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DESCRIPTION
INK TANK AND PRINTING APPARATUS
TECHNICAL FIELD

This invention relates to an ink tank and a printing
apparatus using the ink tank. This invention can be applied
to not only a general inkjet printer, but also apparatuses
such as a copying machine, a facsimile machine having a
communication system, and a word processor having a printing
unit. In addition, this invention can be applied to
industrial printing apparatuses multifunctionally combined
with various processing apparatuses
BACKGROUND ART

In one of known types of inkjet printing apparatuses
ejecting ink from a print head onto a print medium, ink is
ejected during the movement of the print head across the print
medium in order to print an image. Another type of inkjet
printing apparatus prints an image by ejecting the ink from
the print head while moving the print medium relative to the
print head that is fixedly mounted.

Some methods for supplying ink to a print head which
are employed in such inkjet printing apparatuses will be
described below. One of them is the so-called “on-carriage
method” in which ink is supplied from an ink tank that is
attached integrally with or detachably to the print head
which ismounted on a carriage or the like so as to reciprocate.
Another method is the so-called “tube supply method” in which

ink is supplied from an ink tank that is fixedly placed in
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an area of the printing apparatus independently of the print
head mounted on the carriage and is fluidly connected to the
print head through a flexible tube or the like. In the case
of the “tube supply method”, there is also a form of mounting
a second ink tank for retaining the ink on the print head
or the carriage between the ink tank and the print head.

In the inkjet printing apparatuses as described above,
a mechanism for generating negative pressure is provided in
the ink tank in order to prevent ink leakage from a print
head nozzle. The mechanism can take the form of providing
a porous member in the ink tank for retaining the ink and
using the ink retaining force of the porous member
impregnated with the ink to generate negative pressure. In
another form, a bagmade of amaterial having an elastic force
such as rubber is filled with ink. Negative pressure is
generated in the tank by causing a tension to act on the bag
in the external direction.

In another known form, negative pressure is generated
by using a spring or the like, provided inside or outside
an ink storage portion formed of a flexible sheet, to urge
the sheet member in a direction of expanding the sheet member.
In some ink tanks employing the sheet member, a part of the
sheet member is shaped in a protrusion form in order to
contain a larger amount of ink. By use of the ink tank of
this form, an inkjet printing apparatus improved in a print
speed and an image quality is capable of supplying ink at

a constant flow velocity and a flow rate, and also of using
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ink having various physical properties such as pigment ink.

When such an ink tank is used to supply ink to the print
head, the structure of mounting a capillary member in a tank
communication port is adopted in some cases as disclosed in
Japanese Patent Laid-Open Nos. 08-132633(199%0) and
09-300646(1997) .

Next, the structure disclosed in Japanese Patent
Laid-Open No. 08-132633(1996) will be described.

The ink tank described in Japanese Patent Laid-Open
No. 08-132633(1996) comprises an ink storage portion and an
intermediate chamber extending laterally from the bottom of
the ink storage portion, and a capillary member provided in
the ink storage portion. The ink tank has a negative-pressure
generating mechanism which uses the capillary force of the
capillary member to retain the ink. In addition, an ink
supply portion is provided for supplying the ink from the
ink storage portion to the outside of the ink tank. The ink
supply portion is provided with a meniscus forming member
having a great number of pores formed therein and a porous
member which changes in volume between when the ink tank is
attached and when it is detached. The porous member is
formed of a material which changes in volume by a pressing
force and has a high power of absorbing the ink, and formed
in a tapered shape having a flat head.

The print head disclosed in Japanese Patent Laid-Open
No. 08-132633(1996) has an ink introduction portion

connected to the ink supply portion of the ink tank. The
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ink introduction portion is provided with a sealing member
placed in a position making contact with the outer periphery
of the ink supply portion of the ink tank. Then, a filter
is provided at an end of the ink path extending from the ink
introduction portion to the ejection port. When the ink tank
is removed, the porous member built in the ink supply portion
is released from i1its compressed state approximately
concurrently with the detaching of the ink tank, leading to
an increase in the volume of the porous member itself and
an increase in the porosity. As a result, an ink leak is
prevented by the porous member absorbing the ink attempting
to flow out of the ink tank which 1s being removed.

The basic structure of the ink tank disclosed in
Japanese Patent Laid-Open No. 09-300646(1997) is
approximately the same as the structure of the ink tank
disclosed in Japanese Patent Laid-Open No. 08-132633(1996),
but differs from it in that the ink supply portion is provided
with a coupling capillary member, instead of the porous
member. When the ink tank is mounted to the print head, the
filter of the print head i1s in contact with the coupling
capillary member of the ink tank. The coupling capillary
member used has a higher density than that of the capillary
member provided in the ink storage portion and generating
a negative pressure in the ink tank.

