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(54) Ink cartridge, inkjet printer and combination thereof

(57)  An ink cartridge (10) is configured to be de-
mountably mounted to an inkjet printer (100). The ink
cartridge comprises a cartridge body (20) having an ink
storage chamber and an ink introduction hole (29). The
latter is configured to receive an ink supply tube (40) of
the inkjet printer. A first valve element (44) of the printer
is configured to open and close the communication be-
tween the ink supply tube and a further ink supply channel
(42). A second valve element (31) of the ink cartridge is
configured to open and close the ink introduction hole.
The second valve element comprises a valve body (32)
having a presses portion (36) and a projecting portion
(33). The projecting portion is configured to enter an in-
terior of the ink supply tube and to press the first valve
elementin order to open the communication between the
ink supply channel and the ink supply tube. Similarly, a
distal end of the ink supply tube is configured to press
the pressed portion of the second valve element in order
to open the ink introduction hole almost simultaneously
upon insertion of the cartridge into the inkjet printer.

Fig. 2
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Description

[0001] The present invention relates to an ink car-
tridge, aninkjet printer to which the ink cartridge is mount-
ed, and a combination thereof.

[0002] A known inkjet printer is provided with an ink
supply device for supplying ink to a print head. A known
ink supply device includes an ink cartridge and a cartridge
mounting portion. The ink cartridge is configured to be
demountably mounted to the cartridge mounting portion.
The cartridge mounting portion includes an ink supply
tube extending in a direction along which the ink cartridge
is mounted to the cartridge mounting portion. When the
ink cartridge is mounted to the cartridge mounting por-
tion, the ink supply tube is inserted into the ink cartridge,
and after the ink cartridge is mounted completely, ink in
the ink cartridge is supplied to the print head through the
ink supply tube. When the ink cartridge is mounted and
demounted, leakage of ink from the ink cartridge or from
the ink supply tube, or entraining of air into the ink car-
tridge or into the ink supply tube may occur. Therefore,
an ink supply device is proposed, which can prevent the
leakage of ink or the entraining of airas much as possible.
[0003] Forexample,inanink supply device described
in JP-B-7-96302 (Figures. 3 and 4), an ink supply tube
is provided with a valve which can open and close an
opening formed at the distal end of ink supply tube, and
the ink supply tube is also provided with a valve stopper
for restricting the valve from being deformed to over a
certain extent when the valve is deformed and hence the
opening is opened. On the other hand, an ink cartridge
is provided with a piston which can open and close an
ink supply port for supplying ink in the ink cartridge to the
outside ofthe ink cartridge. The pistonis urged by a spring
toward a direction to close the ink supply port.

[0004] When the ink cartridge is not mounted, the
opening of the ink supply tube is closed by the valve, and
the ink supply port of the ink cartridge is closed by the
piston, so that the leakage of ink, entraining of air, or the
like are prevented. On the other hand, when the ink car-
tridge is mounted, the distal end of the ink supply tube is
inserted into the ink cartridge. At this time, the valve,
which has closed the opening of the ink supply tube, is
pressed by the distal end of the piston of the ink cartridge,
so that the valve is deformed inwardly to open the open-
ing. Subsequently, when the valve deformed inwardly
comes into contact with the valve stopper and further
deformation of the valve is restricted, the valve stopper
pushes back the piston, and the piston is retracted
against urging force of the spring and opens the ink sup-
ply port of the ink cartridge. Then, ink in the ink cartridge
is supplied to the print head via the ink supply tube.
[0005] However, in the ink supply device in JP-B-
7-96302, itis necessary to provide a valve stopper which
works to restrict the valve from being deformed to over
a certain extent and push back the piston to open the ink
supply port of the ink cartridge. Therefore, the number
of componentsis increased and hence the manufacturing
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cost is increased.

[0006] It is an object of the present invention is to re-
liably suppress the leakage of ink or entraining of air when
an ink cartridge is not mounted to an inkjet printer, and
to reduce the number of components of the inkjet printer.
[0007] According tothe invention, anink cartridge con-
figured to be demountably mounted to an inkjet printer
is provided. The inkjet printer comprises an ink supply
tube, an ink supply channel communicating with the ink
supply tube, a first valve element configured to move in
an axial direction of the ink supply tube and to open and
close the communication between ink supply channel
and the ink tube, and a first urging member configured
to urge the first valve element in such a direction that the
first valve element closes communication. The ink car-
tridge comprises a cartridge body comprising an ink stor-
age chamber and a particular wall. An ink introduction
hole is formed through the particular wall and configured
such that ink in the ink storage chamber flows out to an
outside of the ink cartridge therethrough. The ink intro-
duction hole is configured to receive the ink supply tube
when the ink cartridge is mounted to the inkjet printer.
The ink cartridge also comprises a second valve element
configured to move in an axial direction of the ink intro-
duction hole to open and close the ink introduction hole.
The ink cartridge also comprises a second urging mem-
ber configured to urge the second valve element in such
a direction that the second valve element closes the ink
introduction hole. The second valve element comprises
a valve body and projecting portion. The valve body com-
prises a pressed portion configured to be pressed by a
distal end of the ink supply tube when the ink cartridge
is mounted to the inkjet printer and a projecting portion
projects from the valve body toward the outside of the
ink cartridge in the axial direction of the ink introduction
hole. The projecting portion of the second valve element
is configured to enter an interior of the ink supply tube to
press the first valve element in the direction that the first
valve element opens the communication between the ink
supply channel and the ink supply tube against an urging
force of the first urging member, and the pressed portion
of the second valve element is configured to be pressed
by the distal end of the ink supply tube in the direction
that the second valve element opens the ink introduction
hole against an urging force of the second urging mem-
ber, when the ink cartridge is mounted to the inkjet printer
and the ink supply tube is inserted into the ink introduction
hole.

[0008] When the ink supply tube is inserted into the
ink introduction hole when the ink cartridge is mounted
to the inkjet printer, the projecting portion of the second
valve element of the ink cartridge first enters the interior
of the ink supply tube, and the projecting portion opens
the communication between the ink supply channel and
the ink supply tube by pressing the first valve element of
the inkjet printer. Subsequently, the pressed portion of
the second valve element is pressed by the distal end of
the ink supply tube to open the ink introduction hole. In
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this arrangement, since the ink introduction hole of the
ink cartridge and the communication between the ink
supply channel and the ink supply tube of the printer are
opened only when the ink cartridge is mounted to the
inkjet printer, leakage of ink from the ink cartridge or from
the ink supply tube, or entraining of air into the ink car-
tridge or into the ink supply tube when the ink cartridge
is not mounted are reliably suppressed. Since the second
valve element is pressed in the direction that the second
valve element opens the ink introduction hole by the distal
end of the ink supply tube, a specific member for pressing
the second valve element to open the ink introduction
hole is not necessary and hence the number of compo-
nents can be reduced and manufacturing cost can also
be reduced.

