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INK CARTRIDGE AND METHOD OF INK INJECTION THEREINTC

BACKGROUND OF THE INVENTICN

This invention relates to an ink cartridge for supplying
ink to a head of a record apparalus and a methed of ink injeclion
thereinto.

An ink jet record apparatus generally comprisés a record
head mounted on a carriage and moving in the width direction
of record paper, and paper feed means for moving the record paper
relatively in a direction orthogonal teo the move direction of
the record head.

such an ink jet record apparatus prints on record paper
by ejecting ink droplets from a record head based on print data.

A record head capable of ejecting black ink, yellow ink,
cyan ink, and magenta ink, for example, is mounted on a carriage
and in addition’ te text print in black ink, full-color print
is -madeée possible by changing the ink ejection percentage.

Thus, ink cartridges fcr supplying black ink, yellow ink,
cyan ink, and magenta ink to the record head are placed in the
rain unit of the apparatus.

In the ordinary ink jet reccrd apparatus, the ink cartridges
for supplying black ink, yellow ink, cyan ink, and magenta ink
aremounted on a carriage and are moved together with the carriage.

In the recent record apparatus, the carriage has been noved
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at high speed for the purpose of increasing the rescord speed.

In such 2 record apparatus, pressure fluctuation occurs
in interrnal ink as an ink supply tube is extended and bent with
acceleration and deceleration of the carriage, making unstable
ejecting ¢f ink dropleis from the record head.

Thus, such an Ink cartridge 1s proposed, lhat comprises
a lower ink storage chamber (ink tank chamber) opened to the
atmosphere side, an upper ink storage chamber (ink end chamber)
for head connection, connected via an ink flow passage to the
Lower ink storage chamber, and a differential pressure regulating
valve placed at midpoint in a passage connecting the upper ink
storage chamber and a head supply port.

According to the ink cartridge, a negative pressure is
generated on the head side by negative pressure generation means
and the differential pressure regulating valve is opened

accordingly for supplying ink to the record head, so that the

" adverse effect on ink produced by pressure fluctuation menticoned

above is lessened and ink can be supplied to the record head
at the optimum water head difference.

In the ink cartridge, an opening portion for ink injection
is constructed by a single opening, and thus ink cannot be injected
under ink injection conditions respectively required for the
ink tank chamber and the ink end chamber,

That is, the ink end chamber must contain no atmosphere

and have a proper ink amount. On the other hand, the ink tank
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chamber must have a proper ink amount.

Therefore, inkneeds tobe injected into the separate chambers
under different conditions.

Particularly, if ink is injected into the ink end chamber
in the cartridge under the ink injection (atmosphere injection)
conditions required for the ink tank chamber, air ls mixed into
not only the ink tank chamber, but also the ink end chamber.
Consequently, bubbles are mixed inte ink supplied to the head
when ink is used, and stability on printing cannot be ensured;
this is a problem.

It is therefore an obiect of the invention to provide an
ink cartridge and amethed of ink injection inte the ink cartridyge,
for making it possible to prevent bubbles from being mixed into
ink supplied to a head when ink is used, and ensure stability
on printing.

SUMMARY OF THE INVENTION

To the end, according to the inventlion, there is provigeﬁ
an ink cartridge being detachably connected to a head of a record
apparatus, and comprising a case having an ink tank chamber opened
to the atmosphere in a state in which the head and the cartridge
are connected, and an ink end chamber communicating with the
ink tank chamber and leading to the head, wherein the case is
formedwitha first opening communicating with the ink tank chanber
and a second opening communicating with the ink end chamber.

Since the ink cartridge is thus configured, ink can be
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injected intc the ink tank chamber through the first opening
under atmosphere injection condition, and ink can be injected
into the ink end chamber through the secend opening under vacuum
injection condition.

Therefore, bubbles can be prevented from being mixed into
lnk suppilied Lo Lhe head when ink is used, and stabilityen printing
can be ensured.

Here, it is desirable that the case is formed with an
atmospheric communication port for discharging the atmosphere
in the ink tank chamber, and a suction port for conducting vacuum
suction of the ink end chanmber.

Since the ink cartridge is thus configured, ink is injected
inte the ink tank chamber while the atmosphere is discharged
through the atmospheric communication port, and ink is injected
into the ink end chamber while vacuum suction is conducted through
the suction port.

It is desirable that the suction port is an ink supply port
for supplying ink t¢ the head.