However, in the ink tank described in Japanese Patent
Laid-Open No. 08-132633(1996), the porous member placed in

the coupling between the print head and the ink tank widely
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changes greatly in volume and the entire porous member has
a small force of holding the meniscus. In addition, the
porous member is housed in the coupling between the joint
portion and the ink introduction portion when it is in a
uniform compressed state. For this reason, when the
negative pressure in the tank increases during the operation
using the ink tank, meniscus destruction occurs in the porous
member during the operation, which may possibly cause air
to be drawn toward the print head through the porous member.
If the air is drawn into the print head, this makes it
impossible to use up the ink, resulting in a reduction in
the amount of ink available.
In the ink tank described in Japanese Patent Laid-Open
No. 09-300646(1997), if the contact area with the filter of
the print head is smaller than the area of the coupling
capillary member, even after the ink has run out, a portion
of the ink remains in the coupling capillary member. As a
result, the ink cannot be completely used up, leading to a
possibility of a reduction in the efficiency of ink use.
In addition, the arrangement of an ink guide member
in an ink supply port is known from Japanese Patent Laid-Open
No. 2007-90873 which has proposed a combination of an
enclosure, a flexible film and an elastic member used for
generating a negative pressure to form an ink tank structured
to directly store ink.
Fig. 13A and Fig. 13B are diagrams illustrating the

ink supply portions of conventional ink tanks. These types
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of ink tank have an ink guide member 122 disposed in the ink
supply portion. For example, in the structures disclosed in
Fig. 13A, a thick ink guide member 122 is provided, and is
in contact with an ink supply tube 151 while being mounted
in a holder. This contact causes a compressed state of the
ink guide member 122 particularly in the vicinity of aportion
122a making contact with the ink supply tube (that is, an
area where the capillary force is relatively high), and a
little-compressed state of a portion 122b of the ink guide
member 122 on the side opposite to the contact area (that
is, an area where the capillary force is relatively low and
approximates one without compression). Then, as the ink is
supplied, the negative pressure in the ink tank gradually
increases. As a result, the area with a low capillary force
is located between the ink tank and the ink supply tube, and
it may possibly cause a situation that the ink supply path
is split. This will make it impossible to fully draw the
ink from the ink tank. In the structure illustrated in Fig.
13B, because a portion 122¢c around which the ink guide member
122 is located is strongly compressed, ink will remain in
these portions.
DISCLOSURE OF THE INVENTION
| It is an object of the present invention to provide
an ink tank with a high volume efficiency and a printing
apparatus which are capable of completely using up ink stored
in the ink tank.

According to an aspect of the present invention, an
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ink tank detachably mounted on a print head ejecting ink,
comprises:
an ink storage portion for storing the ink;
negative-pressure generating member provided in the
ink storage portion for adjusting a negative pressure in the
ink storage portion; and
.mninksupplyportionconnectedtx>aconnectingportion
of the print head for supplying the ink to the print head
and provided with an extendable ink guide member,
the ink guide member comprising
a compressed portion connected to the connecting
portion when the ink guide member is connected to the
connecting portion, and
a non-compressed portion which is not connected to the
connecting portion,
wherein when the connecting portion and the ink guide
member are connected, meniscus holding forces of the
respective compressed and non-compressed portions of the ink
guide member satisfy relationships that
an initial negative pressure in the ink storage portion
is smaller than the meniscus holding force of the
non-compressed portion,
the meniscus holding force of the compressed portion
is smaller than a meniscus holding force of the connecting
portion of the print head, and
the meniscus holding force of the non-compressed

portion is smaller than the meniscus holding force of the
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wherein the meniscus holding force of the
non-compressed portion is smaller than a negative pressure
in a boundary area between an adjustable region in which the
negative-pressure generating member adjusts the negative
pressure in the ink storage portion, and a region in which
a negative pressure is higher than that in the adjustable
region.

According to the present invention, when the ink is
supplied to the print head, the ink guide member is divided
into a compressed portion and a non-compressed portion. A
meniscus holding force of the non-compressed portion of the
ink guide member is determined as a value within a region
in which the negative-pressure generating member can control
the negative pressure. A meniscus holding force of the
compressed portion of the ink guide member is determined
stronger than the meniscus holding force of the
non-compressed portion of the ink guide member and also
stronger than the maximum negative pressure which can be
controlled by the negative-pressure generating member. In
consequence, it is possible to provide an ink tank with a
high volume efficiency and a printing apparatus which are
capable of completely using up ink stored in the ink tank.

