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INK CARTRIDGE AND INK-JET PRINTER 

BACKGROUND OF THE INVENTION 

Field of the Invention: 

[0001) The present 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: 

(0002) An ink-jet printer is known, in which an ink is 

discharged from nozzles to recording paper to perform the 

printing. Such an ink-jet printer is generally provided 

with a detachable ink cartridge. When an ink-jet head is 

driven to perform the discharge operation 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-jet head. The ink-jet head, into 

which the air has made invasion, cannot be used in some 

cases. Therefore, it is necessary to detect the amount of 

the ink stored in the ink cartridge. A method for 

detecting the amount of the ink is conceived, in which the 

amount of the ink is detected by estimating and 

accumulating 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 calculation, Therefore, it is necessary to 

stop the use of the ink cartridge with a sufficient margin. 

As a result, the ink is wasted. Accordi .. ngly, the following 

technique has been suggested (see, for example, Japariese 

Patent Application Laid-open No. 9-001819, F'ig. 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 outside to detect the amount of the ink 

contained in the ink cartridge. 

[0003] However, according to tho technique suggested by 

Japanese Patent Application Laid-open No. 9-001819, the 

float is sometimes stuck to the wall surface, and the float 

is not moved downwardly due to any disturbance such as tho 

surface tension of tho ink adhered to the inner waJ.l 

surface of the ink tank of tho ink cartridge. As described 

above, the technique suggested by Japanese Patent 

Application Laid-open No. 9-001819 tends to suffer from tho 

influence of the disturbance such as the surface tension of 

the ink. Therefore, a problem arises such that it is 

impossible to indicate any correct amount of the ink 

contained in the ink cartridge. 

SUMMARY OF THE INVENTION 

[0004] Accordingly, a principal object of the present 

invention is to provide an ink cartridge which makes it 
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possible to indicate the amount of the ink contained in the 

ink cartridge without being excessively effected by the 

disturbance such as the surface tension of the ink, and an 

ink-jet printer which includes 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 balance member (33, 

202) supported to be positioned in an ink liquid when an 

amount c)f the ink in the ink tank ( 11, 201) is not less 

than a predetermined amount; wherein a weight and a volume 

of the balance 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 member (33, 

202) is positioned in the ink liquid, is in a first 

direction that is opposite to a second direction of a 

rotational force (205) which is received by tho swinging 

member by a buoyancy and a gravity generated on the balance 

member (33, 202) when a part of tho balance merr~er (33, 

2021 protrudes from a liquid surface of the ink. 

(0006] Fig. 24 shows an example of the ink cartridge of 

the present invention. Fig. 24 conceptually shows the 

arrangement and the operation of the ink cartridge of the 

present invention. The ink cartridge of the present 
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invention includes a balance member 202 which is supported 

to make no contact with the wall surface of an ink tank 

201, for example, by the aid of any support member 203 in 

the ink tank 201 in which an ink 200 is stored. 

[0007] As shown in F'.i .. g. 24A, in the i.nk cart.d.dge of tho 

present invention, when the ink 200 remains in an amount 

not less than a predetermined amount in tho ink tank 201, 

the buoyancy, which acts on the balance member 202, is 

larger than the gravity. Thorefore, tho rotational force 

(arrow 204 shown in Fig. 24A, rotational force in the first 

direction) acts in the direction directed toward the liquid 

surface of tho ink 200. However, the balance member 202 is 

supported so that the balance momber 202 does not float on 

the liquid surface of the ink 200, i.e., the balance member 

202 stays in the ink tank 200. 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 

(specifically, when the ink is decreased until a part of 

the balance member 202 protrudes from the ink liquid 

surface), then the buoyancy, which acts on the balance 

member 202, is decreased. Therefore, the gravity, which 

acts on the balance member 202, is larger than tho 

buoyancy. Therefore, as shown in Fig. 248, 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. Tho balance member 202 is moved toward the bottom 

surface of the ink tank 201. 

[0008) The residual amount 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 above, the balance member 202 is supported to 

make no contact with the wall surface in the ink tank. 

Further, the displacement orbit of tho 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 Lank due to 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 include a connecting member 

(32A) which is supported swingably in the ink tank (11, 

201), a detection objective section (34A) which is provided 

at one end of the connecting member (32A), and the balance 

member (33A) which is provided at the other end of the 

connecting member (32A); and weights and volumes of the 

balance member (33A) and the deteetion objective section 

(34A) may be set so that the rotational force, which is 

received by tho swinging member (80) by buoyancies and 
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gravities generated on the balance member (33A) and the 

detection objective section (34A) respectively when the 

entire balance member (33A) and the entire detection 

objective section (34A) arc positioned in the ink liquid, 

is i.n the fi.rst direction 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 liquid surface of the ink. 

(0010] Accordi.ng to the ink cartridge of the present 

invention, the orbits of the balance member and the 

detection objective section arc fixed by the swinging 

member. Therefore, the state of the residual amount of the 

ink contained in the ink tank can be indicated without 

being 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 

decrea·sed. 

(0011) In the ink cartridge of the present invention, a 

regulating member (35A), which regulates rotation of the 

swinging member (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). Accordingly, 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 

objective section at the detecting position. 

[0012] In the ink cartridge of the present invention, 

the balance member (33A) may be positioned at a position 

lower than that of the detection objective section (34A) 

when the detection objective section (34A) is positioned at 

the detecting position. Accordingly, when the ink 

contained in the ink tank is decreased, the detection 

objective section protrudes from the ink liquid surface 

prior to t}1e balar1ce member. Therefore, the swinging 

member starts the rotation in the second direction after 

the ink adhered to the detection objective section flows 

down. Therefore, it is possible to reduce the influence of 

the surface tension of the ink on the detection objective 

section 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 less 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 is substantially the same as that of the 

rotational force in the second direction. Accordingly, the 

rotational forces to cause the rotation in the first 

direction and the second direction can be exerted on the 

swingi.ng member in a well-balanced manner. Therefore, it 

is possible to indicate the state of the residual amount of 

the ink in the ink tank without being excessively affected 

by not only the surface tension of the ink but also the 

disturbance caused, for example, by the increase in 

viscosity of the ink. 

[0015] In the ink cartridge of the present invention, 

the connecting member (32A) may be supported in the ink 

tank (11) so that a width of a projection plane obtained by 

perpendicularly projecting the connecting member (32A) onto 

the ink liquid surface is narrowest in a state of use of 

the ink cartridge (lA). Accordingly, it :Ls possibl<= to 

decrGasG the contact area between th<= connecting member and 

the ink liquid surface when the connecting member protrudes 

from the ink liquid surface. Therefore, it is possible to 

reduce the influence of the surface tension of th<= ink on 

th<= connGcting member. 

[0016) In the ink cartridge of the presGnt invention, 

the connecting member (32A) may be supported in the ink 

tank (11) so that a side wall surface of the connecting 
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member (32A), which is opposed to the ink liquid surface, 

intersects obliquely with respect to the ink liquid 

surface. Accordingly, it is possible to further decrease 

the contact area between the connecting member and the ink 

liquid surface when the connecting member protrudes from 

tt1e ink liqt1id s1Jrface. 1,herefore, i.t j_s possible to 

further reduee the influence of the surface tension of the 

ink on the c;onnecti.ng member. 

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

at least one projection (32aA), which protrudes toward the 

ink liquid surface and whieh extends in an extending 

direction of the connecting member (32A), may be formed on 

the side wall surface of the connecting member (32A) 

opposed to the ink liquid surface. Accordingly, it is 

possible to further decrease the contact area between the 

connectir1g member and the ink li.qui.d s11rface when the 

connecting member protrudes from the ink liquid surface. 

Therefore, i.t i.s possi.bJ.e to f11rther red11ce t}1e influence 

of the surface tension of the ink on the connecting member. 

[0018] In the ink cartridge of the present invention, 

the balance member (33A) 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 member with respect to the gravity generated on the 

balance member. Therefore, it is possible to obtain the 
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sufficiently large rotational force in tho first direction. 

[0019] In the ink cartridge of tho present invention, 

the balance member (33A) may be formed of polypropylene. 

Accordingly, the specific gravity ot polypropylene is 0.9, . ' . 

and the specific gravity is generally lighter than that of 

tho light-transmissive ink. Therefore, when polypropylene 

is used as the balance member, it is possible to increase 

tho buoyancy generated on tho balance member. 

[0020] In tho ink cartridge of tho present invention, 

the balance member (33A) may have a tightly closed space 

(36A) therein. Accordingly, even when any rosin having a 

specific gravity larger than that of tho ink is used, it is 

possible to decrease the specific gravity of the entire 

balance member. Further, it is possible to form tho 

balance member and the swinging member with an identical 

material. 

[0021] When the balance member has the tightly closed 

space therein, the balance member (33A) may be provided 

with a case (33aA) and a cap (33bA) whJ.ch are integrally 

formed, the cap (33bA) may be arranged at an opening of the 

case (33aA), and an internal space of the case (33aA) may 

be tightly sealed to form the tightly closed space (36A). 

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 (33A) may be 

represented by the following expression: 

(2X - Y)/2X - 0.1 < K < (2X - Y)/2X + 0.1 

wherein X represents the specific gravity of the resin, and 

Y represents the specific gravity of the light-transmissive 

ink. Accordingly, it is possible Lo 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 invention, a 

volume ratio K of the tightly closed space (36A) with 

respect to a volume of the balance member (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 to 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 tho 

volume ratio K of the tightly close space with respect to 

the volume of the balance member is set within the range as 

described above, it 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. 

[0024] In the ink cartridge of tho present invention, 

the detection objective section (34A) may have 

nontransparcncy. Accordingly, an optical sensor can be 

used as a detector for detecting tho displacement of the 
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detection objective section. 

[0025] In the ink cartridge of the present invention, 

the detection objective section (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 liquid surface is 

narrowest in a state of use of the ink cartridge (lA). 

Accordingly, it is possible to decrease the contact area 

between the detection objective section and the ink liquid 

surface when the detection objective section protrudes from 

the liquid surface of the ink. Therefore, the influence of 

the surface tension of the ink is further decreased, and 

hence it is possible to rotate Lhe swinging member more 

smoothly. 

[ 002 6] In the ink cartrl.dge 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 

inner surface (134b) which extends in a direction inclined 

downwardly with respect to the ink surface; tho 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 tho swinging member; and a 

projection (159), which is always opposed to the downwardly 
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inclined inner surface (134b) duri.ng movement of the 

abutment section (160a) between the separated position and 

the abutment position, may be formed at a portion of the 

swinging member opposed to the downwardly inclined inner 

surface (134b). 

[0027) According to the ink cartridge of the present 

invcntior1, the distance between 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 to avoid the adhesi.on between the 

swinging member and the downwardly inclined inner surface 

opposed thereto due to tho surface tension of the ink, and 

tho inhibition of tho smooth displacement action of tho 

swinging member. Therefore, tho swinging member is 

smoothly moved as the residual amount of the ink is 

changed, and hence it is possible to detect, with any small 

error, the fact that the ink residual amount in the ink 

tank arrives at a predetermined amount. 

[0028) In the ink cartridge of the present invention, 

tho ink tank (131) may be formed with a recess (134a) which 

has two of tho downwardly inclined inner surfaces (134b) 

opposed to each other and which is defined by the two 

opposed downwardly inclined inner surfaces (134a); at least 

a part of the swinging member may be interposed between the 

two downwardly inclined inner surfaces (134b) opposed in 
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the recess (134a); and the projection (159) may protrude 

toward each of the downwardly inclined inner surfaces 

(134b) 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 shortening the distance between the swinging 

member and the downwardly inclined inner surface of the 

reces.5 formed in the ink tank. Ther<-Jfor<-J 1 it is crnsy to 

detect the displacement of the swinging member from the 

outside of the recess. 

[ 002 9] In the ink cartridge of the present inver1tion 1 

the swinging member may be fanned with a thin plate-shaped 

section (160) which is interposed between the two 

downwardly inclined inner surfaces (134b) opposed in the 

recess (134a) when the abutment section (160a) is located 

at the abutment position, and the projection (159) may 

protrude from the thin plate-shaped section (160). 

Accordingly, it is possible to further narrow the width of 

tho recess formed for the ink tank. 

[0030] In the ink cartridge of the present invention, a 

rib (158) may protrude toward the swinging member from each 

of portions of the two downwardly inclined inner surfaces 

(134b) opposed to the swinging member. Accordingly, the 

ink, which remains between the downwardly inclined inner 

surface and the swinging member, falls downwardly along the 

rib. Therefore, it is possible to further avoid the 
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adhesion between the downwardly inclined inner surface and 

the swinging member caused by the surface tension of the 

ink. 

[0031] In the ink cartridge of the present invention, 

the rib (158) may be provided continuously along a 

displacement orbit of the swinging member. Accordingly, 

the ink, which remains between the downwardly inclined 

inner surface and the swinging member, successfully falls 

downwardly more efficiently. 

[0032] In the ink cartridge of the present invention, 

the tip portion of the recess (159) may be constructed by a 

curved surface which protrudes toward the downwardly 

inclined inner surface (134b). In this arrangement, the 

projection of the swinging member and the downwardly 

inclined inner surface make point-to-point contact with 

each 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 

is possible to smoothly 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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section (160a) makes abutment against at least the 

nogu1ating suJ:face (156). Accordingly, the abutment 

section 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 i.s decreased. Therefore, the abutment section and 

the regulating surface are hardly adhered to each other by 

the surface tension of the ink. When the wall, which 

intersects the regulating surface, is provided in the 

upstanding manner on the regulating surface, the ink, which 

is stored or pooled on the regulating surface, is sucked 

and removed by the capillary force of the curved portion 

formed at the boundary between the regulating surface and 

the wall surface. Therefore, it is possible to further 

avoid the adhesion by the surface tension of the ink 

between the abutment section and the regulating surface. 