Since the ink cartridge is thus configured, the ink supply
port for supplying ink to the head of the record apparatus can
be used as the suction port for conducting vacuum suction of
the ink end chamber at the ink injection time.

On the other hand, a method of injecting ink intoc an ink
cartridge according to the invention is applicable to an ink

cartridgebeingdetachablyconnectedtoaheadof arecord apparatus
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and comprising a case having an ink tank chamber opened to the
atmosphere in a state in which the héad and the cartridge are
connected and an ink end chamber communicating with the ink tank
charmber and leading to the head, and Iis directed to an ink injection
method for injecting ink inte the ink tank chamber and the ink
endd chamber in the case. In the method, ink is injected inio
the ink tank chamber under apredetermined ink injection condition,
and ink is injected into the ink end chamber under an ink injection
condition different from the predetermined ink injection
condition.

Becauseof suchamethod, therecanbeprovidedan inkcartridge
wherein ink can be injected under the ink injection cenditions
respectively required for the ink tank chamber and the ink end
chamber.

Here, it is desirable that, in injecting ink intec the ink
end chamber, vacuum suction of the ink end chamber is conducted.

According to such a method, there can be provided an ink

cartridge wherein bubbles can be prevented from occurring in

.ink in the ink end chamber when ink is used, and stability on

printing can be ensured.
It is desirable that vacuum suction of the ink end chamber
is conducted through an ink supply peort of the ink cartridge.
Further, it is desirable that, in injecting ink into the
ink tank chamber, the ink tank chamber communicates with the

atmosphere.
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According to such a method, there can be provided an ink
cartridge wherein ink can be injected into the ink tank chamber
under atmosphere injection condition.

Thepresaentdisclosurerelates tothesubjectmatter contained
in Japanese patent application No. 2001~147418 (filed on May
1%, 2001), 2001~14%315 ([iled on May 18, 2001}, and 2001-262036
{filed on August 30, 2001), which are expressly incorporated
herein by reference in their entireties.

BRIEF DESCRIPTION OF THE DRAWINGS

In the acccmganying‘drawings:

FIG. 1 is an exploﬁaﬁ perspactive view To show the whole
of the ink cartridae according to an embodiment of the invention;

FIGs. 2 (a) anﬁ 2 (b) are perspective views to show the
appearance of the ink cartridge according to the embodiment of
the invention;

FIG. 3 is a perspective view showing the internal structure
of the ink cartridge according to the embodiment of the invention
as viewed from upward in a slanting direction:

FIG. 4 iz a perspective view showing the internal structure
of the ink cartridgs according to the embodiment of the invention
as viewed from downward in a slanting direction;

FIG. 5 is a front view to show the internal structure of
the ink cartridge according to the embodiment of the invéntion;

FIG, 6 is a rear view to show the internal structure. of

the ink cartridge accerding to the embodiment of the invention;



10

15

20

25

FIG. 7 is an enlarged sectional view te show a negative
pressure generation system storage chamber of the ink cartridge
according to the embodiment of the invention;

FiG. 8 is an enlarged sectional view to show a2 valve storage
chamber of the ink cartridge according to the embodiment of the
invention;

FIG. @ is -a front view to show the connection state of
the ink cartridge according to the embodiment of the invention
to a cartridge holder:;

FIGS. 10 {a} and 10 (b) are views to describe anink injection
flow passage of the ink cartridge according to the embodiment
of the invenrntion, in which FIG. 10(a) is 2 sectional view to
schematically show the internal structure of the ink cartridge,
and FIG. 10{b} is & bottom view to show an ink injecticn hole;
and -

FIG.'11 i®s a schematic drawing to describe a method of ink
injection into the ink cartridge -according to the embodiment
of the invention.

DESCRIPTION OF THE PREFERRED EMBODIMENT

Referring now to the accompanying drawings, there are shown
preferred embodiments of an ink cartridge and an ink injection
nethed thereinto incorporating the invention.

