is configured to be positioned in opening 56, and
rod 182 is configured to extend from front face 60. An
opening 57 is formed through front face 60 adjacent to
the second end of front face 60. Opening 57 is defined
by semicircular cut-out portions formed in first case mem-
ber 53 and second case member 54 respectively. An ink
supply portion 130 extends from the inside of case 52 to
the outside of case 52 through opening 57. An opening
58 is formed through front face 60 between opening 56
and opening 57. Opening 58 is defined by rectangular
cut-out portions 62 formed in first case member 53 and
second case member 54 respectively. A detection portion
75 is positioned in the inside of case 52 and exposed to
the outside of case 52 through opening 58.

[0043] ReferringtoFigures5to7,ink cartridge 50 com-
prises main ink tank 70, a pump 170, an air communica-
tion portion 110, and ink supply portion 130. At least a
portion of each of main ink tank 70, pump 170, air com-
munication portion 110, and ink supply portion 130 is
positioned in case 52. Each of main ink tank 70, pump
170, air communication portion 110, and ink supply por-
tion 130 is made of at least one synthetic resin.

[0044] Main ink tank 70 is substantially enclosed in
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case 52. Main ink tank 70 has a width in Y-axis direction,
a height in Z-axis direction, and a depth in X-axis direc-
tion. The height of main ink tank 70 is greater than the
width of main ink tank 70, and the depth of main ink tank
70 is greater than the height. Main ink tank 70 comprises
a translucent frame 71 and translucent films 81 welded
to both side faces of frame 71. Frame 71 and films 81
define an ink chamber 73 therein for storing ink. Films
81 are omitted in the drawings.

[0045] Referring to Figures 5 to 8, main tank 70 com-
prises a cylindrical ink fill portion 72, and ink fill portion
72 is integrally formed with frame 71. An ink fill opening
82 is formed through a rear face 80 of main tank 70. Ink
fill portion 72 extends from ink fill opening 82 toward ink
chamber 73 in X-axis direction. Ink chamber 73 is con-
figured to be filled with a predetermined amount of ink
via ink fill opening 82 and ink fill portion 72. The prede-
termined amount of ink may be about 80% of a maximum
capacity of ink chamber 73. Ink chamber 73 comprises
an upper portion closer to air communication portion 110
and a lower portion closer to ink supply portion 130. Re-
ferring to Figure 10, an air layer 83 is formed at the upper
portion of ink chamber 73 above ink. After ink chamber
73 is filled with ink, a rubber plug is press-fitted in ink fill
portion 72 from ink fill opening 82. Ink chamber 73 is
hermetically closed after ink chamber 73 is filled with ink
because ink supply portion 130 and air communication
portion 110 are also closed as described later.

[0046] Referringto Figures 7 to 11, rear face 80 com-
prises an upper end and alower end, and a circular open-
ing 84 is formed through rear face 80 of main ink tank 70
adjacent to the upper end of rear face 80, A cylindrical
valve accommodating chamber 85 is formed in main ink
tank 70, and valve accommodating chamber 85 extends
from opening 84 in X-axis direction. A piston 116 of a
valve 113, a coil spring 112, and a valve seat 114 are
accommodated within valve accommodating chamber
85. An opening 100 is formed at the end of valve accom-
modating chamber 85 opposite from opening 84 in X-
axis direction., and opening 100 is in fluid communication
with the upper portion of ink chamber 73. In particular,
opening 100 is in fluid communication with air layer 83
formed at the upper portion of ink chamber 73. A portion
of a rod 117 of valve 113 is positioned in opening 100.
The diameter of opening 100 is greater than the outer
diameter of rod 117. Rod 117 therefore does not close
opening 100, and air communication between valve ac-
commodating chamber 85 and ink chamber 73 is not pre-
vented. A cross section of rod 117 taken along a plane
perpendicular to X-axis direction is formed in a cross
shape. Valley portions 117B of rod 117 is configured to
pass air therethrough, Valve accommodating chamber
85 comprises a cylindrical wall surface extending from
opening 84 to the end of the valve accommodating cham-
ber 85, An opening 101 is formed in the wall surface of
valve accommodating chamber 85, and is in fluid com-
munication with the atmosphere. An air communication
portion 110 is configured to allow and prevent fluid com-



7 EP 1908 595 Al 8

munication between opening 100 and opening 101.
[0047] Referring to Figures 7-9 and 14, main ink tank
70 comprises side wall 71A defining a front face 79 of
main ink tank 70. Side wall 71A comprises an upper end
and a lower end, and a circular opening 87 is formed
through side wall 71A adjacent to the lower end of side
wall 71A. A cylindrical valve accommodating chamber
88 is formed in main ink tank 70, and valve accommo-
dating chamber 88 extends from opening 87 in X-axis
direction towardink chamber 73. Avalve 133 and a spring
unit 134 are accommodated within valve accommodating
chamber 88. Main ink tank 70 comprises a cylindrical
wall 71B extending from side wall 71A, and cylindrical
wall 71B defines valve accommodating chamber 88
therein. Cylindrical wall 71B comprises an end wall 105
defining an end of valve accommodating chamber 88 op-
posite opening 87 in X-axis direction. An opening 89 is
formed through end wall 105, and opening 89 is in fluid
communication with ink chamber 73. An opening 104 is
formed through cylindrical wall 71B above valve accom-
modating chamber 88 and adjacent to side wall 71A.
Opening 104 is positioned above each of opening 89 and
opening 87.

