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(54) Liquid cartridge

(57) A liquid cartridge includes a movable member
and the movable member includes a detection portion
and a float. The liquid cartridge also includes a restriction
member and the restriction member includes an opera-
tion portion and a restriction portion. When the operation
portion is in a first position, the restriction portion is con-

figured to contact the movable member such that the
movement of the float is restricted within a restricted
range. When the operation portion is in a second position,
the restriction portion is configured to release the mova-
ble member such that the float is positioned in a free
range which is above the restricted range.
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Description

BACKGROUND OF THE INVENTION

1. Field of the Invention

[0001] The present invention relates to a liquid car-
tridge.

2. Description of Related Art

[0002] A known ink-jet recording apparatus is config-
ured to record an image on a recording medium by eject-
ing ink stored in an ink container from nozzles. The vis-
cosity of ink stored in the ink container may change over
time. A known ink-jet recording apparatus, as described
in Patent Application Publication No. JP-09-277560 A, is
configured to estimate the viscosity of ink stored in an
ink container, and perform optimized preliminary ejection
based on the result of the estimation. More specifically,
the ink-jet recording apparatus is configured to estimate
the viscosity of ink based on an elapsed time since the
ink container is mounted to the ink-jet recording appara-
tus and an amount of ink remaining in the ink container.
Nevertheless, this known ink-jet recording apparatus
does not estimate the viscosity by directly measuring a
physical quantity obtained when a movable member
moves in ink. Moreover, this known ink-jet recording ap-
paratus cannot estimate the viscosity of ink stored in an
ink container which has not been mounted to the ink-jet
recording apparatus and been unused.

SUMMARY OF THE INVENTION

[0003] Therefore, a need has arisen for a liquid car-
tridge which overcomes these and other shortcomings
of the related art. A technical advantage of the present
invention is that the viscosity of liquid stored in a liquid
cartridge may be estimated by more direct measurement.
[0004] According to an aspect of the present invention,
a liquid cartridge comprises: a first outer face; a second
outer face opposite the first outer face; a liquid chamber
positioned between the first outer face and the second
outer face and configured to store liquid therein, wherein
the liquid has a first specific gravity; a liquid supply portion
positioned at the first outer face and configured to supply
the liquid from an interior of the liquid chamber to an
exterior of the liquid chamber; a movable member posi-
tioned in the liquid chamber, the movable member having
a detection portion and a float the float having a second
specific gravity which is less than the first specific gravity;
and a restriction member having an operation portion and
a restriction portion, wherein the operation portion is op-
erable from the exterior of the liquid chamber and is mov-
able between a first position and a second position, the
second position being closer to the second outer face
than the first position is. The restriction portion is movable
with movement of the operation portion moves from the

first position to the second position. When the operation
portion is in the first position, the restriction portion is
configured to contact the movable member in the liquid
chamber and restrict movement of the movable member ,
with the float submerged in the liquid in the liquid chamber
within a restricted range. When the operation portion is
in the second position, the restriction portion is configured
to release the movable member such that the float is
positioned in a free range which is above the restricted
range.
[0005] With this configuration, when the operation por-
tion moves from the first position to the second position,
the movable member is released and moves as the float
moves within ink. Because the movable member moves
against viscous and inertial resistances caused by the
liquid in the liquid chamber, the velocity of the detection
portion depends on the viscosity of liquid in the liquid
chamber. By measuring a physical quantity, based on
which the velocity of the detection portion can be speci-
fied, the viscosity of liquid stored in the liquid chamber
may be estimated.
[0006] According to another aspect of the present in-
vention, a liquid cartridge comprises: a liquid chamber
configured to store liquid therein, wherein the liquid has
a first specific gravity; a liquid supply portion configured
to supply the liquid from an interior of the liquid chamber
to an exterior of the liquid chamber; a movable member
positioned in the liquid chamber, the movable member
having a detection portion and a float, the float having a
second specific gravity which is less than the first specific
gravity; and a gas bag filled with gas. The gas bag is
configured to change its state from a bulging state to a
contracted state. When the gas bag is in the bulging state,
the gas bag bulges into the liquid chamber and contacts
the movable member in the liquid chamber and restricts
movement of the movable member, with the float sub-
merged in the liquid in the liquid chamber within a re-
stricted range. When the gas bag is in the contracted
state, the gas bag is configured to release the movable
member such that the float is positioned in a free range
which is above the restricted range. An amount of gas in
the gas bag when the gas bag is in the contracted state
is less than an amount of gas in the gas bag when the
gas bag is in the bulging state.
[0007] With this configuration, when the gas bag
changes its state from the bulging state to the contracted
state, the movable member is released and moves as
the float moves within ink. Because the movable member
moves against viscous and inertial resistances caused
by the liquid in the liquid chamber, the velocity of the
detection portion depends on the viscosity of liquid in the
liquid chamber. By measuring a physical quantity, based
on which the velocity of the detection portion can be spec-
ified, the viscosity of liquid stored in the liquid chamber
may be estimated.
[0008] Other objects, features, and advantages will be
apparent to persons of ordinary skill in the art from the
following detailed description of the invention and the ac-
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companying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009] For a more complete understanding of the
present invention, needs satisfied thereby, and the ob-
jects, features, and advantages thereof, reference now
is made to the following description taken in connection
with the accompanying drawings.

Fig. 1 is a schematic, cross-sectional view of a printer
comprising a cartridge mounting portion and an ink
cartridge, according to an embodiment of the present
invention.
Fig. 2 is a perspective view of the cartridge mounting
portion which is partly cut, showing an end surface
of the cartridge mounting portion.
Fig. 3A is a perspective view of the ink cartridge, in
which a film is welded to a frame.
Fig. 3B is an exploded perspective view of the ink
cartridge, in which the film is removed from the frame.
Fig. 4 is a functional block diagram of the printer.
Fig. 5A is a cross-sectional view of the ink cartridge
and the cartridge mounting portion during insertion
of the ink cartridge into the cartridge mounting por-
tion. Fig. 5B is a cross-sectional view of the ink car-
tridge and the cartridge mounting portion when
mounting of the ink cartridge to the cartridge mount-
ing portion has been completed and the upper end
of a movable member is in a detection position. Fig.
5C is a cross-sectional view of the ink cartridge and
the cartridge mounting portion when mounting of the
ink cartridge to the cartridge mounting portion has
been completed and the lower end of the movable
member is in the detection position.
Fig. 6A is a cross-sectional view of the ink cartridge
and the cartridge mounting portion when the mova-
ble member is at the upper end of a moving path.
Fig. 6B is a cross-sectional view of the ink cartridge
and the cartridge mounting portion when the ink car-
tridge is in a near-empty state. Fig. 6C is a cross-
sectional view of the ink cartridge and the cartridge
mounting portion when the ink cartridge is in an emp-
ty state.
Fig. 7 is a flow chart of processes performed by a
controller when a cover of the cartridge mounting
portion is opened and a sensor outputs a High-level
signal.
Fig. 8 is a flow chart of processes performed by the
controller when the processes of Fig. 7 have been
completed and the cover of the cartridge mounting
portion is closed.
Fig. 9 is a cross-sectional view of an ink cartridge
according to a first modified embodiment.
Fig. 10A is a cross-sectional view of an ink cartridge
and a cartridge mounting portion according to a sec-
ond modified embodiment during insertion of the ink
cartridge into the cartridge mounting portion. Fig.

10B is a cross-sectional view of the ink cartridge and
the cartridge mounting portion according to the sec-
ond modified embodiment when mounting of the ink
cartridge to the cartridge mounting portion has been
completed.
Fig. 11A is a cross-sectional view of an ink cartridge
according to a third modified embodiment before the
ink cartridge is mounted to a cartridge mounting por-
tion. Fig. 11B is a cross-sectional view of the ink
cartridge and a cartridge mounting portion according
to the third modified embodiment when mounting of
the ink cartridge to the cartridge mounting portion
has been completed.
Fig. 12A is a cross-sectional view of an ink cartridge
and a cartridge mounting portion according to a
fourth modified embodiment when a light passing
portion is in a detection position. Fig. 12B is a cross-
sectional view of the ink cartridge and the cartridge
mounting portion according to the fourth modified
embodiment, when a light blocking portion is in the
detection position.
Fig. 13A is a cross-sectional view of an ink cartridge
and a cartridge mounting portion according to a fifth
modified embodiment during insertion of the ink car-
tridge into the cartridge mounting portion. Fig. 13B
is a cross-sectional view of the ink cartridge and the
cartridge mounting portion according to the fifth mod-
ified embodiment when mounting of the ink cartridge
to the cartridge mounting portion has been complet-
ed and the lower end of a movable member is in a
detection position. Fig. 13C is a cross-sectional view
of the ink cartridge and the cartridge mounting por-
tion according to the fifth modified embodiment when
mounting of the ink cartridge to the cartridge mount-
ing portion has been completed and the upper end
of the movable member is in the detection position.
Fig. 14A is a cross-sectional view of an ink cartridge
and a cartridge mounting portion according to a sixth
modified embodiment during insertion of the ink car-
tridge into the cartridge mounting portion. Fig. 14B
is a cross-sectional view of the ink cartridge and the
cartridge mounting portion according to the sixth
modified embodiment when mounting of the ink car-
tridge to the cartridge mounting portion has been
completed.
Fig. 15A is a cross-sectional view of an ink cartridge
and a cartridge mounting portion according to a sev-
enth modified embodiment during insertion of the ink
cartridge into the cartridge mounting portion. Fig.
15B is a cross-sectional view of the ink cartridge and
the cartridge mounting portion according to the sev-
enth modified embodiment when mounting of the ink
cartridge to the cartridge mounting portion has been
completed and a detection portion is in a detection
position. Fig. 15C is a cross-sectional view of the ink
cartridge and the cartridge mounting portion accord-
ing to the seventh modified embodiment when
mounting of the ink cartridge to the cartridge mount-
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ing portion has been completed and the detection
portion has passed the detection position.
Fig. 16A is a cross-sectional view of an ink cartridge
and a cartridge mounting portion according to an
eighth modified embodiment during insertion of the
ink cartridge into the cartridge mounting portion. Fig.
16B is a cross-sectional view of the ink cartridge and
the cartridge mounting portion according to the
eighth modified embodiment when mounting of the
ink cartridge to the cartridge mounting portion has
been completed and a movable member is at the
upper end of a moving path. Fig. 16C is a cross-
sectional view of the ink cartridge and the cartridge
mounting portion according to the eighth modified
embodiment when mounting of the ink cartridge to
the cartridge mounting portion has been completed
and the movable member is at the lower end of the
moving path.
Fig. 17A is a cross-sectional view of a sub tank ac-
cording to a ninth embodiment before electric current
is applied to an electromagnet. Fig. 17B is a cross-
sectional view of the sub tank according to the ninth
embodiment after electric current is applied to the
electromagnet.
Fig. 18A is a cross-sectional view of an ink cartridge
and a cartridge mounting portion according to a tenth
embodiment before a rack gear is engaged with a
pinion gear. Fig. 18B is a cross-sectional view of the
ink cartridge and the cartridge mounting portion ac-
cording to the tenth embodiment after the rack gear
is engaged with the pinion gear.
Fig. 19A is a cross-sectional view of an ink cartridge
and a cartridge mounting portion according to an
eleventh embodiment during insertion of the ink car-
tridge into the cartridge mounting portion. Fig. 19B
is a cross-sectional view of the ink cartridge and the
cartridge mounting portion according to the eleventh
modified embodiment when mounting of the ink car-
tridge to the cartridge mounting portion has been
completed.
Fig. 20A is a cross-sectional view of an ink cartridge
and a cartridge mounting portion according to a
twelfth embodiment during insertion of the ink car-
tridge into the cartridge mounting portion. Fig. 20B
is a cross-sectional view of the ink cartridge and the
cartridge mounting portion according to the twelfth
modified embodiment when mounting of the ink car-
tridge to the cartridge mounting portion has been
completed.

DETAILED DESCRIPTION OF EMBODIMENTS OF 
THE INVENTION

[0010] Embodiments of the present invention, and their
features and advantages, may be understood by refer-
ring to Figs. 1-20B, like numerals being used for like
corresponding parts in the various drawings.

[Printer 10]

[0011] Referring to Fig. 1, a liquid consuming appara-
tus, e.g., a printer 10 is an inkjet printer configured to
record an image on a sheet of recording paper by ejecting
ink droplets selectively on the sheet of recording paper.
The printer 10 comprises a liquid consuming portion, e.g.,
a recording head 21, an ink supply device 100, and an
ink tube 20 connecting the recording head 21 and the ink
supply device 100. The ink supply device 100 comprises
a cartridge mounting portion 110. The cartridge mounting
portion 110 is configured to allow a liquid container or a
liquid cartridge, e.g., an ink cartridge 30 to be mounted
therein. The cartridge mounting portion 110 has an open-
ing 112 and the interior of the cartridge mounting portion
110 is exposed to the exterior of the cartridge mounting
portion 110 via opening 112. The ink cartridge 30 is con-
figured to be inserted into the cartridge mounting portion
110 via the opening 112 in an insertion direction 56, and
to be removed from the cartridge mounting portion 110
via the opening 112 in a removal direction 55.
[0012] The ink cartridge 30 is configured to store ink,
which is used by the printer 10. The ink cartridge 30 and
the recording head 21 are fluidically connected via the
ink tube 20 when mounting of the ink cartridge 30 to the
cartridge mounting portion 110 has been completed. The
recording head 21 comprises a sub tank 28. The sub tank
28 is configured to temporarily store ink supplied via the
ink tube 20 from the ink cartridge 30. The recording head
21 comprises nozzles 29 and is configured to selectively
eject ink supplied from the sub tank 28 through the noz-
zles 29. More specifically, the recording head 21 com-
prises a head control board 21A and piezoelectric actu-
ators 29A corresponding to the nozzles 29, and the head
control board 21A is configured to selectively apply driv-
ing voltage to the piezoelectric actuators 29A. As such,
ink is ejected from the nozzles 29.
[0013] The printer 10 comprises a paper feed tray 15,
a paper feed roller 23, a conveying roller pair 25, a platen
26, a discharge roller pair 27, and a discharge tray 16. A
conveying path 24 is formed from the paper feed tray 15
up to the discharge tray 16 via the conveying roller pair
25, the platen 26, and the discharge roller pair 27. The
paper feed roller 23 is configured to feed a sheet of re-
cording paper from the paper feed tray 15 to the convey-
ing path 24. The conveying roller pair 25 is configured to
convey the sheet of recording paper fed from the paper
feed tray 15 onto the platen 26. The recording head 21
is configured to selectively eject ink onto the sheet of
recording paper passing over the platen 26. Accordingly,
an image is recorded on the sheet of recording paper.
The sheet of recording paper having passed over the
platen 26 is discharged by the discharge roller pair 27 to
the paper discharge tray 16 disposed at the most down-
stream side of the conveying path 24.
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[Ink supply device 100]

[0014] Referring to Fig. 1, the printer 10 comprises the
ink supply device 100. The ink supply device 100 is con-
figured to supply ink to the recording head 21. The ink
supply device 100 comprises the cartridge mounting por-
tion 110 to which the ink cartridge 30 is mountable. The
cartridge mounting portion 110 comprises a case 101, a
longitudinal object, e.g., a hollow tube 102, a detector,
e.g., a sensor 103, and a mount detector, e.g., a mount
sensor 107. In Fig. 1, mounting of the ink cartridge 30 to
the cartridge mounting portion 110 has been completed.
Referring to Fig. 2, the cartridge mounting portion 110 is
configured to receive four ink cartridges 30 storing cyan,
magenta, yellow, and black inks, respectively. Four hol-
low tubes 102, four sensors 103, and four mount sensors
107 are provided at the cartridge mounting portion 110,
corresponding to the four ink cartridges 30.
[0015] The case 101 of the cartridge mounting portion
110 has the opening 112 formed through one face of the
case 101. The case 101 comprises an end surface op-
posite the opening 112. Referring to Figs. 1 and 2, the
hollow tube 102 extends from the end surface of the case
101 in the removal direction 55. The hollow tube 102 is
positioned at the end surface of the case 101 and at a
position corresponding to an ink supply portion 60 (de-
scribed later) of the ink cartridge 30. The hollow tube 102
is a resin tube having a liquid path formed therein. The
hollow tube 102 has a proximal end and a distal end. The
hollow tube 102 has an opening formed through a distal-
end side of the hollow tube 102, and the ink tube 20 is
connected to a proximal-end side of the hollow tube 102.
When the hollow tube 102 is inserted into the ink supply
portion 60 of the ink cartridge 30, ink stored in the ink
cartridge 30 is allowed to flow into the ink tube 20 via the
hollow tube 102.
[0016] The printer 10 comprises a cover (not shown)
configured to selectively cover the opening 112 of the
cartridge mounting portion 110 and not cover the opening
112 such that the opening 112 is exposed to the exterior
of the printer 10. The cover is supported by the case 101
or by an outer case of the printer 10 such that the cover
can be selectively opened and closed. When the cover
is opened, the opening 112 is exposed to the exterior of
the printer 10. When the cover is opened, a user can
insert the ink cartridge 30 into the cartridge mounting
portion 110 through the opening 112 and can remove the
ink cartridge 30 from the cartridge mounting portion 110
through the opening 112. When the cover is closed, the
opening 112 is covered and the ink cartridge 30 cannot
be inserted into or removed from the cartridge mounting
portion 110.
[0017] In this description, when it is described that the
ink cartridge 30 is mounted to the cartridge mounting
portion 110, it means that at least a portion of the ink
cartridge 30 is positioned in the cartridge mounting por-
tion 110, more specifically, positioned in the case 101.
Therefore, an ink cartridge 30 which is being inserted

into the cartridge mounting portion 110 is also an example
of an ink cartridge 30 mounted to the cartridge mounting
portion 110. On the other hand, when it is described that
the mounting of the ink cartridge 30 to the cartridge
mounting portion 110 has been completed, it means that
the ink cartridge 30 is in such a state that the printer 10
can perform image recording. For instance, when the ink
cartridge 30 is in such a state, ink supply from the ink
cartridge 30 to the recording head 21 is at least possible,
and preferably the ink cartridge 30 is locked such that
the movement of ink cartridge 30 relative to the cartridge
mounting portion 110 is restricted or the ink cartridge 30
is positioned in the cartridge mounting portion 110 with
the cover closed.