Further features of the present invention will become
apparent from the following description of exemplary

embodiments (with reference to the attached drawings).
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BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is an exploded perspective view of an ink tank
of an embodiment of the present invention;

Fig. 2 1s a sectional view of the assembled ink tank
taken along the II-II line in Fig. 1;

Fig. 3 is an enlarged view of an ink supply portion
of the ink tank;

Fig. 4A is a sectional view of the ink tank connected
to a connection portion of a print head;

Fig. 4B is a sectional view of the ink tank alone when
viewed from the ink tank connected to the print head;

Fig. 5 is a graph showing negative pressure in the ink
tank from the initial state when the ink tank is mounted on
the print head to the final state when the ink in the ink
tank is used up;

Fig. 6A is a view illustrating the initial state of
the ink tank when it is mounted on the print head;

Fig. 6B is an enlarged view illustrating the supply
portion when the amount of ink stored in the ink tank is
decreased after the ink tank has been used over a certain
period of time;

Fig. 6C is an enlarged view illustrating the suppiy
portion after the ink has been used up:;

Fig. 7 is a graph showing negative pressure in the ink
tank from the initial state to the final state in a second
embodiment of the present invention;

Fig. 8A is a sectional view illustrating the ink tank
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in the initial state when it is mounted on the print head;

Fig. 8B is a sectional view illustrating the ink tank
when the ink in the ink guide member is consumed;

Fig. 8C is a sectional view illustrating the ink tank
after the ink has been used up;

Fig. 9 is adiagram illustrating a method for measuring
the negative pressure;

Fig. 10 is a diagram illustrating an example of the
structure of an inkjet printing apparatus to which the
present invention can be applied;

Fig. 11Ais asectional viewillustrating the ink supply
portion of the ink tank of the first embodiment;

Fig. 11B is an enlarged view of a part of the ink supply
portion in Fig. 11A;

Fig 12A is a diagram illustrating a method of measuring
a meniscus force of the ink guide member when an ink guiding
element is fitted to the ink tank;

Fig 12B i1s a diagram illustrating another method of
measuring a meniscus force of the ink guide member when an
ink guiding element is provided in the ink tank;

Fig. 13A is a sectional view illustrating an ink supply
portion of a conventional ink tank; and

Fig. 13B is a sectional view illustrating an ink supply
portion of another conventional ink tank.

BEST MODE FOR CARRYING OUT THE INVENTION
FIRST EMBODIMENT

A first embodiment of the present invention will be
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described below with reference to the accompanying drawings.

Structure of Inkjet Printing Apparatus
Fig. 10 is a diagram illustrating an example of the
structure of an inkjet printing apparatus to which the
present invention can be applied. The printing apparatus
150 is a serial scan type inkjet printing apparatus, which
comprise guide shafts 151, 152 movably guiding a carriage
153 in the main scan direction o. The carriage 153 is
reciprocated in the main scan direction a by a driving force
transmission mechanism including a carriage motor, a belt
for transmitting the driving force of the carriage motor,
and the like. The carriage 153 can be detachably mounted
with an inkjet print head (not shown) and ink tanks 1 for
supplying ink to the print head. Four ink tanks 1 are mounted
in the embodiment, but any number of ink tanks 1 mounted may
be mounted as long as one or more ink tanks are mounted.
A print medium P is inserted from an insertion slot
155 provided in the front side of the apparatus, and then
the feed direction of the print medium P is reversed, so that
the print medium P is transferred in the sub scan direction
of the arrow B by a feed roller 156. The printing apparatus
150 repeatedly performs the printing operation and the
transfer operation in order to sequentially print an image
on the print medium P. In the print operation, while the
carriage 153 with the print head is moved in the main scan
direction, ink is ejected toward a print area of the print

medium P located on a platen 157. In the transfer operation,
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the print medium P is transferred in the sub scan direction
by a distance corresponding to a width of an area printed
by a print scan of the print head.

The print head may employ thermal energy generated by
an electrothermal transducer as energy for ejecting the ink.
In this case, the electrothermal transducer generates heat
to cause film boiling in the ink, whereby the foam energy
thus generated achieves the ejection of the ink from the ink
ejection port. In this regard, the method of ejecting the
ink from the print head is not limited to the method employing
an electrothermal transducer, and, for example, a
piezoelectric element may be used to eject ink.

A recovery system unit (recovery operation means) 158
is provided in the movement area of the carriage 153 and faces
the face of the print head in which the ink ejection port
is formed when the print head is mounted on the carriage 153.
The recovery system unit 158 is provided with a cap capable
of capping the ink ejection port of the print head, a suction
pump which can introduce negative pressure into the cap, and
the like. By introducing the negative pressure into the cap
covering the ink ejection port, the ink is sucked and drained
from the ink ejection port for the recovery operation in order
to maintain a normal ink ejecting state of the print head.
Further, the ink not contributing to the printing of the image
is drained from the ink ejection port toward the inside of
the cap, thereby performing the recovery operation

(preliminary eject operation) for maintaining a normal ink
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ejecting state of the print head.
Fig. 1 is an exploded perspective view of an ink tank
1 of the embodiment. Fig. 2 is a sectional view of the
assembled ink tank 1 taken along the II-IT line in Fig. 1.
The following description is given with reference to Figs.
1 and 2.
The ink tank 1 comprises a tank case 10, a spring member
11 which constitutes part of negative-pressure generating
member, a pressure plate 12, a flexible member 13 and a 1lid
member 14. The tank case 10 and the 1lid member 14 form the
enclosure of the ink tank 1. An ink storage portion includes
the pressure plate 12, the flexible member 13 and the 1lid
member 14. Ink is stored in the ink chamber. The
negative-pressure generating member is not limited to the
above, and may be a porous member. The spring member
provided in the negative-pressure generating member urges
the ink storage portion in the outward direction. The ink
tank 1 is a container for storing ink in the ink storage
portion R defined by the tank case 10 and the flexible member
13, and is detachably installed in the inkjet printing
apparatus in a position of pointing the ink supply portion
20 down as shown in Fig. 1. The ink supply portion 20 is
connected to an ink supply path of an inkjet print head
(hereinafter simply referred to as “print head”) which will
be described later. The ink tank 1 is capable of being
disconnected from the print head. The tank case 10 has an