[0048] Main ink tank 70 comprises two paths 91 and
92, each extending between valve accommodating
chamber 88 and ink chamber 73. Path 91 extends from
the lower portion of ink chamber 73 to valve accommo-
dating chamber 88 in X-axis direction via opening 89.
Path 92 comprises a first vertical path 92A extending
from valve accommodating chamber 88 in Z-axis direc-
tion via opening 104, a horizontal path 92B extending
from an end of first vertical path 92A in Y-axis direction,
and a second vertical path 92C extending from an end
of horizontal path 92B in Z-axis direction, bending at 90
degrees, then extending in X-axis direction, and reaching
the upper portion of ink chamber 73 at an opening 94, In
particular, path 92 is in fluid communication with air layer
83 formed at the upper portion of ink chamber 73. Paths
91 and 92 are defined by frame 71 and ribs formed on
frame 71.

[0049] A buffer chamber 90 is provided in path 92 and
positioned directly above valve accommodating chamber
88. Buffer chamber 90 has a cylindrical shape and ex-
tendsin Y-axis direction. The cross sectional area of buff-
er chamber 90 taken in the plane perpendicular to Y-axis
direction is greater than cross sectional areas of other
portions of path 92 taken in the plane perpendicular to a
direction in which ink flows in path 92. A check valve 93
is provided at a middle portion of buffer chamber 90 in
Y-axis direction. Check valve 93 is configured to be
opened when the pressure in ink chamber 73 becomes
lower than the pressure in valve accommodating cham-
ber 88, and to be closed when the pressure in ink cham-
ber 73 becomes higher than the pressure in valve ac-
commodating chamber 88. Referring to Figures 7 and 8,
a check valve 95 is provided in path 91 at opening 89.
Check valve 95 is configured to be opened when the
pressure in ink chamber 73 becomes higher than the
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pressure in valve accommodating chamber 88, and to
be closed when the pressure in ink chamber 73 becomes
lower than the pressure in valve accommodating cham-
ber 88. Consequently, when ink flows into valve accom-
modating chamber 88 from the outside of ink cartridge
50, checkvalve 93 is opened and check valve 95 is closed
because the pressure in ink chamber 73 becomes lower
than the pressure in valve accommodating chamber 88.
As a result, the ink flows from valve accommodating
chamber 88 to the upper portion of ink chamber 73 via
buffer chamber 90 and path 92. On the other hand, when
air is supplied into ink chamber 73 from pump 170 as
described later, check valve 93 is closed and check valve
95 is opened because the pressure in ink chamber 73
becomes higher than the pressure in valve accommo-
dating chamber 88. As a result, ink flows from ink cham-
ber 73 to valve accommodating chamber 88 via opening
89. Thus, a one-way path is formed in main ink tank 70
as depicted by arrows 86 in Figure 8.

[0050] Air bubbles may exist in valve accommodating
chamber 88. Nevertheless, since opening 104 is formed
through cylindrical wall 71B above valve accommodating
chamber 88, the buoyancy acting on the air bubbles
moves up the air bubbles to buffer chamber 90 via open-
ing 104. When check valve 93 is opened, the air bubbles
reaches air layer 83 via check valve 93 and path 92. Even
when check valve 93 is closed, the air bubbles are col-
lected and stay in buffer tank 90. Consequently, when
ink returns from tube 32 and sub ink tank 21 to main ink
tank 70, air bubbles, which may have been trapped in
tube 32 and sub ink tank 21, do not stay in valve accom-
modating chamber 88.

[0051] Main tank 70 comprises an upper face 78, and
a space 96 is provided at upper face 78 to position pump
170 therein, A pump seat 98 is formed on a wall defining
the end of valve accommodating chamber 85. A pump
seat 99 is formed on upper face 78 adjacent to front face
79. Pump seats 98 and 99 are formed integrally with
frame 71. Pump 170 is attached to main ink tank 70 at
pump seats 98 and 99.

[0052] Pump seat 99 has an opening 102 formed
therethrough in X-axis direction, Pump 170 comprises a
cylindrical tube 171, and the diameter of opening 102 is
slightly greater than the outer diameter of cylindrical tube
171. Cylindrical tube 171 comprises a front end 176 and
a rear end 175 opposite front end 176. Cylindrical tube
171 is inserted through opening 102 and rear end 175 is
attached to pump seat 99. Front end 176 of cylindrical
tube 171 is attached to pump seat 98, Cylindrical tube
171 comprise an inner space 171 A formed therein, and
an inner surface defining inner space 171A. Pump seat
98 has an opening 103 formed therethrough, and inner
space 171A and ink chamber 73 are in fluid communica-
tion with each other via opening 103. In another embod-
iment, pump 170 may comprise a square-pillar tube in-
stead of cylindrical tube 171, or pump 170 may comprise
atube in any other shapes as long as the tube comprises
a hollow body with two ends opposite each other.
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[0053] Referring to Figures 6 to 8, main ink tank 70
comprises detection portion 75 for the detection of ink
amount stored in ink chamber 73. Detection portion 75
extends from front face 79 of main ink tank 70 away from
ink chamber 73 in X-axis direction. Detection portion 75
is integrally formed with frame 71, and detection portion
75 therefore is made of the same material as frame 71,
that is made of at least one translucent synthetic resin.
Detection portion 75 is configured to allow light emitted
from an optical sensor 203, which is described later, to
pass therethrough. Detection portion75 may comprise
any material as long as the material allows light to pass
therethrough. Detection portion 75 may be transparent
or semi-transparent.