[Sensor 103]

[0018] Referring to Fig. 2, the sensor 103 is positioned
above the hollow tube 102 and extends from the end
surface of the case 101 in the removal direction 55. The
sensor 103 comprises a light emitting portion, e.g., a light
emitting diode, 104 and a light receiving portion, e.g., a
phototransistor, 105 aligned in a width direction 51. The
light emitting portion 104 and the light receiving portion
105 face each other in the width direction 51. The light
emitting portion 104 is configured to emit light, e.g., vis-
ible, infrared, and/or ultraviolet light, toward the light re-
ceiving portion 105, and the light receiving portion 105
is configured to receive the light emitted by the light emit-
ting portion 104. The light emitted by the light emitting
portion 104 can pass through ink stored in the ink car-
tridge 30. When the mounting of the ink cartridge 30 to
the cartridge mounting portion 110 has been completed,
the ink cartridge 30 is positioned between the light emit-
ting portion 104 and the light receiving portion 105. In
other words, the light emitting portion 104 and the light
receiving portion 105 are provided so as to face each
other with the ink cartridge 30 positioned therebetween
when the mounting of the ink cartridge 30 to the cartridge
mounting portion 110 has been completed.
[0019] A detection position is a position within the ink
cartridge 30 which intersects an imaginary line extending
between the light emitting portion 104 and the light re-
ceiving portion 105 when the mounting of the ink cartridge
30 to the cartridge mounting portion 100 has been com-
pleted. In other words, the detection position intersects
an optical path extending between the light emitting por-
tion 104 and the light receiving portion 105. In other
words, the sensor 103 is positioned so as to face the
detection position. In this embodiment, the sensor 103
is positioned so as to face the ink cartridge 30 when the
mounting of the ink cartridge 30 to the cartridge mounting
portion 110 has been completed. In another embodiment,
the sensor 103 is positioned so as to face the ink cartridge
30 when the ink cartridge 30 is being inserted into the
cartridge mounting portion 110. That is, the sensor 103
is positioned so as to face the ink cartridge 30 mounted
to the cartridge mounting portion 110, and the detection
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position intersects the optical path extending between
the light emitting portion 104 and the light receiving por-
tion 105 when the ink cartridge 30 is mounted to the car-
tridge mounting portion 110.
[0020] The sensor 103 is configured to output different
detection signals based on the intensity of light received
by the light receiving portion 105. The sensor 103 is con-
figured to output a Low-level signal, i.e., a signal whose
level is less than a predetermined threshold value, when
the intensity of light received by the light receiving portion
105 is less than a predetermined intensity. The sensor
103 is configured to output a High-level signal, i.e., a
signal whose level is greater than or equal to the prede-
termined threshold value, when the intensity of light re-
ceived by the light receiving portion 105 is greater than
or equal to the predetermined intensity.

[Mount sensor 107]

[0021] Referring to Figs. 1 and 2, the mount sensor
107 is positioned in a mount detection position in an in-
sertion path of the ink cartridge 30 in the cartridge mount-
ing portion 110. The ink cartridge 30 moves in the inser-
tion path when the ink cartridge 30 is inserted into the
cartridge mounting portion 110. In this embodiment, the
mount sensor 107 is positioned at the end surface of the
case 101. The mount sensor 107 is configured to output
different detection signals based on the presence or ab-
sence of the ink cartridge 30 in the mount detection po-
sition. In this embodiment, the mount sensor 107 is po-
sitioned, such that the ink cartridge 30 is positioned in
the mount detection position when the mounting of the
ink cartridge 30 to the cartridge mounting portion 100 has
been completed. In this embodiment, the mount sensor
107 is a mechanical sensor configured to output a signal
indicating that the ink cartridge 30 is mounted to the car-
tridge mounting portion 100 when the mechanical sensor
is pushed by a front wall 40 (described later) of the ink
cartridge 30. Nevertheless, the mount sensor 107 is not
limited to the mechanical sensor, but may be an optical
sensor such as a combination of a light emitting diode
and a phototransistor, a magnetic sensor such as a Hall
effect sensor, an electric sensor, or any other known sen-
sor.

[Ink cartridge 30]

[0022] Referring to Figs. 3A and 3B, the ink cartridge
30 comprises a frame 31 having a liquid chamber, e.g.,
an ink chamber 36 formed therein, and a liquid supply
portion, e.g., an ink supply portion 60 extending from the
frame 31. The ink cartridge 30 is configured to supply ink
stored in the ink chamber 36 to the exterior of the ink
cartridge 30 via the ink supply portion 60. The ink car-
tridge 30 is configured to be inserted into and removed
from the cartridge mounting portion 110 in an insertion-
removal direction 50, while the ink cartridge 30 is in an
upright position, as shown in Fig. 3A, with a top face of

the ink cartridge 30 facing upward and a bottom face of
the ink cartridge 30 facing downward. In this embodi-
ment, the insertion-removal direction 50 extends in a hor-
izontal direction. The insertion direction 56 is an example
of the insertion-removal direction 50. The removal direc-
tion 55 is an example of the insertion-removal direction
50. The insertion direction 56 and the removal direction
55 are opposite directions. In another embodiment, the
insertion-removal direction 50 may not extend exactly in
a horizontal direction but may extend in a direction inter-
secting a horizontal direction and the vertical direction.
[0023] The frame 31 has substantially a rectangular
parallelepiped shape, and its dimension in a width direc-
tion (left-right direction) 51 is less than each of its dimen-
sion in a height direction (up-down direction) 52 and its
dimension in a depth direction (front-rear direction) 53.
The width direction 51, the height direction 52, and the
depth direction 53 are perpendicular to each other. The
width direction 51 extends in a horizontal direction. The
depth direction 53 extends in a horizontal direction. The
height direction 52 extends in the vertical direction. The
insertion-removal direction 50 is parallel with the depth
direction. The frame 31 comprises a front wall 40, a rear
wall 41, a top wall 39, a bottom wall 42, and a right wall
38. The front wall 40 and the rear wall 41 at least partly
overlap when viewed in the depth direction 53. The top
wall 39 and the bottom wall 42 at least partly overlap
when viewed in the height direction 52. The right wall 38
is positioned on one side of the frame 31 with respect to
the width direction 51. In this embodiment, the right wall
38 is positioned on the right side of the frame 31 when
the frame 31 is viewed from the front-wall 40 side. When
the ink cartridge 30 is inserted into the cartridge mounting
portion 110, the front wall 40 is positioned at the front
side of the ink cartridge 30, and the rear wall 41 is posi-
tioned at the rear side of the ink cartridge 30. When the
ink cartridge 30 is inserted into the cartridge mounting
portion 110, the front wall 40 is oriented toward the in-
sertion direction 56, and the rear wall 41 is oriented to-
ward the removal direction 55. The rear wall 41 is posi-
tioned away from the front wall 40 in the removal direction
55. The frame 31 comprises a front outer face, a rear
outer face, a top outer face, a bottom outer face, and a
right outer face. The front wall 40 comprises the front
outer face, the rear wall 41 comprises the rear outer face,
the top wall 39 comprises the top outer face, the bottom
wall 42 comprises the bottom outer face, and the right
wall 38 comprises the right outer face.
[0024] The top wall 39 is connected to the upper end
of the front wall 40, the upper end of the rear wall 41, and
the upper end of the right wall 38. The bottom wall 42 is
connected to the lower end of the front wall 40, the lower
end of the rear wall 41, and the lower end of the right wall
38. The right wall 38 is connected to the right end of the
front wall 40, the right end of the rear wall 41, the right
end of the top wall 39, and the right end of the bottom
wall 42. The other side of the frame 31 with respect to
the width direction 51 is opened. In this embodiment, the
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left side of the frame 31, which is positioned on the left
side of the frame 32 when the frame 31 is viewed from
the front-wall 40 side, is opened. The frame 31 comprises
a partitioning wall 43 extending from the inner surface of
the right wall 38 in the width direction 51 toward the left
side of the frame 31. The partitioning wall 43 extends in
the height direction 52. The partitioning wall 43 is posi-
tioned away from the front wall 40. The partitioning wall
43 extends substantially in parallel with the front wall 40.
Each wall of the frame 31 allows the light emitted from
the light emitting portion 104 of the sensor 103 to pass
therethrough.
[0025] The ink cartridge 30 comprises a left wall 37
connected to the left side of the frame 31 with respect to
the width direction 51. In this embodiment, the left wall
37 is a film 44. The film 44 and the frame 31 have almost
the same outer contour when viewed in the width direc-
tion 51. The film 44 is welded to the left end of the front
wall 40, the left end of the rear wall 41, the left end of the
top wall 39, the left end of the bottom wall 42, and the
left end of the partitioning wall 43 by heat. As such, it is
possible to store ink in the ink chamber 36 defined by the
front wall 40, the rear wall 41, the top wall 39, the bottom
wall 42, the right wall 38, and the left wall 37 (the film 44).
The left wall 37 (the film 44) allows the light emitted from
the light emitting portion 104 of the sensor 103 to pass
therethrough. The ink cartridge 30 may comprise a cover
covering the film 44 from outside. In such a case, the
cover also allows the light emitted from the light emitting
portion 104 of the sensor 103 to pass therethrough.
[0026] Referring to Figs. 1, 3A and 3B, the ink supply
portion 60 extends from the front outer face of the front
wall 40 in the insertion direction 56. In this embodiment,
the ink supply portion 60 has a cylindrical shape. The ink
supply portion 60 has a proximal end at the front wall 40
and a distal end opposite the proximal end. The ink supply
portion 60 has a liquid supply opening, e.g., an ink supply
opening 61 formed at the distal end. The ink supply por-
tion 60 has an inner space and the inner space can be
in fluid communication with the exterior of the ink car-
tridge 30 via the ink supply opening 61. The inner space
of the ink supply portion 60 is in fluid communication with
the inner space of the frame 31, i.e., the ink chamber 36,
at the proximal-end side. The ink chamber 36 can be in
fluid communication with the exterior of the ink cartridge
30 via the ink supply portion 60. Before the ink cartridge
30 is mounted to the cartridge mounting portion 110, the
ink supply opening 61 is closed by an operation portion
82 (described later). In this description, when it is de-
scribed that the ink supply opening 61 is provided at the
front wall 40, it at least means that the ink supply opening
61 penetrates through the front wall 40, or that the ink
supply opening 61 is provided at the distal end of the ink
supply portion 60 extending from the front wall 40 in the
insertion direction 56, or that the ink supply opening 61
is provided at a distal end of an protrusion extending from
the front wall 40 in the removal direction 55.
[0027] The ink cartridge 30 further comprises a mov-

able member 70, a restriction member 80, and a biasing
member, e.g., a coil spring 49 in the frame 31, i.e., in the
ink chamber 36. The ink cartridge 30 also has an air in-
troduction portion (not shown) for introducing air into the
ink chamber 36.

[Movable member 70]

[0028] The movable member 70 comprises a detection
portion and a float. In this description, when it is described
that a movable member comprises a detection portion
and a float it at least means that the movable member
comprises the detection portion and the float as portions
of the movable member, or that the movable member
comprises the detection portion and the float as the en-
tirety of the movable member. In this embodiment, the
movable member 70, the detection portion, and the float
are one and the same member. The movable member
(float, detection portion) 70 has a specific gravity which
is less than the specific gravity of ink stored in the ink
chamber 36. When the movable member (float, detection
portion) 70 is released from a restriction portion 81 (de-
scribed later), the movable member (float, detection por-
tion) 70 moves upward due to the buoyancy acting on
the movable member (float, detection portion) 70 in a
free range within the ink chamber 36. More specifically,
the movable member (float, detection portion) 70 is con-
figured to move in a space defined by the right wall 38,
the front wall 40, the partitioning wall 43, and the film 44.
The partitioning wall 42 is an example of a guide wall
configured to guide the movement of the movable mem-
ber (float, detection portion) 70. The space is an example
of a moving path and an example of the free range. The
above-described detection position is in the moving path
and in the free range. The movable member (float, de-
tection portion) 70 comprises a recessed portion 71 at
its wall surface facing the removal direction 55.
[0029] The movable member (float, detection portion)
70 comprises a light blocking portion. In this embodiment,
the movable member (float, detection portion) 70 com-
prises the light blocking portion as its entirety. That is,
the movable member 70, the detection portion, the float,
and the light blocking portion are one and the same mem-
ber. The movable member (float, detection portion, light
blocking portion) 70 is configured to block the light emit-
ted by the light emitting portion 104 of the sensor 103.
More specifically, when the movable member (float, de-
tection portion, light blocking portion) 70 is in the detec-
tion position and the light emitted by the light emitting
portion 104 of the sensor 103 reaches one side of the
movable member (float, detection portion, light blocking
portion) 70 in a direction (the width direction 51) perpen-
dicular to the insertion-removal direction 50, an amount
(intensity) of light coming out of the other side of the mov-
able member (float, detection portion, light blocking por-
tion) 70 and reaching the light receiving portion 105 of
the sensor 103 is less than a predetermined amount (in-
tensity), e.g., zero. The blocking of the light is caused by
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the movable member (float, detection portion, light block-
ing portion) 70 completely preventing the light from pass-
ing therethrough in width direction 51 perpendicular to
the insertion-removal direction 50, by the movable mem-
ber (float, detection portion, light blocking portion) 70 ab-
sorbing some amount of the light, by the movable mem-
ber (float, detection portion, light blocking portion) 70 de-
flecting the light, by the movable member (float, detection
portion, light blocking portion) 70 totally reflecting the
light, or by another phenomenon. For instance, the mov-
able member (float, detection portion, light blocking por-
tion) 70 is made of an opaque resin containing pigment,
or made of a transparent or semi-transparent resin, but
has a prism-like shape configured to deflect light, or com-
prises a reflection film, e.g., an aluminum film on its sur-
face. On the other hand, when the movable member
(float, detection portion, light blocking portion) 70 is not
in the detection position and the light emitted by the light
emitting portion 104 of the sensor 103 reaches one side
of the ink cartridge 30 in the width direction 51 perpen-
dicular to the insertion-removal direction 50, an amount
(intensity) of light coming out of the other side of the ink
cartridge 30 and reaching the light receiving portion 105
of the sensor 103 is greater than or equal to the prede-
termined amount (intensity). As such, the amount (inten-
sity) of the light reaching the light receiving portion 105
of the sensor 103 depends on whether the movable mem-
ber (float, detection portion, light blocking portion) 70 is
in the detection position or not.