To begin with, the ink cartridge will be discussed with
reference to FIGS. 1 to 11, FIG. 1 is an exploded perspective

view to show the whole of the ink cartridge according to the
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embodiment of the invention. FIGS. 2 (2) and 2 (b) are perspective
views to show the appearance of the ink cartridge according to
the embodiment ¢f the invention. FIGS. 3 and 4 are perspective
views showing the internal structure of the ink cartridge according
to the embodiment of the invention as viewed from upward and
downward in a slanting direction. FIGS., 5 and & are a front

view and a rear view to show the internal structure of the ink
cartridge according to the embodiment ¢f the invention. FIGS.
7 and 8 are enlarged secticonal views to show a negative pressure
generation system storage chamber and & valve storage chamber
of the ink cartridge according to the embodiment of the invention.
FIG. 9 is a front view to show the connechtion state of the ink
cartridge according to the embodiment of the invention to a

cartridge holder. FIGS. 10 (a) and 10 {b) are views to describe

an ink injection flow passage of the ink cartridge according

+tothe epmbodimentof the invention, inwhichFIG.10{zs) isasectional

* view to schematically show the internal structure of the ink

cartridge, and FIG. 10(b) is abottom view to show an ink injection
hole.

An ink cartridge 1 shown in FIGS. 2 (a) and 2 (b) has a
container main body (lower case) 2 almost rectangular in a plane
view, and opened to one side, and a 1lid bedy (upper case}) 3 for
sealing the opening of the ceontainer main body 2. The interior
of the ink cartridge 1 is generally constructed to have an ink

flow passage system and an air flow passage systen (both described



10

20

25

later).

Formaed in the lower portion of the container main body 2
are an ink supply port 4 that can be connected te an ink supply
needle 72 of a record head 112 (both are shown in FIG. 9), and
a first opening {open hele) 85 and a second opening 86 (both
are shown in FIGS. 4 and 5) placed side by side adijacent Lo the
ink supply port 4. The ink supply port 4 is made to communicate
with an ink end chamber {differentizl pressure regulating valve
storage chamber} described later, and the first opening 85 is
made to communicate with a first ink storage chamber {ink tank
chamber) 11.

A substantially cylindrical seal member 200 made of rubber,
ete., is placed in the ink supply port 4, as shown in FIG. 1.
A through bhole 200a axially opened is made at the center of
the seal member 200. AR spring bracket (valvebody) 201 for opening

and c¢losing the through hole 200a as the ink supply needle 72

" is inserted and removed is digpesed in the ink supply port 4,

and further a helical compression spring 202 for urging the spring
bracket 201 to the seazl member 200 is placed.

The second opening 86 is made to communicate with the first
ink storage chamber 11 through an atmospheric communication port
86a, and communicate with the ink end chamber {second ink storage
chamber 16, third ink sterage chamber 17, ete.,) through an ink
injection port 86b, as shown in FIGS. 10 (@) and 10 (b}.

Retentionmembers 5 and & that can be attached to and detached
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from a cartridge holder are provided integrally on the upper
sides of the container main body 2. A circuit board (IC board)
7 is dispbsed below one retention member &% as shown in FIG. 2
{a}), and a valve storage chamber 8 is disposed below the other
retention member 6 as shown in FIGS. 2 {a} and 2 (b}.

The circull board 7 has a storagedeviceretaininginformaiion
data concerning ink, for example, color type, pigment/dye based
ink type, ink remaining amcunt, serial mumber, expiration date,
applied model, and the like so that the data can be written.

The valve storage chamber 8 has an internal space opened
to the cartridge insertion side (lower side} as shown in FIG.
8, and an ldentification piece(s} 73 and & valve coperation rod
70 {shown in FIG. 9) on the record apparatus matching with the
ink cartridge 1 advance and retreat in the internal space. An
cperation arm 66 of -an identification block 87, which is rotated
as the valve ocoperation rod 70 advances and retreats, is housed
in the upper part of the internal space. An identification convex
part (s} 68 for determining whether or not the ink cartridge matches
with a given record apparatus is formed in the lower part of
the internal space. The identification convex part 68 is placed
at a position for meking possible a determination by the valve
operation rod 70 (the identification piece 73) ¢f a cartridge
holder 71 (shown in FIG. 9) before the ink supply needle 72 (shown
in FIG. 9) on the record apparatus is made to communicate with

the ink supply port 4 {before an atmospheric open valve described

_104
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later is opened).

Athrough hole 60 as an atmospheric communication hole cpened
and closed by the opening and closing cperation of an atmospheric
open valve 601 is made in a chamber wall 8a of the valve storage
chamber 8 (atmospheric open chamber 501}, as shown in FIG. §.