[0054] Referring to Figures 7 to 9, detection portion 75
comprises an inner space 76 formed therein. Inner space
76 is in fluid communication with ink chamber 76. At least
a portion of a light blocking portion 157 of a sensor arm
150 is configured to enter into or go out of inner space
76. At least a portion of light blocking portion 157, which
has entered into inner space 76, is configured to contact
asupportwall 74, which bounds the bottom of inner space
76, and stay at the position. At least a portion of light
blocking portion 175, which has gone out of inner space
76, is configured to be positioned at a particular position.
[0055] Main ink tank 70 comprises a support portion
97, and support portion 97 is configured to pivotally sup-
port sensor arm 150. Support portion 97 is formed inte-
grally with frame 71. Support portion 97 is configured to
grasp a shaft 158 of sensor arm 150.

[0056] Sensor arm 150 is made of at least one syn-
thetic resin, and is manufactured by injection molding.
Sensor arm 150 comprises a float portion 152, a connec-
tion portion 153, and an arm portion 154. Connection
portion 153 comprises shaft 158.

[0057] Float portion 152 extends from connection por-
tion 153 in adirection perpendicular to a directionin which
shaft 158 extends. The specific gravity of float portion
152 is less than the specific gravity of ink stored in ink
chamber 73. Float portion 152 is therefore configured to
float on ink if the movement of float portion 152 is not
restricted. Float portion 152 may comprise a hollow
space formed therein, or may comprise a material whose
specific gravity is less than the specific gravity of ink.
[0058] Arm portion 154 comprises a first arm 155, a
second arm 156, and light blocking portion 157. First arm
155 extends from connection portion 153 in a direction
perpendicular to the direction in which float portion 152
extends. Second arm 156 extends from fast arm 155 in
a direction away from float portion 152. Light blocking
portion 157 is connected to an end of second arm 156.
[0059] The mass of arm portion 154 is less than the
mass of float portion 152. Sensor arm 150 is configured
to pivot around shaft 158 in the counterclockwise direc-
tion 162 in Figure 7 when ink chamber 76 is empty of ink,
and at least a portion of light blocking member 157 is
configured to go out of inner space 76 of detection portion
75, because the float portion 152 is heavier than the arm
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portion 154. Float portion 152 comprises a bottom end,
and ink chamber 73 comprises a bottom inner wall sur-
face. Sensor arm 150 is configured to stop pivoting when
the bottom end of float portion 152 contacts the bottom
inner wall surface of ink chamber 73, and light blocking
portion 157 is configured to he positioned in the position
as shown in Figure 7.

[0060] Referring to Figure 10, when ink tank 76 is filled
with the predetermined amount of ink, the entirely of sen-
sor arm 150 is submerged in ink. In this state, the buoy-
ancy acting on float portion 152 is greater than the buoy-
ancy acting on arm portion 154, and the buoyancy acting
on float portion 152 is great enough to pivot sensor arm
150 around shaft 158 in the clockwise direction 163 as
shown in Figure 10 even though the mass of float portion
152 is greater than the mass of the arm portion 154. Light
blocking portion 157 is configured to enter into inner
space 76 of detection portion 75 in accordance with the
pivot of sensor arm 150. Sensor arm 150 is configured
to stop pivoting by light blocking portion 157 contacting
the support wall 74.

[0061] Referring to Figures 10 to 12, air communica-
tion portion 110 is configured to allow communication
between the atmosphere and air layer 83 via opening
101. Air communication portion comprises a cap 111,
coil spring 112, valve 113, and valve seat 114. Cap 111,
coil spring 112, valve 113, and valve seat 114 are aligned
in X-axis direction in this order. Coil spring 112, valve
113, and vale seat 114 are accommodated in valve ac-
commodating chamber 85, and cap 111 is attached to
the surrounding area of opening 84.

[0062] Coil spring 112 urges valve 113 towards valve
seat 114 in X-axis direction. Coil spring 112 may be made
of a metal material or a resin material. Coil spring 112 is
accommodated in valve accommodating chamber 85 in
a compressed state, and is therefore always generating
a force in a direction in which coil spring 112 expands,
Any spring may be used instead of coil spring 112 as
long as it urges valve 113 towards valve seat 114. A leaf
spring may be used.

[0063] Cap 111 comprises a circular end wall 119 and
a cylindrical side wall 118 extending from the outer edge
of end wall 119. End wall 119 contacts coil spring 112.
Two slots 120 are formed through side wall 118. Two ribs
are formed on the surrounding area of opening 84, and
the ribs are inserted into slots 120 respectively, thereby
cap 111 is attached to the surrounding are of opening 84.
[0064] Valve 1,13 comprises piston 116, and rod 117
integrally formed with piston 116. Piston 116 contacts
coil spring 112. Piston 116 is urged toward valve seat
114 in X-axis direction. A circular groove 122 is formed
in the peripheral wall of piston 116, and an elastic O-ring
121 is fitted in groove 122. The outer diameter of O-ring
121 is greater than the outer diameter of the peripheral
wall of piston 116. Valve 113 is configured to slide inside
valve accommodating chamber 85 with 0-ring 121 con-
tacting the wall surface of valve accommodating chamber
85 while preventing air communication between the coil-
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spring 112-side of piston 116 and the rod 117-side of
piston via piston 116.

[0065] Valve seat 114 is configured to contact piston
116 urged by coil spring 112 in X-axis direction. Valve
seat 114 is positioned at the end of valve accommodating
chamber 85. Valve seat 114 has an annular shape with
an opening 115 formed through the center thereof. The
center of opening 115 is aligned with the center of open-
ing 100 formed at the end of valve accommodating cham-
ber 85. A portion of rod 117 is positioned in opening 115.
Valve seat 114 is made of an elastic material, e.g. rubber,
and therefore valve seat 114 and piston 116 urged by
coil spring 112 contact tightly each other without a gap
therebetween.

