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INK CARTRIDGE AND INK~JET PRINTER

BACKGROUND CF THE INVENTION

Field of the Invention:

00011 The presenlt invention relates to an ink cartridge
which supplies an ink to an ink-jet head for performing
printing by discharging the ink, and an ink-jet printer

including the same.

Description of the Related Art:

[Q002] An ink-qjeb printer is known, in which an ink 1is
discharged from nozzles to recording paper to perform the
printing. Such an ink-jet printer is generally provided
with & detachable ink cartridge. When an ink-jet head is
driven to perform the discharge operaticn in a state in
which the ink is empty in the ink cartridge, then the
printing is not only performed, but the air sometimes makes
invasion into the ink-jeb head. The ink-jet head, into
which the air has made invasion, cannot be used in some
cases. Therefore, it 1s necessary to detect the amount of
the ink stored in the ink cartridge. A method for
detecting the amcunt of Lhe ink is conceived, in which the
amount of the ink is detected by estimating and
accunulating the amounts of the ink used every time when

the printing is performed, However, any error tends to
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arise in such caleulation, Therefore, it is necessary to
stop the use of the ink cartridge with a sufficient margin.
Az a result, the ink is wasted., Accordingly, the following
technigue has been suggested {(see, for example, Japanese
Patent Application Laid-open No, 9-001819, Fig. 7). That
is, a float, which has a specific gravity smaller than that
of the ink, is arranged on the ink contained in the ink
cartridge. The height of the float floating on the ink is
detected from the cutside to detect the amount of the ink
contained in the ink cartridge.

[{0003] However, acgording to the technigue suggested by
Japanese Fatent Application Laid-open No. 9-001819, the
float is sometimes stuck to the wall surface, and the flecat
is not moved downwardly due to any disturbance such as the
surface tension of the ink adhered to the inner wall
surface of the ink tank of the ink cartridge. As described
above, the technigue suggested by Japanese Patent
Application Laid-open No, 9-001819 tends to suffer from the
influence of the disturbance such as the surface tension of
the ink. Therefore, a problem arises such that it is
impossikle to indicalte any correct amount <¢f the ink

contained in the ink cartridge.

SUMMARY OF THE INVENTION

[0004] Accordingly, 2 principal object of the present
invention is teo provide an ink cartridge which makes it

2



28 March 2007

possible to indicate the amount of the ink contained in the
ink cartridge without being excessively effected by the
disturbance such az the surface tension of the ink, and an
ink-jet printer which ingludes the same.

[0005] According to a first aspect of the present
invention, there is provided an ink cartridge comprising an
ink tank (11, 201) which stores an ink (200); and a
swinging member (32, 203) which is supported swingably in
the ink tank (11, 201} and which has a halance member (33,
202) supported to be pesitioned in an ink liguid when an
amount of the ink in the ink tank {11, 201) is not less
than a predetermined amount; wherein a weight and a volume
of the halange member (33, 202) are set so that a
rotational force (204), which is received by the swinging
member (32, 203) by a buoyancy and a gravity generated on
the balance member (33, 202) when the balance memnber (33,
202) is positioned in the ink liguid, is in a first
direction that is opposite to a second direction of a
rotational force (205) which is received by the swinging
member by a buoyancy and a gravity generated on the balance
member (33, 202) when a part of the halance nember (33,
202} protrudes from a ligquid surface of the ink.

[0006] Fig. 24 shows an example of the ink cartridge of
the presenlt invention, Fig. 24 conceptually shows the
arrangemsnt and the operatiocn of the ink cartridge of the

present invention. The ink cartridge of the present
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invention includes a palance member 202 which is supported
te make ne contact with the wall surface of an ink tank
201, for example, by the ald of any support member 203 in
the ink tank 201 in which an ink 200 is stored,

[0007] Az shown in Fig. 247, in the ink cartridge of the
present invention, when the ink 200 remains in an amount
not less than a predetermined amount in the ink tank 201,
the buoyancy, which acts on the balance member 202, is
larger than the gravity. Therefore, the roltational force
(arrow 204 shown in Fig. Z4A, rotational force in the first
direction) acte in the direction directed toward the liguid
surface of the ink 200, However, the balance member 202 is
supported so that the balance member 202 dees nolt float on
the liguid surface of the ink 200, i.,e., the balance menber
202 stays in the ink tank Z00. When the ink 200 is used,
and the amount of the ink contained in the ink tank 201 is
decreased to be smaller than the predetermined amount
(spoeifically, when the ink is decreased until a part of
the balance member 202 protrudes from the ink liguid
gsurface), then the buoyvancy, which acts on the balance
membher 202, is decreased. Therefore, Lhe gravity, which
acta on the balance member 202, is larger than the
bucyancy., Therefore, as shown in Fig. 24B, the rotational
force (arrow 205% shown in Fig. 248, rotational force in the
second direction), which is directed toward the bottom

surface of the ink tank 201, acts on the balance member
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202. The balance member 202 is moved toward the bottom
surface of the ink tank 201,

[0008] The residual amcunt of the ink contained in the
ink cartridge can be detected by detecting the displacement
of the balance member 202 as shown in Fig. 24 by using, for
example, a sensor. In the case of the ink cartridge as
described abkove, the balance maember 202 1s supported to
make no conbact with the wall surface in the ink tank,
Further, the displacement orbit of the balance member 202
can be fixed to some extent. Therefore, it is possible to
prevent the balance member 202 from being stuck to the wall
surface of the ink tank due te any disturbance such as the
surface tension of the ink adhered to the inner wall
surface of the ink tank 201 when the ink is decreased. It
is possible to indicate the amount of the ink in the ink
cartridge more correctly.

[0009] In the ink cartridge of the present invention,
the swinging member (80) may inglude a connegting member
(32A) which is supported swingably in the ink tank (11,
201), & detection objective section (34A) which is provided
at ong end of the connecting member (3ZA), and the balance
member (33RA) which is provided at the other end of the
connecting member (32A); and weights and volumes of the
balance member (33A) and the detection obkjective section
(344) may be set so that the rotational force, which is

received by the swinging member (80) by bucyancies and

on
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gravities generated on the balance member (33A) and the
detection objective section (34A) respeclively when the
entire balance member (33A) and the entire detection
abjective section (34A) are positioned in the ink liquid,
is in the first directicn that is opposite to the second
direction of the rotational force which is received by the
swinging member (80) by buoyancies and gravities generated
on the balance member (33A) and the detection objective
section (34A) respectively when parts of the balance member
{33A) and the detection objective section (34A) protrude
from the liguid surface of the ink.

[0010] According to the ink cartridge of the present
inventicn, the orbits of the halance member and the
detection objective sectlion are fixed by the swinging
member. Therefore, the state of the residual amount of the
ink contained in the ink tank can be indicated without
heing excessively affected by the disturbance such as the
surface tension of the ink adhered, for example, to the
inner wall surface of the ink tank when the ink is
decreased.

[C011} In the ink cartridge of the present invention, a
regulating member {35A), which regulates rotation of the
swinging nenber (80) in the first direction, may be
provided in the ink tank (11), and the detection objective
section (34A) may be positioned at a detecting position

when the swinging member (80) is regulated by the
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regulating member (35A). Acccerdingly, when the ink in an
amount not less than a predetermined amount is stored in
the ink tank, it is possible to reliably stop the detection
aobjective section at the detecting position.

[0012] In the ink cartridge of the present invention,
the balance member (33A) may be positioned at & position
lower than that of the detecticn objective section {(34A)
when the detection objective section (34A) is positicned at
the detecting position. Accordingly, when the ink
contained in the ink tank iz decreased, the detection
obiective section protrudes from the ink liguid sorface
prior to the balance member. Therefore, bthe swinging
member starts the rotation in the second direction after
the ink adhered bto the detection obhijective section flows
down. Therefore, 1t is possible to reduce the influence of
the surface tension of the ink on the detection objective
secticn when the swinging member starts the rotation in the
second direction.

[0013] In the ink cartridge of the present invention,
the detection objective section (34A) may be positioned at
a non-detecting position when the swinging member (80) is
rotated in the second direction. Accordingly, it is
possible to distinguish and recognize the state in which
the amount of ink is decreased as compared with the
predetermined amount and the state in which the ink remains

in an amount of not iess than the predetermined amount.
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[0014] In the ink cartridge of the present invention,

the rotational force in the first direction may have a
magnitude which iz substantially the same as that of the
rotational ferce in the second direction. Accordingly, the
rotational forces te cause the rotation in the first
direction and the second direction can be exerted on the
swinging member in a well-balanced manner. Therefore, it
iz possible to indicate bthe state of the residual amount of
the ink in the ink tank without bheing excessively affected
by not only the surface tension of the ink but alse the
disturbance caused, for example, by the increase in
vigscosity of the ink.

[0015] In the ink cartridge of the present invention,
the connecting menber (32A) may be supported in the ink
tank (11) so that a width of a projection plane cbtained by
perpendicularly projecting the connecting member {(32A) onto
the ink liguid surface is narrowest in a state ol use of
the ink cartridge (1A). Accordingly, it is possible to
decrease the contact aresa between the connecting member and
the ink liquid surface when the connecting member protrudes
from the ink liqguid surface. Therefore, it is possible to
reduce the influence of the surface Ltension of the ink on
the ¢onnecting member.

[0016] In the ink cartridge of the present invention,
the connecting member (32A) may be supported in the ink

tank {(11) so that a side wall surface of Lhe connecting
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membrer (32A), which is opposed teo the ink liqguid surface,
intersects obliquely with respect to the ink liguid
surface. Accordingly, it is possible Le further decrease
the contact area hetwsen the connecting member and the ink
liquid surface when the connecting member protrudes from
the ink liguid surface. Therefore, it is possible to
further reduce the influence of the surface tension of the
ink on the conneciing member.

[0017] In the ink cartridge of the present invenlion,

at. least one projection (3ZaA), which preotrudes toward the
ink liquid surface and which extends in an extending
direction of the connecting member (324}, may be formed on
Lhe side wall surface of the connecting member (32A8)
opposed to the ink liquid surface., Accordingly, it is
possible to further decrease the contact area hetwesen the
connecting member and the ink liguid surface when the
connecting member protrudes from the ink liquid surface.
Therefore, it 1s possibkle teo further reduce the influence
of the surface tension of the ink on the connecting member.
[0018] Irn the ink cartridge of the present invention,
the balance member (332) may be a float which is formed of
a resin and which has a specific gravity smaller than that
of the light-transmissive ink. Accordingly, it is possible
to increase the ratio of the buoyancy generated on the
balance memhber with respect to the gravity generated on the

balance member. Therefore, 1t is possibhle te obtain the



28 March 2007

sufficiently large rotational force in the first direction.
[0019] in the ink cartridge of the present invention,
the balance member (33A) may be formed of pelypropylene.
Accordingly, the specific gravity of polypropylene is 0.9,
and the specific gravity is generally lighter than that of
the light-transmissive ink. Therefore, when peolypropylene
is used as the bkalance membker, it is possible Lo increase
the buoyancy generated on the balance member.

[0020] In the ink cartridge of the present invention,
the balance member (33A) may have a lightly <losed space
(36A) therein. Accordingly, even when any resin having a
specific gravity larger than that of the ink is used, it is
possible to decrease the specific gravity of the entire
balance member. Further, it is possible to form the
balance member and the swinging member with an identical
material.

[0021] When the balance membper has the tightly closed
space therein, the kalance member (33A) may be provided
with a case (33ah) and a cap (33bA) which are integrally
formed, the cap (33bA) may be arranged at an opening of the
case (33ad), and an internal space of the case (33ah) may
be tightly sealed to form the tightly closed space (304).
Accordingly, it is possible to produce the swinging member
easily and cheaply.

[0022] In the ink cartridge of the present invention, a

volume ratio K of the tightly closed space (36A) with
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respect to a volume of the balance member (332) may be
represented by the following expression:

(26 = YY) /2% =« 0.1 < K < (2% - Y)/2% + 0.1
wherein ¥ represents the specific gravity of the resin, and
Y represents the specific gravity of the light-ltransmissive
ink. Accordingly, 1t is possible to determine the
rotational forces in the first direction and the second
direction exerted on the swinging member in a well-balanced
manner.
[0023) In the ink cartridge of the present ifnvention, a
volume ratic K of the tightly clesed space (36A) with
respect to a velume of the balance menber (33A) may be not
less than 0.3 and not more than 0.5, The preferred range
of the ratio K is a preferred range Lo be obtained when a
preferred resin having a specific gravity of 0.9 is used as
a material for forming the balance member, and a preferred
ink having a specific gravity of 1.07 is used. When the
volume ratio K of the tightly close space with respect To
the volume of the balange member iz set within the range as
described abhove, it i1s possible to determine the rotational
forces in the first directicon and the second direction

exerted on the swinging member in a well-bhalanced manner.

[0024] In the ink cartridge of the present invention,
the detecticon objective section {(34A) may have

nontransparency. Accordingly, an optical sensor can be

used as a detector for detecting the displacement of the

11
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detection objective section.

[0025] In the ink cartridge of the present invention,
the detection ohjective secticn (34A) may be provided on
the connecting member (32A) so that a width of a projection
plane obtained by perpendicularly projecting the detection
objective section {(34A) onto the ink liguid surface is
narrowest in a state of use of the ink cartridge (1A).
Accordingly, 1t is possibkle to decrease the contaclt area
between the detection objective section and the ink liguid
surface when the detection objective section protrudes {rom
Lhe liguid surface of the ink. Therefore, the influesnce of
the surface tension of the ink is further decreased, and
hernce it is possible Lo rotalte the swinging member more
smoothly.

[0026] In the ink cartridge of the present invention,
the ink cartridge (103) may further include a regulating
surface (156) which regulates displacement of the swinging
member; the ink tank {131) may have a downwardly inclined
imnmer surface (134b) which extends in a direction inclined
downwardly with respect to the ink surface; the swinging
member may be formed with an abutment section (160a) which
is capable of being selectively located at a position to
make abutment against the regulating surface (156) and a
position separated from the regulating surface (156)
depending on a position of the swinging member; and a

projection (159), which is always opposed te the downwardly

12
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inclined inner surface (134h) during movement of the
abutment sgection (160a) hetween the separated position and
the abutment pesition, may be formed at a portion of the
swinging member opposed to the downwardly inclined inner
surface (134b).

[o027] Accerding to the ink cartridge of the present
invention, the distance bhetween the swinging member and the
downwardly inclined inner surface is maintained by the
projection formed at the portion of the swinging member
opposed to the downwardly inclined inner surface.

Therefore, it is possible Lo avoid the adhesion batween the
swinging member and the downwardly inclined inner surface
opposed thereto due to the surface tension of the ink, and
the inhibition of the smooth displacement action of the
swinging member. fTherefore, the swinging member is
gmoothly moved as the resideal amount of the ink is
changed, and hence it is possible teo detect, with any small
error, the fact that the ink residual amcunt in the ink
tank arrives at a predetermined amount.

[0028] In the ink cartridge of the present invention,
the ink tank (131) may ke formed with a recess (134a) which
has two of the downwardly inclined inner surfaces (134b)
opposed to each other and which is dafined by the two
opposed downwardly inclined inner surfaces (134a); at least
a part of the swinging member may be interposed betwesen the

twe downwardly inclined inner surfaces (134b) opposed in

13
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the recess (134a); and the projection (15%9) may protrude
toward each of the downwardly inclined inner surfaces

(134h) from a portion of the swinging member opposed to one
of the two downwardly inclined inner surfaces (134b).
Accordingly, it is possible to narrow the width of the
recess by ashortening the distance hetween the swinging
member and the downwardly inclined inner surface of the
recess formed in the ink tank. Therefore, it iz easy Lo
detect the displacement of the swinging member from the
outside of the recess.

[0029] In the ink cartridge of the present invention,
the swinging member may be formed with a thin plate-shapaed
section (160) which is interposed between the two
downwardly inclined inner surfaces (134b) opposed in the
recass (L34a) when the abutment section (160a) is located
at the abutment peosition, and the projection (1%9%) may
protrude from the thin plate-shaped section (160).
Accordingly, it is possible to further narrow the width of
the recess formed for the ink tank.

[0030] In the ink cartridge of the present invention, a
rik (158) may protrude toward the swinging member f{rom each
of portions of the twoe downwardly inclined inner surfaces
{134bh) opposed to the aswinging member. Accordingly, the
ink, which remains between the downwardly inclined inner
surface and the swinging m@mb@r; falles downwardly along the

rik. Therefore, it is possible teo further aveild the
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adhesion between the downwardly inclined inner surface and
the swinging member causzed by the surface tension of the
ink,

[0031] In the ink cartridge of the present invention,
the rib (158) may be provided continuously aleong a
dizplacement orbit of the swinging member. Accordingly,
the ink, which remains between the downwardly inclined
innmer surface and the swinging member, successfully falls
downwardly more efficiently.

{0032] In the ink cartridge of the present invention,
the Uip portion of the recess (159) may be constructed by a
curved surface which protrudes toward the downwardly
inclined inner surface (1346 . In this arrangement, the
projection of the swinging member and the downwardly
inclined inner surface make point-to-point contact with
cach other, and the contact area between the projection of
the swinging member and the downwardly inclined inner
surface is decreased. Therefore, the swinging member is
hardly affected by the surface tension of the ink, and it
iz possible to zmoothly displace the swinging member.
[0033] In the ink cartridge of the present invention,
the abutment section (160a) may be a columnar projection
which extends along the ink surface, and a wall (157} may
be provided adjacently in an upstanding manner, which
intersects the regulating surface (156) in the extending

direction of the abutment section {(160a) when the abutment
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gection (160a) makes abutment against at least the
regulating surface (156). Accordingly, Lthe abutment
gsection of the swinging member and the regulating surface
make line-to-line contact with each other, and the contact
area between the abutment section and the regulating
surface is degreased. Therefore, the abutment section and
the regulating surface are hardly adhered to each olher by
the surface tension of the ink. When the wall, whigh
intersects the regulating surface, is provided in the
upstanding manner on the regulating surface, the ink, which
iz stored or pooled on the regulating surface, is sucked
and removed by the capillary force of the curved pertion
formed at the boundary belween the regulating surface and
the wall surface. Therefore, it is possible to further
aveild the adhesion by the surface tension of the ink
between the abutmaent section and the regulating surface.
[CG034] In the ink cartridge of the present invention,
the regulating surface (156) may be an inclined surface
which intersects the ink surface. Therefore, lthe ink,
which is peooled on the regulating surface, flows downwardly
along the inclinaticen of the regulating scvrface. Thus, the
ink is more hardly pooled cn the regulating surface.