[Restriction member 80]

[0030] Referring to Figs. 3A, 3B, and 5A to 5C, the
restriction member 80 comprises a restriction portion 81,
an operation portion 82, and a connection portion 83 con-
nected to the restriction portion 81 and the operation por-
tion 82.
[0031] The operation portion 82 extends downward
from a front end of the connection portion 83 which ex-
tends in the depth direction 53. The operation portion 82
comprises a front surface facing in the insertion direction
56, and the front surface of the operation portion 82 faces
the ink supply opening 61 of the ink supply portion 60 in
the depth direction 53. The operation portion 82 is mov-
able between a first position as shown in Fig. 5A and a
second position as shown in Fig. 5B. The second position
is closer to the rear outer face of the rear wall 41 than
the first position is. When the operation portion 82 is in
the first position, the operation portion 82 contacts a wall
surrounding the ink supply opening 61 and thereby clos-
es the ink supply opening 61. When the operation portion
82 is in the second position, the operation portion 82 is
positioned away from the wall surrounding the ink supply
opening 61 and thereby opens the ink supply opening
61. The operation portion 82 is operable from the exterior
of the ink cartridge 30. In this embodiment, the operation
portion 82 is operable by the hollow tube 102 via the ink
supply opening 61. When the hollow tube 102 is inserted

into the ink supply portion 60 through the ink supply open-
ing 61, the hollow tube 102 pushes the operation portion
82 from the first position to the second position in the
removal direction 55.
[0032] The restriction portion 81 extends upward from
a rear end of the connection portion 83. The restriction
portion 81 comprises a front surface facing in the insertion
direction 56 and a protrusion 84 extending from the front
surface in the insertion direction 56. When the operation
portion 82 is in the first position, the protrusion 84 engag-
es with the recessed portion 71 of the movable member
(float, detection portion, light blocking portion) 70, such
that the movement of the movable member (float, detec-
tion portion, light blocking portion) 70 is restricted within
a restricted range. In this embodiment, the protrusion 84
has a wedge shape and the recessed portion 71 has the
corresponding shape. Nevertheless, the shapes of the
protrusion 84 and the recessed portion 71 are not limited
only to the wedge shape. The movable member (float,
detection portion, light blocking portion) 70 may be made
completely immovable by the restriction portion 81. In
such a case, the restricted range is zero. The movable
member (float, detection portion, light blocking portion)
70 may slightly move within the restricted range to the
extent that the dimensional errors of the protrusion 84
and the recessed portion 71 allow. The movable member
(float, detection portion, light blocking portion) 70 may
move within the restricted range as long as movable
member (float, detection portion, light blocking portion)
70 does not reach the detection position. When the mov-
able member (float, detection portion, light blocking por-
tion) 70 is in the restricted range, the movable member
(float, detection portion, light blocking portion) 70 is sub-
merged in ink.
[0033] When the operation portion 82 is in the second
position, the protrusion 84 is positioned away from the
recessed portion 71 and thereby the restriction portion
81 releases the movable member (float, detection por-
tion, light blocking portion) 70, such that the movable
member (float, detection portion, light blocking portion)
70 is positioned in the free range which is above the re-
stricted range. In another embodiment, when the opera-
tion portion 82 is in the second position, the restriction
portion 81 may not be completely positioned away from
the movable member (float, detection portion, light block-
ing portion) 70, but may still contact the movable member
(float, detection portion, light blocking portion) 70 as long
as the movable member (float, detection portion, light
blocking portion) 70 is released and can move in the free
range.
[0034] The coil spring 49 has a first end contacting a
surface of the frame 31 facing in the insertion direction
56 in the ink chamber 36 and a second end contacting a
rear surface of the operation portion 82 facing in the re-
moval direction 55. The coil spring 49 is configured to
bias the operation portion 82 in the insertion direction 56
into the first position. The coil spring 49 is an example of
a biasing member and can be replaced with a leaf spring,
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resin spring, etc.

[Controller 130]

[0035] Referring to Fig. 4, the printer 10 comprises a
controller 130. The controller 130 comprises a CPU 131,
a ROM 132, a RAM 133, an EEPROM 134, and an ASIC
135, which are connected to each other by an internal
bus 137. The ROM 132 stores programs for the CPU 131
to control various operations of the printer 10. The RAM
133 is used as a storage area for temporarily store date
and signals for the CPU 131 to use in executing the pro-
grams and as a working area for date processing. The
EEPROM 134 stores settings and flags which may be
retained even after the power is off. One chip may com-
prise the CPU 131, the ROM 132, the RAM 133, the EEP-
ROM 134, and the ASIC 135, or one chip may comprise
some of the CPU 131, the ROM 132, the RAM 133, the
EEPROM 134, and the ASIC 135 and another chip may
comprise the other of the CPU 131, the ROM 132, the
RAM 133, the EEPROM 134, and the ASIC 135.
[0036] The controller 130 is configured to rotate the
paper feed roller 23, the conveying roller pair 25, and the
discharge roller pair 27 by driving a motor (not shown).
The controller 130 is configured to control the recording
head 21 to eject ink from the nozzles 29. More specifi-
cally, the controller 130 is configured to send to the head
control board 21A control signals indicating the values
of driving voltages to be applied to the piezoelectric ac-
tuators 29A. The head control board 21A is configured
to apply the driving voltages to the piezoelectric actuators
29A based on the control signals received from the con-
troller 130, such that ink is ejected from the nozzles 29.
The printer 10 also comprises a display 109, and the
controller 130 is configured to control the display 109 to
display information about the printer 10 and the ink car-
tridge 30 or a variety of messages.
[0037] The printer 10 also comprises a temperature
sensor 106 and a cover sensor 108, and the controller
130 is configured to receive the detection signals output
from the sensor 103, signals output from the temperature
sensor 106, the detection signals output from the mount
sensor 107, and signals output from the cover sensor
108. The temperature sensor 106 is configured to output
signals based on the temperature. Where the tempera-
ture sensor 106 senses temperature is not limited to a
specific position. The temperature sensor 103 may be
positioned in the cartridge mounting portion 110, or may
be positioned on an outer surface of the printer 10. The
cover sensor 108 is configured to output different signals
based on whether the cover for the opening 112 of the
cartridge mounting portion 110 is opened or closed.
[0038] The ink cartridge 30 is inserted into the cartridge
mounting portion 110 when the cover of the cartridge
mounting portion 110 is opened. Referring to Fig. 5A,
when the ink cartridge 30 is being inserted into the car-
tridge mounting portion 110, the operation portion 82 is
in the first position. Therefore, the movement of the mov-

able member (float, detection portion, light blocking por-
tion) 70 is restricted by the restriction portion 81, and the
ink supply opening 61 of the ink supply portion 60 is
closed by the operation portion 82. The sensor 103 out-
puts the High-level signal to the controller 130.
[0039] Referring to Fig. 5B, when the ink cartridge 30
is further inserted into the cartridge mounting portion 110,
the hollow tube 102 is inserted into the ink supply portion
60 through the ink supply opening 61 and pushes the
operation portion 82 in the removal direction 55 against
the biasing force of the coil spring 49, such that the op-
eration portion 82 moves from the first position to the
second position. As a result, the movable member (float,
detection portion, light blocking portion) 70 is released
and the ink supply opening 61 is opened. When the
mounting of the ink cartridge 30 to the cartridge mounting
portion 110 is completed, the front wall 40 of the ink car-
tridge 30 pushes the mount sensor 107. When this oc-
curs, the mount sensor 107 outputs a detection signal
indicating the presence of the ink cartridge 30 in the
mount detection position. The ink cartridge 30 may be
locked by a lock mechanism (not shown) in the cartridge
mounting portion 110 so as not to move in the removal
direction 55 when the mounting of the ink cartridge 30 to
the cartridge mounting portion 110 has been completed.
[0040] The movable member (float, detection portion,
light blocking portion) 70 released from the restriction
portion 81 moves upward in the moving path or the free
range between the front wall 40 and the portioning wall
43. When the upper end of the movable member (float,
detection portion, light blocking portion) 70 reaches the
detection position as shown in Fig. 5B, the detection sig-
nal output from the sensor 103 changes from the High-
level signal to the Low-level signal. Subsequently, refer-
ring to Fig. 5C, the movable member (float, detection
portion, light blocking portion) 70 moves further upward.
When the lower end of the movable member (float, de-
tection portion, light blocking portion) 70 passes the de-
tection position, the detection signal output from the sen-
sor 103 changes from the Low-level signal to the High-
level signal. Referring to Fig. 6A, the movable member
(float, detection portion, light blocking portion) 70 stops
movement when the movable member (float, detection
portion, light blocking portion) 70 contacts a surface de-
fining the ink chamber 36, e.g., the inner surface of the
top wall 39. Alternatively, the movable member (float,
detection portion, light blocking portion) 70 stops move-
ment when a portion of the movable member (float, de-
tection portion, light blocking portion) 70 breaks the sur-
face of ink and is exposed from the surface of ink.
[0041] When a user thinks that the mounting of the ink
cartridge 30 to the cartridge mounting portion 110 has
been completed, the user closes the cover of the car-
tridge mounting portion 110 to cover the opening 112.
Even if the mounting of the ink cartridge 30 to the cartridge
mounting portion 110 has not been completed, the closed
cover contacts and pushes the ink cartridge 30 in the
insertion direction 56 to complete the mounting of the ink
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cartridge 30 to the cartridge mounting portion 110.

[Processes performed by the controller 130]

[0042] The controller 130 is configured to perform the
processes of Fig. 7 when the controller 130 receives the
signal from the cover sensor 108 indicating that the cover
of the cartridge mounting portion 110 is opened and re-
ceives the High-level signal from the sensor 103. In other
words, the processes of Fig. 7 start when the cover of
the cartridge mounting portion 110 is opened to remove
the ink cartridge 30 in an empty state.
[0043] The controller 130 resets a determination-com-
plete flag, i.e., sets the determination complete flag to
"OFF" at step S1. The determination-complete flag indi-
cates whether determination of a transit time (described
later at step S9) has been made. The determination-com-
plete flag is set to "ON" when the determination of the
transit time has been made, and is set to "OFF" when
the determination of the transit time has not been made.
The determination-complete flag is set for each ink car-
tridge 30. The controller 130 stores the determination-
complete flag in the EEPROM 134.
[0044] Subsequently, the controller 130 starts meas-
uring the transit time at step S3 if the detection signal
output from the sensor 103 changes from the High-level
signal to the Low-level signal (step S2: Yes). If the de-
tection signal output from the sensor 103 does not
change from the High-level signal to the Low-level signal
(step S2: No), the controller 130 performs the process of
step S13 (described later). For instance, the situation in
which the detection signal output from the sensor 103
does not change from the High-level signal to the Low-
level signal (step S2: No) corresponds to a situation in
which a new ink cartridge 30 has not been mounted to
the cartridge mounting portion 110.
[0045] Subsequently, the controller 130 determines
whether the elapsed time since the controller 130 starts
measuring the transit time has exceeded a predeter-
mined maximum time at step S4. If the elapsed time has
exceeded the maximum time (step S4: Yes), the control-
ler 130 performs the process of step S6 (described later).
If the elapsed time has not exceeded the maximum time
(step S4: No), the controller 130 determines whether the
detection signal output from the sensor 103 changes from
the Low-level signal to the High-level signal at step S5.
If the detection signal output from the sensor 103 does
not change from the Low-level signal to the High-level
signal (step S5: No), the controller 103 performs the proc-
ess of step S4 again. If the detection signal output from
the sensor 103 changes from the Low-level signal to the
High-level signal (step S5: Yes), the controller 103 de-
termines the transit time. The transit time is a period of
time from when the detection signal output from the sen-
sor 103 changes from the High-level signal to the Low-
level signal (step S2: Yes) to when the detection signal
output from the sensor 103 changes from the Low-level
signal to the High-level signal (step S5: Yes).

[0046] In other words, the controller 130 measures the
transit time from when the Low-level signal as an example
of a first detection signal is output to when the High-level
signal as an example of a second detection signal is out-
put. In other words, the controller 130 measures the du-
ration time during which the sensor 103 outputs the Low-
level signal. In other words, the controller 130 measures
the time required for the movable member (float, detec-
tion portion, light blocking portion) 70 to move from the
position shown in Fig. 5B to the position shown in Fig.
5C. If the elapsed time has exceeded the maximum time
(step S4: Yes), the controller 130 considers the maximum
time as the transit time.
[0047] The situation in which the elapsed time has ex-
ceeded the maximum time (step S4: Yes) corresponds
to a situation in which the movable member (float, detec-
tion portion, light blocking portion) 70 moves very slowly
from the position shown in Fig. 5B to the position shown
in Fig. 5C or stops moving. A reason for the slow move-
ment of the movable member (float, detection portion,
light blocking portion) 70 may be that the viscosity of ink
stored in the ink chamber 36 has become high, or may
be that the movable member (float, detection portion,
light blocking portion) 70 is stuck in the ink chamber 36.
[0048] Subsequently, the controller 130 resets an error
flag, i.e., sets the error flag to "OFF" at step S7. The error
flag is set to "ON" when the transit time is not within a
threshold range (step S9: No). The error flag is set for
each ink cartridge 30. The controller 130 stores the error
flag in the EEPROM 134.
[0049] Subsequently, the controller 130 determines
the threshold range based on the signal output from the
temperature sensor 106 at step S8. The threshold range
is compared with the transit time for estimating the vis-
cosity of ink stored in the ink chamber 36. If the signal
output from the temperature sensor 106 indicates that
the temperature is relatively high, the controller 130 sets
at least one of the upper limit value and the lower limit
value of the threshold range lower. In other words, if the
signal output from the temperature sensor 106 indicates
that the temperature is relatively low, the controller 130
sets at least one of the upper limit value and the lower
limit value of the threshold range higher.
[0050] Subsequently, the controller 130 compares the
transit time determined at step S6 with the threshold
range determined at step S8 and determines whether or
not the transit time is within the threshold range at step
S9. If the transit time is below the lower limit value, it is
estimated that the viscosity of ink is too low. If the transit
time is above the upper limit value, it is estimated that
the viscosity of ink is too high. If the transit time is out of
the threshold range (step S9: No), the controller 130 sets
the error flag to "ON" at step S10. If the transit time is
within the threshold range (step S9: Yes), the controller
130 skips the process of step S10.
[0051] Subsequently, the controller 130 sets the deter-
mination-complete flag to "ON" at step S11, and resets
a near-empty flag, i.e., sets the near-empty flag to "OFF"
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at step S12. The near empty flag is set to "ON" when the
ink cartridge 30 is determined to be in a near empty state
(step S25: Yes). The near empty flag is set for each ink
cartridge 30. The controller 130 stores the near-empty
flag in the EEPROM 134.
[0052] Subsequently, the controller 130 determines
whether or not the cover sensor 108 outputs the signal
indicating that the cover of the cartridge mounting potion
110 is closed at step S13. If it is determined that the cover
is open (step S13: No), the controller 130 repeats the
process of step S2 and the processes that follow step
S2. If it is determined that the cover is closed (step S13:
Yes), the controller 130 determines at step S 14 whether
or not a predetermined period of time has passed since
it is determined that the cover is closed at step S 13.
[0053] If the predetermined period of time has passed
(step S14: Yes), the controller 130 complete the proc-
esses of Fig. 7. If the predetermined period of time has
not passed (step S14: No), the controller 130 repeats the
process of step S2 and the processes that follow step
S2. If the controller 130 determines that the cover of the
cartridge mounting portion 110 is open (step S13: No)
when the controller 130 is repeating the process of step
S2 and the processes that follow step S2, the controller
130 cancels the counting of time it started when it deter-
mined that the cover was closed (step S13: Yes).
[0054] When the mounting of the ink cartridge 30 to
the cartridge mounting portion 110 has been completed
and the cover is closed, the recording head 21 can per-
form image recording. As the recording head 21 ejects
ink and thereby images are recorded, the amount of ink
in the ink chamber 36 decreases. As the amount of ink
in the ink chamber 36 decreases, the surface of ink in
the ink chamber 36 lowers. When a portion of the mov-
able member (float, detection portion, light blocking por-
tion) 70 is exposed from the surface of ink and the surface
of ink lowers, the movable member (float, detection por-
tion, light blocking portion) 70 moves downward in the
moving path or the free range from the position shown
in Fig. 6A. When the lower end of the movable member
(float, detection portion, light blocking portion) 70 reaches
the detection position as shown in Fig. 6B, the detection
signal output from the sensor 103 changes from the High-
level signal to the Low-level signal. When the upper end
of the movable member (float, detection portion, light
blocking portion) 70 passes the detection position as
shown in Fig. 6C, the detection signal output from the
sensor 103 changes from the Low-level signal to the
High-level signal.
[0055] After completing the processes of Fig. 7, the
controller 130 performs the processes of Fig. 8 repeat-
edly at a predetermined interval when the controller 130
receives from the cover sensor 108 the signal indicating
that the cover of the cartridge mounting portion 110 is
closed.
[0056] The controller 130 determines whether the
mount sensor 107 outputs the signal indicating that the
ink cartridge 30 is in the mount position at step S21. If