[0066] Referring to Figure 12(a), when an external
force is not applied to rod 117, valve 113 is urged by coil
spring 112, and valve 113 is positioned at a position P 1
at which piston 116 contacts valve seat 114. Piston 116
and valve seat 114 contacts tightly each other, and valve
seat 114 and the end of valve accommodating chamber
85 contacts tightly each other. In this state, communica-
tion between ink chamber 73 and valve accommodating
chamber 85 via openings 100 and 115 is prevented.
[0067] Referring to Figure 12(b), when an external
force, which is greater than the urging force of coil spring
112, is applied to rod 117 in a direction 123, valve 113
moves against the urging force of coil spring 112 in di-
rection 123, and piston 116 separates away from valve
seat 114. Valve 113 moves to a position P2 at which
piston 116 contacts end wall 119 of cap 111. In this state,
communication between the atmosphere and ink cham-
ber 73 is established via openings 100 and 115, valve
accommodating chamber 85, and opening 101 as indi-
cated by arrows 124. The external force is applied by a.
piston 181 when a plunger 172 is pushed into an end of
cylindrical tube 171 and piston 181 pushes rod 117 as
described below.

[0068] Pump 170is configured to supply air to air layer
83 formed in ink chamber 73 and draw air from air layer
83. When air is supplied to air layer 83, the air pressure
of air layer 83 becomes higher, which causes ink stored
in ink chamber 73 to flow out. As a result, the volume of
air layer 83 increases. When air is drawn from air layer
83, the air pressure of air layer 83 becomes lower, which
causes ink to flow into ink chamber 73. As a result, the
volume of air layer decreases.

[0069] Referring to Figure 13, pump 170 comprises
cylindrical tube 171 and plunger 172. Each of cylindrical
tube 171 and plunger 172 is made of atleast one synthetic
resin and is manufactured by injection molding. Cylindri-
cal tube 171 is attached to upper face 78 of main ink tank
70. Cylindrical tube 171 has a central axis extending be-
tween front end 176 and rear end 175, and the central
axis of cylindrical tube 171 is parallel with X-axis direction.
Cylindrical tube 171 has an opening 174 at frontend 176
thereof adjacent to front face 79 of main ink tank 70.
Plunger 172 inserted into inner space 171A of cylindrical
tube 171 through opening 174. Cylindrical tube 171 com-
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prises an end wall 179 at rear end 175 thereof contacting
pump seat 98. An opening 173 is formed through end
wall 179. Air in inner space 171 A flows into and out of
ink chamber 73 via opening 173.

[0070] Anannularattachmentmember 177 is provided
at rear end 175. A portion of attachment member 177 is
buried in end wall 179, and the other portion of attach-
ment member 177 extends from rear end 175 in the axial
direction of cylindrical tube 171. Pump seat 98 has an
annular groove formed therein, and the extending portion
of attachment member 177 is fitted in the groove of pump
seat 98. Rear end 175 of cylindrical tube 171 is thus at-
tachedto pump seat 98. Attachment member 177 is coat-
ed with a rubber material, and therefore attachment
member 177 and pump seat 98 contacts tightly each oth-
er without a gap therebetween. As a result, an air path
between inner space 171 A of cylindrical tube 171 and
ink chamber 73 is air tightly sealed so that air does not
leak from the air path and air does not enter into the air
path from the atmosphere.

[0071] Cylindrical tube 171 comprises a flange 178 at
front end 176, and flange 178 extending from cylindrical
tube 171 in the radial direction of cylindrical tube 171.
Rearend 175 of cylindrical tube 171 is inserted into open-
ing 102 of pump seat 99, and when front end 176 of cy-
lindrical tube 171 reaches pump seat 99, flange 178 con-
tacts and is attached to the surrounding area of opening
102.

[0072] Plunger 172 comprises piston 181 and a rod
182. Piston 181 and rod 182 are integrally formed. A cir-
cular groove 184 is formed in the peripheral wall of piston
181, and an elastic 0-ring 183 is fitted in groove 184. The
outer diameter of O-ring 184 is greater than the outer
diameter of the peripheral surface of piston 181. Piston
181 is configured to slide within inner space 171A with
0-ring 184 contacting the inner surface of cylindrical tube
171 while preventing air communication between the
front-end 176-side of piston 181 and the rear-end 175-
side piston 181. Instead of using 0-ring 183, the periph-
eral surface of piston 181 may be coated with an elastic
material, and piston 181 may be configured to slide on
the inner surface of cylindrical tube 171 with the periph-
eral surface of piston 181 contacting the inner surface of
cylindrical tube 171 while preventing air communication
between the front-end 176-side of piston 181 and the
rear-end 175-side piston 181.

[0073] Arackgear 185 is formed on the upper surface
of rod 182. Rack gear 185 is configured to engage with
apinion gear 221, which is described later. A driving force
is thus transferred to piston 181 via rod 182 to slide piston
181 in the axial direction of cylindrical tube 171. When
piston 181 slides towards rear face 80 of main ink tank
70 in X-axis direction, the volume of inner space 171 A
of cylindrical tube 171 decreases. Air corresponding to
the decrease of the volume of inner space 171A is sup-
pliedto air layer 83 formed inink chamber 73 via openings
173 and 103. When piston 181 slides towards front face
79 of main ink tank 70 in X-axis direction, the volume of
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inner space 171A of cylindrical tube 171 increases. Air
corresponding to the increase of the volume of inner
space 171 A is drawn from air layer 83 into inner space
171 A via openings 173 and 103.