[0035] Additionally, in the ink cartridge of the present
invention, the swinging member may be rotatable in the ink
tank (131) about the center of an axis perpendicular to Lhe

directien of displacement of the ink surface as the ink is
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used, depending on the increase/decrease in the amount of
the ink stored in the ink tank (131). Accordingly, when
the swinging member is rotated, the orbit of the swinging
menmber 13 stabilized. Therefore, the downwardly inclined
inner surface and the swinging member are hardly adhered to
one another by the surface tension of the ink.

[0036] In the ink cartridge of the present invention,
the projection (159) and the downwardly inclined inner
surface (134h) opposed therete may be formed in the
vicinity of the end of the swinging member. Accordingly,
the adhesion of the swinging member to the downwardly
inclined inner surface, which would be otherwise caused by
the surface tension of the ink, can be reliably avoided.
[0037] In the ink cartridge of the present invention,
the projection (159B) and the downwardly inclined inner
surface (134b} opposed thereto may be formed in the
vicinity of the axis of the swinging member. When the
projection is formed in the vicinity of the rotation axis
of the swinging member, it is possible to narrow the range
of displacement of the proiection when the swinging member
is rotated. It is possgible to decrease the downwardly
inzlined inner surface copposed to the projection of the
swinging membher,

[0038] Additiconally, in the ink cartridge of the present
invention, the ink tank (131) may have a regulating surface

{156) which is substantially perpendicular te a direction

17



28 March 2007

of displacement of the ink surface caused by use of the
ink, and a downwardly inclined inner surface (134b) which
extends in a direction inclined downwardly with respect to
the regulating surface from one end of the regulating
surface (156); the swinging member may be formed with an
abutment section {160a) which is selectively located at a
position to make abutment against the regulating surface
(156) and a position separated from the regulating surface
(156) depending on a position of the swinging member; a
recess (134a), which is deflined by two of the downwardly
inclined inner surfaces (134b) opposed to each other, may
e formed on an inner wall surface of the ink tank (131);
at least a part of the swinging member may be interposed
betweaen the two downwardly inclined inner surfaces (134b)
oppeosed in the recess; a projection {(159), which is always
opposed to each of the downwardly inclined inner surfaces
(134k) during movement of the zbutment section (160a)
between Lthe separated position and the abutment position,
may protrude toward esach of the downwardly inclined inner
surfaces (124b) from each of portions of the swinging
member opposed to the downwardly inclined inner surfaces
(134b); and a ribk (158) may prolrude toward the swinging
member from each of portions of the two downwardly inclined
inner surfaces (134bh) opposed to the swinging member.
[0039] In the ink cartridge of the present invention,

the ink tank (131) may have a regulating surface (156)
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which reqgulates displacement of the swinglng member, and a
wall surface (169) which extends downwardly toward the ink
tigquid surface from cone end of the regulating surface
{156); the swinging member may be formed wilh an abutment
saection (160a) which is selectively located at a position
to make abutment against the regulating surface {(156) and a
position separated from the regulating surface depending on
a positicn of the swinging member; and a rib (157), which
ranges ovaer the regulating surface (156) and the wall
surface (16%), may protrude from each of the regulating
aurface {(156) and the wall surface {169).

[0040}] When the arrangement as described above is
adopted, the ink, which remains on the regulating surlface
of the ink tank, falls downwardly along the rib.
Therefore, the abutment section of the swinging member and
the regulating surface of the ink tank are hardly adhered
Lo one another by the surface tension of the ink.
Therefore, when the swinging member is rotated in
accordance with the change of the ink residual amount, the
swinging member is smcothly rotated. It is possikhle to
detecl, with any zmall error, the fact that the ink
residual ameount in the ink cartridge arrives at a
predelbermined amount.

[0041] In the ink cartridge of the present invention,
the rib (157), which is disposed cn a side opposed to Lhe

abutment section (160a), may have a side surface which is
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inclined in an outer direction as compared with a direction
perpendicular to the regulating surface (156) and the wall
surface (16%) or the perpendicular direction on condition
that the position of abutment between the abutment section
(160a) and the regulating surface (15%6) is on an inner
side. Accordingly, the suction force (hereinafter referred
to as "capillary force" as well), which is caused by the
capillary action at the boundary between the regulating
surface and the rib, is decreased. Therefore, Lhe ink is
hardly stored or pocoled al the boundary.

[0042] in the ink cartridge of the present invention,
the rik (157) may be provided continuously over a range
from one end to the other end of the regulating surface
(156). Accordingly, the ink, which remains on the
regulating surface, tends to fall downwardly along the rib.
[0043] In the ink cartridge of the present invention,
the rib {157) may be provided continucusly over a range
from an upper end to a lower end of the wall surface (169).
Accordingly, the ink, which remains on the downwardly
inclined inner surface, tends te fall downwardly along the
rib.

[0044] In the ink cartridge of the present invention,
that a curve, which ranges over the rib (157) and the
regulating surface (156) in the vicinity of the boundary
between the rib (157) and the regulating surface (156), may

have a curvature whicgh 125 smaller than a curvature of a
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curve which ranges over the rik (157) and the wall surface
{169) in the vicinity of the boundary between the rib (157)
and the wall surface (169). Accordingly, the capillary
force, which is obtained at the beoundary hetween the rib
and the wall surface, is larger than the capillary force
which is obtained at the boundary between the rib and the
regulating surface. Therefore, the ink, which remains at
the boundary between the regulating surface and the rib,
tends to fall downwardly along the rib.

[0045] In the ink cartridge of the present invention,
the regulating surface (156) may be an inclined surface
which intersects the ink surface. Accordingly, the ink,
which remains on the regulating surface, tends to fall
downwardly mere easily.

[0046] In the ink cartridge of the present invention,
the ink tank (131) may have a downwardly inclined inner
surface (134b) which extends in a direction inclined
downwardly with respect te a surface perpendicular to a
direction of displacement of the ink surface caused by use
of the ink; and a rib (158) may protrude toward the
swinging member from a portion of the downwardly inclined
inner surface (134b) opposed to the swinging member,

[0047] When the arrangement as described above is
adopted, the ink, which remains on the downwardly inclined
inner surface of the ink tank opposed to the swinging

member, tends to fall downwardly along the rib. Therefore,
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the swinging member and the downwardly inclined inner
surlface opposed to the swinging member are hardly adhered
to one another by the surface tension of the ink.
Accordingly, the swinging member is rotated smoothly when
the swinging member is rotated in accordance with the
change of the residual amcunt of the ink. It is possible
to detect, with any small error, the fact that the ink
residual amount in the ink cartridge is substantially zero.
[0048] In the ink cartridge of the present invention,
the rib (158) may be provided continuously along a
displacement orbit of the swinging member. Accordingly, it
1s possible to efficiently discharge the ink stored or
pooled between the swinging member and Lhe downwardly

inclined inner surface opposed thereto.

[0049] In the ink cartridge of the present invention, a
recess (134a), in which the twoe downwardly inclined inner

surfaces (134b) are opposed Lo each other, may be formed on
the inner wall of the ink tank (131), at least a part of
the swinging member may be interposed between the two
downwardly inclined inner surfaces (134b) opposed in the
recess (1324a), and the rib (1%8) may protrude Ltoward the
swinging member from the twe downwardly inclined inner
surfaces (134b} respectively. Accordingly, it is pozsible
to shorten the distance between the swinging member and the
downwardly inclined inner surface of the recess formed in

the ink tank. Therefore, it is easy to detect the
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displacement of the swinging member from the outside of the
[0050] In the ink cartridge of the present invention, a
curve, which ranges over the rib (15%8) and the downwardly
inclined inner surface (134b) in the vicinity of the
boundary between the rib (158) and the upper end of the
downwardly inclined inner surface (134b), may have a
curvature which is smaller than a curvature of a curve
which ranges over the ribk {(158) and the downwardly inclined
inner surface (134b}) in the vicinity of the boundary
between the rib (158) and the lower end of the downwardly
inclined inner surface (134bH). Accordingly, the capillary
force, which is obtained at the boundary between the lower
end of the rib and Lhe downwardly inclined inner surface
oppoged Lo the swinging member, i1z larger than the
capillary force which is obtained at the boundary between
the upper end of the rib and the downwardly inclined inner
surface opposed to the swinging member. Therefore, the
ink, which remains at the boundary bhetween the rib and the
downwardly inclined inner surface opposed te the swinging
member, Lends to fall downwardly along the rib.

[0051) In the ink cartridge of the present invention,
the swinging member may have a thin plate-shaped section
(160) which iz opposed to the two downwardly inclined inner
surfacesz (134b) toe form the recess (134a). Accordingly, it

is possible to further shorten the distance between the
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swinging member and the downwardly inclined inner surface
of the recess formed in the ink tank. Therefore, it is
@asier to detect the displacement of the swinging member
from the outside of the recess.

[00BZ] In the ink cartridge of the present invenlbion,
the swinging member may be rotatable in the ink tank (131)
about the center of an axis perpendicular to the direction
of displacement of the ink surface as the ink is used,
depending on the increase/decrease in the amount of the ink
stored in the ink tank (131). Accordingly, when the
swinging member is rolated, the orkit of the swinging
member is stabilized., Therefore, the swinging memnber and
the downwardly inclined inner surface opposed thereto are

hardly adhered to one another by the surface tension of the

ink.
[0053] In the ink cartridge of the present invention,
the ink tank (131) may have a regulating surface (156)

which is substantially perpendicular to a direction of
displacement of the ink surface caused by use of the ink,
and a wall surface (169) and a downwardly inclined inner
surface (134k) which downwardly extend toward the
regulating surface (156) from respective ends of the
reqgqulating surface (156); the swinging member may be formed
with a columnar abutment section (160a) which extends in a
directlon perpendicular teo the direction of displacement

and which is located at a position to make abutment against
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the regulating surface (15%6) and a pesition separated
therefrom depending on a position of the swinging member; a
first rib (157) may protrude from the regulating surface
{156) and the wall surface (16%), the first rib (157
ranging over both of the wall surface {(169) and the
regulating surface (156) and being disposed adjacently to
the abutment secticn (160a) when the abutment seclion
(16Ca} is at the abutment position: a recess (134a), which
iz defined by & pair of the downwardly inclined inner
surfaces (134b) opposed to each other, may be formed on an
inner wall of the ink tank (131); and at least a part of
the swinging member may be interposed bhetween the
downwardly inclined inner surfaces (134b) opposed in the
recezss (134a), and a second rib (158) may protrude toward
the swinging member from each of porticns of the dewnwardly
inclined inner surfaces (134b) opposed to the swinging

mempber.

[0054] According to a second aspect of the present
inventicon, thers is provided an ink-Jjet printer comprising

an installation section (70) te which the ink cartridge
according toe the first aspecl is installed to perform
recording on a medium with an ink supplied from the ink
cartridge (1) installed to Lthe installation section (70):
wherein a detector (21), which detects a detection
objective section (34) of the ink cartridge (1) installed

Lo the installatien secticn (70), is provided at a position
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at which the detection objective section (34) positioned at
a detecting position is detectable.

[0055] According to the ink-jet printer of the present
invention, the orbits of rotatien of the balance member and
the detection objective segtion are fixed when the swinging
membzer 15 rotated. Therefore, il is possible to correctly
detecl the amount of the ink with the detector without
heing excessively affected by the disturbance caused, for
exampla, by the surface tension of the ink.

[0056&] In the ink-jet printer of the present invention,
ink=jet printer may further comprise a Judging unit (62)
which judges states of the ink cartridge (1) and the ink-
Jelt printer (60) according to a result of detection
chtained by the detector (21); wherein a judgment is made
by the judging unit (62) on & state in which a sufficient
amount of the ink 1s charged to the ink cartridge (1)
installed to the installation section (70) 1f the detector
(21) detects the detection obijective section (34), while a
Jjudgment is made on any one of a state in which the ink
contained in the ink cartridge (1) installed to the
installation section {(70) is decreased and a state in which
the ink cartridge (1) is not installed to the installation
section (70} 1if the detector (21) does not detect the
detection objective section (34). Accordingly, it is
possible to judge, with one detector, the state of Lhe

residual amount of the ink in the ink cartridge and the
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presence or the absence of fthe installation of the ink
cartridge.

[0057] In the ink-jet printer of the present invention,
the detector (21) may be a light-transmissive type sensor.
Accordingly, it is possible to use the cheap light-
Lransmissive type sensor. Therefore, it is possible to
realize the low cost of the ink-jet printer.

[0058] According to a third aspect of the present
invention, lthere is provided an ink cartridge comprising an
ink tank {11, 201) in which an ink is stored; a float (33,
202} which fleoats on Lhe ink; a support member (32, 203}
which swingably supports the flecat so that the float makes
ne contact with an inner surface of the ink tank; a
detection objective section (34A) which is provided on the
support member (32, 203) or the fleoat; and & regulating
member (35A) which regulates the support member so that the
float is positioned in Lhe ink when an amount of the ink
contained in the ink tank is not less than a predetermined
amount , In the case of this ink cartridge, when a
predetermined amount of the ink exists in the ink tank, the
float is retained in the ink by the aid of the regulating
member. When the ink is less than the predetermined
amount, then the float floalts on the ink surface, and the
float also makes swinging movement as the ink surface is
lowared. fTherefore, it is possible to deltect the residual

amount of the ink by the aid of the detection objective
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section provided on the support member or the fleoat. In
the case of this ink cartridge, the support member
swingably supports the fleat without any contact of the
float with the inner surface of the ink tank. Therefore,
the fleat is not restricted by Lthe inner surface of the
tank by the surface tension of the ink. When the ink 1is
not less than the predetermined amount, the float is
retained in the ink, “Therefore, the float is not affected
by the surface tension of the ink. In order to allow the
swinging movement of the float to follow the residual
amount of the ink more correctly, it is appropriate that
the buoyancy and the gravity of the float are adjusted or

controlled as in the first aspect of the present invention,

BRIEF DESCRIPTION OF THE DRAWINGE

[0059]
Fig. 1 shows a schematic fllustration illustrating an

ink-jet printer including an ink cartridge according to a
first embodiment.

Fig. 2 shows a sectional view taken aleng a line ILI-11
shown in Fig. 1 illustrating the ink cartridge depicted in
Fig. 1.

Fig. 3 shows a sectional view Laken along a line III-
111 shown in Fig. 2 illustrating a fleat depicted in Fig.
2.

Fig. 4 shows a sectional view illustrating a situation

in which the ink amount is small in an ink tank of the ink
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cartridge depicted in Pig. 1.

Fig. 5 shows the principle of rotation of a swinging
membar deplceted in Fig. 1.

Fig. & shows the relationship between the ratio of air
in the fleat depicted in Fig. 1 and the buoyancy and the
gravity acting on the float.

Figs. 7A and 7B show sectional views illustrating an
ink cartridge according to a second embodiment.

Fig. 8 shows a sectional view taken along a line VIII-
VIII shown in Fig. 7.

Fig. 9 shows a development illustrating the swinging
member shown in Fig. 7.

Fig. 10 shows sectional views taken along a line X=X
shown in Fig. 9.

Fig. 11 shows a schematic arrangement of an ink-jet
printer according to a third embodiment.

Fig. 12 shows an ink cartridge depicted in Fig. 11,
wherain Fig. 12A shows a plan view, ig. 12ZB shows & left
side view, and Fig. 12C shows a bhottom view.

Fig. 13 shows a perspective view illustrating the ink
cartridge depicted in Fig. 11 as viewed from a downward
position.

Fig. 14 shows a sectional view taken along a line IV-
IV shown in Fig. 12B.

Fig. 15 shows a perspective view with cross secticn

taken along a line V=V shown in Fig. 1ZA.
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Fig. 16 shows a top view with cross section taken
along the line V-V shown in Fig. 124,

Fig. 17 shows a front view with cross secltion taken
along the line V-V shown in Fig. 12A.

Fig. 18A shows a sectional view taken along a line
VIIIA-VIIIA shown in Fig. 16, Fig. 18B shows a sectional
view taken along a line VIIIB-VIIIB shown in Fig. 16, and
Fig. 18C shows a sectional view taken along a line VIIIC-
VITIC shown in Fig., 17,

Fig. 19 shows sectional views illustrating an ink
supply valve depicted in Fig. 14, wherein Fig. 19A shows
the valve-clozed state, and Fig. 19B shows the valve-open
state,

Fig. 20 shows a perspective view illustrating a valve
plug depicted in Fig. 15.

Fig. 21 shows a flow chart illustrating an
installation state-judging process upon the
attachment/detachment of the ink cartridge depicted in Fig.
11.

Fig. 22 shows a magnified view illustrating a partial
cross section of an ink cartridge according te a fourth
embodinent.,

Fig. 232 shows a perspective view illustrating a
partial cross section of an ink cartridge according to a
fifth embodiment.

Fig., 24 schematically shows an example of the ink
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cartridge of the present invention, wherein Fig. 24A shows
a situation in which the ink is sufficiently charged, and

Fig. Z4B shows a situation in which the ink is decreased.