ink supply portion 20 formed therein in such a manner as to



10

15

20

25

WO 2009/048174 PCT/JP2008/068913
14
be connectable to the print head. The ink supply portion
20 is provided with a meniscus forming member 21 and an
extendable ink guide member 22.

Fig. 3 is an enlarged view of the ink supply portion
20 of the ink tank 1. One of the opposing faces of the
meniscus forming member 21 adjoins the ink storage portion
R and the other face adjoins the ink guide member 22. The
meniscus forming member 21 has a meniscus holding force which
is stronger than the negative pressure in the ink storage
portion R in order to prevent the intrusion of air from the
ink supply portion 20 into the ink storage portion R which
is kept at a negative pressure to hold the ink. The meniscus
forming member 21 has a meniscus holding force of about 250
mmAqg to about 350 mmAqg, for example, so that meniscus is not
broken by a negative pressure of about 100 mmAg to about 200
mmAg in the ink storage portion R. Materials for forming
the meniscus forming member 21 are not limited to a mesh
filter, and any material capable of achieving comparable
effects to themesh filter, such as resin fiber or metal fiber
may be used.

The ink guide member 22, which is a feature of the
present invention, is interposed and held between the
meniscus forming member 21 and a member 15 provided on the
outer opening of the ink supply portion 20 and pressed against
the ink guide member 22, so as to be fixed in the bottom face
of the ink retainer. The ink guide member 22 is formed of

a material capable of being compressed in the vertical
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direction (the up-down direction in Fig. 1) in order to
enhance the contact force of the ink supply portion 20 with
a filter 50 of the later-described print head after the ink
supply portion 20 has been connected to the print head to
produce the ink supply state. For example, the present
embodiment employs a fiber element formed of a material of
polypropylene and having a fiber density of 0.01 g/cm? to
0.1 g/cnﬁ. Other appropriate materials, which may be used
for the ink guide member, mainly include polyester, nylon,
cellulcose, polyurethane, and the like, and a preferable
material is chemically stable toward the ink and has a high
wettability. The contact depth ranges, for example, from
0.1 mm to 0.9 mm. The thickness of the ink guide member 22
ranges, for example, from 1 mm to 3 mm.

Fig. 4A is a sectional view illustrating the connection
state between a connection portion of the print head 5 and
the ink tank 1. Fig. 4B is a sectional view of the ink tank
1 alone when viewed from the ink supply portion 20 when the
ink tank 1 is connected to the print head 5.

The print head 5 comprises a head filter 50 provided
at an end of an ink path 52. The ink tank 1 is connected
such that a fluid connection is provided between the ink
supply portion 20 and the ink path 52 of the print head 5.
The fluid connection between the ink tank 1 and the ink path
52 of the print head 6 is achieved by causing the ink guide
member 22 of the ink tank 1 to come into contact with the

head filter 50 of the print head 5.
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A first purpose of the ink guide member 22 is to guide
the ink toward the print head 5 by being located in the
ink-path connecting area between the print head 5 and the
ink tank 1. For this purpose, a desirable material used for
the ink guide member 22 is a low~density fiber element having
a low flow resistance.
When the ink tank 1 is mounted on the print head 5,
as shown in Fig. 4B, a portion of the ink guide member 22
making contact with the head filter 50 is compressed. That
is, in the ink guide member 22 of the ink tank 1 mounted on
the print head 5, a compressed portion 22a having a fiber
density increased to exceed its initial fiber density by the
compression, and a non-compressed portion 22b having a fiber
density approximately equal to its initial fiber density
before being compressed are produced. The compressed
portion 22a and the non-compressed portion 22b are areas
differing in density variations from each other.
Two components, the meniscus forming member 21 and the
ink guide member 22, are used in the ink supply portion 20,
so that the ink supply portion 20 achieves functional
separation. Specifically, the meniscus forming member 21
has a function of preventing air from entering into the ink
storage portion when the ink tank is subject to impact or
drop during physical distribution. For this reason, the ink
guide member 22 has a function of increasing the contact force
produced in the vertical direction with respect to the plane

of the meniscus forming member 21 when the ink tank is mounted
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on the print head 5 in order to guide the ink toward the print
head after the ink tank has been mounted on the print head
5.

Fig. 5 is a graph showing negative pressure in the ink
tank 1 from the initial state when the ink tank 1 is mounted
on the print head 5 to the final state when the ink in the
ink tank 1 is used up. Fig. 6A to Fig. 6C are sectional views
of the ink guide member 22 respectively corresponding to
points (a) to (c) on the negative-pressure curve in Fig. 5.