the mount sensor 107 does not output the signal indicat-
ing that the ink cartridge 30 is in the mount position (step
S21: No), the controller 130 notifies a user that the ink
cartridge 30 is not mounted at step S 30, and completes
the processes of Fig. 8. How to notify a user is not limited
to a specific way, but the controller 130 may have the
display 109 display a message or have a speaker (not
shown) of the printer 10 sound out an audio message.
[0057] If the mount sensor 107 outputs the signal indi-
cating that the ink cartridge 30 is in the mount position
(step S21: Yes), the controller 130 determines whether
the determination-complete flag is set to "ON" at step
S22. If the determination-complete flag is set to "OFF"
(step S22: No), the controller 130 performs the process
of step S31. If the determination-complete flag is set to
"ON" (step S22: Yes), the controller 130 performs the
process of step S23.
[0058] The controller 130 asks a user if he or she has
replaced the ink cartridge 30 at step S31. How to ask a
user is not limited to a specific way, but the controller 130
may have the display 109 display a message or have a
speaker (not shown) sound out an audio message. The
controller 130 then waits for a signal to come from an
input interface (not shown) of the printer 10. For instance,
the input interface is an interface on which a user may
give instructions to the printer 10 by pressing bottoms on
it. If the controller 130 receives from the input interface
a signal indicating that the ink cartridge 30 has been re-
placed (step S31: Yes), the controller 130 performs the
process of step S32.
[0059] If the controller 130 receives from the input in-
terface a signal indicating that the ink cartridge 30 has
not been replaced (step S31: No), the controller 130 sets
the determination-complete flag to "ON" at step S33, and
then performs the process of step S23. The controller
130 determines whether the error flag is set to "ON" at
step S23. If the error flag is set to "ON" (step S23: Yes),
the controller 130 performs the process of step S32.
[0060] The controller 130 notifies a user of information
about the ink cartridge 30 at step S32, and then com-
pletes the process of Fig. 8. If the controller 130 receives
from the input interface the signal indicating that the ink
cartridge 30 has been replaced (step S31: Yes), the con-
troller 130 may notify a user that the replacement of the
ink cartridge 30 has not been recognized at step S32. If
the controller 130 determines that the error flag is set to
"ON" (step S23: Yes), the controller 130 may notify a user
that ink in the ink chamber 36 has deteriorated, or that
the replacement of the ink cartridge 30 is needed. How
to notify a user is not limited to a specific way, but the
controller 130 may have the display 109 display a mes-
sage or have a speaker (not shown) of the printer 10
sound out an audio message.
[0061] If the error flag is set to "OFF" (step S23: No),
the controller 130 performs the process of step S 24. The
controller 130 determines whether the near-empty flag
is set to "ON" at step S24. If the near-empty flag is set
to "OFF" (step S24: No), the controller 130 determines
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whether the sensor 103 outputs the Low-level signal at
step S25.
[0062] If the sensor 103 outputs the High-level signal
(step S25: No), the controller 130 performs the process
of step S28. If the sensor 103 outputs the Low-level signal
(step S25: Yes), the controller 130 sets the near-empty
flag to "ON" at step S26, and then notifies a user that the
ink cartridge 30 is in the near-empty state, i.e., the amount
of ink in the ink chamber 36 is low, i.e., becomes less
than a threshold amount, at step S27. The situation in
which the sensor 103 outputs the Low-level signal at step
S25 may be a situation in which the movable member
(float, detection portion, light blocking portion) 70 is in
the detection position as shown in Fig. 6B. How to notify
a user is not limited to a specific way, but the controller
130 may have the display 109 display a message or have
a speaker (not shown) of the printer 10 sound out an
audio message. Subsequently, the controller 130 per-
forms the process of step S28.
[0063] The controller 130 determines whether it re-
ceives an image-recording instruction at step S28. If the
controller 130 does not receive the image-recording in-
struction (step S28: No), the controller 130 completes
the processes of Fig. 8. If the controller 130 receives the
image-recording instruction (step S28: Yes), the control-
ler 130 directly or indirectly controls the recording head
21, the paper feed roller 23, the conveying roller pair 25,
the discharge roller pair 27, etc. to record an image of a
sheet of recording paper at step S29, and then complete
the processes of Fig. 8. The controller 130 may record
an image on one sheet of recording paper when perform-
ing the process of step S29 once, or the controller 130
may record images corresponding to all the image date
that the controller 130 received when performing the
process of step S29 once.
[0064] If the near-empty flag is set to "ON" (step S24:
Yes), the controller 130 determines whether the sensor
103 outputs the High-level signal at step S34. If the sen-
sor 103 outputs the Low-level signal (step S34: No), the
controller 130 performs the process of step S27. If the
sensor 103 outputs the High-level signal (step S34: Yes),
the controller 130 notifies a user that the ink cartridge 30
is in the empty state, i.e., the amount of ink in the ink
chamber 36 is zero or almost zero, at step S 35, and then
completes the processes of Fig. 8. The situation in which
the sensor 103 outputs the High-level signal at step S34
may be a situation in which the movable member (float,
detection portion, light blocking portion) 70 is in the po-
sition as shown in Fig. 6C. How to notify a user is not
limited to a specific way, but the controller 130 may have
the display 109 display a message or have a speaker
(not shown) of the printer 10 sound out an audio mes-
sage.
[0065] If the error flag is set to "ON" (step S23: Yes),
the controller 130 does not perform the process of step
S29, i.e., the image-recording process. In other words,
the controller 130 skips step S29 and thereby restricts
the consumption of ink by the recording head 21.

[Advantages]

[0066] According to the above-described embodiment,
when the operation portion 82 moves from the first posi-
tion to the second position, the movable member (float,
detection portion, light blocking portion) 70 moves up
within ink. The movable member (float, detection portion,
light blocking portion) 70 moves up against viscous and
inertial resistances caused by ink, different from when it
floats on the surface of ink and moves down as the sur-
face of ink lowers. As a result, the velocity of the movable
member (float, detection portion, light blocking portion)
70 moving upward depends on the viscosity of ink in the
ink chamber 36. By measuring the transit time required
for movable member (float, detection portion, light block-
ing portion) 70 to pass the detection position, the viscosity
of ink in the ink chamber 36 can be estimated, e.g. wheth-
er the viscosity of ink is within a certain range or not can
be estimated. That is, since the distance from the position
of the movable member (float, detection portion, light
blocking portion) 70 shown in Fig. 5B to the position of
the movable member (float, detection portion, light block-
ing portion) 70 shown in Fig. 5C is a predetermined con-
stant distance between two points, the velocity of the
movable member (float, detection portion, light blocking
portion) 70 can be specified by measuring the time re-
quired for movable member (float, detection portion, light
blocking portion) 70 to move between the two points. The
transit time is an example of a physical quantity, based
on which the velocity of the movable member (float, de-
tection portion, light blocking portion) 70 can be specified.
Nevertheless, the example of the physical quantity is not
limited to the transit time. Another example of the physical
quantity may be a distance the movable member (float,
detection portion, light blocking portion) 70 moves during
a predetermined period of time.
[0067] According to the above-described embodiment,
the viscosity of ink can be estimated at a time when the
mounting of the ink cartridge 30 to the cartridge mounting
portion 110 is completed. Therefore, the degree of dete-
rioration of ink can be estimated by calculating the transit
time even when the ink cartridge 30 has not been mount-
ed to the printer 10 and been unused for a long time.
Moreover, if a plurality of ink cartridges 30 storing inks
having different viscosities are configured to be mounted
to the same cartridge mounting portion 110, it is possible
to determine which ink cartridge 30 is mounted by calcu-
lating the transit time.
[0068] According to the above-described embodiment,
when the transit time is out of the threshold range (step
S9: No), the controller 130 restricts the performance of
the recording head 29, i.e., skips step S29. Therefore, a
trouble of the recording head 21 which may be caused
by an unusual viscosity of ink can be prevented. Never-
theless, it is not always necessary to skip step S29. In
another embodiment, if the error flag is "ON" (step S23:
Yes), the process of step S32 notifying a user of the in-
formation about the ink cartridge 30 may be performed,
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but the controller 130 may let the user decide whether
image recording should be performed. In such a case,
the processes performed by the controller 130 may be
different from the ones of Figs. 7 and 8, but the descrip-
tion thereof is omitted here.
[0069] Moreover, in another embodiment, if the error
flag is "ON" (step S23: Yes), steps S24 to S29 may not
be skipped, but the controller 130 may control the head
control board 21A, such that the driving voltages applied
to the piezoelectric actuators 29A are adjusted at step S
29. More specifically, the controller 130 outputs different
control signals to the head control board 21A, such that
the driving voltages applied to the piezoelectric actuators
29A are adjusted for the amounts of ink ejected from the
nozzles 29 to be the same amount between when the
transit time is within the threshold range and when the
transit time is out of the threshold range. That is, when
the transit time is below the lower limit value of the thresh-
old range (it is estimated that the viscosity of ink is too
low), the driving voltages are made smaller than the driv-
ing voltages when the transit time is within the threshold
range. When the transit time is above the upper limit value
of the threshold range (it is estimated that the viscosity
of ink is too high), the driving voltages are made larger
than the driving voltages when the transit time is within
the threshold range. In this case, if a plurality of ink car-
tridges 30 storing inks having different viscosities is con-
figured to be mounted to the same cartridge mounting
portion 110, it is possible to drive the piezoelectric actu-
ators 29A with suitable voltages according to types of
ink. The actuators may not be limited to the piezoelectric
actuators 29A, but may be thermal-type actuators, which
ejects ink from the nozzles 29 by applying heat to ink and
thereby generating bubbles in ink.
[0070] In addition to controlling the head control board
21A, such that the driving voltages applied to the piezo-
electric actuators 29A are adjusted, the controller 130
may control a purge operation, in which ink is forcedly
discharged from the nozzles 29 of the recording head
21. For instance, if the controller 130 determines that the
error flag is set to "ON"(step S23: Yes), the controller 130
may control the purge operation, such that ink is dis-
charged with more pressure applied thereto than if the
controller 130 determines that the error flag is set to
"OFF" (step S23: No). More specifically, when ink is dis-
charged from the nozzles 29 of the recording head 21 by
a suction pump, the controller 130 may control the suction
pump, such that the suction pump sucks ink with more
suction pressure if the error flag is set to "ON." With this
control, air bubbles or thickened ink in the recording head
21 can be reliably discharged by the purge operation
even if the viscosity of ink is high, and ink can be reliably
supplied from the ink tube 20 to the recording head 21.
[0071] In the above-described embodiment, both of the
upper limit value and the lower limit value of the threshold
range are specified. Nevertheless, in another embodi-
ment, at least one of the upper limit value and the lower
limit value of the threshold range is specified.

[0072] According to the above-described embodiment,
the movable member (float, detection portion, light block-
ing portion) 70 moves up toward the surface of ink with
the buoyancy acting thereon, and moves down as ink in
the ink chamber 36 is consumed and the surface of ink
lowers. When the movable member (float, detection por-
tion, light blocking portion) 70 moves down and reaches
the detection position again, the near-empty state and
the empty state can be determined. Nevertheless, the
process for determining the near-empty state and the
empty state (steps S12, S24 to S27, S34, and S35) are
not always necessary, but can be removed from the proc-
esses of Figs 7 and 8.
[0073] The viscosity of ink changes when the surround-
ing temperature changes. When the temperature is high,
the viscosity is low. When the temperature is low, the
viscosity is high. The controller 130 may control the head
control board 21A, such that the driving voltages applied
to the piezoelectric actuators 29A are adjusted based on
the temperature. More specifically, when the tempera-
ture is high, the controller 130 outputs control signals to
the head control board 21A, such that low driving voltages
are applied to the piezoelectric actuators 29A. When the
temperature is low, the controller 130 outputs control sig-
nals to the head control board 21A, such that high driving
voltages are applied to the piezoelectric actuators 29A.
There is an optimum threshold range of the viscosity of
ink, corresponding to the driving voltages applied to the
piezoelectric actuators 29A which are determined by the
temperature. In other word, it is preferable to set the
threshold range of the viscosity of ink based on the tem-
perature. Therefore, according to the above-described
embodiment, the controller 130 determines the threshold
range based on the temperature at step S8. How to de-
termine the threshold range is not limited to a specific
way, but the controller 130 may select one suitable
threshold range based on the temperature out of a plu-
rality of threshold ranges stored in the ROM 132, or may
calculate the upper limit value and/or the lower limit value
of the threshold range as a function of the temperature
value. Nevertheless, step S8 for determining the thresh-
old range based on the temperature may be removed,
and a fixed threshold range can be used at step S9, when,
for example, the driving voltages applied to the piezoe-
lectric actuators 29A are not adjusted based on the tem-
perature.
[0074] According to the above-described embodiment,
the sensor 103 is an optical sensor, but the sensor 103
is not limited to an optical sensor. The sensor 130 may
be a magnetic sensor such as a Hall effect sensor, which
is configured to output different signals based on mag-
netic flux density generated by the detection portion 70
which may comprise magnet. Moreover, the sensor 130
may be any other known sensor.
[0075] According to the above-described embodiment,
the controller 130 stores the determination-complete
flag, the error flag, and the near-empty flag in the EEP-
ROM 134, but the controller 130 may store one or all of
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the flags in a memory of an IC chip (not shown) mounted
on the ink cartridge 30. According to the above-described
embodiment, the controller 130 comprises the CPU 131
and the ASIC 135, but the controller 130 may not com-
prise the ASIC 135 and the CPU 131 may perform all the
processes of Figs. 7 and 8 by reading out a program
stored in the ROM 132. On the contrary, the controller
130 may not comprise the CPU 131, and may comprise
hardware only, such as the ASIC 135 or FPGA. Moreo-
ver, the controller 130 may comprise a plurality of CPUs
131 and/or a plurality of ASICs 135.
[0076] According to the above-described embodiment,
the operation portion 82 is moved by the hollow tube 102
contacting and pushing the operation portion 82, but how
to move the operation portion 82 is not limited thereto.
For instance, in another embodiment, the ink cartridge
30 may comprise a valve configured to selectively open
and close the ink supply opening 61. The valve and the
restriction member 80 may be different and separate
members. The valve may be moved by the hollow tube
102 contacting and pushing the valve. The operation por-
tion 82 may be moved by a member, which is different
from the hollow tube 102, contacting and pushing the
operation portion 82.
[0077] Moreover, in another embodiment, the opera-
tion portion 82 may extend out of the ink cartridge 30,
such that when the ink cartridge 30 is mounted to the
cartridge mounting portion 110, the extended portion of
the operation portion 82 may contact the end surface of
the case 101 of the cartridge mounting potion 110, and
thereby the operation portion 82 moves from the first po-
sition to the second position. Nevertheless, in such a
case, a user may accidentally touch the extended portion
of the operation portion 82 and the movable member 70
may be released at an unintended timing. Therefore, it
is preferable (but not limited to) that the operation portion
82 is positioned within the ink cartridge 30, e.g., posi-
tioned within the frame 31.
[0078] According to the above-described embodiment,
the movement of the movable member (float, detection
portion, light blocking portion) 70 is restricted by the en-
gagement between the protrusion 84 of the restriction
portion 81 and the recessed portion 71 of the movable
member (float, detection portion, light blocking portion)
70, but how to restrict the movement of the movable
member (float, detection portion, light blocking portion)
70 is not limited thereto.

<First modified embodiment>

[0079] Referring to Fig. 9, an ink cartridge 30 according
to a first modified embodiment is described. The descrip-
tions of the parts which are common between the above-
described embodiment and the first modified embodi-
ment may be omitted, but the parts of the first modified
embodiment which are different from the parts of the
above-described embodiment are described. Similarly,
the descriptions of the parts which are common among

the above-described embodiment, the first modified em-
bodiment, and the later-described further modified em-
bodiments may be omitted if they are once described.
Moreover, the parts of the above-described embodiment,
the first modified embodiment, and the later-described
further modified embodiments can be arbitrarily com-
bined as long as the object of the invention is achieved.
[0080] In the ink cartridge 30 according to the first mod-
ified embodiment, the movable member (float, detection
portion, light blocking portion) 70 is connected to the re-
striction portion 81 when the operation portion 82 is ini-
tially positioned in the first position. When the operation
portion 82 moves from the first position to the second
position, the connected portion between the movable
member (float, detection portion, light blocking portion)
70 and the restriction portion 81 are broken. Therefore,
when the operation portion 82 is in the second position,
the movable member (float, detection portion, light block-
ing portion) 70 is disconnected from the restriction portion
81. How to connect the movable member (float, detection
portion, light blocking portion) 70 to the restriction portion
81 is not limited to a specific way, but the movable mem-
ber (float, detection portion, light blocking portion) 70 may
be bonded to the restriction portion 81 with adhesive, or
the movable member (float, detection portion, light block-
ing portion) 70 and the restriction member 80 may be
integrally molded. Preferably, the strength of the con-
nected portion between the movable member (float, de-
tection portion, light blocking portion) 70 and the restric-
tion portion 81 is strong enough not to be broken by vi-
bration or shock the ink cartridge 30 receives when it is
transported, but is weak enough not to make the mount-
ing of the ink cartridge 30 to the cartridge mounting por-
tion 110 difficult.
[0081] In the above-described embodiment and the
first modified embodiment, the transit time is measured
between when the upper end of the movable member
(float, detection portion, light blocking portion) 70 reaches
the detection position to when the lower end of the mov-
able member (float, detection portion, light blocking por-
tion) 70 passes the detection position. The position and
the velocity of the movable member (float, detection por-
tion, light blocking portion) 70 can be unstable right after
the movable member (float, detection portion, light block-
ing portion) 70 is released. According to the above-de-
scribed embodiment and the first modified embodiment,
the transit time is measured after the position and the
velocity of the movable member (float, detection portion,
light blocking portion) 70 are stabilized. Therefore, the
viscosity of ink can be estimated more accurately. How-
ever, how to measure the transit time is not limited to the
way described in the above-described embodiment and
the first modified embodiment, but the transit time may
be measured between when the movable member (float,
detection portion, light blocking portion) 70 is released
and to when movable member (float, detection portion,
light blocking portion) 70 reaches the detection position.
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<Second modified embodiment>

[0082] Referring to Figs. 10A and 10B, an ink cartridge
30 and a cartridge mounting portion 110 according to a
second modified embodiment are described. The con-
troller 130 determines that the movable member (float,
detection portion, light blocking portion) 70 is released
from the restriction portion 81 when the mount sensor
107 outputs the signal indicating that the ink cartridge 30
is in the mount position. In other words, the controller 130
determines that the movable member (float, detection
portion, light blocking portion) 70 is released from the
restriction portion 81 at a timing when the detection signal
output from the mount sensor 107 changes from the sig-
nal indicating that the ink cartridge 30 is not in the mount
position to the signal indicating that the ink cartridge 30
is in the mount position.
[0083] The timing when the movable member (float,
detection portion, light blocking portion) 70 is released
from the restriction portion 81 and the timing when the
mount sensor 107 outputs the signal indicating that the
ink cartridge 30 is in the mount position are the same or
close. Therefore, the latter timing is presumed as the
former timing. The controller 130 measures, as the transit
time, a time from when the movable member (float, de-
tection portion, light blocking portion) 70 is released from
the restriction portion 81 to when the sensor 103 outputs
the Low-level signal.
[0084] More specifically, in this second modified em-
bodiment, the controller 130 determines whether the de-
tection signal output from the mount sensor 107 changes
from the signal indicating that the ink cartridge 30 is not
in the mount position to the signal indicating that the ink
cartridge 30 is in the mount position at step S2 in the
flowchart of Fig. 7. Moreover, the controller 130 deter-
mines whether the detection signal output from the sen-
sor 103 changes from the High-level signal to the Low-
level signal at step S5 in the flowchart of Fig. 7.
[0085] That is, the controller 130 measures a time re-
quired for the movable member (float, detection portion,
light blocking portion) 70 to move from the position shown
in Fig. 10A to the position shown in Fig. 10B. Strictly
speaking, because the above-described presumption
about the timing is made, the controller 130 measures a
time required for the movable member (float, detection
portion, light blocking portion) 70 to move from a position
when the ink cartridge 30 reaches the mount position to
the position shown in Fig. 10B. The controller 130 meas-
ures a time required for movable member (float, detection
portion, light blocking portion) 70 to move between two
points in the moving path.
[0086] In the above-described embodiment, the first
modified embodiment, and the second modified embod-
iment, the hollow tube 102 is used to have the restriction
member 80 release the movable member (float, detection
portion, light blocking portion) 70. Nevertheless, the hol-
low tube 102 is just an example of what causes the re-
lease of the movable member (float, detection portion,

light blocking portion) 70.