[0074] The capacity of pump 170 is equal to or greater
than the total capacity of the capacity of sub ink tank 21
and the capacity of tube 32. The capacity of pump 170
is determined by the cross sectional area of inner space
171A of cylindrical tube 171, which is taken along the
plane perpendicular to the axial direction of cylindrical
tube 171, and the moving range of piston 181. Therefore,
cylindrical tube 171 has the cross sectional area and the
length which allows the capacity of pump 170 to he equal
to or greater than the total capacity, The moving range
of piston 181 is predetermined by a driving mechanism
200, which is described later. Pump 170 therefore is con-
figured to supply a predetermined molar amount of air
into ink chamber 73, and draws the predetermined molar
amount of air from ink chamber 73.

[0075] Ink supply portion 130 is configured to supply
ink in ink chamber 73 to the outside of ink cartridge 50,
and to be connected to tube 32. Referring to Figures 14
and 15, ink supply portion 130 comprises a cap 131, a
joint 132, valve 133, and spring unit 134. Cap 131, joint
132, valve 133, and spring unit 134 axe aligned in X-axis
direction in this order. Valve 133 and spring unit 134 are
accommodated within valve accommodating chamber
88. A portion of joint 132 is fitted into opening 87 from
the outside of valve accommodating chamber 88. Cap
131 is attached to the surrounding area of opening 87
via joint 132.

[0076] Joint 132 is made of an elastic synthetic resin.
Joint 132 has an annular shape with an opening 137
formed through the center thereof. Joint 132 comprises
a first cylindrical portion 135 and a second cylindrical
portion 136. First cylindrical portion 135is fitted into open-
ing 87 and second cylindrical portion 136 contacts the
surrounding portion of opening 87. A rigid tube 149 is
connected to an end of tube 32. Tube 149 is configured
to be inserted through opening 137 when ink cartridge
50 is mounted to cartridge mounting portion 200. The
diameter of opening 137 is slightly smaller than the outer
diameter of tube 149. Consequently, when tube 149 is
inserted through opening 137, the outer surface of tube
149 presses the inner surface of joint 132 defining open-
ing 137, and the outer surface of tube 149 and the inner
surface of joint 132 contacts tightly each other. Ink leak-
age between tube 149 and joint 132 is therefore prevent-
ed.

[0077] Cap 131 comprises a circular end wall 129 and
a side wall 139 extending from the outer edge of end wall
129. End wall 129 has an opening 138 formed there-
through. Two slots 140 are formed through side wall 139.
Two ribs are formed on the surrounding area of opening
87, and the ribs are inserted into slots 140 respectively,
thereby cap 131 is attached to the surrounding area of
opening 87.

[0078] Spring unit 134 is configured to urge valve 133
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towards joint 132 in X-axis direction. Spring unit 134 com-
prises afirst spring 144, a second spring 145, and a slider
146. Each of first spring 144 and second spring 145 is
made of an elastic resin material, and has a bowl shape
or a hollow circular conic shape. When a load is applied
to first spring 144 or second spring 145, the side surface
thereof is elastically deformed. First spring 144 and sec-
ond spring 145 have an opening 144A and an opening
145A formed therethrough respectively. Ink flows
through the inside of first spring 144 and second spring
145 via openings 144A and 145A as indicated by some
of arrows 164 in Figure 15. Slider 146 comprises two
accommodating chambers accommodating first spring
144 and second spring 145 therein respectively.

[0079] Spring unit 134 is accommodated in valve ac-
commodating chamber 88 in a compressed state and is
therefore always generating a force in a direction to ex-
pand. End wall 105 contacts and supports spring unit
134. Slider 146 comprises ribs 147 for coupling valve 133
and valve unit 134. Valve 133 comprises claws 143 con-
figured to engage with ribs 147. Any member may be
used instead of valve unit 134 as long as it urges valve
133 towards joint 132.

[0080] Valve 133 comprises a circular end wall 141
and a cylindrical side wall 142 extending from the outer
edge of end wall 141. End wall 141 has a plurality of
openings 141A formed therethrough, and openings 141A
are aligned in the circumferential direction of end wall
141. End wall 141 contacts first spring 144. Side wall 142
comprises claws 143. Valve 133 and spring unit 134 are
coupled by the engagement between claws 143 and ribs
147. Valve accommodating chamber 88 comprises a cy-
lindrical wall surface extending from opening 87 to the
end of the valve

accommodating chamber 88. Valve 133 is configured to
slide within valve accommodating chamber 88 in X-axis
direction with a gap 148 between side wall 142 and the
wall surface of valve accommodating chamber 85. Ink
flows through gap 148.

[0081] Whentube 149isinserted into valve accommo-
dating chamber 88 via openings 138 and 137, an end of
tube 149 contacts end wall 141 of valve 133 and presses
valve 133 against the urging force of spring unit 134.
Valve 133 moves towards ink chamber 73 and end wall
141 separates from joint 132. Tube 149 has an opening
149A formed therethrough adjacent to the end of tube
149. When end wall 141 separates from joint 132, com-
munication between valve accommodating chamber 88
and the inside of tube 149 via opening 149A is estab-
lished.

[0082] When ink is supplied from ink chamber 73 to
sub ink tank 21, ink enters into valve accommodating
chamber 88 via check valve 95, and then the ink flows
through gap 148 or flows through spring unit 134 and
openings 141A as indicated by arrows 164 in Figure 15.
On the other hand, when ink is drawn from sub ink tank
21toink chamber 73, ink flows into valve accommodating
chamber 88 via opening 149A, and then the ink flows via
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buffer chamber 90, check valve 93, and path 92, and
reaches air layer 83.