A meniscus holding force Pml of the ink gulide member
22 which is not compressed before the ink tank is mounted
on the print head 5 is higher than an initial negative
pressure Pl in the ink storage portion. This can be
expressed as follows.

P1<Pml (E)

The meniscus holding force Pml is higher than the
meniscus holding force of the meniscus forming member 21.

For this reason, ink, instead of air, exists in the
ink guide member 22. As a resﬁlt, the ink tank 1 can be
mounted on the print head 5 without drawing air (foam) into
the ink tank because the surface of the ink guide member 22
comes into contact with the head filter 50 of the print head
5 at the time of being mounted on the print head 5.

Fig. 6A is a view illustrating the initial state of
the ink tank 1 when it i1s mounted on the print head 5. The
ink tank 1 is mounted on the print head 5, whereupon the ink

in the ink tank 1 is pulled toward the head filter 50 to
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establish ink communication. At this point, a portion of
the ink guide member 22 making contact with the head filter
50 is compressed, so that the compressed portion 2Z2a and the
non-compressed portion 22b are produced in the ink guide
member 22. Because the compressed portion 22a is high in
member density‘as compared with the non-compressed portion
22b, the compressed portion 22a has a higher ink retaining
force. After the ink tank 1 is mounted on the print head
5, the meniscus holding force of the head filter 50 is higher
than the negative pressure in the ink storage portion and
the meniscus holding force of the ink guide member 22. As
a result, the ink contained in the ink tank 1 is introduced
into the print head 5. The following expression expresses
the relationship between the meniscus holding force Pm2 of
the ink guide member under compression and the meniscus
holding force Phf of the head filter 50.

Pm2<Phf (F)

Fig. 6B 1s an enlarged view illustrating the supply
portion when the amount of ink stored in the ink tank 1 is
decreaséd after the ink tank 1 has been used over a certain
periodof time. In the ink tank 1 according to the embodiment,
as seen from the negative-pressure curve in Fig. 5, the
negative pressure continuously builds up in the ink tank from
the initial state of the ink tank to the final state when
the ink is used up. This is because the flexible member 13
provided in the ink tank 1 is deformed along with the

flowing-out of the ink and the spring 11 which is the



10

15

20

25

WO 2009/048174 PCT/JP2008/068913
19

negative-pressure generating member 1s continuously
compressed. In this connection, when the meniscus holding
force Pml of the ink guide member 22 which is not compressed
is equal to the point (b) shown in Fig. 5, if the negative
pressure in the ink tank becomes below the point (b) in Fig.
5, the ink in the non-compressed portion 22b is drawn into
the print head. That is, in the present invention, the
meniscus holding force Pml of the non-compressed portion 22a
is in the region A between the initial negative pressure (P1)
and the used-up negative pressure (PZ2). As a result, when
the ink is used or used up, the ink retained in the
non-compressed portion 22b is introduced toward the inside

of the ink tank so as to be used up.
The relationship between the meniscus holding force
Pml of the non-compressed portion of the ink guide member
and the ink-storage-portion negative pressure P2 when the
ink stored in the ink tank is used up is expressed as follows.
In this regard, the used-up ink-storage-portion
negative pressure P2, herein described, is defined as a
negative pressure in the boundary between the
negative-pressure region A and the negative-pressure region
B. The negative-pressure region A 1s referred to as a
negative-pressure adjustable region in which the negative
pressure is controlled by the spring member 11 which is the
negative-pressure generating member. The
negative-pressure region B is referred to as a region inwhich

the negative pressure 1s higher than that 1in the
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negative-pressure region B and the negative-pressure

generating member does not control the negative pressure.

Pm1<P2 (G)

In this manner, the relationships between the negative
pressures are specified. As a result, the ink retained in
the non-compressed portion 22b in the ink guide member 22
can be used, thus improving the efficiency of ink use.

In a case of responding to an increase in ink flow rate
in the printing operation in recent years and making full
use of a high-viscosity ink such as pigment ink, because the
flow resistance of the ink increases, there is a tendency
to increase the area of the head filter 50. In this case,
an ink guide member 22 with a large area is required, so that
the non—-compression portion 22b in the ink guide member 22
increases in size as well. If the ink remaining in the
non-compressed portion 22b can be used for printing, the
available amount of ink of the total amount of ink contained
in the ink tank is increased, resulting in an improvement
in volume efficiency.

Fig. 6C is an enlarged view illustrating the supply
portion after the ink has run out.

It is necessary to prevent the print head 5 from sucking
the foam to reduce in function after the ink retained in the
non-compressed portion 22b has been used up. For this
purpose, the compressed portion 22a of the ink guide member
22 has a negative pressure higher than the negative pressure

P2 in the ink storage portion after the ink has run out in
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order to ensure the ink communicable state between the print
head and the ink tank even after the ink has run out. This
can be expressed as follows.