[0009] The projecting portion may comprise a distal
end and a peripheral surface connecting the valve body
and the distal end. The peripheral surface may comprise
a contacting portion configured to contact an inner sur-
face of the ink supply tube and a non-contacting portion
configured no to contact the inner surface of the ink sup-
ply tube when the projecting portion enters the interior of
the ink supply tube. Since the contacting portion of the
periphery of the projecting portion contacts the inner sur-
face of the ink supply tube when the projecting portion
enters the interior of the ink supply tube, the motion of
the projecting portion is guided by the contacting portion.
Therefore, mounting of the ink cartridge can be per-
formed reliably. In addition, a passage is provided be-
tween the non-contacting portion of the projecting portion
and the inner surface of the ink supply tube. Ink can flow
through the passage.

[0010] The peripheral surface may comprise a plurality
of contacting portions. The plurality of contacting portions
may be positioned at regular intervals circumferentially.
The peripheral surface may further comprise a plurality
of non-contacting portions, each positioned between the
adjacent ones of the plurality of contacting portions in a
circumferential direction. Since the motion of the project-
ing portion entering the ink supply tube is guided uniform-
ly by the plurality of contacting portions, mounting of the
ink cartridge can be performed further reliably. The flow
of ink between the ink supply tube and the non-contacting
portion is symmetry with respect to the axis of the ink
supply tube, so that ink flows smoothly.

[0011] Anareaofthe contacting portion may be greater
than an area of the non-contacting potion. The motion of
the projecting portion entering the ink supply tube is sta-
bly guided, so that mounting of the ink cartridge can be
performed further reliably.

[0012] The valve body may comprise a plane orthog-
onal to a direction that the projecting portion projects.,
The valve body may further comprise a peripheral sur-
face extending from an edge of the plane. The plane com-
prises the pressed portion and a groove is formed in the
plane. The groove extends to the peripheral surface of
the valve body. When the distal end of the ink supply
tube comes into contact with the pressed portion, ink
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flows into the ink supply tube via the groove formed on
the plane.

[0013] The pressed portion may comprise a protrusion
projecting from the valve body less further than the pro-
jecting portion projects. When the distal end of the ink
supply tube comes into contact with the protrusion as the
pressed portion, a gap is provided between the distal end
and the valve body, whereby a passage to the ink supply
tube is provided. Ink flows through the passage.

[0014] The pressed portion may comprise a plurality
of protrusions, each projecting from the valve body less
further than the projecting portion projects. The plurality
of protrusions are positioned around the projecting por-
tion at regular intervals circumferentially. Since the distal
end of the ink supply tube comes into contact with the
plurality of protrusions arranged at regular intervals cir-
cumferentially and hence the second valve element is
stably pressed, mounting of the ink cartridge can be per-
formed more reliably.

[0015] The surface of the pressed portion may com-
prise a curved surface. Since a gap is provided between
the distal end of the ink supply tube and the curved sur-
face of the pressed portion, a passage to the ink supply
tube is provided. Ink flows through the passage.

[0016] The projecting portion may comprise a distal
end and a peripheral surface connecting the valve body
and the distal end. A hole is formed through the projecting
portion. The hole extends from the distal end through the
interior of the projecting portion and reaches the periph-
eral surface at a boundary between the valve body and
the projecting portion.

[0017] The projecting portion may comprise a distal
end and a peripheral surface connecting the valve body
and the distal end. At least part of the peripheral surface
is configured to contact an inner surface of the ink supply
tube when the projecting portion enters the interior of the
ink supply tube. Since the part of the peripheral surface
of the projecting portion contacts the inner surface of the
ink supply tube when the projecting portion enters the
interior of the ink supply tube, the motion of the projecting
portion entering the ink supply tube is guided by the con-
tacting portion. Therefore, mounting of the ink cartridge
can be performed further reliably.

[0018] The particular wall may comprise a resilient
member. The ink introduction hole can be closed reliably.
[0019] According to the invention, aninkjet printer con-
figured to demountably mount an ink cartridge is provid-
ed. The ink cartridge comprises a cartridge body com-
prises an ink storage chamber a particular wall. An ink
introduction hole is formed through the particular wall and
configured such that ink in the ink storage chamber flows
out to an outside of the ink cartridge therethrough. The
ink cartridge further comprises a second valve element
configured to move in an axial direction of the ink intro-
duction hole to open and close the ink introduction hole.
The second valve element comprises a projecting portion
projecting toward an outside of the ink cartridge in the
axial direction of the ink introduction hole. The ink car-
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tridge further comprises a second urging member con-
figured to urge the second valve element in such a direc-
tion that the second valve element closes the ink intro-
duction hole. The inkjet printer comprises an ink supply
tube configured to be inserted into the ink introduction
hole and to receive the projecting portion of the second
valve element when the ink cartridge is mounted to the
ink jet printer. The inkjet printer also comprises an ink
supply channel communicating with the ink supply tube.
The inkjet printer also comprises a first valve element
configured to move in an axial direction of the ink supply
tube and to open and close the communication between
the ink supply channel and the ink tube and the inkjet
printer also comprises a first urging member configured
to urge the first valve element in such a direction that the
first valve element closes the communication., the first
valve element is configured to be pressed by the project-
ing portion of the second valve element entering an in-
terior of the ink supply tube in the direction that the first
valve element opens the communication between the ink
supply channel and the ink supply tube against an urging
force of the first urging member, and a distal end of the
ink supply tube presses the second valve element in the
direction that the second valve element opens the ink
introduction hole against an urging force of the second
urging member, when the ink cartridge is mounted to the
inkjet printer and the ink supply tube is inserted into the
ink introduction hole.