The operation arm 66 is placed on one opening side ¢f the through
hole 60, and the atmospheric open valve 601 is placed on the
other opening side of the through hole 60, The operation arm
66 has an operation part 66b for pressing a pressurization film
{elastically deformable film) 6l, and is placed projecting in
an upward slanting direction into the path of the valve cperation
rod 70 and is fixed to the container main body 2 through a rotation
supporting point é&6a.

The pressurization £ilm 61 is attached to the chamber wall

. 8a s0 as to block the through hole €0, and the whele of the

pressurization film 61 is formed of an elastic seal member of

‘rubber, etc. The internal space formedbeiweenthe pressurization

film 61 and the opening peripheral margin of the through: hele
60 is opened to a through hole €67 communicating with the first
ink storage chamber (ink tank chamber) 11 (both are shown in
FIG. 3).

The atmospheric open valve 601 has a valve bedy 65 for opening
and closing the through hole 60, and an elastic member (plate
spring) 62 for constantly urging the valve body 65 against the

opening peripheral margin of the through hole 60. The elastic

- 11 -
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member 62 is formed at an upper end part with a through hele
62b into which a projection 64 is inserted for regulszting the
elastic member 62 in move (guiding). On the other hand, the
gelastic member 62 is fixed at a lower end part snto the container
main bedy 2 through a projection 63.

In FIG. 1, numeral 88 denotes an ldentification label put
on an upper face part of the container main body 2 corresponding
to the block 87, numeral 89 denotes a film for sealing the ink
supply port 4 (throeugh hole 200a}, and numeral S0 denotes a film
for sealing the first copening 85 and the second opening 86.
Numeral 21 denotes a vacuum pack for wrapping the ink cartridge
1 already Tilled with ink.

Next, the ink flow passage system and the air flow passage
systemin the containermainbodyZwill be discussedwithreference
to FIGS. 1 to 10.

[Ink flow passage system]

The ink cartridge 1 is formed with an internal space by
joining the 1lid body 3 to the front of the container main body
2 through inner filmg {air shield films) 56 and 502 and joining
a protective label B3 to the rear of the container main badf
2 through an outer film {ailr shield f£ilm) 57, as shown in FIG,
1. 'The internal space is divided into upper and lower parts
by a partition wall 10 extending slightly downward toward the
ink supply port side opposed to the record head 112 {shown in

FIG. 9}, as shown in FIGS. 3 te 5. The lower area of the internal

- 12 -
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space provides the first ink storage chamber 11 opened to the
atmosphere in the connection state to the record head 112,

Two intermediate walls 300 and 301 different in height
position are disposed in the first ink storage chamber 1l. One
intermediate wall 300 is placed with & predetermined spacing
from one side surface part of the first ink storage chanber 1i.
The other intermediate wall 301 is opposed to the bottom part
of the first ink storage chawmber 11 and is placed on the ink
supply port side of the intermediate wall 300. The intermediate
wall 301 partitions the first ink storage chamber 11 into two
space parts 1la and 11k placed side by side in the ink injection
direction {up and down). fhe iniermediate wall 301 is formed
with a through part 30la having the same axis as the axis of
the first opening 85.

On the other hand, the upper area of the internal space
is defined by a frame 14 with the partition wall 10 a2s a bottom

part. The internal space of the frame 14 forms (a part of} the

Cink end chamber connected to the record head 112, and the front

side of the ink and chamber is divided into left and right parts
by a %extical wall 15 having a communication port 15a. One of
the areas into which the internal space is divided provides a
second ink storage chamber 16, and the other area provides a
third ink storage chamber 17.

A communication flow passage 18 c:amunicating with the first

ink storage chamber 11 is comnected Lo the second ink storage

~ 13 -
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chamber 16. The communication flow passage 1% has communication
ports 18a and 18b at lower and upper positions. The communication
flow passage 18 is formed by a recess part 18¢c {(shown in FIG.
6} opened to the rear of the contsiner main body 2 and extending
in the up and down direction and an alr shield film f(outer film
57) for blocking and sealing the opening of the recess part 18c.
A partition wall 12 having two lower an& upper communication
ports 19z and 1% communicating with the inside of the first
ink storage chamber 11 is providedupstream from the communication
flowpassage 18, Onecommunicationport l9%aisplacedataposition
cpened to the lower area in the first ink storage chamber 11.
The other communication port 18b is placed at a position opened
to the upper area in the first ick storage chamber 11,

| On the other hand, the third ink storage chamber 17 is formed
with a differential pressure regulating valve storage chamber
33 {shown in FIG. 6) forstoeringadifferential pressure regulating
valve 52 (membrane valve) shown in FPIG. 7 and a filter chamber
34 (shown in FIG. 8) for stering a filter 55 {nonwoven fabric
filter) shown in FIG. 7 by & laterally elongating partition wall
22 and an annular partition wall 24. The partition wall 25 is
formed with through holes 25a for introducing ink passed through
the filter 5% into the differential pressure regulating valve
storage chamber 33 from the filter chamber 34.