DESCRIFTION CIF THE FPREFERRED EMBODIMENTS

Flrst Imbodiment
[0060] A first embodiment according to the present
invention will be explained with reference to the drawings,.
[00&1] Fig. 1 shows a partial schematic view
illustrating an ink-jet printer including an ink cartridge
accerding toe the first embodiment. The ink cartridge 1
shown in Fig. 1 illustrates a2 cross-sectional struclture of
the ink cartridge 1 as being cut along a line I-1 shown in
Fig. Z. An arrow 71 shown in Fig, 1 indicates the [low of
the ink, and an arrow 72 indicates the flow of the
atmospheric air. Fig. 2 shows a sechtional view
illustrating the ink cartridge 1 taken along a iine 1I-II
shown in Fig. 1. Tig. 3 shows a sechional view
illustrating a fleat 33 taken along a line I1TI-IT%I shown in
Fig. Z.
[0062] Az shown in Fig. 1, the ink-jet printer 60
includes an ink-jet head 5 which discharges the light-
transmissive ink toward Lhe recording paper P, an ink
cartridge 1 which stores the ink (I in the drawing) to be

discharged to the ink-ijel head 5, a carriage ¢ which
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linearly reciprocates and moves the ink-jet head 5 in a
certain direction (direction perpendicular toe the surface
of paper) along a guide 7, a transport mechanism 8 which
transports the recording paper P in a direction
perpendicular to the direction of movement of Lhe ink-Jjet
head % in parallel to the ink discharge surface of the ink-
jet head 5, a purge unit 9 which sucks the air contained in
the ink-jet head b and the ink having any high viscosity, a
sensor (detector) 21 which detects the amount of the ink
contained in the ink cartridge 1 and the presence or
absence of the ink cartridge 1, and a control unit 22 which
controls the above,

[D063] The ink-jet head 5 has the ink discharge surface
on which a large number of nozzles (not shown) for
discharging the ink are formed., The ink-jet head 5 is
controlled by the control unit 22 so that the ink supplied
from an ink supply tube 4 is discharged from the respective
nozzles. As shown in Fig. 1, the ink supply tube 4 has one
end which is connected to the ink-jet head 5 and the other
end which is connected te an ink supply pipe 41, As shown
in Fig. 1, the ink supply pipe 41 is a tube or pipe having
a tapering shape to be connected to the ink cartridge 1. A
plurality of ink inflow ports 42 are formed at portions of
a sealed tip so that the ink inflow ports 42 are disposed
in the circumferential direction on the outer wall. An

intra-tubular ink flow passage 43 is communicated with the
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cutside through the ink inflow ports 42,

[00E64] The ink cartridge 1 is a substantially
rectangular parallelepiped-shaped case formed of a light-
transmissive synthetic resin., As shown in Fig. 1, the ink
cartridge 1 includes an ink tank 11 which stores the ink (I
in the drawing), an ink ocutflow passage 12 which is
provided penetratingly through a packing 17 as described
later on for allowing the ink gtored in the ink tank 11 to
outflew to the outside of the ink cartridge 1, an
atmospheric air inflow passage 13 which allows the
atmospheric air te flow into the ink tank 11, a doint 14
which connects the ink tank 11 and the ink supply pipe 41
and which retains the ink supply pipe 41 in the ink outflow
passage 12, and a shutter mechanism {(including a swinging
member) 30, The ink cartridge 1 is detachably installed to
an installation section 70 of the ink~jet printer €0.

[0065] As shown in Fig. 1, the ink tank 11 is an ink-
storing chamber which is defined by the inner wall of the
ink cartridge 1. The ink tank 11 includes an ink outflow
port 15 which allows the ink stered in the ink tank 11 to
cutflow te the ink ocutflow passage 12, and an atmospheric
air inflow port 16 which allows the atmospheric air to flow
(arrow 72 shown in Fig. 1) as the ink outfleows from the ink
outbflow port 15. As shown in Fig. 1, the ink cartridge 1
of the first embodiment has the ink outflow port 15 which

is provided at the bottom surface of the ink tank 11, The
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atmospheric atr inflow port 16 is provided at the upper
surface of the ink tank 11. The ink tank 11 is
cormmunicated with the ink ouvlflow passage 12 through the
ink outflow port 15, Further, the ink tank 11 is
communicated with the atmospheric ailr inflow passage 13
through the atmospheric ailr inflow port le.

[00&66] As shown in Fig. 2, projections 51, which
protrude toward the inside of the ink tank 11 and which
extend from the bottom surface of the ink tank 11 to
positions in the vicinity of the center in the height
direction of the ink tank 11, are formed on one inner side
wall of the ink tank 11. As shown in Fig., 2, a recess bz,
which ig concave as viewed from the inside of the ink tank
11 and which extends in the height direction of the ink
tank 11, is formed in the vicinity of the center of bobtlom
walls 5la of the projections 531, The recess 52 hasz an
inner space 52a which is communicated with the inside of
the ink tank 11 and in which the ink may exisl.

[0067] As shown in Fig. 1, the ink cutflow passage 12 1s
formed at a lower portion the ink tank 11. The ink outflow
passage 12 is communicalbed with the ink tank 11 through the
ink ocutflow port 15, As shown in Fig. 1, the atmospheric
air inflow passage 13 is formed at an upper portion of the
ink tank 11. The atmospheric air inflow passage 13 is
communicated with Lthe ink tank 11 through the atmospheric

alir inflow port 16, and it is communicated with the outside
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of the ink tank 11 via an inflow porf disposed on a side
oppogite to the atmospheric air inflow port 16, In a state
in which the ink cartridge 1 is not used, the inflow port
digsposed on the side opposite to the atmospheric air inflow
port 1o of the atmospheric ailr inflow passage 132 1s sealed
s¢ that the atmespheric air dees nolt flow inte the ink tank
11 throeugh the atmospheric air inflow passage 13.

[0Q0E8] The joint 14 connects the ink tank 11 and the ink
supply pips 41. The joint 14 includes a packing 17 which
i arrvanged in the space comparted by the inner wall of the
ink cartridge 1, and an insertion hole 18 which is formed
under the packing 17. The packing 17 is formed of an
elastic member composed of a flewible resin. The ink
outflow passage 12 is formed in the packing 17. When the
ink supply pipe 41 is not inserted into the packing 17, the
ink outflow passage 12 1s sealed by the elastic force of
the packing 17. The insertion hole 18 is a clircular hole
which 1s formed through the bottom surface of the ink
cartridge 1. The inserticon hele 18 serves as an lnsertion
port for the ink supply pipe 41 when the ink tank 11 is
gonnected to the ink supply pipe 41,

[0069] The procedure for connecting the ink tank 11 and
the ink supply pipe 41 iz as fellows. At first, the ink
supply pipe 41 is inserted into the insertion hole 18 of
the joint 14. Subseguently, the ink supply pipe 41 is

further pressed against the packing 17 at the peint of time
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at which the tip of the ink supply pipe 41 inserted into
the insertion hele 18 arrives at the packing 17, and the
packing 17 is pierced by the ink supply pipe 41 with the
tip having the tapering needle shape. Subseguently, the
ink supply pipe 41 is further pressed against the packing
17, and the ink supply pipe 41 is penetrated Lhrough the
ink outflow passage 12 formed for the packing 17. Finally,
the ink supply pipe 41 is further pressed until the ink
inflow port 42, which is formed at the tip of the ink
supply pipe 41, arrives at the inside of the ink tank 11.
Thus, the connection is completed hetween the ink tank 11
and the ink supply pipe 41. Accordingly, the ink, which is
stored in the ink tank 1), flows through the ink inflow
port 42 into the intra-~tubular ink flow passage 43 of the
ink supply pipe 41 (arrow 71 shown in ['ig. 1).

[0070] The shutter mechanism 30 is driven on the basis
of the amount of the ink stored in the ink tank 11. The
shultter mechanism 30 is arranged al the bottom of the ink
tank 11. As shown in Fig., 1, the shutter mechanism 30
includes a support stand 31, a lever (connecting member)
32, a float {(balance member) 33 which is arranged at one
end of the lever 32, a shutter {detection ohjective
secticn) 34 which is arranged at the other end of the lever
32, and a regulalting member 35. In the first embodiment,
the swinging menber is constructed by the lever 32, the

float 33, and the shutter 34.
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[0071] As shown in Figs. 1 and 2, the suppert stand 21
ig constructed by a pair of plate members having
trapezoidal side surfaces. The support stand 31 is fixed
in the vicinity of the center of the bottom of the ink tank
11, The lever 32 is a member having a thin plate shape
extending in a certain direction. As shown in Fig. 1, the
lever 32 is suppeorted so that the lever 32 is interposed
between the palr of plate members for constructing the
support stand 31 at the central pertion in the extending
direction. As shown in Fig. 1, the lever 32 is supported
and arranged so that the extending direclbtion of the lever
32 is perpendicular to the bottom wall 5la of the
projection 51 of the ink tank 11 when the ink is
sufificlently stored in the ink tank 11. Further, the lever
32 is supported on the support stand 21 swingably about the
pivot point at which the lever 32 is supported on the
support stand 31. The lever 32 is supported on the suppozt
stand 31 so that the width of the projection plane of the
lever 32 with respect to the liguid surface of the ink is
narrowest,

[0072] As shown in Fig. 1, the fleoat 33 is formed at the
end of the lever 32 on the side opposite to the side of Cthe
side wall formed with the recess 52 of the ink tank 13.

The float 33 is a member composed of a polyvacetal resin
having a <ylindrical shape. The fleoat 33 has an enormous

volume as compared with the shutter 34. As shown in Fig.
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3, a tightly ¢losed space 3¢, which is filled with the alr,
is formed in the fleat 33. Accordingly, the specific
gravity of the entire float 33 is smaller than the specific
gravity of the ink. “Therefore, as shown in Fig. 1, when a
sufficient amount of the ink is stored in the ink tank 11,
and the entire float 33 is positioned in the ink, then the
buovancy, which is generated on the fleoat 33, is increased.
However, when the amount of the ink contained in the ink
tank 11 iz small, and at least a part of the float 33
protrudes from the ink liquid surface, then the buovancy,
which is generated on the fleoat 33, is decreased (see Fig.
2.

{0073] Az shown in Fig. 1, the shutter 34 is formed at
the end of the lever 32 on the side opposite to the side on
which the float 33 is arranged. The shutter 34 is a thin
plate~shaped member which is nontransparent and
substantially rectangular. The shutter 34 is arranged so
that the shutter 34 is moved {rotated) in the inner space
S2a of the recess 52 formed on the side wall of the ink
tank 11 as the lever 32 makes Uthe swinging movement.
Specifically, as shown in Fig., 1, when a sufficient amount
of the ink is stored in the ink tank 11, and the entire
floalt: 33 is positioned in the ink, then the float 33 is
moved upwardly toward the ink liguid surface, and the lever
32 1is rotated in the clockwise direction (first direction)

in Fig. 1, because the buoyancy, which acts on the float
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33, is larger than the gravity. Accordingly, the shutter
34 is arranged at the detecting position (peosition cpposed
to the sensor 21) in the vicinity of the bettem of the
receas 52 of the ink tank 11. In this situvaticon, as shown
in Fig. 1, the rotational movement of the lever 32 in the
first direction is regulated by the regulating member 35 as
described later on so that the shutter 34 is nolt positioned
at any position lower than the detecting position. On the
other hand, when the amount of the ink centained in the ink
tank 11 is decreased, and a part of the float 33 protrudes
from the liguid surface of the ink, then the float 33 is
moved downwardly toward the hottom surface of the ink tank
11 as shown in Fig. 4, and the lever 32 is rotated in the
counterclockwise direction {in the segond direction) in
Fig. 1, because the gravity, which acts on the fleat 33, is
larger than the buoyancy. Accordingly, as shown in Filg. 4,
the shutter 34 is arranged at the non-detecting pesition
(position not copposed to the senser 21) in the vicinity of
the upper portion of the recess 52 of the ink tank 11.
[0074] As shown in Fig. 1, the regulating member 35 is a
plate~shaped member which is formed to extend upwardly from
the bkottom of the ink tank 11. The regulating member 33
regulates the rotation of Lhe lever 32 in the certailn
direction (first direction) so that the shutter 34 is not
positioned at any poesition lower than the detecting

position when a sufficient amount of the ink is stored in
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the ink tank 11, and the entire floalt 33 is positiconed in
the ink liguid. Specifically, as shown in Fig. 1, the
rotation of the lever 32 in the first direction (clockwise
direction in Fig. 1) is regulated, and the shutter 34 1is
arranged at the detecling position by allewing the upper
end of the regulating member 3% to abut against the bottom
surface of the lever 32 when the entire float 33 is
posiltionaed in the ink liquid.

[0075] As shown in Fig, 1, the purge unit 9 includes a
purge cap 10 which is installed to the ink discharge
surface of the ink-jet head 5, and a suction pump 10a which
sucks the ink. The purge unit 9 is arranged at the
position opposed to the ink-jet head 5 with the recording
paper P intervening therebetwesn. The purge unit 9 is
movable in the direction to make approach or separation
with reapecltl lto the ink discharge surface of the ink-jet
head 5. The driving of the suction pump 10a 1s controlled
by the control unit 22.

[0076] The sensor 21 1= a transmissive type optical
sensor having a light-emitting section and a light-
recelving section which are opposed to one another. As
shown in Fig. 2, the sensor 21 1s arranged sco that Lhe
recess 52, which is formed on the side wall of the ink tank
11, is interposed between the light-emitting section and
the light-receiving section from the outaide of the ink

Lank 11. In the first embodiment, the residual amcunt of
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the ink in the ink tank 11 and the presence or absence of
the installation of the ink cartridge 1 are judged by
detecting whether or not the light transmission between the
light-emitting section and the light-receiving section of
the sensor 21 is blocked by the shutter 34 of the shutter
mechanism 30. Specifically, the ink and the case of the
ink cartridge 1 is light-transmissive, while the shutter 34
of Lhe shutter mechanism 34 is nontransparent. Therefore,
when the shutter 34 is arranged at the detecting position
(position oppeosed te the sensor 21) in the vicinity of the
bottom in the recess 52 of the ink tank 11 (state as shown
in Fig. 1), the light, which is emitted from the lighte
emitting section of the sensor 21, 1s blocked by the
shutter 34. Howevaer, whaen the shutter 34 iz at the non-
detecting position (state as shown in Fig., 4), the light,
which is emitted from the light-emitting secticn of the
sensor 21, is received by the light-receiving section.

That is, the sensor 21 is operated such that the output
from the sensor Z1 1s turned ON/OFF depending on whether or
not the light emitted from the light-emitting section is
recaived by the light-receiving section,

[O077] The control unit 22 includes CPFU {Central
Processing Unit) which serves as a computing processing
unit, ROM (Read Only Memory) in which programs to be
executed by CPU and data to be used for the programs are

stored, and RAM (Random Access Memory) which temporarily
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stores data during the execution of the program, These
components are integrated inte one unit, and CPU, ROM, and
RAM functlions as respective funcltional sections.
Accordingly, the ink-jet printer 1 is controlled. The
control unit 2ZZ further includes functional sections of a
driving unit &1 and a judging unit 62, The driving unit &1
is provided to control the driving of the respective units
including, for example, the ink-jet head 5, the carriage 6,
and the motor for driving the transport mechanism 8 as well
as the suction pump 10a of the purge unit 2.

[0078] The judging unit 62 judges the presence or
absence of the ink cartridge 1 and the state of the amount
of the ink contained in the ink tank 11 depending on the
detection result of the sensor 21, Specifically, when the
shutter 34 is positioned at the detecting position (state
as shown in Fig. 1), and the sensor 21 detects the presence
ol the shutter 34 to output ON, then il is judged that a
sufficient amount of the ink is charged into the ink tank
11. When the sensor 21 detects nothing to output OFF, it
is judged that any one of the states is given, i.e., the
state in which the amount of the ink stored in the ink tank
11 is decreased, and the state in which the ink cartridge ]
iy not installed to the installation section 70.

[0079] Next, an explanation will be made with reference
to Figs, 1 and 4 about the operation of the shutter

mechanism 30. Fig., 4 shows a sectional view of the ink
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cartridge 1 illustrating a situation in which the ink
amount is small in the ink tank 11. ©On the other hand,

Fig. 1 shows a sectional view of the ink cartridge 1
rliustrating a situation in which the ink amount is large
in the ink tank 1l1. When the amount of the ink in the ink
tank 11 is large as shown in Fig. 1, the entire shutter
mechanism 30 is arranged in the ink liguid stored in the
ink tank 11. In this situation, the entire lever 32
undergoes the rotational force in the first direction
(cleockwise direcltion in Figs. 1 and 5) by the combined
force of the gravity and the buovancy generated on the
fipat 33 and the gravity and the buoyancy generated on the
shutter 34. However, as shown in Fig. 1, the hottom
surface portion of the lever 32 abuls against the upper end
of the regulating member 325 of the shutter mechanism 30,
and thus the rotation of the lever 32 in the first
direction is regulated. Specifically, as shown in Fig. 1,
the shutter 34 is regulated so that the shutter 34 does not
make rotatien te any position lower than the detecting
position of the sensor 21. Accordingly, when the amount of
the ink in the ink tank 11 is large, the shutter 34 is
arranged at the detecting position as shown in Fig. 1.

When the shutter 34 is arranged at the detecting position
in this state, the sensor 21 cutputs ON.

[0080] On the other hand, as shown in Fig. 4, when the

ink amount in the ink tank 11 is decreased asz the ink is
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consumed, the float 33 and the shutter 34 gradually appear
on the ink liguid surface. Accordingly, the buoyancies,
which are generated on the fleat 33 and the shutter 34, are
gradually decreased, and the influence of the gravities
generated on the fioal 33 and the shutter 34 is increaszed,
In this situation, as for the gravity acting on the entire
tever 32, the influence of the gravity acting on the float
33 1ls increased, because the float 33 is heavy as compared
with the shutter 34. When the ink amount is decreased to a
predetermined amount, a state ig given, in which the
bucyancy in the clockwise direction generated on the f{loat
33 is balanced with the gravity in the counterclockwise
direction. When the ink is further consumed, the buoyanay,
which acts on the float 33, is further degreased. 7he
compined force, which acts on the entire lever 32 as
described above, is the rotational force directed in the
second direction (counterclockwiszse direction in Figs. 4 and
5), and the lever 32 is rotated in the second direction.
Accordingly, the lever 37 is separated {rom the end of the
regulating member 35 to move in the direction toward the
ink liguid surface, and the shutter 34 is moved to the non-
detecting position as shown in Fig., 4. When the residual
amount <f the ink in the ink tank 11 approaches zero, then
the buoyancies, which are generated by the float 33 and the
shutter 34, are zero, and the rotational force in the

gecond direction is further increased, When the shutter 34
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is arranged at the non-detecting position, the sensor 21
cutputs OFF.

[0081] Naxt, an explanation will be made with reference
to Figs. & and 6 about details of the principle of rotation
of the lever 32. Tig. 5 schematically shows the shulter
mechanism 30. Pig. 6 shows the relationship between the
volume ratic of the air in the fleoat 33 with respect to the
volume of the fleoat 33 and the bueyancy and the gravity
acting on the float 33. Actually, as shown in Fig. 5, the
directicn of rotation of the lever 32 is determined by the
combined force of the buoyancies and the gravities acting
on the right side portion (on the side of the shutter 34)
and the left side porticon (on the side of the float 33)
with the boundary of the point of support by the support
stand 31. However, in order to simplify the explanation,
the description will noew be made assuming that all of the
forces, which are exerted on the shutter mechanism 30, act
on the fleoat 33. That iz, in this description, the
buoyancies and the gravities, which act on the constitutive
portions (the shutter 34 and the lever 32) other than the
float 33, are neglected. Instead, 1t iz considered that
kLhe buoyancies and the gravities, which are received by the
entire shotter mechanism 30, act on the float 33. It is
assumed that the float 33 has the effective total volume A
and the effective volume B of the tightly closed space 36

so that the assumption as described above holds. On this
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assumption, the rotational forces, which rotate the lever
32 in the first direction and the second direction, are
determined by the buoyancy and the gravity acting on the
float 33.