<Third modified embodiment>

[0087] Referring to Figs. 11A and 11B, an ink cartridge
30 and a cartridge mounting portion 110 according to a
third modified embodiment are described. The ink car-
tridge 30 comprises a gas bag 85 positioned in the front
wall 40. The gas bag 85 is penetrated through the front
wall 40 in the depth direction 53. The gas bag 85 is filled
with gas and bulges into the ink chamber 36. The state
of the gas bag 85 is called a bulging state. The gas bag
85 in the bulging state contacts the upper end of the mov-
able member (float, detection portion, light blocking por-
tion) 70 and thereby functions as a restriction member
restricting the movement of the movable member (float,
detection portion, light blocking portion) 70. The restric-
tion portion 81 and the connection portion 83 are omitted
in the ink cartridge 30 according to the third modified
embodiment, and the operation portion 82 is replaced
with a valve configured to selectively open and close the
ink supply opening 61. The coil spring 49 is configured
to bias the valve, such that the valve closes the ink supply
opening 61.
[0088] The cartridge mounting portion 110 according
to the third modified embodiment comprises a gas ex-
traction tube 113 extending from the end surface in the
removal direction 55. The gas extraction tube 113 is po-
sitioned so as to face the gas bag 85. When the ink car-
tridge 30 is mounted to the cartridge mounting portion
110, the gas extraction tube 113 penetrates through the
gas bag 85 and the tip end of the extraction tube 113
reaches the inside of the gas bag 85. When this occurs,
the gas inside the gas bag 85 is discharged through the
gas extraction tube 113, and the gas bag 85 contracts.
The state of the gas bag 85 is called a contracted state.
Therefore, the amount of gas in the gas bag 85 when the
gas bag 85 is in the contracted state is less than the
amount of gas in the gas bag 85 when the gas bag 85 is
in the bulging state. The gas bag 85 in the contracted
state does not contact the movable member (float, de-
tection portion, light blocking portion) 70 and releases
the movable member (float, detection portion, light block-
ing portion) 70.
[0089] When the gas extraction tube 113 penetrates
through the gas bag 85 is not limited to when the ink
cartridge 30 is mounted to the cartridge mounting portion
110. In another embodiment, the timing when the ink car-
tridge 30 is mounted to the cartridge mounting portion
110 and the timing when the movable member (float,
detection portion, light blocking portion) 70 is released
may not be the same. For instance, in another embodi-
ment, the gas extraction tube 113 may be retracted from
the end surface, and the controller 130 may drive a motor
(not shown) to move the gas extraction tube 113 out of
the end surface into the gas bag 85 after the mounting
of the ink cartridge 30 to the cartridge mounting portion
110 is completed. In another embodiment, the gas bag
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85 may not be positioned in the front wall 40, but may be
positioned in another wall of the frame 31.

<Fourth modified embodiment>

[0090] Referring to Figs. 12 A and 12B, an ink car-
tridge 30 and a cartridge mounting portion 110 according
to a fourth modified embodiment are described. The ink
cartridge 30 according to the fourth modified embodiment
comprises a movable member 70A instead of the mov-
able member (float, detection portion, light blocking por-
tion) 70. In this fourth modified embodiment, the movable
member 70A comprises a detection portion and a float,
and the movable member 70A, the detection portion and
the float are one and the same member, similarly to the
above-described embodiment. The movable member
(float, detection portion) 70A also comprises a light block-
ing portion, similarly to the above-described embodi-
ment, but also comprises a light passing portion. More
specifically, the light blocking portion comprises a plural-
ity of light blocking portions and the light passing portion
comprises at least one light passing portion. The plurality
of light blocking portions and the at least one light passing
portion are positioned alternately in the moving direction
of the movable member (float, detection portion) 70A. In
this fourth modified embodiment, the moving direction is
the height direction 52. In other words, each one of the
at least one light passing portion is positioned between
two of the plurality of light blocking portions in the moving
direction of the movable member (float, detection portion)
70A. In this fourth modified embodiment, the light passing
portion is a slit formed between the light blocking portions.
The slit is formed though the movable member (float,
detection portion) 70A in the direction in which the light
emitting portion 104 and the light receiving portion 105
are aligned, i.e., in the width direction 51. The slit allows
the light emitted from the light emitting portion 104 to
pass therethrough in the width direction 51.
[0091] Referring to Fig. 12A, when the slit is in the
detection position, the sensor 103 outputs the High-level
signal. Referring to Fig. 12B, when the light blocking por-
tion is in the detection position, the sensor 103 outputs
the Low-level signal. Different types of ink cartridges 30
have different dimensions of the slits in the moving di-
rection (the height direction 52), different number of slits,
different dimensions of the light blocking portions in the
moving direction (the height direction 52), and/or different
number of light blocking portions. For instance, one ink
cartridge 30 may have one slit and another ink cartridge
30 may have two slits. In addition or alternatively, one
ink cartridge 30 may have a longer slit and another ink
cartridge 30 may have a shorter slit. Therefore, the sen-
sor 103 outputs different patterns of detection signals or
different combinations of detection signals depending on
which types of ink cartridges 30 are mounted to the car-
tridge mounting portion 110. The controller 130 deter-
mines a type of ink cartridge 30 based on a pattern or
combination of detections signals output from the sensor

103 when the movable member (float, detection portion)
70A passes the detection position. The light passing por-
tion may not be limited to a slit. For instance, in another
embodiment, the light passing portion may be a trans-
parent synthetic resin.

<Fifth modified embodiment>

[0092] Referring to Figs. 13A to 13C, an ink cartridge
30 and a cartridge mounting portion 110 according to a
fifth modified embodiment are described. The ink car-
tridge 30 according to the fifth modified embodiment com-
prises a movable member 70B instead of the movable
member (float, detection portion, light blocking portion)
70. The movable member 70B comprises a detection por-
tion and an anchor. In this description, when it is de-
scribed that a movable member comprises a detection
portion and an anchor it at least means that the movable
member comprises the detection portion and the anchor
as portions of the movable member, or that the movable
member comprises the detection portion and the anchor
as the entirety of the movable member. In this fifth mod-
ified embodiment, the movable member 70B, the detec-
tion portion, and the anchor are one and the same mem-
ber. The movable member (anchor, detection portion)
70B has a specific gravity which is greater than the spe-
cific gravity of ink stored in the ink chamber 36. When
the movable member (anchor, detection portion) 70B is
released from the restriction portion 81, the movable
member (anchor, detection portion) 70B moves down-
ward due to the gravity acting on the movable member
(anchor, detection portion) 70B in a free range within the
ink chamber 36. The movable member (anchor, detection
portion) 70B comprises a light blocking portion. In this
fifth modified embodiment, the movable member (an-
chor, detection portion) 70B comprises the light blocking
portion as its entirety. That is, the movable member 70B,
the detection portion, the anchor, and the light blocking
portion are one and the same member. The movable
member (anchor, detection portion, light blocking por-
tion) 70B is configured to block the light emitted by the
light emitting portion 104 of the sensor 103, similarly to
the above-described embodiment. The movable member
(anchor, detection portion, light blocking portion) 70B
comprises the recessed portion 71 at its wall surface fac-
ing the removal direction 55, similarly to the above-de-
scribed embodiment.
[0093] In this fifth modified embodiment, the restriction
member 80 comprises a restriction portion 81A instead
of the restriction portion 81. The restriction portion 81A
has a longer dimension than the restriction portion 81 in
the height direction 52. The restriction portion 81A ex-
tends up to a position adjacent to the top wall 39. When
the operation portion 82 is in the first position, the pro-
trusion 84 engages with the recessed portion 71 of the
movable member (anchor, detection portion, light block-
ing portion) 70B, such that the movement of the movable
member (anchor, detection portion, light blocking por-
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tion) 70B is restricted within a restricted range. The mov-
able member (anchor, detection portion, light blocking
portion) 70B may be made completely immovable by the
restriction portion 81. In such a case, the restricted range
is zero. The movable member (anchor, detection portion,
light blocking portion) 70B may slightly move within the
restricted range to the extent that the dimensional errors
of the protrusion 84 and the recessed portion 71 allow.
The movable member (anchor, detection portion, light
blocking portion) 70B may move within the restricted
range as long as movable member (anchor, detection
portion, light blocking portion) 70B does not reach the
detection position. The restricted range is positioned
above the detection position.
[0094] When the operation portion 82 is in the second
position, the protrusion 84 is positioned away from the
recessed portion 71 and thereby the restriction portion
81A releases the movable member (anchor, detection
portion, light blocking portion) 70B, such that the movable
member (anchor, detection portion, light blocking por-
tion) 70B is positioned in the free range which is below
the restricted range. The detection position is in the free
range.
[0095] Referring to Figs. 13A to 13C, when the hollow
tube 102 is inserted into the ink supply portion 60 through
the ink supply opening 61 and pushes the operation por-
tion 82 in the removal direction 55 against the biasing
force of the coil spring 49, the operation portion 82 moves
from the first position to the second position. As a result,
the movable member (anchor, detection portion, light
blocking portion) 70B is released. The movable member
(anchor, detection portion, light blocking portion) 70B re-
leased from the restriction portion 81A moves downward
in the free range. When the lower end of the movable
member (anchor, detection portion, light blocking por-
tion) 70B reaches the detection position as shown in Fig.
13B, the detection signal output from the sensor 103
changes from the High-level signal to the Low-level sig-
nal. Subsequently, referring to Fig. 13C, the movable
member (anchor, detection portion, light blocking por-
tion) 70B moves further downward. When the upper end
of the movable member (anchor, detection portion, light
blocking portion) 70B passes the detection position, the
detection signal output from the sensor 103 changes from
the Low-level signal to the High-level signal.
[0096] Similarly to the first modified embodiment, the
movable member (anchor, detection portion, light block-
ing portion) 70B may be connected to the restriction por-
tion 81A when the operation portion 82 is initially posi-
tioned in the first position. When the operation portion 82
moves from the first position to the second position, the
connected portion between the movable member (an-
chor, detection portion, light blocking portion) 70B may
be broken. Therefore, when the operation portion 82 is
in the second position, the movable member (anchor,
detection portion, light blocking portion) 70B may be dis-
connected from the restriction portion 81A.

<Sixth modified embodiment>

[0097] Referring to Figs. 14A to 14B, an ink cartridge
30 and a cartridge mounting portion 110 according to a
sixth modified embodiment are described. The ink car-
tridge 30 according to this sixth modified embodiment
comprises a movable member 70C. The movable mem-
ber 70C comprises a detection portion, an anchor, and
a light blocking portion. The movable member 70C, the
detection portion, the anchor and the light blocking por-
tion are one and the same member, similarly to the fifth
modified embodiment.
[0098] In this sixth modified embodiment, the restric-
tion member 80 comprises a restriction portion 81B in-
stead of the restriction portion 81 and a connection por-
tion 83A instead of the connection portion 83. The con-
nection portion 83A has a longer dimension than the con-
nection portion 83 in the depth direction 53. The connec-
tion portion 83A extends to a position closer to the rear
wall 41 than to the front wall 40. The restriction portion
81B comprises a first portion extending upward in the
height direction 52 from the rear end of the connection
portion 83A and a second portion extending frontward in
the depth direction 53 from the upper end of the first por-
tion of the restriction portion 81B. The second portion of
the restriction portion 81B comprises a small protrusion
extending upward from the front end thereof.
[0099] In this sixth modified embodiment, the frame 31
comprises a restriction wall 45 extending from the inner
face of the right wall 38 toward the film 44 in the width
direction 51. The frame 31 also comprises a guide wall
46 extending from the inner face of the right wall 38 to-
ward the film 44 in the width direction 51. The upper sur-
face of the guide wall 46 is a guide surface 47 extending
forward and downward.
[0100] The movable member (anchor, detection por-
tion, light blocking portion) 70C has a circular contour in
a cross-section along the insertion-removal direction and
the vertical direction. For instance, the movable member
(anchor, detection portion, light blocking portion) 70C
may have a spherical shape, a circular cylindrical shape,
or a circular cylindrical tube shape.
[0101] Referring to Fig. 14A, when the operation por-
tion 82 is in the first position, the movable member (an-
chor, detection portion, light blocking portion) 70C is po-
sitioned on the second portion of the restriction portion
81B, such that the movement of the movable member
(anchor, detection portion, light blocking portion) 70C is
restricted within a restricted range between the restriction
wall 45 and the small protrusion extending upward from
the front end of the second portion of the restriction por-
tion 81B.
[0102] Referring to Fig. 14B, when the operation por-
tion 82 is moved from the first position to the second
position by the hollow tube 102, the restriction portion
81B moves in the removal direction 55 relative to the
frame 31, but the movable member (anchor, detection
portion, light blocking portion) 70C cannot move in the
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removal direction 55 relative to the frame 31 because the
restriction wall 45 contacts the movable member (anchor,
detection portion, light blocking portion) 70C. Therefore,
the movable member (anchor, detection portion, light
blocking portion) 70C climbs over the small protrusion of
the second portion of the restriction portion 81 B, and
subsequently rolls down on the guide surface 47 in a free
range below the restricted range. As a result, the movable
member (anchor, detection portion, light blocking por-
tion) 70C reaches the detection position. A transit time
between when the movable member (anchor, detection
portion, light blocking portion) 70C is released to when
the sensor 103 outputs the Low-level signal is measured,
similarly to the second modified embodiment.