P2<Pm2 (H)

By use of an ink guide member designed to satisfy the
aforementioned relational expressions in the ink tank, when
the ink tank is connected to the print head, the ink included
in the non-compressed portion 122b of the ink guide member
can be successfully introduced into the ink tank, resulting
in an increase in the available amount of ink of the total
amount of ink contained in the ink tank so as to improve the
volume efficiency.

The structure designed such that the area of the ink
guide member 22 is larger than the area of the contact region
with the ink supply tube 51 has been described. On the other
hand, Fig. 11A illustrates the structure designed such that
the ink supply tube 51 and the ink guide member 22 are
approximately identical in contact region with each other.
Fig. 11B shows an enlarged view of a part of the ink guide
member 22 in Fig. 11A.

In the case of the structure shown in Fig. 11A, a
non-contact portion 22c occurs in an extremely small region.
This small region is affected by the contact with the ink
supply tube 51, which shows a meniscus holding force Pm3
smallerthanthenmniscusholdingforcePm2cﬂfthecompressed
portion of the contact region but larger than the meniscus

force Pml in the non-compression state. In this case, the
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aforementioned relationship is also satisfied.

In the ink supply portion 20 according to the present
invention, when the ink tank 1 is removed from the print head,
the ink remaining in the ink-path connecting area can quickly
return and be received by the ink storage portion R of the
ink tank 1, thus preventing ink-dripping. In addition, if
the user accidentally drops the ink tank, the flying ink can
be reduced.

Next, a method for measuring the negative pressure in
the ink tank will be described as an approach for verifying
the structure according to the present embodiment. A
negative pressure in the ink tank and the state of the ink
tank under the negative pressure can be associated with each
other.

Fig. 9 is a diagram illustrating a method for measuring
the negative pressure. A negative-pressure measuring Jjig
imitates the print head 5 and a tank to be measured can be
placed on the jig. The negative-pressure measuring jig
comprises a head holder 55 to which the filter 50 is fixed
and a tube 60 connected to the head holder 55 such that ink
can flow from the head holder 55. 1In addition, the jig is
provided with a tube pump 70 mounted on the tube 60 for
generating the ink flow, and another tube 65 branching from
the tube 60 between the pump 70 and the head holder 55. This
structure is similar to the structure adopted for a method
for obtaining a pressure difference using a U tube manometer.

First, the two tubes 60, 65 were filled with ink for
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preventing air from entering into the tubes. If air enters
into the tubes, there is a possibility that a precise pressure
cannot be measured due to the buffer effect of the air. In
this state, an ink tank to be measured was mounted on the
head holder 55, and was left until a liquid level in the tube
on the X side in Fig. 9 stopped. Then, a difference between
the position (B) of the liquid level and the
ink-ejection-port face (A) of the head was read. This is
an initial negative-pressure value.

Then, the tube pump was operated to cause the ink to
flow from the ink tank as appropriate, and then was stopped
when the amount of ink flowing out reached a position in which
the measurement was required. As in the case of the
foregoing, after a liquid level in the tube on the X side
had stopped, a difference between the position (B) of the
liguid level and the ink-ejection-port face (A) of the head
was read. This process was repeatedly performed to plot a
plurality of points respectively corresponding to the
amounts of ink flowing out to obtain a curve showing negative
pressures in the ink tank.

Then, the tank negative pressures at the respective
points thus measured and states of the non-compressed
portion and the compressed portion of the ink guide member
were observed. It has been shown that foam does not enter
into the tube 60 at the point where the ink in the ink tank
completely runs out. In addition, the state in which the

ink communication between the tank and the head is possible
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is verified. Further, it has been confirmed that the ink
in the non-compressed portion 22b which is out of contact
with the head filter 52 is used.

Next, an example of a method for examining the meniscus
holding forces Pml, Pm2 will be described.

Fig. 12A illustrates a method of measuring the meniscus
force of the ink guide member when the ink tank 1 is equipped
with an ink guiding element 22. The function of the
negative-pressure source of the ink tank is rendered
inoperative, and then the ink tank is filled with ink. The
ink tank filled with the ink is connected through a tube 81
or the like to an ink container 82 which 1is open to the
atmosphere. 1In this staté, the ink tank 1 is moved up and
down, and when the state in which the ink does not leak from
the ink guide member 22 and air is not drawn into the ink
tank (i.e., the stable ink-retaining condition) occurs, the
liquid level of the ink container 82 and the height of the
position of the ink guide member 22 (i.e., to measure a water
head difference) are measured. This height represents a
meniscus force Pml of the ink guide member in the
non-compressed state. A meniscus is also measured when the
ink tank 1 is placed on the holder 55 and the ink guide member
22 1is compressed by the ink supply tube 51. For this
measurement, as illustrated in Fig. 12B, a holder 55 1is
prepared, which is structured such that a meniscus force is
not produced in the ink supply tube 51. The ink tank 1 is

mounted on this holder 55. Then, as in the above case, when
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the ink guide member 22 stably retains the ink, the liquid
level of the ink container 82 and the position of the ink
guide member 22 are measured. The result of the measurement
represents a meniscus force Pm2 of the ink guide member in
the compressed state.