[0082] When the bhuoyancy, which acts on the fleoat 33, is
extremely larger than the gravily, the rotational force in
the first direction is greatly exerted on the flocal 33.
Therefore, when the ink liquid surface is lowered as the
ink is consumed, the flcal 33 tends to undergo the
influence such as the surface tension of the ink. In such
a case, 1t is feared that the fleoat 33 does not follow the
lowering of the ink ligquid surface, and the shuotter 34 does
not move to the non-deteclting position from the detecting
position. On the other hand, when the gravity of the float
33 1s extremely larger than the buoyancy, the rotatiocnal
force in the second direction is greatly exerted on the
float 33. Therefore, when the ink is consumed and
decreased, it is feared that the float 323 arrives at the
bottom of the ink tarnk 11 in a state in which a certain
amount of the ink remains in the ink tank 11, and the
shutter 34 moves to the nen-detecting position.

[0083] Therefore, in order to improve the detection
accuracy for the residual amount of the ink in the ink tank
11, 1t is necessary that any cne of the rotational forces
in the first and second directions acting on the float 33

i not extremely decreased. It is most desirable thal the
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ratio between the effective volume A of the entire float 33
and the effective volume B of the air charged into the
tightly closed space 36 of the float 33 is set so that the
rotational forces in the first and second directions are
approximately identical to one another. The rotaticonal
force Fl1 in the first direction and the rotational force 2
in the zecond direction acting on the fleat 33 are
expressed as follows;

Ar total veolume of float 33;

B volume of alr charge into tightly closed space 36
of floalt 33;

X: specific gravity of float 33;

Yo ospecific gravity of ink.
Especially, AY corresponds to the combined buoyancy acting
on the float 32, and (A - B)X (= FZ2) corresponds to the
combined gravity acting on the float 33, That is, the
retational forece Fl1 in the first direction is expressed as
the difference between the combined buoyvancy and the
combined gravity acting on the fleat 33. The relationship
between the rotational forces F1 and F2 is shown in Fig. 6.
The horizontal axis of Fig. 6 represents the volume ratio
B/A, Lhe broken line in Fig. 6 represents the change of the
rotational force Fl in the first direction acting on the

float 33 with respect to the volume ratio B/A, and the
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selid line in Fig. 6 represents the change of the
rotational force F2 in the second direction with respect to
the volume ratio B/A. As shown in Fig. 6, as the volume
ratic B/A of the closed space 36 with respect to the total
volume of the flecat 23 is larger, the rotational force Fi
in the first direction hecomes larger. On the other hand,
as the volume ratio B/A is smaller, the rotational force F2
in the second direction becomes larger. Assuming that the
magnitude of the rotational force in the first direction is
the same as that in the second direction, i.e., assuming
that Pl = I'2 is given, the following expression is obtained
according to the expression (1) and the expression (2):

AY - (A - B)¥x = (A - B)X e (30
Therefore, when F1 = F2 is given, the volume ratio B/A = K
of the tightly closed space 36 with respect to the total
velume of the float 23 is expressed as follows:

K o= (2K - Y} /2% e ()
The polyacetal resin as the material for the flcat 33 has a
specific gravity of 1.41, and the ink has a specific
gravity of 1,07. Therefore, the volume ratio K is 0.62
according to the expression (4). Practically, it is
desirable that the volume ratio K is determined within the
following range:

(2X = ¥)/2¥ - 0.1 < K < (2X - ¥)/2%X + 0.1 cen (5)
in particular, when the specific gravity is 1.41 or a value

approximate thereto as in the polyacetal resin as the
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material for the fleoat 33, it is desirabkle that the volume
ratio K is within a range of not less than 0.5 and not more
than 0.7.

[00B4] In the description of the principle of rotation
of the lever 32 described above, the preferred ralbio of
velume K (= B/A) of the flecat 33 has been determined while
neglecting the buoyancies and the gravities acting on the
constitutive portions (shutter 34 and lever 32) other than
the float 33, However, when the bucyancies and the
gravities acting on the shutter 34 and the lever 22 have
gignificant magnitudes wilth respect to the bucyancy and the
gravity acting on the fleat 33, it iz necessary to
determine the preferred volume ratio K (= B/A) while
considering the buoyancies and the gravities acting on the
shutter 34 and the lever 32,

[0085] According to the [irst embodiment explained
above, when the lever 32 is rotated in accordance with the
amount of the ink in the ink tank 11, the displacement
orbite of the flecat 32 and the shutter 34 are fixed by the
lever 3Z2. Therefore, it is possible to indicate the amount
of the ink in the ink tank 11 without bheing extremely
affected by the disturbance caused, for example, by the
surface tension of the ink.

[0086] According to the first embodiment, even when the
rotational force in the first direction acte on the lever

32 when the ink is sufficiently stored in the ink tank 11,
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it is possible to reliably stop the shutter 324 at the
detecting position by the aid of the regulating member 35.
[0087] According o the first embodiment, when the
amount of the ink is decreased, and the lever 32 is rotated
in the second direction, then the shutter 24 is moved to
the non-detecting position, and the absence of the shutter
34 at the detecting position is detected by the zsensor 21.
Therefore, it is pessible to detect the situation in which
Lhe amount of the ink in the ink tank 11 is decreased to bhe
smaller than the predetermined amount and the situation in
which the ink cartridge 1 is not installed to the
installation section 70 as the identical situations. Thatl
ig, it is possible to detect the situation in which the
amount of the ink in the ink tank 11 is decreased to be
smaller than the predetermined amount and the situation in
which the ink cartridge 1 is not installed to the
installation section 70 by using the sensor 21. Therefore,
in the case of the ink-jet printer accerding to the first
embodimenlt, it is neot only possible to Judge the residual
amount of the ink in the ink tank 11 but it is also
possible to distinguish whether or nolt another ink
cartridge 1 having a large residual amount of the ink is
regquired to be newly installed, by using one sensor 2Z1.
Therefore, the cost is decreased.

[0088] According toe the first embodiment, the float 33

is provided with the tightly closed space 36. Therefore,
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it is possible to efficiently lower the specific gravity of
the entire float 33. In the first embodiment described
above, the material, which has the specific gravity larger
tlhan that of the ink, is used for the flecat 332. However,
the fleat 33 may be formed of a material which has a
specific gravity smaller than that of the ink, in order to
chtain a sulficient rotational force in the first
direction.

[o0B] According to the first embodiment, for example,
when the volume ratio K of the tightly closed space 36 with
respect to the total volume of the fleat 33 is 0.62, the
rotational force in the first direction acting on the lever
32 has the magnitude which is the same as that of the
rotational force in the second direction. Therefore, it is
possible Lo rotate the lever 32 more smoothly without being
crtremaly affected by the disturbance caused, for example,
by the increase in viscosity of the ink as well as the
gurface tension of the ink. It is possible to indicate the
amount of the ink in the ink tank 11 more correctly.

[CO90] Additionally, according to the first embodiment,
the shutter 34 has the nontransparency, and the shutter 34
i arranged in the inner space of the narrow-width recess
52 formed in the ink tank 11. Therefore, it is possible te
use the light-transmissive type optical sensor which is
cheap as the detecteor., The lever 32, which is provided

with the fleoat 33 and the shutter 34, is constructed as the
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thin plate-shaped member having the small width of the
projection plane with respect to the ink liguid surface.
Therefore, the surface tension, which is received by the
lever 32 from the ink, is decreased. Therefore, it is
possible to displace the shutter 34 while correctly

fellowing the decrease in the ink.

second Embodiment

[0081] Next, a second emboediment according to the
present invention will be explained with reference to the
drawings. In the second embodiment, only the shutter
mechanism differs from that in the first embodiment.
Therefore, in the drawings concerning the secend
embodiment, the same members as those of the first
embodiment are designated by the same reference numerals,
any explanation of which will be omitted.

[0092] ig. 7 shows sectional views illustrating an ink
cartridge according to the second embodiment. Fig. 7A
shows a sklate in which the interior of the ink tank 11 is
filled with the ink, and Fig. 7B shows a state in which the
ink in the ink tank 11 is consumed. Fig., & shows a
sectional view taken along a line VIII-VIII shown in Fig.
7H. The shutter mechanism 30A of the ink cartridge 1A is
driven on the basis of the amount of the ink stored in the
ink tank 11. As shown in Fig. 7A, the shutter mechanism

30A 18 arranged at the bottom of the ink tank 11. The



28 March 2007

shutter mechanism 30A includes a suppeort stand 317, a lever
{connecting member) 3ZA, a float (balance member) 33A which
is arranged at one end of the lever 3ZA, a shutter
(detection objective section) 34A which is arranged at the
other end of the lever 3247, and a regulating member 35A. A
swinging member 80 is censtructed by the lever 324, the
floalt 33A, and the shutter 34A,

[0093] As shown in Fig. 7, the support stand 31A is a
member having a trapezoidal side surface fixed in the
vicinity of the center of the bottom of the ink tank 11.
The lever 32A iz a thin plate-shaped member extending in a
certain directicn. The lever 32A is supported on the
suppoert stand 31 zo that the extending direction forms a
predetermined angle of inclination with respect to the
bottom wall bla {(see Fig. 2) of the projection 51 of the
ink tank 11. Further, the lever 232A is supported on the
support stand 31A so that the lever 32A is swingable about
the pivot point at which the lever 32A is supported on the
support stand 31,  The lever 32A is supported on the
support stand 31A so that the width of the projection plane
obtained by projecting the lever 32A perpendicularly with
respect to the ink ligquid surface is narrowest, and the
surface (upper surface of the lever 22A in Fig. 7A) of the
lever 32A, which may be oppesed to the ink licguid surface,
has a predetermined angle of inclination with respect to

the ink liquid surface. Further, as shown in Fig. 7A, the

53



28 March 2007

lever 32A is slightly bent or curved in the vicinity of the
center in the extending direction so that the lever 323 is
concave upwardly toward the ink tank 11 when the lever 3ZA
is supported on the support stand 31A. As shown in Fig. 8,
a curved section (projection) 32aA is formed on the surface
of the lever 32ZA which may be opposed to the ink liguid
surface,

[0094] As shown in Fig. 9, the fleat 33A is8 a member
having a cylindrical shape. The float 33A has an enormous
volume as compared with the shutter 34A as described later
on. Further, as described later on, a tightly closed space
36A, which is to be filled with the air, is formed in the
float 33A as shown in Fig. 10,

[0095] Az shown in Fig. 7, the shutter 34A is formed at
the end on the side oppesite to the side on which the float
33A of the lever 32A is arranged. The shutter 34A is a
thin plate member which is nontransparent and substantially
rectangular. The shutter 34A is arranged so that the
shutter 34A is moved (rotated) in the inner space 52ZA of
the recess 52 formed on the side wall of the ink tank 11
when the lever 32A is subjected to swinging movement.,
Specifically, as shown in Fig. 72, when a sufficient amount
of the ink is stored in the ink tank 11, and the entire
Float 33A is pmﬁiﬁioned in the ink, then the buoyancy,
which acts on the flcat 334, is larger than the gravity.

Therefore, when the float 33A is moved upwardly toward the
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ink liguid surfage, then the lever 372A is rotated in the
clockwise direction (first direction) in Fig. 7, and the
shutter 34A is arranged al the detecting position (position
opposed to the sensor 21) of the recess 52 of the ink tank
11, In this =situation, the shutter 34A iz arrangad zo that
the width of the projection plane obtained by proijecting
the shutter 34A perpendicularly with respect to the ink
liguid surface is narrowest, In this situation, as shown
in Fig, 7A, a rod-shaped abutment member 34ahA, which is
Formed at an upper portion of the shutter 34A as described
later on, makes abutment against a regulating member 35A so
that the shutter 34A is not positioned at any position
lower than the detecting pogition. Accordingly, the
rotation of the lever 32A in the first direction is
reguiated, On the other hand, as shown in Fig. 7B, when
the amount of the ink in the ink tank 11 is decreased, and
a part of the float 33A protrudes from the ligquid surface
of the ink, then the gravity, which acts on the flcat 3I3A,
is larger than the buoyancy. Therefore, as shown in Fig.
78, the [leal 33A is moved downwardly toward the bottom
surface of the ink tank 11, and the lever 32A is rotated in
the counterclockwise direction (second direction) in Fig.
7B. Accordingly, as shown in Fig. 7B, the shutter 34A is
arranged al the non-detecting position (position not
opposed to the sensor 21) in the vicinity of the upper

portion of the recess 52 of the ink tank 11,



28 March 2007

[0096] As shown in Fig. 7A, an extending portion, which
extends upwardly in a state in which the shutter 3424 is
arranged at the detecting pesition, iz provided at the
upper end of the shutter 34A. The rod-shaped abutment
member 34aA, which is mounted in the perpendicularn
direction (direction perpendicular to the sheet surface of
the drawing) with respect toe the both side surfaces of the
extending portion, is formed in the vicinity of the upper
end of the extending portion.

[0097] As shown in Flig. 7A, the regulating member 35A is
formed at the upper ends of the recess 52 and the
projection 51 of the ink tank 11. The regulating member
35A makes abutment against the abutment menber 34aA of the
shutter 34A when a sufficlent amount of the ink is stored
in the ink tank 11, and the entire f£loat 33A iz positioned
in the ink liguid. Accerdingly, the regulating member 35A
serves as a member which regulates the rotation of the
lever 32A in the certain direction (first directicn) so
that the shutter 34A is not positicned at any position
lewer than the detecting position.

[0098] As described above, in the second embodiment, as
shown in Fig. YA, when the ink amcunt in the ink tank 11 is
large, and the entire float 33A is positioned in the ink
liquid, then the abutment member 34aA abuts against the
regulating member 35A, the shutter 34A is arranged at the

-

detecting position of the recess 52, and the shutter 34A is
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arranged at the position higher than the float 33A.
Further, in the second embodiment, the portion of the lever
327, which is disposed in the vicinity of the center in the
extending direction, is slightly hent or curved so that the
portion is concave upwardly toward the ink tank 11.
Therefore, the shutter 34A is arranged at the upper
position as compared with the case in which the lever 3ZA
is not bhent or curved.

[0098] An explanation will be made with reference to
Figs, 9 and 10 about the structure of the swinging member
80. Fig. 92 shows a development illustrating the swinging
membar $0. [Fig. 10 shows sectional views taken along a
line X=X shown in Fig. 9. ¥Fig. 10A shows a sectional view
illustrating a developed state of the fleoat 338, and Fig.
10B shows a sectional view illustrating an assembled state
of the float 33A. The swinging member 80 is made of a
polypropylene resin, As shown in Fig. 9, the swinging
member 80 is integrally formed in a state in which the
fleat 337 is developed. As shown in Pig. 10A, the float
33A includes a case 33alA, a cap 33bA, and a connecting
member 33cA.  As shown in Fig. 10A, the case 323aA is a
member having a cylindrical shape extending in a certain
direction. The case 33aA is provided with the inner space
having an opening disposed at one end. The cap 33bA is a
member for tightly sealing the inner space of the case

33aA. The connecting member 33chA is a plate-shaped member

on
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for connecting the case 33aA and the cap 33bA.  The
connecting member 33cA has one end which is joined to a
portion in the vicinity of the center in the extending
direction of the case 33af and the other end which is
toined to the end surface of the cap 33bA.

[0100] When the developed swinging member 80 1is
assembled, then the connecting member 33cA is bent as shown
in Fig. 10A, and the end of the cap 33bA, which is disposed
on the side opposite toe the end surface connected to the
connecting member 33c¢A, 1s arranged at the opening of the
case 33aA (arrow shown in Fig., 1CA). As shown in Fig. 10B,
the inner space of the case 33aA is tightly sealed by
engaging the cap 33bA with the opening of the case 33al.
Accordingly, the Lightly closed space 36A is formed., The
specific gravity of polypropylene as the material for
forming the awinging member 80 is 0.9. Therefore, in this
embodiment, it is preferable that the ratic K of the volume
of the tightly closed space 36A with respect to the volume
of the float 33A is within a range of not less than 0.3 and
not more than 0.5 (see the expression (9)).

[0101] According to the second embodiment explalned
above, as shown in Fig. 7A, the arranged position of the
Lloat 33A iz lower than the lower end of the shutter 34A.
Therefore, when the amount of the ink in the ink tank 11 is
decreased, the shutter 324A protrudes from the ink liguid

surface prior to the float 33A. Therefore, the float 334
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protrudes from the ink liguid surface to rotate the lever
34A after the ink adhered in the vicinity of the shutter
34A flows down. Accerdingly, it is possible to reduce the
influence of the surface tension of the ink when the
shutter 34A is rotated. It is possible to indicate the
correct ink amount.

[0102] According Lo the second embodiment, the lever 32A
is arranged so that the width of the proijection plane
cbtained by perpendicularly projecting the lever 32 with
respect to the ink liquid surface is narrowest. Therefore,
it is possible to decrease the contact area between the
lever 32A and the ink liguid surface. Accordingly, it is
possible to reduce the influence of the surface tension of
the ink on the lever 32A when the lever 32A is rotated, and
it is possible to indicate the ink amount more correctly.
[0103] According to the second embodiment, as shown in
Fig. 7A, the lever 32A 1is arranged so that the side wall of
the lever 3ZA, which may be opposed Lo the ink liguid
surface, is inclined with respect to the ink liguid
surface, Therefore, it is possible to further decreass the
contacl area between the lever 32A and the ink liguid
surface. The lever 32 is arranged obliquely with respect
to the ink liguid surface which iz lowered as the ink is
consumed. Therefore, it is easy for the lever 32 o effect
the liguid cuteff for the ink as well. The shutter

mechanism 30 is moved more smoothly. Accordingly, it is
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possible to further reduce the influence of the surface
tension of the ink on the lever 32A.

[0104] According to the second embodiment, as shown in
Fig. 8, the curved section 32aA is formed on the side wall
of the lever 32A which may be opposzed Lo the ink liguid
surface. Therefore, it is possible to further decrease the
contact area between the lever 32A and the ink liguid
surface. Accordingly, it i1s possible to further reduce the
infleence of the surface tension of the ink on the lever
32A.

