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INK JET CARTRIDGE AND INK JET PRINTER USING IT

The present invention relates to an ink jet cartridge for use in an ink jet printer and, more parti-
cularly, it relates to means for purging defective ink or bubbles by an operation commonly
known as priming.

Ink jet cartridges of the type concerned have a flexible, resilient ink container, such as an ink
bag or ink sack, in fluid communication with a recording head for supplying ink to the recording

head. The container is housed in a rigid housing. An internal negative pressure is normally -

maintained in the container so that ink will not drip from the nozzle orifices of the recording
head when the ink jet cartridge is not in use. The ink container is typically made from a rubber
material. Under certain circumstances the ink jet cartridge is unable to expel or eject sufficient
ink for normal printing. This can happen when for an extended time the ink jet cartridge is not
used and the viscosity of ink around the nozzles of the recording head increases due to evapo-
ration of the solvent of the ink, or when bubbles form in the ink passage due to a sharp
impact, such as when the cartridge is accidentally dropped. "Priming” is the operation
employed for recovering the ink jet cartridge from this condition. To this end the pressure
inside the container is intentionally increased for a moment to purge the defective ink or
bubbles out of the nozzles. Pressure is increased by exerting a deforming pressure on an outer
surface portion of the container.

JP-A-249757/1986 and US-A-4,967,209 disclose such type of ink jet cartridge. In both cases
a smalil hole is provided in the back of the cartﬁdge housing, and the ink sack inside the
cartridge is pressurized by means of a needle or pin provided in the printer and inserted
through this small hole. However, with this prior art, since the needie is pressed against the
back of the ink sack, when the amount of ink remaining in the ink sack is great, excessive
présSure may be applied, and, even worse, the ink sack may be punctured. On the other hand,
when the amount of ink remaining in the ink sack is low, the needle may press the ink sack up
to the wall covering the opening of the ink sack at its front side, and it is not possible to apply
sufficient pressure to' the rémaining ink to adequately prime the cartridge. As a result, it may
not be possible to restore normal printing when the amount of ink is low. In addition, depen-
ding on how and where pressure is applied to the ink sack for priming, the ink sack wiill
collapse in different ways. When the cartridge the ink sack collapses improperly, an inappro-
priate high negative pressure (commonly referred to as back pressure, i.e., pressure acting to
return ink from the recording head to the ink sack) may remain in the ink sack, possibly preven-
ting sufficient supply of ink to the recording head and then resulting in what is known as a
"deprime” that is an interrupted ink delivery from the recording head. '

US-A-4,599,625 discloses én ink tank integrally formed with a recording head unit and having
a case with a deformable ink bag housed therein. Two parallel slits are provided in the top
surface of the case, and end portions thereof oppose each other through a small connecting
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US-A-5,040,001 discloses an ink jet cartridge with a deformable ink bag inside a housing. This
document is concerned with the problem of how to avoid the back pressure becoming so high
as to cause deprimes. An excessive back pressure is said to be attributable to an uncontrolied
collapsing of the ink bag as the amount of ink in the ink bag is decreased. In order to ensure
that the ink bag collapses properly, the side wall thickness of the ink bag varies with some
portions of the wall being thinner than others. In particular, the wall thickness progressively
increases from a minimum on one side to a maximum on the opposite side in the circumferen-
tial direction of the ink bag. As a result, the thinner portions collapse inwardly towards the
thicker portions during ink delivery. For the same purpose JP-Y-36689/1993 employs an ink
bag having plural thick wall portions connected by thin wall portions. The thick wall portions
are in the form of ribs extending in the lengthwise direction of the ink bag and spaced apart in -
the circumferential direction by the thin wall regions.

it is an object of the present invention to provide an ink jet cartridge which allows a reliable
priming operation both when the amount of remaining ink in the flexible container is relatively

high, without danger that excessive pressure is applied or the ink container damaged, as well
as when the amount of remaining ink is relatively low, thereby enabling effective use of the
remaining ink, and reliably and easily purging air bubbles and defective ink. Another object of
the invention is to provide an ink jet printer using the ink jet cartridge.

This object is achieved with an ink jet cartridge as claimed in claim 1 and an ink jet printer as
claimed in claim 9.