[0083] Referring to Figures 16 to 19, cartridge mount-
ing portion 200 is configured to mount at least one ink
cartridge 50, for example, mount five ink cartridges 50
storing cyan ink, magenta ink, yellow ink, dye-based
black ink, and pigment-based black ink respectively.
[0084] Cartridge mounting portion 200 comprises a
cartridge case 20L Cartridge case 201 has an opening
202 on one side, and has an closed end opposite the
opening 202. Ink cartridge 50 is inserted into cartridge
case 201 through opening 202. When ink cartridge 50 is
inserted into cartridge case 201 and ink cartridge 50 is
pressed in X-axis direction, tube 149 provided at the
closed end of cartridge case 201 enters into ink supply
portion 130. After ink stored in ink chamber 73 is con-
sumed, ink cartridge 50 is removed from cartridge case
201 to be replaced with a new ink cartridge 50.

[0085] At least one optical sensor 203, e.g. a photo
interrupter, is provided at the closed end of cartridge 201.
Optical sensor 203 comprises a light emitting portion and
a light receiving portion. Optical sensor 203 is configured
to output a predetermined signal to the main controller
of inkjet recording device 10 based on the intensity of
light received by the light receiving portion. Five optical
sensors 203 are provided for the five ink cartridges 50
respectively for example. Optical sensor 203 is posi-
tioned such that detection portion 75 is positioned be-
tween the light emitting portion and the light receiving
portion when the ink cartridge 50 is mounted to cartridge
mounting portiou 200, When light blocking portion 157 is
in detection portion 75, light blocking portion 157 blocks
light emitted from the light emitting portion. When light
blocking portion 157 is not in detection portion 75, light
emitted from the light emitting portion reaches the light
-receiving portion. Based on the intensity of light received
by the light receiving potion, whether or not there is
enough ink in ink cartridge 50 is determined.

[0086] Driving mechanism 220 is provided behind car-
tridge mounting portion 200. Driving mechanism 200
comprises at least one pinion gear 221, a shaft 222, a
link rod 223, a shaft 224, a first gear 225, and a second
gear 226.

[0087] Five pinion gears 221 are provided correspond-
ing to the five ink cartridge 50 for example. Pinion gear
221 is configured to engage with rack gear 185 when ink
cartridge 50 is mounted to cartridge mounting portion
200,. Pinion gear 221 has a semi-circular shape, and the
teeth are formed on the are portion of pinion gear 221.
[0088] Five pinion gears 221 are fixed to shaft 222.
When shaft 222 rotates, all the five pinion gears 221 ro-
tate in the same direction in which the shaft 222 rotates
at the same speed at which the shaft 222 rotates. Link
rod 223 is coupled to one end of shaft 222 at one end
thereof, and is coupled to shaft 224 at the other end there-
of. First gear 225 is fixed to shaft 224. Second gear 226
engages with first gear 225.

[0089] Second gear 226 is coupled to a driving source,
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e.g. a motor. Paper feed device 12 and convey device
13 may be coupled to the same driving source. The driv-
ing source is configured to be controlled by the main con-
troller of inkjet recording device 10.

[0090] When a driving force is transferred to second
gear 226 from the driving source, the driving force is
transferred to rack gear 185 via first gear 225, shaft 224,
link rod 223, shaft 222, and pinion gear 221. Thus, piston
181 is configured to slide back and forth within cylindrical
tube 171.

[0091] Referring to Figures 20 (a) to (c), an ink supply
process from main ink tank 70 to sub ink tank 21 by an
ink supply system 11 is described. During the ink supply
process, opening 42 formed at cylinder 39 of valve mech-
anism 37 is opened as described above.

[0092] Referring to Figure 20(a), when plunger 172 is
moved towards rear face 80 of main ink tank 70 from a
state in which plunge 172 is most pulled out from cylin-
drical tube 171, air in cylindrical tube 171 is supplied to
air layer 83 formed in ink chamber 73 via openings 173
and 103. As a result, the pressure in ink chamber 73
increases. Referring to Figure 20(b), when the pressure
in ink chamber 73 becomes higher than the pressure in
valve accommodating chamber 88, check valve 95 is
opened and ink stored in ink chamber 73 flows into valve
accommodating chamber 88 via opening 89. The ink then
flows into tube 32 and is supplied to sub ink tank 21 as
indicated by arrows 23 in Figure 20(b). As a result, the
volume of air layer 83 increases. Referring to Figure-20
(c) when plunger 172 is moved to the end of cylindrical
tube 171, sub ink tank 21 and tube 32 are filled with ink.
[0093] Referring to Figures 20 (a) to (c), an ink draw
process from sub ink tank 21 to main ink tank 70 by an
ink supply system 11 is described, During the ink draw
process, opening 42 formed at cylinder 39 of valve mech-
anism 37 is opened as described above.

[0094] Referring to Figure 20 (c), when plunger 172 is
moved towards front face 79 of main ink tank 70 from a
state in which plunge 172 is most pushed into cylindrical
tube 171, air is drawn from air layer 83 into cylindrical
tube 171 via openings 103 and 173. As aresult, the pres-
sure in ink chamber 73 decreases. Referring to Figure
20(b), when the pressure in ink chamber 73 becomes
lower than the pressure in valve accommodating cham-
ber 88, check valve 93 is opened, and ink stored in sub
ink tank 21 and tube 32 flows into main ink tank 70 as
indicated by arrows 24 in Figure 20(b). More specifically,
ink in valve accommodating chamber 88 flows up via
path 92 and flows into ink chamber 73. In accordance
with this ink flow, ink in sub ink tank 21 flows into valve
accommodating chamber 88 via tube 32. As a result, the
volume of air layer 83 decreases. Referring to Figure 20
(a), when plunge 172 is most pulled out from cylindrical
tube 171, all the ink in tube 32 and sub ink tank 21 has
been drawn into main ink tank 70.

