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Description

[Technical Field]

[0001] Aspects described herein relate to a liquid car-
tridge storing liquid whose viscosity is changeable over
time.

[Background Art]

[0002] US 2010/0103231 A describes a liquid supply
apparatus including a container mounting portion and a
liquid container. The liquid container includes a case con-
figured to store liquid therein, a first movable member
positioned in the case, a second movable member posi-
tioned on the case, and a retainer configured to retain
the second movable member in the first position. The
first movable member and the second movable member
include a pair of magnetic materials. When the second
movable member moves from a first position to a second
position, the first movable member is released from a
fixed state in which the first movable member is immov-
ably fixed to the case by a magnetic force acting between
the pair of magnetic materials. A known inkjet recording
apparatus records an image on a recording medium by
ejecting ink stored in an ink tank from nozzles. In such
an inkjet recording apparatus, a change in viscosity of
ink stored in the ink tank may cause clogging in the noz-
zles and/or deterioration of image recording quality.

[Summary of Invention]

[Technical Problem]

[0003] In order to avoid an occurrence of such prob-
lems, the inkjet recording apparatus calculates the vis-
cosity of ink stored in the ink tank and performs an ap-
propriate preliminary discharge in accordance with the
result of the ink viscosity calculation. More specifically,
the inkjet recording apparatus calculates the ink viscosity
based on an amount of ink remaining in the ink tank and
a time elapsed from placement of the ink tank in the inkjet
recording apparatus.
[0004] Nevertheless, the degree of the change in ink
viscosity may differ greatly depending on, for example,
an ink type and/or the temperature of an environment
where an ink tank is stocked. The known inkjet recording
apparatus might not be capable of calculating the viscos-
ity of ink stored in an ink tank that has been left and not
been attached to the inkjet recording apparatus.

[Solution to Problem]

[0005] Accordingly, some embodiments of the disclo-
sure provide for a liquid cartridge that may enable direct
estimation of viscosity of liquid stored in a storage cham-
ber thereof.
[0006] According to one aspect, the disclosure pro-

vides a liquid cartridge including: a liquid chamber; a liq-
uid outlet configured to supply the liquid from an interior
of the chamber to an exterior of the liquid chamber; a
body positioned in the chamber being movable between
a first position wherein movement of the body is restrict-
ed, and a second position wherein the body is movable
along a movement path between the first and second
positions, the body having a plurality of sides; a detector
positioned in the chamber movable in response to move-
ment of the body between the first and second positions;
a restriction member configured to move between a re-
lease position in which the detector is movable to the
released position, and an a restrict position to position
the detector in the restricted position, the restriction mem-
ber being movable from the restrict position to the release
position in response to movement of the actuator from
the first to the second position; a plurality openings de-
fined in the body and extending into the body through at
least two sides of the body; a plurality of resist surfaces
formed by the plurality of openings, the resist surfaces
being configured to resist movement of the body between
the first and second positions.
[0007] Preferably, the liquid cartridge further includes:
an upper side; a lower side spaced apart from the lower
side; a front side extending between the upper side and
the lower side, the outlet extending through the front side;
and a rear side spaced apart from the front side extending
between the upper side and the lower side, wherein the
liquid chamber liquid is positioned between the front and
rear sides and the upper and lower sides.
[0008] Preferably, the body is a float having a lower
specific gravity than ink stored in the ink chamber, and
wherein the first position is lower than the second posi-
tion.
[0009] Preferably, the body is a weight having a higher
specific gravity than ink stored in the ink chamber, and
wherein the first position is higher than the second posi-
tion.
[0010] Preferably, the body includes: a first side sur-
face; a second side surface spaced apart from the first
side surface; a rear surface extending between the first
and second side surfaces, the rear surface facing the
rear side; and a front surface extending between the first
and second side surfaces, the front surface facing the
front side. At least one of the first side surface, the second
side surface and the rear surface define the plurality of
openings.
[0011] Preferably, the plurality of openings extend
through the first side surface, the second side surface
and the rear surface.
[0012] Preferably, the first side surface and the second
side surface each define at least one of the plurality of
openings.
[0013] Preferably, the plurality of openings extend
through the body from the first side surface to the second
side surface.
[0014] Preferably, the body defines a plurality of fins
spaced apart from one another, each of fins extending
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in a direction that intersects the movement path of the
body, each of the fins having the resist surfaces.
[0015] Preferably, the liquid cartridge further includes:
a first arm extending between an axis and the detector,
wherein the first arm is rotatable around the axis, and a
second arm extending between the axis and the float.
The second arm is rotatable around the axis.
[0016] Preferably, the resist surfaces are flat surfaces
extending parallel to each other.
[0017] Preferably, the body includes a rear portion dis-
posed at the rear surface. The rear portion of the body
defines a plurality of fins spaced apart from one another,
each of fins extending in a direction that intersects the
movement path of the body, each of the fins having the
resist surfaces. The body includes a front portion dis-
posed at the front surface. The body further includes a
connector that connects the front portion of the body with
the plurality of fins.
[0018] Preferably, a width of the connector is smaller
than a width of the fins.
[0019] Preferably, the actuator includes an valve being
movable between a first position in which the liquid outlet
is closed, and a second position in which the liquid outlet
is open. The detector is movable from a restricted position
and a released position in response to movement of the
valve from the closed to the open position. The detector
is movable from a restricted position and a released po-
sition in response to movement of the actuator from the
closed to the open position. The detector is movable from
the released position to the restricted position in re-
sponse to movement of the valve from the open to the
closed position.
[0020] Preferably, the liquid cartridge further includes
at least one guide extending parallel to the movement
path, wherein the guide contacts the body.
[0021] Preferably, the body defines a cavity that in-
cludes an inclined surface. The restriction member is
configured to contact the inclined surface.
[0022] Preferably, the body is biased in the first posi-
tion.

Advantageous Effects of Invention

[0023] According to one or more aspects of the disclo-
sure, the viscosity of liquid stored in the liquid cartridge
may be estimated through measurement of a time
elapsed from the timing at which the restriction member
reaches the release position to the timing at which the
detected member reaches the detected position. Since
the plurality of resist surfaces is exposed to resistance
of liquid, a moving time of the detected member may be
extended. Therefore, accuracy of the ink viscosity esti-
mation may be improved.

Brief Description of Drawings

[0024] Aspects of the disclosure are illustrated by way
of example and not by limitation in the accompanying

figures in which like reference characters indicate similar
elements.

[fig.1]Fig. 1 is a schematic cross-sectional view de-
picting an internal configuration of a printer including
a cartridge holder in an illustrative embodiment ac-
cording to one or more aspects of the disclosure.
[fig.2]Fig. 2 is a schematic external perspective view
depicting an ink cartridge in the illustrative embodi-
ment according to one or more aspects of the dis-
closure.
[fig.3]Fig. 3 is a perspective view depicting an ink
tank of the ink cartridge in the illustrative embodiment
according to one or more aspects of the disclosure.
[fig.4]Fig. 4 is a functional block diagram of the printer
in the illustrative embodiment according to one or
more aspects of the disclosure.
[fig.5A]Fig. 5A is a right side view depicting the ink
tank in the illustrative embodiment according to one
or more aspects of the disclosure, wherein a restric-
tion member is located at a blocking position and a
detected member is located at a standby position.
[fig.5B]Fig. 5B is a vertical cross-sectional view de-
picting the ink tank in the illustrative embodiment ac-
cording to one or more aspects of the disclosure,
wherein the restriction member is located at the re-
strict position and the detected member is located
at the standby position.
[fig.6A]Fig. 6A is a right side view depicting the ink
tank in the illustrative embodiment according to one
or more aspects of the disclosure, wherein the re-
striction member is located at a release position and
the detected member is located at the standby po-
sition.
[fig.6B]Fig. 6B is a vertical cross-sectional view de-
picting the ink tank in the illustrative embodiment ac-
cording to one or more aspects of the disclosure,
wherein the restriction member is located at the re-
lease position and the detected member is located
at the standby position.
[fig.7A]Fig. 7A is a right side view depicting the ink
tank in the illustrative embodiment according to one
or more aspects of the disclosure, wherein the re-
striction member is located at the release position
and the detected member is located at a detected
position.
[fig.7B]Fig. 7B is a vertical cross-sectional view de-
picting the ink tank in the illustrative embodiment ac-
cording to one or more aspects of the disclosure,
wherein the restriction member is located at the re-
lease position and the detected member is located
at the detected position.
[fig.8A]Fig. 8A is a perspective view depicting the
detected member in the illustrative embodiment ac-
cording to one or more aspects of the disclosure.
[fig.8B]Fig. 8B is a perspective view depicting a
valve, a sealing member, and the restriction member
in the illustrative embodiment according to one or
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more aspects of the disclosure.
[fig.9]Fig. 9 is a flowchart depicting example process-
ing executed by a controller for determining whether
abnormality occurs in viscosity of ink stored in an ink
chamber of the ink tank in the illustrative embodiment
according to one or more aspects of the disclosure.
[fig.10]Fig. 10 is a flowchart depicting example
processing executed by the controller on conditions
that the determination processing in Fig. 9 has been
ended and a cover of the cartridge holder is closed
in the illustrative embodiment according to one or
more aspects of the disclosure.
[fig. 11]Fig. 11 is a flowchart depicting example
processing executed by the controller for determin-
ing an amount of ink remaining in the ink chamber
in the illustrative embodiment according to one or
more aspects of the disclosure.
[fig.12A]Fig. 12A is a schematic vertical cross-sec-
tional view depicting an ink tank in a first variation of
the illustrative embodiment according to one or more
aspects of the disclosure, wherein a restriction mem-
ber is located at a blocking position and a detected
member is located at a standby position.
[fig.12B]Fig. 12B is a schematic vertical cross-sec-
tional view depicting the ink tank in the first variation
of the illustrative embodiment according to one or
more aspects of the disclosure, wherein the restric-
tion member is located at an release position and
the detected member is located at the standby po-
sition.
[fig.13A]Fig. 13A is a schematic vertical cross-sec-
tional view depicting the ink tank in the first variation
of the illustrative embodiment according to one or
more aspects of the disclosure, wherein the restric-
tion member is located at the release position and
the detected member is located between the standby
position and a detected position.
[fig.13B]Fig. 13B is a schematic vertical cross-sec-
tional view depicting the ink tank in the first variation
of the illustrative embodiment according to one or
more aspects of the disclosure, wherein the restric-
tion member is located at the release position and
the detected member is located at the detected po-
sition.
[fig.14]Fig. 14 is a schematic vertical cross-sectional
view depicting the ink tank in the first variation of the
illustrative embodiment according to one or more as-
pects of the disclosure, wherein an amount of ink
remaining in an ink chamber is less than the amount
of ink remaining in the ink chamber of Fig. 13B.
[fig.15A]Fig. 15A is a schematic vertical cross-sec-
tional view depicting an ink tank in a second variation
of the illustrative embodiment according to one or
more aspects of the disclosure, wherein a restriction
member is located at a blocking position and a de-
tected member is located at a standby position.
[fig.15B]Fig. 15B is a schematic vertical cross-sec-
tional view depicting the ink tank in the second var-

iation of the illustrative embodiment according to one
or more aspects of the disclosure, wherein the re-
striction member is located at a release position and
the detected member is located at the standby po-
sition.
[fig.16A]Fig. 16A is a schematic vertical cross-sec-
tional view depicting the ink tank in the second var-
iation of the illustrative embodiment according to one
or more aspects of the disclosure, wherein the re-
striction member is located at the release position
and the detected member is located between the
standby position and a detected position.
[fig.16B]Fig. 16B is a schematic vertical cross-sec-
tional view depicting the ink tank in the second var-
iation of the illustrative embodiment according to one
or more aspects of the disclosure, wherein the re-
striction member is located at the release position
and the detected member is located at the detected
position.
[fig.17]Fig. 17 is a schematic vertical cross-sectional
view depicting the ink tank in the second variation of
the illustrative embodiment according to one or more
aspects of the disclosure, an amount of ink remaining
in an ink chamber is less than the amount of ink re-
maining in the ink chamber of Fig. 16B.
[fig.18A]Fig. 18A is a schematic vertical cross-sec-
tional view depicting an ink tank in a third variation
of the illustrative embodiment according to one or
more aspects of the disclosure, wherein a restriction
member is located at a blocking position and a de-
tected member is located at a standby position.
[fig.18B]Fig. 18B is a schematic vertical cross-sec-
tional view depicting the ink tank in the third variation
of the illustrative embodiment according to one or
more aspects of the disclosure, wherein the restric-
tion member is located at an release position and
the detected member is located at the standby po-
sition.
[fig.19A]Fig. 19A is a schematic vertical cross-sec-
tional view depicting the ink tank in the third variation
of the illustrative embodiment according to one or
more aspects of the disclosure, wherein the restric-
tion member is located at the release position and
the detected member is located between the standby
position and a detected position.
[fig.19B]Fig. 19B is a schematic vertical cross-sec-
tional view depicting the ink tank in the third variation
of the illustrative embodiment according to one or
more aspects of the disclosure, the restriction mem-
ber is located at the release position and the detected
member is located at the detected position.
[fig.20A]Fig. 20A is a schematic vertical cross-sec-
tional view depicting an ink tank in a fourth variation
of the illustrative embodiment according to one or
more aspects of the disclosure, wherein a restriction
member is located at a blocking position and a de-
tected member is located at a standby position.
[fig.20B]Fig. 20B is a schematic vertical cross-sec-
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tional view depicting the ink tank in the fourth varia-
tion of the illustrative embodiment according to one
or more aspects of the disclosure, wherein the re-
striction member is located at an release position
and the detected member is located at the standby
position.
[fig.21A]Fig. 21A is a schematic vertical cross-sec-
tional view depicting the ink tank in the fourth varia-
tion of the illustrative embodiment according to one
or more aspects of the disclosure, wherein the re-
striction member is located at the release position
and the detected member is located between the
standby position and a detected position.
[fig.21B]Fig. 21B is a schematic vertical cross-sec-
tional view depicting the ink tank in the fourth varia-
tion of the illustrative embodiment according to one
or more aspects of the disclosure, wherein the re-
striction member is located at the release position
and the detected member is located at the detected
position.
[fig.22A]Fig. 22A is a perspective view depicting the
detected member including a float in the illustrative
embodiment according to one or more aspects of
the disclosure.
[fig.22B]Fig. 22B is a side view depicting the detect-
ed member including the float in the illustrative em-
bodiment according to one or more aspects of the
disclosure.
[fig.23]Fig. 23 is a side view depicting a detected
member including a float which itself is a plurality of
fins in another variation of the illustrative embodi-
ment according to one or more aspects of the dis-
closure.
[fig.24]Fig. 24 is a side view depicting a detected
member whose axis is in an imaginary plane in still
another variation of the illustrative embodiment ac-
cording to one or more aspects of the disclosure.
[fig.25A]Fig. 25A is a side view depicting a detected
member including a connector in yet another varia-
tion of the illustrative embodiment according to one
or more aspects of the disclosure.
[fig.25B]Fig. 25B is an upper perspective view de-
picting the detected member including the connector
in the yet other variation of the illustrative embodi-
ment according to one or more aspects of the dis-
closure.
[fig.26A]Fig. 26A is a perspective view depicting a
detected member including a float having through
holes in a further variation of the illustrative embod-
iment according to one or more aspects of the dis-
closure.
[fig.26B]Fig. 26B is a perspective view depicting a
detected member including a float having a recess
in a still further variation of the illustrative embodi-
ment according to one or more aspects of the dis-
closure.
[fig.27A]Fig. 27A is a vertical cross-sectional view
depicting a cartridge holder including a plurality of

sensors, and an ink cartridge including a plurality of
raised portions in yet further variation of the illustra-
tive embodiment according to one or more aspects
of the disclosure.
[fig.27B]Fig. 27B is a vertical cross-sectional view
depicting a cartridge holder including a plurality of
sensors, and an ink cartridge including a plurality of
raised portions in yet further variation of the illustra-
tive embodiment according to one or more aspects
of the disclosure.
[fig.28A]Fig. 28A is a vertical cross-sectional view
depicting a cartridge holder including a sensor and
an ink cartridge including a plurality of raised portions
in other variation of the illustrative embodiment ac-
cording to one or more aspects of the disclosure.
[fig.28B]Fig. 28B is a vertical cross-sectional view
depicting a cartridge holder including a sensor and
an ink cartridge including a plurality of raised portions
in other variation of the illustrative embodiment ac-
cording to one or more aspects of the disclosure.
[fig.28C]Fig. 28C is a vertical cross-sectional view
depicting a cartridge holder including a sensor and
an ink cartridge including a plurality of raised portions
in other variation of the illustrative embodiment ac-
cording to one or more aspects of the disclosure.

Description of Embodiments

[0025] Hereinafter, various illustrative embodiments
will be described in detail with reference to the accom-
panying drawings, wherein like reference numerals rep-
resent like parts and assemblies throughout the several
views. Reference to various embodiments does not limit
the scope of the claims attached hereto. Additionally, any
example set forth in the specification are not intended to
be limiting and merely set forth some of the many possible
embodiments for the appended claims. Throughout the
specification, a threshold range might not necessarily
have upper and lower limits that are both specified but
may need to have at least one specified limit (e.g., a
specified upper limit or a specified lower limit). For ex-
ample, when the threshold range has a specified upper
limit, the threshold range may include all values that are
smaller than or equal to the upper limit. Similar to this,
when the threshold range has a specified lower limit, the
threshold range may include all values that are greater
than or equal to the lower limit. In the description below,
a direction that an ink cartridge 30 is inserted into a car-
tridge holder 110 may be defined as an insertion direction
51. A direction that is opposite to the insertion direction
51 and that an ink cartridge 30 is removed from the car-
tridge holder 110 may be defined as a removal direction
52. In the illustrative embodiments, the insertion direction
51 and the removal direction 52 both may be the hori-
zontal direction but might not be limited thereto. In a state
where an ink cartridge 30 is completely placed in the
cartridge holder 110, e.g., in a state where the ink car-
tridge 30 is in a use position, the gravity direction may
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be defined as a downward direction 53 and a direction
opposite to the gravity direction may be defined as an
upward direction 54. Directions orthogonal to the inser-
tion direction 51 and the downward direction 53 may be
defined as a rightward direction 55 and a leftward direc-
tion 56 when viewed in the removal direction 52. Unless
otherwise defined, it is assumed that an ink cartridge 30
is in the use position.

<Overview of Printer 10>

[0026] As depicted in Fig. 1, a printer 10 is configured
to record an image onto a recording sheet by selectively
ejecting ink droplets onto the recording sheet using an
inkjet recording system. The printer 10 (as an example
of a liquid consuming apparatus) includes a recording
head 21 (as an example of a liquid consuming unit), an
ink supply unit 100, and an ink tube 20. The ink tube 20
connects between the recording head 21 and the ink sup-
ply unit 100. The ink supply unit 100 includes a cartridge
holder 110 (as an example of a holder). The cartridge
holder 110 is configured to accommodate one or more
ink cartridges 30 (as an example of a liquid cartridge).
The cartridge holder 110 has an opening 112 at one end.
An ink cartridge 30 is inserted into the cartridge holder
110 in the insertion direction 51 through the opening 112
or is removed from the cartridge holder 110 in the removal
direction 52 through the opening 112.
[0027] An ink cartridge 30 stores ink (as an example
of liquid) to be used in the printer 10. In a state where
the ink cartridge 30 is completely placed in the cartridge
holder 110, the ink cartridge 30 and the recording head
21 are connected with each other via the ink tube 20.
The recording head 21 includes a sub tank 28. The sub
tank 28 is configured to temporarily store therein ink sup-
plied from the ink cartridge 30 through the ink tube 20.
The recording head 21 ejects ink, which is supplied from
the sub tank 28, from nozzles 29 selectively. For exam-
ple, the recording head 21 further includes a head control
board 21A. The head control board 21A applies drive
voltage selectively to piezoelectric elements 29A provid-
ed for the respective nozzles 29, whereby ink is ejected
from appropriate nozzles 29 selectively.
[0028] In the printer 10, a feed roller 23 feeds one or
more recording sheets one by one from a feed tray 15
into a conveying path 24. A conveyor roller pair 25 further
conveys the recording sheet onto a platen 26. The re-
cording head 21 selectively ejects ink onto the recording
sheet that is passing over the platen 26, thereby record-
ing an image onto the recording sheet. A discharge roller
pair 27 then discharges the recording sheet, which has
passed over the platen 26, onto a discharge tray 16 dis-
posed at a downstream end of the conveying path 24.

<Ink Supply Unit 100>

[0029] As depicted in Fig. 1, the ink supply unit 100 is
included in the printer 10. The ink supply unit 100 is con-

figured to supply ink to the recording head 21 of the printer
10. The ink supply unit 100 includes the cartridge holder
110 for accommodating one or more ink cartridges 30.
The cartridge holder 110 includes a casing 101, an ink
needle 102, a sensor 103 (as an example of a sensor),
and a cartridge sensor 107.
[0030] In Fig. 1, an ink cartridge 30 is completely placed
in the cartridge holder 110. That is, the ink cartridge 30
is in the use position. The cartridge holder 110 is capable
of accommodating a plurality of, for example, four, ink
cartridges 30 of respective colors of ink, e.g., cyan, ma-
genta, yellow, and black. Therefore, in the illustrative em-
bodiment, the cartridge holder 110 includes four each of
the ink needle 102, the sensor 103, and the cartridge
sensor 107, for the ink cartridges 30 of the respective
four colors. In the description below, plural same com-
ponents have the same or similar configuration and func-
tion in the same or similar manner to each other. There-
fore, one of the plural same components will be described
in detail, and a description for the others will be omitted.
When a single ink cartridge 30 is inserted into, removed
from, or placed in the cartridge holder 110, one or more
other ink cartridges 30 may or might not be placed in the
cartridge holder 110.