Thepartitionwall 24 is formed at a lowerpartwithapartition

wall 26 having a2 communication port 26a between the partition

.....14.._
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wall 24 and the pa:&tition wall 10, and is formed on a side with
a partitien wall 27 having a communication port 27a between the
partition wall 24 and the frame 14. A communication passage
28 communicating with the communication pert 27a and extended
in the up and down direction is provided between the partitien
wall 27 and Lhe [rame i4. A Tthrough hole 2% communicating with
the filter chamber 34 through the communication port 24a and
an area 31 is placed in an upper part of the communication passage
28,

The through hole 29 is formed by a partition wall (annular
wall) 30 continuocus to the partition wall 27.

The area 31 is formed by the partition walls. 22, 24, and
30 and a partition wall 30a (shown in FIG. 6). The area 31 is
formed deep at one end part ¢f the container main body 2 (portion
communicating with the through hole 22) and shallow at an opposite
end part (portion communicating with the filter ahasnbsar 34) .

The differential pressure regulating valve storage chamber
33 stores the membrane valve 52 as a differential pressure
regulating valve that can become elastically deformed, such as
an selastomer, as shown in FIG. 7. The membrane valve 52 has
a through hole 52¢, and is urged to the filter chamber side by
a helical compression spring 50, and has an outer peripheral
margin fixed through an annular thick part 52z to the container
malnbody 2byultrasonicwelding. Thehelical compressionspring

50 iz supported at one end part by a2 spring bracket 52b of the

- 15 -
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membrane valve 52 and at an opposite end part by a spring bracket
203 in the differential pressure regulating valve storage chamber
33. The position accuracy of the helical compression spring
50 to the membrane velve 52 is an important @lamenf for the
differentialpressureregulatingvalvetocontrol thedifferential
pressure, and the convex part of the membrane valve 5Z needs
to be placed by the helical compression spring 50 without bend,
position shift, etc., as shown in FIG. 7.

Numeral 54 denotes a frame formed integrally with the thick
part 52a of the membrane valve 32.

The filter 5% for allowing ink to pass through and capturing
dust, ete., is placed in the filter chamber 34, as shown in FIG.
7. The opening of the filter chamber 34 is sealed with the inner
film 56 and the opening of the differential pressure regulating
valve storage chamber 33 is sealed with the outer film 57. Wwhen
the pressure in the ink supply port 4 lowers, the membranhe valve
52 is separated from a valve seat part 25b against the urging
force of the helical compression spring 50 {the through hole
$2¢ is opened). Thus, ink passed through the filter 55 passes
through the through hcle 52c and flows into the ink supply port
4 through the flow passage formed by the recess part 35. When
the ink pressure in the ink supply port 4 rises to a predetermined
vralue, the membrane valve 52 sits on the wvalve seat part 25b
by the urging force of the helical compression spring 50, shutting

off the flow of ink. Such operation is repeated, whereby ink

- 16 -
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is supplied to the ink supply port 4 while & constant negative
pressure is maintained.

[Air flow passa§e system]

As shown in TFIG. 6, the container main body 2 iz formed
on the rear with a2 meander grcove 36 for raising flow passage
resistance, and a wide concave groove 37 (hatched portion) opened
to the atmosphere, and further a recess part 38 (space part)
having an almost rectangular shape in a plane view leading to
the first ink storage chamber 11 {shown in FIG. 5). The recass
part 38 contains a frame 3% and ribs 40, onto which an air permeable
film 84 is stretched and fixed to thereby form an atmospheric
ventilaticen chamber. A through hole 41 is made in the bottem
part (wall part) of the recese part 38 and is made to ccm&gicate

with an elongated area 43 defined by the partition wall 42 {shown

“in FIG. 5) of the second ink storage chamber 16. The area 43

- has athroughhole 44 and 1 s made to communicatewith theatmospheric

open chamber 501 {shown in FIG. 8) through a communication grecove
45 defined by a partition wall 603 and a through hole 46 opened
to the communication groove 45. The opening of the atmospheric
open chamber 501 is sealed with the inner film {air shield film)
502 shown in FIG. 1,