Preferred embodiments of the invention are subject-matter of the dependent claims.

According to the invention the ink storage container of the ink jet cartridge has a thick-wall
region in the area contacted by a pressure rod during priming. This thick-wall region prever'\ts
damage to the container by the pressure rod and, at the same time, ensures that an appro-
priate pressurizing force can be obtained even when the amount of remaining ink in the contai-
ner is low. Thus, priming can be reliably executed and there is no danger of the container being
punctured. Air bubbles and defective ink can be reliably and easily purged. A guide is provided
to reliably direct pressure applied by the pressure rod to this thick-wall region.
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Embodiments of the invention will be explained in detail below with reference to the drawings
which illustrate specific embodiments only, and in which:

Fig. 1 is a bird's—éye view of an ink jet printer provided with an ink jet cartﬁdge according
to the preferred embodiment of the present invention;

Fig. 2(a) is an exploded perspective view showing the structure of the preferred embodiment .
of the invention;

Fig. 2(b) is a partial front plan view of the ink jet cartridge nllustratmg the position of an ink
stopping ring;

Fig. 3 is a perspective view illustrating the ink supply tube of the ink jet cartridge shown in

Fig. 2(a);

Fig. 4 is a cross section of the ink sack in the ink jet cartridge of the embodiment shown in
Fig. 2(a);

Fig. 5 is a cross section taken along line A-A in Fig. 4;

Fig. 6 is a cross section corresponding to that of Fig.4 for illustrating the priming operation

of the embodiment shown in Fig. 2(a) when the amount of remaining ink in the ink
sack is relatively high;

Fig. 7 is a cross section corresponding to that of Fig. 5 in case of the priming operation of
Fig. 6 ;
Fig. 8 is a cross section corresponding to that of Fig. 4 for illustrating the priming operation

of the embodiment shown in Fig. 2{a} when the amount of remaining ink in the ink
sack is relatively low;
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Fi'g. 9 is an exploded perspective view of an ink jet cartridge according to an alternative
embodiment of the present invention;

Fig. 10 is a cross section of the ink sack in the ink jet cartridge of the embodiment shown in
I'4
Fig. 9; :

Fig. 11 is a cross section taken along line A-A in Fig. 10; and

Fig. 12 is a cross section corresponding to that of Fig. 10 for illustrating the priming opera-
tion of the embodiment shown in Fig. 9 when the amount of remaining ink in the ink
sack is relatively low. :

Fig. 1 is a perspective diagrammatic view of an exemplary ink jet printer provided with an ink
jet cartridge according to the preferred embodiment of the present invention. As shown in Fig.
1, ink jet cartridge 1 is mounted on a carriage 2, which is driven via belt 5 by motor 3 along
guide rod 4 in the recording direction of recording medium 6. Printers of this type and other
types suitable for using an ink jet cartridge according to the invention are well-known. There-
fore, no further detailed description of the printer will be given. A head chip 55 {see Fig. 2(a))
is provided at the front of ink jet cartridge 1. Head chip 55 comprises nozzles 57 from which
ink is ejected in response to recording signals to print a desired text or graphlc to recording
medlum 6. : -

An ink jet cartridge a'ccording to the preferred embodiment of the present invention is descri-
bed in detail below with reference to Figs. 2 to 8.

Fig. 2(a) is an exploded perspective view showing the construction of the ink jet cartridge. It
comprises a head case 10, an ink bag or sack 30, and an ink supply case 50. Head case 10 is
made from polyarylate (PAR), polysulfone (PSF), polycarbonate (PC), or a similar transparent

. material. A slanted shoulder portion 10a on the right upper side of head case 10 forms the

bottom of a space provided for accommodating the head chip 55 described in further detail
below. A nozzle plate member 11 having an opening 11a defines the front end of this space.
When head chip 55 is positioned on the shoulder portion 10a its nozzles 57 are exposed
through the opening 11a. An ink stopping ring 12 in the from of a groove is provided in an
area around the edge of opening 11a on the front side of nozzle plate member 11 as is best
shown in Fig. 2(b).