<Ink Needles 102>

[0031] As depicted in Fig. 1, the casing 101 has the
opening 112 at one end. The casing 101 has an inner
back surface 151 at an opposite end to the opening 112
thereof. An ink needle 102 protrudes in the removal di-
rection 52 from the inner back surface 151 of the casing
101. The ink needle 102 is disposed at a particular posi-
tion at the inner back surface 151 of the casing 101 such
that the ink needle 102 is capable of pointing to an ink
outlet 60 (as an example of a liquid outlet) of a corre-
sponding ink cartridge 30 placed in the cartridge holder
110. The ink needle 102 may be a resin hollow tube hav-
ing a liquid channel inside thereof. The ink needle 102
has a hole at or near its distal end. An ink tube 20 is
connected with a proximal end of the ink needle 102. Ink
stored in an ink chamber 36 (as an example of a liquid
storage chamber) of an ink cartridge 30 is allowed to flow
into the ink tube 20 through the ink needle 102 disposed
in the ink outlet 60 by insertion. That is, ink stored in the
ink chamber 36 is supplied to the recording head 21 from
the ink cartridge 30 placed in the cartridge holder 110,
through the ink outlet 60. All of the ink needles 102 pro-
vided for the ink cartridges 30 of the respective colors
have the same or similar configuration and function in
the same or similar manner to each other.
[0032] The printer 10 further includes a cover (not de-
picted) that is configured to selectively cover and expose
the opening 112 of the cartridge holder 110. The cover
is supported by one of the casing 101 and a housing (not
depicted) of the printer 10 such that the cover is capable
of being opened and closed relative to the cartridge hold-
er 110. When the cover is opened, the opening 112 is
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exposed to the outside of the printer 10. In this state, a
user is allowed to insert or remove one or more ink car-
tridges 30 into or from the cartridge holder 110 through
the opening 112. When the cover is closed, the opening
112 is covered by the cover and thus is not exposed to
the outside of the printer 10. In this state, the user is not
allowed to insert or remove any ink cartridge 30 into or
from the cartridge holder 110.
[0033] Throughout the description, an ink cartridge 30
placed in the cartridge holder 110 refers to as an ink
cartridge 30, at least a portion of which is located in the
cartridge holder 110 (more specifically, in the casing
101). Therefore, an ink cartridge 30 placed in the car-
tridge holder 110 includes an ink cartridge 30 that is being
inserted into the cartridge holder 110.
[0034] A state where an ink cartridge 30 is completely
placed in the cartridge holder 110 refers to a state where
an ink cartridge 30 is at least able to supply ink to the
recording head 21 therefrom. For example, the complete-
ly placed state includes a state where an ink cartridge 30
is in a particular state that enables the printer 10 to per-
form image recording, e.g., a state where an ink cartridge
30 is retained so as not to move relative to the cartridge
holder 110 or a state where an ink cartridge 30 is located
inside the cartridge holder 110 with the cover of the car-
tridge holder 110 closed. When an ink cartridge 30 is
completely placed in the cartridge holder 110, the ink
cartridge 30 is in the use position.

<Sensors 103>

[0035] As depicted in Fig. 1, the casing 101 has an
inner top surface 152 that extends from an upper end of
the inner back surface 151 toward the opening 112. A
sensor 103 protrudes downward from the inner top sur-
face 152 of the casing 101. The sensor 103 includes a
light emitting portion and a light receiving portion. The
light emitting portion is spaced from the light receiving
portion in one of the rightward direction 55 and the left-
ward direction 56. In a state where an ink cartridge 30 is
completely placed in the cartridge holder 110, a raised
portion 37 of the ink cartridge 30 is located between the
light emitting portion and the light receiving portion. In
other words, the light emitting portion and the light re-
ceiving portion are disposed on opposite sides of the
raised portion 37 of the ink cartridge 30 that is completely
placed in the cartridge holder 110. In the illustrative em-
bodiment, an optical path that light emitted from the light
emitting portion travels may coincide with a right-left di-
rection 55, 56.
[0036] The sensor 103 is configured to output different
detection signals according to whether light outputted
from the light emitting portion has been received or not
by the light receiving portion. For example, when the light
receiving portion has not received light emitted from the
light emitting portion (e.g., when intensity of received light
is lower than a predetermined intensity), the sensor 103
outputs a low-level signal (e.g., a signal having a level

lower than a threshold level). When the light receiving
portion has received light outputted from the light emitting
portion (e.g., when the intensity of received light is higher
than or equal to the predetermined intensity), the sensor
103 outputs a high-level signal (e.g., a signal having a
level higher than or equal to the threshold level). In the
illustrative embodiment, the light emitting portion emits
light (e.g., visible light or infrared light) that is capable of
passing through walls of the raised portion 37 (e.g., a
frame 31) of the ink cartridge 30 but is not capable of
passing through ink stored in the ink cartridge 30. All of
the sensors 103 provided for the ink cartridges 30 of the
respective colors have the same or similar configuration
and function in the same or similar manner to each other.

<Cartridge Sensors 107>

[0037] As depicted in Fig. 1, a cartridge sensor 107 is
disposed above a corresponding ink needle 102 and at
the inner back surface 151 of the casing 101. The car-
tridge sensor 107 is disposed at a cartridge placement
detecting position in a route for inserting an ink cartridge
30 within the cartridge holder 110. The cartridge sensor
107 is configured to output different detection signals to
a controller 130 (refer to Fig. 4) according to whether an
ink cartridge 30 is present or absent at the cartridge
placement detecting position. In the illustrative embodi-
ment, the cartridge sensor 107 is disposed at a particular
position such that an ink cartridge 30 is located at the
cartridge placement detecting position when the ink car-
tridge 30 is completely placed in the cartridge holder 110.
[0038] For example, when the cartridge sensor 107 is
not pressed by a front end 58 of a cartridge cover 33 of
an ink cartridge 30 placed in the cartridge holder 110,
the cartridge sensor 107 outputs a low-level signal. When
the cartridge sensor 107 has been pressed by the front
end 58 of the cartridge cover 33, the cartridge sensor
107 outputs a high-level signal. In the illustrative embod-
iment, the cartridge sensor 107 may be a mechanical
sensor that is configured to output different detection sig-
nals according to whether the cartridge sensor 107 has
been pressed by the front end 58 of the cartridge cover
33. Nevertheless, in other embodiments, an optical sen-
sor may be used as a cartridge sensor 107. All of the
cartridge sensors 107 provided for the ink cartridges 30
of the respective colors have the same or similar config-
uration and function in the same or similar manner to
each other.

<Ink Cartridges 30>

[0039] All ink cartridges 30 to be placed in the cartridge
holder 110 have the same or similar configuration and
function in the same or similar manner to each other.
Therefore, one of the ink cartridge 30 will be described
in detail. As depicted in Figs. 2 and 3, an ink cartridge 30
includes an ink tank 32 and a cartridge cover 33 that
covers the ink tank 32. The cartridge cover 33 consists
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of two members that are engageable with each other and
sandwich the ink tank 32 therebetween to cover the ink
tank 32. As depicted in Fig. 2, the cartridge cover 33 has
two openings 34 and 35. The opening 34 is defined in a
top end 57 of the cartridge cover 33. The ink tank 32
includes a raised portion 37. The raised portion 37 of the
ink tank 32 protrudes to the outside of the cartridge cover
33 through the opening 34. The opening 35 is defined in
a front end 58 of the cartridge cover 33. The ink tank 32
further includes an ink outlet 60. The ink outlet 60 of the
ink tank 32 protrudes to the outside of the cartridge cover
33 through the opening 35.
[0040] In the illustrative embodiment, the cartridge
cover 33 allows the raised portion 37 and the ink outlet
60 of the ink tank 32 to protrude to the outside of the
cartridge cover 33 through the opening 34 and the open-
ing 35, respectively. Nevertheless, in other embodi-
ments, for example, the cartridge cover 33 may also ex-
pose another portion of the ink tank 32 to the outside of
the cartridge cover 33 as well as the raised portion 37
and the ink outlet 60.
[0041] As depicted in Fig. 3, the ink tank 32 includes
an ink chamber 36, the ink outlet 60, and a frame 31. The
ink tank 32 may be made of transparent or translucent
resin. The ink tank 32 is configured to supply ink to the
outside thereof from the ink chamber 36 through the ink
outlet 60. The ink cartridge 30 is inserted into the cartridge
holder 110 along the insertion direction 51 or removed
from the cartridge holder 110 along the removal direction
52 while retained in a standing posture as depicted in
Fig. 2, e.g., while oriented such that a surface facing
downward is regarded as the bottom of the ink cartridge
30 and a surface facing upward is regarded as the top
of the ink cartridge 30.
[0042] As depicted in Fig. 3, the frame 31 may have a
substantially rectangular parallelepiped external shape.
The frame 31 may be relatively narrow in the right-left
direction 55, 56, that is, the frame 31 has a greater di-
mension both in an up-down direction 54, 53 and in an
insertion-removal direction 51 than a dimension in the
right-left direction 55, 56. The frame 31 includes a front
wall 40, a rear wall 41, an upper wall 39, a lower wall 42,
a first inner wall 43, and a second inner wall 44. The front
wall 40 and the rear wall 41 at least partially overlap each
other when viewed in the insertion direction 51 or in the
removal direction 52. The upper wall 39 and the lower
wall 42 at least partially overlap each other when viewed
in the downward direction 53 or in the upward direction
54. The first inner wall 43 stands at a substantially middle
portion of the lower wall 42 in the right-left direction 55,
56, extending toward the upper wall 39. The second inner
wall 44 protrudes from the first inner wall 43 in the right-
ward direction 55. The wall facing forward (e.g., the di-
rection toward which the ink cartridge 30 is inserted) at
the time of inserting the ink cartridge 30 into the cartridge
holder 110 may function as the front wall 40 and the wall
facing backward (e.g., the direction toward which the ink
cartridge 30 is removed) at the time of inserting the ink

cartridge 30 into the cartridge holder 110 may function
as the rear wall 41.
[0043] The upper wall 39 connects between an upper
end of the front wall 40 and an upper end of the rear wall
41. The lower wall 42 connects between a lower end of
the front wall 40 and a lower end of the rear wall 41. The
raised portion 37 protrudes in the upward direction 54
from the upper wall 39. At least the upper wall 39 including
the raised portion 37 allows light emitted from the light
emitting portion of the sensor 103 to pass therethrough.
[0044] The frame 31 has open ends in the right-left
direction 55, 56. The right and left open ends of the frame
31 are sealed by respective films (not depicted). The film
for sealing the right open end of the frame 31 has a shape
that corresponds to an outline of the frame 31 when
viewed in the rightward direction 55. The film for sealing
the left open end of the frame 31 has a shape that cor-
responds to an outline of the frame 31 when viewed in
the leftward direction 56. The films constitute right and
left walls, respectively, of the ink chamber 36. The films
are adhered to right and left ends, respectively, of the
upper wall 39, the front wall 40, the rear wall 41, and the
lower wall 42 by heat to close the right and left open ends
of the ink chamber 36 tightly. Therefore, the ink chamber
36 is defined by the upper wall 39, the front wall 40, the
rear wall 41, the lower wall 42, and the films and thus is
capable of storing ink therein.
[0045] The ink tank 32 further includes a projection 48
inside the frame 31. The projection 48 extends from the
first inner wall 43 in the rightward direction 55. A detector
59 is disposed inside the ink chamber 36. The projection
48 supports the detector 59.

<Ink Chamber 36>

[0046] As depicted in Fig. 3, the ink chamber 36 is de-
fined between the front wall 40 and the rear wall 41. The
ink chamber 36 stores ink therein. Until the ink cartridge
30 is placed in the cartridge holder 110, the ink chamber
36 of the ink cartridge 30 is maintained at a negative
pressure. The ink chamber 36 becomes exposed to the
outside air through a first air communication passage 66
and a second air communication passage 67 by place-
ment of the ink cartridge 30 in the cartridge holder 110.
Ink stored in the ink chamber 36 is allowed to flow to the
outside of the ink cartridge 30 through the ink outlet 60
also by placement of the ink cartridge 30 in the cartridge
holder 110. The raised portion 37 has an interior space
inside thereof and the interior space constitutes a portion
of the ink chamber 36.

<Ink Outlet 60>

[0047] As depicted in Figs. 5A and 5B, the ink outlet
60 is disposed at a lower end portion of the front wall 40.
The ink outlet 60 includes a cylindrical wall 46, a sealer
76, and a cap 79. The cylindrical wall 46 may have a
tubular shape having a valve chamber 47 therein. The
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sealer 76 and the cap 79 are attached on the cylindrical
wall 46.
[0048] The cylindrical wall 46 extends between the in-
side of the ink chamber 36 and the outside of the ink
chamber 36. The cylindrical wall 46 has an opening 46A
and an opening 46B at opposite ends in an insertion-
removal direction 51, 52. More specifically, the cylindrical
wall 46 has the opening 46A at one end that faces the
direction toward which the ink cartridge 30 is removed
(e.g., at one end that is located inside the ink chamber
36). The cylindrical wall 46 has the opening 46B at the
other end that faces the direction the ink cartridge 30 is
inserted (e.g., at the other end that is located outside the
ink chamber 36 (e.g., an exposed end)). With this con-
figuration, the ink chamber 36 is in communication with
the outside of the ink cartridge 30 through the valve cham-
ber 47. Thus, the ink outlet 60 allows ink stored in the ink
chamber 36 to flow to the outside of the ink cartridge 30.
The exposed end, e.g., a distal end, of the cylindrical wall
46 is attached with the sealer 76 and the cap 79.
[0049] As depicted in Figs. 3 and 5A, the valve cham-
ber 47 is connected with the first air communication pas-
sage 66 and the second air communication passage 67.
The first air communication passage 66 allows air to flow
therethrough between the valve chamber 47 and the out-
side of the ink cartridge 30. That is, the first air commu-
nication passage 66 allows the valve chamber 47 to be
exposed to the outside air. The first air communication
passage 66 has a hole 66A, a groove 66B, and a hole
66C. The hole 66A provides communication between the
inside and the outside of the cylindrical wall 46. The
groove 66B has one end that is in communication with
the hole 66A. The hole 66C provides communication be-
tween the other end of the groove 66B and the outside
of the ink cartridge 30.
[0050] The second air communication passage 67 al-
lows air to flow therethrough between the valve chamber
47 and the ink chamber 36. The second air communica-
tion passage 67 has a hole 67A, a groove 67B, and a
hole 67C. The hole 67A provides communication be-
tween the inside and the outside of the cylindrical wall
46. The groove 67B has one end that is communication
with the hole 67A. The hole 67C provides communication
between the other end of the groove 67B and the ink
chamber 36. The hole 67A is spaced from the hole 66A
in the removal direction 52. The hole 67C is defined at a
particular position that is higher than a level of ink stored
in an ink chamber 36 of a not-yet-used ink cartridge 30.
For example, the hole 67C is defined at a position that
is higher than a level of the maximum amount of ink that
the ink chamber 36 is capable of storing. The first air
communication passage 66 and the second air commu-
nication passage 67 are liquid tightly sealed by the film
constituting the right wall of the ink cartridge 30.
[0051] As depicted in Fig. 5B, the sealer 76 has a sub-
stantially circular cylindrical shape. The sealer 76 has an
outside diameter that is substantially the same as an out-
side diameter of the cylindrical wall 46. The sealer 76 is

liquid tightly attached on the exposed end of the cylindri-
cal wall 46. The sealer 76 has a through hole 68 at a
substantially middle portion thereof. The through hole 68
penetrates the sealer 76 in the insertion direction 51. The
through hole 68 provides communication between the
inside and the outside of the valve chamber 47. The
through hole 68 has a diameter that is slightly smaller
than an outside diameter of the ink needle 102. The seal-
er 76 may be made of elastic material, for example, rub-
ber.
[0052] The cap 79 is fitted over the exposed end of the
cylindrical wall 46. The cap 79 and the cylindrical wall 46
sandwiches the sealer 76 therebetween. The cap 79 has
a through hole 69 at a substantially middle portion there-
of. The through hole 69 penetrates the cap 79 in a thick-
ness direction of the cap 79. The through hole 69 has a
diameter that is greater than a diameter of the through
hole 68. The cap 79 includes an engagement portion (not
depicted) protruding in the removal direction 52. The en-
gagement portion of the cap 79 is in engagement with
an engagement portion 81 of the front wall 40. The cap
79 retains the sealer 76 at the exposed end of the cylin-
drical wall 46.

<Valve 77, Sealing Member 78, and Coil Spring 87>

[0053] As depicted in Figs. 5A, 5B, and 8B, the cylin-
drical wall 46 of the ink outlet 60 accommodates therein
a valve 77 (as an example of a movable member), a
sealing member 78, and a coil spring 87 (as an example
of an urging member). The valve 77, the sealing member
78, and the coil spring 87 are configured to switch a state
of the ink outlet 60 selectively between a state where the
ink outlet 60 allows ink to flow therethrough to the outside
of the ink cartridge 30 from the ink chamber 36 and a
state where the ink outlet 60 prevents ink from flowing
therethrough to the outside of the ink cartridge 30 from
the ink chamber 36. The valve 77, the sealing member
78, and the coil spring 87 are further configured to switch
the state of the ink outlet 60 selectively between a state
where the ink outlet 60 allows air communication there-
through between the ink chamber 36 and the outside of
the ink cartridge 30 and a state where the ink outlet 60
prevents air communication therethrough between the
ink chamber 36 and the outside of the ink cartridge 30.
[0054] The valve 77 includes a circular plug 83, a rod
84, a plurality of first protrusions 85, and a plurality of
second protrusions 86. The rod 84 extends from the plug
83 in the removal direction 52. The first protrusions 85
and the second protrusions 86 protrude from the rod 84
in respective directions with respect to a diameter direc-
tion of the rod 84. The valve 77 is disposed within the
valve chamber 47 while the plug 83 is oriented toward
the exposed end of the cylindrical wall 46. In this state,
the valve 77 is movable selectively in the insertion direc-
tion 51 or in the removal direction 52. A distal end of the
rod 84 that is opposite to the end connected with the plug
83 protrudes to the ink chamber 36 beyond the valve
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chamber 47. That is, the valve 77 extends between the
ink outlet 60 and the ink chamber 36. Nevertheless, in
other embodiments, for example, the rod 84 might not
necessarily protrude to the ink chamber 36 beyond the
valve chamber 47. In this case, the valve 77 may be dis-
posed within the ink outlet 60.
[0055] The valve 77 has an outside diameter that is
smaller than the inside diameter of the cylindrical wall
46. Thus, the valve 77 is capable of moving selectively
in the insertion direction 51 and in the removal direction
52. For example, the valve 77 is capable of moving be-
tween a first position (e.g., a position of the valve 77 de-
picted in Fig. 5B) and a second position (e.g., a position
of the valve 77 depicted in Fig. 6B). The second position
is closer to the rear wall 41 than the first position.
[0056] The plug 83 has an outside diameter that is
slightly larger than the diameter of the through hole 68
of the sealer 76. With this configuration, as depicted in
Fig. 5B, when the valve 77 is located at the first position,
the plug 83 is tightly fitted in the through hole 68 of the
sealer 76, thereby liquid tightly sealing the through hole
68. Thus, the opening 46B of the cylindrical wall 46 is
closed. As depicted in Fig. 6B, when the valve 77 is lo-
cated at the second position, the plug 83 is located sep-
arate from the sealer 76. Therefore, the opening 46B of
the cylindrical wall 46 is opened.
[0057] The rod 84 has an outside diameter that is small-
er than the outside diameter of the plug 83.
[0058] The plurality of first protrusions 85 includes four
first protrusions 85 that are spaced apart from each other
in a circumferential direction of the rod 84. The plurality
of second protrusions 86 includes four second protru-
sions 86 that are spaced apart from each other in the
circumferential direction of the rod 84. The plurality of
first protrusions 85 is spaced from the plurality of second
protrusions 86 in the insertion direction 51 and is dis-
posed adjacent to the plug 83 in the removal direction 52.
[0059] The sealing member 78 may be made of an
elastic material, for example, rubber. As depicted in Figs.
5B and 8B, the sealing member 78 includes a circular
cylindrical portion 95, a first sealing portion 96, and a
second sealing portion 97. The first sealing portion 96
and the second sealing portion 97 may be flanged por-
tions that protrude from respective portions of an outer
surface of the cylindrical portion 95 in a diameter direction
of the cylindrical portion 95.
[0060] The cylindrical portion 95 is disposed between
the plurality of first protrusions 85 and the plurality of sec-
ond protrusions 86 while having the rod 84 of the valve
77 inserted therethrough. The cylindrical portion 95 has
an inside diameter that is larger than the outside diameter
of the rod 84. Therefore, in a state where the rod 84 pen-
etrates the cylindrical portion 95, clearance is left be-
tween the cylindrical portion 95 and the rod 84. An empty
space inside the cylindrical portion 95 is exposed through
a gap between each adjacent two of the first protrusions
85 and a gap between each adjacent two of the second
protrusions 86. With this configuration, the empty space

inside the cylindrical portion 95 provides communication
therethrough between a space of the valve chamber 47
leading to the opening 46A and another space of the
valve chamber 47 leading to the opening 46B.
[0061] The cylindrical portion 95 includes one end that
is in contact with the plurality of first protrusions 85 and
the other end that is in contact with the plurality of second
protrusions 86. With this configuration, the sealing mem-
ber 78 is capable of moving together with the valve 77
within the valve chamber 47 selectively in the insertion
direction 51 and in the removal direction 52.
[0062] The first sealing portion 96 is spaced from the
second sealing portion 97 in the insertion direction 51.
[0063] The first sealing portion 96 and the second seal-
ing portion 97 hermetically and closely contact the inner
surface of the cylindrical wall 46. In a state where the
sealing member 78 is not disposed in the valve chamber
47, an outside diameter of each of the first sealing portion
96 and the second sealing portion 97 is slightly larger
than the inside diameter of the cylindrical wall 46. There-
fore, in a state where the sealing member 78 is disposed
in the valve chamber 47, the first sealing portion 96 and
the second sealing portion 97 are in hermetical contact
with the inner surface of the cylindrical wall 46 while being
elastically deformed in a direction such that the first seal-
ing portion 96 and the second sealing portion 97 de-
crease their outside diameter. As the valve 77 moves in
the insertion-removal direction 51, 52, the first sealing
portion 96 and the second sealing portion 97 slide relative
to the inner surface of the cylindrical wall 46.
[0064] The coil spring 87 is disposed between the
opening 46A and the plurality of second protrusions 86.
The coil spring 87 urges the valve 77 in the insertion
direction 51. For example, the coil spring 87 urges the
valve 77 toward the first position from the second posi-
tion. Thus, in the valve chamber 47, the valve 77 is re-
tained while being in contact with the sealer 76 (refer to
Fig. 5B). In other embodiments, for example, another urg-
ing member, e.g., a leaf spring, may be used instead of
the coil spring 87. Nevertheless, an urging member such
as the coil spring 87 might not necessarily be provided.