[0020] When the ink supply tube is inserted into the
ink introduction hole when the ink cartridge is mounted
to the inkjet printer, the projecting portion of the second
valve element of the ink cartridge first enters the interior
of the ink supply tube, and the projecting portion opens
the communication between the ink supply channel and
the ink supply tube by pressing the first valve element of
the inkjet printer. Subsequently, the pressed portion of
the second valve element is pressed by the distal end of
the ink supply tube to open the ink introduction hole. In
this arrangement, since the ink introduction hole of the
ink cartridge and the communication between the ink
supply channel and the ink supply tube of the printer are
opened only when the ink cartridge is mounted to the
inkjet printer, leakage of ink from the ink cartridge or from
the ink supply tube, or entraining of air into the ink car-
tridge or into the ink supply tube when the ink cartridge
is not mounted are reliably suppressed. Since the second
valve element is pressed in the direction that the second
valve element opnes the ink introduction hole by the distal
end of the ink supply tube, a specific member for pressing
the second valve element to open the ink introduction
hole is not necessary and hence the number of compo-
nents can be reduced and manufacturing cost can also
be reduced.

[0021] Thefirstvalve elementmay be positioned within
the ink supply tube or the ink supply channel, and is not
projected outward from the ink supply tube. The commu-
nication between the ink supply channel and the ink sup-
ply tube is prevented from being opened by the first valve

10

15

20

25

30

35

40

45

50

55

element which is erroneously pressed when the ink car-
tridge is not mounted.

[0022] According to the invention, a combination of the
above-described ink cartridge and the above-described
inkjet printer is provided.

[0023] When the ink supply tube is inserted into the
ink introduction hole when the ink cartridge is mounted
to the inkjet printer, the projecting portion of the second
valve element of the ink cartridge first enters the interior
of the ink supply tube, and the projecting portion opens
the communication between the ink supply channel and
the ink supply tube by pressing the first valve element of
the inkjet printer. Subsequently, the pressed portion of
the second valve element is pressed by the distal end of
the ink supply tube to open the ink introduction hole. In
this arrangement, since the ink introduction hole of the
ink cartridge and the communication between the ink
supply channel and the ink supply tube of the printer are
opened only when the ink cartridge is mounted to the
inkjet printer, leakage of ink from the ink cartridge or from
the ink supply tube, or entraining of air into the ink car-
tridge or into the ink supply tube when the ink cartridge
is not mounted are reliably suppressed. Since the second
valve element is pressed in the direction that the second
valve element opnes the ink introduction hole by the distal
end of the ink supply tube, a specific member for pressing
the second valve element to open the ink introduction
hole is not necessary and hence the number of compo-
nents can be reduced and manufacturing cost can also
be reduced.

[0024] The urging force of the first urging member for
urging the first valve element may be smaller than the
urging force of the second urging member for urging the
second valve element. When the ink cartridge is mounted
to the inkjet printer, the first valve element is pressed by
the projecting portion of the second valve element to open
the communication between the ink supply channel and
the ink supply tube and then the second valve element
is pressed by the distal end of the ink supply tube to open
the ink introduction hole of the ink cartridge.

[0025] For a more complete understanding of the
present invention, the needs satisfied thereby, and the
features and technical advantages thereof, reference
now is made to the following descriptions taken in con-
nection with the accompanying drawings.

Fig. 1is a schematic drawing showing an inkjet print-
er according to an embodiment of the present inven-
tion.

Fig. 2 is a cross-sectional view of an ink cartridge
and a holder in a state in which the ink cartridge is
not mounted.

Fig. 3 is a perspective view of a valve element of the
ink cartridge and a distal end of an ink supply tube.
Fig. 4 is a drawing showing a projecting portion of
the valve element when it enters the interior of the
ink supply tube.

Fig. 5 is a cross-sectional view of the ink cartridge
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and the holder when the ink cartridge is being mount-
ed to the holder.

Fig. 6 is a cross-sectional view of the ink cartridge
and the holder when the ink is mounted to the holder
completely.

Fig. 7 is a perspective view of the distal end of the
ink supply tube according to Modification 1.

Fig. 8 is a perspective view of the distal end of the
ink supply tube according to Modification 2.

Fig. 9 is a perspective view of the valve element of
the ink cartridge according to Modification 3.

Fig. 10 is a perspective view of the valve element of
the ink cartridge according to Modification 4.

Fig. 11 is a perspective view of the valve element of
the ink cartridge according to Modification 5.

Fig. 12 is a drawing showing a state in which the ink
supply tube contacts the valve element of the ink
cartridge according to Modification 6.

Fig. 13 is a drawing showing a state in which the ink
supply tube contacts the valve element of the ink
cartridge according to Modification 7.

Fig. 14 isadrawing corresponding to Fig. 4 according
to Modification 8.

Fig. 15isadrawing corresponding to Fig. 4 according
to Modification 9.

Fig. 16is adrawing corresponding to Fig. 4 according
to Modification 10.

Fig. 17 isadrawing corresponding to Fig. 4 according
to Modification 11.

Fig. 18isadrawing corresponding to Fig. 4 according
to Modification 12.

Fig. 19is adrawing corresponding to Fig. 4 according
to Modification 13.

Fig.20is adrawing corresponding to Fig. 4 according
to Modification 14.

Fig.21isadrawing corresponding to Fig. 4 according
to Modification 15.

Fig. 22 is a perspective view of the valve element of
the ink cartridge according to Modification 16.

Fig. 23 is a cross-sectional view of the valve element
according to Modification 16 in a state in which a
projecting portion enters the interior of the ink supply
tube.

[0026] As shown in Fig. 1, a color inkjet printer 100
comprises a carriage 1 configured to linearly reciprocate
in one direction (the direction vertical to a paper plane)
along a guide 6. The inkjet printer 100 also comprises an
inkjet head 2 mounted to the carriage 1 configured to
reciprocate integrally with the carriage 1. The inkjet head
2 comprises four types of nozzles configured to discharge
ink in four colors (cyan (C), yellow (Y), magenta (M), and
black (K)) respectively onto a printing paper P. The inkjet
100 printer further comprises an ink supply device 3 con-
figured to supply ink in four colors respectively to the
inkjet head 2, and a transporting device 4 configured to
feed the printing paper P in a direction orthogonal to the
direction of movement of the inkjet head 2 and in parallel
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with an ink discharge surface 2a of the inkjet head 2 (in
the left and right direction in Fig 1). The inkjet head 2 and
holders 11 of the ink supply device 3 are connected via
supply tubes 7. The inkjet printer 100 ejects ink toward
the printing paper P while the inkjet head 2 reciprocates
in the direction vertical to the paper plane of Fig. 1 and
the printing paper P moves in the left-and-right direction
in Fig. 1, so that a desired image is printed on the printing
paper P.