[0LO5] Additionally, according to the second embodiment,
the float 32A is formed of polypropylene having the
specific gravity of 0.9 which is lighter than the specific
gravity of the ink, Therefore, it is easy to increase the
buoyancy generated on the fleoat 33A. This contributes to
the miniaturization of the floal 33A. Even when the ink
enters the tightly closed space 36A, 1t is possikle to
generate the buoyvancy on the fleoat 33A, because the

specific gravity of the float 33A is lighter than the

specific gravity of the ink.
[0106] According to the second embodiment, the tightly

closed apace 36A 1s formed in the float 23A by engaging the
case 33aA and the cap 33bA of the swinging member 80 formed
in an integrated manner. Therefore, the float 33A can be
produced easily and cheaply.

[0107] According to the second embodiment, the shutter
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34A is arranged so that the width of the projection plane
ohtained by perpendicularly projecting the shutter 34A with
respect to the ink liqguid surface is narrowest. Therefore,
it is possible to decrease the contact area between the
shutter 24A and the ink liquid surface. Accordingly, it is
pogsible to reduce the influence of the surface tension of

the 1nk on the shutter 24A when the shutter 34A is rotated.

Third Bmbodiment

[0108] A third embodiment of the present invention will
be expilained. In the third embodiment, the present
invention is applied te an ink-jet printer capable of
discharging four color inks.

[0109] As shown in Fig. 11, the ink-jet printer 101
includes, for example, an ink-jet head 102 which is
provided with nozzles 102a for discharging the four color
inks of cyan (), yellow (YY), magenta (M), and black (K) to
the recording paper P, four holders 104 (104a, 104b, 104c,
104d) which serve as cartridge=installing sections for
installing four ink cartridges 103 {103a, 103k, 103c, 103d)
for storing the four color inks respectively, a carriage
105 which linearly reciprocates and moves the ink-jet head
102 along a guide 10% in a certain direction (directicn
perpendicular to the paper surface), a transport mechanism
106 which transports the recording paper P in the direction

perpendicular to the directicn of movement of the ink~jet
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head 102 in parallel to the ink discharge surface of the
ink=1iel head 102, a purge unit 107 which sucks the ink
having any high visceosity and the air contained in the ink-
jet head 102, and a control unit 108 which manages the
control of the entire ink-jet printer 101.

[0110] In the ink-jet printer 101, the recording paper P
15 transported by the transport mechanism 106 in the
rightward and Jeftward directions in Fig. 11, while driving
and reciprocating the ink-jet head 102 by the carriage 108
in the direction perpendicular to the paper sunrface in Fig.

11. In cooperation therete, the ink is supplied to the

tube 110 from the holder 104 installied with the ink
cartridge 103. Further, the ink is discharged from the
nozezles 102a to the recording paper P, and the recording
paper P is subjected to the printing.

[0111] Az shown In Fig. 11, the purge unit 107 includes
a purge cap 111 which can be installed to the ink-jet head
102 so that the ink discharge surface is covered therewith,
and a suction pump 170 which sucks the ink from the nozzles
102a. 7The purge unit 107 is arranged at the position
opposed Lo the ink-jet head 102 with the recording paper P
intervening therebetween. The purge unit 107 is movable in
the direction to make approach or separation with respect
to the ink discharge surface of the ink-jet head 102. When

the ink-jet head 102 is out of a printing range in which
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the recording paper P can be subjected to the printing, the
suction pump 170 can be used to suck the air mixed into the
ink-jet head 102 and/or the ink having any high viscosity
as a result of the evaporation of water from the nozzles
102a,

[0112)] Az shown in Fig., 11, the four holders 104z to
104d are provided in the ink-jet printer 101 while being
aligned in one array in the ink-jet printer 101. The four
ink cartridges 103a to 103d, which store the inks of cyan,
vellow, magenta, and black, are installed to the four
holders 104a te 104d respectively. The black ink of the
four color inks ls used more frequently than the other
three color inks in many cases. In such a case, it is
preferable that the volume of the ink cartridge for the
black ink is larger than those of the ink cartridges 103a
to 103c for the color inks.

[0113] An ink supply pipe (communicating pipe) 112 and
an atmospheric air-introducing pipe 113 are provided
upstandingly respectively at positions corresponding to an
ink supply valve 121 and an atmospheric air-introducing
valve 122 of the ink cartridge 103 respectively at the
bettom of the helder 104 as described later on. An optical
type senser 114 (light-transmissive type optical sensor) is
provided for the holder 104 in order to detect the ink
residual amount in the ink cartridge 103. The sensor 114

has a light-emitting section 114z and a light~-receiving
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section 1l4b which are arranged at an identical height
position and which are oppesed to one anolther so that the
ink cartridge 103 is interposcd between the both sides. It
is detected whether or not the light from the light-
emitting section 114a is blocked by a shutter mechanism 123
provided in the ink cartridge 103 as described later on,

An obtained detection result is outputted to the control
unit 108.

[0114] Next, the ink cartridge 103 will be explained in
detail. In this embodiment, the ink cartridges 103a to
103c¢, which store the three types of color inks
respectively, have the same structure as that of the ink

cartridge 103d which stores the black ink. Therefore, one

of the ink cartridges 103 will be explained.
[0115] As shown in Tigs. 12 teo 14, the ink cartridge 103

includes a cartridge main body 120 which stores the ink, an
ink supply valve 121 which is capable of opening/closing
the ink supply passage to supply the ink contained in the
cartridge main body 120 to the ink-jet head 102, an
atmospheric alr~introducing valve 122 which is capable of
opening/cleosing the atmospheric air-introducing passage to
introduce the atmeospheric air inte the cartridge main body
120 from the outside, a shutter mechanism 123 which blocks
the light emitted from the light-emitting secticn 1l4a of
the sensor 114 for detecting the ink resideal amount in the

ink cartridge 103, and a cap 124 which covers the lower end
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of the cartridgé main body 120.

[0116] The cartridge main body 120 is formed of a light-
transmissive synthetic resin., As shown in Fig. 14, a
comparting wall 130, which extends horizontally, is
integrally formed in the cartridge main body 120. The
inner space of the cartridge main body 120 is comparted by
tLhe comparting wall 130 inte an ink chamber (ink tank) 131
which is disposed on the upper side, and two valve-
accommodating chambers 132, 133 which disposed on the lower
side. The ink chamber 131 is charged with each of the
color inks. The ink supply valve 121 and the atmospheric
alr-introducing valve 122 are accommodated in the two
valve-accemmodating chambers 132, 133 respectively. In
this arrangement, the ink supply passage, which is used to
introduce the ink charged in the ink chamber 131 to the
cutside, 1s constructed in the valve-accommodating chamber
132, As described later on, the ink flow, which is
directed downwardly from the side of the ink chamber 131,
is formed in the ink supply passage (see Fig. 19B). As
shown in Figs. 12B and 12C, 2 projection 134, which
slightly protrudes outwardly and which extends in the
downward direction, is formed at a substantislly central
position in the height direction of the side wall of the
cartridge main body 120. The light-emitting section 114a
and the light-receiving section 11l4b of the sensor 114

provided for the holder 104 are positioned at a height
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approximately egual to that of the projection 134 formed on
the side wall of the cartridge main body 120 in a state in
which the ink cartridge 103 is installed to the holder 104,
[0117] As shown in Figs. 15 to 17, a recess 134a is
formed at the inside of the projection 134 in the ink
chamber 131. As shown in Figs. 15 to 17, the recess 134a
extends in the direction (direction inclined downwardly)
perpendicular to the ink surface, and the recess 134a has
twe inner wall surfaces (downwardly inclined inner
surfaces) 134b which are opposed to one another. As shown
in Figs. 1% to 17, a shield plate (detection obijective
section) 160 of the shutter mechanism 123 described later
on is arranged in the recess 134a so that the shield plate
160 is interposed between the two inner wall surfaces 134b
of the recess 134a. As shown in Figs, 15 to 17, a rib 158,
which protrudes toward the shield plate 160 arranged in the
recess 134a and which extends in the perpendicular
direction, is formed on each of the inner wall surfaces
134k, As shown in Figs, 15 to 17, two abutmenlt objective
surfaces (regulating surfaces) 156, which extend in
directions to make separation from each other in an
identical plane from the upper ends of the respective inner
wall surfaces 134b, are formed in the ink chamber 131. The
abutment objective surfaces 156 are surfaces to make
abutment against abutment sections 160a formed at the upper

end of the shield plate 160 as described later on. The
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abutment objective surfaces 156 are inclined surfaces each
of which ig inclined by a predetermined angle toward the
bottom surface of the ink chamber 131 (to make intersection
with the ink surface) (see Fig. 14). As shown in Figs. 15
to 17, perpendicular wall surfaces 169, each of which is
connected Lo the end of the inner wall surface 134b
disposed on the side opposite to the side of connection to
the inner wall of the ink chamber 131 and the end of the
abutment objective surface 156 disposed on the side
opposite to the side of connection to the inner wall of the
ink chamber 131, are formed in the ink chamber 131. As
ghown in Figs. 15 to 17, ribs 157 are formed so that each
of them extends over the abutment objective surface 156 and
the perpendicular wall surface 169 and each of them is
disposed perpendicularly to the extending direction of the
abutment section 160a which makes abutment against the
abutment objective surface 156. In a state in which the
abutment section 160a abuts against the abutment objective
surfaces 156, as shown in Fig. 15, the tips of the abutment
section 160a are disposed adjacently and opposingly to the
side surfaces of the ribs 157. As shown in Figs. 15 to 17,
the rib 157 is formed continueusly over the range from the
end of the abutment objective surface 156 on the side of
the inner wall of the ink chamber 131 to the end opposed
thereto and over the range from the end of the

perpendicular wall surface 169 on the side of the abutment

&7



28 March 2007

objective surface 156 to the end opposed thereto. Fig. 18
shows cross sections of the boundaries between the ribh 157
and the abutment objective surface 156 and the
perpendicular wall surface 16¢. In the case of the ink
cartridge of this embodiment, as shown in Fig. 18, the
radius of curvature of the boundary differs depending on
the peositicen of connection between the rib 157 and the
abutment objective surface 156 and the perpendicular wall
surface 169. FPFig. 18A shows Lhe cross section jllustrating
the boundary between the rib 157 and the abutment objective
surface 1b06. Fig, 188 shows the cross section illustrating
the pboundary between the rib 157 and the upper end area of
the perpendicular wall surface 168. Fig. 18C shows the
cross section illustrating the boundary between the rib 157
and the lower end area of the perpendicular wall surface
162, As shown in Figs. 18A Lo 18C, the curvature of the
curved section (A in TFig. 18A) formed at the boundary
between the ribk 157 and the abutment objective surface 156
is smaller than the curvatures of the curved sections (B
and € in Figs. 188 and 18C) formed at the boundaries
between the rib 157 and the perpendicular wall surface 169.
The curvature of the curved section (B in Fig. 18B) formad
at the boundary between the rib 157 and the upper end area
of the perpendicular wall surface 169 iz smaller than the
curvature of the curved section (C in Fig. 18C) formed at

the boundary between the rib 157 and the lower end area of
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the perpendicular wall surface 169.

[0118] As shown in Figs. 14 to 17, the shutter mechanism
123 which is provided in the lower space of the ink chamber
131 dncludes a shield plate 160 {detection objective
section) which is nontransparent with respect to the light,
a hollow fleat 161 (balance member), & connecting member
162 which connects the shield plate 160 and the float 161,
and a support stand 163 which isg provided on the upper side
of the comparting wall 13C and which rotatably supports the
connecting member 162. The displacement member (swinging
member) is constructed by the shield plate 160, the float
161, and the connecting member 162, The float 161 is a
cylindrical member having a tightly closed space filled
with the air therein. The specific gravity of the entire
float 161 is smaller than the gpecific gravity of the ink
Le be changed in the ink chamber 131, The shisld plate 160
and the [loat 161 are provided at both ends of the
connecting member 162 respectively. A columnar rotational
shaft l&Za, which protrudes in directions perpendicular to
the both side surfaces of the connecting member 162, is
formed in the vicinity of the center in the extending
direction of the conneching member 162. The connecting
member 162 is supported on the support stand 163 rotatably
in the vertical plane (in the plane parallel to the sheet
surface of the drawing) abkout the center of the rotational

shaft 16&6Z2a.
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[0119] Az shown in Figse. 14 to 17, the rolational shaft
l6Za, which is formed on the conneclting member 162,
protrudes from the flat surfaces on both z2ides of the
connecting member 162 in the direction perpendicular to the
direction of displacement of the ink surface. In crder to
smoothen the rotation of the connecting member 1672, the
rotational shaft 162z is supported on the support stand 163
suach that the rotational shaft 16Za is also rotatable teo
some extent in the plane parallel to the sheet surface of
Fig. 16. That is, the support stand 163 supports, at the
lower position, the swinging member so that the motlion
other than the rotation of the connecting member 162 about
the center of the rotational shaft 16Za is also allowable.
The tips of the rotational shaft 16Za in the protruding
directions, which pretrude from the both side surfaces of
the connecting member 162, abut against side wall surfaces
on the mutually opposing sides of a pair of support plates
163a provided upstandingly from the bottom surface
(comparting wall 130 as described later on) of the ink
chamber 131, Accordingly, the displacement of the entire
swinging member is regulated in the rightward and leftward
directions on the sheet surface of Fig. 16,

[0L20] The shisld plate 160 is a thin plate-shaped
member which 1s paraliel to the vertical plane (plane
parallel to the sheet surface of Fig., 14} and which has a

predetermined area. As shown in Fig. 14, the shield plate
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160 has a rectangular area, and a triangular protruding
area which is formed to further extend upwardly from the
upper end of the rectangular area. The abutmant section
160a, which has a columnar shape extending from the shield
plate 160 toward the two ribs 157 {in the direction along
the ink surface), is formed at the upper end of the
protruding area. The abutment section 160a makes abutment
agalnst the abutment objecitive surface 156 in the ink
chamber 131. Accordingly, the rotation of the connecting
membar 162 in the certain direction {first directicn) iz
regulated to arrange Lhe shield plate 160 at a
predetermined position. Specifically, as shown in Fig. 14,
when the abutment secticon 160a abuts against the abutment
objective surface 156, the shield plate 160 is arranged at
the detecting position between the light-emitting section
1i4a and the light-receiving section 114k of the recess
134a. In this situation, the light, which has transmitted
from the light-emitting section 1l4a of the senscr 114
through the wall ¢f the light-transmissive cartridge main
body 120 and the ink in the ink chamber 131, is blocked by
the shield plate 160. On the other hand, when the abutment
section 160a is separated from the abutment objective
surface 156 {when the swinging member is in a state
indicated by ltwo-dot chain lines in FPig. 14), the shield
plate 160 is arranged at any position other than the

detecting position. In this situation, the light
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transmitted from the light-emitting section 114a arrives at
the light-receiving section 11l4bh without being blocked,
f0l21] Therefore, in a state in which the ink residual
amount in the ink chamber 131 is large, and the entire
fleat 161, which iz provided at one end of the connecting
memper 162, is positioned in the ink (in & situation in
which the swinging member is in a state i1llustrated by
seolid lines in Fig. 14}, the float 161 fleats in accordance
with the buoyancy acting on the fleoat 161, and the
connecting member 162 iz rotated. However, the abutment
section 160a of the shield plate 160 abuts against Lhe
abutment objective surface 156, and the rotaticn of the
connecting member 162 is regulated., Therefore, the shield
plate 160, which is provided at the other end of the
connecting menber 162, is arranged at the detecting
position, i.e., at the position at which the light emitted
from the light-emitting section 114a in the projecticon is
blocked., However, when the ink residual amount in the ink
chamber 131 ils decreased, and a part of the flcoat 161
protrudes from the ink ligquid surface, then the buoyancy
acting on the float 161 is decreased, and the float 161 is
moved downwardly in accordance with the gravity (in a slate
in which the swinging member is indicated by two-dot chain
lines in Fig. 14). Accordingly, the shield plate 160 is
meved to the position (non-detecting position) which is

diasposed upwardly as compared with the interior of the
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projection 134 so that the direct light emitted from the
light-emitting section 1l4a is not blocked by the shield
plate 160. Therefore, the direct light emitted from the
Yight-emitting section 11l4a is transmitted through the
light-tranamissive projection 134 along the linear optical
path, and the light is directly received by the light-
receiving section 1l4b. Accordingly, the state, in which

the ink residual amount in the ink chamber 131 1s

decreased, 15 detected by the sensor 114.
[0l22] As shown in Figs. 14 to 17, columnar pins

(projections) 159, which protrude from the shield plate 160
toward the inner wall =surfaces 134b of the recess 134a, are
formed on the both side surfaces of the rectangular area of
the shield plate 160 (in the vicinity of the end of the
swinging member) respectively. fThe tip of the pin 158 is
conastructed to form a curved surface. A3 shown in Fig. 14,
the tips of the pins 159 are always in a state of being
opposed to the inner wall surfaces 134b of the recess 134a
within a range of movement of the abutment section 160a
baetween the position at which the abutment section 16Ca
abuts against the abutment objective surfaces 156 and the
position at which the abutment secticn 160a is separated
from the abutment objective surfaces 156. The pin 159% has

an amount of projiection to form a gap of such an extent

that no capillary phenomenon is caused by at least the
surface tension of the ink between the shield plate 160 and
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the inner wall surface 134b even when the tip of the pin
159 abuts against the inner wall surface 134b of the recess
124a, and the shield plate 160 makes approach most closely
to the inner wall surface 134b,

{0123] In this structure, in a state in which the ink
cartridge 103 is installed teo the holder 104, the
projection 134 of the ink cartridge main body 120 is
interposed between the light-emitting section 1l4a and the
lighkt-receiving section 114b of the senser 1314. In this
situation, the width of the projection 134 is narrower than
the distance between the light-emitting section 1l4a and
the light-receiving secticn 114b, Therefore, a
predetermined spacing distance is maintained between the
light-emitting section 114a and the light-receiving secltion
114b and the projection 124. As shown in Figs. 12 and 13,
a pair of ribs 155, which extend in the same direction as
the extending direction of the projection 134 so that the
projection 134 is interposed therebetween, are provided for
the cartridge main body 120 at the both ends in the
horizontal direction (leftward/rightward direction of the
sheet surface in Fig. 1ZB) on the outer wall surface on
which the projection 134 is formed. A lid member 13% is
welded to the upper end of the cartridge main body 120,

The ink chamber 131 in the cartridge main body 120 is
closad by the 1id member 135,

[0124] As shown in Fig. 14, an injecting hele 136 is
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formed hetween the two valve-accommodating chambers 132,
133 in order to inject the ink into the ink chamber 131 of
the empty ink cartridge 103, A plug member 137 made of
synthetic rubber is forcibly inserted into the injecting
hole 136. As shown in Fig. 14, an opening, which makes
communication with the ink chamber 131 in the cartridge
main body 120, is formed through a part of the injecting
hole 136 in the vicinity of the upper end of the side wall.
When the ink is charged, the plug member 137 in the
injecting hole 136 is pierced by an injection needle (not
shown), and the injection needle is penetrated through the
opening which is formed through the part of the injecting
hole 136 in the vicinity of the upper end of the side wall
s that the ink is charged into the ink chamber 131 via the
injection needle.