<Detector 59>

[0065] As depicted in Figs. 3, 5A, and 5B, the detector
59 is disposed inside the ink chamber 36. The detector
59 is rotatably supported by the frame 31. The detector
59 includes an axial portion 61 that has an axis on which
the detector 59 rotates. The axial portion 61 has an cir-
cular cylindrical shape. In other embodiments, for exam-
ple, the axial portion 61 may have a different shape. The
axial portion 61 of the detector 59 is engaged with the
projection 48 of the frame 31 by insertion. Therefore, the
detector 59 is rotatably supported by the frame 31.
[0066] As depicted in Figs. 3, 5A, 5B, and 8A, the ink
cartridge 30 includes the detector 59 and a float 63. In
the illustrative embodiment, the float 63 constitutes a por-
tion of the detector 59. The detector 59 includes the axial
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portion 61, a first arm 71, a second arm 72, a third arm
73, a detection portion 62, the float 63, and a restriction
portion 64.
[0067] The axial portion 61 is spaced from the second
inner wall 44 in the insertion direction 51. The first arm
71 extends from the axial portion 61 in one direction with
respect to the diameter direction of the axial portion 61.
The second arm 72 extends from the axial portion 61 in
another direction with respect to the diameter direction
of the axial portion 61 so as to extend in a different di-
rection from the direction that the first arm 71 extends.
The second arm 72 extends in the removal direction 52
from the axial portion 61 beyond the second inner wall
44 through a recess 45 of the second inner wall 22. The
recess 45 is recessed in the leftward direction 56 relative
to a right end of the second inner wall 44. The third arm
73 extends from the axial portion 61 in other direction
with respect to the diameter direction of the axial portion
61 so as to extend in a different direction from the direc-
tions that the first arm 71 and the second arm 72 extend
respectively. The third arm 73 is shorter in length than
the second arm 72.
[0068] The detection portion 62 is disposed at a distal
end of the first arm 71 and is supported by the first arm
71. The detection portion 62 has a plate-like shape. The
detection portion 62 may be made of material that blocks
light outputted from the light emitting portion. The detec-
tion portion 62 is supported by the first arm 71 while being
spaced from the axis of the detector 59 by a distance L1
(refer to Fig. 5B). In other embodiments, for example, the
detection portion 62 may be disposed at another portion
of the first arm 71. In one example, the detection portion
62 may be disposed at a middle portion of the first arm
71 between the distal end and a proximal end of the first
arm 71.
[0069] More specifically, when light outputted from the
light emitting portion reaches one of a right surface and
a left surface of the detection portion 62, the intensity of
light that comes from the other of the right surface and
the left surface of the detection portion 62 and reaches
the light receiving portion may be less than a predeter-
mined intensity, e.g., zero. For example, the detection
portion 62 may completely block light from traveling in
the rightward direction 55 or in the leftward direction 56
therefrom, may absorb light partially, may deflect light to
change the optical path of light, or may reflect the light
completely. In one example, the detection portion 62 may
be made of resin containing pigment. In another example,
the detection portion 62 may be transparent or translu-
cent and have a prism-like shape for changing the optical
path of light. In other example, the detection portion 62
may have a reflecting film, e.g., an aluminum film, on its
surface.
[0070] The float 63 is disposed at a distal end of the
second arm 72 and is supported by the second arm 72.
The float 63 may be made of material having a lower
specific gravity than ink stored in the ink chamber 36.
The float 63 is supported by the second arm 72 while

being spaced apart from the axis of the detector 59 by a
distance L2 that is shorter than the distance L1 (refer to
Fig. 5A). In other embodiments, for example, the float 63
may be disposed at another portion of the second arm
72. In one example, the float 63 may be disposed at a
middle portion of the second arm 72 between the distal
end and a proximal end of the second arm 72.
[0071] The restriction portion 64 is disposed at a distal
end of the third arm 73. The restriction portion 64 consti-
tutes a portion of the third arm 73 and includes the distal
end of the third arm 73. The restriction portion 64 has a
flat surface at the distal end of the third arm 73. The re-
striction portion 64 is configured to contact and separate
from a restriction member 88. In other embodiments, for
example, the restriction portion 64 and the third arm 73
may be separate parts. In this case, the restriction portion
64 may be supported by the third arm 73.
[0072] The detector 59 is disposed inside the ink cham-
ber 36 while the first arm 71 extends substantially in the
upward direction 54, the second arm 72 extends sub-
stantially in the removal direction 52, and the third arm
73 extends substantially in the insertion direction 51.
[0073] The detector 59 is movable (e.g., rotatable) be-
tween a detected position (e.g., a position of the detector
59 depicted in Figs. 7A and 7B) and a standby position
(e.g., a position of the detector 59 depicted in Figs. 5A
and 5B). The standby position is a different position from
the detected position. In a state where the ink cartridge
30 is completely placed in the cartridge holder 110, when
the detector 59 is located at the detected position, the
detection portion 62 is located between the light emitting
portion and the light receiving portion of the sensor 103
(refer to Fig. 1). Therefore, light outputted from the light
emitting portion is blocked by the detection portion 62,
thereby not reaching the light receiving portion. Thus,
when the detector 59 is located at the detected position,
the detection portion 62 is detected by the sensor 103
from the outside of the ink cartridge 30. In the state where
the ink cartridge 30 is completely placed in the cartridge
holder 110, when the detector 59 is located at a position
other than the detected position, the detection portion 62
is not located between the light emitting portion and the
light receiving portion of the sensor 103. Therefore, light
outputted from the light emitting portion reaches the light
receiving portion.

<Restriction member 88>

[0074] As depicted in Figs. 5A and 5B, the restriction
member 88 is disposed inside the ink chamber 36. The
restriction member 88 is supported by the frame 31 so
as to be movable selectively in the insertion direction 51
and in the removal direction 52. As depicted in Figs. 3,
5A, and 5B, the frame 31 of the ink tank 32 includes guide
members 49 at the first inner wall 43. The guide members
49 are spaced from the projection 48 of the first inner
wall 43 in the removal direction 52. The guide members
49 are disposed in an area above a portion of the valve
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77 disposed inside the ink chamber 36 and below the
projection 48. The guide members 49 are spaced apart
from each other in the up-down direction 54, 53. The
guide members 49 extend in the insertion-removal direc-
tion 51, 52. The restriction member 88 is disposed be-
tween the guide members 49 in the up-down direction
54, 53. Thus, the restriction member 88 is supported by
the frame 31 so as to be movable selectively in the in-
sertion direction 51 and in the removal direction 52.
[0075] As depicted in Figs. 5A, 5B, and 8, the restriction
member 88 includes a first portion 89 and a second por-
tion 90. The second portion 90 includes a projecting por-
tion 91 at a middle portion thereof in the insertion-removal
direction 51, 52. The projecting portion 91 protrudes in
the rightward direction 55 therefrom. The projecting por-
tion 91 of the second portion 90 protrudes in the rightward
direction 55 relative to the guide members 49. The portion
of the second portion 90 other than the projecting portion
91 is disposed between the guide members 49 in the up-
down direction 54, 53 and does not protrude in the right-
ward direction 55 relative to the guide members 49.
[0076] The first portion 89 extends in the downward
direction 53 from the projecting portion 91 of the second
portion 90. The first portion 89 has a through hole 92
defined in its distal end portion. The through hole 92 pen-
etrates the first portion 89 in the insertion-removal direc-
tion 51, 52. The valve 77 includes an engagement pro-
jection 77A at the other end that is opposite to the end
including the plug 83. The engagement projection 77A
of the valve 77 is disposed in the through hole 92 by
insertion. The through hole 92 has a diameter that is
slightly smaller than a diameter of the engagement pro-
jection 77A. Therefore, the engagement projection 77A
and the through hole 92 are in engagement with each
other, whereby the first portion 89 of the restriction mem-
ber 88 is engagement with the valve 77. With this con-
figuration, as the valve 77 moves in one of the insertion
direction 51 and the removal direction 52, the restriction
member 88 moves in the same direction (e.g., selectively
in the insertion direction 51 and in the removal direction
52) together with the valve 77.
[0077] The restriction member 88 is movable between
a blocking position (e.g., a position of the restriction mem-
ber 88 depicted in Figs. 5A and 5B) and an release po-
sition (e.g., a position of the restriction member 88 de-
picted in Figs. 6A and 6B). The release position is closer
to the rear wall 41 than the restrict position. When the
valve 77 is located at the first position, the restriction
member 88 is located at the restrict position. When the
valve 77 is located at the second position, the restriction
member 88 is located at the release position. As the valve
77 moves from the first position to the second position,
the restriction member 88 moves from the restrict position
to the release position. As the valve 77 moves from the
second position to the first position, the restriction mem-
ber 88 moves from the release position to the restrict
position.
[0078] When the restriction member 88 is located at

the restrict position, an upwardly-facing surface of the
projecting portion 91 of the second portion 90 of the re-
striction member 88 is in contact with the restriction por-
tion 64 from below of the restriction portion 64 and exerts
an upward force to the restriction portion 64. Thus, the
detector 59 is restricted from rotating in a direction of an
arrow 74 (refer to Fig. 5B) due to application of the upward
urging force by the restriction member 88. That is, the
detector 59 is restricted from rotating toward the detected
position from the standby position. In the illustrative em-
bodiment, for example, the movement (e.g., rotation) of
the detector 59 from the standby position is restricted
while the detector 59 is permitted to move only within
backlash or play. The restriction member 88 might not
necessarily restrict the movement (e.g., rotation) of the
detector 59 in a direction opposite to the direction that
the detector 59 moves toward the detected position from
the standby position (e.g., in a clockwise direction of Fig.
5B).
[0079] When the restriction member 88 is located at
the release position, the projecting portion 91 of the sec-
ond portion 90 of the restriction member 88 is located
separate from the restriction portion 64 of the detector
59 in the removal direction 52. Therefore, the detector
59 is permitted to rotate in the direction of the arrow 74.
That is, the detector 59 is permitted to rotate from the
standby position to the detected position.

<Float 63>

[0080] As depicted in Figs. 3, 8A, 22A, and 22B, the
float 63 includes a body 153 and a plurality of fins 154.
The body 153 is connected with the distal end of the
second arm 72. The plurality of fins 154 extends toward
the rear wall 41 from the body 153. The fins 154 each
include one end (e.g., a proximal end) connected with
the body 153 and the other end that constitutes a distal
end. In the illustrative embodiment, the plurality of fins
154 includes five fins 154. Nevertheless, the number of
fins 154 is not limited to the specific example. The float
63 further has recesses 156 defined by the fins 154.
[0081] The fins 154 each extend in a direction inter-
secting a direction of an arrow 75 (refer to Fig. 6B), which
may be one of a rotating direction of the detector 59 or
one of a rotating direction of the float 63. The rotating
direction includes the direction of the arrow 75 and its
opposite direction. In the illustrative embodiment, in a
state where the detector 59 is located at the standby po-
sition, each of the fins 154 extends in the removal direc-
tion 52.
[0082] The fins 154 are spaced apart from each other
in the rotating direction of the detector 59. Each of the
fins 154 has surfaces 155 (each of which is an example
of a resist surface) on opposite sides thereof. The sur-
faces 155 of each of the fins 154 extend in a direction
intersecting the rotating direction of the detector 59 and
are spaced from each other in the rotating direction of
the detector 59. That is, the detector 59 has a plurality
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of surfaces 155. Each of the surfaces 155 faces either
one of the direction that the arrow 75 points and its op-
posite direction. The surfaces 155 facing the direction
that the arrow 75 points cause resistance to rotation of
the detector 59 from the standby position to the detected
position.
[0083] The fins 154 extend parallel to each other. The
surfaces 155 may be flat surfaces that extend parallel to
each other. The fins 154 have respective different lengths
in an extending direction of the plurality of fins 154. In
the illustrative embodiment, a foremost fin of the plurality
of fins 154 in the direction of the arrow 75 with respect
to the rotating direction of the float 63 has a surface 155
extending contiguous from the top of the body 153. A fin
154 next to the foremost fin 154 (e.g., a second foremost
fin 154) in the direction of the arrow 75 with respect to
the rotating direction of the float 63 has a longest length
in the extending direction among the plurality of fins 154.
A rearmost fin 154 of the plurality of fins 154 in the direc-
tion of the arrow 75 with respect to the rotating direction
of the float 63 has a shortest length in the extending di-
rection among the plurality of fins 154. All of the fins 154
have the same dimension in the right-left direction 55, 56
orthogonal to the extending direction. Therefore, areas
(or sizes) of the surfaces 155 of the fins 154 are different
from each other.
[0084] In other embodiments, for example, the fins 154
might not necessarily extend parallel to each other. The
surfaces 155 might not also necessarily extend parallel
to each other, nor might not be flat surfaces. All of the
fins 154 may have the same length in the extending di-
rection. The fins 154 may have respective different
lengths in the right-left direction 55, 56. The areas (or
sizes) of all of the surfaces 155 may be equal to each
other.
[0085] The facing surfaces 155 of each adjacent two
of the plurality of fins 154 define a recess 156 (as an
example of a communication opening) therebetween.
The recess 156 is open in a plurality of directions relative
to the ink chamber 36. The recess 156 is in communica-
tion with the ink chamber 156 through the open ends of
the recess 156. In the illustrative embodiment, the recess
156 is open at one end that faces the direction toward
which the ink cartridge 30 is removed, and right and left
ends that are opposite to each other. In other words, the
recess 156 is open at the one end that faces the direction
opposite to the axis of the detector 59, and right and left
ends that are opposite to each other. A size of each re-
cess 156 depends on the length of each of the fins 54
and a distance between adjacent fins 154. It is preferable
that each recess 156 may have a dimension in the rotat-
ing direction (e.g., the distance between adjacent fins
154) that is shorter than a dimension in the removal-in-
sertion direction 51, 52 (e.g., the length of a fin 154).
[0086] The body 153 also defines the other end of each
of the recesses 156 that faces the direction toward which
the ink cartridge 30 is inserted. In other words, the body
153 defines the other end of each of the recesses 156

that faces toward the axis of the detector 59. Thus, the
other end of each of the recesses 156 that faces the
direction toward which the ink cartridge 30 is inserted is
closed.

<Controller 130>

[0087] The printer 10 includes a controller 130. As de-
picted in Fig. 4, the controller 130 includes a central
processing unit ("CPU") 131, a read-only memory
("ROM") 132, a random-access memory ("RAM") 133,
an electrically erasable programmable ROM ("EEP-
ROM") 134, and an application-specific integrated circuit
("ASIC") 135, which are connected with each other via
an internal bus 137. The ROM 132 stores various pro-
grams to be used by the CPU 131 for controlling various
operations or processing. The RAM 133 is used as a
storage area for temporarily storing data and/or signals
to be used by the CPU 131 during execution of the pro-
grams by the CPU 131 or a workspace for processing
data. The EEPROM 134 stores settings and flags that
need to be maintained after the power of the printer 10
is turned off. The CPU 131, the ROM 132, the RAM 133,
the EEPROM 134, and the ASIC 135 may be all included
in a single chip or may be included in a plurality of chips
separately.
[0088] The controller 130 drives a motor (not depicted)
to rotate the feed roller 23, the conveyor roller pair 25,
and the discharge roller pair 27. The controller 130 con-
trols the recording head 21 to cause the nozzles 29 to
eject ink therefrom. For example, the controller 130 out-
puts a control signal to the head control board 21A. The
control signal indicates a level of a drive voltage to be
applied to the piezoelectric elements 29A. The head con-
trol board 21A applies a drive voltage specified by the
control signal obtained from the controller 130 to the pi-
ezoelectric elements 29A provided for the respective
nozzles 29, thereby causing the nozzles 29 to eject ink
therefrom. The controller 130 controls a display 109 to
display information of the printer 10 and one or more ink
cartridges 30, and various messages thereon.
[0089] The controller 130 receives various signals: a
detection signal outputted from the sensor 103, a detec-
tion signal outputted from the cartridge sensor 107, a
signal outputted from a temperature sensor 106, and a
signal outputted from a cover sensor 108. The tempera-
ture sensor 106 is configured to output a signal in ac-
cordance with the temperature. A measuring point where
the temperature sensor 106 measures the temperature
is not limited to a particular point. For example, the tem-
perature sensor 106 may measure the temperature at
any point inside the cartridge holder 110 or at any point
of the exterior of the printer 10. The cover sensor 108 is
configured to output different signals according to wheth-
er the cover closes or exposes the opening 112 of the
cartridge holder 110.
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<Placement/Removal of Ink Cartridge 30 to/from Car-
tridge Holder 110>

[0090] Hereinafter, a description will be provided on
how the valve 77, the restriction member 88, and the
detector 59 behave in a process of placing the ink car-
tridge 30 to the cartridge holder 110. In the description
below, it is assumed that an amount of ink remaining in
the ink chamber 36 is more than the amount of ink re-
maining in the ink chamber 36 in a near-empty state.
[0091] In a state where the ink cartridge 30 is not placed
in the cartridge holder 110, the valve 77 is located at the
first position due to the urging force of the coil spring 87
as depicted in Figs. 5A and 5B.
[0092] When the valve 77 is located at the first position,
the valve 77 is in contact with the sealer 76 by the urging
force of the coil spring 87. In this state, the plug 83 is in
tight contact with the edge of the through hole 68 of the
sealer 76. Thus, the through hole 68 is closed, whereby
ink is not allowed to flow to the outside of the ink cartridge
30 from the ink chamber 36.
[0093] When the valve 77 is located at the first position,
the hole 66A is located between the first sealing portion
96 and the second sealing portion 97. Therefore, the sec-
ond sealing portion 97 blocks the communication be-
tween the first air communication passage 66 and the
second air communication passage 67. Thus, the ink
chamber 36 is maintained at a negative pressure.
[0094] When the valve 77 is located at the first position,
the restriction member 88 is located at the restrict posi-
tion. When the restriction member 88 is located at the
restrict position, the detector 59 is located at the standby
position. Due to buoyant force of the float 63, a force that
tends to rotate the detector 59 in the direction of the arrow
74 acts on the detector 59. Thus, a force that tends to
move the restriction portion 64 in the downward direction
53 acts on the restriction portion 64. In this state, the
projecting portion 91 of the restriction member 88 is in
contact with the restriction portion 64 of the detector 59
from below the restriction portion 64. Thus, when the re-
striction member 88 is located at the restrict position, the
restriction member 88 applies, to the restriction portion
64, an external force that acts in a direction opposite to
the direction of the arrow 74, which may be the rotating
direction of the detector 59 toward the detected position.
In other words, when the restriction member 88 is located
at the release position, the restriction portion 64 is located
within a movable range of the restriction member 88.
When the restriction member 88 is located at the restrict
position, the restriction member 88 is positioned on a
moving route of the restriction portion 64. Therefore, the
restriction portion 64 is not permitted to move into the
inside of the movable range of the restriction member
88. Accordingly, the detector 59 is restricted from rotating
from the standby position.
[0095] In the illustrative embodiment, the restriction
member 88 comes into contact with the restriction portion
64 from below to restrict the detector 59 from moving to

the detected position. Nevertheless, in other embodi-
ments, for example, the projecting portion 91 of the re-
striction member 88 may come into contact with the re-
striction portion 64 by moving in the removal direction
52, to restrict the detector 59 from rotating from the stand-
by position.
[0096] When the detector 59 is located at the standby
position, the float 63 is located near the lower wall 42.
That is, the float 63 is submerged in ink stored in the ink
chamber 36.
[0097] When the detector 59 is located at the standby
position, the detection portion 62 is not located between
the light emitting portion and the light receiving portion
of the sensor 103. Therefore, light outputted from the
light emitting portion is allowed to reach the light receiving
portion. Thus, when the detector 59 is located at the
standby position, the sensor 103 outputs a high-level sig-
nal to the controller 130.
[0098] While the ink cartridge 30 is not placed at a par-
ticular position in the cartridge holder 110, a correspond-
ing cartridge sensor 107 is free from pressure of the front
end 58 of the cartridge cover 33 of the ink cartridge 30.
Therefore, the cartridge sensor 107 outputs a low-level
signal to the controller 130.
[0099] In this state, the cover of the cartridge holder
110 is opened and then the ink cartridge 30 is inserted
into the cartridge holder 110. That is, the ink cartridge 30
is placed at the particular portion in the cartridge holder
110. In other words, the ink cartridge 30 becomes in the
use position.
[0100] When the ink cartridge 30 reaches a vicinity of
the inner back surface 151 of the cartridge holder 110 by
its movement in the insertion direction 51, the front end
58 of the cartridge cover 33 of the ink cartridge 30 presses
the corresponding cartridge sensor 107 facing thereto.
In response to this, the cartridge sensor 107 outputs a
high-level signal to the controller 130. Thus, counting for
measuring a moving time of the detector 59 is started.
[0101] When the ink cartridge 30 reaches a vicinity of
the inner back surface 151 of the cartridge holder 110 by
its movement in the insertion direction 51, the plug 83 of
the valve 77 comes into contact with a corresponding ink
needle 102. In this state, as the ink cartridge 30 further
moves in the insertion direction 51, the valve 77 is
pressed by a reaction force from the ink needle 102.
Thus, the valve 77 moves in the removal direction 52
from the first position to the second position against the
urging force of the coil spring 87.
[0102] As depicted in Figs. 6A and 6B, when the valve
77 is located at the second position, the valve 77 is lo-
cated separate from the sealer 76 and thus the through
hole 68 is opened. Therefore, ink is allowed to flow from
the ink chamber 36 to the outside of the ink cartridge 30.
[0103] When the valve 77 is located at the second po-
sition, both of the holes 66A and 67A are located between
the first sealing portion 96 and the second sealing portion
97. Thus, the first air communication passage 66 and the
second air communication passage 67 are in communi-
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cation with each other. Accordingly, the ink chamber 36
comes into communication with the outside air, whereby
the inside pressure of the ink chamber 36 changes from
a negative pressure to the atmospheric pressure.
[0104] As the valve 77 moves in the removal direction
52 from the first position to the second position, the re-
striction member 88 moves in the removal direction 52
together with the valve 77. For example, the restriction
member 88 moves from the restrict position to the release
position, whereby the projecting portion 91 of the restric-
tion member 88 separates from the restriction portion 64
of the detector 59. Thus, the detector 59 becomes free
to rotate from the standby position.
[0105] As the detector 59 becomes free to rotate, the
detector 59 rotates in the direction of the arrow 75 (e.g.,
a direction that the float 63, which has been kept sub-
merged in ink, comes up by its buoyant force). That is,
the detector 59 rotates from the standby position to the
detected position by the float 63 that moves upward in
response to the movement of the restriction member 88
to the release position while the ink cartridge 30 is in the
use position (e.g., while the ink cartridge 30 is completely
placed in the cartridge holder 110).
[0106] When the detector 59 is located at the detected
position, the restriction portion 64 is located within the
movable range of the restriction member 88.
[0107] The float 63 keeps moving in the direction of
the arrow 75 until the second arm 72 comes into contact
with a surface 45A (refer to Figs. 3 and 6A) that defines
a portion of the recess 45 of the second inner wall 44. At
the time the second arm 72 comes into contact with the
surface 45A, the detector 59 is located at the detected
position as depicted in Figs. 7A and 7B.
[0108] When the detector 59 is located at the detected
position, the detection portion 62 is located between the
light emitting portion and the light receiving portion of the
sensor 103, thereby blocking light outputted from the light
emitting portion from reaching the light receiving portion.
Thus, when the detector 59 is located at the detected
position, the sensor 103 outputs a low-level signal to the
controller 130. For example, the sensor 103 outputs a
low-level signal (as an example of a detection signal)
indicating the presence of the detector 59 at the detected
position. Thus, the counting for measuring the moving
time of the detector 59 is ended. Through this process,
the ink cartridge 30 is completely placed in the cartridge
holder 110.
[0109] Hereinafter, a description will be provided on
how the valve 77, the restriction member 88, and the
detector 59 behave in a process of removing the ink car-
tridge 30 from the cartridge holder 110. In the description
below, it is assumed that the amount of ink remaining in
the ink chamber 36 is more than the amount of ink re-
maining in the ink chamber 36 in the near-empty state.
[0110] As depicted in Figs. 7A and 7B, in a state where
the ink cartridge 30 is completely placed in the cartridge
holder 110, the valve 77 is located at the second position
by the pressing force of the corresponding ink needle