When the ink jet cartridge is primed, ink stopping ring 12 stops and holds the ink purged from
nozzies 57 by means of the surface tension of the ink, and the purged ink is held inside this ink
stopping ring 12 in a shape sustaining the surface tension. As a result, ink stopping ring 12
provides a guide to the amount of ink purged by the priming operation, and by controlling the
priming operation referenced to this ink quantity guide, unnecessary loss of ink from over-
priming, and ink jet cartridge recovery failures {failure to completely purge defective ink or air
bubbles from the nozzles) resuiting from insufficient priming can be prevented. Note that the
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At the back of head case 10 is formed an ink supply tube, the inlet of which is thermally fused
to filter 15, which is a twill weave stainless steel mesh filter. The ink supply tube formed at the
back of head case 10 is connected to an ink supply tube formed in ink supply case 50 by O-
ring 16. More specifically, O-ring 16 is sandwiched between head case 10 and ink supply case
50, and thus forms part of the completed ink supply tube. Also formed on the back of head
case 10 are plural pins 17 for connecting head case 10 to ink supply case 50.

Ink sack 30 is made, for example, from a butyl rubber material, and comprises at one end a
round opening 31 as shown in Fig. 2(a). The edge of the opening 31 is formed into a packing
member 32. Packing member 32 is sandwiched between head case 10 and ink supply case 50
and forms a seal between them. Packing member 32 is arranged in an at least slightly flattened
or elliptical shape with the long axis oriented in the direction of carriage travel. A thick-wall
region 33 is provided on the bottom of ink sack 30.

Similarly to head case 10, ink supply case 50 is manufactured from polyarylate {(PAR), polysul-
fone (PSF), polycarbonate {PC), or a similar transparent material. Ink supply case 50 has a
cavity 51 to accommodate ink sack 30. The cavity has an opening facing head case 10 as
shown. Coupling holes 52 are also formed on this side of ink supply case 50. During assembly
pins 17 of head case 10 are pressed into coupling holes 52 to connect head case 10 and ink
supply case 50. Also formed on the side of ink supply case 50 opposing head case 10 is an
opening 53 in the same shape as opening 11a of nozzle plate member 11 in head case 10. On
the side of ink supply case 50 is further formed a head FPC (flexible printed circuit) holder 54.

Head chip 55 has the nozzles 57 at one end and an ink supply port 58 at the opposite end. An
FPC 56 comprises a terminal portion 59 and a connecting portion connecting the terminal
portion with the head chip 55 to apply recording signals received via the terminal portion to
pressure generating elements provided on the head chip 55 as is known per se. Head FPC 56
is made from a polyimide resin and electrical connection with head chip 55 is established by a
patterned anisotropic conductive film provided on the resin.

In the assembled state, the head chip 55 is positioned on the shoulder portion 10a with the
front end inserted into opening 11a of nozzle plate member 11 and the rear end placed next to
or inserted into opening 53 such that ink supply port 58 communicates with opening 53. The
perimeter of the front end of the head chip is bonded with adhesive to the nozzle plate member
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initial printing operation and when printing problems occur, to apply priming pressure to the ink
in ink sack 30. Positioning pins 64 and 65 for positioning to the carriage (not shown in the
figure) are provided on the head FPC holder side of ink supply case 50. Positioning pins 64 and
65 are used as a reference position when installing the ink jet cartridge to the carriage.

As described above, the ink jet cartridge of the invention is made primarily from transparent
r_naterials, thus enabling the operator to see inside the cartridge to roughly determine the
amount of ink remaining and thereby determine whether printing should still be possible.

Fig. 3 is a perspective view schematically illustrating the ink supply system of the ink jet
cartridge shown in Fig. 2. The figure shows ink supply tube 66 which is formed in head case
10 as a capillary tube, ink sack 30 housed in ink supply case 50, parts of ink supply case 50
and head chip 55 with FPC 56. Because ink supply tube 66 is integrally formed in head case
10 its’ rigidity is high. When an external impact is applied, since the compliance of the flow
channel for the ink is low no abnormal pressure will be created in the flow channel, making it
possible to prevent air from entering the nozzles, thus preventing skipped dots, i.e. so-called
deprimes. This integrated configuration aiso makes it possible to achieve a smaller ink jet
cartridge because it is not necessary to provide a separate outside ink supply channel.