[0034] In the ink cartridge of the present invention, 

the regulating surface (156) may be an inclined surface 

which intersects the ink surface. Therefore, the ink, 

which is pooled on the regulating surface, flows downwardly 

along the inclination of the regulating surface. Thus, the 

ink is more hardly pooled on 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 the 

direction of displacement of the ink surface as the ink is 
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used, depending on the increase/decrease ir1 the amol1nt of 

the ink stored in the ink tank (131). Accordingly, when 

the swinging member is rotated, the orbit of the swinging 

member is stabilized. Therefore, the downwardly inclined 

inner surface and the swinging member are hardly adhered to 

one another by tho surface tension of the ink. 

[0036] In the ink cartridge of the present invention, 

the projection (159) and the downwardly inclined inner 

surface (134b) opposed thereto may be formed in the 

vici.nity 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 tensj.on of the ir1k, car1 be reli.abJ.y avoided. 

[0037] In the ink cartridge of the present invention, 

tho projection (1598) and the downwardly inclined inner 

surface (134b) opposed thereto may be fanned in tho 

vicinity of the axis of tho swinging member. When the 

projection is formed in the vicinity of the rotation axis 

of the swinging member, it is possi.ble to narrow the range 

of displacement of the projection when the swinging member 

is rotated. It is possible to decrease the downwardly 

inclined inner surface opposed to the projection of the 

swinging member. 

[0038] Additionally, 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 
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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 en a posi.tion of tho swinging member; a 

recess (134a), which is defined by two of the downwardly 

incl.ined inner surfaces (134b) opposed to each other, may 

be formed on an inner wall surface 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 tho recess; a projection (159), which is always 

opposed to each of the downwardly inclined inner surfaces 

(134b) during movement of the abutment section (160a) 

between tho separated position and the abutment position, 

may protrude toward each of the downwardly inclined inner 

surfaces (134b) from each of portions of the swinging 

member opposed to the downwardly inclined inner surfaces 

(134b); and a rib (158) may protrude toward the swinging 

member from each of portions of the two downwardly inclined 

inner surfaces (134b) 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 regulates displacement of the swinging member, and a 

wall surface (169) which extends downwardly toward the ink 

liquid 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 depending on 

a position of the swinging member; and a rib (157), which 

ranges over the regulating surface (156) and the wall 

surface (169), may protrude from each of the regulating 

surface (156) and the wall surface (169). 

[0040) When the arrangement as described above is 

adopted, the ink, which remains on the regulating surface 

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 

to 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 smoothly rotated. It is possible to 

detect, with any small error, the fact that the ink 

residual amount in the ink cartridge arrives at a 

predetermined amount. 

[0041) In the ink cartridge of the present invention, 

the rib (157), which is disposed on a side opposed to the 

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 (169) or the perpendicular direction on condition 

that the position of abutment between the abutment section 

(160a) and the regulating surface (156) i.s on an inner 

side. Accordingly, the sucti.on force (hereinafter referred 

to as "capillary force" as well) 1 which is caused by thcl 

capillary action at tho boundary between the regulating 

SlJrface and the rib, is decreased. Tt1erefore, the ink is 

hardly stored or pooled at the boundary. 

[0042] In the ink cartridge of the present invention, 

the rib (157) may be provided continuousl.y 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 i.nk cartridge of tt1e present i.r1venti.on, 

the rib (157) may be provided continuously 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 to 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 which is smaller than a curvature of a 
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curve which ranges over the rib (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 boundary between 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 tho 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 

whicl1 iritersects the ink surface. Accordingly, the ink, 

which remains on the regulating surface, tends to fall 

downwardly more 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 to 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 Lo 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 

surface opposed to the swinging member are hardly adhered 

to one another by the surface tension of the ink. 

Accordingly, the swingl.ng member is rotated smoothly when 

the swinging member is rotated in accordance with the 

change of the residual amount 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 

is possible to efficiently discharge the ink stored or 

pooled between the swinging member and the downwardly 

inclined inner surface opposed thereto. 

[0049] In the ink cartri.dge of the present invention, a 

recess (134a) 1 in which the two downwardly inclined inner 

surfaces (134b) are opposed to 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 l.nner surfaces (134b) opposed in the 

recess (134a), and the rib (158) may protrude toward the 

swinging member from the two downwardly inclined inner 

surfaces (134b) respectively. Accordingly, it is possible 

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 ef the swinging member from the outside of the 

recess. 

[0050] In the ink cartridge of the present invention, a 

curve, which ranges over the rib (158) 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 (13db), may have a 

curvature which is smaller than a curvature of a curve 

which ranges over the rib (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 (134b). Accordingly, the capillary 

force, whict1 is obtaj.ned at the boundary between the lower 

end of the rib and the downwardly inclined inner surface 

opposed to the swinging member, is 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 between the rib and the 

downwardly inclined inner surface opposed to tho swinging 

member, tends 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 is opposed to the two downwardly inclined inner 

surfaces (134b) to 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 

easier to detect the displacement of the swinging member 

from the outside of the recess. 

(0052] 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 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 tho ink tank (131). Accordingly, when the 

swinging member is rotated, the orbit of the swinging 

member is stabilized. Therefore, the swinging member 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 

dl.splaccment of the ink surface caused by use of the ink, 

and a wall surface (169) and a downwardly inclined inner 

surface (134b) which downwardly extend toward the 

regulating surface (156) from respective ends of the 

regulating surface (156); the swinging member may be formed 

with a columnar abutment section (160a) which extends in a 

direction perpendicular to the direction of displacement 

and which is located at a position to make abutment against 
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the regulating sur·face (156) and a posi.ti.on separated 

therefrom depending on a position of the swinging member; a 

first rib (157) may protrude from the regulating surface 

(lei6) <lnd the wall surface (169), the first rib (157) 

ranging over both of the wall surface (169) and the 

regulating surface (156) and being disposed adjacently to 

the abutment section (160a) when the abutment section 

(160a) is at the abutment position; a recess (134a), which 

is defined by a 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 between tho 

downwardly inclined inner surfaces (134b) opposed in the 

recess (134a), and a second rib (158) may protrude toward 

the swinging member from each of portions of the downwardly 

inclined inner surfaces (134b) opposed to the swinging 

inorn})O r. 

[0054] According to a second aspect of the present 

invention, there i.g provided an ink-jGt printor compri.s.i.ng 

an installation section (70) to which the ink cartridge 

according to the first aspect is installed to perform 

recording on a medium with an ink supplied from the ink 

cartridge (1) installed to tho installation soetion (70); 

wherein a dotector (21), which detects a detection 

objective section (34) of the ink cartridge (1) installed 

to the installation section (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 rotation of the balance member and 

the detection objective section are fixed when the swinging 

member is rotated. Therefore, it is possible to correctly 

detect the amount of the ink with the detector without 

being excessively affected by the disturbance caused, for 

example, by the surface tension of the ink. 

[0056] In the ink-jet printer of the present invention, 

ink-jct printer may further comprise a judging unit (62) 

which judges states of the ink cartridge (1) and the ink­

jet printer (60) according to a result of detection 

obtained by the detector (21); wherein a judgment is made 

by the judging unit (62) on a state in which a sufficient 

amount of the ink is charged to the ink cartridge (1) 

installed Lo the installation section (70) if tho detector 

(21) detects the detection objective section (34), while a 

judgment 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) if the detector (21) does not detect the 

dc-itection objective section (34). Accordingly, .tt .i.s 

possible to judge, with one detect.or, the state of the 

residual amount of the ink in the ink cartridge and the 
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presence or the absence of the 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-

transmissive type sensor. 1\herefore, it is possj.,bJ.e to 

realize the low cost of the ink-jet printer. 

(0058] According Lo a third aspect of the present 

invention, there is provided an ink cartridge comprising an 

ink Lrnk (11, 201) in wh.i .. ch an :i.nk i.s stored; a float (33, 

202) which floats on the ink; a support member (32, 203) 

which swingably supports the float so that the float makes 

no contac·t with an inr1er surface of the j_r1k tank; a 

detection objective section (34A) which is provided on the 

support member (32, 203) or the float; and a regulating 

member (35A) which regulates the support member so that the 

float is positioned in the 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 i.n the ink tank, the 

float is retained in the ink by the aid of the regulating 

member. Wher1 the ink is less than the predetermined 

amount, then the float floats on the ink surface, and the 

float also makes swinging movement as the ink surface is 

lowered. Therefore, it is possible to detect 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 float. In 

the case of this ink cartridge, the support member 

swingably supports the float without any contact of the 

float with the inner surface of the ink tank. Therefore, 

the float is not restricted by tho inner surface of the 

tank by the surface tension of the ink. When the ink is 

not less than the predetermined amount, the float is 

retained i.n the i_nk. Therefore, the flcJat is not affected 

by the surface tension of the ink. In order to allow the 

swinging movement of tho float to follow the residual 

amount of the ink more correctly, it is appropriate that 

the buoyancy and tho gravity of tho float are adjusted or 

controlled as in the first aspect of the present invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0059] 
Fig. l shows a schematic illustration illustrating an 

ink-jet printer including an ink cartridge according to a 

first embodiment. 

Fig. 2 shows a sectional view taken along a line II-II 

shown in Fig. 1 illustrating the ink cartridge depicted in 

F'ig. l. 

Fig. 3 sh.ows a sect ior1al v·i.GW taken along a line III-

Ill shown i.n Fi.g. 2 illustrating a flo<>t depicted .i.n F'ig. 

2. 

Fig. 4 shows a sectional view illustrating a situation 

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

Fig. 5 shows the principle of rotation of a swinging 

member depicted in Fig. l. 

Fig. 6 shows the relationship between the ratio of air 

in the float depicted in Fig. 1 and tho 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 lino VIII­

VIII shown in f'ig. 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 :i.n Fig. 9. 

Fig. 11. shows a schematic arrangement of an ink-jet 

printer according to a third embodiment. 

Fig. 12 shows an ink cartridge depleted in Fig. 11, 

wherair1 Fig. 12A shows a plan view~ Fig. 128 shows a left 

side view, and Fig. 12C shows a bottom 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. 

Pi.g. 15 shows a perspective vi.ew with cross section 

taken along a line V-V shown in Fig. 12A. 
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Fig. 16 shows a top view with cross section taken 

along the line V-V shown in Fig. 12A. 

Fig. 17 shows a front view wi.th cross section 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 VJIIB-VIIIB shown in Fig. 16, and 

Fig. 18C shows a sectional view taken along a line VIIIC­

VIIIC shown in Fig. 17. 

Fig. 19 shows sectional views illustrating an ink 

supply valve depicted in Fig. 14, wherein Fig. 19A shows 

the valve-elosed state, and Fig. 19B shows the valve-open 

Fig. 20 shows a perspective view illustrating a valve 

plug depicted in Fig. lS. 

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 to a fourth 

ernbod.iment. 

Fig. 23 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. 248 shows a situation in which the ink is deereased. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

First Embodiment . ,,,,., ,,. ,, ........ "'··' ,, 

[0060] A first embodiment according to the present 

invention will be explained with reference to the drawings. 

(0061] Fig. l shows a parti.al. schemati.c view 

illustrating an ink-jet printer including an ink cartridge 

according to the first embodiment. The ink cartridge l 

shown in Fig. l illustrates a cross-sectional structure of 

the i.nk cartridge 1 as being cut along a line I~I shown in 

Fig. 2. An arrow 71 shown in Fig. 1 indicates Lhe flow of 

the ink, and an arrow 72 indicates the flow of the 

atmospheric air. Fig. 2 shows a sectional view 

illustrating the ink cartridge 1 taken along a line II-II 

shown in Fig. 1. Fig. 3 shows a sectional view 

illustrating a float 33 taken along a line III-III shown in 

F'ig. 2. 

(0062] As shown in Fig. 1, the ink-jet printer 60 

includes an ink-jet head 5 which discharges the light-

transmissive ink toward the recording paper P, an ink 

cartridge 1 which stores the ink (I in the drawing) to be 

discharged to the ink-jct head 5, a carriage 6 which 
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linearly reciprocates and moves the ink-jet head 5 in a 

certain di.recti.on (direction perpendicular to 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 the ink-jet 

head 5 in parallel to tho ink discharge surface of the ink­

jet head 5, a purge unit 9 which sucks the air contained in 

the ink-jet head 5 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. 

[0063] The ink-jct head 5 has the ink discharge surface 

on which a larqce number of nozzles (net shown) for 

discharging the ink are formed. The ink-jct head 5 is 

controlled by the control unit 22 so that the ink supplied 

from an ink supply tube 4 is discharqed frem the respective 

nozzlces. As shown in Fig. 1, the ink supply tubce 4 has one 

end which is connected to the ink-jet head 5 and the other 

end which is connected to 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 bo connected to the ink cartridge 1. A 

plurality of ink inflow ports 42 are formed at portions of 

a sealed tip so that tho 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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outside through the ink inflow ports 42. 

(0064] The ink cartridge 1 is a substantially 

rectangular parallolopipod-shapcd 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 outflow passage 12 which is 

provided penetratingly through a packing 17 as described 

later on for allowing the ink stored in tho ink tank 11 to 

outflow to the outside of the ink cartridge 1, an 

atmospheric air inflow passage 13 which allows the 

atmospheric air to flow into the ink tank 11, a joint 14 

which connects tho ink tank 11 and tho ink supply pipe 41 

and which retains the ink supply pipe 41 in tho 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 tho ink-jct printer 60. 

