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body of an image forming device and capable of supply-
ing liquid to the image forming device when mounted on
the body. A liquid delivery path has a first portion and a
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dating unit and the first portion. The first opening/closing
unit is configured so as to be capable of being switched
between an open state in which the first portion is opened
and a closed state in which the first portion is closed. The
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second opening/closing unit is configured so as to be
capable of being switched between an open state in
which the second portion is opened and a closed state
in which the second portion is closed. The interlocking
mechanism is configured so as to be capable of being
operated in association with an operation of an actuator
provided on the body to switch the second opening/clos-
ing unit between the open state and the closed state. The
storing unit is configured to store time length data indi-
cating a length of a prescribed time.
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Description

[0001] The present invention relates to a liquid car-
tridge and an image forming device for forming images
using liquid supplied from the liquid cartridge.

[0002] Image forming devices that form images using
liquid supplied from liquid cartridges are well known in
the art. An example of this type of image forming device
disclosed in Japanese Patent Application Publication No.
2005-238815 is an inkjet recording device employing ink
cartridges as the liquid cartridges. The ink cartridge hous-
es an ink bag. A valve is provided on the ink bag for
supplying ink externally from the ink bag. The valve in-
cludes a spring, a spring seat, and a sealing lid. An ink
supplying needle (ink delivery tube) provided in the inkjet
recording device penetrates the sealing lid and moves
the spring seat, allowing ink in the ink bag to pass through
the ink supplying needle and be supplied to the inkjet
recording device.

[0003] However, when a user mounts an ink cartridge
in the body of the conventional recording device de-
scribed above, the mounting motion of the ink cartridge
produces a change in ink pressure inside the ink car-
tridge. This change in ink pressure produced when an
ink cartridge is mounted in the body of the recording de-
vice may be transmitted to the recording head, breaking
the meniscuses formed in the nozzles of the recording
head and, hence, allowing ink to leak from the nozzles.
If printing is performed while ink is linking in this state,
ink ejection problems may occur in the recording head
due to the broken meniscuses.

[0004] In view of the foregoing, it is an object of the
present invention to provide a liquid cartridge capable of
preventing the conventional ink ejection problems from
occurring in the recording head. It is another object of
the present invention to provide an image forming device
that forms images using liquid supplied from such liquid
cartridges.

[0005] In order to attain the above and other objects,
the present invention provides a liquid cartridge detach-
ably mountable on a body of an image forming device
and capable of supplying liquid to the image forming de-
vice when mounted on the body. The liquid cartridge in-
cludes aliquid accommodating unit, aliquid delivery path,
a first opening/closing unit, a second opening/closing
unit, an interlocking mechanism, and a storing unit. The
liquid accommodating unit is configured to accommodate
liquid therein. The liquid delivery path is in fluid commu-
nication with the liquid accommodating unit and supplies
liquid externally from the liquid accommodating unit. The
liquid delivery path has a first portion and a second por-
tion positioned between the liquid accommodating unit
and the first portion. The first opening/closing unit is con-
figured so as to be capable of being switched between
an open state in which the first portion is opened and a
closed state in which the first portion is closed. The sec-
ond opening/closing unitis configured so as to be capable
of being switched between an open state in which the
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second portion is opened and a closed state in which the
second portion is closed. The interlocking mechanism is
configured so as to be capable of being operated in as-
sociation with an operation of an actuator provided on
the body to switch the second opening/closing unit be-
tween the open state and the closed state. The storing
unit is configured to store time length data indicating a
length of a prescribed time.

[0006] According to another aspect, the presentinven-
tion provides an image forming device including a body
and a liquid cartridge detachably mounted on the body
for supplying liquid to the body. The body includes an
actuator, a liquid ejecting head, and a controller. The lig-
uid ejecting head ejects the liquid supplied from the liquid
cartridge. The controller controls the actuator and the
liquid ejecting head. The liquid cartridge includes a liquid
accommodating unit, a liquid delivery path, a first open-
ing/closing unit, a second opening/closing unit, an inter-
locking mechanism, and a storing unit. The liquid accom-
modating unit is configured to accommodate the liquid
therein. The liquid delivery path is in fluid communication
with the liquid accommodating unit and supplies the liquid
to the body from the liquid accommodating unit. The liquid
delivery path has a first portion and a second portion
positioned between the liquid accommodating unit and
the first portion. The first opening/closing unit is config-
ured so as to be capable of being switched between an
open state in which the first portion is opened and a
closed state in which the first portion is closed. The sec-
ond opening/closing unitis configured so as to be capable
of being switched between an open state in which the
second portion is opened and a closed state in which the
second portion is closed. The interlocking mechanism
that that is configured so as to be capable of being op-
erated in association with an operation of the actuator to
switch the second opening/closing unit between the open
state and the closed state. The storing unit that is con-
figured to store time length data indicating a length of a
prescribed time. The controller reads the time length data
from the storing unit and controls the actuator to switch
the second opening/closing unit from the closed state to
the open state when the prescribed time has elapsed
after the liquid cartridge is mounted on the body.
[0007] According to another aspect, the presentinven-
tion provides an image forming device including a body
and a liquid cartridge detachably mounted on the body
for supplying liquid to the body. The body includes an
actuator, a liquid ejecting head, and a first controller. The
liquid ejecting head ejects the liquid supplied from the
liquid cartridge. The first controller controls the actuator
and the liquid ejecting head. The liquid cartridge includes
a liquid accommodating unit, a liquid delivery path, a first
opening/closing unit, a second opening/closing unit, an
interlocking mechanism, a storing unit, and a second con-
troller. The liquid accommodating unit is configured to
accommodate the liquid therein. The liquid delivery path
is in fluid communication with the liquid accommodating
unit and supplies the liquid to the body from the liquid



3 EP 2 517 885 A1 4

accommodating unit. The liquid delivery path has a first
portion and a second portion positioned between the lig-
uid accommodating unit and the first portion. The first
opening/closing unit is configured so as to be capable of
being switched between an open state in which the first
portion is opened and a closed state in which the first
portion is closed. The second opening/closing unitis con-
figured so as to be capable of being switched between
an open state in which the second portion is opened and
a closed state in which the second portion is closed. The
interlocking mechanism is configured so as to be capable
of being operated in association with an operation of the
actuator to switch the second opening/closing unit be-
tween the open state and the closed state. The storing
unit is configured to store time length data indicating a
length of a prescribed time. The second controller reads
the time length data from the storing unit and transfers a
signal to the first controller when the prescribed time has
elapsed after the liquid cartridge is mounted on the body.
The first controller controls the actuator to switch the sec-
ond opening/closing unitfrom the closed state to the open
state in response to the signal.

In the drawings:

[0008] Fig. 1isaperspective view showing the external
appearance of an inkjet printer according to a first em-
bodiment of the present invention;

[0009] Fig. 2(a) is a side cross-sectional view showing
the internal structure of the inkjet printer in Fig. 1;
[0010] Fig. 2(b) is a schematic diagram showing an ink
supplying system of the inkjet printer in Fig. 1;

[0011] Fig. 3 is a perspective view of an ink cartridge
according to the first embodiment of the present inven-
tion;

[0012] Fig. 4 is a schematic diagram showing the in-
ternal structure of the ink cartridge in Fig. 3;

[0013] Fig. 5(a) is a partial cross-sectional view of the
ink cartridge when first and second valves are closed;
[0014] Fig. 5(b) is a partial cross-sectional view of the
ink cartridge when the first and second valves are
opened;

[0015] Fig. 6 is a block diagram showing the electrical
structure of the inkjet printer and ink cartridge according
to the first embodiment;

[0016] Figs. 7(a) and 7(b) are partial cross-sectional
views showing the state how the ink cartridge is mounted
in a mounting unit of the printer, wherein Fig. 7(a) shows
the state prior to when the ink cartridge is mounted in the
mounting unit, and Fig. 7(b) shows the state how the ink
cartridge is mounted in the mounting unit;

[0017] Fig. 8isaflowchartillustrating steps in a control
process performed by controllers in the inkjet printer and
the ink cartridge according to the first embodiment when
the ink cartridge is mounted in the mounting unit of the
printer;

[0018] Fig. 9is a block diagram showing the electrical
structure of an inkjet printer and an ink cartridge accord-
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ing to a modification to the first embodiment;

[0019] Fig. 10is a block diagram showing the electrical
structure of an inkjet printer and an ink cartridge accord-
ing to a second embodiment; and

[0020] Fig. 11is ablock diagram showing the electrical
structure of an inkjet printer and an ink cartridge accord-
ing to a modification to the second embodiment.