- Figs. 4 and 5 are schematic views of a longitudinal section and a cross section, respectively, of
ink sack 30 inside ink supply case 50 of the ink jet cartridge of the embodiment shown in Fig.
'2. As shown in the figures, thick-wall region 33 of ink sack 30 provided for being contacted by
pressure rod 63 occupies approxtmatelv one-third the length of ink sack 30, and is provided in
the middle on the bottom side of ink sack 30. Thick-wall region 33 may extend over 90° to
180° of the circumference of ink sack 30, and is 1 to 3 mm thick; the thin-walled part of ink
sack 30 is 0.3 to 0.5 mm thick.

The thickness of thick-wall region 33 is preferably 2 to 10 times the thickness of the thin-
walled part. This thickness range can be specified because the thickness required to prevent
damage to the ink sack by the relatively high pressure created at the time of priming when the
ink jet cartridge is new and the amount of remaining ink is high, is two or more times the
thickness of the thin-walled part of the ink sack. When the thickness is ten or more times the
thickness of the thin-walled part, the negative pressure characteristic of ink sack 30 and the
deformability of ink sack 30 as ink is consumed are adversely affected, i.e., a high negative
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It is also preferable that thick-wail region 33 covers approximately one-fourth to one-half the
circumference of ink sack 30. This is because if thick-wall region 33 covers less than one-
fourth the circumference, ink cannot be sufficiently purged by the priming operation when the
amount of remaining ink is low; and if it covers more than one-half, the rigidity of ink sack 30
rises and the negative pressure that occurs increases, thus preventing the supply of ink to the
recording head and disabling printing. '

A wall or ridge 35 is provided around the surface of thick-wall region 33. The ridge defines a
guide member 34 assuring that it is only the thick-wall region 33 that can be contacted and
pressed by pressure rod 63 during the priming operation. Guide member 34, by preventing the
tip of pressure rod 63 from pushing against any part of ink sack 30 other than thick-wall region
33, prevents any damage to ink sack 30 by pressure rod 63. Note, also, that the thickness of
thick-wall region 33 is to the inside of ink sack 30. This is because the gap between thick-wall
region 33 or, more specifically, thre pressed area, and ink supply case 50 should be as small as
possible. As shown in the cross section of Fig. 5, ink sack 30 has an elliptical shape of which
the larger dimension B is aligned with the direction of carriage movement and perpendicular to
the direction of a main force component applied by pressure rod 63. As a result, a controlled
deformation of ink sack 30 during the priming operation by pressure rod 63 will be obtained
with pressure rod 63 working in conjunction with thick-wall region 33 as described below.

Priming operation in the case when the amount of remaining ink is relatively high is described
below with reference to Figs. 6 and 7. Packing member 32 is held securely between the head
case 10 and the rigid case 50 and the thin-walled part surrounding thick-wall region 33 is
deformed more easily than the thick-wall region. According to this structure, when pressure
rod 63 is inserted into through-hole 62 and pushed against thick-wall region 33 of ink sack 30,
the thick-walil region 33 moves toward one end of ink sack 30 substantially along an arc cente-
red at the bottom side of packing member 32 as shown in Fig. 6. Because the surface of thick-
wall region 33 is greater than the tip of pressure rod 63, assuming a certain force is exerted by
the pressure rod, the resulting deformation of the ink sack will be smaller as would be if there
were no thick-wall region. In other words, the thick-wall region functions as a kind of bumper
avoiding a sudden ejecting of ink from nozzles 57. Because of guide member 34 pressure rod
63 cannot slip onto the thin-walled part of ink sack 30 as it is pushed in, and there is therefore
no chance of ink sack 30 being punctured.