(0065] As shown in F'i.g. l, the ink tank 11 .i.s 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 stored in the ink tank 11 to 

outflow to the ink outflow 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 outflows from the ink 

outflow port 15. As shown in Fig. 1, tho ink cai:tridge 1 

of the fii:st cmbod.i.mcnt has the ink outflow port 15 which 

is provided at tho bottom surface of the ink tank 11. The 
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atmospheric air inflow port 16 is provided at the upper 

surface of the ink tank 11. The ink tank 11 is 

communicated with the ink outflow passage 12 through the 

ink outflow port 15. Furthe1;, the ink tank ll :i.s 

communicated with the atmospheric air inflow passa9e 13 

through the atmospheric air inflow port 16. 

[0066] As shown in Fi9. 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 vi.cinity 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 52, 

which is concave as viewed from the inside of the ink tank 

ll and which extends in the hei9ht direction of the ink 

tank 11, is formed in the vicinity of the center of bottom 

walls 51a of the projections 51. 1:1he recess 52 has an 

i.nner .space '.i2a wh.i .. ch :Ls communi_cated wi.th the inside of 

the ink tank 11 and in which the ink may exist. 

[0067] As shown in Fi9. 1, the ink outflow passage 12 is 

formed at a lower portion the ink tank 11. The ink outflow 

passage 12 is conununicated with the ink tank 11 th:cough the 

ink outflow port 1.5. As shown in Fi9. l, 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 wi_th the ink tank 11 through the atmosphEiric 

air inflow port 16, and it is communicated with the outside 
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of the ink tank 11 via an inflow port disposed on a side 

opposite to the atmospheric air inflow port 16. In a state 

in which the ink cartridge 1 is not used, tho inflow port 

disposed on the side opposite to the atmospheric air inflow 

port 16 of tho atmospheric air inflow passage 13 is sealed 

so that the atmospheric air does not flow into the ink tank 

11 through the atmospheric air inflow passage 13. 

(0068] The joint 14 connects the ink tank 11 and the ink 

supply pipe 41. The joint 14 includes a packing 17 which 

is arranged in the space eomparted by the inner wall of tho 

ink cartridge 1, and an insertion hole 18 which is formed 

under the packing 17. The packing 17 is formed of an 

outflow passage 12 is formed in the packing 1.7. When the 

ink supply pipe 41 is not inserted into the packing 17, the 

ink outflow passage 12 is sealed by the elastic force of 

the packing 17. Tho insertion hole 18 is a circular hole 

which is formed through the bottom surface of the ink 

cartridge 1. The insertion hole 18 servos as an insertion 

port for the ink supply pipe 41 when the ink tank 11 is 

connected to the ink supply pipe 41. 

(0069] Tho procedure for connecting tho ink tank 11 and 

the ink supply pipe 41 is as follows. At first, the ink 

supply pipe 41 is inserted into the insertion hole 18 of 

the joint 14. Subsequently, the ink supply pipe 41 is 

further pressed against the packing 17 at the point of Limo 
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at which the tip of the ink supply pipe 41 inserted into 

the i.nsertion t1ole 1.8 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. Subsequently, the 

ink supply pipe 41 is further pressed against the packing 

17, and the ink supply pipe 41 is penetrated through 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 between the ink tank ll 

and the ink supply pipe 41. Accordingly, the ink, which is 

stored in the ink tank 11, flows through the ink inflow 

port 42 into the intra-tubular ink flow passage 43 of the 

ink supply pipc-J 41 (arrow 71 shown in Fig. 1). 

[0070] The shutter mechani.sm 30 is driven on the basis 

of the amount of the ink stored in the ink tank 11. The 

shutter mechanism 30 is arranged at the bottom of the ink 

tank 11. As shown in Fig. 1, the shutter mechanism 30 

includes a support stand 31, a lover (connecting member) 

32, a float (balance member) 33 which is arranged at one 

end of the lever 32, a shutter (detection objective 

section) 34 which is arranged at the other end of the lever 

32, and a regulating member 35. In the first embodiment, 

the swinging member 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 support stand 31 

is constructed by a pair of plate members having 

trapezoidal side surfaces. The support stand 31 is fixed 

in the vicinity of tho 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 supported so that the lever 32 is interposed 

between the pair of plate members for constructing the 

support stand 31 at the central portion in the extending 

direction. As shown in Fig. 1, the lever 32 is supported 

and arranged so that the extending direction of the lever 

32 is perpendicular to the bottom wall 5la of the 

projection 51 of tho ink tank 11 when the ink is 

sufficiently stored in the ink tank 1.1. Further, the lever 

32 is supported on the support stand 31 swingably about tho 

pivot point at which the lever 32 is supported on the 

support stand 31. The lever 32 is supported on the support 

stand 31 so that the wi.dth of the projectic)r1 plane of the 

lever 32 with respect to the liquid surface of the ink is 

n(1.rrowest. 

(0072] As shown in Fig. 1, the float 33 is formed at the 

end of the lever 32 on the side opposite to the side of the 

side wall formed with the recess 52 of tho ink tank 11. 

The float 33 is a member composed of a polyacetal rosin 

having a cylindrical shape. The float 33 has an enormous 

volume as compared with the shutter 34. As shown in Fig. 
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3, a tightly closed space 36, which is filled with the air, 

is formed in the float 33. Accordingly, the specific 

gravity of the entire float 33 is smaller than the specific 

gravity of the ink. Therefere, 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 

buoyancy, which is generated on the float 33, is increased. 

However, when the amount of the ink contained in the ink 

tank 11 is small, and at least a part of the float 33 

protrudes from the ink liquid surface, then the buoyancy, 

whict1 is ger1erated on the fJ.oat 33, is decreased (sec Fj.g, 

5) • 

[0073] As 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 

52a of the recess 52 formed on the side wall of the ink 

tank 11 as the lever 32 makes the 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 

float 33 is positioned in the ink, then the float 33 is 

moved upwardly toward the ink liquid surface, and the lever 

32 is 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 (position opposed 

to the sensor 21) in the vicinity of the bottom of the 

recess 52 of the ink tank 11. In this situation, 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 not positioned 

at any position lower than the detecting position. On the 

other hand, when the amount of the ink contained in the ink 

tank 11 is decreased, and a part of the float 33 protrudes 

from the liquid surface of the ink, then the float 33 is 

moved downwardly toward the bottom surface of the ink tank 

11 as shown in Fig. 4, and the lever 32 is rotated in tho 

counterclockwise direction (in the second direction) in 

Fig. 1, because the gravity, which acts on the float 33, is 

larger than the buoyancy. Accordingly, as shown in Fig. 4, 

the shutter 34 is arranged at the non-detecting position 

(position not opposEJd to Urn ';"nsor 21) in the viei.n.i.ty of 

thEl 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 bottom of the ink tank 11. The regulating member 35 

regulates the rotation of the lever 32 in the certain 

direction (first direction) so that the shutter 34 is not 

positioned at any position 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 float 33 is positioned in 

the ink liquid. Specifically, as shown in Fig. 1, the 

rotation of the lever 32 in tho first direction (clockwise 

diroetion in Fig. 1) is regulated, and the shutter 34 is 

arranged at the deteeting position by allowing the upper 

end of the regulating member 35 to abut against the bottom 

surface of the lever 32 when the entire float 33 ia 

positioned in tho 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 lOa which 

sucks the ink. Tho purge unit 9 is arranged at tho 

position opposed to the ink-jot head 5 with the recording 

paper P intervening thorobetween. The purge unit 9 is 

movable in the direction to make approach or separation 

with respect to the ink discharge surface of the ink-jet 

head 5. The driving of the suction pump lOa is controlled 

by the control unit 22. 

[0076] Tt1e sensor 21 i.s a transmissi.ve type optical 

sensor having a light-emitting section and a light­

receiving section which are opposed to one another. As 

shown in Fig. 2, the sensor 21 is arranged so that the 

recess 52, which is formed on the side wall of the ink tank 

11, is interposed between the light-emitting section and 

the J.ight-receiving section from the outside of the ink 

tank 11. In tho first embodiment, the residual amount of 
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the ink in the ink tank 11 and the presence or absence of 

the instal.lation of the ink cartridge 1 are judged by 

detecting whether or not the light transmission between the 

light-emitti.ng 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 tho 

ink cartridge 1 is light-transmissive, while the shutter 34 

of the s}1utter mechani.sm 34 is nontransparent. Therefore, 

when the shutter 34 is arranged at the detecting position 

(position opposed to the sensor 21) in the vicinity of the 

bottom in the recess 52 of the ink tank Jl (state as shown 

in Fig. 1), the l.ight, whl.ch is emitted from the light­

omitting section of the sensor 21, is blocked by the 

shutter 34. However, when the shutter 34 is at the non­

detccting position (state as shown in Fig. 4), the light, 

whJ.ch is emitted from the l.ight-cmitting section of the 

sensor 21, i,s received by the light-receivi.ng section. 

That is, the sensor 21 is operated such that the output 

from the sensor 21 is turned ON/OFF depending on whether or 

not the light emitted from the light-emitting section is 

received by the light-receiving section. 

[0077] The control unit 22 includes CPU (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 tt1e execution of the program, Tt1ese 

components are integrated into one unit, and CPU, ROM, and 

RAM functions as respective functional sections. 

Accordir1gly, the ink-jet printer J. j_s controlled. The 

control. unit 22 further includes functional sections of a 

driving unit 61 and a judging unit 62. The driving unit 61 

is provided to control the driving of the respective units 

including, for example, the ink-jet head 5, the carriage 6, 

and tho motor for driving the transport mechanism 8 as well 

as the suction pump lOa of tho purge unit 9. 

[0078] The judging unit 62 judges the presence or 

absence of the ink cartridge 1 and tho state of the amount 

of the ink contained in the ink tank 11 depending on tho 

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 

of tho shutter 34 to output ON, then it 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 tho 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 1 

is not installed to tho 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. l shows a sectional view of the ink cartridge 1 

illustrating a situation in which the ink amount is large 

in the ink tank 11. 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 liquid stored in the 

ink tank 11. In this situation, the entire lever 32 

undergoes the rotational force in the first direction 

(clockwise direction in figs. 1 and 5) by the combined 

force of the gravity and Lho buoyancy generated on the 

float 33 and the gravity and the buoyancy generated on the 

shutter 34. However, as shown in Fig. l, the bottom 

surface portion of the lever 32 abuts against the upper end 

of tho regulating member 35 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, 

tho shutter 34 is regulated so that the shutter 34 does not 

make rotation to any position lower than tho detecting 

position of the sensor 21. Accordingly, when the amount of 

the ink in the ink tank 11 is largo, tho 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 outputs ON. 

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

ink amount in the ink tank 11 is decreased as the ink is 

43 



28 March 2007 

consumed, the float 33 and the shutter 34 gradually appear 

on the ink liquid surface. Accordingly, tho buoyancies, 

which are generated on the float 33 and the shutter 34, are 

gradually docroasod, and tho influence of tho gravities 

generated on the float 33 and the shutter 34 is increased. 

In this situation, aa for the gravity acting on the entire 

lover 32, the influence of tho gravity acting on the float 

33 ia increased, because the float 33 is heavy as compared 

with tho shutter 34. When the ink amount ia decreased to a 

predetermined amount, a state is given, in which the 

buoyancy in tho clockwise direction generated on tho float 

33 is bal.anced with the gravity in the counterclockwise 

direction. When the ink is further consumed, tho buoyancy, 

which acts on the float 33, is further decreased. The 

combined force, which acts on tho entire lover 32 as 

described above, is the rotational. force directed i.n the 

second direction (counterclockwise direction in Figs. 4 and 

5), and the lever 32 is rotated in the second direction. 

Accordingly, the lever 32 is separated from tho end of the 

regulating member 35 to move in the direction toward the 

ink liquid surface, and the shutter 34 is moved to the non­

dctceting position as shown in Fig. 4. When the residual 

amount of tho ink in the ink tank 11 approaches zero, then 

the buoyancies, which arc generated by the float 33 and the 

shutter 34, aro zero, and the rotational force in the 

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

output.s OFF. 

(0081] Next, an explanation will be made with reference 

to Figs. 5 and 6 about details of the principle of rotation 

of the l.ever 32. Fig. 5 schematically shows the shutter 

mechanism 30. Fig. 6 shows tho relationship between tho 

volume ratio of Lho aJ_r 1n the float 33 wi.th respect to the 

volume of the float 33 and tho buoyancy anci the gravity 

acting on the float 33. Actually, as shown in Fig. 5, the 

direction of rotation of the lever 3? is dcterminod by tho 

combined force of the buoyancies and the gravities acting 

on the right side portion (on the side of Lhc shutter 34) 

and the left side portion (on the side of the float 33) 

with the boundary of the point of support by the support 

stand 31. flowever, in order to simpJ.i.fy the expJ.anati.or1, 

the description will now be made assuming that all of the 

forces, whict1 are exerted or1 t~1e st111tter mechanism 30, act 

on the float 33. That is, 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. Instoad, it is considered that 

the buoyancies and the gravities, which arc received by the 

entire shutter 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 directi.on and the second directior1, are 

detenninod by the buoyancy and the gravity acting on the 

float 33. 

[0082] When the buoyancy, which acts on the float 33, 1s 

extremely larger than the gravity, the rotational force in 

the first direction is greatly exerted on the float 33. 