102. When the valve 77 is located at the second position,
the restriction member 88 is located at the release posi-
tion. When the restriction member 88 is located at the
release position, the detector 59 is permitted to rotate.
In this state, the detector 59 is located at the detected
position by the buoyant force of the float 63.
[0111] As the ink cartridge 30 moves in the removal
direction 52 for removing the ink cartridge 30 from the
cartridge holder 110, the valve 77 separates from the ink
needle 102, whereby the valve 77 moves from the second
position to the first position by the urging force of the coil
spring 87. As the valve 77 moves from the second posi-
tion to the first position, the restriction member 88 moves
together with the valve 77 from the release position to
the restrict position. While the restriction member 88
moves from the release position to the restrict position,
the projecting portion 91 of the restriction member 88
comes into contact with the restriction portion 64 of the
detector 59 that is located at the detected position within
the movable range of the restriction member 88. For ex-
ample, a surface that extends intersecting the surface of
the restriction portion 64 that is in contact with the pro-
jecting portion 91 of the restriction member 88 at the re-
strict position comes into contact with the surface of the
restriction member 88 facing the direction toward which
the ink cartridge 30 is inserted, whereby the restriction
portion 64 is pressed toward the standby position from
the detected position by the projecting portion 91. Thus,
the detector 59 rotates in the direction opposite to the
direction of the arrow 74 (refer to Fig. 5B). For example,
the detector 59 rotates from the detected position to the
standby position. In other words, the restriction member
88 allows the detector 59 to rotate to the standby position
while the restriction member 88 moves from the release
position to the restrict position.
[0112] Hereinafter, a description will be provided on
how the valve 77, the restriction member 88, and the
detector 59 behave as the amount of ink remaining in the
ink chamber 36 decreases due to consumption of ink in
the recording head 21 after the ink cartridge 30 is com-
pletely placed in the cartridge holder 110.
[0113] Ink stored in the ink chamber 36 decreases due
to consumption of ink by ink ejection from the nozzles 29
of the recording head 21 and thus the ink level becomes
lower than a portion of the float 63. In a state where the
ink level is lower than the portion of the float 63, the float
63 moves downward with the ink level lowering. In ac-
cordance with the downward movement of the float 63,
the detector 59 rotates in the direction reverse to the di-
rection of the arrow 74 (refer to Fig. 5B). That is, the
detector 59 rotates from the detected position to the
standby position, whereby the detection portion 62 is not
located between the light emitting portion and the light
receiving portion of the sensor 103. Thus, light outputted
from the light emitting portion is allowed to reach the light
receiving portion. In response to receipt of the light, the
sensor 103 outputs a high-level signal to the controller
130. Upon receipt of the high-level signal outputted from

27 28 



EP 3 408 103 B1

16

5

10

15

20

25

30

35

40

45

50

55

the sensor 103, the controller 130 determines that the
amount of ink remaining in the ink chamber 36 becomes
a predetermined amount.

<Ink Viscosity Abnormality Determination by Controller 
130>

[0114] The controller 130 executes processing for de-
termining whether an abnormality is present or absence
in viscosity of ink stored in the ink chamber 36 of the ink
cartridge 30. Referring to flowcharts of Figs. 9, 10, and
11, the ink viscosity abnormality determination process-
ing will be described.
[0115] When the controller 130 determines that the de-
tection signal outputted from the cartridge sensor 107
has been changed from a low-level signal to a high-level
signal (e.g., YES in step S11), the controller 130 starts
counting to measure a moving time of the detector 59
(e.g., step S12). The controller 130 refers to the detection
signal at predetermined intervals. When the controller
130 determines that the level of the detection signal re-
ferred at a particular timing is different from the level of
the detection signal referred last time, the controller 130
determines that the detection signal outputted from the
cartridge sensor 107 has been changed. When the con-
troller 130 determines that the detection signal outputted
from the cartridge sensor 107 has not been changed from
a low-level signal to a high-level signal (e.g., NO in step
S11), the controller 130 executes processing of step S20.
For example, when a new ink cartridge 30 is not placed
in the cartridge holder 110, the controller 130 determines
that the detection signal outputted from the cartridge sen-
sor 107 has been changed from a low-level signal to a
high-level signal (e.g., NO in step S11).
[0116] Subsequent to step S12, the controller 130 de-
termines whether the time elapsed since the measure-
ment of the moving time was started exceeds a prede-
termined maximum time (e.g., step S13). When the con-
troller 130 determines that the elapsed time already ex-
ceeds the predetermined maximum time (e.g., YES in
step S13), the controller 130 executes processing of step
S15. For example, when the viscosity of ink stored in the
ink chamber 36 is relatively extremely high, the controller
130 determines that the elapsed time already exceeds
the predetermined maximum time (e.g., YES in step S13)
before the controller 130 determines that the detection
signal outputted from the sensor 103 has been changed
from a high-level signal to a low-level signal.
[0117] When the controller 130 determines that the
elapsed time does not exceed the predetermined maxi-
mum time (e.g., NO in step S13), the controller 130 de-
termines whether the detection signal outputted from the
sensor 103 has been changed from a high-level signal
to a low-level signal (e.g., step S14). When the controller
130 determines that the detection signal outputted from
the sensor 103 has not been changed from a high-level
signal to a low-level signal (e.g., NO in step S14), the
controller 130 executes the processing of step S13 again.

When the controller 130 determines that the detection
signal outputted from the sensor 103 has been changed
from a high-level signal to a low-level signal (e.g., YES
in step S14), the controller 130 ends counting to measure
the moving time of the detector 59 and determines the
moving time of the detector 59 (e.g., step S15). When
the controller 130 determines that the elapsed time al-
ready exceeds the predetermined maximum time (e.g.,
YES in step S13), the controller 130 determines the pre-
determined maximum time as the moving time of the de-
tector 59.
[0118] The moving time may be a time period elapsed
until the detection signal outputted from the sensor 103
becomes a low-level signal from a high-level signal from
the timing at which the detection signal outputted from
the cartridge sensor 107 becomes a high-level signal
from a low-level signal (e.g., YES in step S11).
[0119] More strictly, the switching of the detection sig-
nal outputted from the cartridge sensor 107 from a low-
level signal to a high-level signal might not occur at the
same time as when the detector 59 becomes capable of
rotating from the standby position to the detected position
due to disengagement from the restriction member 88.
Nevertheless, the switching of the detection signal out-
putted from the cartridge sensor 107 from a low-level
signal to a high-level signal occurs close to the release
of the detector 59. Therefore, the timing at which the de-
tector 59 becomes capable of rotating from the standby
position to the detected position may be considered as
the timing at which the detection signal outputted from
the cartridge sensor 107 is changed from a low-level sig-
nal to a high-level signal. Thus, the controller 130 counts
to measure a time elapsed until the controller 130 re-
ceives a low-level signal from the sensor 103 after the
controller 130 receives a high-level signal from the car-
tridge sensor 107, and considers the measured time as
the moving time of the detector 59, i.e., the time required
for the movement of the detector 59 from the standby
position to the detected position.
[0120] Subsequent to step S15, the controller 130 re-
sets an abnormal flag (e.g., the controller 130 sets the
abnormal flag to "OFF") (e.g., step S16). The abnormal
flag is set to "ON" when the moving time is not included
within a threshold range (e.g., NO in step S18) as a result
of the determination as to whether the moving time is
included within the threshold range (e.g., step S18). The
abnormal flag may be a value assigned on a basis of ink
cartridge 30. The controller 130 stores the abnormal flag
for each ink cartridge 30 in the EEPROM 134.
[0121] Subsequent to step S16, the controller 130 de-
termines a threshold range based on the signal outputted
from the temperature sensor 106 (e.g., step S17). The
threshold range is used for comparison with the moving
time measured in step S15 in order to estimate the vis-
cosity of ink stored in the ink chamber 36. The controller
130 assigns a lower value to at least one of an upper limit
and a lower limit of the threshold range when the tem-
perature specified by the signal outputted from the tem-
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perature sensor 106 indicates a higher temperature. In
other words, the controller 130 assigns a higher value to
at least one of the upper limit and the lower limit of the
threshold range when the temperature specified by the
signal received from the temperature sensor 106 indi-
cates a lower temperature.
[0122] Subsequent to step 17, the controller 130 de-
termines whether the moving time measured in step S15
is included within the threshold range determined in step
S17 (e.g., step S18). When the moving time is below the
lower limit of the threshold range, it is estimated that the
ink viscosity is lower than a normal ink viscosity. When
the moving time is above the upper limit of the threshold
range, it is estimated that the ink viscosity is higher than
the normal ink viscosity. When the controller 130 deter-
mines that the moving time is out of the threshold range
(e.g., NO in step S18), the controller 130 sets the abnor-
mal flag to "ON" (e.g., step S19). When the controller 130
determines that the moving time is included within the
threshold range (e.g., YES in step S18), the routine skips
the processing of step S19.
[0123] The controller 130 determines whether a signal
that indicates closing of the cover of the cartridge holder
11 is outputted from the cover sensor 108 (e.g., step
S20). When the controller 130 determines that the cover
is opened (e.g., NO in step S20), the controller 130 ex-
ecutes the processing of step S11 and subsequent steps
again. When the controller 130 determines that the cover
is closed (e.g., YES in step S20), the controller 130 de-
termines whether a predetermined time has elapsed
since the controller 130 determined, in step S20, that the
cover is closed (e.g., step S21).
[0124] When the controller 130 determines that the
predetermined time has already elapsed (e.g., YES in
step S21), the controller 130 ends the ink viscosity ab-
normality determination process of Fig. 9. When the con-
troller 130 determines that the predetermined time has
not elapsed yet (e.g., NO in step S21), the controller 130
executes the processing of step S11 and subsequent
steps. When the controller 130 determines that the cover
is opened (e.g., NO in step S20) in the process of looping
the processing of step S11 and subsequent steps, the
controller 130 ends counting to measure the elapsed time
at the time of determining that the cover is closed (e.g.,
YES in step S20).
[0125] Subsequent to the ink viscosity abnormality de-
termination processing of Fig. 9, the controller 130 re-
peatedly executes processing of Fig. 10 at predeter-
mined intervals on condition that the signal that indicates
closing of the cover of the cartridge holder 11 is outputted
from the cover sensor 108.
[0126] The controller 130 determines whether the de-
tection signal outputted from the cartridge sensor 107 is
a high-level signal (e.g., step S31). When the controller
130 determines that the detection signal outputted from
the cartridge sensor 107 is a low-level signal (e.g., NO
in step S31), the controller 130 notifies the absence of
an ink cartridge 30 (e.g., step S38) and ends the process-

ing of Fig. 10. For example, the notification may be im-
plemented by displaying a message on the display 109
of the printer 10 or outputting voice guidance from a
speaker (not depicted).
[0127] When the controller 130 determines that the de-
tection signal outputted from the cartridge sensor 107 is
a high-level signal (e.g., YES in step S31), the controller
130 determines whether the abnormal flag is "ON" (e.g.,
step S32). When the controller 130 determines that the
abnormal flag is "ON" (e.g., YES in step S32), the con-
troller 130 notifies information about the ink cartridge 30
(e.g., step S37) and ends the processing of Fig. 10. For
example, a deterioration of ink stored in the ink chamber
36 or recommendation of replacement of the ink cartridge
30 may be notified. The notification may be implemented
in the same or similar manner to the notification per-
formed in step S38.
[0128] When the controller 130 determines that the ab-
normal flag is "OFF" (e.g., NO in step S32), the controller
130 executes remaining amount determination process-
ing of Fig. 11 (e.g., step S33). Subsequent to the remain-
ing amount determination processing, the controller 130
determines whether an empty flag is "ON" (e.g., step
S34). The empty flag may be set to "ON" when the con-
troller 130 determines that the amount of ink remaining
in the ink chamber 36 is not enough to perform image
recording.
[0129] When the controller 130 determines that the
empty flag is "ON" (e.g., YES in step S34), the controller
130 ends the processing of Fig. 10. When the controller
130 determines that the empty flag is not "ON" (e.g., NO
in step S34), the controller 130 determines whether an
image recording instruction has been received (e.g., step
S35). When the controller 130 determines that an image
recording instruction has not been received (e.g., NO in
step S35), the controller 130 ends the processing of Fig.
10. When the controller 130 determines that an image
recording instruction has been received (e.g., YES in step
S35), the controller 130 controls the recording head 21,
the feed roller 23, the conveyor roller pair 25, the dis-
charge roller pair 27 directly or indirectly to record an
image onto a recording sheet (e.g., step S36) and then
ends the processing of Fig. 10. The processing of step
S36 may end upon completion of image recording for a
single recording sheet or upon completion of image re-
cording of all obtained image data.
[0130] As described above, when the controller 130
determines that the abnormal flag is "ON" (e.g., YES in
step S32), the controller 130 does not execute image
recording of step S36. That is, the routine skips step S36.
In other words, the controller 130 does not permit the
recording head 21 to eject ink therefrom.
[0131] Hereinafter, the remaining amount determina-
tion processing will be described referring to Fig. 11. The
controller 130 determines whether a near-empty flag is
"ON" (e.g., step S41). The near-empty flag may be set
to "ON" when the controller 130 determines that the
amount of ink remaining in the ink chamber 36 is relatively
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low although enough to perform image recording. That
is, the amount of ink remaining in the ink chamber 36
when the near-empty flag is "ON" is more than the amount
of ink remaining in the ink chamber 36 when the empty
flag is "ON".
[0132] When the controller 130 determines that the
near-empty flag is not "ON" (e.g., NO in step S41), the
controller 130 determines whether the detection signal
outputted from the sensor 103 has been changed from
a low-level signal to a high-level signal (e.g., step S42).
When the controller 130 determines that the detection
signal outputted from the sensor 103 has not been
changed (e.g., NO in step S42), the controller 130 ends
the remaining amount determination processing and ex-
ecutes the processing of step S34 of Fig. 10. When the
controller 130 determines that the detection signal out-
putted from the sensor 103 has been changed from a
low-level signal to a high-level signal (e.g., YES in step
S42), the controller 130 sets the near-empty flag to "ON"
(e.g., step S43). Subsequently, the controller 130 notifies
that the ink cartridge 30 is in a near-empty state (e.g.,
step S44) and ends the remaining amount determination
processing of Fig. 11. Subsequent to this, the controller
130 executes the processing of step S34 of Fig. 10. The
near-empty state refers to a state of the ink chamber 36
when the amount of ink remaining in the ink chamber 36
is relatively low although enough to perform image re-
cording.
[0133] In step S41, when the controller 130 determines
that the near-empty flag is "ON" (e.g., YES in step S41),
the controller 130 determines whether a software count
value since the near-empty flag was set to "ON" is greater
than or equal to a predetermined value (e.g., step S45).
The software count value may be obtained based on data
provided when the controller 130 provides an ink ejection
instruction to the recording head 21. More specifically,
the software count value may be obtained by accumula-
tive count of a multiplication value of the number of ink
droplets that the controller 130 orders the recording head
21 ejecting therefrom and an amount of ink of each ink
droplet specified by the controller 130. The predeter-
mined value may be used for comparison with the soft-
ware count value.
[0134] When the controller 130 determines that the
software count value since the near-empty flag was set
to "ON" is smaller than the predetermined value (e.g.,
NO in step S45), that is, when the controller 130 deter-
mines that the amount of ink consumed by the recording
head 21 since the near-empty flag was set to "ON" is less
than the predetermined value (e.g., NO in step S45), the
controller 130 executes the processing of step S44.
[0135] When the controller 130 determines that the
software count value since the near-empty flag was set
to "ON" is greater than or equal to the predetermined
value (e.g., YES in step S45), that is, when the controller
130 determines that the amount of ink consumed by the
recording head 21 since the near-empty flag was set to
"ON" is greater than or equal to the predetermined value

(e.g., YES in step S45), the controller 130 sets the empty
flag to "ON" (e.g., step S46). Subsequently, the controller
130 notifies that the ink cartridge 30 is in an empty state
(e.g., step S47) and ends the remaining amount deter-
mination processing of Fig. 11. Subsequent to this, the
controller 130 executes the processing of step S34 of
Fig. 10. The empty state refers to a state of the ink cham-
ber 36 when there is not enough amount of ink remaining
in the ink chamber 36 for performing image recording.
[0136] In steps S44 and S47, in one example, the no-
tification may be implemented by, for example, displaying
a message on the display 109 of the printer 10 or output-
ting voice guidance from the speaker (not depicted).

<Effects obtained by Illustrative Embodiment

[0137] According to the illustrative embodiment, as the
restriction member 88 moves from the restrict position to
the release position, the detector 59 moves from the
standby position to the detected position. The detector
59 moves through ink while receiving viscous and inertial
resistance from ink, whereby the moving speed of the
detector 59 depends on the ink viscosity. Therefore, the
viscosity of ink stored in the ink cartridge 30 may be es-
timated through the measurement of the time elapsed
from the timing at which the restriction member 88 reach-
es the release position to the timing at which the detector
59 reaches the detected position. While the detector 59
moves through ink, the surfaces 155 receive resistance
from ink that flows into the recesses 156. Thus, the mov-
ing time of the detector 59 elapsed until the detector 59
reaches the detected position from the standby position
may become longer, thereby improving accuracy of the
ink viscosity estimation.
[0138] This configuration may enable, for example, to
estimate a deterioration level of ink stored in an ink car-
tridge 30 left not attached to the printer 10 for a while. In
a case where the cartridge holder 11 is capable of ac-
commodating various types of ink cartridges 30 having
respective different viscosity, this configuration may en-
able to specify a type of each of the ink cartridges 30.
[0139] According to the illustrative embodiment, each
of the recesses 156 is open at opposite ends. Therefore,
the amount of ink flows into and out from each of the
recesses 156 increases and thus the resistance to the
movement of the detector 59 increases. Accordingly, the
moving time of the detector 59 elapsed while the detector
59 moves from the standby position to the detected po-
sition becomes further longer, thereby further improving
the accuracy of the ink viscosity estimation.
[0140] According to the illustrative embodiment, each
of the recesses 156 is open at the one end that faces the
direction opposite to the axis of the detector 59. That is,
each of the recesses 156 is open toward a direction that
ink moves due to centrifugal force caused when the de-
tector 59 rotates. Therefore, the amount of ink flows into
and out from each of the recesses 156 increases and
thus the resistance to the movement of the detector 59
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increases. Accordingly, the moving time of the detector
59 elapsed while the detector 59 moves from the standby
position to the detected position becomes further longer,
thereby further improving the accuracy of the ink viscosity
estimation.