In a spring-bag type structure of an ink tank as
disclosed in the present invention, the generation of the
negative pressure 1in the spring-bag is prevented by
performing, for example, a process of boring the spring-bag
or the like. Then, ink is added to the ink in the ink tank
until it is full, or alternatively the ink tank is filled
with measurement liquid instead of ink. Then, the
aforementioned measurements are performed to measure
meniscus forces of an ink guide member in the compressed state
and the non-compressed state can be measured
SECOND EMBODIMENT

Next, a second embodiment of the present inventionwill
be described with reference the accompanying drawings.

Fig. 7 is a graph showing negative pressure in the ink
tank from the initial state when the ink tank according to
the present invention is mounted on the print head 5 to the
final state when the ink runs out. Fig. 8A to Fig. 8C are
sectional views of the ink guide member respectively
corresponding to points (e) to (g) on the negative-pressure
curve in Fig. 7. Fig. 8A corresponds to the point (e) in
Fig. 7 and illustrates “the tank-mounting initial state”.

Fig. 8B corresponds to the point (f) in Fig. 7 and illustrates
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“the state in which the meniscus holding force of the
non-compressed area of the ink guide member 22 falls below
the negative pressure in the ink tank, and the ink in the
ink guide member is consumed”. Fig. 8C corresponds to the
point (g) in Fig. 7 and shows a cross section of “the ink
tank after the 1ink has been used up”. The following
description is given using Figs. 7, 8A, 8B and 8C.

The ink tank 101 of the second embodiment is provided
with a one-way valve 30 as negative-pressure controling
means for permitting the introduction of a gas from the
outside into the ink tank 101 and for inhibiting the flow
of ligquid and the flow of gas from the ink tank 101 to the
outside. The one-way valve 30 has a valve chamber 38
comprising a plate member 34, a flexible member 35 and a
spring member 36. In the valve chamber 38 serving as the
negative-pressure adjusting chamber, the plate member 34 has
an air inlet 33 for introducing air from the outside. A
sealing member 32 is provided on the outer periphery of the
air inlet 33. The plate member 34 is urged toward the sealing
member 32 by the spring member 32. The valve chamber 38
communicates with an ink storage portion Q. A pressure for
introducing air into the ink storage portion Q is determined
by the spring member 36 and the plate member 34. When the
negative pressure in the ink storage portion Q is stronger
than the pressure resulting from the air introduction, the
plate member 34 is deformed so as to take air into the valve

chamber 38. Then, the taken air is introduced from an air
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inlet 37 into the ink storage portion Q so as to maintain
a constant negative pressure in the ink storage portion Q.
The spring member 11 and the flexible member 13 form a
function of maintaining or expanding the volume of the ink
tank. This function is used as means for generating a
negative pressure in the ink storage portion Q at the time
when the use of the ink tank 101 is started.

The structure of an ink supply portion 120 is similar
to that described in the first embodiment. The ink supply
portion 120 achieves functional separation as having the
function provided by a meniscus forming member 121 and the
function provided by an ink guide member 122. The function
of the meniscus forming member 121 prevents the intrusion
of air into the ink storage portion when the ink tank is
subject to impact or drop during physical distribution. The
function of the ink guide member 122 guides the ink toward
the print head after the ink tank has been mounted on the
print head 5.

Since the ink tank 101 of the second embodiment makes
an adjustment to pressure by means of gas introduction, a
negative-pressure curve differing from that in the first
embodiment is shown. In the first embodiment, the negative
pressure continuously builds up along with the displacement
of the spring. However, in the second embodiment, the
negative-pressure curve 1s divided into two ;egions, the
pressure fluctuation region (C) based on the initial-

negative-pressure dJenerating portion and the constant
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negative-pressure region (D) based on the one-way valve 30.

As in the case of the first embodiment, in the second
embodiment, a meniscus holding force Pmll of the
non-compressed portion 122b of the ink guide member 122 is
higher than the initial ink-storage-portion negative
pressure P11 in the ink storage portion in the initial state,
and lower than the used-up ink-storage-portion negative
pressure P12 in the ink storage portion in which the ink has
run out.

That is, the meniscus holding force is set within the
region M from the initial negative-pressure point (e) to the
used-up point (g) in Fig. 7. This makes it possible to
introduce the ink included in the non-compressed portion
122b into the ink tank in order to completely use up the ink.

The relationship among a meniscus holding force Pml2
generated under compression, the used-up
ink-storage-portion negative pressure P12 and a meniscus
holding force Phf of a head filter 150 is the same as those
in the first embodiment, which is expressed by:

P12<Pm12<Phf (1)

By setting up such conditions, the ink communicable state
between the print head and the ink tank is ensured in order
to prevent foam from entering into the print head to degrade
the capability of the print head even after the ink has run
out. In this regard, the used-up ink-storage-portion
negative pressure P12 herein described is defined as a

negative pressure in the boundary area Dbetween the
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negative—pressureregionb&and1juanegative—pressureregion
N. In the negative-pressure regionM, the negative pressure
is controlled by the wvalve chamber 30 which 1s the
negative-pressure generating member. Iin the
negative-pressure region N, the negative pressure is higher
than that in the negative-pressure region M and the
negative-pressure generating member does not control the
negative pressure.