[0027] The ink supply device 3 comprises four ink car-
tridges 10 which contain ink in four colors respectively
therein, and four holders 11 to which the four ink cartridg-
es 10 are mounted respectively.

[0028] As the four ink cartridges 10 have the same
shape and structure, one of these cartridges will be de-
scribed below. As shown in Fig. 2, the ink cartridge 10
comprises a cartridge body 20. The cartridge body 20
comprises a body member 21 configured to store ink,
and a cap 22. The cap 22 is provided at the lower end of
the body member 21

[0029] The body member 21 comprises an ink storage
section 23 and a cylindrical portion 24. The ink storage
section 23 is in a substantially vertically elongated par-
allelepiped shape. The cylindrical portion 24 extends
downward from the lower end of the ink storage section
23. The ink storage section 23 and the cylindrical portion
24 are formed integrally, e.g. integrally molded. The ink
storage section 23 comprises an ink storage chamber 25
configured to store ink. An atmospheric air communica-
tion hole 26 is formed through a upper wall of the ink
storage section 23 and configured to communicate the
ink storage chamber 25 and atmospheric air. On the other
hand, an ink discharge hole 27 is formed through a lower
wall of the ink storage section 23, and the ink storage
chamber 25 and a space within the cylindrical portion 24
are communicated with each other via the ink discharge
hole 27. Therefore, atmospheric air is introduced through
the atmospheric air communication hole 26 into the ink
storage chamber 25 and ink in the ink storage chamber
25 is discharged through the ink discharge hole 27 into
the space within the cylindrical portion 24. A tab 28 is
integrally formed at an upper end portion of the body
member 21.

[0030] The cap 22 is attached to the lower end portion
of the cylindrical portion 24 and closes the space within
the cylindrical portion 24 from below. An ink introduction
hole 29 is formed through the center of the bottom portion
of the cap 22. As shown in Fig. 5 and Fig. 6, when an ink
supply tube 40 provided on the holder 11 is inserted into
the ink introduction hole 29 when the ink cartridge 10 is
mounted to the holder 11, ink flows out from the space
within the cylindrical portion 24 to the ink supply tube 40.
In order to facilitate entry of the distal end of the ink supply
tube 40 into the cylindrical portion 24, the ink introduction
hole 29 is formed into a tapered shape so that the diam-
eterofthe introduction hole 29 increases as it approaches
the ink supply tube 40.

[0031] As shown in Fig. 2, the cap 22 comprises an
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annular valve seat 30 on the bottom surface of the cap
22. The annular valve seat 30 projects upward and sur-
round the ink introduction hole 29. The cylindrical portion
24 comprises a valve element 31 configured to move in
the vertical direction (in the axial direction of the ink in-
troduction hole 29). As shown in Fig. 2 and Fig. 3, the
valve element 31 comprises a disc-shaped valve body
32 and a projecting portion 33. The projecting portion 33
projects from the center of the lower surface of the valve
body 32 downward in a direction orthogonal to the lower
surface of the valve body 32. The direction orthogonal to
the lower surface of the valve body 32 is the axial direction
of the ink introduction hole 29. The valve body 32 and
the projecting portion 33 are formed integrally, e.g. inte-
grally molded. The valve element 31 opens the ink intro-
duction hole 29 when it comes out of contact with the
valve seat 30 and closes the ink introduction hole 29
when it comes into tight contact with the valve seat 30.
[0032] Aresilient member 37 is disposed on the upper
side of the valve element 31, and the valve element 31
is urged toward the valve seat 30 by the resilient member
37. Therefore, in a state in which the ink cartridge 10 is
not mounted, the valve element 31 is pressed against
the valve seat 30 by an urging force of the resilient mem-
ber 37, so that the ink introduction hole 29 is closed.
[0033] The cap 22 is formed of a material having flex-
ibility, e.g. rubber or elastomer so as to enhance contact
between the valve element 31 and the valve seat 30 and
thereby close the ink introduction hole 29 reliably.
[0034] As shown in Fig. 5 and Fig. 6, when the ink
supply tube 40 of the holder 11 is inserted into the ink
introduction hole 29 when the ink cartridge 10 is mounted
to the holder 11, the projecting portion 33 enters the in-
terior of the ink supply tube 40. As shown in Fig. 3 and
Fig. 4, the shape of the projecting portion 33 when viewed
from below is a cross-shape. The cross-shaped project-
ing portion 33 comprises a distal end and a peripheral
surface connecting the lower surface of valve body and
the distal end. The peripheral surface of the projecting
portion 33 comprises four contacting portions 34 ar-
ranged at four end positions of the projecting portion 33
at regular intervals in a circumferential direction of the
projecting portion 33. When the projecting portion 33 en-
ters the interior of the ink supply tube 40, the four con-
tacting portions 34 contact the inner surface of the ink
supply tube 40. On the other hand, portions of the pe-
ripheral surface of projecting portion 33 arranged respec-
tively between the adjacent ones of four contacting por-
tions 34 in the circumferential direction are non-contact-
ing portions 35 which do not contact the inner surface of
the ink supply tube 40.

[0035] When the ink cartridge 10 is mounted to the
holder 11, the distal end of the ink supply tube 40 comes
into contact with a pressed portion 36 of the lower surface
of the valve body 32. In addition, the pressed portion 36
is pressed upward by the ink supply tube 40, so that the
ink introduction hole 29 is opened.

[0036] Since the four holders 11 have the same shape
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and structure, one of them will be described below. As
shown in Fig. 1 and Fig. 2, the holder 11 comprises the
ink supply tube 40 extending upward from the bottom
portion of the holder 11. As shown in Fig. 3, two notches
41 are formed through the ink supply tube 40. The two
notches extend from the distal end of the ink supply tube
40 in the axial direction of the tube. An ink supply channel
42 is formed in the bottom portion of the holder 11. The
ink supply channel 42 continues from the lower end of
the ink supply tube 40 and is connected to the inkjet head
2 via the supply tube 7 (see Fig. 1). As shown in Fig. 5,
Fig. 6, when the ink cartridge 10 is mounted to the holder
11, the ink supply tube 40 is inserted into the ink intro-
duction hole 29, so that the distal end of the ink supply
tube 40 presses the pressed portion 36 of the valve ele-
ment 31 disposed within the cylindrical portion 24 up-
ward. When the distal end of the ink supply tube 40 is
inserted though the ink introduction hole 29 into the cy-
lindrical portion 24, the cross-shaped projecting portion
33 on the valve element 31 enters the ink supply tube 40
at the same time.