[0095] During the process in which ink is drawn into
ink chamber 73 of main ink tank 70, air bubbles trapped
in ink tube 32 or sub ink tank 21 are also drawn into ink
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chamber. More specifically, the air bubbles flows via path
92 to skirt around sensor arm 1 SO and reaches air layer
83 formed in the upper potion of ink chamber 73. There-
fore, the trapped air bubbles can be separated from ink.
After that, ink not containing air bubbles is supplied to
sub ink tank 21 via tube 32. Consequently, ink in sub ink
tank 21 is replaced with ink in main ink tank 70, and ink
in sub ink tank 21 and ink in main ink tank 70 are mixed.
Thus, the viscosity of ink may be equalized by the mix-
ture.

[0096] Some of the air bubbles may be left in valve
accommodating chamber 88 during the process in which
ink is drawn into ink chamber 73 of main ink tank 70.
Nevertheless, since opening 104 is formed through cy-
lindrical wall 71B above valve accommodating chamber
88, the buoyancy acting on the air bubbles moves up the
air bubbles to buffer chamber 90 via opening 104. When
check valve 93 is opened, the air bubbles reaches air
layer 83 via check valve 93 and path 92. Even when
check valve 93 is closed, the air bubbles are collected
and stay in buffer tank 90. Consequently, the air bubbles
do not stay in valve accommodating chamber 88.
[0097] The ink and the air bubbles retuning from sub
ink tank 21 to main ink tank 70 via tube 21 flows in path
92 and reaches air layer 83 formed in the upper potion
of ink chamber 73. Therefore the ink and the air bubbles
skirt around sensor arm 150, and the air bubbles are
prevented from adhering to sensor arm 150. Air bubbles
adhering to sensor arm 150 may disturb the movement
of sensor arm 150. This disturbance is prevented.
[0098] Tube 32 may be omitted. Instead, main ink tank
70 and subink tank 21 may be directly coupled only when
carriage 30 is in a predetermined position.

[0099] Inkis supplied from main ink tank 70 to sub ink
tank 21 and drawn from sub ink tank 21 to main ink tank
70 without ink entering into pump 170. Therefore, even
if pump 170 breaks, ink does not leak from pump 170.
Ink cartridge 50 and ink supply system 11 have high re-
liability.

[0100] The path extending from pump 170 to sub ink
tank 21 viaink chamber 73 and tube 32 is not a circulating
path. Ifthe pathis acirculating path, two tubes are needed
between main ink tank 70 and sub ink tank 21, resulting
in size-increase of ink jet recording device 10 and com-
plicating the structure of ink jet recording device 10. Nev-
ertheless, since ink is supplied from main ink tank 70 to
sub ink tank 21 and drawn from sub ink tank 21 to main
ink tank 70 with only one tube 32, the number of tubes
are reduced,

[0101] Pump 170 is a kind of a piston pump. Instead
of using a piston pump, a plunger pump, a diaphragm
pump, a wing pump may be used. Among these pumps,
a piston pump may be readily used in combination with
a driving mechanism.

[0102] Even if pump 170 breaks, pump 170 is easily
replaced with a new one by only replacing ink cartridge
50 with a new one. Moreover, ink cartridge 50 is replaced
when ink cartridge 50 is empty of ink, and therefore pump
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170 may be replaced before pump 170 breaks or function
of pump 100 declines.

[0103] Rod 182 is configured to extend from front face
60 of case 52 of ink cartridge 50. Therefore, a user can
readily access to ink cartridge 50 from the rear face of
case 52.

[0104] If opening 104 were positioned below opening
87 and valve accommodating chamber 88, the amount
of ink corresponding to ink in valve accommodating
chamber 88, tube 32, and sub ink tank 21 were needed
to drawn into ink chamber 73 to separate air bubbles
trapped in tube 32 and sub ink tank 21. Nevertheless,
opening 104 is positioned above each of opening 87 and
valve accommodating chamber 88 as described above,
only the amount of ink corresponding to ink tube 32 and
sub ink tank 21 are needed to be drawn into ink chamber
73. Ink and air bubbles may stay in valve accommodating
chamber 88, Nevertheless, the buoyancy acting on the
air bubbles moves up the air bubbles, and the air bubbles
go out of valve accommodating chamber 88 via opening
104. With this ink cartridge 50, there is no need to provide
a pump having relatively high capacity.

[0105] Opening 87 has a center line perpendicular to
side wall 71A. Valve 133 is configured to move along the
center line, and spring unit 134 urges the valve along the
center line. When tube 149 is inserted through opening
87 along the center line, valve 133 moves along the cent-
er line against the urging force of spring unit 134. When
tube 149 is removed, valve 133 moves by spring unit 134
alongthe centerline. The movement of valve 133 is made
smooth.

[0106] Opening 89 is positioned below opening 104.
When the surface of ink stored in ink chamber 73 is below
opening 104, but is above opening 89, ink flows from ink
chamber 73 into valve accommodating chamber 88 via
opening 89. Ink can be consumed efficiently.

Claims
1. Anink cartridge (50) comprising:

an ink chamber (73) configured to store ink;

a particular air layer (83) formed in the ink cham-
ber (73); and

a pump (170) configured to supply air to the par-
ticular air layer and draw air from the particular
air layer.