Therefore, when the ink liquid surface is J.owered as the 

ink is consumed, the float 33 tends to undergo the 

influence such as the surface tension of tho ink. In such 

a case, it 1s feared that the float 33 does not follow the 

lowering of the ink liquid surface, and the shutter 34 docs 

not move to the non-detecting position from the detecting 

position. On the other hand, when the gravity of the float 

33 is extremely larger than the buoyancy, the rotational 

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 33 arrives at the 

bottom of the ink tank 11 in a state in which a certain 

amount of the ink remains 1n the ink tank 11, and the 

shutter 34 moves to the non-detecting position. 

[0083] Therefore, in order to improve the detection 

accuracy for the residual amount of the ink in the ink tank 

11, it is necessary that any one of the rotational forces 

in the first and second directions acting on the float 33 

is not extremely decreased. It is most desirable that tho 
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ratio between the effective volume A of the entire float 33 

and the effective volume B of tho air charged into tho 

Lightly closed space 36 of the float 33 is set so that the 

rotational forces i.n the fi.rst and second di.recti.ons are 

approxi.mately identical to one another. The rotational 

force Fl in the first direction and tho rotational force F2 

in tho second direction acting on the float 33 are 

expressed as follows; 

Fl ~ AY - (A - B)X 

F2 ~ (A ·· B) X 

A: total volume of float 33; 

... ( l) 

..• ( 2) 

B: volume of air charge into tightly closed space 36 

of float 33; 

x : specif:Lc gravity of float 33; 

y : t.l£)(2:Ci f ic~ qravity of ink 

Especially, AY corresponds to the combined buoyancy acting 

on the float 33, and (A - B)X (= F2) corresponds to the 

combined qravity acting on the float 33. That is, the 

rotational force Fl in the first direction is expressed as 

the difference between the combined buoyancy and the 

combined gravity acting on the float 33. The relationship 

between the rotational forces Fl and F2 is shown in Fig. 6. 

The horizontal axis of Fig. 6 represents the volume ratio 

B/A, the 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 

4 '/ 



28 March 2007 

solid line in Fig. 6 represents the ehange 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 

ratio B/A of the cl.osed space 36 with respect to the total 

volume of the float 33 is larger, the rotational force Fl 

in the first direction becomes larger. On the other hand, 

as the volume ratio B/A is smaller, the rotational force F2 

in the second directi.on becomes larger. Assumj_ng tt1at the 

magnitude of the rotational force in the first direction is 

the same as that in the second direction, i.e., assuming 

that Fl = F2 is given, the following expression is obtained 

according to the expression (1) and the expression (2): 

AY - (A - B)X - (A - B)X ••• ( 3) 

Therefore, when Fl - F2 is given, the volume ratio B/A = K 

of the tightly closed space 36 with respect to the total 

volume of the float 33 is expressed as follows: 

K - (2X - Y)/2X .•. ( 4) 

The polyacetal resin as the material for the float 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 - Y)/2X - 0.1 < K < (2X - Y)/2X + 0.1 ... ( 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 float 33, it is desirable that the volume 

ratio K is within a range of not less than O.S and not more 

than 0.7. 

(0084] In the description of the principle of rotation 

of the lever 32 described above, the preferred ratio of 

volume K (= B/A) of the float 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 buoyancies and the 

gravities acting on the shutter 34 and the lever 32 have 

significant magnitudes with respect to the buoyancy and the 

gravity acting or1 the float 33, it is 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 first embodiment explained 

above, when the lever 32 is rotated in accordance with the 

amount of the ink in the ink tank 11, tho displacement 

orbits of the float 33 and the shutter 34 are flxed by the 

lever 32. Therefore, it is possible to indicate the amount 

of the ink in the ink tank 11 without being 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 acts 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 34 at the 

detecting position by the aid of the regulating member 35. 

(0087) According to the first embodiment, when the 

amount of the ink is decreased, and the lever 32 is rotated 

in the second direction, then the shutter 34 is moved to 

the non-detecting position, and the absence of the shutter 

34 at the detecting position is detected by the sensor 21. 

Therefore, 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 as the identical situations. That 

is, it is possible to detect the situation in which the 

amount of the ink in tho 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 tho sensor 21. Therefore, 

in tho case of the ink-jot printer according to the first 

embodiment, it is not only possible to judge tho residual 

amount of the ink in the ink tank 11 but it is also 

possible to distinguish whether or not another ink 

cartridge 1 having a largo residual amount of the ink is 

required to be newly installed, by using one sensor 21. 

Therefore, the cost is decreased. 

[0088) According to the first embodiment, the float 33 

is provided with the tightly closed space 36. Therefore, 

50 



28 March 2007 

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 spec1t1c gravity larger 

than that of the ink, is used for the float 33. However, 

the float 33 may be formed of a material which has a 

specific gravity smaller than that of the ink, in order to 

obtain a sufficient rotational force in the first 

direction. 

[0089] According to the first embodiment, for example, 

when the volume ratio K of the tightly closed space 36 with 

respect to tho total volume of the float 33 is 0.62, the 

rotational force in the first direction acting on the lever 

32 has the magnitude which is tho same as that of the 

rotational force in the second direction. Therefore, it is 

possible to rotate the lever 32 more smoothly without being 

extremely affected by tho disturbance caused, for example, 

by the increase in viscosity of the ink as well as the 

surface tension of tho ink. It is possible to indicate the 

amount of the ink in the ink tank 11 more correctly. 

[0090] Additionally, according to tho first embodiment, 

the shutter 34 has the nontransparcncy, and the shutter 34 

is arranged in the inner space of the narrow-width recess 

:)2 formed in Urn ink tank 11. Thercfoni, it is possible to 

use tho light-transmissive type optical sensor which is 

cheap as the detector. The lever 32, which is provided 

with the float 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 liquid 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 

following the decrease in the ink. 

Second Embodiment 

(0091) Next, a second embodiment according to the 

present invention will be explained with reference to the 

drawings. In the second embodiment, only the shutter 

mechar1ism differs from tt1at i.n the first embodiment. 

Therefore, in the drawings concerning the second 

embodiment, the same members as those of the first 

embodi.ment are designated by the same referer1ce numerals, 

any explanation of which will be omitted. 

[0092) Fi.g. 7 shows sectional views illustrating an ink 

cartridge according to the second embodiment. Fig. 7A 

shows a state in whi.ch the interior of the ink tank 11 is 

filled with the ink, and Fig. 78 shows a state in which the 

ink in the ink tank 11 is consumed. Fig. 8 shows a 

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

78. The shutter mechanism 30A of the ink cartridge lA 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 is arranged at the bottom of the ink tank 11. The 
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shutter mechanism 30A includes a support stand 31A, a lever 

(connecting moimbe.i;) 32A, a float (balance rnErntbClr) 33A which 

is arranged at one end of the lever 32A, a shutter 

(detection objective section) 34A which is arranged at the 

other end of the lever 32A, and a regulating member 35A. A 

swinging member 80 is constructed by the lever 32A, the 

float 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 lClver 32A is a thin plate-shaped member extending in a 

certain directior1. The lever 32A is supported on the 

support stand 31 so that the extending direction forms a 

predetermined angle of inclination with respect to the 

bottom wall 51a (see Fig. 2) of the projection 51 of the 

ink tank 11. Further, the lever 32A 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 lover 32A perpendicularly with 

respect to the ink liquid surface is narrowest, and the 

surface (upper surface of tho lever 32A i.n Fi.g. 7A) of the 

lover 32A, which may be opposed to tho ink liquid surface, 

has a predetermined angle of inelination with resPClCt to 

the ink liquid surface. Further, as shown in Fig. 7A, the 
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lever 32A 1s slightly bent or curved in the vicinity of the 

center in the extending direction so that the lover 32A is 

concave upwardly toward the ink tank 11 when the lever 32A 

is supported on tho support stand 31A. As shown 1n Fig. 8, 

a curved socU.on (projection) 32a/-\ is formed on the surface 

of tho lever 32A which may be opposed Lo tho ink liquid 

surface. 

[0094] As shown in Fig. 9, the float 33A is a member 

having a cylindrical shapo. The float 33A has an enormous 

volume as compared with the shuttor 34A as doscribod lator 

on. Furthor, as described later on, a tightly closed space 

36A, which is Lo be fill.ed with the air, is formed in the 

float 33A as shown in Fig. 10. 

[0095] As shown in Fig. 7, the shutter 34A is formed at 

the end on the side opposite to the side on which the float 

33A of the lever 32A is arranged. The shuttor 34A is a 

thin plate member which is nontransparent and substantially 

rectangular. The shutter 34A is arranged so that the 

shutter 34A ia moved (rotated) in the inner space 52A of 

tho recess 52 fonned on the side wall of the ink tank 11 

when the lever 32A is subjected to swinging movement. 

Specifically, as shown in Fig. 7A, when a sufficient amount 

of the ink is stored in the ink tank 11, and the entire 

float 33A is positioned in the ink, then the buoyancy, 

which acts on the float 33A, is larger than the gravity. 

Therefore, when the float 33A is moved upwardly toward the 
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ink liquid surface, then the lever 32A is rotated in the 

clockwise d.i .. rec:tion (first: d.irection) in F'ig. 7, and the 

shutter 34A is arranged at the detecting position (position 

opposed to the sensor 21.) of the recess 52 of the i.r1k tar1k 

11. In this situation, the shutter 34A is arranged so that 

the width of the projection plane obtained by projecting 

the shutter 34A perpendicularly with respect to the ink 

liquid surface is narrowest. In this situation, as shown 

in Fig. 7A, a rod-shaped abutment member 34aA, which is 

formed at an upper portion of the shutter 34A as described 

later on, makes abtJtment against a regt1lati.ng member 35A so 

that the shutter 34A is riot positioned at any position 

lower than the detecting position. Accordingly, the 

rotation of the lever 32A in the first direction is 

regulated. On the other hand, as shown in F'ig. 78, when 

the amount of the ink in the ink tank 11 is decreased, and 

a part of the float 33A protrudes from the liquid surface 

of the ink, then the gravity, which acts on the float 33A, 

is larger than the buoyancy. Therefore, as shown in Fig. 

78, the float 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. 

713. Accordingly, as shown in Fi.g. 713, the shutter 34A is 

arranged at 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. 
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[0096] As shown in Fig. 7A, an extending portion, which 

extends upwardly in a state in which the shutter 34A is 

arranged at the detecting position, is provided at the 

upper end of the shutter 34A. The rod-shaped abutment 

member 34aA, which is mounted in the perpendicular 

direction (direction perpendicular to the sheet surface of 

tho drawi.ng) with respect to the both side surfaces of the 

extending portion, is formed in the vicinity of tho upper 

end of the extending portion. 

[0097] As shown in Fig. 7A, the regulating member 35A is 

formed at the upper ends of the recess 52 and the 

project.i.on 51 of the i .. nk tank 11. Tho rcqulating mcimber 

35A makes abutment against the abutment member 34aA of the 

shutter 34A when a sufficient amount of the ink is stored 

in the ir1k tank 11, and tho entire float 33A is positioned 

in the ink liquid. Accordingly, the regulating member 35A 

serves as a member which regulates the rotation of the 

lever 32A in tho certain direction (first direction) so 

that tho shutter 34A is not positioned at any position 

lower than tho detecting position. 

[0098] As described above, in the second embodiment, as 

shown in Fig. 7A, when the ink amount in the ink tank 11 is 

largo, and the entire float 33A is positioned in the ink 

liquid, then the abutment member 34aA abuts against the 

regulating member 35A, tho shutter 34A is arranged at the 

detecting position of the recess 52 1 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 

32A, which is disposed in the vicinity of the center in the 

extending direction, is slightly bent 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 32A 

is not bent or curved. 

[0099] An explanation will bo made with reference to 

Figs. 9 and 10 about the structure of the swinging member 

80. Fig. 9 shows a development illustrating the swinging 

member 80. Fig. 10 shows sectional views taken along a 

line X-X shown in Fig. 9. Fig. lOA shows a sectional view 

illustrating a developed state of tho float 33A, and Fig. 

JOB 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 

float 33A is developed. As shown in Fig. lOA, the float 

33A includes a case 33aA, a cap 33bA, and a connecting 

member 33cA. As shown in Fig. lOA, the case 33aA 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 tho inner space of the case 

33aA. The connecting member 33cA is a plate-shaped member 
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for connecting tho case 33aA and tho cap 33bA. Tho 

connecting ffi(~rt\[) E-) .r 33cA has <)nO cmd which .i.s j o.i.ned to a 

portion Jn the vicinity of the center in Urn extending 

d.i. i:ect i.on of th(e ca so 33aA and the other end wh.i.ch is 

joined to the end surface of the cap 33bA. 

[0100] When the developed swinging member 80 is 

assembled, then the connecting member 33cA is bent as shown 

in Fig. lOA, and the end of the cap 33bA, which is disposed 

on the side opposite to the end surface connected to the 

connecting membei: 33cA, is arranged at the opening of the 

case 33e>A (arrow shown :i.n Fig. lOA). As shown in Fig. lOB, 

the inner space of the case 33aA is tightly sealed by 

engaging the cap 33bA with the opening of the case 33aA. 

specific gravity of polypropylene as the material for 

forming the swinging member 80 is 0.9. Therefore, in this 

embodiment, it is preferable that the ratio 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. S ( Sllle the expression ( '.'i)) . 

[0101] According to the second embodiment explained 

above, as shown in Fig. 7A, the arranged position of the 

float 33A is lower than the lower end of the shutter 34A. 