[0037] As shown in Fig. 2, a valve element 44 is dis-
posed in the vicinity of a connecting portion 43 between
the ink supply tube 40 and the ink supply channel 42.
The valve element 44 is configured to move in the vertical
direction (the axial direction of the ink supply tube 40). A
valve rod 45 extends from the upper surface of the valve
element 44 upward within the ink supply tube 40. The
distal end of the valve rod 45 is always positioned within
the ink supply tube 40 irrespective of the position of the
valve element 44, and the valve rod 45 does not project
upward from the ink supply tube 40 even when the valve
element 44 is moved in the vertical direction. An O-ring
46 formed of flexible element such as rubber is mounted
to the upper surface of the valve element 44. As shown
in Fig. 2, when the valve element 44 is in tight contact
with the inner wall portion of the ink supply channel 42
via the O-ring 46, a communication between the ink sup-
ply tube 40 and the ink supply channel 42 through the
connecting portion 43 is closed. On the other hand, as
shown in Fig 5 and Fig. 6, when the valve element 44 is
apart from the inner wall portion of the ink supply channel
42 in the vicinity of the connecting portion 43, the com-
munication is opened.

[0038] A spring 47 is disposed on the lower side of the
valve element 44, and the valve element 44 is urged up-
ward (toward the connecting portion 43) by the spring
47. Therefore, in the state in which the ink cartridge 10
is not mounted to the holder 11, the valve element 44 is
pressed against the inner wall portion near the connect-
ing portion 43 by an urging force of the spring 47, and
the communication between the ink supply tube 40 and
the ink supply channel 42 through the connecting portion
43 is closed. On the other hand, when the ink cartridge
10 is mounted to the holder 11, the valve element 31
enters the interior of the ink supply tube 40, and the valve
element44 is pressed downward against the urging force
of the spring 47 by the projecting portion 33 of the valve
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element 31 and the valve element 44 moves apart from
the inner wall portion, so that the ink supply channel 42
communicates with the interior of the ink supply tube 40.
The urging force of the spring 47 to urge the valve element
44 upward before the ink cartridge 10 is mounted to the
holder 11 is set to be smaller than an urging force of the
resilient member 37 to urge the valve element 31 down-
ward.

[0039] As shown in Fig. 2, in a state in which the ink
cartridge 10 is not mounted to the holder 11, the valve
element 31 is urged downward by the resilient member
37 and is pressed against the valve seat 30 within the
ink cartridge 10, and the ink introduction hole 29 is closed
by the valve element 31. On the other hand, in the holder
11, the valve element 44 is urged upward by the spring
47, and the O-ring 46 provided on the upper surface of
the valve element 44 is pressed against the inner wall
portion of the ink supply channel 42 in the vicinity of the
connecting portion 43, so that the communication be-
tween the ink supply tube 40 and the ink supply channel
42 through the connecting portion 43 is closed. There-
fore, leakage of ink from the ink cartridge 10 or from the
ink supply tube 40, or entraining of airinto the ink cartridge
10 or into the ink supply tube 40 are suppressed.
[0040] When the ink cartridge 10 is pressed into the
holder 11, the ink supply tube 40 is inserted into the ink
introduction hole 29 as shown in Fig. 5. At this time, si-
multaneously, the projecting portion 33 of the valve ele-
ment 31 enters the interior of the ink supply tube 40 and
comes into contact with the distal end of the valve rod 45
positioned within the ink supply tube 40. As described
above, the urging force of the spring 47 in the holder 11
to urge the valve element 44 upward is smaller than the
urging force of the resilient member 37 in the ink cartridge
10 to urge the valve element 31 downward. Therefore,
whentheink cartridge 10 is pressed inwardly of the holder
11, the valve element 44 of the holder 11 is pressed down-
ward against the urging force of the spring 47 by the
projecting portion 33. Then, the O-ring 46 mounted to the
upper surface of the valve element 44 comes apart from
the inner wall portion in the vicinity of the connecting por-
tion 43 between the ink supply tube 40 and the ink supply
channel 42, so that the communication between the ink
supply tube 40 and the ink supply channel 42 through
the connecting portion 43 is opened.

[0041] When the projecting portion 33 enters the inte-
rior of the ink supply tube 40, the four contacting portions
34 contact the inner surface of the ink supply tube 40,
and the motion of the projecting portion 33 entering the
ink supply tube 40 is guided by the four contacting por-
tions 34.

[0042] As shown in Fig. 6, when the ink cartridge 10
is pressed further downward, the urging force of the com-
pressed spring 47 increases, and hence the valve ele-
ment 44 of the holder 11 does not move downward any
longer and, on the contrary, the pressed portion 36 of the
valve element 31 of the ink cartridge 10 is pressed back
upward against the urging force of the resilient member
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37 by the distal end of the ink supply tube 40. Then, the
valve element 31 moves apart from the valve seat 30
formed on the cap 22, so that the ink introduction hole
29 is opened.

[0043] Here, as shown in Fig. 4, since the four non-
contacting portions 35 do not contact the inner surface
of the ink supply tube 40, passages through which ink
flows are provided between the four non-contacting por-
tions 35 and the inner surface of the ink supply tube 40.
Therefore, ink in the cylindrical portion 24 of the ink car-
tridge 10 flows into the ink supply channel 42 in the holder
11 via the two notches 41 (see Fig. 3) formed at the distal
end of the ink supply tube 40 and via the passages pro-
vided between the non-contacting portions 35 and the
inner surface of the ink supply tube 40. The ink is further
supplied to the inkjet head 2 via the ink supply channel 42.
[0044] According totheink supply device 3 of the inkjet
printer 100 described above, the following effects are
achieved.

[0045] In the state in which the ink cartridge 10 is not
mounted to the holder 11, the ink introduction hole 29 is
closed by the valve element 31 in the ink cartridge 10,
and the communication between the ink supply tube 40
and the ink supply channel 42 through the connecting
portion 43 is closed by the valve element 44 in the holder
11. Since the ink introduction hole 29 of the ink cartridge
10 and the ink supply channel 42 of the holder 11 are
respectively opened only when the ink cartridge 10 is
mounted to the holder 11, in the state in which the ink
cartridge 10 is not mounted, the leakage of ink from the
ink cartridge 10 or from the ink supply tube 40 of the
holder 11, or entraining of air into the interior of the ink
cartridge 10 or into the ink supply tube 40 can be reliably
suppressed. Since the pressed portion 36 of the valve
element 31 is pressed by the distal end of the ink supply
tube 40 and the ink introduction hole 29 is opened, a
specific member for pressing the valve element 31 to
open the ink introduction hole 29 is not necessary, and
hence the number of components can be reduced and
manufacturing cost can also be reduced.