<Seventh modified embodiment>

[0103] Referring to Figs. 15A to 15C, an ink cartridge
30 and a cartridge mounting portion 110 according to a
seventh modified embodiment are described. The ink
cartridge 30 comprises an air communication portion 65
configured to bring the ink chamber 36 into fluid commu-
nication with the atmosphere outside the ink cartridge
30. The air communication portion 65 is positioned above
the ink supply portion 60 and the sensor 103 and extends
from the front outer face of the front wall 40 of the frame
31 in the insertion direction 56. For instance, the air com-
munication portion 65 may have a cylindrical shape. The
air communication portion 65 has a proximal end at the
front wall 40 and a distal end opposite the proximal end.
The air communication portion 65 has an air communi-
cation opening 66 formed at the distal end. The air com-
munication portion 65 has an inner space and the inner
space can be in fluid communication with the exterior of
the ink cartridge 30 via the air communication opening
66. The inner space of the air communication portion 65
is in fluid communication with the inner space of the frame
31, i.e., the ink chamber, at the proximal-end side. The
ink chamber 36 can be in fluid communication with the
exterior of the ink cartridge 30 via the air communication
portion 65. In this description, when it is described that
the air communication opening 66 is provided at the front
wall 40, it at least means that the air communication open-
ing 66 penetrates through the front wall 40, or that the
air communication opening 66 is provided at the distal
end of the air communication portion 65 extending from
the front wall 40 in the insertion direction 56, or that the
air communication opening 66 is provided at a distal end
of an protrusion extending from the front wall 40 in the
removal direction 55.
[0104] In this seventh modified embodiment, the ink
cartridge 30 comprises a movable member 70D instead
of the movable member 70. The movable member 70D
comprises a detection portion 73 and a float 72. In this
seventh modified embodiment, the movable member
70D comprises the detection portion 73 at a first end of
the movable member 70D and the float 72 at a second
end of the movable member 70D. The detection portion

73 is positioned closer to the front wall 40 than the float
72 is. The float 72 has a specific gravity which is less
than the specific gravity of ink stored in the ink chamber
36, similarly to the above-described embodiment. The
ink cartridge 30 comprises a shaft 74 extending from the
inner face of the right wall 38 toward the film 44 in the
width direction 51. The movable member 70D is pivotally
supported by the shaft 74 at a position between the de-
tection portion 73 and the float 72. The movable member
70D is configured to pivot about a pivot axis, e.g. about
the shaft 74, in the clockwise direction and counter-clock-
wise direction in Figs. 15A to 15C. The detection portion
73 comprises the recessed portion 71 at its wall surface
facing the removal direction 55, similarly to the above-
described embodiment.
[0105] The detection portion 73 comprises a light
blocking portion, similarly to the above-described em-
bodiment, configured to block the light emitted by the
light emitting portion 104 of the sensor 103.
[0106] The ink cartridge 30 comprises a restriction
member 90, and the restriction member 90 comprises a
restriction portion 91, an operation portion 92, and a con-
nection portion 93 connected to the restriction portion 91
and the operation portion 92. The operation portion 92
extends upward from a front end of the connection portion
93 which extends in the depth direction 53. The operation
portion 92 comprises a front surface facing in the insertion
direction 56, and the front surface of the operation portion
92 faces the air communication opening 66 of the air
communication portion 65 in the depth direction 53. The
operation portion 92 is movable between a first position
as shown in Fig 15A and a second position as shown in
Fig. 15B. The second position is closer to the rear outer
face of the rear wall 41 than the first position is. When
the operation portion 92 is in the first position, the oper-
ation portion 92 contacts a wall surrounding the air com-
munication opening 66 and thereby closes the air com-
munication opening 66. When the operation portion 92
is in the second position, the operation portion 92 is po-
sitioned away from the wall surrounding the air commu-
nication opening 66 and thereby opens the air commu-
nication opening 66. The operation portion 92 is operable
from the exterior of the ink cartridge 30. In this seventh
modified embodiment, the operation portion 92 is oper-
able by a longitudinal object, e.g., a rod 114, via the air
communication opening 66. When the rod 114 is inserted
into the air communication portion 65 through the air com-
munication opening 66, the rod 114 pushes the operation
portion 92 from the first position to the second position
in the removal direction 55.
[0107] The restriction portion 91 extends downward
from a rear end of the connection portion 93. The restric-
tion portion 91 comprises a front surface facing in the
insertion direction 56 and a protrusion 94 extending from
the front surface in the insertion direction 56. When the
operation portion 92 is in the first position, the protrusion
94 engages with the recessed portion 71 of the detection
portion (light blocking portion) 73, such that the move-
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ment of the float 72 is restricted within a restricted range.
When the float 72 is in the restricted range, the float 72
is submerged in ink.
[0108] When the operation portion 92 is in the second
position, the protrusion 94 is positioned away from the
recessed portion 71 and thereby the restriction portion
91 releases the movable member 70D, such that the float
72 is positioned in a free range which is above the re-
stricted range.
[0109] The ink cartridge 30 further comprises a coil
spring 48. The coil spring 48 has a first end contacting a
surface of the frame 31 facing in the insertion direction
56 in the ink chamber 36 and a second end contacting a
rear surface of the operation portion 92 facing in the re-
moval direction 55. The coil spring 48 is configured to
bias the operation portion 92 in the insertion direction 56
into the first position. The coil spring 48 is an example of
a biasing member and can be replaced with a leaf spring,
resin spring, etc.
[0110] In this seventh modified embodiment, the re-
striction portion 81 and the connection portion 83 are
omitted, and the operation portion 82 is replaced with a
valve configured to selectively open and close the ink
supply opening 61. The coil spring 49 is configured to
bias the valve, such that the valve closes the ink supply
opening 61, similarly to the third modified embodiment.
[0111] In this seventh modified embodiment, the car-
tridge mounting portion 110 comprises the rod 114 ex-
tending from the end surface of the case 101 in the re-
moval direction 55. The rod 114 is positioned in a position
corresponding to the air communication portion 65. Dur-
ing the insertion of the ink cartridge 30 into the cartridge
mounting portion 110, the rod 114 enters the air commu-
nication portion 65 via the air communication opening 66
and pushes the operation portion 92 in the removal di-
rection 55 from the first position to the second position.
When this occurs, the movable member 70D is released,
and the ink chamber 36 is brought into fluid communica-
tion with the atmosphere.
[0112] When the movable member 70D is released,
the movable member 70D pivots about the shaft 74 in
the clockwise direction from the position shown in Fig.
15A to the position shown in Fig. 15C via the position
shown in Fig. 15B. More specifically, the float 72 moves
upward in the free range, and the detection portion (light
blocking portion) 73 moves downward. After this occurs,
as the ink stored in the ink chamber 36 is consumed, the
surface of the ink lowers and the movable member 70D
pivots about the shaft 74 in the counter-clockwise from
the position shown in Fig. 15C to the position shown in
Fig. 15A (nevertheless, the restriction portion 91 does
not contact the recessed portion 71) via the position
shown in Fig. 15B. More specifically, the float 72 moves
downward in the free range following the lowering surface
of ink, and the detection portion (light blocking portion)
73 moves upward.
[0113] The controller 130 performs the processes of
Fig. 7 when the movable member 70D pivots about the

shaft 74 in the clockwise direction from the position
shown in Fig. 15A to the position shown in Fig. 15C via
the position shown in Fig. 15B. The controller 130 per-
forms the processes of Fig. 8 when the movable member
pivots about the shaft 74 in the counter-clockwise from
the position shown in Fig. 15C to the position shown in
Fig. 15A (nevertheless, the restriction portion 91 does
not contact the recessed portion 71) via the position
shown in Fig. 15B

<Eighth modified embodiment>

[0114] Referring to Figs. 16A to 16C, an ink cartridge
30 and a cartridge mounting portion 110 according to an
eight modified embodiment are described. The differ-
ence between this eighth modified embodiment and the
above-describe embodiment is that the ink cartridge 30
of this eighth modified embodiment comprises the mov-
able member 70B of the fifth modified embodiment in-
stead of the movable member 70 and also comprises a
biasing member, e.g., a coil spring 86 disposed between
the connection portion 83 and the movable member 70B.
Referring to Fig. 16A, when the movement of the mov-
able member (anchor, detection portion, light blocking
portion) 70B is restricted by the restriction portion 81 with-
in a restricted range, the coil spring 86 biases the mov-
able member (anchor, detection portion, light blocking
portion) 70B upward. Referring to Fig. 16B, when the
movable member (anchor, detection portion, light block-
ing portion) 70B is released, the movable member (an-
chor, detection portion, light blocking portion) 70B is
launched by the biasing force of the coil spring 86 and
moves upward in a free range which is above the restrict-
ed range, passing the detection position along the way.
Subsequently, referring to Fig. 16C, the movable mem-
ber (anchor, detection portion, light blocking portion) 70B
moves downward in the free range due to its own weight
and returns to the detection position. In this eighth mod-
ified embodiment, the controller 130 may measure a tran-
sit time from when the movable member (anchor, detec-
tion portion, light blocking portion) 70B passes the de-
tection position to when the movable member (anchor,
detection portion, light blocking portion) 70B returns to
the detection position. In other words, the controller 130
measures a time required for the movable member (an-
chor, detection portion, light blocking portion) 70B to
move between two potions in the moving path of the mov-
able member (anchor, detection portion, light blocking
portion) 70B, but the two points are the same point.

<Ninth modified embodiment>

[0115] Referring to Figs. 17A and 17B, a liquid con-
tainer e.g., a sub tank 28 according to a ninth modified
embodiment is described. The sub tank 28 according to
the ninth modified embodiment comprises a liquid cham-
ber, e.g., an ink chamber 120, an ink introduction opening
121, a liquid supply opening, e.g., an ink supply opening
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122, an air communication opening 123, a movable mem-
ber 125, a detection portion 124, a sensor 126, a mag-
netic material, e.g., a metal plate 127, and ink surface
sensors 128, 129. The ink introduction opening 121 is
connected to the cartridge mounting portion 110 via the
ink tube 20. The ink supply opening 122 is connected to
the recording head 21 via an ink tube (not shown).
[0116] The sub tank 28 is configured to receive ink
coming via the ink introduction opening 121, and store
the ink in the ink chamber 120. The sub tank 28 is con-
figured to supply the ink stored in the ink chamber 120
to the recording head 21 via the ink supply opening 122.
The air communication opening 123 is configured to bring
the ink chamber 120 into fluid communication with the
atmosphere outside the sub tank 28. The ink surface sen-
sors 128, 129 are configured to detect the position of the
surface of ink stored in the ink chamber 120.
[0117] The movable member 125 is positioned in the
ink chamber 120. The detection portion 124 comprises
a magnet, preferably a permanent magnet 124A. The
detection portion 124 is an anchor having a specific grav-
ity which is greater than the specific gravity of the ink
stored in the ink chamber 120. The movable member 125
has a first end and a second end, and the detection por-
tion 124 is provided at the first end of the movable mem-
ber 125. The second end of the movable member 125 is
pivotally supported by the sub tank 28 in the ink chamber
120. The movable member 125 is configured to pivot
about the second end in the clockwise direction and the
counter-clockwise direction in Figs. 17A and 17B.
[0118] The sensor 126 is provided at a position facing
the moving path of the detection portion 124. The sensor
126 has the same structure as the sensor 103. The metal
plate 127 is in an outer wall of the sub tank 28. The metal
plate 127 is positioned adjacent to the moving path of
the detection portion 124. More specifically, the metal
plate 127 is buried in the outer wall of the sub tank 28,
and the sensor 126 is positioned above the metal plate
127. The printer 10 comprises an electromagnet 140 and
a current supply circuit 130A configured to supply electric
current to the electromagnet 140. The electromagnet 140
is positioned outside the sub tank 28 at a position adja-
cent to the metal plate 127. The current supply circuit
130A is configured to be controlled by the controller 130
and thereby configured to selectively supply electric cur-
rent to the electromagnet 140 for the electromagnet 140
to produce a magnetic field.
[0119] Referring to Fig. 17A, when electric current is
not supplied to the electromagnet 140, the movement of
the detection portion 124 is restricted within a restricted
range by an attracting force between the permanent mag-
net 124A and the metal plate 127. When an electric cur-
rent is applied to the electromagnet 140 from the current
supply circuit 130A, the electromagnet 140 produces a
repulsive force between the permanent magnet 124A
and the metal plate 127, which repulsive force is greater
than the attracting force. When this occurs, referring to
Fig. 17B, the detection portion 124 is launched by the

repulsive force and moves upward in a free range which
is above the restricted range. When the detection portion
124 moves upward, the movable member 125 pivots
about the second end of the movable member 125. Sub-
sequently, the detection portion 124 reaches the detec-
tion position.
[0120] When the supply of the electric current to the
electromagnet 140 is stopped, the detection portion 124
moves downward and the movement of the detection por-
tion 124 is again restricted within the restricted range.
With the sub tank 28 according to this ninth modified em-
bodiment, the transit time for estimating the viscosity of
ink can be measured a plurality of times if needed. The
controller 130 according to this ninth modified embodi-
ment may measure a time from when the electric current
is supplied to the electromagnet 140 to when the sensor
126 outputs the Low-level signal as the transit time. The
structure of this ninth modified embodiment can be ap-
plied not only to the sub tank 28 but also to the ink car-
tridge 30.
[0121] In the above-described embodiment and the
first to ninth modified embodiment, the ink cartridge 30
is manually mounted to the cartridge mounting portion
110. Nevertheless, how to mount the ink cartridge 30 to
the cartridge mounting portion 110 is not limited to the
manual mounting. An auto-loading mechanism can be
provided to the cartridge mounting portion 110 as de-
scribe below for example.

<Tenth modified embodiment>

[0122] Referring to Figs. 18A and 18B, an ink cartridge
30 and a cartridge mounting portion 110 according to a
tenth modified embodiment are described. The ink car-
tridge 30 comprises a rack gear 42A on the outer face of
the bottom wall 42. The cartridge mounting portion 110
comprises a pinion gear 115 configured to engage with
the rack gear 42A, a drive gear 116 engaging with the
pinion gear 115, and a spiral spring 117. One end of the
spiral spring 117 contacts the drive gear 116, and the
spiral spring 117 is configured to apply driving force to
the drive gear 116.
[0123] Before the ink cartridge 30 is mounted to the
cartridge mounting portion 110, the spiral spring 117 is
locked in a state in which the spiral spring 117 is tightly
wound as shown in Fig. 18A, so that energy is stored in
the spiral spring 117. When the ink cartridge 30 is inserted
into the cartridge mounting portion 110 by a user, the
rack gear 42A contacts and rotates the pinion gear 115.
When the pinion gear 115 rotates, the drive gear 116
rotates and thereby the spiral spring 117 is unlocked.
When the spiral spring 117 is unlocked, the winding of
the spiral spring 117 loosens and the spiral spring 117
applies the driving force to the drive gear 116. When the
driving force is applied to the drive gear 116, the drive
gear 116 rotates and the pinion gear 115 rotates. When
the pinion gear 115 rotates, the rack gear 42A moves in
the insertion direction 56 toward the end surface of the
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case 101 of the cartridge mounting portion 110. As a
result, the ink cartridge 30 moves in the insertion direction
56 toward the end surface of the case 101 of the cartridge
mounting portion 110, i.e., the user does not need to in-
sert the ink cartridge 30 anymore, and the mounting of
the ink cartridge 30 to the cartridge mounting portion 110
is completed as shown in Fig. 18B. In other words, the
mounting of the ink cartridge 30 to the cartridge mounting
portion 110 is done automatically.
[0124] After ink stored in the ink cartridge 30 is used
up, when a user wishes to remove the ink cartridge 30
from the cartridge mounting portion 110, the user pulls
the ink cartridge 30 in the removal direction 55. When
the ink cartridge 30 moves in the removal direction 55,
each of the pinion gear 115 and the drive gear 116 rotates
in a direction which is opposite to the direction in which
each of the pinion gear 115 and the drive gear 116 rotates
when the ink cartridge 30 moves in the insertion direction
56. As a result, the spiral spring 117 is again tightly
wound. Subsequently, at a timing when the rack gear
42A separates from the pinion gear 115, the tightly wound
spiral spring 117 is locked.
[0125] According to this tenth modified embodiment, a
user has only to insert the ink cartridge 30 to a position
in which the rack gear 42A and the pinion gear 115 en-
gages. Afterwards, the ink cartridge 30 automatically
moves in the insertion direction 56, and finally the mount-
ing of the ink cartridge 30 to the cartridge mounting por-
tion 110 is completed. Therefore, there is a reduced like-
lihood that the sensor 103 cannot detect the movable
member (float, detection portion, light blocking portion)
70 even if the movable member (float, detection portion,
light blocking portion) 70 is released. The measurement
of the transit time can be done more securely.

<Eleventh modified embodiment>

[0126] Referring to Figs. 19A and 19B, an ink cartridge
30 and a cartridge mounting portion 110 according to an
eleventh modified embodiment are described. The dif-
ference between this eleventh modified embodiment and
the above-describe embodiment is that the ink cartridge
30 of this eleventh modified embodiment comprises a
movable member 70E instead of the movable member
70 and the sensor 103 extends from the ceiling of the
case 101 in this eleventh modified embodiment.
[0127] The movable member 70E comprises a detec-
tion portion 173 and an anchor 172. The movable mem-
ber 70E comprises the detection portion 173 at a first end
of the movable member 70E and the anchor 172 at a
second end of the movable member 70E. The detection
portion 173 is positioned closer to the front wall 40 than
the anchor 172 is. The anchor 172 has a specific gravity
which is greater than the specific gravity of ink stored in
the ink chamber 36, similarly to the above-described fifth
modified embodiment. The ink cartridge 30 comprises a
shaft 174 extending from the inner face of the right wall
38 toward the film 44 in the width direction 51. The mov-

able member 70E is pivotally supported by the shaft 174
at a position between the detection portion 173 and the
anchor 172. The movable member 70E is configured to
pivot about a pivot axis, e.g. about the shaft 174, in the
counter-clockwise direction in Figs. 19A and 19B. The
detection portion 173 comprises the recessed portion 71
at its wall surface facing the removal direction 55, simi-
larly to the above-described embodiment.
[0128] The detection portion 173 comprises a light
blocking portion, similarly to the above-described em-
bodiment, configured to block the light emitted by the
light emitting portion 104 of the sensor 103.
[0129] When the operation portion 82 is in the first po-
sition, the protrusion 84 engages with the recessed por-
tion 71 of the detection portion (light blocking portion)
173, such that the movement of the anchor 172 is re-
stricted within a restricted range. When the operation por-
tion 82 is in the second position, the protrusion 84 is po-
sitioned away from the recessed portion 71 and thereby
the restriction portion 81 releases the movable member
70E, such that the anchor 172 is positioned in a free
range which is below the restricted range.
[0130] When the movable member 70E is released,
the movable member 70E pivots about the shaft 174 in
the counter-clockwise direction from the position shown
in Fig. 19A to the position shown in Fig. 19B. More spe-
cifically, the anchor 172 moves downward in the free
range, and the detection portion (light blocking portion)
173 moves upward. Finally, the anchor 172 contacts the
bottom surface of the ink chamber 36 and the detection
portion (light blocking portion) 173 reaches the detection
position, and the movable member 70E stops the move-
ment.
[0131] In this eleventh embodiment, the controller 130
determines whether the detection signal output from the
mount sensor 107 changes from the signal indicating that
the ink cartridge 30 is not in the mount position to the
signal indicating that the ink cartridge 30 is in the mount
position at step S2 in the flowchart of Fig. 7. Moreover,
the controller 130 determines whether the detection sig-
nal output from the sensor 103 changes from the High-
level signal to the Low-level signal at step S5 in the flow-
chart of Fig. 7, similarly to the above-described second
modified embodiment. That is, the controller 130 meas-
ures a time required for the movable member 70E to
move from the position shown in Fig. 19A to the position
shown in Fig. 19B.
[0132] In this eleventh modified embodiment, the initial
position of the ink surface in the ink chamber 36 is below
the sensor 103, i.e., below the detection position, and
the ink may comprise a colorant, e.g., a pigment, which
blocks light. Because the ink surface does not reach the
detection position, the ink does not affect the detection
of the detection portion (light blocking portion) 173 even
if the ink comprises such a colorant.
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<Twelfth modified embodiment>