[0021] Next, embodiments of the present invention will
be described while referring to the accompanying draw-
ings.

[0022] <First embodiment>

[0023] In a first embodiment of the present invention,

the recording device is an inkjet printer 1 (image forming
device). As shown in Fig. 1, the inkjet printer 1 has a
casing 1a formed in the shape of a rectangular parallel-
epiped. Three openings 10d, 10b, and 10c are formed in
order from top to bottom in the front surface of the casing
1a (the surface on the near side in Fig. 1). Doors 1d and
1c are disposed in the openings 10d and 10c, respec-
tively, so as to be flush with the front surface of the casing
1a. The doors 1d and 1c can be opened and closed about
a horizontal axis passing through their respective lower
edges. A paper supply unit 1bis inserted into the opening
10b. A paper discharging unit 11 is provided on the top
of the casing 1a. The door 1d is disposed on the same
level vertically as a conveying unit 21 described later,
facing the conveying unit 21 in a main scanning direction
of the inkjet printer 1 (toward the far side in Fig. 1).
[0024] Next, the internal structure of the inkjet printer
1 will be described with reference to Figs. 2(a) and 2(b).
As shown in Fig. 2(a), the interior of the casing 1a is
partitioned into three spaces A-C in order from top to
bottom. Within the space A are disposed four inkjet heads
2 (liquid ejecting head) that eject ink droplets in the re-
spective colors magenta, cyan, yellow, and black; a main-
tenance unit 30, and the conveying unit 21. The paper
supply unit 1b is disposed in the space B, and four ink
cartridges 40 (liquid cartridge) are disposed in the space
C.

[0025] The paper supply unit 1b and the four ink car-
tridges 40 are mounted in and removed from the casing
1a along the main scanning direction (the direction or-
thogonal to the surface of the paper in Fig. 2(a)). In the
embodiment, a sub scanning direction is a direction in
which a sheet P is conveyed by the conveying unit 21,
while the main scanning direction is a horizontal direction
orthogonal to the sub scanning direction. The inkjet print-
er 1 is further provided with a controller 100 (controller,
first controller) that controls the paper supply unit 1b,
maintenance unit 30, conveying unit 21, and inkjet heads
2.

[0026] The four inkjet heads 2 are supported in the
casing 1a by means of a frame 3 and are juxtaposed in
the sub scanning direction. Each inkjet head 2 is elon-
gated in the main scanning direction. In other words, the
inkjet printer 1 ofthe embodimentis aline-type colorinkjet
printer. An elevating mechanism (not shown) is also pro-
vided for moving the frame 3 vertically within the casing
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1a. The controller 100 controls the elevating mechanism
to move the inkjet heads 2 mounted in the frame 3 be-
tween a printing position (the position shown in Fig. 2(a))
and aretracted position (not shown) higher than the print-
ing position.

[0027] Eachinkjethead 2 hasalaminated body formed
by bonding a channel unit and a plurality of actuators
(both not shown in the drawings) together. The channel
unit has a plurality of ink channels and a plurality of pres-
sure chambers formed therein, and the actuators apply
pressure to ink in the pressure chambers. The bottom
surface of each inkjet head 2 is an ejection surface 2a.
A plurality of ejection holes (not shown) for ejecting ink
droplets from the plurality of pressure chambers are
formed in each ejection surface 2a.

[0028] The bold arrows in Fig. 2(a) indicate a paper-
conveying path formed in the inkjet printer 1 along which
sheets P are conveyed from the paper supply unit 1b to
the paper discharging unit 11. The paper supply unit 1b
includes a paper tray 23 capable of accommodating a
plurality of sheets P, and a feeding roller 25 mounted on
the paper tray 23. When a drive force is applied to the
feeding roller 25 by a feeding motor (not shown) control-
led by the controller 100, the feeding roller 25 feeds the
topmost sheet P accommodated in the paper tray 23.
The sheet P fed by the feeding roller 25 is guided along
guides 27a and 27b, and a pair of conveying rollers 26
grip and convey the sheet P to the conveying unit 21.
[0029] As shown in Fig. 2(a), the conveying unit 21
includes two belt rollers 6 and 7 and an endless convey-
ing belt 8 looped around both belt rollers 6 and 7 and
stretched taut therebetween. The belt roller 7 is a drive
roller that is rotated clockwise in Fig. 2(a) when the con-
troller 100 controls a conveying motor (not shown) to ap-
ply a drive force to a shaft of the belt roller 7. The belt
roller 6 is a follow roller that also rotates clockwise in Fig.
2(a)whenthe conveyingbelt 8 is circulated by the rotating
belt roller 7.

[0030] An outer surface 8a of the conveying belt 8 is
coated with silicone to give the outer surface 8a tacki-
ness. Aniproller4is disposed along the paper-conveying
path at a position confronting the belt roller 6 through the
conveying belt 8. The nip roller 4 holds the sheet P con-
veyed from the paper supply unit 1b against the outer
surface 8a of the conveying belt 8. Once pressed against
the outer surface 8a, the sheet P is conveyed rightward
in Fig. 2(a) (in the paper-conveying direction) while being
held on the outer surface 8a by the tacky coating.
[0031] A separating plate 5 is also disposed on the
paper-conveying path at a position opposing the belt roll-
er 7 through the conveying belt 8. The separating plate
5 functions to separate the sheet P from the outer surface
8a of the conveying belt 8. Once separated, the sheet P
is guided toward pairs of conveying rollers 28 by guides
29a and 29b, and the conveying rollers 28 grip and dis-
charge the sheet P onto the paper discharging unit 11
through an opening 12 formed in the top of the casing
1a. A feeding motor (not shown) controlled by the con-
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troller 100 applies a drive force to one of the conveying
rollers 28 in each pair.

[0032] A platen 19 having a substantially rectangular
parallelepiped shape is disposed within the loop of the
conveying belt 8 at a position opposite the four inkjet
heads 2. The top surface of the platen 19 contacts the
inner surface of the conveying belt 8 on the upper portion
of the loop and supports this upper loop portion from the
inner surface of the conveying belt 8. Accordingly, the
outer surface 8a on the upper loop portion of the convey-
ing belt 8 is maintained parallel and opposite the ejection
surfaces 2a, with a slight gap formed between the ejec-
tion surfaces 2a and the outer surface 8a. This gap con-
stitutes part of the paper-conveying path. As a sheet P
held on the outer surface 8a of the conveying belt 8 is
conveyed directly beneath the four inkjet heads 2 in se-
quence, the inkjet heads 2 are controlled by the controller
100 to eject ink droplets of their respective colors onto
the top surface of the sheet P, thereby forming a desired
color image on the sheet P.

[0033] Of the four ink cartridges 40, the leftmost ink
cartridge 40 shown in Fig. 2(a) stores black ink. As shown
in Fig. 2(a), the leftmost ink cartridge 40 has a larger
dimension in the sub scanning direction than the other
three ink cartridges 40 and, hence, a greater ink capacity
than the other three ink cartridges 40. The remaining
three ink cartridges 40 possess an identical ink capacity
and store ink in the colors magenta, cyan, and yellow,
respectively.

[0034] Toreplace one of the ink cartridges 40, the op-
erator opens the door 1c ¢ on the casing 1a, removes
the ink cartridge 40 from the printer body, and mounts a
new ink cartridge 40 in the printer body. Although the ink
cartridges 40 are mounted individually in the printer body
in the embodiment, the four ink cartridges 40 may instead
be placed in a single cartridge tray to form an ink unit,
and the entire ink unit can be mounted in the printer body.
[0035] Next will be described ink supplying systems
provided in the inkjet printer 1. Four ink supplying sys-
tems are provided for the four inkjet print heads 2, re-
spectively. The ink supplying systems have the same
configurations with one another. One of the ink supplying
systems will be described below while referring to Fig. 2
(b), but the following description is in common to the other
ink supplying systems.