Therefore, when the amount of tho ink in the ink tank 11 is 

decreased, the shutter 34A protrudes from the ink liquid 

surface prior to the float 33A. Therefore, the float 33A 
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protrudes from the ink liquid surface to rotate the lever 

34A after the ink adhered in the vicinity of tho shutter 

34A flows down. Accordingly, it is possible to reduce the 

influence of the surface tension of tho ink when tho 

shutter 34A is rotated. It is possible to indicate the 

correct ink amount. 

[0102] According to the second embodiment, the lever 32A 

is arranged so that the width of tho projection plane 

obtained by perpendicularly projecting the lever 32 with 

respect to the ink liquid surface is narrowest. Therefore, 

it is possible to decrease tho contact area between the 

lover 32A and the ink liquid 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, tho lever 32A is arranged so that the side wall of 

the lever 32A, which may be opposed to the ink liquid 

surface, is inclined with respect to the ink liquid 

surf<Jce. Therefore, it is possible to further decrease the 

contact area between the lever 32A <Jnd the ink liquid 

surface. The lever 32 is arranged obliquely with respect 

to tho ink liquid surface which is lowered as the ink is 

consumed. Therefore, it is easy for tho lover 32 to effect 

the liquid cutoff for tho 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 opposed to the ink liquid 

surface. Thereforer i.t is possj_bJ.e to f11rther decrease the 

contact area between the lever 32A and the ink liquid 

surface. Accordingly, it is possible to further reduce the 

influence of the surface tension of the ink on the lever 

32A. 

[0105] Additionally, according to the second embodiment, 

the float 33A 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 float 33A. This contributes to 

the miniaturization of the float 33A. Even when the ink 

enters the tightly closed space 36A, it is possible to 

generate the buoyancy on the float 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 space 36A is formed in the float 33A by engaging the 

case 33aA and the cap 33bA of the swinging member 80 formed 

in an integrated manner. Therefore, tho float 33A can be 

produced easily and cheaply. 

[0107] According to the second embodiment, tho shutter 
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34A is arranged so that tho width of the projection plane 

obtained by perpendicularly projecting the shutter 34A with 

respect to tho ink liquid surface is narrowest. Therefore, 

it is possible to decrease the contact area botwoon tho 

shutter 34A and the ink liquid surface. Accordingly, it is 

possible to reduce the influence of the surface tension of 

the ink on the shutter 34A when the shutter 34A is rotated. 

'l'h .i. rd r:mbodimen t 

[0108] A third embodiment of the present invention will 

bee explai.ned. In the third embodiment, the present 

invention is applied to an ink-jet printer capable of 

discharging four color inks. 

[0109] As shown in F'i.g. 11, the ink-:jet; printer 101 

includes, for example, an ink-jet head 102 whJ.ch is 

provided with nozzles 102a for discharging the four color 

inks of cyan (C), yellow (Y), 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, 103b, 103c, 103d) 

for storing the four color inks respectively, a carriage 

105 which linearly reeiproeates and moves the ink-jet head 

102 along a guide 109 in a certain direction (direction 

perpendieular to the paper surface), a transport mechanism 

106 which transports the recording paper P in the direction 

perpendicular to the direction of movement of the ink-jet 

61 



28 March 2007 

head 102 in parallel to the ink discharge surface of the 

ink-jct head 102, a purge unit 107 which sucks the ink 

having any high viscosity 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 

is transported by the transport mechanism 106 in the 

rightward and leftward directions in Fig. 11, while driving 

and reciprocating the ink-jet head 102 by the carriage 105 

in the direction perpendicular to the paper surface in Fig. 

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

nozzles 102a of the ink-jet l1oad 102 through the supply 

tube 110 from the holder 104 installed with tho ink 

cartridge 103. Fu.rt.her, the ink is discharged f.rom the 

nozzles 102a to the recording paper P, and the recording 

paper P is subjected to the printing. 

[0111] As shown in Fig. 11, the purge unit 107 includes 

a purge cap 111 which can be installed to the ink-jct head 

102 so that the ink discharge surface is covered therewith, 

and a suction pump 170 which sucks the ink from the nozzles 

102a. The purge unit 107 is arranged at the position 

opposed to tho ink-jet head 102 with the recording pape.r P 

intervening therebetwoen. 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-jct head 102 and/or the ink having any high viscosity 

as a result of the evaporation of water from the nozzles 

102a. 

[0112] As shown in Fig. 11, the four holders 104a to 

104d arc provided in the ink-jet printer 101 while being 

aligned in one array in the ink-jct printer 101. The four 

ink cartridges 103a to 103d, which store the inks of cyan, 

yellow, magenta, and black, are installed to the four 

holders 104a to lOdd respectively. The black ink of the 

four color inks is used more frequently than the other 

three color inks in many cases. In such a case, it i.s 

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 (cornmun.i.cating 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 tho ink cartridge 103 respectively at the 

bottom of the holder 104 as described later on. An optical 

typo sensor 114 (light-tran.smissivo typce optical scoinso.r) .i.s 

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 114a and a light-receiving 
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section 114b which are arranged at an identical height 

position and which arc opposed to one another so that the 

ink cartridge 103 is interposed between the both sides. It 

is detected whether or not the light from the light­

emitting section ll4a 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 lOB. 

[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 

rcspcctivel.y, have the same structure as that of the ink 

cartri.dge 103d whi.ch stores tho black ink. Tt1erefore, one 

of the ink cartridges 103 will be explained. 

[0115] As shown in Figs. 12 to 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-jct head 102, an 

atmospheric air-introducing valve 122 which is capable of 

opening/closing the atmospheric air-introducing passage to 

introduce the atmospheric air into the cartridge main body 

120 from the outside, a shutter mechanism 123 which blocks 

the light emitted from the light-emitting section 114a of 

the sensor 114 for detecting the ink residual arr~unt in the 

ink cartridge 103, and a cap 124 which covers the lower end 
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of the cartridge 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 

the comparting wall 130 into an ink chamber (ink tank) 131 

which i.s disposed on the upper side, ar1d two valve­

acccHrunodat:Lng charnbers 132, 133 whJch d.i..sposed or.1 tl1e lower 

side. The ink chamber 131 is charged with each of the 

color inks. The ink supply valve 121 and the atmospheric 

air-introducing valvo 12.2 are accornrnodatr"'d in the two 

valve-accommodat.ing chambers 132, 133 respect.ive.ly. In 

this arrangement, the ink supply passage, which is used to 

introduce the i.nk charged in the ink chamber 131 to the 

outside, is constructed in the valve-accornrnodating 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. 198). As 

shown in Figs. 128 and 12C, a projection 134, which 

slightly protrudes outwardly and which extends in the 

downward direction, is formed at a substantially 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 114b of the sensor 114 

provided for the holder 104 are positioned at a height 
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approximately equal to that of the projection 134 formed on 

the si.de wall of the cartrj.dge main body 120 ir1 a state ir1 

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 

two inner wall surfaces (downwardly lnclined inner 

surfaces) 134b which are opposed to one another. As shown 

in Figs. 15 to 17, a shield plate (detection objective 

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 shiel.d plate 160 arranged in the 

recess 134a and which extends in tho perpendicular 

directien, is formed on each of the inner wall surfaces 

134b. As shown in Figs. 15 to 17, two abutment 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 is inclined by a predetermined anqle toward the 

bottom surface of the ink chamber 131 (to make intersection 

with the ink surfacc) (see Fig. 14). As shown in figs. 15 

to 17, perpendicular wall surfaces 169, each of which is 

connected to the end of the inner wall surfacc 134b 

disposed on the side opposite to the side of connection to 

the inner wall of the i.nk chamber 131 and the end of the 

abutment objectivc 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 

shown in Figs. 15 to 17, ri.bs 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 J.56, as shown i.n Fig. 15, the tips of tt1e 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 continuously over the range from the 

end of the abutment objective surface 156 on the side of 

the inner wall of the ink chamber 13). to the end opposed 

thereto and over the range from the end of the 

perpendicular wall surface 169 on the side of the abutment 
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objective surface 156 to the end opposed thereto. Fl.g. 18 

shows cross sections of the boundaries between the rib 157 

and the abutment objective surface 156 and the 

perpendicular wall surface 169. In the case cf the ink 

cartridge of this embodiment, as shown in Fig. 18, the 

radius of curvature of the boundary differs depending on 

the position of connection between the rib 157 and the 

abutment objective surface 156 and the perpendicular wall 

surface 169. Fig. lBA shows tho cross section illustrating 

the boundary between the rib 157 and the abutment objective 

su.tfac;e 156. Fig. 188 shows the cross section illustrating 

the boundary between the rib J.57 and the upper end area of 

the perpendicular wall surface 169. Fig. 18C shows the 

cross section illustrating the boundary between the rib 157 

and the lower end area of the perpendicular wall surface 

169. As shown in Figs. 18A to lBC, the curvature of the 

curved section (A in Fig. lBA) formed at tho boundary 

between tho rib 157 and the abutment objective surface 156 

is smaller than tho curvatures of the curved sections (B 

and C in Fig~'. 18B and 18C) forrncod at the boundari.es 

between the rib 157 and the perpendicular wall surface 169. 

The curvature of the curved section (8 in Fig. 188) formed 

at the boundary between the rib 157 and the upper end area 

of the perpendicular wall surface 169 is smaller than the 

curvature of the curvc)d section (C .i.n 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 tho lower space of the ink chamber 

131 includes a shield plate 160 (detection objective 

section) which is nontransparent with respect to the light, 

a hollow float 161 (balance member), a connecting member 

162 which connects the shield plate 160 and the float 161, 

and a support stand 163 which is provided on the upper side 

of the comparting wall 130 and which rotatably supports the 

connecti.ng member 162. The displacement member (swinqinq 

member) is constructed by the shield plate 160, tho float 

161, and the connecting member 162. The float 161 is a 

cylindrical member having a tightly closed space filled 

with the air therein. Tho specific gravity of the entire 

float 161 is smaller than the specific gravity of the ink 

to bo changed in the ink chamber 131. The shield plate 160 

and the float 161 are provided at both ends of the 

connecting member 162 respectively. A columnar rotational 

shaft 162a, 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 connecting 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) about the center of the rotational 

shaft 162a. 
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[0119] As shown in Figs. 14 to 17, the rotational shaft 

162a, which is formed on the connecting member 162, 

protrudes from the fl.at surfaces on both sides of the 

connecting member 162 in the direction perpendicular to the 

direction of displacement of the ink surface. In order to 

smoothen the rotation of the connecting member 162, the 

rotational shaft 162a is supported on the support stand 163 

such that the rotational shaft 162a is also rotatable to 

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 motion 

other than the rotation of the connecting member 162 about 

the center of tho rotational shaft 162a is also allowable. 

The tips of the rotational shaft 162a in the protruding 

d.i.rections, which protrude from Uw both side surfaces of 

tho 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 tho rightward and leftward 

directions on the sheet surface of Fig. 16. 

[0120] The shield plate 160 is a thin plate-shaped 

member which is parallel to the vertical plane (plane 

parallel to tho shoot 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 tho 

upper end of the rectangular area. The abutment 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 

against the abutment objective surface 156 in the ink 

chamber 131. Accordingly, the rotation of the connecting 

member 162 in the certain direction (first direction) is 

regulated to arrange the shield plate 160 at a 

predetermined position. Specifically, as shown in Fig. 14, 

when the abutment section 160a abuts against the abutment 

objective surface 156, the shield plate 160 is arranged at 

the detecting position between the light-emitting section 

114a and the light-receiving section 114b of the recess 

134cJ. In th1.s situation, the light, which has transmitted 

from the light-emitting section 114a of the sensor 114 

through the wall of 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 two-dot chain lines in Fig. 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 114b without being blocked. 

[0121] Therefore, in a state in which the ink residual 

amount in the ink chamber 131 is large, and the entire 

float 161, which is provided at one end of the connecting 

member 162, is positioned in the ink (in a situation in 

which the swinging member is in a state illustrated by 

solid lines in fig. 14), the float 161 floats in accordance 

with the buoyancy acting on the float 161, and the 

connecting member 162 is rotated. However, the abutment 

section 160a of the shield plate 160 abuts against the 

abutment objective surface 156, and the rotation of the 

connecting member 162 is regulated. Therefore, the shield 

plate 160, which is provided at the other end of the 

connecting member 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 projection is 

blocked. However, when the ink residual amount in the ink 

chamber 131 is decreased, and a part of the float 161 

protrudes from the ink liquid surface, then the buoyancy 

acting on the float 161 is decreased, and the float 161 is 

moved downwardly in aceordance with the gravity (in a state 

in which the swinging member is indicated by two-dot chain 

lines in Fig. 14). Aecordingly, the shield plate 160 is 

moved to the position (non-detecting position) which is 

disposed upwardly as eompared with the interior of the 
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projection 134 so that the direct light emitted from the 

light-emittinq section 114a is not blocked by the shield 

plate 160. Therefore, tho direct light emitted from the 

light-emittinq section 114a is transmitted through the 

light-transmissive projection 134 along the linear optical 

path, and the light is directly received by the liqht­

receiving section 114b. Accordl.ngly, the state, in which 

the ink residual amount in the ink chamber 131 is 

decreased, is detected by the sensor 114. 

[0122] 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, arc 

formed on the both side surfaces of the rectangular area of 

the shield plate 160 (in tho vicinity of the end of the 

swinging member) respectively. The tip of the pin 159 is 

constructed Lo form a curved surface. As shown in Fig. 14, 

the tips of the pi.ns 159 are always in a state of beinq 

opposed to the inner wall surfaces 134b of the recess 134a 

within a ranqe of movement of the abutment section 160a 

between tho position at which the abutment section 160a 

abuts against the abutment objective surfaces 156 and tho 

position at which the abutment section 160a is separated 

from the abutment objective surfaces 156. The pin 159 has 

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

that no capillary phenomenon is caused by at least tho 

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 

134a, and the shield plate 160 makes approach most closely 

to the inner wall surface 1.34b. 