[0133] Referring to Figs. 20A and 20B, an ink cartridge
30 and a cartridge mounting portion 110 according to a
twelfth modified embodiment are described. The differ-
ence between this twelfth modified embodiment and the
above-describe embodiment is that the ink cartridge 30
of this twelfth modified embodiment comprises a movable
member 70F instead of the movable member 70 and
comprises a restriction member 280 instead of the re-
striction member 80. Moreover, the sensor 103 extends
from the ceiling of the case 101 in this twelfth modified
embodiment, similarly to the above-described eleventh
modified embodiment. Furthermore, the ink cartridge 30
of this twelfth modified embodiment comprises a pair of
guide walls 243, 244 instead of the portioning wall 43.
[0134] The movable member 70F comprises a detec-
tion portion 273 and a float 272. The detection portion
273 extends from the upper end of the float 272. The float
272 has a specific gravity which is less than the specific
gravity of ink stored in the ink chamber 36, similarly to
the above-described embodiment. The detection portion
273 comprises a light blocking portion, similarly to the
above-described embodiment, configured to block the
light emitted by the light emitting portion 104 of the sensor
103. The float 272 comprises a recessed portion at its
wall surface facing the insertion direction 56.
[0135] The restriction member 280 comprises an op-
eration portion 282, a thrust portion 283, a rise portion
285, a connection portion 287, and a restriction portion
281. The operation portion 282 and the thrust portion 283
are a first integral member, and the rise portion 285, the
connection portion 287, and the restriction portion 281
are a second integral member, which is separate from
the first integral member.
[0136] The operation portion 282 extends downward
from a front end of the thrust portion 283 which extends
in the depth direction 53. The operation portion 282 com-
prises a front surface facing the insertion direction 56,
and the front surface of the operation portion 282 faces
the ink supply opening 61 in the depth direction 53. The
operation portion 282 is movable between a first position
as shown in Fig. 20A and a second position as shown
in Fig. 20B. The second position is closer to the rear
outer face of the rear wall 41 than the first position is.
When the operation portion 282 is in the first position,
the operation portion 282 contacts a wall surrounding the
ink supply opening 61 and thereby closes the ink supply
opening 61. When the operation portion 282 is in the
second position, the operation portion 282 is positioned
away from the wall surrounding the ink supply opening
61 and thereby opens the ink supply opening 61. The
operation portion 282 is operable from the exterior of the
ink cartridge 30. In this twelfth modified embodiment, the
operation portion 282 is operable by the hollow tube 102
via the ink supply opening 61. When the hollow tube 102
is inserted into the ink supply portion 60 through the ink
supply opening 61, the hollow tube 102 pushes the op-

eration portion 282 from the first position to the second
position in the removal direction 55.
[0137] When the operation portion 282 is in the first
position, a rear end of the thrust portion 283 contacts a
front surface of the rise portion 285 facing the insertion
direction 56. The connection portion 287 extends from
the rise portion 285 forward and upward and the restric-
tion portion 281 is positioned at an end of the connection
portion 287 opposite the rise portion 285. The restriction
portion 281 comprises a rear surface facing the removal
direction 55 and a protrusion extending from the rear sur-
face in the removal direction 55. The connection portion
287 is configured to pivot about a pivot axis positioned
between the rise portion 285 and the restriction portion
281, in the clockwise direction and the counter-clockwise
direction in Figs.

20A and 20B.

[0138] When the operation portion 282 is in the first
position, the protrusion of the restriction portion 281 en-
gages with the recessed portion of the float 272 of the
movable member 70F, such that the movement of the
float 272 is restricted within a restricted range. When the
float 272 is in the restricted range, the float 272 is sub-
merged in ink.
[0139] When the operation portion 82 moves from the
first position to the second position, the thrust portion 283
moves in the removal direction and pushes up the rise
portion 285. The thrust 283 then slides under the rise
portion 285. When this occurs, the connection portion
287 pivots about the pivot axis in the clockwise direction
in Fig. 20A, and the protrusion of the restriction portion
281 moves away from the recessed portion of the float
272.
[0140] Therefore, when the operation portion 282 is in
the second position, the restriction portion 81 releases
the movable member 70F, such that the float 272 is po-
sitioned in a free range which is above the restricted
range.
[0141] Each of the guide walls 243, 244 extends from
the inner surface of the right wall 38 in the width direction
51 toward the left side of the frame 31. Each of the guide
walls 243, 244 extends in the height direction 52. The
guide walls 243, 244 extend substantially in parallel with
each other. The right wall 38, the guide walls 243, 244
and the film 44 define a space therein, and the space is
an example of the free range.
[0142] The coil spring 49 has a first end contacting a
surface of the frame 31 facing in the insertion direction
56 in the ink chamber 36 and a second end contacting a
rear surface of the operation portion 282 facing in the
removal direction 55. The coil spring 49 is configured to
bias the operation portion 282 in the insertion direction
56 into the first position.
[0143] When the movable member 70F is released,
the movable member 70F moves upward from the posi-
tion shown in Fig. 20A to the position shown in Fig. 20B.
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More specifically, the movable member 70F moves up-
ward in the free range between the guide walls 243, 244.
Finally, the detection portion (light blocking portion) 273
reaches the detection position, and the movable member
70F stops movement. When the movable member 70F
stops movement, the detection portion (light blocking por-
tion) 273 contacts the inner surface of the top wall 39,
and/or a portion of the float 272 is exposed from the sur-
face of ink.
[0144] In this twelfth embodiment, the controller 130
determines whether the detection signal output from the
mount sensor 107 changes from the signal indicating that
the ink cartridge 30 is not in the mount position to the
signal indicating that the ink cartridge 30 is in the mount
position at step S2 in the flowchart of Fig. 7. Moreover,
the controller 130 determines whether the detection sig-
nal output from the sensor 103 changes from the High-
level signal to the Low-level signal at step S5 in the flow-
chart of Fig. 7, similarly to the above-described second
modified embodiment. That is, the controller 130 meas-
ures a time required for the movable member 70F to
move from the position shown in Fig. 20A to the position
shown in Fig. 20B.
[0145] In this twelfth modified embodiment, the initial
position of the ink surface in the ink chamber 36 is below
the sensor 103, i.e., below the detection position, and
the ink may comprise a colorant, e.g., a pigment, which
blocks light, similarly to the above-described eleventh
modified embodiment.
[0146] In the above-described embodiment and the
first to twelfth modified embodiments, ink is an example
of liquid. Nevertheless, liquid is not limited to ink. For
instance, liquid can be pre-treatment liquid which is eject-
ed onto the sheet of paper before ink is ejected in printing.
[0147] As mentioned before, the parts of the above-
described embodiment and the first to twelfth modified
embodiments, can be arbitrarily combined as long as the
object of the invention is achieved. For instance, the op-
eration portion 92 of the above-described seventh mod-
ified embodiment may be replaced with the operation por-
tion 82 of the above-described embodiment.
[0148] While the invention has been described in con-
nection with various example structures and illustrative
embodiments, it will be understood by those skilled in the
art that other variations and modifications of the struc-
tures and embodiments described above may be made
without departing from the scope of the invention. Other
structures and embodiments will be understood by those
skilled in the art from a consideration of the specification
or practice of the invention disclosed herein. It is intended
that the specification and the described examples are
merely illustrative and that the scope of the invention is
defined by the following claims.
[0149] The present invention also can be defined as
follows in order to achieve the object of invention.
[0150] A liquid cartridge (30) comprises: a first outer
face (40); a second outer face (41) opposite the first outer
face (40); a liquid chamber (36) positioned between the

first outer face (40) and the second outer face (41) and
configured to store liquid therein, wherein the liquid has
a first specific gravity; a liquid supply portion (60) posi-
tioned at the first outer face and configured to supply the
liquid from an interior of the liquid chamber to an exterior
of the liquid chamber; a movable member (70B) posi-
tioned in the liquid chamber, the movable member (70B)
having a detection portion (70B) and an anchor (70B),
the anchor having a second specific gravity which is
greater than the first specific gravity; and a restriction
member (80) having an operation portion (82) and a re-
striction portion (81A), wherein the operation portion (82)
is operable from the exterior of the liquid chamber (36)
and is movable between a first position and a second
position, the second position being closer to the second
outer face (41) than the first position is; wherein the re-
striction portion (81A) is movable with movement of the
operation portion (82) from the first position to the second
position; wherein, when the operation portion (82) is in
the first position, the restriction portion (80) is configured
to contact the movable member (70B) in the liquid cham-
ber and restrict movement of the movable member (70B)
with the anchor (70B) being within a restricted range; and
wherein, when the operation portion (82) is in the second
position, the restriction portion (81A) is configured to re-
lease the movable member (70B) such that the anchor
(70B) is positioned in a free range which is below the
restricted range.
[0151] Optionally, when the operation portion (82) is in
the second position, the restriction portion (81A) is posi-
tioned away from the movable member (70B).
[0152] Optionally, the liquid supply portion (60) has a
liquid supply opening (61), wherein when the operation
portion (82) is in the first position, the operation portion
(82) is configured to close the liquid supply opening (61),
wherein when the operation portion (82) is in the second
position, the operation portion (82) is configured to open
the liquid supply opening (61), the liquid cartridge option-
ally further comprising a biasing member (49) configured
to bias the operation portion (82) into the first position.
[0153] Optionally, the detection portion (70B) and the
anchor (70B) are the same member (70B).
[0154] The liquid cartridge optionally further comprises
a guide wall (46) positioned within the liquid chamber,
wherein the guide wall is configured to guide the move-
ment of the anchor (70B) in the free range.
[0155] Optionally, when the operation portion is in the
first position, the restriction portion (81A) is connected to
the movable member (70B), and when the operation por-
tion is in the second position, the restriction portion (81A)
is disconnected from the movable member (70B).
[0156] The liquid cartridge optionally further comprises
a biasing member (86) configured to bias the anchor
(70B) upward when the movement of the movable mem-
ber (70B) is restricted by the restriction portion.
[0157] Optionally, the movable member (70E) is con-
figured to pivot about a pivot axis (174) in the liquid cham-
ber.
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[0158] Optionally, the detection portion comprises a
light blocking portion.
[0159] Optionally, the detection portion (70B) compris-
es a light passing portion and the light blocking portion
comprises a first portion and a second portion, wherein
when the anchor moves in the free range, the detection
portion moves along a moving direction, wherein the light
passing portion is positioned between the first portion of
the light blocking portion and the second portion of the
light blocking portion in the moving direction
[0160] Optionally, the liquid cartridge (30) is configured
to be mounted to a cartridge mounting portion (110) com-
prising a light emitting portion (104) and a light receiving
portion (105), and the detection portion (70B) is config-
ured to intersect an optical path extending between the
light emitting portion (104) and the light receiving portion
(105) when the liquid cartridge (30) is mounted to the
cartridge mounting portion (110) and the anchor moves
(70B) in the free range.
[0161] Optionally, the liquid cartridge (30) is configured
to be inserted into a cartridge mounting portion (110) in
an insertion direction, wherein the operation portion is
configured to move from the first position to the second
position in a direction opposite to the insertion direction.
[0162] Optionally, the operation portion is configured
to be moved from the first position to the second position
by a longitudinal object (102) inserted into the liquid car-
tridge.
[0163] Optionally, wherein the liquid cartridge is con-
figured to be mounted to a cartridge mounting portion
comprising the longitudinal object (102).
[0164] Optionally, the longitudinal object is a hollow
tube (102) configured to be inserted into the liquid supply
portion (60), such that the liquid flows through the hollow
tube.
[0165] The present invention also can be defined as
follows in order to achieve the object of invention.
[0166] A liquid consuming apparatus comprises: a liq-
uid container (30) comprising: a liquid chamber (36) con-
figured to store liquid; a liquid supply opening (60) con-
figured to supply the liquid from the liquid chamber (36)
to an exterior of the liquid chamber; a movable member
(70) positioned in the liquid chamber (36) and having a
detection portion (70) which, when the movable member
(70) moves, moves in a moving path; and a restriction
member (80) configured to restrict movement of the mov-
able member (70) in the liquid chamber; a liquid consum-
ing portion (21) configured to consume liquid supplied
from the liquid container (30) via the liquid supply opening
(60); a release member (102) configured to release the
movable member (70) from restriction by the restriction
member (80); a detector (103) configured to output a de-
tection signal based on presence or absence of the de-
tection portion (70) in a detection position in the moving
path; and a controller (130) configured to: measure,
based on the detection signal output from the detector
(103), a physical quantity, based on which a velocity of
the detection portion (70) moving in the moving path can

be specified; and determine whether the physical quan-
tity is within a threshold range.
[0167] Optionally, the controller (130) is configured to
measure, as the physical quantity, a transit time required
for the detection portion (70) to move between two points
in the moving path.
[0168] The liquid consuming apparatus optionally fur-
ther comprises a mounting portion (110), wherein the liq-
uid container (30) is configured to be removably mounted
to the mounting portion (110), wherein the release mem-
ber (102) is configured to release the movable member
(70) from the restriction by the restriction member (80)
when the liquid container (30) is mounted to the mounting
portion (110).
[0169] Optionally, the detector (103) is configured to
selectively output a first detection signal indicating that
the detection portion (70) is in the detection position and
a second detection signal indicating that the detection
portion (70) is not in the detection position, and the con-
troller (130) is configured to measure, as the transit time,
a time from when the detector (103) outputs the first de-
tection signal to when the detector (103) outputs the sec-
ond detection signal.
[0170] Optionally, the controller (130) is further config-
ured to determine whether the restriction of the movable
member (70) is released, and the controller (130) is con-
figured to measure, as the transit time, a time from when
the controller (130) determines that the restriction of the
movable member (70) is released to when the detector
(103) outputs the detection signal indicating that the de-
tection portion (70) is in the detection position, wherein
optionally the liquid consuming apparatus further com-
prises a mount detector (107) positioned in a mount de-
tection position in an insertion path of the liquid container
(30) into the mounting portion (110) and configured to
output a mount detection signal based on presence or
absence of the liquid container (30) in the mount detec-
tion position, wherein the controller (130) is configured
to determine that the restriction of the movable member
(70) is released when the mount detector
[0171] (107) outputs the mount detection signal indi-
cating that the liquid container (30) is in the mount de-
tection position.
[0172] Optionally, the liquid container (30) is config-
ured to be inserted into the mounting portion (110) in an
insertion direction and be removed from the mounting
portion (110) in a removal direction opposite the insertion
direction, wherein the liquid container (30) further com-
prises a front wall (40) oriented toward the insertion di-
rection when the liquid container (30) is inserted into the
mounting portion (110) and a rear wall (41) oriented to-
ward the removal direction when the liquid container (30)
is removed from the mounting portion (110), wherein the
liquid chamber (36) is positioned between the front wall
(40) and the rear wall (41), wherein the liquid supply
opening (60) is provided at the front wall (40), wherein
the restriction member (80) has an operation portion (82)
and a restriction portion (81), wherein the operation por-
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tion (81) is operable from the exterior of the liquid cham-
ber, is movable between a first position and a second
position, the second position being closer to the rear wall
(41) than the first position is, wherein, when the operation
portion (82) is in the first position, the operation portion
(82) is configured to close the liquid supply opening (60),
wherein, when the operation portion (82) is in the second
position, the operation portion (82) is configured to open
the liquid supply opening (60), wherein the restriction por-
tion (81) is configured to contact the movable member
(70) in the liquid chamber (36) and restrict the movement
of the movable member (70), wherein the liquid container
(30) further comprises a biasing member (49) configured
to bias the operation portion (82) into the first position,
wherein the release member (102) is a hollow tube pro-
vided at the mounting portion and configured to be in-
serted through the liquid supply opening (60), wherein
when the hollow tube (102) is inserted through the liquid
supply opening (60), the hollow tube (102) is configured
to push the operation portion (82) from the first position
to the second position against a biasing force of the bi-
asing member (49).
[0173] Optionally, the restriction member (81) is a gas
bag (85) filled with gas, wherein the gas bag (85) is con-
figured to change its state from a bulging state to a con-
tracted state, wherein when the gas bag is in the bulging
state, the gas bag (85) bulges into the liquid chamber
(36) and contacts the movable member (70) in the liquid
chamber (36) such that movement of the float is restricted
within a restricted range and the float is submerged in
the liquid in the liquid chamber (36), wherein, when the
gas bag (85) is in the contracted state, the gas bag (85)
is configured to release the movable member (70) such
that the float is positioned in a free range which is above
the restricted range, wherein an amount of gas in the gas
bag (85) when the gas bag (85) is in the contracted state
is less than an amount of gas in the gas bag (85) when
the gas bag (85) is in the bulging state, wherein the re-
lease member (113) is configure to discharge gas from
the gas bag.
[0174] Opiotionally, the liquid container (30) is config-
ured to be inserted into the mounting portion (110) in an
insertion direction and be removed from the mounting
portion (110) in a removal direction opposite the insertion
direction, wherein the liquid container (30) further com-
prises a front wall (40) oriented toward the insertion di-
rection when the liquid container (30) is inserted into the
mounting portion (110) and a rear wall (41) oriented to-
ward the removal direction when the liquid container (30)
is removed from the mounting portion (110), wherein the
liquid chamber (36) is positioned between the front wall
(40) and the rear wall (41), the liquid container (30) further
comprises an air communication opening (66) provided
at the front wall (40) and configured to bring the liquid
chamber (36) into fluid communication with atmosphere
outside the liquid chamber (36), wherein the restriction
member (90) comprises an operation portion (92) and a
restriction portion (91), wherein the operation portion (92)