[0046] Since the valve rod 45 of the valve element 44
is positioned in the interior of the ink supply tube 40, and
does not project out from the ink supply tube 40, the com-
munication between the ink supply tube 40 and the ink
supply channel 42 through the connecting portion 43 is
prevented from being opened by the valve element 44
which is erroneously pressed downward when the ink
cartridge 10 is not mounted to the holder 11.

[0047] The four contacting portions 34 configured to
contact the inner surface of the ink supply tube 40 are
provided on the peripheral surface of the projecting por-
tion 33, and the motion of the projecting portion 33 en-
tering the ink supply tube 40 is guided by the four con-
tacting portions 34. Therefore, mounting of the ink car-
tridge 10 can be performed reliably. In addition, since the
four contacting portions 34 are provided at four positions
of the projecting portion 33 at regular intervals in a cir-
cumferential direction of the projecting portion 33, the
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motion of the projecting portion 33 entering the ink supply
tube 40 is guided uniformly at the circumference, so that
mounting of the ink cartridge 10 can be performed further
reliably.

[0048] Since the non-contacting portions 35 which do
not contact the inner surface of the ink supply tube 40
are also provided on the peripheral surface of the pro-
jecting portion 33, so that the passages are securely pro-
vided between the inner surface of the ink supply tube
40 and the non-contacting portion 35 when the projecting
portion 33 of the valve element 31 enters the interior of
the ink supply tube 40. Therefore, even when the diam-
eter of the ink supply tube 40 is reduced, ink can flow
into the ink supply tube 40. By reducing the diameter of
the ink supply tube 40 in this manner, the contact surface
area between the ink supply tube 40 and the ink intro-
duction hole 29 can be reduced. Resistance when the
ink cartridge 10 is mounted and demounted is reduced
and mounting and demounting of the ink cartridge 10 can
be facilitated. When the diameter of the ink supply tube
40 is reduced, the amount of leakage of ink or entraining
of air at the time of mounting and demounting of the ink
cartridge 10 is also reduced. In addition, since the four
non-contacting portions 35 are arranged respectively be-
tween the adjacent ones of the four contacting portions
34 provided at four positions at regular intervals in a cir-
cumferential direction of the projecting portion 33, the
passages between the ink supply tube 40 and the non-
contacting portions 35 are symmetrical with respect to
the axis of the ink supply tube 40, so that ink flows
smoothly in the ink supply tube 40.

[0049] Subsequently, various modifications will be de-
scribed. Those having the same configuration as the
above-described embodiment are designated by the
same reference numerals and the description will be
omitted.

1] In the embodiment described above, the notches
41 are formed at the distal end of the ink supply tube
40. However, various configurations may be em-
ployed instead of the notches 41.

For example, as shown in Fig. 7, the distal end sur-
face of an ink supply tube 40A is formed into an in-
clined surface which forms an angle other than 90°
with respect to the axial direction of the tube 40A
(Modification 1). Alternatively, as shown in Fig. 8, a
protrusion 41B which projects in the axial direction
of an ink supply tube 40B from the distal end surface
thereof may be formed (Modification 2). Although not
shown in the drawing specifically, the distal end sur-
face of an ink supply tube may be entirely convex or
concave. In these cases, when the distal end of the
ink supply tube comes into contact with the flat lower
surface (pressed portion) of the valve body, a gap is
formed between the ink supply tube and the valve
body. Therefore, ink can flow into the ink supply tube
via the gap.

Alternatively, a protrusion may be formed on the low-

10

15

20

25

30

35

40

45

50

55

er surface of the valve body of the valve element of
the cartridge, and the protrusion may protrude from
the lower surface less further than the projecting por-
tion protrudes, so that the protrusion is pressed up-
ward by the ink supply tube as the pressed portion.
For example, as shown in Fig. 9, two parallelepiped
protrusions 36C may be formed on the lower surface
of a valve body 32C at positions in point symmetrical
with respect to a center axis of a projecting portion
33C (Modification 3). The protrusions 36C protrude
from the lower surface less further than the projecting
portion 33C protrudes. Alternatively, as shownin Fig.
10, aplurality of column shaped protrusions 36D may
be formed at regular intervals circumferentially
around the projecting portion 33D on the lower sur-
face of the valve body 32D (Modification 4). In these
cases, when the ink supply tube comes into contact
with the protrusions 36C or 36D as the pressed por-
tions, a gap is formed between the lower surface of
the valve body and the distal end surface of the ink
supply tube, whereby ink can flow into the interior of
the ink supply tube via the gap. The protrusion as
the pressed portion is not limited to the parallelepi-
ped shape or the column shape, and those in various
shapes can be employed. The number of the protru-
sions can also be set as needed. However, when a
plurality of protrusions are provided on the valve el-
ement, the plurality of protrusions are preferably ar-
ranged respectively at regular intervals circumferen-
tially around the projecting portion. In this case, the
distal end of the ink supply tube comes into contact
with the plurality of protrusions arranged at regular
intervals circumferentially around the projecting por-
tion and hence the valve element is pressed stably,
so that mounting of the ink cartridge can be per-
formed more reliably.

Alternatively, as shown in Fig. 11, a groove 50 may
be formed in a pressed portion 36E on the lower
surface of a valve body 32E. The groove 50 extends
from a position near the center of a projecting portion
33E to the outer side surface of the valve body 32E
(Modification 5). The number of the grooves 50 may
be one or plural. In this case, when the ink supply
tube comes into contact with the pressed portion 36E
of the valve body 32E, ink can flow into the interior
of the ink supply tube via the groove 50.

The surface of the pressed portion of the valve body
to be pressed by the ink supply tube may be formed
into a curved shape. For example, the surface of a
pressed portion 36F of a valve body 32F may be
convex as shown in Fig. 12, (Modification 6) or the
surface of a pressed portion 36G of a valve body
32G may be concave as shown in Fig. 13 (Modifica-
tion 7). In these cases, when the ink supply tube
comes into contact with the pressed portion of the
valve body, a gap is formed between the valve body
and the distal end surface of the ink supply tube,
whereby ink can flow into the interior of the ink supply
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tube via the gap.