[0036] AsshowninFig.2(b), ineach ink supplying sys-
tem, one inkjet head 2 is connected via a flexible tube
102 (ink supplying path) to one ink supply channel 154
described later (see Fig. 9(a)). The ink channels formed
in the inkjet head 2 are in fluid communication with the
flexible tube 102. A pump 104 is provided in the midway
portion of the tube 102 connecting the inkjet head 2 and
the ink supply channel 154. When one ink cartridge 40
is mounted in the body of the printer (the casing 1a), the
ink cartridge 40 is connected to one ink supply channel
154 so that ink can be supplied from the ink cartridge 40
to the corresponding inkjet head 2. The pump 104 is con-
trolled by the controller 100 to forcibly supply ink from
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the ink cartridge 40 to the inkjet head 2. This pump 104
is included in a maintenance unit 30 to be described later.
[0037] As shown in Fig. 2(a), the maintenance unit 30
is provided between the four inkjet heads 2 and the con-
veying unit 21. The maintenance unit 30 functions to re-
solve ejection failures in the inkjet heads 2. The mainte-
nance unit 30 includes four plate-shaped members 32
disposed at equal intervals along the sub scanning di-
rection, and four caps 31 fixed to respective plate-shaped
members 32 and being capable of covering the ejection
surfaces 2a of the respective inkjet heads 2. A pump (not
shown) in communication with the caps 31 is driven to
draw ink from the ejection surfaces 2a of the inkjet heads
2.

[0038] Next, theink cartridges 40 will be described with
reference to Figs. 3 through 6. Note that the white bold
arrows in Fig. 6 indicate power supply lines, while the
normal arrows indicate signal lines. As shown in Figs. 3
and 4, each ink cartridge 40 includes a case 41 having
a substantially parallelepiped shape. As shown in Fig. 4,
inside the case 41 are provided: an ink bag 42 (liquid
accommodating unit) that is filled with ink; an ink delivery
tube 43 in communication with the ink bag 42 on one
end; a photosensor 69 (detecting unit); a storage unit
125; and a controller 90 (second controller) connected
to the photosensor 69 and storage unit 125. The ink bag
42 has a projecting part 42a that projects leftward in the
lower left region of Fig. 4. One end of the ink delivery
tube 43 is connected to this projecting part 42a.

[0039] As mentioned earlier, the ink cartridge 40 for
accommodating blackinkis largerin size and has greater
ink storage capacity than the other three ink cartridges
40, but this difference is simply reflected in the chamber
41a and ink bag 42 being larger in the sub scanning di-
rection. Since the four ink cartridges 40 have essentially
the same structure, the following description of the ink
cartridge 40 will pertain to all ink cartridges 40.

[0040] AsshowninFigs. 4 and 5, the ink delivery tube
43 includes a tube 65 connected to the ink bag 42, a tube
44 connected to the tube 65, and a tube 45 fitted into an
end (left end in Fig. 4) of the tube 44. As shown in Fig.
5, an ink channel 66a (second portion) is formed inside
the tube 65, extending in the sub scanning direction. The
tube 65 is configured of a small diameter section 65a,
and a large diameter section 65b having a larger inner
diameter than that of the small diameter section 65a. A
cap 67 is provided on one end of the tube 65 with respect
to the sub scanning direction (the top end in Fig. 5).
[0041] An ink channel 66b (first portion) is formed in
the tubes 44 and 45, extending in the main scanning di-
rection. The end of the tube 44 opposite the tube 45 (right
end in Fig. 5) is connected to the large diameter section
65b of the tube 65 so that the ink channel 66b is in com-
munication with the ink channel 66a. The ink channels
66a and 66b constitute a channel 66 (liquid delivery path)
formed in the ink delivery tube 43. In this embodiment,
both the tubes 44 and 45 are constructed of a transparent
resin material.
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[0042] AsshowninFigs. 3 -5, an annular flange 47 is
formed on one end of the tube 44. As shown in Fig. 5,
the annular flange 47 is formed with a circular cylinder
part 47A surrounding the outer periphery of the annular
flange 47. The annular flange 47 is further formed with
an annular protrusion 48. An O-ring 48a is provided
around the outer periphery of the annular protrusion 48
and seals the gap between the case 41 and the annular
protrusion 48, as shown in Fig. 4. The annular flange 47
of this embodiment constitutes part of the case 41.
[0043] Asindicated in Figs. 3, 5, and 6, a contact point
91 is formed on the outer surface of the annular flange
47. The contact point 91 is juxtaposed with the ink outlet
46a along the sub scanning direction. The contact point
91 is connected to the controller 90. As a variation of the
embodiment, the contact point 91 can be disposed atany
position, provided that the contact point 91 is not posi-
tioned vertically below the ink outlet 46a. Disposing the
contact point 91 of the signal transmission system at a
position that is not directly beneath the ink outlet 46a can
prevent ink from dripping out of the ink outlet 46a onto
the contact point 91.

[0044] In addition, a power input unit 92 is disposed
on a side surface of the case 41 on the ink outlet 46a
side. A stepped surface 41 c is formed on the case 41
so that the case 41 is recessed from the annular flange
47 toward the ink bag 42 in the main scanning direction
between the ink outlet 46a and the power input unit 92.
The power input unit 92 is provided on the stepped sur-
face 41c and is positioned on the opposite side of the ink
outlet 46a with respect to the contact point 91 in the sub
scanning direction. In other words, the power input unit
92 is separated farther from the ink outlet 46a in the sub
scanning direction than is the contact point 91. As shown
in Fig. 6, the power input unit 92 is electrically connected
to the controller 90 and the photosensor 69. Through an
electrical connection with a power output part 162 in the
recording device 1 side described later, the power input
unit 92 supplies electricity to the controller 90 and the
photosensor 69. As a variation of the embodiment, the
power input unit 92 may be disposed at any position,
provided that the position is not directly beneath the ink
outlet 46a.

[0045] Disposing the power input unit 92 of the power
transmission system at a position not directly beneath
the ink outlet 46a in this way prevents ink dripping out of
the ink outlet 46a from depositing on the power input unit
92. Further, by separating the power input unit 92 from
the ink outlet 46a even farther than the contact point 91,
it is even less likely that ink will become deposited on the
power input unit 92, thereby ensuring that the power input
unit 92 does not short-circuit and damage the controller
90 or the like. Further, by forming the stepped surface
41 c between the power input unit 92 and ink outlet 46a,
the power input unit 92 and ink outlet 46a are separated
considerably in the main scanning direction as well as
the sub scanning direction, thereby further ensuring that
ink does not become deposited on the power input unit



9 EP 2 517 885 A1 10

92.

[0046] AsshowninFig.5(a), afirstvalve 50 (first open-
ing/closing unit) is disposed inside the tube 45 of the ink
delivery tube 43. A second valve 60 (second opening/
closing unit) is disposed inside the tube 44 of the ink
delivery tube 43. The first valve 50 includes a flexible
sealing member 51 for sealing the opening formed in the
left end of the tube 45, a spherical member 52, and a coil
spring 53. A cover 46 is provided over one end of the
tube 45. The cover 46 prevents the sealing member 51
from coming out of the tube 45. Anink outlet 46a is formed
in the cover 46.

[0047] Oneend ofthe coil spring 53 contacts the spher-
ical member 52, and the other end contacts a stepped
part 45a formed on the inner end of the tube 45 for con-
stantly urging the spherical member 52 toward the seal-
ing member 51. In the embodiment, the coil spring 53 is
used as an urging member, but the urging member may
be implemented by means other than a coil spring, pro-
vided that the spherical member 52 is urged toward the
sealing member 51.

[0048] The sealingmember 51 is configured of an elas-
ticmemberformed of rubber or the like. The sealing mem-
ber 51 has a slit 51 a penetrating the center of the sealing
member 51 in the main scanning direction, an annular
protrusion 51b that can be fitted into the end of the tube
45, and a curved part 51 constituting the surface of the
sealing member 51 opposing the spherical member 52
in the region surrounded by the annular protrusion 51b.
The curved part 51c has a shape that conforms to the
outer surface of the spherical member 52. The cross-
sectional diameter of the slit 51a is slightly smaller than
the diameter of a hollow needle 153 described later. Ac-
cordingly, when the hollow needle 153 is inserted into
the slit 51 a, the sealing member 51 elastically deforms
so that the inner surface of the slit 51a is in close contact
with the outer surface of the hollow needle 153, prevent-
ing ink from leaking between the slit 51a and the hollow
needle 153.