Fig. 8 illustrates the priming operation when the amount of remaining ink is low. The broken
line in Fig. 8 shows the shape of the ink sack when the priming operation is not being execu-
ted, and the solid line shows the shape of the ink sack during the priming operation. As will be
understood, the collapsed state of ink sack 30 indicated by the broken line is due to the nega-
tive pressure inside ink sack 30.
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When the amount of remaining ink is relatively low, most of the ink remains near the opening
of ink sack 30. Thus, by pressing thick-wall region 33 toward the ink sack opening, thick-wall
region 33 is displaced substantially along an arc centered at the bottom side of packing
member 32 as shown in Fig. 8, and pressure inside ink sack 30 can be sufficiently increased to
purge any defective ink even when the amount of remaining ink is low, i.e., the ink sack is
nearly empty.

To prevent ink from leaking from nozzles 57 during printer standby states when no printing
occurs or when the ink jet cartridge is removed from the printer, it is necessary to constantly
apply pressure (negative pressure} acting to return ink from the recording head into the ink
flow channel formed inside the cartridge. This negative pressure is obtained in the present
invention by the spring characteristic {shape recovery characteristic) of ink sack 30. (When the
ink sack is filled with ink the ink sack is held deformed, for instance by insérting an adjusting
rod through the hole 62 and pressing it against the thick-wall region. When filling is completed
the the adjusting rod removed, a negative pressure builds up because of the spring characteri-
stic of the ink sack.) Because easily deformed and not-easily deformed areas are intentionally
provided in ink sack 30 as described above, ink sack 30 deforms according to a constant
deformation pattern, even when the amount of remaining ‘ink drops as ink is consumed, with
virtually no deformation of thick-wall region 33 but significant deformation of the thin-walled
part as shown by the broken line. In addition, because the shape of ink sack 30 after priming
recovers to essentially the same shape as before priming (the shape indicated by the broken
line in Fig. 8), a constant negative pressure is maintained for a given amount of ink, i.e., the
priming operation does not cause the negative pressure inside ink sack 30 to change greatly.
As a result, the negative pressure will not become high enough to prevent the supply of ink to
the recording head, and printing will therefore not become disabled. Note that, as described
above, jnk sack 30 is more easily deformed vertically, i.e. in the direction of the main force
component exerted by pressure rod 63, than in the direction of carriage travel because ink sack
30 has a flattened shape with the larger dimension in the direction B of carriage travel. The
reason this shape is used is similar to the reason for providing thick-wall region 33, namely
intentionally providing the ink sack with an axis along which it is more easily deformed than
along other axes. This helps to keep the negative pressure inside ink sack 30 as constant as
possible. ‘

It is to be noted that while the embodiment shown in Fig. 2 above has been described with
thick-wail region 33 provided in ink sack 30, it is also possible to use a constant wall thickness
of ink sack 30 and bond a separate, relatively rigid member to ink sack 30 in the area of thick-
wall region 33. '

An alternative embodiment of an ink jet cartridge according to the present invention is descri-
bed below with reference to Figs. 9 to 12. :

Fig. 8 is a perspective view of the structure of an ink jet cartridge according to this alternative
embodiment. Figs. 10 and 11 are cross sections of ink sack 30 in the ink supply case 50 of
this ink jet cartridge of the embodiment shown in Fig. 9.



‘carriage—neunLLng_Lhe_Lﬂg_jet cartridge, the axis of easy deformation is

prefer arranged to be perpendicular to the direction of nmovenent of the
carria Beea Replatde | Nk st orage cont ai ner from being deformed in
response h may occur each time the carriage reaches an end
of its. re ement. Enbodi ments of the invention will be
explarned I n detarl om/mrth reference teghe drawings which illustrate
speci fic enbodi ments onIy, and in which: Fig. 1 is a bird s-eye view of

an ink jet printer provided with an ink jet cartridge according
to the preferred enbodi rent of the present invention; Fig. 2(a) is an
expl oded perspective view show ng the structure of the preferred enbodi nent

of the i nventfgwlescribpdin shenfirst gmiodiment; proiecrghandleal {5 BRVIGPd PAJOP 9k ifkogupply
cartridge il | caserel iGuide hale f@spassiog tiwbuginhandie 61 is provided at appngig of.i fog example,
approximately 45 degrees. Pressure rod 63 is inserted through guide hole 62, and is pushed
down against thick-wall region 33 of ink sack 30 before the start of the initial printing opera-
tion and when it is necessary to purge defective ink, air bubbles, etc. to apply pressure to the

ink in ink sack 30.