<First Variation>

[0141] In the illustrative embodiment, the detector 59
is configured to move between the detected position and
the standby position by its rotation. Nevertheless, in other
embodiments, for example, the detector 59 may be con-
figured to move between the detected position and the
standby position in another manner.
[0142] For example, a detector 59 moves selectively
in the downward direction 53 and in the upward direction
54. Hereinafter, a first variation in which a detector 59 is
capable of moving up and down will be described in detail.
Common parts have the same reference numerals as
those of the above-described illustrative embodiment,
and the detailed description of the common parts will be
omitted.
[0143] As depicted in Figs. 12A and 12B, the detector
59 is disposed inside an ink chamber 36. The detector
59 is supported by a frame 31 so as to be movable up
and down. The frame 31 of an ink tank 32 includes a
guide member 113. The guide member 113 protrudes in
the upward direction 54 from a lower wall 42 of the frame
31. The guide member 113 may have a rectangular hol-
low cylindrical shape. A float 114 of the detector 59 is
disposed in an internal space of the guide member 113.
While the detector 59 is movable up and down along the
guide member 113, the detector 59 is permitted to move
only within backlash or play in the insertion-removal di-
rection 51, 52 and in the rightward-leftward direction 55,
56. That is, the guide member 113 allows the detector
59 to move straightly along the up-down direction 54, 53.
With this configuration, the detector 59 is supported by
the frame 31 so as to be movable up and down.
[0144] The detector 59 includes the float 114, an arm
115, and a detected portion 116.
[0145] The float 114 is restricted from moving in the
directions other than the downward direction 53 and the
upward direction 54 by the guide member 113 while being
permitted to move only within backlash or play in the di-
rections other than the downward direction 53 and the
upward direction 54. The float 114 may be made of ma-
terial having a lower specific gravity than ink stored in
the ink chamber 36.
[0146] The float 114 has a cavity 117 that opens up-
ward. The cavity 117 extends from side to side (e.g., be-
tween a right end and a left end) of the float 114. The
cavity 117 is defined by a first surface 118 and a second
surface 119. The first surface 118 is angled relative to
the removal direction 52 (e.g., a direction from the front
wall 40 toward the rear wall 41). The first surface 118
extends downward in the removal direction 52. The sec-
ond surface 119 extends in the upward direction 54 con-

tiguous from the first surface 118.
[0147] The float 114 includes a body 157, a plurality of
fins 158, and a plurality of fins 159. The body 157 has a
substantially rectangular parallelepiped shape and has
the cavity 117. The plurality of fins 158 extends toward
the front wall 40 from the body 157. The plurality of fins
159 extends toward the rear wall 41 from the body 157.
Each of the fins 158 and 159 includes one end (e.g., a
proximal end) connected with the body 157 and the other
end that constitutes a distal end. In the first variation, the
plurality of fins 158 includes five fins 158 and the plurality
of fins 159 also includes five fins 159. Nevertheless, the
number of both of the plurality of fins 158 and the plurality
of fins 159 is not limited to the specific example. The float
114 further has recesses 161 defined by the fins 158 and
recesses 162 defined by the fins 159.
[0148] Each of the fins 158 extends in a direction in-
tersecting the up-down direction 54, 53, which may be a
moving direction of the detector 59 (e.g., a moving direc-
tion of the float 114). Each of the fins 159 extends in
another direction intersecting the up-down direction 54,
53. In the first variation, in a state where the detector 59
is located at the standby position, each of the fins 158
extends in the insertion direction 51 and each of the fins
159 extends in the removal direction 52.
[0149] The fins 158 are spaced apart from each other
in the up-down direction 54, 53. The fins 159 are spaced
apart from each other in the up-down direction 54, 53.
Each of the fins 158 and 159 has surfaces 160 (each of
which is another example of the resist surface) on oppo-
site sides thereof. The surfaces 160 of each of the fins
158 extend in a direction intersecting the up-down direc-
tion 54, 53 and are spaced from each other in the up-
down direction 54, 53. The surfaces 160 of each of the
fins 159 extend in a direction intersecting the up-down
direction 54, 53 and are spaced from each other in the
up-down direction 54, 53. That is, the detector 59 has a
plurality of surfaces 160. Each of the surfaces 160 faces
upward or downward in the up-down direction 54, 53.
Therefore, the surfaces 160 cause resistance to move-
ment of the detector 59 from the standby position to the
detected position.
[0150] The fins 158 extend parallel to each other. The
fins 159 extend parallel to each other. The surfaces 160
may be flat surfaces that extend parallel to each other.
All of the fins 158 and 159 have the same length as each
other in their extending direction. All of the fins 158 and
159 also have the same dimension in the right-left direc-
tion 55, 56 orthogonal to their extending direction. There-
fore, areas (or sizes) of the surfaces 160 of the different
fins 158 and 159 are equal to each other.
[0151] In other variations, for example, the fins 158
might not necessarily extend parallel to each other. The
fins 159 might not also necessarily extend parallel to each
other. The surfaces 160 might not also necessarily ex-
tend parallel to each other, nor might not be flat surfaces.
The fins 158 and 159 may have respective different
length in their extending direction. The fins 158 and 159

35 36 



EP 3 408 103 B1

20

5

10

15

20

25

30

35

40

45

50

55

may have respective different length in the right-left di-
rection 55, 56. The areas (or sizes) of all of the surfaces
160 may be different from each other.
[0152] The facing surfaces 160 of each adjacent two
of the plurality of fins 158 define a recess 161 (as another
example of the communication opening) therebetween.
The facing surfaces 160 of each adjacent two of the plu-
rality of fins 159 define a recess 162 (as another example
of the communication opening) therebetween. Each of
the recesses 161 and 162 is open in a plurality of direc-
tions relative to the ink chamber 36. Each of the recesses
161 and 162 is in communication with the ink chamber
36 through the open ends of each of the recesses 161
and 162. In the first variation, the recess 161 defined by
the adjacent fins 158 is open at one end that faces the
direction toward which the ink cartridge 30 is inserted,
and at right and left ends that are opposite to each other.
The recess 162 defined by the adjacent fins 159 is open
at one end that faces the direction toward which the ink
cartridge 30 is removed, and at right and left ends that
are opposite to each other.
[0153] The body 157 also defines the other end of each
of the recesses 161 that faces the direction toward which
the ink cartridge 30 is removed, and the other end of each
of the recesses 162 that faces the direction toward which
the ink cartridge 30 is inserted. Thus, the other end of
each of the recesses 161 that faces the direction toward
which the ink cartridge 30 is removed is closed, and the
other end of each of the recesses 162 that faces the
direction toward which the ink cartridge 30 is inserted is
closed.
[0154] The arm 115 extends from the float 114 in the
upward direction 54. The detected portion 116 is dis-
posed at a distal end of the arm 115 and is supported by
the arm 115. The detected portion 116 has a plate-like
shape. The detected portion 116 may be made of material
that blocks light outputted from the light emitting portion.
The detected portion 116 is configured to block light out-
putted from the light emitting portion in a similar manner
to the detection portion 62 of the illustrative embodiment.
[0155] The detector 59 is movable between a detected
position (e.g., a position of the detector 59 depicted in
Fig. 13B) and a standby position (e.g., a position of the
detector 59 depicted in Fig. 12A) while being guided by
the guide member 113. The detected position and the
standby position are spaced apart from each other in the
vertical direction (e.g., the up-down direction 54, 53). The
detected position is higher than the standby position. The
guide member 113 allows the detector 59 to move
straightly between the detected position and the standby
position.
[0156] When the detector 59 is located at the detected
position, the detected portion 116 is located between the
light emitting portion and the light receiving portion of the
sensor 103. That is, the detected portion 116 is located
on an optical axis 111 extending between the light emit-
ting portion and the light receiving portion of the sensor
103. Therefore, light outputted from the light emitting por-

tion is blocked by the detected portion 116, thereby not
reaching the light receiving portion. Thus, when the de-
tector 59 is located at the detected position, the detected
portion 116 is detected by the sensor 103 from the outside
of the ink cartridge 30. When the detector 59 is located
at a position other than the detected position, the detect-
ed portion 116 is not located between the light emitting
portion and the light receiving portion of the sensor 103.
Therefore, light outputted from the light emitting portion
reaches the light receiving portion.
[0157] As depicted in Figs. 12A and 12B, a restriction
member 88 is disposed inside the ink chamber 36. The
restriction member 88 has a curved surface at a distal
end thereof in the removal direction 52. The restriction
member 88 is disposed at an end 120 of a rod 84 of a
valve 77. The end 120 is opposite to an end including a
plug 83 of the rod 84. Therefore, the restriction member
88 is configured to move together with the valve 77 se-
lectively in the insertion direction 51 and in the removal
direction 52. The valve 77 is disposed to the right of the
detector 59 and the guide member 113. The restriction
member 88 extends from the end 120 in the leftward di-
rection 56. With this configuration, the restriction member
88 is located in the cavity 117 of the float 114.
[0158] The restriction member 88 is movable between
a blocking position (e.g., a position of the restriction mem-
ber 88 depicted in Fig. 12A) and an release position (e.g.,
a position of the restriction member 88 depicted in Figs.
12B, 13A, and 13B). The release position is closer to the
rear wall 41 than the restrict position. When the valve 77
is located at the first position, the restriction member 88
is located at the restrict position. When the valve 77 is
located at the second position, the restriction member 88
is located at the release position. As the valve 77 moves
from the first position to the second position against an
urging force of a coil spring 87, the restriction member
88 moves from the restrict position to the release position.
As the valve 77 moves from the second position to the
first position, the restriction member 88 moves from the
release position to the restrict position.
[0159] When the restriction member 88 is located at
the restrict position, the restriction member 88 is in con-
tact with the first surface 118 of the float 114 of the de-
tector 59 from above (refer to Fig. 12A). In this state, the
restriction member 88 receives a force having a vector
component in the removal direction 52 from the first sur-
face 118 of the cavity 117 due to a buoyant force of the
float 114. Nevertheless, since the urging force of the coil
spring 87 acting in the insertion direction 51 is greater
than the force of the coil spring 78 acting in the removal
direction 52, the restriction member 88 is restricted from
moving in the removal direction 52, whereby the detector
59 is restricted from moving in the upward direction 54.
That is, the detector 59 is restricted from moving from
the standby position. In the first variation, for example,
the movement of the detector 59 in the upward direction
54 from the standby position is restricted while the de-
tector 59 is permitted to move only within backlash or
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play at the standby position. The restriction member 88
might not necessarily restrict the movement of the de-
tector 59 in the downward direction 53 from the standby
position. In other variations, for example, when the re-
striction member 88 is located at the restrict position, the
restriction member 88 may be in contact with an upper
surface 114A of the float 114 from above, instead of being
contact with the first surface 118.
[0160] When the restriction member 88 is located at
the release position, the restriction member 88 is located
separate from the first surface 118 (refer to Fig. 12B). In
this state, a distal end portion of the restriction member
88 in the removal direction 52 is located above a deepest
portion of the cavity 117 of the float 114 while being dis-
tant therefrom. Therefore, in this state, the detector 59
is permitted to move in the upward direction 54. That is,
the detector 59 is permitted to move from the standby
position to the detected position.
[0161] Hereinafter, a description will be provided on
how the valve 77, the restriction member 88, and the
detector 59 behave in a process of placing the ink car-
tridge 30 to the cartridge holder 110 in the first variation.
In the description below, it is assumed that an amount of
ink remaining in the ink chamber 36 is more than the
amount of ink remaining in the ink chamber 36 in the
near-empty state.
[0162] In a state where the ink cartridge 30 is not placed
in the cartridge holder 110, the valve 77 of the ink car-
tridge 30 of the first variation is in the same or similar
state to the valve 77 of the ink cartridge 30 of the illus-
trative embodiment.
[0163] When the valve 77 is located at the first position,
the restriction member 88 is located at the restrict posi-
tion. When the restriction member 88 is located at the
restrict position, the detector 59 is located at the standby
position. In this state, the restriction member 88 is in con-
tact with the first surface 118 of the float 114 of the de-
tector 59 from above, thereby restricting the detector 59
from moving in the upward direction 54 from the standby
position.
[0164] When the detector 59 is located at the standby
position, the float 114 is located near the lower wall 42
of the frame 31. That is, the float 114 is submerged in
ink stored in the ink chamber 36.
[0165] When the detector 59 is located at the standby
position, the detected portion 116 is not located on the
optical axis 111 extending between the light emitting por-
tion and the light receiving portion of the sensor 103.
Therefore, light outputted from the light emitting portion
is allowed to reach the light receiving portion. Thus, when
the detector 59 is located at the standby position, the
sensor 103 outputs a high-level signal to the controller
130.
[0166] While the ink cartridge 30 is not placed at a par-
ticular position in the cartridge holder 110, a correspond-
ing cartridge sensor 107 is free from pressure of the front
end 58 of the cartridge cover 33 of the ink cartridge 30.
Therefore, the cartridge sensor 107 outputs a low-level

signal to the controller 130.
[0167] In this state, the cover of the cartridge holder
110 is opened and then the ink cartridge 30 is inserted
into the cartridge holder 110. That is, the ink cartridge 30
is placed at the particular portion in the cartridge holder
110. In other words, the ink cartridge 30 becomes in the
use position.
[0168] Similar to the illustrative embodiment, when the
ink cartridge 30 reaches a vicinity of the inner back sur-
face 151 of the cartridge holder 110 by its movement in
the insertion direction 51, the cartridge sensor 107 out-
puts a high-level signal to the controller 130. Thus, count-
ing for measuring a moving time of the detector 59 is
started. In accordance with the movement of the ink car-
tridge 30 in the insertion direction 51, the valve 77 moves
from the first position to the second position, whereby ink
is permitted to flow from the ink chamber 36 to the outside
of the ink cartridge 30. Further, the ink chamber 36 comes
into communication with the outside air, whereby the in-
side pressure of the ink chamber 36 changes from a neg-
ative pressure to the atmospheric pressure.
[0169] As depicted in Fig. 12B, as the valve 77 moves
in the removal direction 52 from the first position to the
second position, the restriction member 88 moves from
the restrict position to the release position to separate
from the first surface 118 of the float 114 of the detector
59. Therefore, the detector 59 becomes free to move
from the standby position in the upward direction 54.
[0170] As the detector 59 becomes movable, the float
114, which has been kept submerged in ink, moves in
the upward direction 54 by its buoyant force. That is, the
detector 59 moves from the standby position to the de-
tected position by the float 114 that moves upward in
response to the movement of the restriction member 88
to the release position while the ink cartridge 30 is in the
use position (e.g., while the ink cartridge 30 is completely
placed in the cartridge holder 110).
[0171] The float 114 keeps moving in the upward di-
rection 54 until the detected portion 116 comes into con-
tact with a surface 37A that defines an internal space of
a raised portion 37. Fig. 13A illustrates a state of the
inside of the ink tank 32 after the float 114 starts moving
in the upward direction 54 and before the detected portion
116 comes into contact with the surface 37A. At the time
the detected portion 116 comes into contact with the sur-
face 37A, the detector 59 is located at the detected po-
sition (e.g., a position of the detector 59 depicted in Fig.
13B). Nevertheless, in other variations, for example, the
detector 59 may be located at the detected position when
the detector 59 is in contact with a bottom of the cavity
117.
[0172] When the detector 59 is located at the detected
position, the detected portion 116 is located between the
light emitting portion and the light receiving portion of the
sensor 103. That is, the detected portion 116 is located
on the optical axis 111 extending between the light emit-
ting portion and the light receiving portion of the sensor
103. Therefore, light outputted from the light emitting por-
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tion is not allowed to reach the light receiving portion.
Thus, when the detector 59 is located at the detected
position, the sensor 103 outputs a low-level signal to the
controller 130, whereby the counting for measuring the
moving time of the detector 59 is ended. Through this
process, the ink cartridge 30 is completely placed in the
cartridge holder 110.
[0173] Hereinafter, a description will be provided on
how the valve 77, the restriction member 88, and the
detector 59 behave in a process of removing the ink car-
tridge 30 from the cartridge holder 110. In the description
below, it is assumed that the amount of ink remaining in
the ink chamber 36 is more than the amount of ink re-
maining in the ink chamber 36 in the near-empty state.
[0174] As depicted in Fig. 13B, in a state where the ink
cartridge 30 is completely placed in the cartridge holder
110, the valve 77 is located at the second position by the
pressing force of the corresponding ink needle 102.
When the valve 77 is located at the second position, the
restriction member 88 is located at the release position.
When the restriction member 88 is located at the release
position, the detector 59 is permitted to move. In this
state, the detector 59 is located at the detected position
by the buoyant force of the float 114.
[0175] A portion of the detector 59 may preferably be
in contact with the guide member 113 also when the de-
tector 59 is located at the detected position.
[0176] As the ink cartridge 30 moves in the removal
direction 52 for removing the ink cartridge 30 from the
cartridge holder 110, the valve 77 separates from the ink
needle 102, whereby the valve 77 moves from the second
position to the first position by the urging force of the coil
spring 87. As the valve 77 moves from the second posi-
tion to the first position, the restriction member 88 moves
together with the valve 77 from the release position to
the restrict position. While the restriction member 88
moves from the release position to the restrict position,
the restriction member 88 comes into contact with the
first surface 118 of the float 114 of the detector 59. The
restriction member 88 moves from the release position
to the restrict position while being in contact with the first
surface 118 from above. Thus, the float 114 is pressed
in the downward direction 53 by the restriction member
88, whereby the detector 59 moves from the detected
position to the standby position.
[0177] Hereinafter, a description will be provided on
how the valve 77, the restriction member 88, and the
detector 59 behave as the amount of ink remaining in the
ink chamber 36 decreases due to consumption of ink in
the recording head 21 after the ink cartridge 30 is com-
pletely placed in the cartridge holder 110.
[0178] Ink stored in the ink chamber 36 decreases due
to consumption of ink by ink ejection from the nozzles 29
of the recording head 21 and thus the ink level becomes
lower than a portion of the float 114. In a state where the
ink level is lower than the portion of the float 114, the float
114 moves downward with the ink level lowering. In ac-
cordance with the downward movement of the float 114,

the detector 59 moves in the downward direction 53 from
the detected position toward the standby position (refer
to Fig. 14), whereby the detected portion 116 is not lo-
cated between the light emitting portion and the light re-
ceiving portion of the sensor 103. Thus, light outputted
from the light emitting portion is allowed to reach the light
receiving portion. In response to receipt of the light, the
sensor 103 outputs a high-level signal to the controller
130. Upon receipt of the high-level signal from the sensor
103, the controller 130 determines that the amount of ink
remaining in the ink chamber 36 becomes a predeter-
mined amount.

<Second Variation>

[0179] In a second variation, another example config-
uration in which a detector 59 is movable up and down
will be described. Common parts have the same refer-
ence numerals as those of the above-described illustra-
tive embodiment or the first variation, and the detailed
description of the common parts will be omitted.
[0180] As depicted in Figs. 15A and 15B, a detector
59 is disposed inside an ink chamber 36. The detector
59 is supported by a frame 31 so as to be movable up
and down. The frame 31 of an ink tank 32 includes a
guide member 113. The guide member 113 protrudes in
the upward direction 54 from a lower wall 42 of the frame
31. The guide member 113 surrounds the detector 59 on
three sides, for example, the right side, the left side, and
the side that faces the direction toward which the ink car-
tridge 30 is removed (e.g., the side that faces a rear wall
41 of the frame 31). A restriction member 88 is disposed
adjacent to the detector 59 in the insertion direction 51.
With this configuration, while the detector 59 is movable
up and down along the guide member 113, the detector
59 is permitted to move only within backlash or play in
the insertion-removal direction 51, 52 and in the right-
ward-leftward direction 55, 56. That is, the guide member
113 allows the detector 59 to move straightly along the
up-down direction 54, 53. With this configuration, the de-
tector 59 is supported by the frame 31 so as to be movable
up and down.
[0181] The detector 59 of the second variation has a
similar configuration to the detector 59 of the first variation
except that the detector 59 of the second variation does
not have a cavity 117 in a float 114 thereof.
[0182] As depicted in Figs. 15A and 15B, the restriction
member 88 is disposed inside the ink chamber 36. The
restriction member 88 is disposed between a valve 77
and the detector 59 in the insertion-removal direction 51,
52.
[0183] The restriction member 88 includes a body 123
and a projecting portion 124. The body 123 has an in-
clined surface 122 that is angled relative to the removal
direction 52 (e.g. a direction from the front wall 40 toward
the rear wall 41) and extends downward in the removal
direction 52. The projecting portion 124 protrudes from
the body 123 in the removal direction 52.
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[0184] A coil spring 121 (as another example of the
urging member) is disposed between the restriction
member 88 and an upper wall 39 of an ink tank 32 in the
up-down direction 54, 53. The coil spring 121 has one
end connected with the restriction member 88 and the
other end connected with the upper wall 39. This config-
uration allows the restriction member 88 to move up and
down as the coil spring 121 contracts and extends. In
other variations, for example, a leaf spring may be used
as the urging member, instead of the coil spring 121.
[0185] The restriction member 88 is movable between
a blocking position (e.g., a position of the restriction mem-
ber 88 depicted in Fig. 15A) and an release position (e.g.,
a position of the restriction member 88 depicted in Fig.
16B). The release position is higher than the restrict po-
sition. When the valve 77 is located at the first position,
the restriction member 88 is located at the restrict posi-
tion. When the valve 77 is located at the second position,
the restriction member 88 is located at the release posi-
tion. As the valve 77 moves from the first position to the
second position, the restriction member 88 moves from
the restrict position to the release position. As the valve
77 moves from the second position to the first position,
the restriction member 88 moves from the release posi-
tion to the restrict position.
[0186] When the restriction member 88 is located at
the restrict position, the projecting portion 124 of the re-
striction member 88 is in contact with an upper surface
114A (e.g., a topmost fin 158 of the float 114) of the float
114 of the detector 59 from above. Thus, the detector 59
is restricted from moving in the upward direction 54. That
is, the detector 59 is restricted from moving from the
standby position. In the second variation, for example,
the movement of the detector 59 in the upward direction
54 from the standby position is restricted while the de-
tector 59 is permitted to move only within backlash or
play at the standby position. The restriction member 88
might not necessarily restrict the movement of the de-
tector 59 in the downward direction 53 from the standby
position.
[0187] When the restriction member 88 is located at
the release position, the restriction member 88 is located
separate from the upper surface 114A of the float 114.
Therefore, in this state, the detector 59 is permitted to
move in the upward direction 54. That is, the detector 59
is permitted to move from the standby position to the
detected position.
[0188] Hereinafter, a description will be provided on
how the valve 77, the restriction member 88, and the
detector 59 behave in a process of placing the ink car-
tridge 30 to the cartridge holder 110 in the second vari-
ation. In the description below, it is assumed that an
amount of ink remaining in the ink chamber 36 is more
than the amount of ink remaining in the ink chamber 36
in the near-empty state.
[0189] In a state where the ink cartridge 30 is not placed
in the cartridge holder 110, the valve 77 of the ink car-
tridge 30 of the second variation is in the same or similar