2] Various shapes of projecting portions may be em-
ployed instead of the cross-shape (see Fig. 3, Fig.
4) as in the above-described embodiment as long
as it contacts the inner surface of the ink supply tube
and the passage is securely provided between the
projecting portion and ink supply tube when the pro-
jecting portion enters the interior of the ink supply
tube. For example, as shown in Fig. 14, four non-
contacting portions 35H arranged respectively be-
tween the adjacent ones of four contacting portions
34H circumferentially of a projecting portion 33H are
each formed into a rounded recess when viewed in
the direction that the projecting portion 33H projects
(Modification 8). The contacting portions 34 H are
configured to contact the interior of the ink supply
tube 40 and the non-contacting portions 35H do not.
The number of the contacting portions and the non-
contacting portions arranged respectively between
the adjacent contacting portions do not necessarily
have to be four, and three each of contacting portions
341 and non-contacting portions 351 may be provid-
ed on a projecting portion 33| as shown in Fig. 15
(Modification 9), or other number of those may be
provided. As shown in Fig. 16, a non-contacting por-
tion 35J may be formed by removing a projecting
portion 33J from the periphery surface to the axial
center portion of the projecting portion 33J. The re-
maining portion on the peripheral surface of the pro-
jecting portion 33J may serve as a contacting portion
34J configured to contact the interior of the ink supply
tube 40 (Modification 10).

As shown in Fig. 17, contacting portions 34K config-
ured to contact the interior of the ink supply tube 40
may be formed into an arcuate shape when viewed
in the direction that a projecting portion 33K projects
(Modification 11). In addition, as shown in Fig. 18 to
Fig. 21, projecting portions 33L, 33M, 33N, 330 may
be formed by partly removing peripheral surface of
a column when viewed in the direction that projec-
tions project, so that the removed portions serve as
non-contacting portions 35L, 35M, 35N and 350 con-
figured not to contact the interior of the ink supply
tube 40, and the remaining portions serve as con-
tacting portions 34L, 34M, 34N and 340 configured
to contact the interior of the ink supply tube 40 (Mod-
ifications 12, 13, 14, 15).

In order to ensure reliable mounting of the ink car-
tridge by stabilizing the entering motion of the pro-
jecting portion, it is preferable that the plurality of
contacting portions are provided respectively at reg-
ular intervals in a circumferential direction of the pro-
jecting portion as in the above-described embodi-
ment or modifications shown in Fig. 14, Fig. 15, Fig.
17, Fig. 19, Fig. 20 and Fig. 21. Alternatively, as the
modifications shown in Fig. 16 and Fig. 18, the pe-
ripheral area of the contacting portions may be great-
er than the peripheral area of the non-contacting por-
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[0050]
ifications, the ink carriage is mounted and demounted in
the vertical direction with respect to the holder. However,
the ink supply tube of the holder may extend in the hor-
izontal direction and the ink cartridge is mounted and
demounted with respect to the holder in the horizontal
direction.

tions.

3] As shown in Fig. 22 and Fig. 23, protrusions 36P
as the pressed portions which are pressed by the
ink supply tube 40 are provided on the lower surface
of a valve body 32P at positions around a projecting
portion 33P, and a through hole 60 is formed through
the projecting portion 33P. The through hole 60 ex-
tends from the distal end of the projecting portion
33P through the interior of the projecting portion 33P
and reaches the peripheral surface of the projecting
portion 339 at the boundary between the projecting
portion 33P and the lower surface of the valve body
32 P (Modification 16). In this case, a passage from
the ink cartridge to the interior of the ink supply tube
40 is provided by a gap formed between the lower
surface of the valve body 32P and the ink supply
tube 40 and the through hole 60 formed within the
projecting portion 33P. In Modification 16, non-con-
tacting portions as shown in the above-described
embodiment and the modifications thereof are not
necessary. Therefore, in order to stabilize the enter-
ing motion of the projecting portion 33P, the project-
ing portion 33P is preferably formed into a column
shape that contacts the inner surface of the ink sup-
ply tube 40 over the entire peripheral surface thereof.
4] In the above-described embodiment, the valve el-
ement 44 configured to open and close the commu-
nication between the ink supply channel 42 and the
in supply tube 40 includes the valve rod 45 positioned
within the ink supply tube 40, so that when the valve
rod 45 is pressed downward by the projecting portion
33 of the valve element 31 of the ink cartridge 10,
the valve element 44 opens the communication (see
Fig. 2, Fig. 5 and Fig. 6). However, the valve rod 45
does not necessarily have to be provided. In other
words, the valve rod 45 may be omitted, and the
valve element 44 of the holder is directly pressed by
the projecting portion 33 of the valve element 31 of
the ink cartridge 10. In this case, since the valve el-
ement 44 of the holder 11 is positioned in the ink
supply channel 42, the valve element 44 is prevented
from being erroneously pressed in the state in which
the ink cartridge is not mounted to the holder.

In the above-described embodiment and mod-

Claims

An ink cartridge (10) configured to be demountably
mounted to an inkjet printer (100), the ink jet printer
comprising an ink supply tube (40, 40A, 40B), anink
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supply channel (42) communicating with the ink sup-
ply tube, afirst valve element (44) configured to move
in an axial direction of the ink supply tube and to
open and close the communication between the ink
supply channel (42) and the ink tube (40, 40A, 40B),
and a first urging member (47) configured to urge
the first valve element in such a direction that the
first valve element (44) closes the communication,
the ink cartridge (10) comprising:

a cartridge body (20) comprising an ink storage
chamber (25) and a particular wall, wherein an
ink introduction hole (29) is formed through the
particular wall and configured such that ink in
the ink storage chamber (25) flows out to an out-
side of the ink cartridge (10) therethrough,
wherein the ink introduction hole (29) is config-
ured toreceive the ink supply tube (40,40A, 40B)
when the ink cartridge (10) is mounted to the
inkjet printer (100);

a second valve element (31) configured to move
in an axial direction of the ink introduction hole
(29) to open and close the ink introduction hole
(29); and

a second urging element (37) configured to urge
the second valve element (31) in such adirection
that the second valve element (31) closes the
ink introduction hole (29),