[0049] The inner diameter of the annular protrusion
51b is slightly smaller than the diameter of the spherical
member 52, and the slit 51a is sealed when the spherical
member 52 contacts the inner surface of the annular pro-
trusion 51b. More specifically, the slit 51a is sealed
through contact between the spherical member 52 and
curved part51c. Further, the slit51aformed in the sealing
member 51 facilitates insertion of the hollow needle 153
into the sealing member 51. Further, because the slit51a
is formed in the sealing member 51, although the hollow
needle 153 scrapes against the sealing member 51 when
being inserted therein, shaving matter from the sealing
member 51 is restricted from being generated and en-
tering the hollow needle 153. Therefore, the shaving mat-
ter from the sealing member 51 can be prevented from
entering the ink channel of the inkjet head 2.

[0050] With this construction, when the hollow needle
153 is inserted through the ink outlet 46a into the slit 51a,
the distal end of the hollow needle 153 contacts the
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spherical member 52 and pushes the spherical member
52 away from the curved part 51 c and annular protrusion
51b, as shown in Fig. 7(b). At this time, the first valve 50
switches from a closed state to an open state. Further,
a hole 153b formed in the hollow needle 153 described
later has passed through the slit 51a when the first valve
50 is in the open state. So, the hollow needle 153 is in
communication with the ink channel 43a. Conversely,
when the hollow needle 153 moves in the opposite di-
rection for being extracted from the slit 51a, the urging
force of the coil spring 53 moves the spherical member
52 toward the annular protrusion 51b. When the spherical
member 52 comes into contact with the annular protru-
sion 51 b, the first valve 50 is shifted from the open state
back to the closed state. As the hollow needle 153 is
further pulled out of the slit 51a, the spherical member
52 tightly contacts the curved part 51c. In this way, the
first valve 50 takes on either the open state for allowing
communication within the ink delivery tube 43 or the
closed state for interrupting communication within the ink
delivery tube 43 based on insertion or retraction of the
hollow needle 153. Further, since the first valve 50 is
provided with the coil spring 53 for urging the spherical
member 52 toward the sealing member 51, the first valve
50 can suppress ink from leaking out of the first valve 50
through a simple construction.

[0051] The second valve 60 is disposed in the large
diameter section 65b, and includes a valve member 61
having a cylindrical shape, and two O-rings 62 and 63
for sealing the gap between the valve member 61 and
the inner surface of the large diameter section 65b. The
valve member 61 has a ring-shaped groove 61a formed
in a surface of the valve member 61 facing the small
diameter section 65a (the lower surface of the valve
member 61 in Fig. 5(a)), and a ring-shaped groove 61b
formed in the side surface of the valve member 61 adja-
cent to the second end of the tube 44 (an upper portion
of the side surface of the valve member 61 in Fig. 5(a)),
with the o-rings 62 and 63 being disposed in the ring-
shaped grooves 61a and 61b, respectively.

[0052] The ring-shaped groove 61a and the O-ring 62
are positioned at the bottom surface of the valve member
61, surrounding part of the valve member 61 facing the
path formed in the small diameter section 65a. When the
valve member 61 is in a position (closed position) where
the O-ring 62 contacts the inner surface of the large di-
ameter section 65b as shown in Fig. 5(a), the second
valve 60 is in a closed state, in which the valve member
61 blocks communication within the ink channel 66a That
is, when the second valve 60 is in the closed state, the
valve member 61 prevents ink in the ink channel 66a
from flowing to the ink channel 66b via the second valve
60.

[0053] On the other hand, when the valve member 61
is in a position (open position) where the O-ring 62 is
separated from the inner surface of the large diameter
portion 65b as shown in Fig. 5(b), the second valve 60
is in an open state, in which the valve member 61 allows
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ink in the ink channel 66a to flow to the ink channel 66b
via the second valve 60. That is, when the second valve
60 is in the open state, the ink channel 66a and ink chan-
nel 66b are in fluid communication. Also, the regardless
of whether valve member 61 is in the close position or
the open position, the ring-shaped groove 61b and O-
ring 63 are positioned closer to the cap 67 than the con-
nection portion of the ink channel 66a and ink channel
66b. Accordingly, the connection portion of the ink chan-
nel 66a and ink channel 66b, and a space formed in the
large diameter section 65b on the cap 67 side of the valve
member 61, are not in fluid communication due to the
contact between the O-ring 63 and the inner surface of
the large diameter section 65b.

[0054] As shown in Figs. 4 and 5, an opening/closing
mechanism 80 (interlocking mechanism) is provided in
the case 41. The opening/closing mechanism 80 oper-
ates in association with operations of an actuator 70 de-
scribed later (see Fig. 6) to open and close the second
valve 60. The opening/closing mechanism 80 has a rod-
shaped member 81 (moving member) extending in the
subs canning direction, and a coil spring 82. One end of
the rod-shaped member 81 with respect to the sub scan-
ning direction is fixed to the valve member 61, while the
other end protrudes out of the large diameter section 65b
through a opening 67a formed in the cap 67. The pro-
truding end of the rod-shaped member 81 remains ex-
posed on the outside of the large diameter section 65b,
even when the valve member 61 is positioned at the
closed position to block the channel 66. A roller 83 is
disposed on the protruding end of the rod-shaped mem-
ber 81 and is rotatably supported thereon. The coil spring
82 is provided inside the large diameter section 65b. One
end of the coil spring 82 contacts the valve member 61,
while the other end contacts the cap 67. The coil spring
82 constantly urges the valve member 61 toward the
small diameter section 65a.

[0055] While the coil spring 82 is employed as an urg-
ing member in this embodiment, an urging member other
than a coil spring may be used, provided that the member
urges the valve member 61 toward the small diameter
section 65a. An opening 41 a is formed in the side of the
case 41 nearest the ink outlet 46a at a position opposing
the protruding end of the rod-shaped member 81 in the
main scanning direction.

[0056] The photosensor 69 is a reflective-type optical
sensor. The photosensor 69 is disposed in a position not
opposing the roller 83 when the second valve 60 blocks
communication within the ink channel 66a, as shown in
Fig. 5(a), and opposing the roller 83 when the second
valve 60 does not block communication with the ink chan-
nel 66a. The photosensor 69 has a light-emitting element
and a light-receiving element and outputs signals to the
controller 90 based on whether the light-receiving ele-
ment is receiving light. Specifically, the photosensor 69
outputs a signal A when the light-receiving element re-
ceives light and a signal B, different from the signal A,
when the light-receiving element does not receive light.
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[0057] Hence, when the photosensor 69 does not con-
front the roller 83, the photosensor 69 outputs the signal
B to the controller 90 because the light outputted from
the light-emitting element is not reflected off the roller 83
and, thus, not received by the light-receiving element.
Based on this signal B, the controller 90 can determine
that the second valve 60 is in the closed state. On the
other hand, when the photosensor 69 opposes the roller
83, the photosensor 69 outputs the signal A to the con-
troller 90 because the light outputted from the light-emit-
ting element is reflected off the roller 83 and received by
the light-receiving element. Based on the signal A, the
controller 90 can determine that the second valve 60 is
in the open state.

[0058] In other words, the signal A outputted by the
photosensor 69 corresponds to the open state of the sec-
ond valve 60, and the signal B corresponds to the closed
state of the second valve 60. Thus, the controller 90 can
determine whether the second valve 60 is blocking the
ink channel 66a or not and can output the corresponding
detection signal. By using the photosensor 69 to detect
mechanical displacement of the roller 83 included in the
opening/closing mechanism 80, the inkjet printer 1 can
more reliably detect the open and closed state of the
second valve 60.

[0059] As shown in Fig. 4, the storage unit 125 is pro-
vided on a plate-shaped member 49. The plate-shaped
member 49 is fixed to the cylindrical body 48 on the side
opposite the annular flange 47. The storage unit 125
stores data specifying a predetermined wait time, and a
serial code indicating the type of the ink cartridge 40. The
wait time is the time required for fluctuations in ink pres-
sure within the ink bag 42 to subside when the ink car-
tridge 40 is mounted in a mounting unit 150 described
later.

[0060] Since the ink cartridge 40 is moved when the
user mounts the ink cartridge 40 in the mounting unit 150,
this movement can produce a change in ink pressure
withinthe ink bag 42. If the pressure change is transferred
to the inkjet head 2 via the ink supply channel 154, there
is a possibility that the meniscuses formed on ejection
holes formed in the inkjet head 2 will break.