(0123] In this structure, in a state in which the ink 

cartridge 103 is installed to the holder 104, the 

projection 134 of the ink cartridge main body 120 is 

interposed between the light-emitting section 114a and the 

light-receiving section 114b of the sensor 114. In this 

si.tuation, the width of the projection 134 is narrower than 

the distance between the light-emitting section 114a and 

the J.ight-recej.ving section 1.14b. Tt1erefore, a 

predetermined spacing distance is maintained between the 

light-emitting section 114a and the light-receiving section 

114b and the projectl.on 134. 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. 128) on the outer wall surface on 

which the projection 134 is formed. A lid member 135 is 

welded to the upper end of the cartridge main body 120. 

Tho ink chamber 131 in the cartridge main body 120 is 

closed by the lid member 135. 

(0124] As shown in Fig. 14, an injecting hole 136 is 
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formed between 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 Jn Pig. 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 tho vicinity of tho upper end of the side wall 

so that the ink is charged into the ink charr~er 131 via the 

injection needle. 

(0125] As shown in Fig. 14, a cylindrical section l.38, 

which protrudes downwardly, is integrally formed at a 

portion of the comparting wall 130 which constitutes tho 

cei.ling of the valvCJ-accomrnodatinq chambCJr 132 for 

e>ccomrnodating the i.nk supply valve 121 the.i:ei.n. A thin 

film section 139, which closos tho communication passage 

formed in the cylind.i:ical section 138, is provided at the 

lower end of LhCJ cylindrical SCJction 138. On the othe.i: 

hand, two cylind.i:ical sections 140, 141, which protrude 

upwardly and downwardly respoctivoly, are integrally formed 

at a portion of the comparting wall 130 which constitutes 
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tho coiling of the valve-accorrunodati .. ng chamber 133 for 

accomrnodati.ng the atmospheric CJir-introducing valve 122 

therein. A thj.n film section 142, which closes the 

communi.cati_on passago formced in thc-J cylindrical secti.ons 

140, 141, is provided at the lower end of the cylindrical 

section 141 disposed on the lower side. Further, as shown 

in Fig. 14, a cylindrical member 143, which extends up to 

the upper end of tho ink chamber 131, is provided on the 

upper side of the cylindrical section 140. 

[0126) As showr1 in Fi.g. 14, the ink suppl.y valve 121 

includes a valve main body 145 which is formed to have a 

substantially cylindrieal shape with synthotie rubber or 

the like and which has elasticity, and a vCJlve plug 146 

which .i.s accommodated .i.n the valve main body 145 and which 

is made of synthetic resi.n, As shown in E'i.g. 19, the valve 

mCJin body 145 includes an urging section 147, a valve seCJt 

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 tho valve 

plug 146 abuts against the upper surface of the valve scat 

section 148 (end surface on the side facing the ink chamber 

131). A through-hole 14lla, which extends in thcJ vertical 

direction, is formed through a portion of the axial center 

of the valve seat section 148. A guide hole 149a, which is 

communicated with the through-hole 148a of the valve seCJt 

') Ei 



28 March 2007 

section 148 and which extends downwardly, is formed for the 

fitting section 149. The guide hole 149a is formed to have 

a shape widening toward the end in which the diameter is 

increased at lower positions. An annular groove 149b is 

formed around the guide hole 149a. In this structure, the 

wall for forming the guide hole 149a is elastically 

deformable with ease in the direction in which the diameter 

of the guide hole 149a is expanded. Therefore, when the 

ink supply pipe 112 is inserted into the guide hole 149a, 

it is possible to avoid the leakage of the ink as far as 

possible by improving the tight contact performance between 

the guide hole 149a and the ink supply pipe 112. Even when 

the ink supply pipe 112 is inserted into the guide hole 

149a in a state in which the ink supply pipe 112 is 

inclined with respect to the guide hole 149a or in a state 

in which the central axis of the guide hole 149a is 

deviated from the central axis of the ink supply pipe 112, 

the ink supply pipe 112 is reliably inserted into the guide 

hole 149a, because the wall section is elastically deformed 

in the direction in which the diameter of the guide hole 

149a is expanded. 

(0128] As shown in Fig. 19, the urging section 147 

includes a cylindrical side wall section 147a which extends 

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 radial dJ.rection of the side wall section 

147a from the upper end of the side wall section 147a. The 

lower surface of the projecting section 147b abuts against 

the valve plug 146. Tho valve plug 146 is urged downwardly 

by the elastic forces of the side wall section 147a and the 

projecting section 147b. An opening 147c is formed at the 

inside of tho projecting section 147b. In this 

construction, the side wall section 147a and the projecting 

section 147b, which are formed in an integrated manner, arc 

elastically deformable with case. 

[0129] As shown in Figs. 19 and 20, the valve plug 146 

includes a bottom section 150 which makes abutment against 

the valve seat section 148 of the valve main body 145, a 

cylindrical valve side wall section 151 which extends from 

the outer circumferential side portion of the bottom 

sec~tion J.50 toward the ink chamber 131, and a breaking 

section 152 which protrudes from the center of the bottom 

sectiori 150 excessively toward the ink chamber 131 as 

compared with the valve side wall section 151. 

(0130] An annular projection l50a, which protrudes 

toward the valve seat section 148, is formed on the lower 

surface of the bottom section 150 of the valve plug 146 

(end surface opposed to the valve seat section 148). The 

valve plug 146 is urged toward tho valve seat section 148 

by the urging section 147 of the valve main body 145. In a 

state (state shown in Fig. 19A) 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 seat section 148 i.s closed by the val,ve pJ.ug 146, and 

the ink supply passage is closed. Further, a plurality of 

(for example, eight) communication passages 153, which make 

communication between the upper space and the lower space 

of the valve plug 146, are formed at equally divided 

positions in the circumferential direction of the portion 

of the bottom section 150 of the valve plug 146, the 

portion being disposed on the outer circumferential side as 

compared with the annular projection 150a and on the inner 

circumferential side as compared with the valve side wall 

sect.i .. on 151. 

(0131] As shown in Figs. 19 and 20, the breaking section 

152 of the valve plug 146 is constructed by four plate 

members 152a, 152b, 152e, J.52d combined in a cross form as 

vi,ewed in a plan view. The breakir1g section 152 is 

provided upstandingly at a substantially central portion of 

the bottom section 150. As shown in Fig. 20, grooves 154, 

which extend in the vertical direction, are formed 

.respect i.vely bet ween the plate members (for example, 

between the plate members 152a, 152b) which are combined 

perpendicularly to one another. The breaking section 152 

passes through the opening 147c at the inside of the 

projecting section 147b of the valve main body 145 so that 

the breaking section 152 protrudes upwardly. As shown in 

79 



28 March 2007 

Fig. 14, the tip of the breaking section 152 is arranged at 

the position slightly lower than the thin film section 139 

of the cylindrical section 138 before the ink cartridge 103 

is installed to the holder 104. 

[0132] When the ink cartridge 103 is installed to the 

holder 104, the ink supply pipe 112, which is provided for 

the holder 104, is inserted into the guide hole 149a 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 section 147. The annular 

projection 150a, which is provided on the bottom surface of 

tho valve plug 146, is separated from the valve seat 

section 148 (see F'i.g. 198). In this situation, the thin 

film section 139 of tho cylindrical section 138 is broken 

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

146 having been moved upwardly. Accordingly, as shown in 

Figs. 14 and 198, the ink contained in the ink chamber 131 

flows i.nto 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-jet head 102. In this situation, the valve­

accommodating chamber 132 functions as the ink supply 

passage. The flow of the ink (arrow in Fig. 198) is 
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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 145. The atmospheric air-introducing valve 

122 is constructed in the same manner as the ink supply 

valve 121. That is, tho atmospheric air-introducing valve 

122 is constructed such that the valve plug 146, which is 

urged downwardly by tho urging section 147, makes tight 

contact with the valve seat section 148 of Lho valve main 

body 145 so that the valve plug 146 closes the through-hole 

148a. When the ink cartridge J.03 is installed Lo the 

holder 104, the atmospheric air-introducing pipe 113 is 

inserted into the guide hole 149a formed in the valve main 

body 145. Similarly to the ink supply valve 121, the valve 

plug 146 is moved upwardly, and tho thin film section 142 

of the cylindrical section 141 is broken by tho breaking 

section 152 of tho valve plug 146. Accordingly, the 

outside atmospheric air flows from the atmospheric air­

introducing pipe 113 via the communication passages 1'.i3 of 

the valve plug 146 into the valve-accommodating chamber 

133. Further, the atmospheric air is introduced into the 

upper portion of the ink chamber 131 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 light is transmitted unlike the 

cartridge main body 120. As shown in Figs. 12 to 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 

J,22, is hardly adhered, for example, to the desk surface. 

(0135] As shown in Figs. 12 to 14, a rib 166, which 

extends in the vertical direction, is 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 rib 166 is formed under the projection 

134. As shown in Figs. 128 and 14, the rib 166 and the 

shield plate 160 in the projection 134 of the cartridge 

main body 120 arc 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 

than the shield plate 160. Therefore, the rib 166 is 
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positioned at the position lower than the light-emitting 

section 114a and the light-receiving section 114b of tho 

sensor 114 in a state in which the ink cartridge 103 is 

installed to the holder 104. Further, the rib 166 is 

located at the position interposed between the light­

emitting section 114a and tho 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 rib 166 

passes between the light-emitting section 114a and the 

light-receiving section 114b of tho sensor 114 to 

instantaneously shut off the light from the light-emitting 

section 114a 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 tho 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 not detected by 

tho 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 

sensor 114 only when the ink cartridge 103 is 
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attached/detached. Therefore, it is possible to recognize 

whether or not the ink cartridge 103 is installed, by using 

the control unit 108 as described later on, on the basis of 

the result of detection of the rib 166. In the third 

embodiment, tho structure is provided such that the rib 166 

is detected by the sensor 114 only by attaching/detaching 

the ink cartridge 103 in a certain direction. Therefore, 

j_t j_s unnecessary to perform any complicated operatior1, 

which would be otherwise performed in order to detect the 

rib 166 with the sensor 114. Further, it is possible to 

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 

being weak in view of the strength. 

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

Tho 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 discharge of the 

printing paper having been subjected to the printing by the 

ink-jet 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 to be executed by CPO 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 nonvolatile memory such as rewritable EEPROM 

(Electrically Erasable Programmable Read-Only Memory), an 

input/output interface, and a bus. As shown in Fig. 11, 

the control unit 108 controls a variety of devices for 

constructing the ink-jet printer 101 including, for 

example, the ink-jet head 102, the motor of the transport 

mechanism 106 for driving the carriage 105, and the suction 

pump 170 of the purge unit 10·7, on the basi.s of various 

signals inputted from an external personal computer (PC) 

182. 

[0138] As shown in Fig. 11 1 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 amount-calculating section 

181 which calculates the residual amount of the ink 

contained in the ink chamber 1.31. 

[0139] An explanation will be made below 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

judgi .. ng process shown 1.n Fig. 21. In Fig. 21, ~oi (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] At first, if it is judged that the rib 166 

provided for the cap 124 is not detected by the sensor 114 

in the judging process of SlO (in the case of ''No'' of the 

judgment result ef SlO) in a state in which the power 

sou.roe is appli.ed to the ink-jet print;eir 101, the routinoi 

proceeds to the ink residual amount-calculating process of 

Sl4. On the other hand, if it is judged that the rib 166 

is detected by the sensor 114 in the judging process of SlO 

(in the case of ''Yes'' of the judgment result of Sl0) 1 the 

routine proceeds to the judging process of Sll. In the 

judging process of Sll, it is judged whether or not the 

cartridge has been installed immediately before the 

detection of the rib 166. If the ink cartridge 103d has 

been installed to the holder 104d immediately before the 

detection of tho rib 166 (in the case of ''Yes'' of the 

judgment result of Sll), then it is judged that the ink 

cartridge 103d has been detached from the holder 104d, and 

the information, which corresponds to the fact that the ink 

cartridge l03d is in the non-installed state, is stored 

(Sl2). In this c.:<1'3<-J, it is 1n111eceS[0<Hy to calculate the 

ink residual amount. Therefore, the routine is subjected 

to the return as it is. 

[0141] If the ink cartridge 103d has not been installed 

immediately before the detection of the rib 166 in the 
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judging process of Sll (in the case of ''No'' of the judgment 
" •, . . 

result of 311), the rib 166 of the ink cartridge 103d shown 

in Fig. 13 is consequently detected by installing the ink 

cartridge 103d to the holder 104d. Therefore, the 

information, which corresponds to the fact that the ink 

cartridge 103d is in the installed state, is stored (3131. 

After that, the routine proceeds to the ink residual 

amount-calculating process of 314. 