According te the configuration, when the ink cartridge 1
i= mounted to the cartridge helder 71 as shown in FIG. 9, the
valveoperationrod70 of the cartridge holder 71 abuts the operation

arm 66 shown in FIG. 8 foermoving the convex part 66b (pressurization

_1’7...,
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film 61) to the wvalve body side. Accordingly, the valve body
65 is separated from the opening peripheral margin of the through
hole &0, and the first ink storage chamber 11 shown in FIG. 5
is opened to the recess part 38 (atmosphere) shown in FIG, €
through the through heoles 67, 60, and 46, the groove 45, the
Lhrough hole 44, the area 43, the through hole 41, ete. The
valve body 201 in the ink supply port 4 is opened by insertion
of the ink supply needles 72.

As the valve body 201 in the ipk supply porl 4 is opened
and ink is consumed by the record head 112, the pressure of the
ink supply port 4 falls below a stipulated value. Thus, the
menbrane valve 52 in the differential pressure regulating valve
storage chamber 33 shown in FIG. 7 is opened (if the pressure
of the ink supply port 4 rises above the stipulated value, the
membrane valve 32 is closed), ink-in the differential pressure

regulating . valve storage chamber 33 flows into the record head

- 112- through the ink supply peri 4.

Further, as consunptionof inkintherecordhead 112 proceeds,
ink in the first ink storage chamber 11 flows into the seceond
ink storage chamber 16 through the communication flow passags
18 shown in FIG. 4.

Ori the other hand, &s ink is consumed, air flows in through
the through hole 67 (shown in FIG. 5) communicating with the
atmosphere, and the ink liquid level in the first ink storage

chamber 11 lowers. As ink is further consumed and the ink ligquid

- 18 -
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level reaches rthe communication port 1%a, ink from the first
ink storage chamber 11 {opened to the atmesphere through the
through hole €7 at the ink supplying time) flows inte the second
ink =lorage chamber 16 via the communication flow passage 18
together with z2ir. Since bubbles are meved up by a bucyant force,
only the ink flows into the third ink storage chamber 17 through
the communication port 15a in the lower part of the vertical
wall 15, passes through the communication pert 26a of the pariition
walil 26 from the third ink storage chamber 17, moves up on the
communication passage 28, and flows into the upper part of the

filter chamber 34 from the communication passage 28 through the

“ayxea 31 and the communication port 24a.

After this, the ink in the filter chamber 34 passes through
the filter 55 shown in FIG. 7, flows into the differential pressure
regulating valve stoxage chamber 33 from the through holes 25a,
further passes through the through hole 52¢ of the membrane valve

52 separated from the wvalve seat part 25b and then noves down

.in the recess part 35 shown in FIG. € and flows into the ink

supply port 4.

The ink is thus supplied from the ink cartridge 1 to the
record head 112.

If a different kind of ink cartridge 1 1s placed in the
cartridge holder 71, before the ink supply port 4 arrives at
the ink supply neecile 72, the identification convex part 68 (shown

in FIG. 7) abuts the identification piece 72 (shown in FIG. %}

- 10 -
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of the cartridge holder 71, blocking entry of the valve operation
rod 70, Therefore, occurrence of trouble a3 a different kind
of ink cartridge is placed can be prevented. In this state,
the valve operation rod 70 does not arrive at the operation arm
66 either and thus the valve body 65 is maintained in the closed
valve state, preventing evaporalion ¢f the ink solvent in the
first ink storage chamber 11 as it is left standing.

Cn the other hand, if the ink cartridge 1 is drawn out from
the placement position in the cartridge holder 71, the operation

arm 66 is elastically restored because it is no longer supported

by the operation rod 70, and the valve body 65 is elastically

restored accordingly, bleocking the through hole 60, so that
communication between the recess part 38 and the first ink storage
chamber 11 is shut off.

Next, a method of ink injection into the ink cartridge 1
according to the embodiment will be discussed with reference
to FIGS. 5, 10, and 11. FIG. 11 is a schematic drawing to describe
the ink injection method into the ink cartridge acéording to
the embodiment.

The ink injection method intec the ink cartridge in the
embodiment is characterized by the fact that the ink tank chamber
1i and the ink end chamber can be filled with ink under different
ink filling conditions.