[0061] However, as will be described later in greater
detail, the inkjet printer 1 according to this embodiment
changes the second valve 60 from the closed state to
the open state to open the ink supply channel 154 linking
the ink bag 42 in the ink cartridge 40 to the inkjet head 2
a prescribed time after the ink cartridge 40 is mounted in
the mounting unit 150. Therefore, ink in the ink bag 42
is not supplied to the inkjet head 2 until the change in ink
pressure during mounting has abated, thereby reducing
the possibility that meniscuses in the ejection holes will
break.

[0062] If this prescribed time is too short, the ink in the
ink bag 42 will be supplied to the inkjet head 2 before the
ink pressure change has abated, adversely affecting the
meniscuses. However, setting the prescribed time too
long is also not preferable because the user must wait a
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longer time before being able to print. Therefore, in this
embodiment a recommended value for this prescribed
time is calculated by imagining the maximum pressure
change that could occur when a user mounts the ink car-
tridge 40 in the mounting unit 150 and the time required
for this fluctuation in ink pressure to abate to a level that
will not break the meniscuses. The time is stored in the
storage unit 125 as the recommended value for the pre-
scribed time. This method achieves the best balance be-
tween preventing breakage of ink meniscuses and re-
ducing the user’s wait time for performing recording op-
erations. Here, the wait time is preferably set longer for
larger ink quantities. The storage units 125 in the three
ink cartridges 40, excluding the ink cartridge 40 that
stores black ink, store data indicating a first prescribed
time. The storage unit 125 of the ink cartridge 40 storing
black ink stores data indicating a second prescribed time,
which is longer than the first prescribed time.

[0063] The storage unit125is configured of flash mem-
ory that can be overwritten by the controller 90, the con-
troller 100 in the inkjet printer 1, or another external de-
vice. The storage unit 125 stores data indicating the
quantity of ink in the ink cartridge 40. Accordingly, while
the ink cartridge 40 is mounted in the inkjet printer 1, the
controller 100 can overwrite the data stored in the storage
unit 125 to reflect the ink quantity remaining in each ink
cartridge 40 after performing printing and purging oper-
ations. This residual ink quantity is found by subtracting
the quantity of ink consumed during the printing or purg-
ing operation from the ink quantity value currently stored
in the storage unit 125. Note that, the recommended val-
ue for the prescribed time (first and second prescribed
times) is determined based on an initial ink quantity of
the new ink cartridge 40 and does not change even if the
ink quantity remaining in the ink cartridge 40 is changed.
[0064] In addition, an external device other than the
inkjet printer 1 can easily be used to overwrite data indi-
cating the quantity of inkin the ink cartridge 40. Therefore,
if an ink cartridge 40 that has run out of ink is refilled with
a quantity of ink different from the initial ink quantity, an
external device can be used to overwrite data in the stor-
age unit 125 indicating the ink quantity in order to reflect
this change in specification. By providing the storage unit
125 described above in the ink cartridge 40 and storing
all of the data described above therein, it is possible to
reduce the required storage capacity of a storage unit in
the printer body.

[0065] Next, mounting units 150 formed in the body of
the inkjet printer 1 will be described with reference to
Figs. 6 and 7. Four of the mounting units 150 juxtaposed
in the sub scanning direction are provided in the printer
body for receiving the respective ink cartridges 40 when
mounting the ink cartridges 40 in the printer body. Since
the mounting units 150 have substantially the same struc-
ture, only one of the mounting units 150 will be described
below.

[0066] As shown in Fig. 7, the mounting unit 150 has
a recessed part 151 that conforms to the outer shape of
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the ink cartridge 40. The recessed part 151 has the most
inward part 151a in the main scanning direction. On the
most inward part 151 a, there are provided the hollow
needle 153 (hollow tube), the ink supply channel 154, a
contact point 161 electrically connected to the controller
100, the power output part 162 for outputting electricity
produced by a power supply unit 200 (see Fig. 6) provided
in the printer body, and the actuator 70.

[0067] The actuator 70 has a rod-shaped member 71
extending in the main scanning direction at a position
confronting the opening 41a formed in the case 41 of the
ink cartridge 40 in the main scanning direction. The rod-
shaped member 71 actuates the opening/closing mech-
anism 80 to toggle the second valve 60 between open
and closed states. In other words, the actuator 70 is pro-
vided in a location outside of the ink cartridge 40 in this
embodiment. The actuator 70 moves the rod-shaped
member 71 in the main scanning direction based on con-
trol signals from the controller 100 in the body of the inkjet
printer 1. A tapered portion 71a is formed on the distal
end of the rod-shaped member 71 so as to taper toward
the end. As shown in Fig. 5(b), when moved to its max-
imum extended state, the rod-shaped member 71 actu-
ates the opening/closing mechanism 80 to switch the
second valve 60 to its open state.

[0068] The hollow needle 153 is fixedly disposed at a
position opposite the slit 51a of the mounted ink cartridge
40 and is longitudinally oriented in the main scanning
direction. The hollow needle 153 has an inner hollow re-
gion 153a in fluid communication with the ink supply
channel 154, and a hole 153b formed near the distal end
thereoffor providing external communication with the hol-
low region 153a (see also Fig. 7(b)). With this construc-
tion, the hollow needle 153 is in a state of communication
with the tube 45 side of the ink channel 66b when the ink
cartridge 40 is mounted in the printer body and the hole
153b has passed through the slit 51a. However, commu-
nication between the hollow needle 153 and the ink chan-
nel 66b is interrupted when the hole 153b is inside the
slit 51a as the ink cartridge 40 is being removed from the
printer body. Note that while communication between the
hollow needle 153 and ink channel 66b is established
when the hole 153b passes through the slit 51a, ink does
not flow from the ink bag 42 into the hollow region 153a
until the second valve 60 has changed to an open state.
Further, the paths from the hole 153b of the hollow needle
153 to the ejection holes in the inkjet head 2 are hermet-
ically sealed channels that are not exposed to the outside
air. Accordingly, it is possible to suppress an increase in
ink viscosity since the ink in these channels is not ex-
posed to air.

[0069] The contact point 161 is juxtaposed with the
hollow needle 153 in the sub scanning direction and po-
sitioned opposite the contact point 91 of the mounted ink
cartridge 40. The contact point 161 is configured of a rod-
shaped member that extends in the main scanning di-
rection and is slidably supported in a hole 151c that is
formed in the mostinward part 151a and that is elongated
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in the main scanning direction. A spring 151d is provided
in the hole 151¢ and urges the contact point 161 outward
from the hole 151¢ so that the contact point 161 makes
an electrical connection with the contact point 91 just
prior to the hollow needle 153 being inserted into the
sealing member 51 when the ink cartridge 40 is mounted
in the printer body. In other words, the contact point 161
is electrically connected to the contact point 91 before
the first valve 50 changes to an open state. Conversely,
when removing the ink cartridge 40 from the body of the
inkjet printer 1, the contact point 161 remains electrically
connected to the contact point 91 until the ink cartridge
40 is initially pulled outward from the body. The electrical
connection between the contact point 161 and contact
point 91 establishes a signal transmission path between
the controller 100 and controller 90.

[0070] The power output part 162 is provided in a
stepped surface 151b formed on the most inward part
151a. The power output part 162 is disposed at a position
opposing the power input unit 92 of the mounted ink car-
tridge 40. The power output part 162 also has a contact
point 163 that protrudes outward in the main scanning
direction. When the ink cartridge 40 is mounted in the
printer body, the contact point 163 is inserted into the
power input unit 92 and forms an electrical connection
with the same. As with the contact point 161, the contact
point 163 becomes electrically connected to the power
input unit 92 just before the hollow needle 153 enters the
sealing member 51.

[0071] A reflective-type photosensor 170 (detecting
unit) is provided on each mounting unit 150 near the
opening to the corresponding recessed part 151. The
photosensor 170 is connected to the controller 100 and
serves to detect the presence of a protrusion 41d formed
on the outer surface of the case 41 constituting the ink
cartridge 40. The photosensor 170 includes a light-emit-
ting element and a light-receiving element, and outputs
signals to the controller 100 based on whether the light-
receiving element receives light. Specifically, the photo-
sensor 170 outputs a signal C when the light-receiving
elementis receiving light and outputs a signal D, different
from the signal C, when the light-receiving element is not
receiving light.