For the purpose of reducing the mounting force between
the ink tank and the print head, the difference between the
meniscus holding force Pmll of the non-compressed portion
122b of the ink guide member 122 and the meniscus holding
force Pml2 of the compressed portion 122a can be decreased.
Tn order to decrease the difference between the two meniscus
holding forces, the meniscus holding force Pmll of the
non-compressed portion 122b of the ink guide member may be
set around the used-up negative pressure P1l2. When the
meniscus holding force is determined in this way,‘the
meniscus holding force Pml2 of the compressed portion 122a
of the ink guide member can exceeds the used-up negative
pressure P12 even when the displacement is small.

As described above, in the ink tank 101 comprising the
negative-pressures adjusting mean, the meniscus holding
force Pmll of the non—-compressed portion 122b of the ink guide
member 122 is set higher than the initial
ink-storage-portion negative pressure P11 and lower than the

used-up ink-storage-portion negative pressure P1l2. In
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addition, the meniscus holding force Pml2 caused under
compression is set stronger than the used-up
ink-storage-portion negative pressure P12, and weaker than
the meniscus holding force Phf of the head filter 150. As
a result, the ink included in the non-compressed portion 122b
of the ink guide member can be effectively led into the ink
tank, resulting in an increase in the available amount of
ink of the total amount of ink contained in the ink tank so
as to improve the volume efficiency of the ink tank 101.

While the present invention has been described with
reference to exemplary embodiments, it is to be understood
that the invention is not limited to the disclosed exemplary
embodiments. The scope of the following claims is to be
accorded the broadest interpretation so as to encompass all
such modifications and equivalent structures and functions.

This application claims the benefit of Japanese Patent
Application No. 2007-266701, filed October 12, 2007, which

is hereby incorporated by reference herein in its entirety.
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CLAIMS

1. An ink tank detachably mounted on a print head ejecting
ink, comprising:

an ink storage portion for storing the ink;

negative-pressure generating member provided in the
ink storage portion for adjusting a negative pressure in the
ink storage portion; and

an ink supply portion connected to a connecting portion
of the print head for supplying the ink to the print head
and provided with an extendable ink guide member,

the ink guide member comprising

a compressed portion connected to the connecting
portion when the ink guide member is connected to the
connecting portion, and

a non-compressed portion which is not connected to the
connecting portion,

wherein when the connecting portion and the ink guide
member are connected, meniscus holding forces of the
respective compressed and non-compressed portions of the ink
guide member satisfy relationships that

aninitialnegativepressurejJitheinkstorageportion
is smaller than the meniscus holding force of the
non—-compressed portion,

the meniscus holding force of the compressed portion
is smaller than a meniscus holding force of the connecting

portion of the print head, and
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the meniscus holding force of the non-compressed
portion is smaller than the meniscus holding force of the
compressed portion,

wherein the meniscus holding force of the
non-compressed portion is smaller than a negative pressure
in a boundary area between an adjustable region in which the
negative-pressure generating member adjusts the negative
pressure in the ink storage portion, and a region in which
a negative pressure i1s higher than that in the adjustable

region.

2. The 1ink tank according to claim 1, wherein the
connecting portion of the print head is provided with a

filter.

3. The ink tank according to claim 1, wherein the ink guide

member is formed of either resin fiber or metal fiber.

4. The ink tank according to claim 1, wherein the ink
supply portion comprises a meniscus forming member having
a meniscus holding force weaker than the meniscus holding
forces of the ink guide member, and formed of either resin

fiber or metal fiber.

5. The ink tank according to claim 4, wherein the ink guide
member is interposed between the meniscus forming member

fixed to a bottom face of the ink storage portion and a member
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provided on an opening of the ink supply portion and pressed

against the ink guide member.

6. The ink tank according to claim 1, wherein the

negative-pressure generating member is a porous member.

7. The ink tank according to claim 1, further comprising
a one-way valve provided for permitting introduction of a
gas from outside into the ink storage portion and for
inhibiting a flow of liguid and a flow of gas from the ink

storage portion to the outside.

8. The ink tank according to claim 1, wherein the
negative-pressure generating member comprises an ink
storage portion at least partially formed of a flexible
material, and a spring member urging the ink storage portion

in an outward direction.

9. A printing apparatus, comprising a carriage detachably
mounted with the ink tank according to claim 1, and a print
head provided on the carriage,

wherein when the ink tank and a connecting portion of
the print head are connected to each other, the connecting
portion divides the ink guide member of the ink tank into
the compressed portion and the non-compressed portion,

ejecting the ink supplied from the ink tank for printing.
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