state to the valve 77 of the ink cartridge 30 of the illus-
trative embodiment.
[0190] When the valve 77 is located at the first position,
the valve 77 is located separate from the restriction mem-
ber 88. In this state, the restriction member 88 is located
at the restrict position. When the restriction member 88
is located at the restrict position, the detector 59 is located
at the standby position. In this state, the restriction mem-
ber 88 is in contact with the upper surface 114A of the
float 114 of the detector 59 from above, thereby restricting
the detector 59 from moving in the upward direction 54
from the standby position.
[0191] When the detector 59 is located at the standby
position, the float 114 is located near the lower wall 42
of the frame 31. That is, the float 114 is submerged in
ink stored in the ink chamber 36.
[0192] When the detector 59 is located at the standby
position, the detected portion 116 is not located on the
optical axis 111 extending between the light emitting por-
tion and the light receiving portion of the sensor 103.
Therefore, light outputted from the light emitting portion
is allowed to reach the light receiving portion. Thus, when
the detector 59 is located at the standby position, the
sensor 103 outputs a high-level signal to the controller
130.
[0193] While the ink cartridge 30 is not placed at a par-
ticular position in the cartridge holder 110, a correspond-
ing cartridge sensor 107 is free from pressure of the front
end 58 of the cartridge cover 33 of the ink cartridge 30.
Therefore, the cartridge sensor 107 outputs a low-level
signal to the controller 130.
[0194] In this state, the cover of the cartridge holder
110 is opened and then the ink cartridge 30 is inserted
into the cartridge holder 110. That is, the ink cartridge 30
is placed at the particular portion in the cartridge holder
110. In other words, the ink cartridge 30 becomes in the
use position.
[0195] Similar to the illustrative embodiment, when the
ink cartridge 30 reaches a vicinity of the inner back sur-
face 151 of the cartridge holder 110 by its movement in
the insertion direction 51, the cartridge sensor 107 out-
puts a high-level signal to the controller 130. Thus, count-
ing for measuring a moving time of the detector 59 is
started. In accordance with the movement of the ink car-
tridge 30 in the insertion direction 51, the valve 77 moves
from the first position to the second position, whereby ink
is permitted to flow from the ink chamber 36 to the outside
of the ink cartridge 30. Further, the ink chamber 36 comes
into communication with the outside air, whereby the in-
side pressure of the ink chamber 36 changes from a neg-
ative pressure to the atmospheric pressure.
[0196] As depicted in Fig. 15B, as the valve 77 moves
in the removal direction 52 from the first position to the
second position, the inclined surface 122 of the restriction
member 88 is pressed by the valve 77. That is, the valve
77 moves from the first position to the second position
while being in contact with the inclined surface 122 from
below. Thus, the restriction member 88 moves in the up-
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ward direction 54 from the restrict position toward the
release position against the urging force of the coil spring
121. In this state, the coil spring 121 urges the restriction
member 88 downward in the vertical direction toward the
restrict position. The restriction member 88 moves to-
ward the release position to separate from the detector
59 located at the standby position. Therefore, the detec-
tor 59 becomes free to move from the standby position
in the upward direction 54.
[0197] As the detector 59 becomes movable, the float
114, which has been kept submerged in ink, moves in
the upward direction 54 by its buoyant force. That is, the
detector 59 moves from the standby position to the de-
tected position by the float 114 that moves upward in
response to the movement of the restriction member 88
to the release position while the ink cartridge 30 is in the
use position (e.g., while the ink cartridge 30 is completely
placed in the cartridge holder 110).
[0198] The float 114 keeps moving in the upward di-
rection 54 until the upper surface 114A of the float 114
comes into contact with the projecting portion 124 of the
restriction member 88 located at the release position.
Fig. 16A illustrates a state of the inside of the ink tank 32
after the float 114 starts moving in the upward direction
54 and before the detected portion 116 comes into con-
tact with the projecting portion 124. At the time the upper
surface 114A of the float 114 comes into contact with the
projecting portion 124 of the restriction member 88 locat-
ed at the release position from below, the detector 59 is
located at the detected position (refer to Fig. 16B).
[0199] When the detector 59 is located at the detected
position, the detected portion 116 is located between the
light emitting portion and the light receiving portion of the
sensor 103. That is, the detected portion 116 is located
on the optical axis 111 extending between the light emit-
ting portion and the light receiving portion of the sensor
103. Therefore, light outputted from the light emitting por-
tion is not allowed to reach the light receiving portion.
Thus, when the detector 59 is located at the detected
position, the sensor 103 outputs a low-level signal to the
controller 130, whereby the counting for measuring the
moving time of the detector 59 is ended. Through this
process, the ink cartridge 30 is completely placed in the
cartridge holder 110.
[0200] Hereinafter, a description will be provided on
how the valve 77, the restriction member 88, and the
detector 59 behave in a process of removing the ink car-
tridge 30 from the cartridge holder 110. In the description
below, it is assumed that the amount of ink remaining in
the ink chamber 36 is more than the amount of ink re-
maining in the ink chamber 36 in the near-empty state.
[0201] As depicted in Fig. 16B, in a state where the ink
cartridge 30 is completely placed in the cartridge holder
110, the valve 77 is located at the second position by the
pressing force of the corresponding ink needle 102.
When the valve 77 is located at the second position, the
restriction member 88 is located at the release position.
When the restriction member 88 is located at the release

position, the detector 59 is permitted to move. In this
state, the detector 59 is located at the detected position
by the buoyant force of the float 114.
[0202] As the ink cartridge 30 moves in the removal
direction 52 for removing the ink cartridge 30 from the
cartridge holder 110, the valve 77 separates from the ink
needle 102, whereby the valve 77 moves from the second
position to the first position by the urging force of the coil
spring 87 to separate from the restriction member 88. As
the valve 77 separates from the restriction member 88,
the restriction member 88 moves in the downward direc-
tion 53 from the release position to the restrict position
by the urging force of the coil spring 121. While the re-
striction member 88 moves in the downward direction
53, the projecting portion 124 of the restriction member
88 presses the upper surface 114A of the float 114 of the
detector 59 in the downward direction 53, whereby the
detector 59 moves from the detected position to the
standby position.
[0203] Hereinafter, a description will be provided on
how the valve 77, the restriction member 88, and the
detector 59 behave as the amount of ink remaining in the
ink chamber 36 decreases due to consumption of ink in
the recording head 21 after the ink cartridge 30 is com-
pletely placed in the cartridge holder 110.
[0204] Ink stored in the ink chamber 36 decreases due
to consumption of ink by ink ejection from the nozzles 29
of the recording head 21 and thus the ink level becomes
lower than a portion of the float 114. In a state where the
ink level is lower than the portion of the float 114, the float
114 moves downward with the ink level lowering. In ac-
cordance with the downward movement of the float 114,
the detector 59 moves in the downward direction 53 from
the detected position toward the standby position (refer
to Fig. 17), whereby the detected portion 116 is not lo-
cated between the light emitting portion and the light re-
ceiving portion of the sensor 103. Thus, light outputted
from the light emitting portion is allowed to reach the light
receiving portion. In response to receipt of the light, the
sensor 103 outputs a high-level signal to the controller
130. Upon receipt of the high-level signal from the sensor
103, the controller 130 determines that the amount of ink
remaining in the ink chamber 36 becomes a predeter-
mined amount.

<Third Variation>

[0205] In the first and second variations, the detector
59 is configured to move from the standby position to the
detected position using buoyant force of the float 114.
Nevertheless, in other variations, a detector 59 may be
configured to move from the standby position to the de-
tected position using a downward movement of a weight
125. An example of this configuration will be described
below in a third variation. Common parts have the same
reference numerals as those of the above-described il-
lustrative embodiment, the first variation, or the second
variation, and the detailed description of the common
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parts will be omitted.
[0206] In the third variation, as depicted in Figs. 18A
and 18B, a detector 59 is disposed inside an ink chamber
36. The detector 59 is rotatably supported by a frame 31.
The detector 59 includes an axial portion 126, a first arm
127, a second arm 128, a detected portion 129, and a
restricted portion 138.
[0207] The first arm 127 extends from the axial portion
126 in one direction with respect to a diameter direction
of the axial portion 126. The second arm 128 extends
from the axial portion 126 in another direction with respect
to the diameter direction so as to extend in a different
direction from the direction that the first arm 127 extends.
[0208] The detected portion 129 is disposed at a distal
end of the first arm 127 and is supported by the first arm
127. The detected portion 129 has a plate-like shape.
The detected portion 129 may be made of material that
blocks light outputted from the light emitting portion. The
detected portion 129 is configured to block light outputted
from the light emitting portion in a similar manner to the
detection portion 62 of the illustrative embodiment.
[0209] The restricted portion 138 is disposed at a distal
end of the second arm 128. The restricted portion 138
constitutes a portion of the second arm 128 and includes
the distal end of the second arm 128. The restricted por-
tion 138 is configured to contact and separate from the
weight 125. In other variations, for example, the restricted
portion 138 and the second arm 128 may be separate
parts. In this case, the restricted portion 138 may be sup-
ported by the second arm 128.
[0210] The detector 59 is disposed inside the ink cham-
ber 36 while the first arm 127 extends obliquely upward
in the removal direction 52 and the second arm 128 ex-
tends obliquely upward in the insertion direction 51.
[0211] The detector 59 is movable (e.g., rotatable) be-
tween a detected position (e.g., a position of the detector
59 depicted in Fig. 19B) and a standby position (e.g., a
position of the detector 59 depicted in Fig. 18A). The
standby position is a different position from the detected
position. When the detector 59 is located at the detected
position, the detected portion 129 is located between the
light emitting portion and the light receiving portion of the
sensor 103. That is, the detected portion 129 is located
on the optical axis 111 extending between the light emit-
ting portion and the light receiving portion of the sensor
103. Therefore, light outputted from the light emitting por-
tion is blocked by the detected portion 129, thereby not
reaching the light receiving portion. Thus, when the de-
tector 59 is located at the detected position, the detected
portion 129 is detected by the sensor 103 from the outside
of the ink cartridge 30. When the detector 59 is located
at a position other than the detected position, the detect-
ed portion 129 is not located between the light emitting
portion and the light receiving portion of the sensor 103.
Therefore, light outputted from the light emitting portion
reaches the light receiving portion.
[0212] The detector 59 may be made of material having
a higher specific gravity than ink stored in the ink chamber

36. The first arm 127 is longer in length than the second
arm 128. With this configuration, when the detector 59
is located at the detected position, the first arm 127 tends
to move in a direction of an arrow 127A, e.g., in a direction
that the first arm 127 moves closer to a lower wall 42 of
the ink cartridge 30 through ink, while the second arm
128 tends to move in a direction of an arrow 128A, e.g.,
in a direction that the second arm 128 moves away from
the lower wall 42 of the ink 30 through ink. While the
second arm 128 moves in the direction of the arrow 127A,
the second arm 128 comes in contact with a bottom sur-
face 125A of the weight 125. At the time the second arm
128 comes into contact with the bottom surface 125A of
the weight 125, the detector 59 is located at the standby
position.
[0213] The weight 125 may be made of material having
a higher specific gravity than ink stored in the ink chamber
36. The weight 125 is supported by a restriction member
88 within the ink chamber 36.
[0214] The frame 31 of an ink tank 32 includes a guide
member 139. The guide member 139 protrudes in the
downward direction 53 from an upper wall 39 of the frame
31. The guide member 139 surrounds the weight 125 on
four sides, for example, the right side, the left side, the
side that faces the direction toward which the ink cartridge
30 is inserted (e.g., the side that faces a rear wall 40 of
the frame 31), and the side that faces the direction toward
which the ink cartridge 30 is removed (e.g., the side that
faces a rear wall 41 of the frame 31). While the weight
125 is movable up and down along the guide member
139, the weight 125 is permitted to move only within back-
lash or play in the insertion-removal direction 51, 52 and
in the rightward-leftward direction 55, 56. That is, the
guide member 139 allows the weight 125 to move
straightly along the up-down direction 54, 53.
[0215] The weight 125 is disposed above the second
arm 128 in the vertical direction. Thus, the weight 125 is
capable of contacting the second arm 128 from above.
[0216] The weight 125 is movable between a higher
position (e.g., a position of the weight 125 depicted in
Fig. 18A) and a lower position (e.g., a position of the
weight 125 depicted in Fig. 19B). In the third variation,
the weight 125 is disposed to the right or to the left of the
valve 77 such that the valve 77 might not interfere with
the movement of the weight 125 in the upward direction
54 and in the downward direction 53.
[0217] When the valve 77 is located at the first position,
the weight 125 is located at the higher position. When
the weight 125 is located at the higher position, the weight
125 retains the detector 59 at the standby position by
contacting the second arm 128. When the valve 77 is
located at the second position, the weight 125 is located
at the lower position. When the weight 125 is located at
the lower position, the weight 125 retains the detector 59
at the detected position by contacting the second arm
128 from above. As the valve 77 moves from the first
position to the second position, the weight 125 moves
from the higher position to the lower position. As the valve
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77 moves from the second position to the first position,
the weight 125 moves from the lower position to the high-
er position.
[0218] The weight 125 has a cavity 140 that opens
downward. The cavity 140 extends from side to side (e.g.,
between a right end and a left end) of the weight 125.
The cavity 140 is defined by a first surface 141 (as an
example of an inclined surface) and a second surface
142. The first surface 141 is angled relative to the removal
direction 52 (e.g. a direction from the front wall 40 toward
the rear wall 41). The first surface 141 extends upward
in the removal direction 52. The second surface 142 ex-
tends in the downward direction 53 contiguous from the
first surface 141.
[0219] The weight 125 includes a body 163, a plurality
of fins 164, and a plurality of fins 165. The body 163 has
a substantially rectangular parallelepiped shape and has
the cavity 140. The plurality of the fins 164 extends toward
the front wall 40 from the body 163. The plurality of fins
165 extends toward the rear wall 41 from the body 163.
Each of the fins 164 and 165 includes one end (e.g., a
proximal end) connected with the body 163 and the other
end that constitutes a distal end. In the third variation,
the plurality of fins 164 includes five fins 164 and the
plurality of fins 165 also includes five fins 165. Neverthe-
less, the number of both of the plurality of fins 164 and
the plurality of fins 165 is not limited to the specific ex-
ample. The weight 125 further has recesses 167 defined
by the fins 164 and recesses 168 defined by the fins 165.
[0220] Each of the fins 164 extends in a direction in-
tersecting the up-down direction 54, 53, which may be a
moving direction of the weight 125. Each of the fins 165
extends in another direction intersecting the up-down di-
rection 54, 53. In the third direction, each of the fins 164
extends in the insertion direction 51 and each of the fins
165 extends in the removal direction 52.
[0221] The fins 164 are spaced apart from each other
in the up-down direction 54, 53. The fins 165 are spaced
apart from each other in the up-down direction 54, 53.
Each of the fins 164 and 165 has surfaces 166 (each of
which is another example of the resist surface) on oppo-
site sides thereof. The surfaces 166 of each of the fins
164 extends in a direction intersecting the up-down di-
rection 54, 53 and are spaced from each other in the up-
down direction 54, 53. The surfaces 166 of each of the
fins 165 extend in a direction intersecting the up-down
direction 54, 53 and are spaced from each other in the
up-down direction 54, 53. That is, the weight 125 has a
plurality of surfaces 166. Each of the surfaces 166 faces
upward or downward in the up-down direction 54, 53.
Therefore, the surfaces 166 cause resistance to move-
ment of the weight 125 in the downward direction 53 and
in the upward direction 54.
[0222] The fins 164 extend parallel to each other. The
fins 165 extend parallel to each other. The surfaces 166
may be flat surfaces that extend parallel to each other.
All of the fins 164 and 165 have the same length as each
other in their extending direction. All of the fins 164 and

165 also have the same dimension in the right-left direc-
tion 55, 56 orthogonal to their extending direction. There-
fore, areas (or sizes) of the surfaces 166 of the different
fins 164 and 165 are equal to each other.
[0223] In other variations, for example, the fins 164
might not necessarily extend parallel to each other. The
fins 165 might not also necessarily extend parallel to each
other. The surfaces 166 might not also necessarily ex-
tend parallel to each other, nor might not be flat surfaces.
The fins 164 and 165 may have respective different
length in their extending direction. The fins 164 and 165
may have respective different length in the right-left di-
rection 55, 56. The areas (or sizes) of all of the surfaces
166 may be different from each other.
[0224] The facing surfaces 166 of each adjacent two
of the plurality of fins 164 define a recess 167 (as another
example of the communication opening) therebetween.
The facing surfaces 166 of each adjacent two of the plu-
rality of fins 165 define a recess 168 (as another example
of the communication opening) therebetween. Each of
the recesses 167 and 168 is open in a plurality of direc-
tions relative to the ink chamber 36. Each of the recesses
167 and 168 is in communication with the ink chamber
36 through the open ends of each of the recesses 167
and 168. In the third variation, the recess 167 defined by
the adjacent fins 164 is open at one end that faces the
direction toward which the ink cartridge 30 is inserted,
and at right and left ends that are opposite to each other.
The recess 168 defined by the adjacent fins 165 is open
at one end that faces the direction toward which the ink
cartridge 30 is removed, and at right and left ends that
are opposite to each other.
[0225] The body 157 also defines the other end of each
of the recesses 167 that faces the direction toward which
the ink cartridge 30 is removed, and the other end of each
of the recesses 168 that faces the direction toward which
the ink cartridge 30 is inserted. Thus, the other end of
each of the recesses 167 that faces the direction toward
which the ink cartridge 30 is removed is closed, and the
other ends of each of the recesses 168 that faces the
direction toward which the ink cartridge 30 is inserted is
closed.
[0226] As depicted in Figs. 18A and 18B, a restriction
member 88 is disposed inside the ink chamber 36. The
restriction member 88 is disposed at an end 143 of a rod
84 of the valve 77. The end 143 is opposite to an end
including a plug 83 of the rod 84. Therefore, the restriction
member 88 is configured to move together with the valve
77 selectively in the insertion direction 51 and in the re-
moval direction 52. The valve 77 is disposed to the right
of the weight 125. The restriction member 88 extends
from the end 143 in the leftward direction 56. With this
configuration, the restriction member 88 is located in the
cavity 140 of the weight 125.
[0227] The restriction member 88 is movable between
a blocking position (e.g., a position of the restriction mem-
ber 88 depicted in Fig. 18A) and an release position (e.g.,
a position of the restriction member 88 depicted in Figs.
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18B, 19A, and 19B). The release position is closer to the
rear wall 41 than the restrict position. When the valve 77
is located at the first position, the restriction member 88
is located at the restrict position. When the valve 77 is
located at the second position, the restriction member 88
is located at the release position. As the valve 77 moves
from the first position to the second position, the restric-
tion member 88 moves from the restrict position to the
release position. As the valve 77 moves from the second
position to the first position, the restriction member 88
moves from the release position to the restrict position.
[0228] When the restriction member 88 is located at
the restrict position, the restriction member 88 supports
the weight 125 by contacting the first surface 141 of the
weight 125 from below. Thus, the weight 125 is restricted
from moving in the downward direction 53 from the higher
position. In the third variation, for example, the movement
of the weight 125 in the downward direction 53 from the
higher position is restricted while the weight 125 is per-
mitted to move only within backlash or play at the higher
position. The restriction member 88 might not necessarily
restrict the movement of the weight 125 from the higher
position in the upward direction 54. The movement of the
weight 125 is restricted by the restriction member 88,
whereby the detector 59 does not move from the standby
position. That is, the restriction member 88 restricts the
movement of the detector 59 from the standby position
indirectly. In other variations, for example, when the re-
striction member 88 is located at the restrict position, the
restriction member 88 may support the weight 125 by
contacting a bottom surface 125A of the weight 125 from
below, instead of contacting the first surface 141 of the
weight 125.
[0229] When the restriction member 88 is located at
the release position, the restriction member 88 is located
separate from the first surface 141 of the weight 125 lo-
cated at the higher position. Therefore, in this state, the
weight 125 is permitted to move in the downward direc-
tion 53 by force of gravity. That is, when the restriction
member 88 is located at the release position, the restric-
tion member 88 permits the weight 125 to move from the
higher position to the lower position. The detector 59 ro-
tates from the standby position to the detected position
by pressure of the weight 125 that moves from the higher
position to the lower position. In other words, when the
restriction member 88 is located at the release position,
the restriction member 88 permits the movement of the
detector 59.
[0230] Hereinafter, a description will be provided on
how the valve 77, the restriction member 88, the weight
125, and the detector 59 behave in a process of placing
the ink cartridge 30 to the cartridge holder 110 in the third
variation. In the description below, it is assumed that an
amount of ink remaining in the ink chamber 36 is more
than the amount of ink remaining in the ink chamber 36
in the near-empty state.
[0231] In a state where the ink cartridge 30 is not placed
in the cartridge holder 110, the valve 77 of the ink car-

tridge 30 of the third variation is in the same or similar
state to the valve 77 of the ink cartridge 30 of the illus-
trative embodiment.
[0232] When the valve 77 is located at the first position,
the weight 125 is retained at the higher position by the
support of the restriction member 88. When the weight
125 is located at the higher position, the detector 59 is
located at the standby position. In this state, the bottom
surface 125A of the weight 125 is in contact with the
restricted portion 138 of the second arm 128 of the de-
tector 59.
[0233] When the detector 59 is located at the standby
position, the detected portion 129 is not located on the
optical axis 111 extending between the light emitting por-
tion and the light receiving portion of the sensor 103.
Therefore, light outputted from the light emitting portion
is allowed to reach the light receiving portion. Thus, when
the detector 59 is located at the standby position, the
sensor 103 outputs a high-level signal to the controller
130.
[0234] While the ink cartridge 30 is not placed at a par-
ticular position in the cartridge holder 110, a correspond-
ing cartridge sensor 107 is free from pressure of the front
end 58 of the cartridge cover 33 of the ink cartridge 30.
Therefore, the cartridge sensor 107 outputs a low-level
signal to the controller 130.
[0235] In this state, the cover of the cartridge holder
110 is opened and then the ink cartridge 30 is inserted
into the cartridge holder 110. That is, the ink cartridge 30
is placed at the particular portion in the cartridge holder
110. In other words, the ink cartridge 30 becomes in the
use position.
[0236] Similar to the illustrative embodiment, when the
ink cartridge 30 reaches a vicinity of the inner back sur-
face 151 of the cartridge holder 110 by its movement in
the insertion direction 51, the cartridge sensor 107 out-
puts a high-level signal to the controller 130. Thus, count-
ing for measuring a moving time of the detector 59 is
started. As the valve 77 receives an external force by
pressing of the ink needle 102, the valve 77 moves from
the first position to the second position, whereby ink is
permitted to flow from the ink chamber 36 to the outside
of the ink cartridge 30. Further, the ink chamber 36 comes
in communication with the outside air, whereby the inside
pressure of the ink chamber 36 changes from a negative
pressure to the atmospheric pressure.
[0237] As depicted in Fig. 18B, as the valve 77 moves
in the removal direction 52 from the first position to the
second position, the restriction member 88 moves from
the restrict position to the release position to separate
from the first surface 141 of the weight 125 located at the
higher position. Therefore, the weight 125 moves in the
downward direction 53 toward the lower position from
the higher position by force of gravity.
[0238] While the weight 125 moves from the higher
position to the lower position, the weight 125 presses the
detected portion 129 of the detector 59 downward. Thus,
the detector 59 rotates toward the detected position from
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the standby position.
[0239] The weight 125 keeps moving in the downward
direction 53 until the first surface 141 of the recess 143
comes into contact with the restriction member 88. Fig.
19A illustrates a state of the inside of the ink tank 32 after
the weight 125 starts moving in the downward direction
53 and before the first surface 141 of the recess 143
comes into contact with the restriction member 88. At the
time the first surface 141 of the recess 143 comes into
contact with the restriction member 88, the detector 59
is located at the detected position (refer to Fig. 19B).
[0240] When the detector 59 is located at the detected
position, the detected portion 116 is located between the
light emitting portion and the light receiving portion of the
sensor 103. That is, the detected portion 116 is located
on the optical axis 111 extending between the light emit-
ting portion and the light receiving portion of the sensor
103. Therefore, light outputted from the light emitting por-
tion is not allowed to reach the light receiving portion.
Thus, when the detector 59 is located at the detected
position, the sensor 103 outputs a low-level signal to the
controller 130, whereby the counting for measuring the
moving time of the detector 59 is ended. Through this
process, the ink cartridge 30 is completely placed in the
cartridge holder 110.
[0241] Hereinafter, a description will be provided on
how the valve 77, the restriction member 88, the weight
125, and the detector 59 behave in a process of removing
the ink cartridge 30 from the cartridge holder 110. In the
description below, it is assumed that the amount of ink
remaining in the ink chamber 36 is more than the amount
of ink remaining in the ink chamber 36 in the near-empty
state.
[0242] As depicted in Fig. 19B, in a state where the ink
cartridge 30 is completely placed in the cartridge holder
110, the valve 77 is located at the second position by a
pressing force of a corresponding ink needle 102. When
the valve 77 is located at the second position, the restric-
tion member 88 is located at the release position. When
the restriction member 88 is located at the release posi-
tion, the weight 125 is submerged in ink and located at
the lower position by force of gravity. When the weight
125 is located at the lower position, the detector 59 is
located at the detected position.
[0243] As the ink cartridge 30 moves in the removal
direction 52 for removing the ink cartridge 30 from the
cartridge holder 110, the valve 77 separates from the ink
needle 102, whereby the valve 77 moves from the second
position to the first position by an urging force of a coil
spring 87. As the valve 77 moves from the second posi-
tion to the first position, the restriction member 88 moves
from the release position to the restrict position together
with the valve 77. The restriction member 88 moves from
the release position to the restrict position while being in
contact with the first surface 141 of the weight 125 from
below. Thus, the weight 125 is pressed in the upward
direction 54 by the restriction member 88, thereby moving
from the lower position to the higher position. As the

weight 125 separates from the detector 59 by its move-
ment toward the higher position, the detector 59 rotates
from the detected position to the standby position. Ac-
cordingly, the restriction member 88 allows the detector
59 to rotate toward the standby position while the restric-
tion member 88 moves from the release position to the
restrict position.