[0072] As shownin Fig. 7(b), the photosensor 170 op-
poses the protrusion 41d when the ink cartridge 40 is
completely mounted in the mounting unit 150 (the first
valve 50 changes to the open state at the same time
mounting is completed). Since the light outputted from
the light-emitting element at this time is reflected off the
protrusion 41d and received by the light receiving ele-
ment, the photosensor 170 outputs the signal C to the
controller 100. In this way, the controller 100 can detect
when mounting of the ink cartridge 40 in the mounting
unit 150 is complete (when the first valve 50 has switched
from the closed state to the open state).

[0073] When the ink cartridge 40 is removed from the
mounting unit 150, as shown in Fig. 7(a), the photosensor
170 is not positioned opposite the protrusion 41d and,
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hence, light outputted from the light-emitting element is
not reflected off the protrusion 41 d and not received by
the light-receiving element. Accordingly, the photosensor
170 outputs the signal D to the controller 100, whereby
the controller 100 can detect that the ink cartridge 40 is
not mounted in the mounting unit 150 (that the first valve
50 is in the closed state).

[0074] Hence, the photosensor 170 outputs the signal
C to indicate that the ink cartridge 40 is mounted in the
mounting unit 150 (the first valve 50 is in the open state)
and outputs the signal D to indicate that the ink cartridge
40 is not mounted in the mounting unit 150 (that the first
valve 50 is in the closed state). By using the photosensor
170 to detect relative positions of the protrusion 41d and
the hollow needle 153 (mounting unit 150), the controller
100 can distinguish when the ink cartridge 40 is mounted
in and not mounted in the first valve 50 and can detect
the open and closed state of the first valve 50. Through
this simple construction, it is possible to detect the open
and closed state of the first valve 50 without directly de-
tecting the operation of the first valve 50 itself.

[0075] As shown in Figs. 2 and 6, a buzzer 13 is also
provided inside the casing 1a. The controller 100 controls
the buzzer 13 to emit various sounds intended to notify
the user when, for example, an error has occurred in one
of the second valve 60 and photosensor 69, an ink car-
tridge 40 is not properly mounted in its mounting unit 150,
and the inkjet printer 1 is ready to print.

[0076] Next, operations performed by the controller
100 of the inkjet printer 1 and the controller 90 of the ink
cartridge 40 when an ink cartridge 40 is being mounted
into the body of the inkjet printer 1 will be described with
reference to Fig. 8. The process described in Fig. 8 be-
gins when the user mounts an ink cartridge 40 into the
body of the inkjet printer 1 by opening the door 1c on the
printer body and gradually inserting the ink cartridge 40
into the mounting unit 150. During this operation, the hol-
low needle 153 is gradually inserted into the slit 51a
formed in the sealing member 51, and electrical connec-
tions are established between the contact point 91 and
contact point 161 and between the contact point 163 of
the power output part 162 and the power input unit 92.
Through these connections, the controller 90 and con-
troller 100 are electrically connected to each other and
are capable of exchanging signals. At the same time,
power is supplied to the controller 90, actuator 70, stor-
age unit 125, and photosensor 69.

[0077] When the ink cartridge 40 is mounted in the
mounting unit 150, the photosensor 170 is positioned op-
posite the protrusion 41d, as shown in Fig. 7(b), and out-
puts the signal C to the controller 100. In S 1 at the be-
ginning of the process in Fig. 8, the controller 100 detects
that the ink cartridge 40 has been mounted in the mount-
ing unit 150 upon receiving the signal C from the photo-
sensor 170. As shown in Fig. 5(b), the hollow needle 153
inserted through the slit 51a separates the spherical
member 52 from the annular protrusion 51b, moving the
first valve 50 from the closed state to the open state.
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Further, upon detecting that the ink cartridge 40 has been
mounted, the controller 100 outputs a signal to the con-
troller 90 indicating the time that the photosensor 170
detected completion of the mounting operation.

[0078] Upon receiving the signal from the controller
100 indicating that the ink cartridge 40 was mounted, in
S2 the controller 90 reads data from the storage unit 125
indicating the current ink quantity in the ink cartridge 40
and the wait time (prescribed time). In S3 the controller
90 determines whether data was read from the storage
unit 125 in S2. If the controller 90 was unable to read the
above data because the data is not stored in the storage
unit 125 (S3: NO), then in S4 the controller 90 outputs a
first error signal to the controller 100 and, upon receiving
this error signal, the controller 100 controls the buzzer
13 to emit a sound for notifying the user that data is not
stored in the storage unit 125.

[0079] However, if the controller 90 determines in S3
that data was successfully read from the storage unit 125
(S3: YES), in S5 the controller 90 determines whether
the prescribed time has elapsed after mounting was de-
tected. The controller 90 continues to wait while the pre-
scribed time has not elapsed (S5: NO). When the pre-
scribed time has elapsed (S5: YES), in S6 the controller
90 outputs a signal to the controller 100 instructing the
controller 100 to operate the actuator 70 and, upon re-
ceiving this signal, the controller 100 initiates a control
operation to operate the actuator 70. Through this oper-
ation, the actuator 70 moves the rod-shaped member 71
so as to extend the rod-shaped member 71 further into
the first valve 50 in the main scanning direction, as shown
in Fig. 5(b).

[0080] On the other hand, after the controller 90 out-
puts the first error signal to the controller 100 in S4, in S
12 the controller 90 waits till a default time has elapsed
after mounting was detected. Date indicating the default
time is stored in the storage unit in the printer body. The
default time is an enough time required for the fluctuation
in ink pressure to abate to a level that will not break the
meniscuses and is longer than the prescribed time. After
the default time has elapsed, the controller 90 advances
to S6.

[0081] Through this operation of the actuator 70, the
tip of the rod-shaped member 71 passes through the
opening 41a formed in the case 41 and is inserted be-
tween the roller 83 and the cap 67. As the tip of the rod-
shaped member 71 is inserted, the roller 83 is forced
upward in Fig. 5 along the tapered portion 71a. Conse-
quently, the valve member 61 also moves upward in Fig.
5 along with the roller 83, shifting from the position block-
ing the channel 66 to a position retracted from the channel
66. In this way, the second valve 60 is shifted from the
closed state to the open state, allowing ink in the ink bag
42 to flow through the ink delivery tube 43 into the hollow
needle 153. Accordingly, ink can be supplied from the
ink cartridge 40 to the inkjet head 2. At this time, the roller
83 is positioned opposite the photosensor 69, causing
the photosensor 69 to output the signal A to the controller
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90 indicating the open state of the second valve 60.
[0082] In S7 the controller 90 determines whether the
operation of the actuator 70 is completed and continues
to wait while the operation of the actuator 70 is not com-
pleted (S7: NO). The controller 90 determines whether
the operation of the actuator 70 has completed by deter-
mining whether an operating time stored in the storage
unit 125 or in a storage unit (not shown) in the printer
body has elapsed since the operation of the actuator 70
was started.

[0083] Hence, if the operating time has elapsed (S7:
YES), in S8 the controller 90 determines whether the
second valve 60 has shifted from the closed state to the
open state. Specifically, the controller 90 determines the
state of the second valve 60 based on the signal output-
ted from the photosensor 69 (signal A indicating the open
state and signal B indicating the closed state). If the con-
troller 90 has received the signal B from the photosensor
69, indicating that the second valve 60 is still in the closed
state (S8: NO), in S9 the controller 90 outputs a second
error signal to the controller 100 and, upon receiving this
second error signal, the controller 100 controls the buzzer
13 to emit a sound for notifying the user that an error has
occurred with one of the second valve 60, photosensor
69, and the actuator 70. After the buzzer 13 emits the
sound in S9, the controller 100 ends the process in Fig.
8. Based on the sound of the buzzer 13, the userreplaces
the present ink cartridge 40 with a new ink cartridge 40
if the error has occurred on the second valve 60 and the
photosensor 69 and the user repairs the printer body of
the inkjet printer 1 if the error has occurred on the actuator
70.