[0125] As shown in Fig. 14, a cylindrical section 138,
which protrudes downwardly, is integrally formed at a
pertion of the comparting wall 130 which constitutes the
ceiling of the valve-accommodating chamber 132 for
accommodating the ink supply valve 121 therein. A thin
film secticon 139, which closes the communication passage
fermed in the cylindrical section 138, is provided at the
lower end of the cylindrical section 138. On the other
hand, two gylindrical sections 140, 141, which protrude
Upwardly and downwardly respectively, are integrally formed

at a portion of the comparting wall 130 which constitules
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the ceiling of the valve-accommodating chamber 133 for
accommodating the atmospheric ailr-introducing valve 127
therein. A thin film section 147, which <loses the
communication passage formed in the cylindrical sections
140, 141, is provided at the leower end of the cylindrical
section 141 dizposed on the lowsr side. Further, as shown
in Fig. 14, a cylindrical member 143, which extands up to
the upper end <f Che ink chamber 131, is provided con the
upper side of the cylindrical section 140.

[Cl26] As shown in Fig. 14, the ink supply valve 121
includes a valve main body 145 which is formed to have a
substantially cylindrical shape with synthetic rubber orx
the like and which has elasticity, and a valve plug 146
which is accommodated in the valve main body 145 and which
is made of synthetic resin, As shown in Fig. 19, the valve
main beody 145 includes an urging section 147, a valve seat
section 148, and a fitting section 149 which are integrally
formed and which are aligned in this order from the upper
side (side of the ink chamber 131).

[0127] In this structure, the lower surface of the valve
plug 146 abuts against the upper surface of the valve seat
section 148 {end surface on the side facing the ink chamber
131). A threough-hele 148a, which extends in the vertical
direction, is formed Lhrough a porticn of the axial center
of the valve seat section 148, A guide hole 14%9a, which is

communicated with the through-hole 148a of the valve seat
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secticn 148 and which extends downwardly, is formed for the
fitting section 149. The guide hole 14%a is formed Lo have
a shape widening toward the end in which the diameter is
increased at lower positions. An annular groove 14%b i3
formed around the guide hole 14%as. In this structure, the
wall for forming the guide hole 14%z is elastically
deformable with ease in the directien in which the diameter
of the guide heole 14%a is expanded., Therefore, when the
ink supply pipe 112 iz inserted into the guide hole 149a,
it is possible to aveoid the leakage of the ink as far as
possible by improving the tight contact performance betweesn
the guide hole 14%a and the ink supply pipe 112, Bven when
the ink supply pipe 112 is inserted inte the guide hole
1495 in a state in which the ink supply pipe 112 is
inclined with respect to the guide hole 14%a or in a state
in which the central axis of the guide hole 14%a is
deviated from the central axisz of the ink supply pipe 112,
the ink supply pipe 112 is reliably inserted intoe the gulde
hole 14%a, because the wall section is elastically deformed
in the direction in which the diameter of the guide hole
149%a is expandead.

[0128] As shown in Fig. 1%, the urging section 147
inciudes a cylindrical side wall section 147a which exltends
from the outer circumferential side portion of the valve
seat section 148 toward the side of the ink chamber 131,

and a projecting section 147 which integrally protrudes
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inwardly in the radizal direction of the side wall section
147z from the upper end of the side wall section 147a.  The
lower surface of the projecting section 147H abuts against
the valve plug 146. The valve plug 146 is urged dewnwardly
by the elastic forces of the side wall section 147a and lLhe
projecting section 147b.  An opening 147¢ is formed at the
inside of the projecting section 147k, In this
construction, the side wall section 147a and the projecting
secticn 147b, which are formed in an integrated manner, are
elastically deformable with ease.

[0129] As shown in Figs. 1% and 20, the valve plug 146
includes 2 bottom section 150 which makes abutment against
the valve sealt section 148 of the valve main body 145, a
cylindrical valve side wall zsection 151 which extends from
the outer circumferential side portion of the bobtom
section 150 toward the ink chamber 131, and a breaking
section 152 which protrudes from the center of the bottom
section 150 excessively toward the ink chamber 131 as
compared with the valve side wall section 151,

{0130] An annular projection 150a, which protrudes
toward the valve seat section 148, is formed on the lower
surface of the bottom section 150 of the valve piug 146
(end surface opposed te the valve seat section 148). The
valve plug 146 is urged toward the valve seat section 148
py the urging section 147 of the valve main body 145. In a

state (state shown in Fig. 1%A}) in which the annular
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projection 150a makes tight contact with the upper surface
of the valve seat section 148, the through-hole 148a of the
valve seal section 148 13 closed by the valve plug 146, and
the ink supply passage is closed. T[Further, a plurality of
(for example, eight) communication passages 153, which make
communication between the vpper space and the lower space
of the valve plug 146, are formed at equally divided
pesitions in the circumferential direction of the porticn
of the bottom sectien 150 of the valve plug 146, the
portion being disposed on the cuter circumferential side as
compared with the annular projection 15%0a and on the inner
circumferential side as compared with the valve side wall
section 151,

{0131] As shown in Figs. 19 and 20, the breaking section
152 of the valve plug 146 is constructed by four plate
members 15Za, 152k, 15Z2c, 152d combined in a cross form as
viewed in a plan view. The breaking section 152 is
provided upstandingly at a substantially central portion of
the bottom gsection 150. As shown in Fig. 20, groovesg 154,
which extend in the vertical direction, are formed
respectively between the plate members {(for example,
between the plate members 15Za, 152b) which are combined
perpendicularly to one anothar. The breaking section 152
passes through the opening l147c at the inside of the
projecting section 147b of the valve main body 145 zo that

the breaking section 152 protrudes upwardly. As shown in
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Fig. 14, the tip of the breaking section 152 is arranged at
the pesition slightly lower than the thin film section 139
of the cylindrical section 138 before the ink cartridge 103
ig installed to the holder 104,

[0132] When the ink cartridge 103 is installed to the
holder 104, the ink supply pipe 112, which ls provided for
the holder 104, is inserted into the guide hole 14%a of the
valve main body 145, Accordingly, the valve plug 146 is
pushed upwardly by the tip of the ink supply pipe 112
against the urging force of the urging section 147 of the
valve main body 145. The valve plug 146 is moved upwardly
while deforming the urging secticon 147. The annular
projection 150a, which is provided on the bottom surface of
the valve plug 146, is separated from the valve seat
section 148 (see Fig. 19B). In this situation, the thin
film section 139 of the cylindrical section 138 is broken

by the tip of the breaking section 152 of the valve plug

146 having been moved uvpwardly. Accordingly, as shown in
Figs. 14 and 198, the ink contained in the ink chambsr 131

flows into the valve-accommodating chamber 132 through the
communication passage in the cylindrical section 138,
Further, the ink is supplied through the communication
passages 153 of the valve plug 146 from the ink supply pipe
112 to the ink-det head 102. In this situaticn, the valve-
accommodating chamber 132 functions as the ink supply

passage. The flow of the ink (arrow in Fig. 19B) iz
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formed, which is directed downwardly from the side of the
ink chamber 131.

[0133] As shown in Fig. 14, the atmospheric air-
introducing valve 122 is provided with the valve main body
145 and the valve plug 146 which is accommodated in the
valve main body 14%. The atmospheric alr-introducing valve
122 is constructed in the same manner as the ink supply
valve 121. That iz, the atmospheric air-introducing valve
122 18 constructed such that the valve plug 146, which is
urged downwardly by the urging section 147, makes tight
contact with the valve seat section 148 of the valve main
body 145 so that the valve plug 146¢ closes the through-hole
148a, When the ink cartridge 103 is installed to the
holder 104, the atmospheric air-introducing pipe 113 is
inserted into the guide hole 14%a formed in the valve main
body 145, Similarly to the ink supply valve 121, the valve
plug 146 is moved upwardly, and the thin film section 142
of the cylindrical section 141 is broken by the breaking
section 15%2 of the valve plug 146. Accordingly, the
outside atmespheric air flows from the atmospheric air-
introducing pipe 113 via the communicatbion passages 153 of
the valve plug 146 inte the valve-accommodating chamber
133. TFurther, the atmospheric air is introduced into lhe
upprer portion of the ink chamber 13) via the inner passage
of the cylindrical member 143 and the cylindrical sections

140, 141.
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[0134] The cap 124 is formed of the nontransparent
material through which no l1ight is transmitted unlike the
cartridge main hody 120. As shown in Figs. 12 teo 14, the
cap 124 is secured to the cartridge main body 120, for
example, by the ultrasonic welding in a state in which the
lower end of the cartridge main body 120 is covered
therewith. Two annular projections 165, which protrude
downwardly, are formed respectively at the positions of the
bottom of the cap 124 corresponding to the ink supply valve
121 and the atmospheric air-introducing valve 122
respectively. In this structure, for example, when the ink
cartridge 103 is placed on a desk, the ink, which is
adhered to those in the vicinity of the inlets of the ink
supply valve 121 and the atmospheric air-introducing valve
122, is hardly adhered, for example, to the desk surface.
{01358] As shown in Figs. 12 te 14, a rib 166, which
extends in the vertical direction, iz formed on the side
wall portion of the cap 124 on the same side as that of the
projection 134 formed on the outer wall of the cartridge
main body 120. The ribh 166 is formed under the projection
134, As shown in Figs. 12B and 14, the ribk 166 and the
shield plate 160 in the projection 134 of the cartridge
main body 120 are arranged at the positions separated from
each other by a predetermined distance in the vertical
direction. The rib 166 is positioned at the position lower

Lhan the shield plate 160. Therefore, Lhe rib 166 is
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positioned at the position lower than the light-emitting
section 1l4a and the light-receiving secbion 114k of the
sengor 114 in a state in which the ink cartridge 103 is
installed to the holder 104. T[urther, the rib 166 is
located at the position interposed between the light-
emitting section 1l4a and the light-receiving section 114b
of the sensor 114 as viewed in a plan view in which the ink
cartridge 103 is viewed in the direction of installation,
The width of the rib 166 is narrower than the width of the
projection 134, and the protruding distance of the rib 166
is shorter than the protruding distance of the projection
134,

[0136] The rib 166 is detected such that the ribk 166
passes bebtween the light-emitting section 114a and the
light-receiving section 114b of the sensor 114 to
inatantaneously shut off the light from the light-emitting
section 1l4a of the sensor 114 only when the ink cartridge
103 is installed to the holder 104 or when the ink
cartridge 103 is detached from the holder 104, On the
other hand, the rib 166 exists at the position lower than
the sensor 114 in the state of installation of the ink
cartridge 103. Therefore, the rib 166 is nol detected by
the sensor 114. Only the shield plate 160, which is
arranged in the ink chamber 131, can be detected by the
sensor 114. That is, the rib 166 can be detected by the

gensor 114 only when the ink cartridge 103 is
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altached/detached. Therefore, it 1s possible to recognize
whether or not the ink cartridge 103 1is installed, by using
he control unit 108 as described later on, on the basis of
the result of detection of the nik 166. In the third
embodiment, the structure is provided such that the rib 166
is detacted by the sensor 114 only by altaching/detaching
the ink cartridge 103 in a certain direction. Therefore,
it is unnecessary to perform any complicalted cperation,
which would be otherwise performed in order to detect the
rih 166 with the sensor 114. TFurther, it is possible Lo
extremely avoid the breakage of the rib 166, which would be
otherwise caused, for example, by any contact with the
holder 104, the rib 166 being exposed to the outside and
hbeing wealk in view of Lhe strength.

[0137] Next, the control unit 108 will be explained,.

The control unit 108 manages the control of various
operations to be performed by the ink-jet printer 101
including, for example, the discharge of the ink from the
nozzles 102a of the ink-jet head 102, the supply of the
paper to the ink-jet head 102, and the dizcharge of the
printing paper having been subjected to the printing by the
ink--at head 102. The control unit 108 includes, for
example, CPU (Central Processing Unit) which serves as a
computing processing unit, ROM (Read-Only Memory) in which
programs Lo be executed by CPU and data to be used for the

programs are stored, RAM (Random Access Memory) which
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temporarily stores data during the execution of the
program, a nonvelatile memory such as rewritable EEFROM
(Blectrically FErasable Programmable Read-Only Memory), an
input/output interface, and a bus. As shown in TFig. 11,
the control unit 108 contrels a2 variety of devices for
constructing the ink-jet printer 101 including, for
example, the ink-Jjet head 102, the motor of the transport
mechanism 106 for driving the carriage 105, and the suction
pump 170 of the purge unit 107, on the basis of various
signals inputted from an external personal computer (PC)
182.

[0138] As shown in Fig. 11, the control unit 108 further
includes an installation state-judging section 180 which
judges the installation state of the ink cartridge 103 in
the holder 104 on the basis of the output signal from the
sensor 114, and an ink residual amcunt-calculating section
181 which calculates the residual amount of the ink
contained in the ink chamber 131.

[0139] An explanation will ke made bhelow about the
processing steps of the installation state-judging section
180 and the ink residual amount-calculating section 181
with reference to a flow chart for the installation state-
judging process shown in Fig. 21. In Fig. 21, Si (i = 10,
11, 12,...) indicates each of the steps of the processing
operation, ‘This flow chart illustrates, by way of example,

the processing steps to be applied when the ink cartridge
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103d for storing the black ink is installed to the holder
104d.

[0140] Al first, if it is judged that the rib 166
provided for the cap 124 is not detected by the sensor 114
in the judging preocess of 510 (in the case of "No" of the
Judgment result of 510) in a state in which the power
source is applied to the ink-jet printer 101, the routine
proceeds to the ink residual amount-calculating process of
814. On the cother hand, if it is judged that the rib le6
is detected by the sensor 114 in the judging process of 510
{in the case of "Yes" of the judgment result of 3$10), the
routine proceeds to the judging process of S11. In the
Judging process of 811, it is judged whether or not the
cartridge has bkeen installed immediately bhefore the
detection of the rib 166. If the ink cartridge 103d has
been installed to the holder 104d immedialtely before the
detection of the rib 166 (in the case of "Yes" of the
judgment result of $11), then it is Jjudged that the ink
cartridge 103d has been detached from the heolder 104d, and
the information, which corresponds to the fact that the ink
cartridge 103d iz in the non-installed state, is stored
(812). In this case, 1t is unnecessary to calculate the
ink residual amount. Therefore, the routine is subjected

to the return as 1t is,

[0141] If the ink cartridge 103d has not been installed
immediately bhefore the detection of the rib 166 in the
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judging process of 511 (in the case of "No" of the judgment
result of 511), the rib 166 of the ink cartridge 103d shown
in Fig. 13 is consequently detected by installing the ink
cartridge 103d to the heolder 104d. Therefore, the
information, which corresponds to the fact that the ink
cartridge 103d is in the installed state, is stored (513).
After that, the routine proceeds to the ink residual
amcunt-calculating process of 814,

[0142] In the ink residual amount-calculating process of
514, if the shield plate 160 of the shutter mechanism 123
is detected (if the ink residual amount is sufficient), the
ink residual amount is approximately calculated from the
maximuam capacity of the ink cartridge 103d and the
accumulated value of the number of liguid droplets of the
ink having been discharged after the point of time of
installation of the ink cartridge 103d. On Lthe other hand,
if the shield plate 160 of the shutter mechanism 123 is not
detected (1f the ink residual amount is decreased), the ink
residual amount iz calceulated more correctly from the ink
residual amount obtained in a state in which the shield
plate 160 is not detected and the accumulated value of the
number of liguid droplets of the ink having been discharged
after the arrival at the state described above. The ink
residual amount, which is calculated in S14, is transferred
to PC 182 (315), and the routine is subjected to the

return.
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[0143] The information, which includes, for example, the
installation state of the ink cartridge 103 and the
accumulated value of the discharged ink, is stored in the
nonvolatile memory such as KEEPROM in crder that the
information ig retained even in a state in which the power
source of the ink-jet printer 101 is turned OFF,

[0144] According to the third embodiment explained
above, the distance between the shield plate 160 and the
inner wall surface 134b of the recess 134a formed in the
ink chamber 131 is maintained by the pins 159 which are
formed on the side surfaces of the shield plate 160 of the
swinging member. In this situation, the distance, which is
in such an extent that no capillary phencomenen is caused by
the surface tension of the ink, is secured between the
shield plate 160 and the inner wall surface 134b. It is
possible to avold the adhesion between the shield plate 160
and the inner wall surface 134b by the surface tension of
the ink and the deterioration of the smooth motion of the
displacement of the shield plate 160. That is, the ink
surface, which intervenes between the shield plate 160 and
the inner wall surface 134b, c¢an be szimilarly lowered as
well, as the ink surface iz lowered in accordance with the
consumption of the ink. No ink, which prohibits the
displacement of the shield plate 160 by the surface tension
of the ink, remains between the shield plate 160 and the

inner wall surface 134b. Therefore, in the third
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embodiment, the shield plate 160 can be smoolthly operated
in accordance with the change of the ink residual amount.
Therefore, it is pessikle to detect, with any small error,
the fact that the ink residual amount in the ink chamber
131 arrives at the predetermined amount.

[0145] The swinging member (displaceable member) is
supperted so that the rotaticon can bhe made to some extent
in the plane parallel to the sheet surface of Fig. 16.
Therefore, it is feared that the shield plate 160, which is
provided at the positicon separated from the point of
support by the suppert stand 163, may approach the inner
wall surface 134bh too closzsely depending on the‘ﬂpacing
distance hetween the shield plate 160 and the inner wall
surface 134b. In order to sclve this problem, the
operation of the shield plate 160 can be smoothened without
being affected by the surface tension of the ink by
widening the spacing distance beltween the shield plate 160
and the inner wall surface 134k, However, in Lthis case, it
is necessary that the spacing distance between the light-
emitting section 1l4a and the light-receiving section 114b
of the sensor 114 1is widened as well, which is any
unsatisfactory countermeasure in view of the sensitivity of
the sensor 114. It is necessary Lo use an expensive sensor
having higher sensitivity depending on the spacing distance
between the light-emitting section 114a and the light-

receiving section 114k, However, according to the third
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embodiment, the spacing distance between the shield plate
160 and the inner wall surface 134bh is regulated Lo such an
extent that the smooth motion of the shield plate 160 is
not deteriorated by the surface tension of the ink, by the
aid of the pins 159 which are formed on the side surfaces
of the shield plate 160 of the swinging member. Therefore,
it is possible to further shorten the distance befween the
shield plate 160 and the inner wall surface 134b.
Simultanecusly, it is also posszible to narrow the widbh of
the preojection 134, Further, it is poszsible to further
narrcew the width of the projection 134, because the shield
plate 160 is the thin plate-shaped member. Accordingly,
the cheap light-transmissive type optical sensor having low
sensitivity can be utilized as the sensor 114.