<Fourth Variation>

[0244] In a fourth variation, another example configu-
ration in which a detector 59 is movable from the standby
position to the detected position using a downward move-
ment of a weight 125 will be described. Common parts
have the same reference numerals as those of the above-
described illustrative embodiment or the third variation,
and the detailed description of the common parts will be
omitted.
[0245] As depicted in Figs. 20A and 20B, a detector
59 is disposed inside an ink chamber 36. The detector
59 is rotatably supported by a frame 31. The detector 59
of the fourth variation has a similar configuration to the
detector 59 of the third variation, and therefore, a detailed
description for the detector 59 of the fourth variation will
be omitted.
[0246] A weight 125 may be made of material having
a higher specific gravity than ink stored in the ink chamber
36. The weight 125 is supported by a restriction member
88 within the ink chamber 36. The weight 125 of the fourth
variation has a similar configuration to the weight 125 of
the third variation except that the weight 125 of the fourth
variation does not have a cavity 140. Therefore, a de-
tailed description for the weight 125 of the fourth variation
will be omitted. The frame 31 of an ink tank 32 includes
a guide member 139 that allows the weight 125 to move
straightly in the vertical direction. The guide member 139
of the fourth variation also has a similar configuration to
the guide member 139 of the third variation. Therefore,
a detailed description for the guide member 139 of the
fourth variation will be omitted.
[0247] As depicted in Figs. 20A and 20B, the restriction
member 88 is disposed inside the ink chamber 36. The
restriction member 88 is disposed between a valve 77
and the detector 59 in the insertion-removal direction 51,
52.
[0248] The restriction member 88 includes a body 145
and a projecting portion 146. The body 145 has an in-
clined surface 144 that is angled relative to the removal
direction 52 (e.g. a direction from the front wall 40 toward
the rear wall 41) and extends upward in the removal di-
rection 52. The projecting portion 146 protrudes from the
body 145 in the removal direction 52.
[0249] A coil spring 147 (as another example of the
urging member) is disposed between the restriction
member 88 and a lower wall 42 of an ink tank 32 in the
up-down direction 54, 53. The coil spring 147 has one
end connected with the restriction member 88 and the
other end connected with the lower wall 42. This config-
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uration allows the restriction member 88 to move up and
down as the coil spring 147 contracts and extends. In
other variations, for example, a leaf spring may be used
as the urging member, instead of the coil spring 147.
[0250] The restriction member 88 is movable between
a blocking position (e.g., a position of the restriction mem-
ber 88 depicted in Fig. 20A) and an release position (e.g.,
a position of the restriction member 88 depicted in Fig.
21B). The release position is lower than the restrict po-
sition. When the valve 77 is located at the first position,
the restriction member 88 is located at the restrict posi-
tion. When the valve 77 is located at the second position,
the restriction member 88 is located at the release posi-
tion. As the valve 77 moves from the first position to the
second position, the restriction member 88 moves from
the restrict position to the release position. As the valve
77 moves from the second position to the first position,
the restriction member 88 moves from the release posi-
tion to the restrict position.
[0251] When the restriction member 88 is located at
the restrict position, the restriction member 88 supports
the weight 125 by contacting a bottom surface 125A
(more specifically, a lowermost fin 164 of the weight 125)
of the weight 125 from below. Thus, the weight 125 is
restricted from moving in the downward direction 53 from
the higher position. In the fourth variation, for example,
the movement of the weight 125 in the downward direc-
tion 53 from the higher position is restricted while the
weight 125 is permitted to move only within backlash or
play at the higher position. The restriction member 88
might not necessarily restrict the movement of the weight
125 in the upward direction 54 from the higher position.
The movement of the weight 125 is restricted, whereby
the detector 59 does not move from the standby position.
That is, the restriction member 88 restricts the movement
of the detector 59 from the standby position indirectly.
[0252] When the restriction member 88 is located at
the release position, the restriction member 88 is located
separate from the bottom surface 125A of the weight 125
located at the higher position. Therefore, in this state, the
weight 125 is permitted to move in the downward direc-
tion 53 by force of gravity. That is, when the restriction
member 88 is located at the release position, the restric-
tion member 88 permits the weight 125 to move from the
higher position to the lower position. As the weight 125
moves from the higher position to the lower position, the
detector 59 rotates from the standby position to the de-
tected position by downward pressing of the weight 125.
That is, when the restriction member 88 is located at the
release position, the restriction member 88 permits the
movement of the detector 59.
[0253] Hereinafter, a description will be provided on
how the valve 77, the restriction member 88, the weight
125, and the detector 59 behave in a process of placing
the ink cartridge 30 to the cartridge holder 110 in the
fourth variation. In the description below, it is assumed
that an amount of ink remaining in the ink chamber 36 is
more than the amount of ink remaining in the ink chamber

36 in the near-empty state.
[0254] In a state where the ink cartridge 30 is not placed
in the cartridge holder 110, the valve 77 of the ink car-
tridge 30 of the fourth variation is in the same or similar
state to the valve 77 of the ink cartridge 30 of the illus-
trative embodiment.
[0255] When the valve 77 is located at the first position,
the weight 125 is retained at the higher position by the
support of the restriction member 88. When the weight
125 is located at the higher position, the detector 59 is
located at the standby position. In this state, the bottom
surface 125A of the weight 125 is in contact with the
restricted portion 138 of the second arm 128 of the de-
tector 59.
[0256] When the detector 59 is located at the standby
position, the detected portion 129 is not located on the
optical axis 111 extending between the light emitting por-
tion and the light receiving portion of the sensor 103.
Therefore, light outputted from the light emitting portion
is allowed to reach the light receiving portion. Thus, when
the detector 59 is located at the standby position, the
sensor 103 outputs a high-level signal to the controller
130.
[0257] While the ink cartridge 30 is not placed at a par-
ticular position in the cartridge holder 110, a correspond-
ing cartridge sensor 107 is free from pressure of the front
end 58 of the cartridge cover 33 of the ink cartridge 30.
Therefore, the cartridge sensor 107 outputs a low-level
signal to the controller 130.
[0258] In this state, the cover of the cartridge holder
110 is opened and then the ink cartridge 30 is inserted
into the cartridge holder 110. That is, the ink cartridge 30
is placed at the particular portion in the cartridge holder
110. In other words, the ink cartridge 30 becomes in the
use position.
[0259] Similar to the illustrative embodiment, when the
ink cartridge 30 reaches a vicinity of the inner back sur-
face 151 of the cartridge holder 110 by its movement in
the insertion direction 51, the cartridge sensor 107 out-
puts a high-level signal to the controller 130. Thus, count-
ing for measuring a moving time of the detector 59 is
started. As the valve 77 receives an external force by
pressing of the ink needle 102, the valve 77 moves from
the first position to the second position, whereby ink is
permitted to flow from the ink chamber 36 to the outside
of the ink cartridge 30. Further, the ink chamber 36 comes
in communication with the outside air, whereby the inside
pressure of the ink chamber 36 changes from a negative
pressure to the atmospheric pressure.
[0260] As depicted in Fig. 20B, as the valve 77 moves
in the removal direction 52 from the first position to the
second position, the inclined surface 144 of the restriction
member 88 is pressed by the valve 77. That is, the valve
77 moves from the first position to the second position
while being in contact with the inclined surface 144 from
above. Thus, the restriction member 88 moves in the
downward direction 53 from the restrict position toward
the release position against an urging force of a coil
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spring 147. In this state, the coil spring 147 urges the
restriction member 88 upward in the vertical direction to-
ward the restrict position. The restriction member 88
moves toward the release position to separate from the
weight 125 located at the higher position. Therefore, the
weight 125 moves in the downward direction 53 from the
higher position to the lower position by force of gravity.
[0261] While the weight 125 moves from the higher
position to the lower position, the weight 125 presses the
detected portion 129 of the detector 59 downward. Thus,
the detector 59 rotates toward the detected position from
the standby position.
[0262] The weight 125 keeps moving in the downward
direction 53 until the bottom surface 125A of the weight
125 comes into contact with a projecting portion 146 of
the restriction member 88. Fig. 21A illustrates a state of
the inside of the ink tank 32 after the weight 125 starts
moving in the downward direction 53 and before the bot-
tom surface 125A comes into contact with the restriction
member 88. At the time the bottom surface 125A comes
into contact with the restriction member 88, the detector
59 is located at the detected position (refer to Fig. 21B).
[0263] When the detector 59 is located at the detected
position, the detected portion 116 is located between the
light emitting portion and the light receiving portion of the
sensor 103. That is, the detected portion 116 is located
on the optical axis 111 extending between the light emit-
ting portion and the light receiving portion of the sensor
103. Therefore, light outputted from the light emitting por-
tion is not allowed to reach the light receiving portion.
Thus, when the detector 59 is located at the detected
position, the sensor 103 outputs a low-level signal to the
controller 130, whereby the counting for measuring the
moving time of the detector 59 is ended. Through this
process, the ink cartridge 30 is completely placed in the
cartridge holder 110.
[0264] Hereinafter, a description will be provided on
how the valve 77, the restriction member 88, the weight
125, and the detector 59 behave in a process of removing
the ink cartridge 30 from the cartridge holder 110. In the
description below, it is assumed that the amount of ink
remaining in the ink chamber 36 is more than the amount
of ink remaining in the ink chamber 36 in the near-empty
state.
[0265] As depicted in Fig. 21B, in a state where the ink
cartridge 30 is completely placed in the cartridge holder
110, the valve 77 is located at the second position by a
pressing force of a corresponding ink needle 102. When
the valve 77 is located at the second position, the restric-
tion member 88 is located at the release position. When
the restriction member 88 is located at the release posi-
tion, the weight 125 is submerged in ink and located at
the lower position by force of gravity. When the weight
125 is located at the lower position, the detector 59 is
located at the detected position.
[0266] As the ink cartridge 30 moves in the removal
direction 52 for removing the ink cartridge 30 from the
cartridge holder 110, the valve 77 separates from the ink

needle 102, whereby the valve 77 moves from the second
position to the first position by an urging force of a coil
spring 87. As the valve 77 moves from the second posi-
tion to the first position, the restriction member 88 moves
in the upward direction 54 from the release position to
the restrict position by the urging force of the coil spring
121. While the restriction member 88 moves in the up-
ward direction 54, the projecting portion 146 of the re-
striction member 88 presses the bottom surface 125A of
the weight 125 in the upward direction 54. Thus, the
weight 125 moves from the lower position to the higher
position. As the weight 125 separates from the detector
59 by its movement toward the higher position, the de-
tector 59 rotates from the detected position to the standby
position. Accordingly, the restriction member 88 allows
the detector 59 to rotate toward the standby position while
the restriction member 88 moves from the release posi-
tion to the restrict position.

<Other Variations>

[0267] In the illustrative embodiment, the float 63 in-
cludes the body 153 and the plurality of fins 154. Never-
theless, the float 63 might not necessarily include the
body 153. In other variations, for example, as depicted
in Fig. 23, a float 63 itself may be a plurality of fins 154.
[0268] In other variations, for example, as depicted in
Fig. 24, a detector 59 may have a rotation axis 61A on
an extension of a surface 155 of a longest fin 154 ex-
tending from a body 153 of a float 63. In one example,
the rotation axis 61A of the detector 59 may be in an
imaginary plane 155A including a surface 155 having the
largest area among a plurality of surfaces 155.
[0269] According to the example depicted in Fig. 24,
many fins 154 may be provided in a small space, e.g.,
an ink chamber 36. The fin 154 that is capable of gener-
ating resistance to rotation of the detector 59 most effi-
ciently may have the largest area (or size) among the
plurality of fins 154, thereby improving accuracy of the
ink viscosity estimation.
[0270] In the illustrative embodiment, the float 63 in-
cludes the body 153 and the fins 154 that are directly
connected with each other. Nevertheless, in other vari-
ations, for example, as depicted in Figs. 25A and 25B, a
float 63 may include a connector 169 that may connect
between a body 153 and a plurality of fins 154. In one
example, the plurality of fins 154 may be connected with
the body 153 of the float 63 via the connector 169 that
may extend from the body 153 of the float 63. The con-
nector 169 may have one end connected with the body
153 and the other end connected with the plurality of fins
154.
[0271] The connector 169 may have a dimension in
the right-left direction 55, 56 smaller than a dimension of
the body 153 in the right-left direction 55, 56 and a di-
mension of the plurality of fins 154 in the right-left direc-
tion 55, 56. The right-left direction 55, 56 may be parallel
to an axis of a detector 59. That is, the connector 169
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may have a width narrower than a width of the plurality
of fins 154 in a direction parallel to the axis of the detector
59.
[0272] In the illustrative embodiment, each of the re-
cesses 156 defined by each adjacent two of the plurality
of fins 154 is open at the one end that faces the direction
toward which the ink cartridge 30 is removed, and at the
right and left ends when the ink cartridge 30 is in the use
position and the detector 59 is located at the standby
position. Nevertheless, the directions that each of the
recesses 156 is open are not limited to the example three
directions of the illustrative embodiment. In other varia-
tions, for example, similar to the float 63 including the
connector 169 of one of the other variations, a float 63
may have a plurality of recesses 156, each of which de-
fined by each adjacent two of a plurality of fins 154 may
be open also at an end that may face the direction toward
which an ink cartridge 30 may be inserted (e.g., the di-
rection at which the connector 169 may be disposed), in
addition to the above-described three directions. In other
variations, for example, each of the recesses 156 may
be open at at least an upper end or a lower end.
[0273] In a case where each recess 156 is open at its
upper end, air bubbles staying in each recess 156 may
be easily released therefrom. Therefore, this configura-
tion may prevent or reduce a change in a moving speed
of a detector 59 that may be caused by adhesion of air
bubbles to the float 63.
[0274] In the illustrative embodiment, each of the re-
cesses 156 is open at the right and left opposite ends.
Nevertheless, in other variations, for example, each re-
cess 156 may be open at upper and lower opposite ends
or at other opposite ends, one of which faces the direction
toward which an ink cartridge 30 may be inserted and
the other of which faces the direction toward which the
ink cartridge 30 may be removed.
[0275] In the illustrative embodiment, each of the sur-
faces 155 of the fins 154 functions as a resist surface
that causes resistance to the rotation of the detector 59.
Nevertheless, in other variation, for example, another
surface may function as the resist surface.
[0276] In one example, as depicted in Fig. 26A, a float
63 may have at least one through hole 170 (in the exam-
ple of Fig. 26A, the float 63 has two through holes 170)
which may be defined by a plurality of surfaces. Of the
surfaces defining the through hole 170, each of surfaces
171 and 172 that may face either one of the directions
toward which a detector 59 may rotate may function as
the resist surface.
[0277] In other variations, for example, as depicted in
Fig. 26B, a float 63 may have at least one recess 173 (in
the example of Fig. 26B, the float 63 has a single recess
173) defined by a plurality of surfaces. Of the surfaces
defining the recess 173, each of surfaces 174 and 175
that may face either one of the directions toward which
a detector 59 may rotate may function as the resist sur-
face.
[0278] In the illustrative embodiment, the detection

portion 62 is always located within the ink chamber 36
irrespective of the position of the detector 59. Neverthe-
less, in other variations, for example, a detection portion
62 may have another configuration as long as the detec-
tor 59 is configured to block light outputted from the light
emitting portion of the sensor 103 to the light receiving
portion of the sensor 103 when the detector 59 is located
at the detected position. In one example, a detection por-
tion 62 may be configured to be located outside the ink
chamber 36 when the detector 59 is located at the stand-
by position. The detection portion 62 may be further con-
figured to enter the inside of the ink chamber 36 while a
detector 59 moves from the standby position to the de-
tected position. In still other variations, a detection portion
62 may be located outside of the ink chamber 36 at all
times irrespective of the position of a detector 59.
[0279] In the illustrative embodiment, the measure-
ment of the moving time of the detector 59 is started when
the ink cartridge 30 is completely placed at a particular
portion in the cartridge holder 110 (e.g., when the car-
tridge sensor 107 outputs a high-level signal). Through
use of the existing sensor (e.g., the cartridge sensor 107),
the processing for estimating the ink viscosity may be
implemented without changing the configuration of the
ink supply unit 100 significantly. Nevertheless, in other
variations, for example, the measurement of the moving
time of the detector 59 may be started at any arbitrary
timing that the controller 130 may detect.
[0280] In one example, as depicted in Figs. 27A and
27B, a cartridge holder 110 may further include another
sensor 148 in addition to a sensor 103. The sensor 148
may be disposed at an inner top surface 152 of a casing
101 of the cartridge holder 110. The sensor 148 may be
disposed closer to the inner back surface 151 than the
sensor 103. An ink cartridge 30 may further include an-
other raised portion 149 at an cartridge cover 30 in ad-
dition to a light-transparent raised portion 37. The raised
portion 149 may be made of material capable of blocking
light. The raised portion 149 may be configured to block
light outputted from a light emitting portion in the same
or similar manner to the detection portion 62 of the illus-
trative embodiment. The raised portion 149 may be
spaced from the raised portion 37 in the insertion direc-
tion 51. The controller 130 may start counting for meas-
uring a moving time of a detector 59 when the sensor
148 is covered by the light-blocking raised portion 149
(e.g., when an ink cartridge 30 reaches a position of Fig.
27B from a position of Fig. 27A). The controller 130 may
end the counting for measuring the moving time of the
detector 59 when the sensor 103 is covered by a detec-
tion portion 62. In this case, four sensors 148 may be
provided for four ink cartridges 30 similar to the illustrative
embodiment.
[0281] In another example, as depicted in Figs. 28A,
28B, and 28C, an ink cartridge 30 may further include
another raised portion 149 at a cartridge cover 33 in ad-
dition to a light-transparent raised portion 37. The raised
portion 149 may be made of material capable of blocking
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light. The raised portion 149 may be configured to block
light outputted from a light emitting portion in the same
or similar manner to the detection portion 62 of the illus-
trative embodiment. The raised portion 149 may be
spaced from the raised portion 37 in the insertion direc-
tion 51. The controller 130 may start counting for meas-
uring a moving time of a detector 59 when the sensor
103 is revealed after the sensor 103 is covered by the
light-blocking raised portion 149 (e.g., when an ink car-
tridge 30 reaches a position of Fig. 28B from a position
of Fig. 28A). The controller 31 may end the counting for
measuring the moving time of the detector 59 when the
sensor 103 is covered by a detection portion 62. At the
time of ending the counting for measuring the moving
time of the detector 59, the ink cartridge 30 is located at
a position of Fig. 28C. In this case, four sensors 148 may
be provided for four ink cartridges 30 similar to the illus-
trative embodiment.
[0282] In the illustrative embodiment, when the con-
troller 130 determines that the moving time is out of the
threshold range (e.g., NO in step S18), the operation of
the recording head 21 is restricted, e.g., the routine skips
step S36. Therefore, this control may reduce or prevent
an occurrence of a problem in the recording head 21 due
to ejection of ink whose viscosity has been greatly
changed. Nevertheless, the processing of step S36 might
not necessarily be skipped. In one example, the controller
130 may execute the processing of notifying an abnor-
mality of the ink viscosity (e.g., step S37) and it may be
left up to a user to determine whether to proceed to op-
erate the recording head 21. In this case, the control rou-
tine of the controller 130 may be different from the control
routine of Figs. 9, 10, and 11 of the illustrative embodi-
ment. However, a detailed description for this example
will be omitted.
[0283] In another example, when the controller 130 de-
termines that the abnormal flag is "ON" (e.g., YES in step
S32), the controller 130 may control the head control
board 21A to control the level of a drive voltage to be
applied to the piezoelectric elements 29A for the nozzles
29 in the image recording of step S36 without skipping
the processing of steps S35 and S36.
[0284] More specifically, the controller 130 may
change a control signal to be outputted to the head control
board 21A to control the level of a drive voltage to be
applied to the piezoelectric elements 29A such that the
amount of ink to be ejected from each nozzle 29 is sub-
stantially the same in both of a case in which the moving
time is included within the threshold range and a case in
which the moving time is out of the threshold range. For
example, when the moving time is below the lower limit
of the threshold range (e.g., when the ink viscosity is too
low), the controller 130 may control the level of the drive
voltage to be applied to the piezoelectric elements 29A
to be lower than the level of the drive voltage to be applied
when the moving time is included within the threshold
range. When the moving time exceeds the upper limit of
the threshold range (e.g., when the ink viscosity is too