wherein the second valve element (31) compris-
es a valve body (32,32C - 32P) and projecting
portion (33, 33C - 33P), wherein the valve body
comprises a pressed portion (36) configured to
be pressed by a distal end of the ink supply tube
(40, 40A, 40B) when the ink cartridge (10) is
mounted to the inkjet printer, and the projecting
portion projects from the valve body toward the
outside of the ink cartridge in the axial direction
of the ink introduction hole (29), and

wherein, the projecting portion (33, 33C - 33P)
of the second valve element (31) is configured
to enter an interior of the ink supply tube (40,
40A, 40B) and to press the first valve element
(44) in the direction such that the first valve el-
ement (44) opens the communication between
the ink supply channel (42) and the ink supply
tube (40, 40A, 40B) against an urging force of
the first urging member (47), and the pressed
portion of the second valve element (31) is con-
figured to be pressed by the distal end of the ink
supply tube in the direction that the second valve
element (31) opens the ink introduction hole (29)
against an urging force of the second urging
member (37), when the ink cartridge (10) is
mounted to the inkjet printer (100) and the ink
supply tube is inserted into the ink introduction
hole (29).

2. The ink cartridge (10) according to claim 1, wherein
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the projecting portion (33, 33C - 33P) comprises a
distal end and a peripheral surface connecting the
valve body (32, 33C - 33P)and the distal end, where-
in the peripheral surface comprises a contacting por-
tion (34, 34H - 340) configured to contact an inner
surface of the ink supply tube and a non-contacting
portion (35, 35H - 350) configured not to contact the
inner surface of the ink supply tube when the pro-
jecting portion enters the interior of the ink supply
tube (40, 40A, 40B).

The ink cartridge (10) according to claim 2, wherein
the peripheral surface comprises a plurality of con-
tacting portions (34, 34H - 340), wherein the plurality
of contacting portions are positioned at regular inter-
vals circumferentially, and wherein the peripheral
surface further comprises a plurality of non-contact-
ing portions (35, 35H - 350), each positioned be-
tween the adjacent ones of the plurality of contacting
portions in a circumferential direction.

The ink cartridge (10) according to one of claim 2 or
3, wherein an area of the contacting (34, 34H-340)
portion is greater than an area of the non-contacting
portion (35, 35H-350).

The ink cartridge (10) according to one of claims 1
to 4, wherein the valve body (32m 32C-32P) com-
prises a plane orthogonal to a direction that the pro-
jecting portion projects and a peripheral surface ex-
tending from an edge of the plane, wherein the plane
comprises the pressed portion and wherein a groove
(50) is formed in the plane, and the groove extends
to the peripheral surface of the valve body.

The ink cartridge (10) according to claim 1, wherein
the pressed portion (36) comprises a protrusion
(36C, 36D, 36P) projecting from the valve body less
further than the projecting portion projects.

The ink cartridge (10) according to claim 6, wherein
the pressed portion (36) comprises a plurality of pro-
trusions (36C, 36D, 36P), each projecting from the
valve body less further than the projecting portion
projects, wherein the plurality of the protrusions are
positioned around the projecting portion at regular
intervals circumferentially.

The ink cartridge (10) according to claim 1, wherein
the surface of the pressed portion (36F, 36G) com-
prises a curved surface.

The ink cartridge (10) according to one of claims 6
or 7, wherein the projecting portion (33P) comprises
a distal end and a peripheral surface connecting the
valve body and the distal end, wherein a hole (60)
is formed through the projecting portion, wherein the
hole extends from the distal end through the interior
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of the projecting portion and reaches the peripheral
surface at a boundary between the valve body (32P)
and the projecting portion (33P).

The ink cartridge (10) according to one of claims 1
to 9, wherein the projecting portion (33, 33C-33P)
comprises a distal end and a peripheral surface con-
necting the valve body and the distal end, wherein
at least a part of the peripheral surface is configured
to contact an inner surface of the ink supply tube
when the projecting portion enters the interior of the
ink supply tube.

The ink cartridge (10) according to one of claims 1
to 10, wherein the particular wall comprises a resil-
ient member (37).

An inkjet printer (100) configured to demountably
mount an ink cartridge (10), the ink cartridge com-
prising a cartridge body (20) comprising an ink stor-
age chamber (25) and a particular wall, wherein an
ink introduction hole (29) is formed through the par-
ticular wall and configured such that ink in the ink
storage chamber flows out to an outside of the ink
cartridge therethrough, the ink cartridge further com-
prising a second valve element (31) configured to
move in an axial direction of the ink introduction hole
to open and close the ink introduction hole, the sec-
ond valve element (31) comprising a projecting por-
tion (33, 33C-33P) projecting toward an outside of
the ink cartridge in the axial direction of the ink intro-
duction hole, and the ink cartridge further comprising
a second urging member (37) configured to urge the
second valve element (31) in such a direction that
the second valve element closes the ink introduction
hole (29), the inkjet printer (100) comprising;

an ink supply tube (40, 40A, 40B) configured to be
inserted into the ink introduction hole and to receive
the projecting portion of the second valve element
when the ink cartridge is mounted to the ink jet print-
er;

an ink supply channel (42) communicating with the
ink supply tube (40, 40A, 40B);

a first valve element (44) configured to move in an
axial direction of the ink supply tube (40, 40A, 40B)
and to open and close the communication between
the ink supply channel (42) and the ink tube; and
afirst urging member (47) configured to urge the first
valve (44) element in such a direction that the first
valve element closes the communication,

wherein, the first valve element is configured to be
pressed by the projecting portion of the second valve
element entering an interior of the ink supply tube in
the direction that the first valve element opens the
communication between the ink supply channel and
the ink supply tube against an urging force of the first
urgingmember (37), and adistal end of the ink supply
tube presses the second valve element (31) in the
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direction that the second valve element opens the
ink introduction hole (29) against an urging force of
the second urging member (47), when the ink car-
tridge (10) is mounted to the inkjet printer (100) and
theink supply tube isinserted into the ink introduction
hole (29).

The inkjet printer (100) according to claim 12, where-
in the first valve element (44) is positioned within the
ink supply tube (40, 40A, 40B) or the ink supply chan-
nel (42), and is not projected outward from the ink
supply tube.

A combination of the ink cartridge (10) according to
one of claims 1 to 10 and the inkjet printer (100)
according to one of claims 11 to 13.

The combination according to claim 14, wherein the
urging force of the first urging member (37) for urging
the first valve element (31) is smaller than the urging
force of the second urging member (47) for urging
the second valve element (44).
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