[0142] In the ink residual amount-calculating process of 

314, 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 

maximum capacity of tho ink cartridge 103d and the 

accumulated value of the number of liquid droplets of the 

ink having been discharged after the point of time of 

installation of the ink cartridge 103d. On the other hand, 

if the shield plate 160 of the shutter mechanism 123 is not 

detected (if the ink residual amount is decreased), the ink 

residual amount is calculated 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 liquid droplets of the ink having been discharged 

after the arrival at the state described above. The ink 

residual amount, which is calculated in 314, is transferred 

to PC 182 (315), and the routine is subjected to the 

reiturn. 
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[0143] Tho 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 EEPROM in order that the 

information is 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 ia 

in such an extent that no capillary phenomenon is caused by 

the surface tensior1 of the ink, is secured between the 

shield plate 160 and the inner wall surface 134b. It is 

possible to avoid 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 oi tho 

displacement of the shield plate 160. That is, the ink 

surface, which intervenes between the shield plate 160 and 

the inner wall surface 134b, can be similarly lowered as 

well, as the ink surface is 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, i_n the third 
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embodiment, the shield plate 160 can be smoothly operated 

in accordance with the change of the ink residual amount. 

Therefore, it Js possible 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 

supported so that the rotation can be 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 position separated from the point of 

support by the support stand 163, may approach the inner 

wall surface 134b too closely depending on the spacing 

distance between the shield plate 160 and the inner wall 

surface 134b. In order to solve 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 between the shield plate 160 

and the inner wall surface 134b. However, in this case, it 

is necessary that the spacing distance between the light­

emitting section 114a and the li.ght-receiving section 114b 

of the sensor 114 is widened as well, which is any 

unsatJ.sfactory countermeasure in view of the sensitivity of 

the sensor 114. It is necessary to use an expensive sensor 

having higher sensitivity depending on the spacing distance 

between tho light-omitting section 114a and the light­

receiving section 114b. However, according to the third 
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embodiment, the spacJ.ng distance between the shield plate 

160 and the inner wall surface 134b is regulated to 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 between the 

shield plate 160 and the inner wall surface 134b. 

Simultaneously, it is also possible to narrow the width of 

the projection 134. Further, it is possible to further 

narrow 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] Additionally, according to the third embodiment, 

the ribs 158, which extend in the vertical direction of the 

inner wall surfaces 134b, are formed on the inner wall 

surfaces 134b 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 134b, is successfully 

allowed to fall downwardly along the ribs 158. 

Accordingly, it is possible to further avoid the adhesion 

between the shield plate 160 and the inner wall surfaces 

134b by the surface tension of the ink. 

[0147] E~rther, according to 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 

tho curved surfaces. Therefore, the pins 159 make tho 

point-to-point contact with the inner wall surfaces 134b of 

the recess 134a in the ink chamber 131. Therefore, even 

when any ink remains between the pins 159 and the inner 

wall surfaces 134b, it is possible to suppress the 

remaining amount minimally. That is, 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 operate the shield plate 160 as the ink residual 

amount is changed. 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. 

(0148] According to the third embodiment, the abutment 

section 160a, which is formed at tho upper portion of the 

shield plate 160, is the columnar member. Therefore, the 

abutment section 160a and the abutment objective surfaces 

156 in the ink chamber 131 make the line-to-line contact. 

Accordingly, the contact area between the abutment section 

160a and the abutment objective surfaces 156 is decreased. 

Therefore, the abutment section 160a and the abutment 

objective surfaces 156 are hardly adhered by tho surface 

tension of the ink. Therefore, it is possible to smoothly 

operate the shield plate 160 in accordance with the change 

of the ink residual amount. It is possible to detect, 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 

is pooled on the abutment objective surfaces 156 formed in 

the ink chamber 131, is sucked by the capillary force of 

the curved section formed at the boundary between the 

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 section 160a and the 

abutment objective surface 156 are hardly adhered by the 

surface tension of the ink. Simultaneously, in a state in 

which the abutment section 160a abuts against the abutment 

objective surface J.56, the tip of the abutment secti.on J.60a 

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 157. Therefore, the abutment 

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 to the third embodiment, as 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, tho curvature of the curved section (B in Fig. 

188) formed at the boundary 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 rib 157 and the abutment 

objective surface 156. Accordingly, the capillary forces 

of the curved sections formed at the boundaries between the 

rib 157 and the abutment objective surface 156 and the 

perpendicular wall surface 169 are increased at the lower 

portions of the rib 157 positioned downwardly. The action 

is effected to move the ink more downwardly as a whole. 

That is, the ink, which is pooled in the vicinity of the 

boundary between the abutment objective surface 156 and the 

rib 157, tends to fall downwardly along the rib 157 with 

ease. 

[0151] Additionally, 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 objective surface 156, falls and 

flows downwardly along the incli.ned surface. Therefore, 

the ink is more hardly pooled on the abutment objective 

surface 156. 

(0152] Further, according 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 orbit. Therefore, the shield plate 

160 is hardly adhered to the inner wall surface 134b which 

is disposed outside the predetermined orbit. 

Fourth Embodiment 

(0153] Next, a fourth embodiment will be explained with 

reference to 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 explanation of which 

will be omitted. The abutment section 160a, which is 

provided at the upper end of the shield plate 160 

(detection objective section), is displaced so that the 

shield plate 160 depicts the circular arc-shaped orbit, 

when the abutment section 160a is moved from the position 

(detecting position) at which the abutment section 160a 

abuts against the abutment objective surfaces 156 formed in 

the ink chamber 131 to the position (non-detecting 

position) at which the abutment 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 

displacement track (circular arc-shaped orbit) of the 

shield plate 160 and which protrude toward the shield plate 

160 arranged in the recess 134a, are formed on the 
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respective inner wall surfaces 134b of tho recess 134a. 

[0154] According to the fourth embodiment explained 

above, tho ink, which is pooled between the area of the 

displacement of tho shield plate 160 and the inner wall 

surfaces 134b of the recess 134a, is successfully allowed 

to fall downwardly along the ribs 158A. Accordingly, it is 

possible to prevent the shield plate 160 and the inner wall 

surfaces J.34b from being adhered by the surface tensj.on of 

the ink. Therefore, it is possible to smoothly operate tho 

shield plate 160 in accordance with the change of the ink 

residual amount. 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. 

Fifth E:mbod.i.ment 

[0155) Next, an explanation will be made about a fifth 

en~odiment with reference to the drawings. In tho fifth 

embodiment, substantially the same members as those of the 

thi.rd embodiment are desi.gnated by the same reference 

numerals as those of tho third embodiment, any explanation 

of which will be omitted. 

[0156) As shown in Fig. 23, a shutter mechanism 1238, 

which is provided in the lower side space of the ink 

chamber 131, includes a nontransparent shield plate 1608 

(detection objective section), a hollow float 161 (balance 

member), a connecting member 1628 which connects the shield 
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plate 160B and the float 161, a support stand 163 which is 

provided on the comparting wall 130 and which rotatably 

supports the connecting member 1628 1 and a pair of 

preventive walls 167 which prevent the connecting member 

1628 from any lateral fluctuation. In the fifth 

embodiment, the displaceable member (swinging member) is 

constructed by tho shield plate 1608 1 tho float 161, and 

the connecting member 1628. 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 specific gravity of the ink contained in 

the .i.nk chambcn 131. The shield platci 160B and the float 

161 are provJ.ded at both ends of the connecting member 162B 

respectively. A columnar rotational shaft 162aB, which 

protrudes in the direction perpendicular to the side 

surfaces of the connecting member 1622, is formed in tho 

vicinity oi the center in the extending direction of the 

connecting member 162B. The connecting member 1622 is 

rotatably supported on tho support stand 163 about the axis 

of the rotational shaft 162aB. As shown in Fig. 23, the 

pair of preventive walls 167 are plate-shaped members which 

extend in the vertical direction from the bottem 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 connecting member 1628 is 

interposed between the pair of preventive walls 167. 

[0157] Tho shield plate 1606 is a thin plate-shaped 

member 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 1608 has a 

rectangular area and a triangular protruding area which is 

formed to further extend upwardly from Lho upper end of the 

rectangular area. An abutment section 160a, which has a 

columnar shape extending in the direction perpendicular to 

the side walls of the ribs 157 (direction along the ink 

surface), i.s formed at the uppe.r end of the protrud.i.ng 

area. 

[0158] As shown in Fig. 23, columnar pi.ns (projections) 

1598, which protrude in tho perpendicular directions toward 

the flat surfaces of the preventive walls 167, are formed 

respectively on the both side surfaces of the connecting 

member 1626 interposed between the pair of preventive walls 

167. The tips of the pins 1596 are constructed by curved 

surfaces. In this structure, the tips of the pins 1596 are 

always opposed to the inner side surfaces of the preventive 

walls 167 within a range in which the abutment section 160a 

of the shield plate 1698 is moved between the position 

(detecting position) of abutment against the abutment 

objective surfaces 156 and the position (nan-detecting 

position) of separation from the abutment objective 
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surfaces 156. 

[0159] According to the fifth embodiment explained 

above, the structure is provided, in which the pins 1598 

formed on the both side surfaces of the connecting member 

162B arc interposed by the pair of preventive walls 167. 

Accordingly, the distances between the shield plate 1608 

and the inner wall surfaces 1348 are maintained. 

Therefore, it is possible to prevent the shield plate 1608 

and the inner wall surfaces 134b from being adhered by the 

surface tension of the ink. Therefore, it is possible to 

smoothly operate the shield plate 1608 in accordance with 

the change of the ink residual amount. 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 arc formed in 

the vicinity of the rotational shaft 162a8. Therefore, the 

displacement range of the pin 1598 is decreased, and it is 

possible to realize the small size of the preventive wall 

167 opposed Lo the pin 1598. 

[0160] The embodiments of the present invention have 

been explained above. However, the present invention is 

not limited to the embodiments described above, for which 

the design may be variously 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 32 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. 

[0161) The first embodiment is constructed such that the 

shutter 34 is arranged at the detecting position when the 

lever 32 is rotated in the first direction, and the shutter 

34 is arranged at the non-detecting position when the lever 

32 is rotated in the second direction. However, the 

present invention is not limited thereto, and the following 

arrangement may be available. That is, the shutter 34 is 

arranged at the non-detecting position when the lover 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 second direction. 

(0162] The float 33 is formed of the polyacetal resin in 

the first embodiment, and the float 33A is formed of the 

polypropylene resin in the second embodiment. However, the 

present inventl.on ls not limited thereto. The float may be 

formed of another resin, or the float may be formed of a 

material other than the resin. 

(0163] Additionally, in the first embodiment, the ratio 

K of the volume of tho tightly closed space with respect to 

the total volume of the float 33 is determined so that the 

rotational force in the first direction of the lever 32 has 

the same magnitude as that of the rotational force in the 
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second direction. However, the present invention is not 

limited thereto. The volume ratio K of the float 33 may be 

determined so that any one of the rotational force in the 

first direction and the rotational 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 thereto. The shutter may be 

constructed Lo be light-transmissive. 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 a reflective type optical sensor 

ls used as the sensor 21, it is desirable that the shutter 

34 is constructed so that the ref lectanco of tho surface is 

raj_sed. 

[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 tho ink cartridge. However, the 

present invention is not limited thereto, and the following 
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arrangement may be available. 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 ends of the 

lever 32, and the central portion of the lever 32 is 

supported by the support stand. However, there is no 

limitation thereto. 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 be fixed to the ink 

tank. In this case, a detection objective section may be 

provided on the float. 

[0167] The first and second embodiments are constructed 

such that the light-transmissive ink is used. However, the 

present invention is not limited thereto. An ink, which is 

not light-transmissive, may be used. In this case, it is 

preferable that the ink is not pooled at the detecting 

position in a state in which the ink is consumed. 

[0168] In the second embodiment, the curved section 32aA 

is formed on the surface of the lever 32A opposed to the 

ink liquid surface. However, the present invention is not 

limited thereto. The surface of the lever 32A opposed to 

the ink liquid surface may be formed to have an arbitrary 

shape provided that the contact area between the lever 32A 

and the ink liquid surface is decreased with this shape. 

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

su.i:face. 

[0169] The third embodiment is constructed such that the 

shield plate 160 is arranged to make the displacement 

between tho pair of inner wall surfaces 134b of tho 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 

inner wall surface. In this case, the pin 159 may be 

provided on one side surface of the shield plate 169, and 

tho pin 159 may be formed to protrude toward one opposing 

inner 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. 

[0171] The third embodiment is constructed such that the 

ribs 158 are provided on the side surfaces of the inner 

wall surfaces 134b of tile recess 134a, and tho ribs 157 are 

provided on the vertical wall surfaces 169 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, 1598 of the swinging member arc 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 lhe 

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 134b and/or between the pin 1598 and the side 

surface of the preventive wall 167. The tip shape of the 

pin 159, 1.598 may be either sharp or flat. 

[0173] In the third embodiment, the abutment section 

160a, which is provided at the upper end of the shield 

plate 160, is the columnar mcimber. However, the present 

inventi .. on 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 objectj.ve 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 162a in accordance with the 

increase/decrease in the ink amount in the ink chamber 131. 

However, the present invention is not limited thereto. For 

example, the following arrangement is available. That is, 

the swinging member is composed of a shield plate and a 

float connected directly thereto, and the swinging member 
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is displaced to follow the displacement of the ink liquid 

surface in accordance with the increase/decrease in the ink 

amount in the ink chamber. 

[0175] 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 order that 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 formed to extend 

along the displacement orbit of the pins 159 formed on the 

side surfaces of the shield plate 160. 

(0176] In the third to fifth embodiments, it is possible 

to appropriately change, for example, the shapes, the 

heights, and the widths of the inner wall surfaces 134b 

formod i.n the ink chamber 131 and the ribs 157, 158, 158A 

formed on tho abutment objective surfaces 1.56 and the 

perpendicular wall surfaces 169. In the third to fifth 

embodiment, the ribs 157 are formed over the range from the 

abutment objective 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 thereto. One 

of the ribs may be formed. In the third to fifth 

embodiments, the ribs 157, which aro formed over the range 
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from the abutment objective surfaces 156 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 

obtuse angle or an acute angle. However, in order that the 

ink is hardly pooled at the boundary between the abutment 

objective surface 156 and the rib 157, the angle of 

projection is preferably an obtuse angle. 