[0146] Additicnally, according to the third embodiment,
the ribs 158, which extend in the vertical direction of the
inner wall surfaces 134k, are formed on the inner wall
surfaces 134k of the recess 134a in the ink chamber 131.
Therefore, the ink, which is pooled between the shield
plate 160 and the inner wall surface 134k, is successfully
allowed to fall downwardly along the ribs 158.

Accordingly, it is possible to further avoid the adhesieon
between the shield plate 160 and the inner wall surfaces
134b by the surface tension of the ink.

[0147] Further, according Le the third embodiment, the

tips of the pins 159 formed on the side surfaces of the
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shield plate 160 of the swinging member are constructed by
the curved surfaces. Therefore, the pins 159 make the
point-to-point contact with the inner wall surfaces 134bh of
the recess 134a in the ink chamber 131. Therefore, even
when any ink remains betweaen the pins 159 and the inner
wall surfaces 134b, 1t is possible Lo suppress the
remaining amount minimally. That iz, the pins 159% and the
inner wall surfaces 134b are hardly adhered by the surface
tension of the ink. As a result, it is possible to
smoothly coperate the shield plate 160 as the ink residual
amount is changed. It iz possible o detect, with any
gmall error, the fact that the ink residual amount in the
ink chamber 131 arrives at the predetermined amount.

[0148] According to the third embodiment, the abutment
section 160a, which is formed at the upper portion of the
shield plate 160, is the columnar member., Therefore, the
abutment section 160a and the abutment obiective surfaces
156 in the ink chamber 131 make the line-teo-line contact.
Accordingly, the contact area between the abutment section
160a and the abutment objective surfaces 156 is decreased.
Therefore, the abutment section 1é60a and the abutment
ohjective surfaces 156 are hardly adhered by the surface
tension of the ink. Therefore, it is posgsible to smoothly
operate the shield plate 160 in accordance with the change
of the ink residual amount. It is possible to detegt, with

any small error, the fact that the ink residual amount in
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the ink chamber 131 arrives at the predetermined amount,
[0149] According to the third embodiment, the ink, which
iz pooled on the abutment obijective surfaces 156 formed in
the ink chamber 131, is sucked by the capillary force of
the curved section formed at the boundary between Che
abutment objective surface 156 and the rib 157 formed over
the abutment objective surface 156 and the perpendicular
wall surface 169, and the ink falls downwardly along the
rib 157. Therefore, the abutment secticn 160a and the
abutment chiective surface 156 are hardly adhered by the
gurface tension of the ink., Simultaneously, in a state in
which the abutment section 160a abuts against Lhe abutment
objective surface 156, the tip of the abutment section 1l60a
makes contact with the side surface of the rib 157.
Therefore, the ink, which is retained between the abutment
section 160a and the abutment objective surface 156, is
also sucked by the capillary force of the curved section
formed at the boundary between the abutment objective
surface 156 and the rib 1%7. “herefore, the abutmant
section 160a can be easily separated from the abutment
objective surface 156 at an appropriate timing depending on
the lowering of the ink surface.

[0150] According te the third embodiment, ag shown in
Fig. 18, the structure is provided, in which the curvatures
are decreased in the order of the curvature of the curved

section (C in Fig. 18C) formed at the boundary between the
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rib 157 and the lower end area of the perpendicular wall
surface 169, the curvature of the curved section (B in Fig.
18B) formed at the bhoundary between the rib 157 and the
upper end area of the perpendicular wall surface 169, and
the curvature of the curved section (A in Fig. 18A) formed
at the boundary between the ribk 157 and the abutment
objective surface 156. Accordingly, the capillary forces
of the curved sections formed at the boundaries between the
rik 157 and the abutment cobjective surface 156 and the
perpendicular wall surface 169 are increased at the lower
portiong of the rib 157 positioned downwardly. The action
is effected to move the ink more downwardly as a whole.
That iz, the ink, which is peoocled in the vicinity of the
boundary between the abutment okjective surface 156 and the
rib 157, tends to fall downwardly along the rib 157 with
ease.

[0151] Additiconally, according to the third embodiment,
the abutment objective surface 156 formed in the ink
chamber 131 is the inclined surface. The ink, which is
pooled on the abutment obiective surface 156, falls and
flows downwardly along the inclined surface. Therefore,
the ink is more hardly pooled on the abutment objective
surface 156.

[0152] Further, acceording to the third embodiment, the
connecting member 162 having the shield plate 160 is

rotated, and thus the shield plate 160 is displaced.
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Therefore, the shield plate 160 can be displaced stably
along the predetermined orbkit. Therefore, the shield plate
160 is hardly adhered to the inner wall surface 134k which

is disposed outside the predetermined orbit.

Fourth BEmbodiment

[0153] Next, a fourth embodiment will be explained wilth
reference toe the drawings. In the fourth embodiment,
substantially the same members as those of the third
embodiment are designated by the same reference numerals as
those of the third embodiment, any explanaticn of which
will bhe ocmitted. The abutment azection 160a, which is
provided at the upper end of the shield plate 1680
{detection cobjective section), is displaced so that the
shield plate 160 depicts the circular arc-shaped orbit,
when the abutment secticon 160a is moved from the position
(detecting positieon) at which the abutment section 160a
aluts against the abutment objective surfaces 156 formed in
the ink chamber 131 to the position (non-detecting
positien) at which the akutment section 160a is separated
from the abutment objective surfaces 156. Accordingly, in
the fourth embodiment, as shown in Fig. 22, ribs 158A,
which continuously extend while being curved along the
digplacement track {circular arc-shaped orbit) of the
shield plate 160 and which protrude toward the shield plate

160 arranged in the recess 134z, are formed on the
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respective inner wall surfaces 134b of the recess 134a.
[0154] According to the fourth embodiment explained
apove, the ink, which is pocled between the area of the
displacement of the shield plate 160 and the inner wall
surfaces 134k of the recess 134a, 1s successfully allowed
to fall downwardly alcong the ribs 158A. Accordingly, it is
pessible to prevent the shield plate 160 and the inner wall
surfaces 134b from being adhered by the surface tension of
the ink., Therefore, it is possible to smoolthly operate the
shield plate 160 in accordance with the change of the ink
residual ameunt. It is pessible te detect, with any small
error, the fact that the ink residual amount in the ink

chamber 131 arrives at the predetermined amount.

Eifth Embodiment

[0155] Next, an explanation will be made about a fifth
embodiment with reference to the drawings. In the fifth
embodiment, substantially the same members as those of the
third embodiment are designated by the same relference
numerals as those of the third embodiment, any explanation
of which will be omitted,

[015B6] Az shown in ¥ig. 23, a shutter mechanism 123B,
which 1s provided in the lower side space of the ink
chamber 131, includes a nontransparent shield plate 1608
(detection obiective zection), a hollow fleat 161 (kalanhce

member), a connecting member 162B which connects the shield
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plate 1608 and the float 161, a support stand 163 which is
provided on the comparting wall 130 and which rotatably
supports the connecting member 162B, and a pair of
preventive walls 167 which prevent the connecting member
1628 from any lateral fluctuation. In the Ffifth
embodiment, the displaceable member (swinging member) is
constructed by the shield plate 160B, the fleoat 161, and
the connecting member 162B. The float 161 iz a cylindrical
member having a tightly closed space filled with the air
therein. The specific gravity of the entire fleoat 161 is
smaller than the specific gravity of the ink contained in
the ink chamber 131, The shield plate 160B and the float
161 are provided at both ends of the connecting member 162EB
respectively. A columnar rotatvional shaft 16Za®, which
protrudes in the direction perpendicular to the szide
surfaces of the connecting member 1628, is formed in the
vicinity of the center in the extending direction of the
connecting member 162B.  The connecting member 1628 is
rotatably supported on the support stand 163 about the axis
of the rotational shaft 16ZaB. As shown in Fig. 23, the
pailr of preventive walls 167 are plate-shaped members which
extend in the vertical direction from the bottom surface of
the ink chamber 131. The pair of preventive walls 167 are
provided between the rotational shaft 162a and the
perpendicular wall surfaces 169 in the ink chamber 131.

Further, the pair of preventive walls 167 are arranged at
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such positions that the ceonnecting member 1628 is
interposed belween the pair of preventive walls 167.

[0157] The shield plate 160B is a thin plate-shaped
membey which is parallel to the vertical surface (plane
parallel to the sheet surface of Fig. 14) and which has a
predetermined area, The shield plate 160B has a
rectangular area and a triangular protruding area which is
formed to further extend upwardly from the upper end of the
rectangular area. An abutment secticon 160a, which has a
columnar shape extending in the direction perpendicular to
the side walls of the ribs 157 (direction along the ink
surface), is formed at the upper end of the protruding
area,

[0158] Az shown in Fig. 23, columnar pins (projections)
159R, which protrude in the perpendicular directions toward
the flat surfaces of the preventive walls 167, are formed
respectively on the both aside surfaces of the connecting
membear 1628 interposed between the pailr of preventive walls
1e7. The tips of the pinsg 1598 are constructed by curved
surfaces. In this structure, the tips of the pins 159B are
aiways opposed to the inner side surfaces of the preventive
walls 167 within a range in which the abutment section 160a
of the shield plate 1688 is moved between the position
{detecting position) of abutment against the abutment
objective surfaces 156 and the positien (non-detecting

position) of separation from the abutment objective
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surfaces 156,

[0158] According te the fifth embodiment explained
above, the structure is provided, in which the pins 158B
fermed on the both side surfaces of the connecting member
1628 are interposed by the palr of preventive walls 167.
Accordingly, the distances betwesen the shield plate 160B
and the inner wall surfaces 134B are maintained.

Therefore, i1t is possible to prevent the shield plate 1605
and the inner wall surfzces 134k from being adhered by the
surface tension of the ink. Theresfore, it is possible to
smoothly operate Lhe shield plate 160B in accordance with
the change of the ink residual ameunt. It is possible to
detect, with any small error, the fact that the ink
residual amount in the ink chamber 131 arrives at the
predetermined amount. The pins 1598 and the side surfaces
of the preventive walls 167 opposed thereto are formed in
the vicinity of the rotational shaft 16ZabB. Therefore, the
digplacement range of the pin 1598 iz decreased, and it is
possible to realize the small size of the preventive wall
167 oppesed to the pin 1598,

[0160] The embodiments of the present invention have
been explained above, However, the present invention is
noet limited to the embodiments described above, for which
the design may be varicusly changed within the scope
defined in claims. For example, the first embodiment is

constructed such that the regulating member 35 is provided
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to regulate the rotation of the lever 22 in the first
direction. However, the present invention is not limited
thereto, which may be constructed such that the regulating
member 35 is not provided.

[016&61] The first embodiment is constructed such that the
shutter 34 i1s arranged at the detecting positicn when the
lever 37 18 rotated in the first direction, and the shutter
34 is arranged at the non-deltecting position when the lever
32 is retated in the second direction. However, the
present invention is not limited thereto, and the following
arrangement may ke available. That is, the shutter 34 is
arranged at the non-detecting position when the lever 32 is
rotated in the first direction, and the shutter 34 is
arranged at the detecting position when the lever 32 is
rotated in the segond direction.

[0162] The float 33 is formed of the polyacetal resin in
the first embodiment, and the flgat 33A is formed of the
polypropylene resin in the second embodiment. However, the
present invention ls not limited thereto. The float may be
formed of another resin, or the fleat may be formed of a
material other than the resin.

[01&3] Additionally, in the first embodiment, the ratio
K of the volume of the tightly closed space with respect to
the total volume of the float 33 iz determined so that the
rotational force in the first direction of the lever 32 has

the same magnitude as that of the rotational forcge in the
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second direction. However, the present invention is not
limited thereto. The volume ratio K of the fleoab 33 may be
determined 5o that any one of the rotational force in the
first direction and the rotaticnal force in the second
direction is larger than that of the other.

[0164] The first embodiment is constructed such that the
shutter 34 is nontransparent. However, the present
invention is not limited thereteo. The shutter may be
constructed to be light-lLransmissive., In this case, a
sensor other than the light-transmissive type optical
sensor used in the first embodiment may be used as the
detector for the shutter 34,

[0165] In the first embodiment, the light-transmissive
type optical sensor is used for the sensor 21. However,
the present invention is not limited thereto. Another
optical sensor such as a reflective type optical sensor may
be used. Alternatively, a sensor other than the optical
sensor may be used. When & reflective type optical sensor
iz used as the sensor 21, it iz desirable that the shutter
34 1is constructed so that the reflectance of the surface is

ralsed.

[0166] Additionally, the first embodiment is constructed
such that the sensor 21 detects not only the state of the

ink residual amount in the ink tank 11 but also the
presence or absence of the ink cartridge. However, the

present invention is not limited thereto, and the following
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arrangement may be availlable. That is, the sensor 21 may
detect only the state of the ink residual amount in the ink
tank 11, The first embodiment is constructed such that the
float 33 and the shutter 34 are provided at the snds of the
lever 32, and the central perticn of the lever 32 is
supported by the support stand. However, there iz no
limitation theretc. As shown in Fig. 24, one end of the
support member 203 may be a free end, the float 202
(balance member) may be attached to the one end, and the
other end of the support member 203 may bhe fixed to the ink
tank. In this case, a detection cbljective section may be
provided on the float.

[C167] The first and second embodiments are constructed
such that the light-transmissive ink is used. However, the
present invention is not limited theretc. An ink, which is
not light~transmissive, may be used. In this case, it is
preferable that the ink is not peooled at the detecting
pesition in a state in which the ink is consumed.

[0168] In the second embodiment, Lthe curved section 32al
is formed on the surface of the lever 32A opposed to the
ink liguid surface. However, the present invention is not
limited thereto. The surface of the lever 32A opposed to
the ink liguid surface may bhe formed to have an arbitrary
shape provided that the contaclt area between the lsaver 3Z2A
and the ink liquid surface is decreased with this shape.

For example, a projection, which is thin plate-shaped, may
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be formed on the wall surface opposed to the ink ligquid
surface,

[0169] The third embodiment is constructed such that the
shield plate 160 is arranged to make the displacement
betwaen the pair of inner wall surfaces 134b of the recess
134a formed in the ink chamber 131, However, the present
invention is not limited thereto. The arrangement may be
made such that the shield plate 160 is displaced along one
inmner wall surface. In this case, the pin 159 may be
provided on one side surface of the shield plate 169, and
the pin 159 may be formed to protrude toward one opposing
imner wall surface 134b.

[0170] The third embodiment is constructed such that the
shield plate 160 is thin plate-shaped, However, the
present invention is not limited thereto. The shield plate
160 may have another shape such as any spherical shape.
f0171] The third embodiment is constructed such that the
ribs 158 are provided on the side surfaces of the inner
wall surfaces 134db of the recess 1234a, and the riba 157 are
provided on the vertical wall surfaces 16% and the abutment
objective surfaces 156 in the ink chamber 131. However,
the present invention is not limited thereto. An
arrangement may be available, in which no rib as described
above is provided,.

[0172] In the third to fifth embodiments, the tips of

the pins 159, 159B of the swinging member are constructed
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by the curved sections. However, the present invention is
not limited thereto. Any tip shape may be available
provided that the ink, which is in such an amount that the
smoothness of the operation is deteriorated during the
displacement of the swinging member, does not remain even
if the ink remains between the pin 159 and the inner wall
surface 134k and/or between the pin 159B and the side
surface of the preventive wall 167. The tip shape of the
pin 159, 159B may be either sharp or flat.

[0173] In the third embodiment, the abuiment section
i60a, which is provided at the upper end of the shield
plate 160, is the columnar member, However, the present
invention is not limited thereto. For example, the
abutment section 160a may be plate-shaped. The third
embodiment is constructed such that the abutment objective
surface 156 in the ink chamber 131 is the inclined surface.
However, the present invention is not limited thereto. The
abutment objective surface 156 may be a horizontal surface.
[0174] The third embodiment is constructed such that the
swinging member is rotated about the center of the
rotational shaft 16Za in accordance with the
increase/decrease in the ink amount in the ink chamber 13).
However, the present invention is not limited thereto. For
example, the following arrangement is availabkle. That is,
the swinging member is composed of a shield plate and a

float connected directly therete, and the swinging member
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is displaced to follow the displacement of the ink liguid
surface in accordance with the increase/decrease in the ink
amount in the ink chamber,

[OL175] In the fourth embodiment, the ribs 158A, which
are formed on the inner wall surfaces 134b of the recess
134a, are formed along the displacement orbit of the shield
plate 160. However, the present invention is not limited
thereto. In corder thal the ink is not retained between the
shield plate 160 and the inner wall surface 134b as far as
possible and the swinging is successfully rotated more
smoothly, the ribs 158A are preferably fermed to extend
along the displacement orbkit of the pins 159 formed on the
aide surfaces of the shield plate 160.

[0176] In the third te fifth embodiments, it is possible
Lo appropriately change, for example, the shapes, Lhe
heights, and the widths of the inner wall surfaces 134b
formed in the ink chamber 131 and the ribs 157, 198, 1584
Tormed on the abutment objective surfaces 156 and the
perpendicular wall surfaces 169, In the third to Fifth
embodiment, the ribks 157 are formed over the range from the
abutment obpjective surfaces 156 and the perpendicular wall
surfaces 169, and the ribs 158 are formed to protrude from
the inner wall surfaces 134b toward the shield plate 160.
However, the present invention is not limited theretg., One
of Lhe ribs may be formed. In the third to fifth

embodiments, the ribs 157, which are formed over the rangs
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from the abutment ohjective surfaces 1%6 and the
perpendicular wall surfaces 169, have the angle of
projection which is perpendicular to the abutment objective
surfaces 156. However, the present invention is not
limited thereto. The angle of projection may be either an
cbtuse angle or an acute angle. However, in order that the
ink is hardly pooled at the boundary hetween the abutment
objaective surface 1%6 and the ribk 157, the angle of
projection is preferably an obtuse angle.