That is, the ink injection method is characterized by the

fact that the ink tank chamber 11 can be filled with ink in a

- 20 -
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state in which the atmosphere remains therein, and the ink end
chamber can be filled with ink so that no atmosphere remains
therein.

Te this end, an ink injection machine 100 as shown in FIG.
il 1s used. The ink injection machine 100 comprises z nozzle
100b for injecting ink into the ink tank chamber 11, & nozzle
100c¢ for injecting ink inte the ink end chamber {second ink storage
chamber 16, third ink storage chamber 17, etc.,), and a nozzle
100a for performing vacuum suction to discharge air in the ink
end chamber. The nozzle 100a is connected to the ink supply
port 4, the nozzle 100b to the first opening 85, and the nozzle
100¢ to the second epening 86.

The nozzle 100b is preferably inserted inte and piaceé at
2 deeper pesition in the caertridge than the through part 30la
¢f the intermediate wall 301 shown in FIGS. 3 to 5 and i1. Thus,
the nozzle 100b is inserted into and passed through the first

opening 85 and the through part 30la so that the ink injection

position is located deeper than the through part 30la (at a deep

interior part of the cartridge), whereby when ink is injected,
ink bubbles can be prevented from occurring., That is, in the
beginning of injecting ink, the helght difference between the
ink injection port of the nozzle 100b and the ink ligquid level
is small and thus bubbles are less produced. When the ink liguid
level rises as ink injection proceeds, the ink injection port

of the nozzle 100b goes under the injected ink and air entraining

“21...
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does not occur, so that bubbles do not, occuy. Even if ink bubbles
cccury when ink is injected, the intermediate wall 301 prevents
the bubbles from rising and ink bubbles do not occur between
the intermediate wall 201 and the first opening 85.

Thus, if ‘th@. ink cartridge 1 is turned upside down {is placed
in Lhe state shown in FIG. 5) after ink is injeclted, ink bubbles
nove to the top of the ink cartridge 1.

Consequently, ink with no bubbkles can be supplied through
the communication ports 1%a and 1%b to the communication flow
passage 18 and finally can be supplied to the ink supply port
4.

When ink is supplied through the first opening 85 to the
ink tank chamber 11 as in;iir;ated by the arrow {solid line) in
FIG. 10, the atmosphere in the ink tank chamber 1l is escaped
through the atmospheric communication port 86a as indicated by
the arrow {(dashed line) in FIG. 10, whereby it is made possible .

to supply ink from the nozzle 100b. That is, the ink tank chanber

.11 communicates with the atmospheric open valve 601. through the

through hele 67, but the atmospheric open valve 601 is closed
with the ink cartridge 1 not placed in the cartridge holdexr 71.
Thus, the atmospheric communication port 86a is provided for
escaping the atmosphere (air) in the ink tank chamber 11 when
ink is injected.

The atmeospheric communication port 86a is opened facing

the second opening 86 tcgether with the ink injection port 86b.

.....22...,
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Thus, the second opening 8¢ 1s sealed with the film 90 after
ink is injected, whereby the atmospheric communication port 86a
and the ink injection port 86b can be hermetically sealed.

Next, ink injection into the ink end chamber through the
nozzle 100c will be discussed with reference to FIG. 11.

The differential pressure regulating valve 52 is placed
between the ink injection port 8%6b of the second cpening 8¢,
to which the nozzle 100c¢ is connected, and the ink supply port
4. Thus, urless the pressure on the ink supply port 4 side is
low, ink cannot be filled up to the ink supply port 4. .

Air needs to be prevented from being mixed into the ink
end chamber. Thus, vacuum suction is conducted through the nozzle
100a from the ink supply port 4 side at the same time as ink
is supplied. through the nozzle 100c.

Further, the communication port 18Ba is provided in the-
proximity of the ink injection port 8&b of the second opening
86, so that ink supplied through the nozzle 100cis filled through

the communication port 18a, the communication flow passage 18,

‘+he sacond ink storage chamber 16, and the third ink storage

chamber 17 up to the ink supply port 4 as ink mixed with no air
(atmosphere) .