(0177] In the third to fifth embodiments, the rib 157 is 

provided continuously over the range from one 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 objective surface 156. 

In this arrangement, in order that the ink is not retained 

between the abutment objective surface 156 and the abutment 

section 160a of the shield plate 160, i.t is preferable that 

the rib 157 extends 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 

section 160a in a state in which the abutment section 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 157 does not extend to the lower end of the 

perpendicular wall surface 169. 

(0178] In the third to fifth embodiments, as shown in 

Figs. lBA to 18C, tho relationship among the curvatures of 

the three curved sections formed at the boundaries between 

the rib 157 formed over the range from the abutment 

objective surface 156 and the perpendicular wall surface 

169 and the abutment objective surface 156 and the 

perpendicular wall surface 169 resides in the relationship 

as explaj.ned with reference to Figs. 18A to 18C (curvature 

of Fig. 18A < curvature of Fig. lBB < curvature of Fig. 

18C). However, it is also allowable Lhat the relationship 

as described above docs not hold. 

( 0179] In tho third to fifth embodiments, the curvatures 

of the curved sections formed at the boundaries between the 

rib 157 formed over the range from tho abutment objective 

surface 156 and the perpendicular wall surface 169 and tho 

abutment objective 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 l34b and the 

rib 158 formed on the inner wall surface 134b of the recess 

134a may be changed depending on the boundary position. 

Specifically, it is preferable that the curvature of the 

curved section formed at the boundary between the rib 158 

and the portion 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 rib 158 is formed so 

that the relationship as described above holds, the 

capillary force 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 is 

larger than the capillary force of the curved section 

formed at the boundary between the rib 158 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 134b 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 thereto. The rib may 

be provided at any position irrelevant to the recess 134a. 

(0181] In the third to fifth embodiments, the rotatable 

member, which is composed of the shield plate 160, the 

float 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 float 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 cla~ned is: 

1. An ink cartridge comprising: 

an ink tank whiel1 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 liquid when an amount of the ink in 

the ink tank is not less than a predetermined amount, 

wherein: 

a weight and a volume of the balance member are set so 

that a rotational force, which is received by the swinging 

member by a buoyancy and a gravity generated on the balance 

member when the balance member is positioned in the ink 

liquid, 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 wllen a part of the balance member 

protrudes from a liquid surface of tlle ink. 

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

the swinging member includes a connectinq member wh:i.ch 

:Ls supported swingably in the ink tank, a detection 

objective section which is provided at 011e end of the 

connectinq member, a.nd the balaneo membo.c which is provided 

at the other end of tl1e connecting member; and 

weights and volumes of the balance member and tlle 
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detection objective section are set so that 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 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 liquid 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 direction, is provided in the ink tank, 

and the detection objective section is positioned at a 

detecting position when the swinging member is regulated by 

the regulating member. 

4. The ink cartridge according to claim 3, wherein 

tl1e balance member is positioned at a position lower than 

that of the detection objecti.ve section wl1en the detection 

objective section is positioned at the detecting position. 

5. Tl1e ir1k cartridge according to clai.m 3, wl1erein 
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the detection objective sectl.on 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 rotational force in the first direction has a magnitude 

which is substantially same as that of the rotational force 

in the second direction. 

7. The ink cartridge according to claim 2, wherein 

the connecting member is supported in the ink tank so that 

a width of a projection plane obtained by perpendicularly 

projecting the connecting member onto the ink liquid 

surface is narrowest in a state of use of the ink 

cartridge. 

8. The ink cartridge according to claim 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 obliquely 

with respect to the ink liquid surface. 

9. The ink cartri_dqe accordinq to clid.m fJ, wherein 

at least one projection, which protrudes toward tho ink 

liquid surface and which extends ln an extending direction 

of the connecting member, is formed on the side wall 
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surface of Lhc connecting member opposed to the ink liquid 

surface. 

10. The ink cartridge according to cla~n 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 Lo claim 10, wherein 

the balance member has a closed space therein. 

13. The ink cartridge according to claim 12 1 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 is scaled 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 is represented by the 

folJ.owi_rlg expression: 

(2X - Y)/2X - 0.1 < K < (2X - 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 cartr idqe accordinq to claim 12 1 whe.t'ein 

a volume ratio K of the closed space with respect to a 

volume of the balance 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 

connectinq member so that a width of a projection plane 

obtained by perpendicularly projectinq the detection 

objective section onto the ink liquid surface is narrowest 

in a state of use of the ink cartridge. 

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

tt1e lnk cartridge further comprises a regul.ating 

surface which regulates displacement of the swinging 

lll (~~ll\}J (7. I," ; 

the ink tank has a downwardly inclined inner surface 

which extends in a direction inclined downwardly with 

respect to the ink surface; 
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the swinging member is formed with an abutment section 

which is selectively located 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; 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 is 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 inclined inner 

surfaces. 

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

the ink tank has a regulating surface which is 
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substiintially perpendicular to a direction of displacement 

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 located 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 downwardly 

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 

between the two downwardly inclined inner surfaces opposed 

in the recess; 

a projection, which is always opposed to each of the 

downwardly inclined inner surfaces dur·ing 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 portions of the 

swinging menilier opposed to the downwardly inclined inner 

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. 'l'he ink cartridge according to claim 2, wlie.n-iin: 

the ink tank has a regulating surface which regulates 

displacement of the swinging member, and a wall surface 

which extends downwardly toward the ink liquid surface from 

one end of the regulating surface; 

the swinging member is formed with an abutment section 

which is selectively located 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; 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 claim 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 tlie 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 

extend 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 Lo the 

direction of displacement and which is 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 botl1 of the 

wall surface and the regulating surface and being disposed . . 

adjacently to the abutment section when the abutment 

section is at the abutment position; 

a 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 

a·t least. a f)art of ·the: swir19.i.n.g J.Hf~Jn}:Jc~~.r,- is ir)tt~.rr)c)SC~d 

between the downwardly inclined inner surf aces opposed in 

the recess, and a second rib protrudes toward the swlngi.ng 

member from each of portiorrn of the downw<i.rclly inclinod 

inner surfaces opposed to the swin9ing men1bcr. 
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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 to 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 clahn 24, 

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 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 cartri.dge installed to the 

installatior1 secti.011 is clecrcascd arid a state in whicl1 tl1e 

ink cartridge is not installed to the installation section 

if the detector does not detect the detection objective 

sectior1. 
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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 floats on the ink; 

a support member which swingably supports the float 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 float; and 

a regulating member which reguJ.ates the support member 

so that the float is positioned in the ink when an amount 

of the ink contained in the ink tank is not less than a 

predetermined amount. 
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a swinging member which is supported swingably in the 

ink tank and which has a light---blocking detection object.i.vei 

section and a float whi.ch makes no contact with an inner 

surface of tt1e ir1k tar1k arid; 

a regulating member which regulates swing of tho 

swinging member so that the float is positioned in the ink 

wt1en arl amount of tt1e ink cor1tair1ed in tt10 ink tank is not 

less than a predetermined amount. 

29. The ink cartridge according to claim 28, wherein 

the light-blocking detection objective section is 

positior1ed at a detectir1g positior1 wt1er1 tt10 swingi,ng member 

is regulated by the regulating member. 

30. The ink cartridge according to claim 29, wherein 

the float is posi.tioned at a position lower than that of 

the light-blocking detection objective section when the 

light-blocking detection objectl.ve section is positioned at 

the detecting position. 

31. The ink cartridge according to claim 29, wherein 

the light··blockirlg detection objective section i.s 

posi,ti.oned at a no11-detecti.ng posi.ti.on when ink tar1k is 

empty of the ink. 

32. The ink cartridge according to claim 28, wherein: 

the swinging member further includes a connecting 

member; 

tt1e float is provided at a first end of the connecting 

me1nl)e r; 
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the light~Jlocking detection objective section i~ 

provided at a second end of the connecting n1cmber; and 

the connecting member is supported swingably in the 

ink tank at a position between the first end and the second 

(:jrJ(i. 

33. The ink cartridge according to claim 32, wherein 

the float is heavier than the 11.ght-blocking detection 

objecti.ve section. 

34. The ink cartridge according to claim 32, wherein 

the connecting member is supported in tho ink tank so that 

a width of a projection plane obtained by 

perpendicularly projecting tho connecting member onto the 

ir1k liquid surface is r1arrowest i.n a state of use of t.he 

i.n k 

cartr.i.dqe. 

35. The i.nk cartridge according to claJ.m 34, wherein 

the connecting member is supported in the ink tank so that 

a side wall. surface of the connecti.ng member, whict1 is 

opposed to the ink liquid surface, intersects obliquely 

with respect to the j_nk J.iqlJi.d StJrface. 

36. The ink cartridge according to claim 35, wherein 

at least one projection, which protrudes toward the ink 

liquid surface and which extends in an extending directi.on 

of the connecti.ng member, i.s formed on the side wall 

surface of tho connecting member opposed to the ink liquid 

sur-facc-:i. 
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37. The ink cartridge according to claim 25, wherein 

the float i.s formed of a resin and has a speci.fi.c gravj_ty 

smaller than that of the ink. 

38. The ink cartridge according to claim 37, wherein 

the float is formed of polypropylene. 

39. The ink cartridge according to claim 37, wherein 

the float has a closed space therein. 

40. The ink cartridge according to claim 39, wherein: 

the fJ.oat is provJ.ded wi.tt1 a c~ase and a cap whi.ch are 

integrally formed; and 

tl1e cap is arrar1ged at a11 oper1ir1g of the case, and ar1 

i.nternaJ. space of the case i.s seaJ.ed to form the closed 

space. 

41. The ink cartridge according to claim 39, wherein 

a volume ratio K of tho closed space with respect to a 

voJ.ume of the float i.s represented by the following 

exr):ress.:i.on: 

(2X Y)/2X 0.1 <I\< (:2x Y)/2x I 0.:1 

wherein x represents the specific gravity of the resin, 

and Y represents tho specific gravity of the ink. 

42. The ink cartridge accordi.ng to claim 39 1 

wherein a volume ratio K of the closed space with respect 

to a volume of the float is not less than 0.3 and not more 

than 0.5. 

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

the j_nk cartri.dge ft1rther comprises a regulating 
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surface which reg11J.ates di.spl.acement of the swi.nging member; 

the ink tank has an inner surface that extends 

downwarc1; 

the swl.nging member is formed with an abutment section 

which is selectively located at a posi.tion to make abutment 

against the regulating surface and a position separated 

from the regulating surface dependir1g on a position of the 

swingir1g member; and 

a projection, which is always opposed to the inner 

surface during moven1er1t of tt1e abutmer1t sectior1 between the 

separated position and the abutment posi.ti.on, is formed at 

a portion of the swinging member opposed to the inner 

sur:·face. 

44. The ink cartridge according to claim 43, wherein: 

tt1e irik tank i.s formed wi,th a recess whi.ch i.s defined 

by the two of the inner surfaces opposed to each other; 

at loast a part of tt1e swi.ngi.ng member is i.nterposed 

between the two downwardly substantially vertical surfaces 

opposed in tho recess; arid 

Lhe projection protr11des toward each of the inner 

surfaces from a portion of the swinging member opposed to 

or1e of tt1e two ir1r1er surfaces. 

45. The ink cartridge according to claim 44, wherein 

a rib protrudes toward the swinging member from each of 

porti.ons of the two inner surfaces opposed Lo the swingi.ng 

rnember. 

46. The ink cartridge according to claim 32, wherein; 

the i.nk tank has a regulating surface whi.ch reg11lates 

dispJ.acement of the swinging member, and a wall surface 
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which extends downwardly from one end of the regulating 

:.:'.lurface; 

the swj.ngi.nq member j.s formed wj_th an abutment secti.on 

wt1ict1 is selectively located at a positior1 to make abutment 

against the regul.ati.nq surface and a posi.ti.on separated 

from the regulating surface depending on a position of the 

sw1r1g1r1g rnember; and 

a ri.b ranges over the regul.ating surface and the wall 

surface and protrudes from each of the regulating surface 

and the waJ.l surface. 

47. An ink-jet printer comprising an 

instaJ.J.ati.on secti.on to whi.ch the i.nk cartridge as defined 

in claim 29 .i.s i.nstalled to perform record.i.nq on a medium 

with an i.nk s11ppJ.i.ed from the i.nk cartri.dge installed to 

the installation section, 

whor(~~:i.n Cl CiQt:<.::ictorr which c:ic.::it(:?cts a li9ht,······})}C>ck.:i_n9 

detection objecti.ve secti.on of the i.nk cartridge installed 

to the installation section, is provided at a position at 

which the liqht-blocking detection objective section 

positioned at a detecting position is detectable. 

48. The ink-jet printer according to claim 47, 

further eomprisinq a judqinq unit which judges states of 

the ink cartridge and the i.nk-jet pri.nter according to a 

result of detection obtained by the detector, 

whereirl a judgment is made by the judging unit on a 

state in which a sufficient amount of the ink is charqed to 

the ink cartridge installed to the installation section if 

the detector detects the Li.qht--block,i.nq detection objective 

section, while a judgmer1t is made or1 any one of a state in 

which the ink contained in the ink cartridqe installed to 
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the installati.on sectiorl is decreased and a state in which 

the ink cartridge is not installed to the installation 

section i.f the detector doos not detect the light·-blocking 

detectior1 objective sectj.on. 
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