[0084] However, when the controller 90 has received
the signal A from the photosensor 69 (S8: YES), the con-
troller 90 determines that the ink cartridge 40 was prop-
erly mounted in the mounting unit 150 and in S10 enters
a standby state, i.e., a print-ready state. In S11 the con-
troller 90 outputs a signal to the controller 100 indicating
this print-ready state and, upon receiving this signal, the
controller 100 controls the buzzer 13 to emit a sound
indicating that the inkjet printer 1 is ready to print. At this
point, the operation for mounting the ink cartridge 40 is
complete.

[0085] Next, the operations performed when an ink
cartridge 40 is removed from the printer body will be de-
scribed. When an ink cartridge 40 has run out of ink, for
example, the operator opens the door 1c and removes
the ink cartridge 40 from the printer body. As the ink car-
tridge 40 moves out of the printer body, the protrusion
41d moves to a position not opposing the photosensor
170, causing the photosensor 170 to begin outputting the
signal D to the controller 100. As a result, the controller
100 recognizes that the first valve 50 is in the closed state
and that the ink cartridge 40 is being removed from the
printer body. Next, the controller 100 outputs a control
signal to the controller 90 for operating the actuator 70.
Upon receiving this control signal, the controller 90 con-
trols the actuator 70 to retract the rod-shaped member
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71. As the rod-shaped member 71 is retracted, the sec-
ond valve 60 changes from the open state to the closed
state, blocking the ink channel in the ink delivery tube
43. At this time, the roller 83 does not oppose the pho-
tosensor 69 in the main scanning direction and, hence,
the photosensor 69 outputs the signal B to the controller
90. Consequently, the controller 90 outputs a signal to
the controller 100 indicating the closed state of the sec-
ond valve 60. The controller 90 continues to output the
signal to the controller 100 indicating the closed state of
the second valve 60 until the contact point 91 and contact
point 161 have separated from each other (i.e., until the
hole 153b has passed through the center of the slit 51a).
[0086] Astheink cartridge 40 continues to be removed
from the mounting unit 150, the hollow needle 153 is with-
drawn from the slit 51a of the sealing member 51, and
both the contact point 91 and contact point 161 and the
power input unit 92 and contact point 163 are discon-
nected. Thereafter, the user replaces the ink cartridge
40 that was removed from the printer body with a new
ink cartridge 40, mounting the new ink cartridge 40 in the
printer body according to the procedure described above.
[0087] When the inkjet heads 2 are ejecting ink on a
sheet P in a printing operation, for example, and one of
the actuators 70 is operated through control of the con-
troller 100 to move the corresponding second valve 60
from the open state to the closed state due to a malfunc-
tion of the actuator 70, a problem with power supply, or
the like, the photosensor 69 outputs the signal A to the
controller 90. Upon receiving this signal, the controller
90 outputs a signal to the controller 100 indicating the
closed state of the second valve 60. Upon receiving this
signal, the controller 100 controls the inkjet heads 2 to
halt ink ejection, and controls the feeding roller 25, con-
veying rollers 26, conveying unit 21, and conveying roll-
ers 28 to discharge the sheet P currently being printed
onto the paper discharging unit 11. Thus, the controller
100 halts ink ejection from the inkjet heads 2 when the
second valves 60 are placed in the closed state for any
reason. This can prevent a large negative pressure from
being produced in the ink channels leading from the sec-
ond valves 60 to the inkjet heads 2 caused by continuing
to eject ink from the inkjet heads 2. Avoiding the gener-
ation of negative pressure prevents breakage of the me-
niscuses formed near the ejection openings in the inkjet
heads 2 and prevents air from entering these openings.
[0088] With the inkjet printer 1 according to this em-
bodiment described above, the second valve 60 of the
ink cartridge 40 is shifted to the open state the prescribed
time (first and second prescribed times) after the ink car-
tridge 40 is mounted in the corresponding mounting unit
150. Hence, a time difference equivalent to the pre-
scribed time is produced after the ink cartridge 40 is
mounted in the mounting unit 150 and until the ink chan-
nel connecting the ink bag 42 of the ink cartridge 40 to
the inkjet head 2 is formed. Thus, even though a change
in ink pressure is generated in the ink bag 42 by move-
ment of the ink cartridge 40 when the ink cartridge 40 is
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mounted in the mounting unit 150, ink in the ink cartridge
40 is only supplied to the inkjet head 2 after this change
in pressure subsides. Therefore, the inkjet printer 1 of
this embodiment can prevent breakage of ink meniscus-
es formed in the ejection openings of the inkjet heads 2.
[0089] The storage unit 125 stores data indicating pre-
scribed times that are longer when the initial quantity of
ink in the ink cartridge 40 is greater. Therefore, the
present embodiment ensures that ink in the ink cartridge
40 is not supplied to the inkjet head 2 until changes in
ink pressure have subsided, even when mounting an ink
cartridge containing a large quantity of ink (a cartridge
storing black ink). Hence, the inkjet printer 1 according
to this embodiment can better suppress breakage of ink
meniscuses formed in the ejection openings of the inkjet
heads 2.

[0090] Further, the second valve 60 is placed in the
closed state when the ink cartridge 40 is removed from
the body of the inkjet printer 1. Since the second valve
60 blocks communication in the ink channel 43a, the sec-
ond valve 60 can suppress the quantity of ink leakage if
the first valve 50 becomes damaged when shifted to the
closed state.

[0091] As a variation of the embodiment, a sensor 270
may be provided in the ink cartridge in place of the pho-
tosensor 170 provided in the body of the printer for pro-
ducing a signal indicating whether the ink cartridge 40 is
mounted in the mounting unit 150 (whether the first valve
50 is in the open state or the closed state). Fig. 9 is a
block diagram showing the electrical configuration of the
inkjet printer 1 and ink cartridge 40 according to this var-
iation. As shownin Fig. 9, the sensor 270 outputs a signal
to the controller 90, and the controller 90 transfers this
signal to the controller 100. The sensor 270 may be a
reflective-type photosensor, for example, and is config-
ured to generate different signals for when the ink car-
tridge 40 is mounted and not mounted in the mounting
unit 150.

[0092] Next, a second embodiment of the present in-
vention will be described with reference to Fig. 10. Fig.
10is a block diagram showing the electrical configuration
of the inkjet printer 1 and ink cartridge 40 according to
the second embodiment. Unlike the first embodiment de-
scribed above, the ink cartridge 40 according to the sec-
ond embodiment is not provided with the controller 90
and a direct signal transmission path is established be-
tween the storage unit 125 and photosensor 69 and the
controller 100 when the contact point 91 and contact point
161 are electrically connected. The remaining structure
is identical to that described in the first embodiment.
[0093] In the second embodiment, the controller 100
executes all processes and determinations shown in Fig.
8 that were performed by the controller 90 in the first
embodiment. Hence, in S2 the controller 100 reads data
from the storage unit 125. In S3 the controller 100 deter-
mines whether data was properly read from the storage
unit 125. In S5 the controller 100 determines whether the
prescribed time has elapsed since mounting of the ink
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cartridge 40 was detected. In S6 the controller 100 out-
puts a signal to the actuator 70 for operating the actuator
70. In S7 the controller 100 determines whether the op-
eration of the actuator 70 is completed. In S8 the con-
troller 100 determines whether the second valve 60 has
shifted from the closed state to the open state. In S12,
the controller 100 waits till the default time has elapsed
after mounting was detected.

[0094] Asavariation of the second embodiment, asen-
sor 370 may be provided in the ink cartridge 40 in place
of the photosensor 170 provided in the body of the inkjet
printer 1. The sensor 370 generates a signal indicating
whether the ink cartridge 40 is mounted in the mounting
unit 150 (whether the first valve 50 is in the open state
or the closed state). Fig. 11 is a block diagram illustrating
the electrical configuration of the inkjet printer 1 and ink
cartridge 40 according to this variation of the second em-
bodiment. As shown in Fig. 11, a direct signal transmis-
sion path is established between the sensor 370 and the
controller 100 when the contact point 91 and contact point
161 are electrically connected, enabling the sensor 370
to output signals to the controller 100. The sensor 370
may be configured of a reflective-type optical sensor, for
example, and produces different signals indicating
whether the ink cartridge 40 is mounted and not mounted
in the mounting unit 150.

[0095] While the invention has been described in detail
with reference to specific embodiments thereof, it would
be apparent to those skilled in the art that many modifi-
cations and variations may be made therein without de-
parting from the spirit of the invention, the scope of which
is defined by the attached claims.