[0177] In the thirxd te fifth embodiments, the ribh 157 is
provided continucously over the range from cone end to the
other end of the abutment objective surface 156. However,
the present invention is not limited thereto, It is enough
that the rib 157 may extend over the abutment objective
surface 156 and the perpendicular wall surface 169. It is
also allowable that the rib 157 extends up to an
intermediate portion of the abutment obijective surface 156.
In this arrangement, in order that the ink iz not retained
between the abutment objective surface 156 and the abutment
section 160a of the shield plate 160, it is preferable that
the rib 157 exltends on the abutment objective surface 156
to arrive at a position at which the side wall surface of
the rib 157 makes contact with the tip of the abutment
gsection 160a in a state in which the abutment secticon 160a
of the shield plate 160 makes abutment against the abutment

objective surface 156, Similarly, it is also allowable
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that the rib 1%7 does not extend te the lower end of the
perpendicular wall surface 169.

[0178] In the third to fifth embodiments, as shown in
Figs. J18A to 18C, the relationship ameong the curvatures of
the three curved sections formed at the boundaries hetwesn
the rik 157 formed over the range from the abultment
objecltive surface 156 and the perpendicular wall surface
169 and the abutment objeclive surface 156 and the
perpendicular wall surface 169 resides in the relationship
as explained with reference to Figs. 18A to 18C {(curvature
of Fig. 18A < curvature of Fig., 188 < curvature of I'ig.
i8C). However, it is alsc allowable that the relationship
as described above does not hold,

[0179] In the third to fifth embodiments, the curvatures
of the curved sections formed at the bhoundaries between the
rib 157 formed over the range from the abutment objective
surface 156 and the perpendicular wall surface 16% and the
abutment obiective surface 156 and the perpendicular wall
surface 169 are changed depending on the boundary position.
Similarly, the curvature of the curved section formed at
the boundary between the inner wall surface 134b and the
rik 158 formed on the inner wall surface 134b of the recess
134a may be changed depending on the boundary poesition.
Specifically, it is preferable that the curvature of the
curved section formed at the boundary between the rib 1058

and the porticn in the vicinity of the upper end of the
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inner wall surface 134b is smaller than the curvature of
the curved section formed at the boundary between the rib
158 and the portion in the vicinity of the lower end of the
inner wall surface 134b. When the rik 158 is formed so
that the relatioenship as described above holds, the
capillary force of the curved section formed at the
boundary between the ril 158 and the portion in the
vicinity of the lower end of the inner wall surface 134b is
larger than the capiliary force of the curved section
formed at the boundary between the rib 1%8 and the portion
in the vicinity of the upper end of the inner wall surface
134b. Therefore, the ink, which remains at the boundary
between the inner wall surface 134bh and the rib 158, tends
to fall downwardly along the rib 158.

[0180] In the third to fifth embodiments, the ribs 157,
158 are provided in relation to the recess 134a. However,
the present invention is not limited therete. The rib may
be provided at any peosition irrelevant to the recess 134a.
[0181] In the third to fifth embodiments, the rolbatable
member, which is compoged of the shield plate 160, the
fleat 161, and the connecting member 162, is used as the
swinging member. However, the present invention is not
limited thereto. The swinging member may be a member like
a simple fleoat which is not rotatable, Even when the
swinging member is used, it is also allowable that the

shield plate 160 is not thin plate-shaped.
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What is claimed is:

1. An ink cartridge comprising:

an ink tank which stores an ink; and

a swinging member which is supported swingably in the
ink tank and which has a balance member supported to be
positioned in an ink ligquid when an amount of the ink in
the ink tank is not less than a predetermined amountf
wherein:

a weight and a volume of the balance member are setl so
that a rotational ferce, which is received by the swinging
member by a buoyancy and a gravity generated on the balance
member when the balance member is positiconed in the ink
liguid, is in a first direction that is opposite to a
second direction of a rotational force which is received by
the swinging member by a buoyancy and a gravity generated
on the balance member when a part of the balance member

protrudes from a ligquid surface of the ink.

2. The ink cartridge according to claim 1, wherein:

the swinging member includes a connecting member which
is supported swingably in the ink tank, a detection
ochjective section which 1s provided at one end of the
cennecting member, and the balance member which is provided
at the other end of the connecting member; and

weights and volumes of the balance member and the
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detection objective section are set so that the rotational
foree, which is received by the swinging member by
buoyancies and gravities generated on the balance member
and the detection ohljective section respectively when the
entire balance member and the entire detection objective
section are positioned in the ink liquid, is in the first
direction that is opposite to the second direction of the
rotational force which is received by the swinging member
by buoyancies and gravities ¢generated on the balance member
and the detection objective section respectively when parts
of the balance member and the detection objective section

protrude from the liguid surface of the ink.

3. The ink cartridge according to claim 2, wherein a
regulating member, which regulates rotation of the swinging
member in the first directicon, iz provided in the ink tank,
and the detection objective section is positiconed at a
detecting position when the swinging member is regulated by

the regulating member.

4. The ink cartridge according to claim 3, wherein
the balance member is positiconed at a pesition lower than
that of the detection obijective section when the detection
objective section is positicned at the detecting position.

5. The ink cartridge according to claim 3, wherein
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the detection objecltive section is positioned at a non-
detecting position when the swinging member is rotated in

the second direction.

6. The ink cartridge according to claim 2, wherein
the rotaticnal force in the first direction has a magnitude
which i1s substantially same as that of the rotational force

in the second direction.

7. The ink cartridge according to c¢laim 2, wherein
the connecting member is supported in the ink tank &0 that
a width of a projection plane ohtained by perpendicularly
projecting the connecting member onte the ink liguid
surface is narrowest in a state of use of the ink

cartridge.

8. The ink cartridge according to c¢laim 7, wherein
the connecting member is supported in the ink tank so that
a side wall surface of the connecting member, which is

opposed to the ink liquid surface, intersects chliquely

with respect to the ink liguid surface.

9. The ink cartridge accerding to c¢lajim 8, wherein
at least one projection, which protrudes toward the ink
ligquid surface and which extends in an extending direction

of the connecting member, ig formed on the side wall
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surface of the connecting member opposed to the ink ligquid

surface.

10. The ink cartridge accerding to claim 1, wherein
the balance member is a float which is formed of a resin
and which has a specific gravity smaller than that of the
light-transmissive ink.

11. The ink cartridge according to claim 10, wherein

the balance member is formed of polypropylene.

12. The ink cartridge according to claim 10, wherein

the kalance member has a closed space therein.

13. The ink cartridge according to claim 12, wherein:

the balance member is provided with a case and a cap
which are integrally formed: and

the cap is arranged at an opening of the case, and an
internal space of the case iz secaled to form the closed

space.

14. The ink cartridge according to claim 12, wherein
a volume ratio K of the closed space with respect to a
volume of the balance member 1s represcnted by the
following expression:

(2X = ¥)/2X - 0.1 <« K « (2% ~ Y)/2X + 0.1
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wherein X represents the specific gravity of the resin, and
Y represents the specific gravity of the light-transmissive

ink.

15. The ink cartridge according to claim 12, wherein
a volume ratio K of the closed space with respect to a
volume of the bkalance member is not less than 0.3 and not

more than 0.5.

16. The ink cartridge according to claim 3, wherein

the detection objective section has nontransparency.

17. The ink cartridge according to claim 2, wherein
the detection objective section is provided on the
connecting member so that a width of a projection plane
obtained by perpendicularly projecting the detecticon
objective section onto the ink liguid surface is narrowest

in a state of use of the ink cartridge.

18. The ink cartridge according to claim 2, wherein:

the ink cartridge further comprises a regulating
surtface which requlates displacement of the swinging
member;

the ink tank has a downwardly inclined inner surface
which extends in a direction inclined downwardly with

regspect to the ink surface:
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the swinging member 1s formed with an abutment section
which 1s selectively located at a position to make abutment
against the regulating surface and a position separated
from the regulating surface depending on a pesition of the
swinging member; and

a projection, which is always opposed to the
downwardly inclined inner surface during movement of the
abutment section between the separated position and the
abutment position, is formed at a portion of the swinging

member opposed to the downwardly inclined inner surface.

19. The ink cartridge according to claim 18, wherein:

the ink tank 1s formed with a recess which has two of
the downwardly inclined inner surfaces opposed to each
other and which is defined by the two opposed downwardly
inclined inner surfaces;

at least a part of the swinging member is interposed
between the two downwardly inclined inner surfaces opposed
in the recess; and

the projection protrudes toward each of the downwardly
inclined inner surfaces from a portion of the swinging
member opposed to one of the two downwardly anciined inner

surfaces.

20. The ink cartridge according to ciaim 2, whereln:

the ink tank has a regqgulating surface which is
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gubstantially perpendicular to a direction of displacemsnt
of the ink surface caused by use of the ink, and a
downwardly inclined inner surface which extends in a
direction inclined downwardly with respect to the
regulating surface from one end of the regulating surface;

the swinging member is formed with an abutment section
which is selectively leocated at a position to make abutment
against the regulating surface and a position separated
from the regulating surface depending on a position of the
swinging member;

a recess, which is defined by two of the dovnwardly
inclined inner surfaces opposed to each other, is formed on
an inner wall surface of the ink tank;

at least a part of the swinging member is interposed
hetween the two downwardly inclined inner surfaces opposed
in the recess;

a projection, which is always opposed to each of the
downwardly inclined inner surfaces during movement of the
abutment section between the separated position and the
abutment position, protrudes toward each of the downwardly
inclined inner surfaces from each of porticens of the
swinging menber opposed te the downwardly inclined inner
surfaces; and

a rib protrudes toward the swinging member from each
of portions of the two downwardly inclined inner surfaces

opposed to the swinging member.
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21. fThe ink cartridge according to claim 2, wherein:

the ink tank has a regulating surface which regulates
displacement of the swinging member, and a wall surface
which extends downwardly toward the ink liguid surface from
one end of the regulating surface;

the swinging member is formed with an abutment section
which is 5eiectively located at a position to make abutment
agalnst the regulating surface and a position separated
from the regulating surface depending on a position of the
swinging memhber; and

a rib, which ranges over the regulating surface and
the wall surface, protrudes from each of the regulating

surface and the wall surface.

22. The ink cartridge according to c¢laim 2, wherein:

the ink tank has a downwardly inclined inner surface
which extends in a direction inclined downwardly with
respect to a surface perpendicular to a direction of
displacement of the ink surface caused by use of the ink;
and

a rib protrudes toward the swinging member from a
portion of the downwardly inclined inner surface opposed to

the swinging member.

23. The ink cartridge according to claim 2, wherein:
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the ink tank has a regulating surface which is
substantially perpendicular to a direction of displacement
of the ink surface caused by use of the ink, and a wall
surface and a downwardly inclined inner surface which
egtend downwardly toward the regulating surface from
respective ends of the regulating surface;

the swinging member is formed with a columnar abutment
section which extends in a direction perpendicular to the
directjion of displacement and which ig located at a
position to make abutment against the regulating surface
and a position separated therefrom depending on a position
of the swinging member;

a first rib protrudes from the regulating surface and
the wall surface, the first rib ranging over both of the
wall surface and the regulating surface and being disposed
adjacently to the abutment section when the abutment
section 1s at the abutment position;

a4 recess, which is defined by a pair of the downwardly
inclined inner surfaces opposed to each other, is formed on
an inner wall of the ink tank; and

at. least a part of Lhe swinging memher is interposad
between the downwardly inclined inner surfaces opposed in
the recess, and a second rib protrudes toward the swinging
member from each of portions of the downwardly inclined

inner surfaces opposed to the swinging menmber.
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24. An ink-jet printer comprising an installation
section to which the ink cartridge as defined in claim 2 is
installed te perform recording on a medium with an ink
supplied from the ink cartridge installed to the
installation section, wherein:

a detector, which detects a detection objective
section of the ink cartridge installed to the installation
section, is provided at a position at which the detection
objective section positioned at a detecting position is

detectable.

25. The ink-jet printer according to claim 24,
further comprising a ‘judging unit which judges states of
the ink cartridge and the ink-jet printer according to a
result of detecticn obtained by the detector, wherein:

a judgment is made by the judging unit on a state in
which a sufficient amount of the ink is charged to the ink
cartridge installed to the installation section if the
detector detects the detection objective section, while a
judgment is made on any one of a state in which the ink
contained in the ink cartridge installed to the
installation section is decreased and a state in which the
ink cartridge is not installed to the installation section
1t the detector does not detect the detection objective

section.
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26. The ink-jet printer according to claim 24,

wherein the detector is a light-transmissive type sensor.

27. An ink cartridge comprising:

an ink tank in which an ink is stored;

a float which fleoats on the ink:

a support member which swingably supports the flcat so
that the float makes no contact with an inner surface of
the ink tank;

a detection objective section which is provided on the
support member or the floal; and

a regulating member which regulates the support member
80 that the fleat is positioned in the ink when an amount
of the ink contained in the ink tank 318 not less than a

predetermined amount.
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28,  An ink cartridge comprising:

an ink tank in which ink is stcred:

a swinging menber which is supported swingably in the
ink tank and which has a light-blocking detection objective
section and a fleat which makes no contact with an inner
surface of the ink tank and;

a regulating member which regulates swing of Lhe
swinging member so that the float is positioned in the ink
when an amount of the ink contained in the ink tank 1s not

legs than a predetermined amount,

29. fYhe ink cartridge according to claim 28, wherein
the light—blocking detection objective section is
positioned at a detecting position when the swinglng member

is regulated by the regulating membenr.

30. The ink cartridge according to claim 2%, wherein
the float is positioned at a position lower than that of
the light—blocking detection objective section when the

light—-blocking detection obijective section is positioned at

the detecting position.
31, The ink cartridge according to claim 29, wherein

positioned at a non-detecting position when ink tank is

erapty of the ink.

32, The ink cartridge according to claim 28, wherein:
the swinging member further includes a connegting

member;

the float iz provided at a first end of the connecting

memnber;
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the light—-hlocking detection objective section is
provided at a second end of the connecting member; and

the connecting membker is supported swingabkly in the
ink tank at a position between the first eind and the second

e,

33. The ink cartridge according to claim 32, wherein
the float is heavier than the light-blocking detection

objective section.

34. The ink cartridge according to claim 32, wherein
the conmnecting member is supported in the ink tank so that
a width of a projection plane obtained by
perpendicularly proejecting Lhe connecling member onto the
ink liguid sorface is narrowest in a state of use of the
ink

cartridge.

35,  The ink cartridge according to claim 34, wherein
Lhe connecting member is supported in the ink Lank so that
a side wall surface of the connecting member, which is
opposed to the ink liguid surface, intersects obllguely

with respect to the ink liguid surface.

36. The ink cartridge according to claim 3%, wherein
at least one projection, which protrudes toward the ink
Ligquid surface and which extends in an extending directien
of the connecting member, is formed on the side wall
surface of the connecting member opposed Lo the ink 1lqguid

surface.
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37, The ink cartridge according to c¢laim 25, wherein
the float is formed of a resin and has a speciiic gravity

amaller than that of the ink.

3%. The ink cartridge accerding to claim 37, wherein

the [loat is formed of polypropylence.

3%. The ink cartridge according to claim 27, wherein

the Fleoat has a closed space therein.

40, The ink cartridge according to «laim 39, wherein:

the floalb is provided with a case and a cap which are
integrally formed; and

the cap is arranged at an opening ol the case, and an
internal space of the case iz sealed to form the closed

space.

41, The ink cartridge according to claim 39, wherein
a volume ratio K of the closed space with respect to a
volume of the fleat is represented by the following
expression:
(2¥ — YY) /2K -~ 0.1 < K = (2w - ¥)/2x 4+ 0,1
wherein X represents the specific gravity of the resin,

and Y represents the specific gravilty of the ink.

42 . The ink cartridge according to claim 39,
wherein a volume ratio K of the closed space with respect
te a voelume of the float is nobt less than 0.3 and not more

than 0.5.

43, The ink cartridge according to claim 32, wherein:

the ink cartridge further comprises a regulating
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surface which regulates displacement of the swinging member;

the ink tank has an inner surface that extends
downward;

the swinging member is formed with an abutment sectlon
which is selectively located at a position to make abutment
against the regulating surface and a position separated
from the regulabting surface depending on a posiltion of the
swinging member; and

a projection, which is always opposed to the inner
surface during movement of the abutment section beltwsen the
separated position and the abutment position, is formed at
a porticn of the swinging member opposed Lo the inner

aurface,

44. The ink cartridge according to claim 432, wherein:

the ink tank is formed with a recess which is defined
by the two of the inner surfaces opposed to each other;

ab least a part of the swinging member is interposed
between the two downwardly substantially vertical surfaces
oppeosed in the recess; and

Lhe projection protrudes toward each of the inner
surfaces from a portion of the swinging member opposed Lo

one of the two inner surfaces.

45, The ink cartridge according to claim 44, wherein
a rib protrudes toward the swinging member from each of
pertions of the two inner surfaces opposed Lo the swinging

menber .
46¢. The ink cartridge according to claim 32, wherein:;
the ink tank has a regulating surface which regulates

displacemenl of the swinging member, and a wall surface
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which extends downwardly from one end of the regulating
surface;

the swinging member is formed with an abutment section
which iz selectively located at a position to make abutment
against the regulating surface and a pesition separated
From the regulatbting surface depending on a poesition of the
swinging member; and

a rib ranges over the regulating surface and the wall
surface and protrudes [rom cach of the regulating surface

and the wall surface.

47, An ink=-fjet printer comprising an
ingtallation segtion o whigh the ink cartridge as defined
in claim 29 is installed to perform recording on a medium
with an ink supplied from the ink cartridge installed Lo
the installatlion section,

wharein a detector, which detects a light-blocking
detection objective section of the ink cartridge installed

to the installation section, is provided at a position at

positioned at a detecting position is detectable.

4%. The ink—jet printer according to claim 47,
further comprising a Judging unit which judges states of
the ink cartridge and the ink—jet printer according to a
result of detection obtained by the detector,

wherein a Jjudgment is made by the Judging unil on a
state In which a sulficient amcunt of the ink is charged Lo
the ink cartridge installed to the installation zsection 1if
the detector detects the light-blocking detection obiective
section, while a judgment is made on any one of a state in

which the ink contained in the ink cartridge installed Lo
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The installation section i1z decreased and a state in which

the ink cartridge is not installed to Lthe installation

section LI the detector does not detect the light-blocking

detection objective section.
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