is operable from the exterior of the liquid chamber (36)
and movable between a first position and a second po-
sition, and the second position is closer to the rear wall
(41) than the first position is, wherein when the operation
portion (92) is in the first position, the operation portion
(92) is configured to close the air communication opening
(66), wherein when the operation portion (92) is in the
second position, the operation portion (92) is configured
to open the air communication opening (66), wherein the
restriction portion (91) is configured to contact the mov-
able member (70D) in the liquid chamber (36) such that
the movement of the movable member (70D) is restrict-
ed, wherein the liquid container (30) further comprises a
biasing member (48) configured to bias the operation por-
tion (92) into the first position, wherein the release mem-
ber (114) is a longitudinal object provided at the mounting
portion (110), wherein the longitudinal object (114) is con-
figured to push the operation portion (92) from the first
position to the second position against a biasing force of
the biasing member (48).
[0175] Opitionally, the liquid stored in the liquid cham-
ber (36) has a first specific gravity and the movable mem-
ber (70) has a float having a specific gravity which is less
than the first specific gravity, wherein optionally at least
one of: the controller (130) is further configured to deter-
mine that an amount of the liquid stored in the liquid cham-
ber (36) becomes less than a threshold amount when
the detector (103) outputs the detection signal indicating
that the detection portion (70) is in the detection position
after determining whether the physical quantity is within
the threshold range; and notify that the amount of the
liquid stored in the liquid chamber (36) becomes less
than the threshold amount when determining that the
amount of the liquid stored in the liquid chamber (36)
becomes less than the threshold amount; and the mov-
able member (70D) is configured to pivot about a pivot
axis (74) and comprises a first end and a second end,
wherein the detection portion (73) is positioned at the
first end and the float (72) is positioned at the second end.
[0176] Opiotnaly, the liquid stored in the liquid chamber
(36) has a first specific gravity and the movable member
(70) comprises an anchor having a specific gravity which
is greater than the first specific gravity, wherein optionally
one of: the liquid container further comprises a biasing
member (86) configured to bias the anchor upward when
the movement of the movable member (70B) is restricted
by the restriction member (81); and the liquid consuming
apparatus further comprises a mounting portion (110),
wherein the liquid container (30) is configured to be in-
serted into the mounting portion (110) in an insertion di-
rection and be removed from the mounting portion (110)
in a removal direction opposite the insertion direction,
wherein the liquid container (30) has a guide surface (47)
positioned in the liquid chamber (36), wherein the anchor
(70C) has a circular contour in a cross-section along the
insertion direction, the removal direction, and a vertical
direction, wherein when the movable member (70C) is
released, the anchor rolls down on the guide surface (47).
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[0177] Opitionally, the movable member (125) com-
prises a magnet (124A), and the restriction member com-
prises a magnetic material (127), wherein the release
member is an electromagnet (140) configured to produce
a repulsive force between the magnet (124A) and the
magnetic material (127), wherein the repulsive force is
greater than an attracting force between the magnet
(124A) and the magnetic material (127).
[0178] Optionally, the controller (130) is configured to
at least one of: notify information about the liquid con-
tainer (30) when the controller (130) determines that the
transit time is not within the threshold range; and restrict
consumption of liquid by the liquid consuming portion
when the controller (130) determines that the transit time
is not within the threshold range.
[0179] Optionally, the liquid consuming portion com-
prises a nozzle (29) and an actuator (29A) configured to
eject liquid through the nozzle (29) when receiving driving
voltage, wherein the controller (130) is configured to con-
trol the liquid consuming portion, such that the driving
voltages applied to the actuator (29A) are adjusted for
amounts of ink ejected from the nozzle (29) to be the
same amount between when the controller (130) deter-
mines that the transit time is within the threshold range
and when the controller (130) determines that the transit
time is not within the threshold range.
[0180] Optionally, the detector (103) comprises a light
emitting portion (104) and a light receiving portion (105)
positioned so as to face each other with the liquid con-
tainer (30) positioned therebetween, wherein the detec-
tor (103) is configured to output different detection signals
based on whether or not intensity of light received by the
light receiving portion (105) is greater than or equal to a
threshold value, wherein the detection portion (70) com-
prises a first light blocking portion, a second light blocking
portion, and a light passing portion, wherein the light
passing portion is positioned between the first light block-
ing portion and the second light blocking portion with re-
spect to the moving path, wherein the controller (130) is
configured to determine a type of the liquid container (30)
based on a combination of detection signals output from
the detector when the detection portion passes the de-
tection position.
[0181] The liquid consuming apparatus optionally fur-
ther comprises a temperature sensor configured to out-
put a signal based on temperature, wherein the controller
(130) is configured to determine the threshold range
based on the signal output from the temperature sensor.

Claims

1. A liquid cartridge (30) comprising:

a first outer face (40);
a second outer face (41) opposite the first outer
face (40);
a liquid chamber (36) positioned between the

first outer face (40) and the second outer face
(41) and configured to store liquid therein,
wherein the liquid has a first specific gravity;
a liquid supply portion (60) positioned at the first
outer face and configured to supply the liquid
from an interior of the liquid chamber to an ex-
terior of the liquid chamber;
a movable member (70) positioned in the liquid
chamber, the movable member (70) having a
detection portion (70) and a float (70), the float
(70) having a second specific gravity which is
less than the first specific gravity; and
a restriction member (80) having an operation
portion (82) and a restriction portion (81);
wherein the operation portion (82) is operable
from the exterior of the liquid chamber and is
movable between a first position and a second
position, the second position being closer to the
second outer face (41) than the first position is;
wherein the restriction portion (81) is movable
with movement of the operation portion (82) from
the first position to the second position;
wherein, when the operation portion (82) is in
the first position, the restriction portion (81) is
configured to contact the movable member (70)
in the liquid chamber and restrict movement of
the movable member (70), with the float (70)
submerged in the liquid in the liquid chamber
within a restricted range; and
wherein, when the operation portion (82) is in
the second position, the restriction portion (81)
is configured to release the movable member
(70) such that the float (70) is positioned in a
free range which is above the restricted range.

2. The liquid cartridge of claim 1, wherein the liquid in
the liquid chamber has a surface, wherein the float
(70) is configured to move downward in the free
range when a portion of the float (70) is exposed
from the surface of the liquid and the surface of the
liquid lowers.

3. The liquid cartridge of claim 1 or 2, wherein when
the operation portion (82) is in the second position,
the restriction portion (81) is positioned away from
the movable member (70).

4. The liquid cartridge of claim 1, 2 or 3, wherein the
liquid supply portion (60) has a liquid supply opening
(61), wherein when the operation portion (82) is in
the first position, the operation portion (82) is config-
ured to close the liquid supply opening (61), and
wherein when the operation portion (82) is in the sec-
ond position, the operation portion (82) is configured
to open the liquid supply opening (61), the liquid car-
tridge optionally further comprising a biasing mem-
ber (49) configured to bias the operation portion (82)
into the first position.
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5. The liquid cartridge of any preceeding claim, wherein
the detection portion (70) and the float (70) are the
same member.

6. The liquid cartridge of any preceding claim, further
comprising a guide wall (43) positioned within the
liquid chamber, and wherein the guide wall (43) is
configured to guide the movement of the float (70)
in the free range.

7. The liquid cartridge of any preceding claim, wherein
when the operation portion is in the first position, the
restriction portion (81) is connected (Fig 9) to the
movable member (70), when the operation portion
is in the second position, the restriction portion (81)
is disconnected from the movable member (70).

8. The liquid cartridge of claim 1, 2, 3 or 4, wherein the
movable member (70D) is configured to pivot about
a pivot axis (74) in the liquid chamber.

9. The liquid cartridge of any preceding claim, wherein
the operation portion is configured to be moved from
the first position to the second position by a longitu-
dinal object inserted into the liquid cartridge, and
wherein optionally the liquid cartridge is configured
to be mounted to a cartridge mounting portion com-
prising the longitudinal object, and wherein option-
ally the longitudinal object is a hollow tube configured
to be inserted into the liquid supply portion, such that
the liquid flows through the hollow tube.

10. The liquid cartridge of any preceding claim, wherein
the detection portion comprises a light blocking por-
tion.

11. The liquid cartridge of claim 10, wherein the detec-
tion portion (70A) comprises a light passing portion
and the light blocking portion comprises a first portion
and a second portion, wherein when the float moves
in the free range, the detection portion moves along
a moving direction, wherein the light passing portion
is positioned between the first portion of the light
blocking portion and the second portion of the light
blocking portion in the moving direction

12. The liquid cartridge of any preceding claim, wherein
the liquid cartridge (30) is configured to be mounted
to a cartridge mounting portion (110) comprising a
light emitting portion (104) and a light receiving por-
tion (105), and the detection portion (70) is config-
ured to intersect an optical path extending between
the light emitting portion (104) and the light receiving
portion (105) when the liquid cartridge (30) is mount-
ed to the cartridge mounting portion (110) and the
float (70) is in the free range.

13. The liquid cartridge of any preceding claim, wherein

the liquid cartridge (30) is configured to be inserted
into a cartridge mounting portion (110) in an insertion
direction, wherein the operation portion is configured
to move from the first position to the second position
in a direction opposite to the insertion direction.

14. A liquid cartridge (30) comprising:

a liquid chamber (36) configured to store liquid
therein, wherein the liquid has a first specific
gravity;
a liquid supply portion (60) configured to supply
the liquid from an interior of the liquid chamber
to an exterior of the liquid chamber;
a movable member (70) positioned in the liquid
chamber, the movable member (70) having a
detection portion and a float, the float having a
second specific gravity which is less than the
first specific gravity; and
a gas bag (85) filled with gas, wherein the gas
bag is configured to change its state from a bulg-
ing state to a contracted state;
wherein, when the gas bag is in the bulging state,
the gas bag bulges into the liquid chamber and
contacts the movable member in the liquid
chamber and restricts movement of the movable
member, with the float submerged in the liquid
in the liquid chamber within a restricted range,
wherein, when the gas bag is in the contracted
state, the gas bag is configured to release the
movable member such that the float is posi-
tioned in a free range which is above the restrict-
ed range; and
wherein an amount of gas in the gas bag when
the gas bag is in the contracted state is less than
an amount of gas in the gas bag when the gas
bag is in the bulging state.

Amended claims in accordance with Rule 137(2)
EPC.

1. A liquid cartridge (30) comprising:

a first outer face (40);
a second outer face (41) opposite the first outer
face (40);
a liquid chamber (36) positioned between the
first outer face (40) and the second outer face
(41) and configured to store liquid therein,
wherein the liquid has a first specific gravity;
a liquid supply portion (60) positioned at the first
outer face and configured to supply the liquid
from an interior of the liquid chamber to an ex-
terior of the liquid chamber;
a movable member (70) positioned in the liquid
chamber, the movable member (70) having a
detection portion (70) and a float (70), the float
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(70) having a second specific gravity which is
less than the first specific gravity; and
a restriction member (80) having an operation
portion (82) and a restriction portion (81);
wherein the operation portion (82) is operable
from the exterior of the liquid chamber and is
movable between a first position and a second
position, the second position being closer to the
second outer face (41) than the first position is;
wherein the restriction portion (81) is movable
with movement of the operation portion (82) from
the first position to the second position;
wherein, when the operation portion (82) is in
the first position, the restriction portion (81) is
configured to contact the movable member (70)
in the liquid chamber and restrict movement of
the movable member (70), with the float (70)
submerged in the liquid in the liquid chamber
within a restricted range; and
wherein, when the operation portion (82) is in
the second position, the restriction portion (81)
is configured to release the movable member
(70) such that the float (70) is positioned in a
free range which is above the restricted range.

2. The liquid cartridge of claim 1, wherein the liquid in
the liquid chamber has a surface, wherein the float
(70) is configured to move downward in the free
range when a portion of the float (70) is exposed
from the surface of the liquid and the surface of the
liquid lowers.

3. The liquid cartridge of claim 1 or 2, wherein when
the operation portion (82) is in the second position,
the restriction portion (81) is positioned away from
the movable member (70).

4. The liquid cartridge of claim 1, 2 or 3, wherein the
liquid supply portion (60) has a liquid supply opening
(61), wherein when the operation portion (82) is in
the first position, the operation portion (82) is config-
ured to close the liquid supply opening (61), and
wherein when the operation portion (82) is in the sec-
ond position, the operation portion (82) is configured
to open the liquid supply opening (61), the liquid car-
tridge optionally further comprising a biasing mem-
ber (49) configured to bias the operation portion (82)
into the first position.

5. The liquid cartridge of any preceeding claim, wherein
the detection portion (70) and the float (70) are the
same member.

6. The liquid cartridge of any preceding claim, further
comprising a guide wall (43) positioned within the
liquid chamber, and wherein the guide wall (43) is
configured to guide the movement of the float (70)
in the free range.

7. The liquid cartridge of any preceding claim, wherein
when the operation portion is in the first position, the
restriction portion (81) is connected to the movable
member (70), when the operation portion is in the
second position, the restriction portion (81) is dis-
connected from the movable member (70).

8. The liquid cartridge of claim 1, 2, 3 or 4, wherein the
movable member (70D) is configured to pivot about
a pivot axis (74) in the liquid chamber.

9. The liquid cartridge of any preceding claim, wherein
the operation portion is configured to be moved from
the first position to the second position by a longitu-
dinal object inserted into the liquid cartridge, and
wherein optionally the liquid cartridge is configured
to be mounted to a cartridge mounting portion com-
prising the longitudinal object, and wherein option-
ally the longitudinal object is a hollow tube configured
to be inserted into the liquid supply portion, such that
the liquid flows through the hollow tube.

10. The liquid cartridge of any preceding claim, wherein
the detection portion comprises a light blocking por-
tion.

11. The liquid cartridge of claim 10, wherein the detec-
tion portion (70A) comprises a light passing portion
and the light blocking portion comprises a first portion
and a second portion, wherein when the float moves
in the free range, the detection portion moves along
a moving direction, wherein the light passing portion
is positioned between the first portion of the light
blocking portion and the second portion of the light
blocking portion in the moving direction

12. The liquid cartridge of any preceding claim, wherein
the liquid cartridge (30) is configured to be mounted
to a cartridge mounting portion (110) comprising a
light emitting portion (104) and a light receiving por-
tion (105), and the detection portion (70) is config-
ured to intersect an optical path extending between
the light emitting portion (104) and the light receiving
portion (105) when the liquid cartridge (30) is mount-
ed to the cartridge mounting portion (110) and the
float (70) is in the free range.

13. The liquid cartridge of any preceding claim, wherein
the liquid cartridge (30) is configured to be inserted
into a cartridge mounting portion (110) in an insertion
direction, wherein the operation portion is configured
to move from the first position to the second position
in a direction opposite to the insertion direction.

14. A liquid cartridge (30) comprising:

a liquid chamber (36) configured to store liquid
therein, wherein the liquid has a first specific

53 54 



EP 3 009 268 A1

29

5

10

15

20

25

30

35

40

45

50

55

gravity;
a liquid supply portion (60) configured to supply
the liquid from an interior of the liquid chamber
to an exterior of the liquid chamber;
a movable member (70) positioned in the liquid
chamber, the movable member (70) having a
detection portion and a float, the float having a
second specific gravity which is less than the
first specific gravity; and
a gas bag (85) filled with gas, wherein the gas
bag is configured to change its state from a bulg-
ing state to a contracted state;
wherein, when the gas bag is in the bulging state,
the gas bag bulges into the liquid chamber and
contacts the movable member in the liquid
chamber and restricts movement of the movable
member, with the float submerged in the liquid
in the liquid chamber within a restricted range,
wherein, when the gas bag is in the contracted
state, the gas bag is configured to release the
movable member such that the float is posi-
tioned in a free range which is above the restrict-
ed range; and
wherein an amount of gas in the gas bag when
the gas bag is in the contracted state is less than
an amount of gas in the gas bag when the gas
bag is in the bulging state.
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