[0096] For example, the first valve may have a config-
uration other than that described in the above embodi-
ments, provided that the first valve is disposed in the ink
delivery tube and can be selectively switched between
an open state for allowing communication in the ink de-
livery tube and a closed state for blocking communication
in the ink delivery tube. For example, the first valve may
be configured of an electrically-operated valve that can
be controlled to open and close. The valve is normally in
the closed state and the controller 90 or controller 100
controls the valve to open only when the ink cartridge 40
is mounted in the body of the inkjet printer 1.

[0097] Similarly, the second valve may have a struc-
ture different from that described in the above embodi-
ments, provided that the second valve is disposed in the
ink delivery tube between the ink bag and the first valve
and can be selectively switched between an open state
for allowing communication in the ink channel in the ink
delivery tube leading from the ink bag to the fist valve,
and a closed state for blocking this channel.

[0098] Further, a display may be provided on the cas-
ing 1a in place of the buzzer 13 for displaying images
representing error message in place of the sounds emit-
ted by the buzzer 13 in order to notify the user. Alterna-
tively, both the buzzer and display may be used in com-
bination.
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[0099] Inthe embodiments described above, the pow-
er supply unit provided in the body of the inkjet printer 1
is configured to supply electrical power to the ink cartridge
40 when the ink cartridge 40 is mounted in the mounting
unit 150, but the ink cartridges 40 may be configured to
be self-powered. Further, the ink cartridges 40 are not
limited to cartridges that supply ink, but may be cartridges
that supply a liquid other than ink that require mainte-
nance.

Claims

1. A liquid cartridge (40) detachably mountable on a
body (1a) of animage forming device (1) and capable
of supplying liquid to the image forming device (1)
when mounted on the body (1a), the liquid cartridge
(40) comprising:

a liquid accommaodating unit (42) that is config-
ured to accommodate liquid therein;

a liquid delivery path (66) that is in fluid commu-
nication with the liquid accommodating unit (42)
and supplies liquid externally from the liquid ac-
commodating unit (42), the liquid delivery path
(66) having a first portion (66b) and a second
portion (66a) positioned between the liquid ac-
commodating unit (42) and the first portion
(66b);

afirstopening/closing unit (50) thatis configured
so as to be capable of being switched between
an open state in which the first portion (66b) is
opened and a closed state in which the first por-
tion (66b) is closed;

a second opening/closing unit (60) that is con-
figured so as to be capable of being switched
between an open state in which the second por-
tion (66a) is opened and a closed state in which
the second portion (66a) is closed;

an interlocking mechanism (80) that is config-
ured so as to be capable of being operated in
association with an operation of an actuator (70)
provided on the body (1a) to switch the second
opening/closing unit (60) between the open
state and the closed state; and

a storing unit (125) that is configured to store
time length data indicating a length of a pre-
scribed time.

2. Theliquid cartridge (40) as claimedin claim 1, where-
in the length of the prescribed time represents a rec-
ommended value of a time period between a first
time point and a second time point, the first time point
indicating a time point at which the liquid cartridge
is mounted on the body, the second time point indi-
cating a time point at which the second opening/clos-
ing unit (60) is changed from the closed state to the
open state.
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The liquid cartridge (40) as claimed in claim 1 or 2,
wherein the length of the prescribed time is defined
dependently on a quantity of liquid accommodated
in the liquid accommodating unit (42).

The liquid cartridge (40) as claimed in one of claims
1 to 3, wherein the length of the prescribed time is
defined dependently on a length of time required for
fluctuations in liquid pressure within the liquid ac-
commodating unit (42) to subside when the liquid
cartridge (40) is mounted in the body (1a).

The liquid cartridge (40) as claimed in one of of
claims 1 to 4, wherein the interlocking mechanism
(80) comprises a moving member (81) and an urging
member (82), the urging member (80) urging the
second opening/closing unit (60) in an urging direc-
tion to the closed state, the moving member (81)
having one end in the urging direction, the one end
of the moving member (81) being engaged with the
second opening/closing unit (60), and wherein, the
moving member (81) is moved by the operation of
the actuator (70) against an urging force of the urging
member (82) such that the second opening/closing
unit (60) is shifted from the closed state to the open
state.

The liquid cartridge (40) as claimed in claim 5, further
comprising a detecting unit (69) that is configured to
detect, based on a movement of the moving member
(81), that the second opening/closing unit (60) is
switched from the closed state to the open state.

An image forming device (1) comprising:

a body (1a); and

a liquid cartridge (40) that is detachably mount-
ed on the body (1a) for supplying liquid to the
body (1a),

wherein the body (1a) comprises:

an actuator (70);

a liquid ejecting head (2) that ejects the lig-
uid supplied from the liquid cartridge (40);
and

a controller (100) that controls the actuator
(70) and the liquid ejecting head (2),

wherein the liquid cartridge (40) comprises:

aliquid accommodating unit (42) that is con-
figured to accommodate the liquid therein;
aliquid delivery path (66) that is in fluid com-
munication with the liquid accommodating
unit (42) and supplies the liquid to the body
(1a) from the liquid accommodating unit
(42), the liquid delivery path (66) having a
first portion (66b) and a second portion
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(66a) positioned between the liquid accom-
modating unit (42) and the first portion
(66b);

a first opening/closing unit (50) that is con-
figured so as to be capable of being
switched between an open state in which
the first portion (66b) is opened and a closed
state in which the first portion (66b) is
closed;

a second opening/closing unit (60) that is
configured so as to be capable of being
switched between an open state in which
the second portion (66a) is opened and a
closed state in which the second portion
(66a) is closed;

an interlocking mechanism (80) that is con-
figured so as to be capable of being oper-
ated in association with an operation of the
actuator (70) to switch the second opening/
closing unit (60) between the open state and
the closed state; and

astoring unit (125) thatis configured to store
time length data indicating a length of a pre-
scribed time,

wherein the controller (100) reads the time
length data from the storing unit (125) and con-
trols the actuator (70) to switch the second open-
ing/closing unit (60) from the closed state to the
open state when the prescribed time has
elapsed after the liquid cartridge (40) is mounted
on the body (1a).

The image forming device as claimed in claim 7,
wherein the body (1a) further comprises a detecting
unit (170, 370) detects that the liquid cartridge (40)
is mounted on the body (1a).

An image forming device (1) comprising:

a body (1a); and

a liquid cartridge (40) that is detachably mount-
ed on the body (1a) for supplying liquid to the
body (1a),

wherein the body (1a) comprises:

an actuator (70);

a liquid ejecting head (2) that ejects the lig-
uid supplied from the liquid cartridge (40);
and

a first controller (100) that controls the ac-
tuator (70) and the liquid ejecting head (2),

wherein the liquid cartridge (40) comprises:
aliquid accommodating unit (42) thatis con-

figured to accommodate the liquid therein;
aliquid delivery path (66) that is in fluid com-



25 EP 2 517 885 A1

munication with the liquid accommodating

unit (42) and supplies the liquid to the body

(1a) from the liquid accommodating unit
(42), the liquid delivery path (66) having a

first portion (66b) and a second portion &
(66a) positioned between the liquid accom-
modating unit (42) and the first portion
(66b);

a first opening/closing unit (50) that is con-
figured so as to be capable of being 170
switched between an open state in which
thefirst portion (66b) is opened and a closed
state in which the first portion (66b) is
closed;

a second opening/closing unit (60) that is 75
configured so as to be capable of being
switched between an open state in which

the second portion (66a) is opened and a
closed state in which the second portion
(66a) is closed; 20
an interlocking mechanism (80) that is con-
figured so as to be capable of being oper-
ated in association with an operation of the
actuator (70) to switch the second opening/
closing unit (60) between the openstateand 25
the closed state;

astoring unit (125) thatis configured to store
time length data indicating a length of a pre-
scribed time; and

a second controller (90) that reads the time 30
length data from the storing unit and trans-

fers asignal to the first controller (100) when

the prescribed time has elapsed after the
liquid cartridge (40) is mounted on the body
(1a), 35

wherein the first controller (100) controls the ac-
tuator (70) to switch the second opening/closing
unit (60) from the closed state to the open state
in response to the signal. 40

10. The image forming device as claimed in claim 9,
wherein the body (1a) further comprises a detecting
unit (170, 270) detects that the liquid cartridge (40)
is mounted on the body (1a). 45

50
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