Next, the ink injection operation in the embodiment will
be discussed with reference to FIG, 1l1. As an ink cartridge,
the ink cartridge 1 before the ink supply port 4 is sealed with

the film 89 and the first opening 85 and the second c¢pening 86
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are sealed (hermetically sealed) with the film 20 is provided.
As shown in FIG. 11, after the nozzles 100a to 100¢ of
the ink injection machine 100 are connected to the ink supply
port 4, the first opening 85, and the second opening 86 (ink
injection port g6b), ink is injected into the first ink storage
chamber 11 through the first opening 85 and ink is inijected into
the ink end chamber (second ink storage chamber 16, third ink
storage chamber 17, etc.,) through the first ink injection port

Bé6k., At this time, ink is injected into the first ink storage

- chamber 1l while atmosphere in the first ink storage chamber

11 is discharged from the atmospheric communication port 86a
{shown in FIG, 10).

When the first ink storage chamber 11 is filled with ink
to about 50% of the volume of the first ink storage chamber 131,
ink injection through the ink nozzle 100b is terminated. Ink
is injected into the ink end chamber while vacuum suction (vacuum
degree 1003%) is conducted through the ink supply port 4. In
this case, to prevent remaining bubbles and air mixture, it is
desirable that ink should be inijected into the ink end chamber
to about 100% of the volume thereof. Excessively injected ink
may be discharged through the ink suppliy port 4.

After ink injection using the nozzles 100a, 100k, and 100c
is ended, the first opening 85, the second opening 86, and the
ink supply port 4 are hermetically sealed. The ink injection

operation is now complste.
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Thus, in the embodiment, ink injection can be executed under
the ink injection conditions respectively required for the ink
tank chamber and the ink end chamber, s¢ that bubbles can be
prevented from being mixed into ink supplied te the head when
ink is used, and stability on printing can be ensured.

In the embodiment, Lthe case where Lhe atmosphere filling
percentage in the first ink storage chamber 11 is set to 50%
has been described, but the invention is not limited to it and
the percentage canbe changed apprepriately inresponse to injected
ink amount.

As seen in the description made above, according to the
ink cartridge and the ink injection method thereinto according
to the invention, ink can be smoothly supplied from the ink tank
chamber to the ink end chamber, and stability on printing can

also be ensured.
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CLAIMS

1. A method of injecting ink into an ink cartridge for an ink jet recording apparatus having a
recording head, the method comprising the steps of:
providing the ink cartridge comprising:
a case mcluding:
an ink chamber;
an ink supply port;
a first opening, arranged 1o be in fluid communication with the ink chamber; and
a membrane valve, disposed between the ink supply port and the ink chamber for
selectively blocking ink flow from the ink chamber 1o the ink supply port depending on a
differential pressure between the ink supply port and the ink chamber;
injecting the ink into the ink chamber through the first opening while discharging air through

the ink supply port to open the membrane valve.

2. The method according to claim 1, wherein the ink supply port has a second opening to
which an ink supply needle of the recording head is inserted, and the air is discharged through the
second opening of the ink supply port.

3. The method according to claim 1, wherein the case further includes a first communication
passage communicating the membrane valve with the ink chamber and a second communication
passage communicating the membrane valve with the ink supply port, and wherein the differential

pressure is a differential pressure between the first and second communication passages.

4. The method according to claim 1, further comprising:

sealing the first opening after the injecting is complete.

5, The method according to claim 4, wherein the first opening is sealed by a sealing member.

6. The method according to claim 5, wherein the sealing member is a film.

7. The method according to claim 5, wherein the discharging includes conducting a vacuum

sucking,
8. A method of injecting ink into an ink cartridge for an ink jet recording apparatus having a
recording head, the method comprising the steps of

providing the ink cartridge comprising:

el



a case including:

an ink chamber;

an ink supply port;

a first opening, arranged to be in fluid communication with the ink chamber; and

a membrane valve, disposed between the ink supply port and the ink chamber for
selectively blocking ink flow from the ink chamber to the ink supply port depending on a
differential pressure between the ink supply port and the ink chamber;

injecting the ink into the ink chamber through the first opening; and

discharging air through the ink supply port to open the membrane valve.

9. The method according to claim 8, wherein the ink supply port has a second opening to

L] L] 1 11

f the recording

' ly port.
ling to claim 8, wherein the case further includes a first communication
1embrane valve with the ink chamber and a second communication

wembrane valve with the ink supply port, and wherein the differential

re between the first and second communication passages.

ling to claim 8, further comprising:

g after the injecting is complete.

rding to claim 11, wherein the first opening is sealed by a sealing

ling to claim 12, wherein the sealing member is a film,

ling to claim 12, wherein the discharging includes conducting a vacuum

nprising the steps of:

idge comprising:
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