high), the controller 130 may control the level of the drive
voltage to be applied to the piezoelectric elements 29A
to be higher than the level of the drive voltage to be ap-
plied when the moving time is included within the thresh-
old range.
[0285] According to the above configuration, in a case
where various types of ink cartridges 30 each storing ink
having viscosity different from one another are placed
simultaneously in the cartridge holder 110, a drive volt-
age having an appropriate level may be applied to each
of the piezoelectric elements 29A in accordance of the
ink type. In the illustrative embodiment, the plurality of
piezoelectric elements 29A is used as an example of an
actuator. Nevertheless, in other variations, for example,
a thermal actuator may be used. In this case, the thermal
actuator may be configured to generate air bubbles in
ink by heat and cause the nozzles 29 to eject ink there-
from.
[0286] The viscosity of ink stored in an ink cartridge 30
may change under the influence of the temperature sur-
rounding the ink cartridge 30. More specifically, the ink
viscosity tends to become lower with higher temperature
and become higher with lower temperature. In the illus-
trative embodiment, the controller 130 controls the head
control board 21A to control the level of drive voltage to
be applied to the piezoelectric elements 29A in accord-
ance with the temperature. More specifically, when the
ambient temperature is relatively high, the controller 130
outputs a particular control signal to the head control
board 21A such that a relatively low drive voltage is ap-
plied to the piezoelectric elements 29A. When the ambi-
ent temperature is relatively low, the controller 130 out-
puts another control signal to the head control board 21A
such that a relatively high drive voltage is applied to the
piezoelectric elements 29A. There is an optimal threshold
of ink viscosity corresponding to drive voltage to be ap-
plied to the piezoelectric elements 29A. Therefore, it may
be preferable that the threshold range of ink viscosity
may be determined in accordance with the temperature.
In the illustrative embodiment, an appropriate threshold
range is determined in accordance with the temperature.
The manner of determining an appropriate threshold
range is not limited to the specific example. In one ex-
ample, a threshold range appropriate for the temperature
may be selected from a plurality of threshold ranges
prestored in the ROM 132. In another example, an upper
limit or a lower limit of the threshold range may be cal-
culated using a function using the temperature as an input
parameter. In other variations, a drive voltage to be ap-
plied to the piezoelectric element 29A might not be con-
trolled in accordance with the temperature. In this case,
the processing of step S17 in which the threshold range
is determined based on a signal outputted from the tem-
perature sensor 106 may be omitted, and a fixed thresh-
old range may be used.
[0287] In the illustrative embodiment, the controller
130 measures the moving time of the detector 59 by
counting. More specifically, the controller 130 starts
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counting in response to output of a high-level signal from
the cartridge sensor 107 and ends the count of the meas-
urement in response to output of a low-level signal from
the sensor 103. Then, the controller 130 determines the
time elapsed from the start of the count to the end of the
count as the moving time of the detector 59. Neverthe-
less, in other variations, for example, a controller 130
may determine by taking a difference between the time
at which the cartridge sensor 107 outputs a high-level
signal and the time at which the sensor 103 outputs a
low-level signal as the moving time of the detector 59.
[0288] In the illustrative embodiment, the controller
130 stores the abnormal flag in the EEPROM 134. Nev-
ertheless, in other variations, for example, a controller
130 may store the abnormal flag in a memory of an inte-
grated circuit mounted on an ink cartridge 30. In the il-
lustrative embodiment, the controller 130 includes both
the CPU 131 and the ASIC 135. Nevertheless, in other
variations, a controller 130 may include an ASIC 135 only.
All processing of Figs. 9, 10, and 11 may be executed
by a CPU 131 that reads appropriate programs from the
ROM 132. In still other variations, a controller 130 may
include hardware only, for example, an ASIC 135 or a
field-programmable gate array ("FPGA") but not include
a CPU 131. In yet other variations, a controller 130 may
include a plurality of CPUs 131 and/or a plurality of ASICs
135.
[0289] In the illustrative embodiment, ink is used as an
example of liquid. Nevertheless, in other variations, a pre-
treatment liquid to be ejected onto a recording sheet prior
to ink ejection at the time of printing may be used as an
example of the liquid, instead of ink.

Reference Signs List

[0290] 36 a liquid chamber, 59 a detector, 60 a liquid
outlet, 63, 125 a body, 88 a restriction member, 155 a
plurality of resist surfaces, 156 a plurality openings

Claims

1. A liquid cartridge comprising:

a liquid chamber (36);
a liquid outlet (60) configured to supply the liquid
from an interior of the chamber to an exterior of
the liquid chamber;
a body (63, 125) positioned in the chamber being
movable between a first position wherein move-
ment of the body is restricted, and a second po-
sition wherein the body is movable along a
movement path between the first and second
positions, the body having a plurality of sides;
said liquid cartridge being characterised by
a detector (59) positioned in the chamber mov-
able in response to movement of the body be-
tween the first and second positions;

a restriction member (88) configured to move
between a release position in which the detector
is movable to the released position, and a restrict
position to position the detector in the restricted
position, the restriction member being movable
from the restrict position to the release position
in response to movement of the actuator from
the first to the second position;
a plurality openings (156) defined in the body
and extending into the body through at least two
sides of the body;
a plurality of resist surfaces (155) formed by the
plurality of openings, the resist surfaces being
configured to resist movement of the body be-
tween the first and second positions.

2. The liquid cartridge according to claim 1, further com-
prising:

an upper side (39);
a lower side (42) spaced apart from the lower
side;
a front side (40) extending between the upper
side and the lower side, the outlet (60) extending
through the front side; and
a rear side (41) spaced apart from the front side
extending between the upper side and the lower
side, wherein the liquid chamber liquid is posi-
tioned between the front and rear sides and the
upper and lower sides.

3. The liquid cartridge according to claim 2, wherein
the body is a float (153) having a lower specific grav-
ity than ink stored in the ink chamber, and wherein
the first position is lower than the second position.

4. The liquid cartridge according to claim 2, wherein
the body is a weight having a higher specific gravity
than ink stored in the ink chamber, and wherein the
first position is higher than the second position.

5. The liquid cartridge according to any one of claims
2 to 4, wherein the body includes:

a first side surface;
a second side surface spaced apart from the
first side surface;
a rear surface extending between the first and
second side surfaces, the rear surface facing
the rear side; and
a front surface extending between the first and
second side surfaces, the front surface facing
the front side;
wherein at least one of the first side surface, the
second side surface and the rear surface define
the plurality of openings.

6. The liquid cartridge according to claim 5, wherein
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the plurality of openings extend one of:

through the first side surface, the second side
surface and the rear surface; and
through the body from the first side surface to
the second side surface.

7. The liquid cartridge according to claim 5, wherein
the first side surface and the second side surface
each define at least one of the plurality of openings.

8. The liquid cartridge according to any one of claims
2 to 7, wherein the body defines a plurality of fins
(154) spaced apart from one another, each of the
said fins extending in a direction that intersects the
movement path of the body, each of the fins having
the resist surfaces.

9. The liquid cartridge according to any one of claims
3 to 8, further comprising:

a first arm extending between an axis and the
detector, wherein the first arm is rotatable
around the axis, and
a second arm extending between the axis and
the float, wherein the second arm is rotatable
around the axis.

10. The liquid cartridge according to any one of claims
1 to 9, wherein the resist surfaces are flat surfaces
extending parallel to each other.

11. The liquid cartridge according to claim 5 to 10, where-
in the body includes a rear portion disposed at the
rear surface,

wherein the rear portion of the body defines a
plurality of fins (154) spaced apart from one an-
other, each of fins extending in a direction that
intersects the movement path of the body, each
of the fins having the resist surfaces;
wherein the body includes a front portion dis-
posed at the front surface, and wherein the body
further comprises a connector (169) that con-
nects the front portion of the body with the plu-
rality of fins, wherein a width of the connector
may be smaller than a width of the fins.

12. The liquid cartridge according to any one of claims
1 to 11, wherein the actuator includes a valve being
movable between a first position in which the liquid
outlet is closed, and a second position in which the
liquid outlet is open;

the detector being movable from a restricted po-
sition and a released position in response to
movement of the valve from the closed to the
open position;

the detector being movable from a restricted po-
sition and a released position in response to
movement of the actuator from the closed to the
open position; and
the detector being movable from the released
position to the restricted position in response to
movement of the valve from the open to the
closed position.

13. The liquid cartridge according to any one of claims
1 to 12, further comprising at least one guide extend-
ing parallel to the movement path, wherein the guide
contacts the body.

14. The liquid cartridge according to any one of claims
1 to 13, wherein the body defines a cavity that in-
cludes an inclined surface (118), and
wherein the restriction member is configured to con-
tact the inclined surface.

15. The liquid cartridge according to any one of claims
1 to 14, wherein the body is biased in the first position.

Patentansprüche

1. Flüssigkeitskartusche, umfassend:

eine Flüssigkeitskammer (36);
einen Flüssigkeitsauslass (60), der konfiguriert
ist, um die Flüssigkeit von einem Innenraum der
Kammer zu einem Außenbereich der Flüssig-
keitskammer zu liefern;
einen Körper (63, 125), der in der Kammer po-
sitioniert ist und zwischen einer ersten Position,
in der die Bewegung des Körpers eingeschränkt
ist, und einer zweiten Position bewegbar ist, in
der der Körper entlang einer Bewegungsbahn
zwischen der ersten und der zweiten Position
bewegbar ist, wobei der Körper eine Vielzahl
von Seiten aufweist; wobei die Flüssigkeitskar-
tusche gekennzeichnet ist durch
einen Detektor (59), der in der Kammer positio-
niert ist und als Reaktion auf die Bewegung des
Körpers zwischen der ersten und der zweiten
Position bewegbar ist;
ein Einschränkungselement (88), das konfigu-
riert ist, um sich zwischen einer Freigabeposi-
tion, in der der Detektor in die Freigabeposition
bewegbar ist, und einer Einschränkungspositi-
on zu bewegen, um den Detektor in die Ein-
schränkungsposition zu positionieren, wobei
das Einschränkungselement von der Ein-
schränkungsposition in die Freigabeposition als
Reaktion auf die Bewegung des Betätigungse-
lements von der ersten in die zweite Position
bewegbar ist;
eine Vielzahl von Öffnungen (156), die in dem
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Körper definiert sind und sich durch mindestens
zwei Seiten des Körpers in den Körper hinein
erstrecken;
eine Vielzahl von Resistflächen (155), die durch
die Vielzahl von Öffnungen gebildet werden, wo-
bei die Resistflächen konfiguriert sind, um der
Bewegung des Körpers zwischen der ersten
und der zweiten Position zu widerstehen.

2. Flüssigkeitskartusche nach Anspruch 1, ferner um-
fassend:

eine Oberseite (39);
eine Unterseite (42), die von der Unterseite be-
abstandet ist;
eine Vorderseite (40), die sich zwischen der
Oberseite und der Unterseite erstreckt, wobei
sich der Auslass (60) durch die Vorderseite er-
streckt; und
eine von der Vorderseite beabstandete Rück-
seite (41), die sich zwischen der Oberseite und
der Unterseite erstreckt, wobei die Flüssigkeits-
kammerflüssigkeit zwischen der Vorder- und
Rückseite und der Ober- und Unterseite positi-
oniert ist.

3. Flüssigkeitskartusche nach Anspruch 2, wobei der
Körper ein Schwimmer (153) ist, der ein geringeres
spezifisches Gewicht als die in der Tintenkammer
gespeicherte Tinte hat, und wobei die erste Position
niedriger als die zweite Position ist.

4. Flüssigkeitskartusche nach Anspruch 2, wobei der
Körper ein Gewicht mit einem höheren spezifischen
Gewicht als die in der Tintenkammer gespeicherte
Tinte ist, und wobei die erste Position höher als die
zweite Position ist.

5. Flüssigkeitskartusche nach einem der Ansprüche 2
bis 4, wobei der Körper Folgendes umfasst:

eine erste Seitenfläche;
eine zweite Seitenfläche, die von der ersten Sei-
tenfläche beabstandet ist;
eine Rückfläche, die sich zwischen der ersten
und zweiten Seitenfläche erstreckt, wobei die
Rückfläche der Rückseite zugewandt ist; und
eine Vorderfläche, die sich zwischen der ersten
und zweiten Seitenfläche erstreckt, wobei die
Vorderfläche der Vorderseite zugewandt ist;
wobei mindestens eine der ersten Seitenfläche,
der zweiten Seitenfläche und der Rückfläche die
Vielzahl der Öffnungen definiert.

6. Flüssigkeitskartusche nach Anspruch 5, wobei sich
die Vielzahl der Öffnungen durch eines der Folgen-
den erstrecken:

durch die erste Seitenfläche, die zweite Seiten-
fläche und die Rückfläche; und
durch den Körper von der ersten Seitenfläche
zur zweiten Seitenfläche.

7. Flüssigkeitskartusche nach Anspruch 5, wobei die
erste Seitenfläche und die zweite Seitenfläche je-
weils mindestens eine der Vielzahl von Öffnungen
definieren.

8. Flüssigkeitskartusche nach einem der Ansprüche 2
bis 7, wobei der Körper eine Vielzahl von Rippen
(154) definiert, die voneinander beabstandet sind,
wobei sich jede der Rippen in einer Richtung er-
streckt, die die Bewegungsbahn des Körpers schnei-
det, wobei jede der Rippen die Resistflächen auf-
weist.

9. Flüssigkeitskartusche nach einem der Ansprüche 3
bis 8, ferner umfassend:

einen ersten Arm, der sich zwischen einer Achse
und dem Detektor erstreckt, wobei der erste Arm
um die Achse drehbar ist, und
einen zweiten Arm, der sich zwischen der Achse
und dem Schwimmer erstreckt, wobei der zwei-
te Arm um die Achse drehbar ist.

10. Flüssigkeitskartusche nach einem der Ansprüche 1
bis 9, wobei die Resistflächen flache Oberflächen
sind, die sich parallel zueinander erstrecken.

11. Flüssigkeitskartusche nach den Ansprüchen 5 bis
10, wobei der Körper einen Rückabschnitt aufweist,
der an der Rückfläche angeordnet ist,
wobei der Rückabschnitt des Körpers eine Vielzahl
von Rippen (154) definiert, die voneinander beab-
standet sind, wobei sich jede der Rippen in einer
Richtung erstreckt, die die Bewegungsbahn des Kör-
pers schneidet, wobei jede der Rippen die Resistflä-
chen aufweist;
wobei der Körper einen Vorderabschnitt umfasst,
der an der Vorderfläche angeordnet ist, und wobei
der Körper ferner einen Verbinder (169) umfasst, der
den Vorderabschnitt des Körpers mit der Vielzahl
von Rippen verbindet, wobei eine Breite des Verbin-
ders kleiner als eine Breite der Rippen sein kann.

12. Flüssigkeitskartusche nach einem der Ansprüche 1
bis 11, wobei das Betätigungselement ein Ventil um-
fasst, das zwischen einer ersten Position, in der der
Flüssigkeitsauslass geschlossen ist, und einer zwei-
ten Position, in der der Flüssigkeitsauslass offen ist,
bewegbar ist;
wobei der Detektor aus einer Einschränkungsposi-
tion und einer Freigabeposition als Reaktion auf die
Bewegung des Ventils von der geschlossenen in die
offene Position bewegbar ist;
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wobei der Detektor aus einer Einschränkungsposi-
tion und einer Freigabeposition als Reaktion auf die
Bewegung des Betätigungselements von der ge-
schlossenen in die offene Position bewegbar ist; und
wobei der Detektor aus der Freigabeposition in die
Einschränkungsposition als Reaktion auf die Bewe-
gung des Ventils von der offenen in die geschlosse-
ne Position bewegbar ist; und

13. Flüssigkeitskartusche nach einem der Ansprüche 1
bis 12, ferner umfassend mindestens eine parallel
zur Bewegungsbahn verlaufende Führung, wobei
die Führung den Körper berührt.

14. Flüssigkeitskartusche nach einem der Ansprüche 1
bis 13, wobei der Körper einen Hohlraum definiert,
der eine geneigte Oberfläche (118) umfasst, und
wobei das Einschränkungselement konfiguriert ist,
um die geneigte Oberfläche zu berühren.

15. Flüssigkeitskartusche nach einem der Ansprüche 1
bis 14, wobei der Körper in der ersten Position vor-
gespannt ist.

Revendications

1. Cartouche de liquide comprenant :

une chambre de liquide (36) ;
une sortie de liquide (60) configurée pour fournir
le liquide d’un intérieur de la chambre à un ex-
térieur de la chambre de liquide ;
un corps (63, 125) positionné dans la chambre,
mobile entre une première position dans laquel-
le un déplacement du corps est restreint, et une
deuxième position dans laquelle le corps est mo-
bile le long d’un trajet de déplacement entre les
première et deuxième positions, le corps ayant
une pluralité de côtés ; ladite cartouche de liqui-
de étant caractérisée par
un détecteur (59) positionné dans la chambre
mobile en réponse à un déplacement du corps
entre les première et deuxième positions ;
un élément de restriction (88) configuré pour se
déplacer entre une position de libération dans
laquelle le détecteur est mobile à la position li-
bérée, et une position de restriction pour posi-
tionner le détecteur dans la position restreinte,
l’élément de restriction étant mobile de la posi-
tion de restriction à la position de libération en
réponse au déplacement de l’actionneur de la
première à la deuxième position ;
une pluralité d’ouvertures (156) définies dans le
corps et s’étendant dans le corps à travers au
moins deux côtés du corps ;
une pluralité de surfaces de résistance (155) for-
mées par la pluralité d’ouvertures, les surfaces

de résistance étant configurées pour résister au
déplacement du corps entre les première et
deuxième positions.

2. Cartouche de liquide selon la revendication 1, com-
prenant en outre :

un côté supérieur (39) ;
un côté inférieur (42) espacé du côté inférieur ;
un côté avant (40) s’étendant entre le côté su-
périeur et le côté inférieur, la sortie (60) s’éten-
dant à travers le côté avant ; et
un côté arrière (41) espacé du côté avant s’éten-
dant entre le côté supérieur et le côté inférieur,
le liquide de chambre de liquide étant positionné
entre les côtés avant et arrière et les côtés su-
périeur et inférieur.

3. Cartouche de liquide selon la revendication 2, dans
laquelle le corps est un flotteur (153) ayant une den-
sité spécifique inférieure à l’encre dans la chambre
d’encre, et dans laquelle la première position est in-
férieure à la deuxième position.

4. Cartouche de liquide selon la revendication 2, dans
laquelle le corps est un poids ayant une densité spé-
cifique supérieure à l’encre dans la chambre d’encre,
et dans laquelle la première position est supérieure
à la deuxième position.

5. Cartouche de liquide selon l’une quelconque des re-
vendications 2 à 4, dans lequel le corps comporte :

une première surface latérale ;
une deuxième surface latérale espacée de la
première surface latérale ;
une surface arrière s’étendant entre les premiè-
re et deuxième surfaces latérales, la surface ar-
rière étant face au côté arrière ; et
une surface avant s’étendant entre les première
et deuxième surfaces latérales, la surface avant
étant face au côté avant ;
au moins l’une de la première surface latérale,
de la deuxième surface latérale et de la surface
arrière définissant la pluralité d’ouvertures.

6. Cartouche de liquide selon la revendication 5, dans
laquelle la pluralité d’ouvertures s’étendent de l’une
des manières suivantes :

à travers la première surface latérale, la deuxiè-
me surface latérale et la surface arrière ; et
à travers le corps de la première surface latérale
à la deuxième surface latérale.

7. Cartouche de liquide selon la revendication 5, dans
laquelle la première surface latérale et la deuxième
surface latérale définissent chacune au moins l’une
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de la pluralité d’ouvertures.

8. Cartouche de liquide selon l’une quelconque des re-
vendications 2 à 7, dans laquelle le corps définit une
pluralité d’ailettes (154) espacées les unes des
autres, chacune desdites ailettes s’étendant dans
une direction en intersection avec le trajet de dépla-
cement du corps, chacune des ailettes ayant les sur-
faces de résistance.

9. Cartouche de liquide selon l’une quelconque des re-
vendications 3 à 8, comprenant en outre :

un premier bras s’étendant entre un axe et le
détecteur, le premier bras pouvant tourner
autour de l’axe, et
un deuxième bras s’étendant entre un axe et le
flotteur, le deuxième bras pouvant tourner
autour de l’axe.

10. Cartouche de liquide selon l’une quelconque des re-
vendications 1 à 9, dans laquelle les surfaces de
résistance sont des surfaces plates s’étendant pa-
rallèlement l’une à l’autre.

11. Cartouche de liquide selon les revendications 5 à
10, dans laquelle le corps comporte une partie ar-
rière disposée au niveau de la surface arrière,
la partie arrière définissant une pluralité d’ailettes
(154) espacées les unes des autres, chacune des-
dites ailettes s’étendant dans une direction en inter-
section avec le trajet de déplacement du corps, cha-
cune des ailettes ayant les surfaces de résistance ;
le corps comportant une partie avant disposée au
niveau de la surface avant, et le corps comprenant
en outre un raccord (169) qui raccorde la partie avant
du corps à la pluralité d’ailettes, une largeur du rac-
cord étant plus petite qu’une largeur des ailettes.

12. Cartouche de liquide selon l’une quelconque des re-
vendications 1 à 11, dans laquelle l’actionneur com-
porte une valve mobile entre une première position
dans laquelle la sortie de liquides est fermée, et une
deuxième position dans laquelle la sortie de liquide
est ouverte ;
le détecteur étant mobile à partir d’une position res-
treinte et d’une position libérée en réponse au dé-
placement de la valve de la position ouverte à la
position fermée ;
le détecteur étant mobile à partir d’une position res-
treinte et d’une position libérée en réponse au dé-
placement de la valve de la position fermée à la po-
sition ouverte ; et
le détecteur étant mobile de la position libérée à la
position restreinte en réponse au déplacement de la
valve de la position ouverte à la position fermée.

13. Cartouche de liquide selon l’une quelconque des re-

vendications 1 à 12, comprenant en outre au moins
un guide s’étendant parallèlement au trajet de dé-
placement, le guide étant en contact avec le corps.

14. Cartouche de liquide selon l’une quelconque des re-
vendications 1 à 13, dans laquelle le corps définit
une cavité qui comporte une surface inclinée (118),
et
dans laquelle l’élément de restriction est configuré
pour être en contact avec la surface inclinée.

15. Cartouche de liquide selon l’une quelconque des re-
vendications 1 à 14, dans laquelle le corps est sol-
licité dans la première position.
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