2. Theink cartridge of claim 1, wherein the pump (170)
is configured to supply a predetermined amount of
air to the air layer (83) and draw the predetermined
amount of air from the air layer (83).

3. The ink cartridge of claim 1 or 2, wherein the pump
comprises an inner space (171A) formed therein,
and the inner space (171A) is in fluid communication
with the particular air layer (83), and wherein the
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pump (170) is configured to increase and decrease
a volume of the inner space (171A).

The ink cartridge of claim 3, wherein the pump com-
prises:

a tube (171) having the inner space (171 A)
therein, the tube (171) having a first end (175)
and a second end (176) opposite the first end,
wherein the inner space (171A) is in fluid com-
munication with the ink chamber (73) via the first
end, and the inner space is in fluid communica-
tion with an atmosphere via the second end
(176); and

amovable member (181) positioned in the inner
space (171A), wherein the movable member
(181) is movable with a portion of the movable
member (181) contacting an inner surface of the
tube (171), the inner surface of the tube (171)
defining the inner space (171A), while prevent-
ing afluid communication between the ink cham-
ber (73) and the atmosphere via the movable
member (181).

The ink cartridge of claim 4, further comprising a rod
(182) extending from the movable member (181) to
an outside of the tube (171) through the second end
(176).

The ink cartridge of claim 5, wherein the rod (182)
comprises a rack gear (185) formed thereon.

The ink cartridge of claim 5 or 6, further comprises:

a front face (60); and
anink supply portion (130) positioned at the front
face (60),

wherein the rod (182) is configured to extend from
the front face (60).

The ink cartridge of one of claims 4 to 7, further com-
prises an main ink tank (70) defining the ink chamber
(73) therein, wherein the main ink tank has a height
in a height direction, a width in a width direction, and
a depth in a depth direction, the width direction being
perpendicular to the height direction, and the depth
direction being perpendicular to each of the height
direction and the width direction, wherein the height
is greater than the width, and the depth is greater
than the height.

The ink cartridge of claim 8, wherein the tube (171)
extends from the first end to the second end in the
depth direction.

The ink cartridge of one of claims 4 to 9, further com-
prising an air communication portion (110) config-
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ured to selectively allow and prevent a communica-
tion between the ink chamber (73) and the atmos-
phere therethrough.

The ink cartridge of claim 10, wherein the air com-
munication portion (110) comprises a valve (113) to
selectively allow and prevent the communication be-
tween the ink chamber (73) and the atmosphere
through the air communication portion (110), where-
in the valve (113) is configured to be actuated by the
movable member (181).

The ink cartridge of, one of claims 4 to 11, wherein
the movable member (181) comprises:

a piston (181) comprising a peripheral wall fac-
ing the inner surface of the tube (171), the pe-
ripheralwall having a groove (184) formed there-
in: and

an elastic member (183) fitted in the groove
(184), the elastic member (183) contacting the
inner surface of the tube (171).

An ink supply system (11) comprising:
a main ink tank (70) comprising:

an ink chamber (73) configured to store ink;
and

a particular air layer (83) formed in the ink
chamber (73);

a pump configured to supply air to the particular
air layer (83) and draw air from the particular air
layer (83);

a sub ink tank (21) configured to store ink,
wherein the main ink tank (70) and the sub ink
tank (21) are in fluid communication with each
other.

The ink supply system of claim 13, further comprises:

aflexible tube (32) connected to each ofthe main
ink tank (70) and the sub ink tank (21); and

a path extending from the pump to the sub ink
tank via the ink chamber and the flexible tube,
wherein the path is not a circulating path.

The ink supply system of claim 13 or 14, wherein the
pump comprises:

atube (171) having aninner space (171A) there-
in, the tube (171) having a first end (175) and a.
second end (176), wherein the inner space
(171A) is in fluid communication with the ink
chamber (73) via the first end (175), and the in-
ner space (171A) is in fluid communication with
an atmosphere via the second end (176),
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amovable member (181) positioned in the inner
space (171A), wherein the movable member
(181) is movable with a portion of the movable
member (181) contacting an inner surface of the
tube (171), the inner surface of the tube (171)
defining the inner space (171A), while prevent-
ing a fluid communication betweenthe ink cham-
ber (73) and the atmosphere via the movable
member (181).

The ink supply system of claim 15, further compris-
ing:

arod (182) extending from the movable member
(181) to an outside of the tube (171) through the
second end (176), wherein the rod (182) com-
prises a rack gear (185) formed thereon; and
a pinion gear (221) configured to engage with
the rack gear (185).

The ink supply system of one of claims 13 to 16,
further comprising;

an ink cartridge (50) comprising the main ink tank
(70) and the pump (170); and a cartridge mounting
portion (200) configured to detachably mount the ink
cartridge (50).

The ink supply system of claim 17, wherein the ink
cartridge 50 is configured to be mounted to the car-
tridge mounting portion (200) in a particular direction;
wherein the ink cartridge (50) comprising a front face
(60) in the particular direction, and wherein the rod
(182) is configured to extend from the front face (60).

The ink cartridge of one of claims 15 to 18, wherein
the movable member (181) comprises:

a piston (181) comprising a peripheral wall fac-
ing the inner surface of the tube (171), the pe-
ripheral wall having agroove (184) formed there-
in: and

an elastic member (183) fitted in the groove
(184), the elastic member contacting the inner
surface of the tube (171).
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Figure 5
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Figure 6
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Figure 8
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Figure 10
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Figure 11
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