As also shown in Figs. 10 and 11, thick-wall region 33 occupies approximately one-third of the
total length of ink sack 30 in the middle on the top side of ink sack 30, spans a 90° to 180°
band on the circumference of ink sack 30, and is 1 to 3 mm thick with the thickness provided
to the interior side of ink sack 30. Other aspects of the structure are as described in the first
embodiment above, and further description is therefore omitted here.

Fig. 12 illustrates the priming operation when the amount of remaining ink is relatively low. {n
this case, more ink remains near the opening of ink sack 30. As a result, by pressing thick-wall
region 33 toward the ink sack opening, the pressure inside ink sack 30 can be increased even
when the amount of remaining ink is low. Because the direction in which pressure is applied to
ink sack 30 by pressure rod 63 is restricted and guided by guide hole 62, there is no variation
in the direction in which pressure is applied, and the cartridge can be reliably primed.

It is to be noted that while the above embodiments have been described with reference to an
ink cartridge housing an ink sack having a thick-wall region provided on either the top or
bottom of the ink sack, the present invention shail not be so limited, and the thick-wall region
and through-hole for inserting the pressure rod may be alternatively provided in either the right
or left side of the ink sack and ink cartridge case, respectively. However, in order to prevent
accidental priming by the user, and the resuiting dirtying of the printer and recording medium,
when the ink jet cartridge is installed in an ink jet printer, the thick-wall region and through-hole
for inserting the pressure rod are preferably provided on the bottom so that the priming opera-
tion cannot be accidentally executed.



Fig. 3 —i—s—a—pe#specLJALeng_ewillustrating the ink supply tube of the ink

] et cartrbﬂg shown I n Fig. 2(a); Fig. 4 IS a cross section

of the in a¢edt cartridge of the enbodi nent shown in

Fig. 2(a); 'i cross section taken along line A-Ain Fig. 4
Fig. 6 on corresponding to that of Fig.4 for
illustrati ng the pr| m ng operati on -1®of the enbodi nent shown in-—
Fig. 2(a) when the anount of remaining ink in the ink ' sack is
relatively high; Fig. 7 is a cross section corresponding to that of
Fig. 5in casecBIIM%pe primng operation of Fig. 6;

1. An ink jet cartridge compfising:

‘a housing (50) having a supply of ink therein,

ink delivery means (10, 55) operatively attached to said housing for expelling said ink
from said housing, and

a flexible ink storage container {30) within said housing and in fluid' communication
with said ink delivery means, for retaining said supply of ink in said housing,

wherein a wall of said housing has a through-hole {(62; 72) for insertion of a pressure
rod (63) for priming said ink jet cartridge by exerting pressure on said ink storage container,

characterized in that

a thick-wall region (33) is formed in a side portion of said ink storage container {30)
said thick-wall region having a wall thickness greater than that of the remaining wall portions,

said through hole (62; 72) is provided in a side of said housing (5) opposing said
thick-wall region, and

a guide means (34, 35; 72) is provided for preventing said pressure rod (63), when
inserted through said through-hole,  to contact any wall portion of the ink storage container
other than said thick-wall region.

2. The cartridge of claim 1, characterized in that

said ink storage container (30) comprises an ink sack with one end (31) open and one
end closed, and

said ink delivery means comprises a recording head (55) having nozzles (57) for ejec-
ting ink according to the recording data,

wherein a capillary tube (66) has one end connected to the open end of the ink sack
and the other end connected to said recordmg head, so that the ink stored in said ink sack is
supplied to said nozzles.

3. The cartridge of claim 1 or 2, characterized in that said guide means comprises a
ridge {35) surrounding said thick-wall region.

4. The cartridge of claim 1, 2 or 3, characterized in that said guide means comprises
means for restricting the movement of said guide rod (63) in said through-hole (72).

5. The cartridge of any one of the preceding claims, characterized in that the thick-
ness of said thick-wall region (33) is two to ten times that of other wall regions of said ink
storage container (30).

6. The cartridge of any one of the preceding claims, characterized in that said thick-

wall region (33) is provided on the bottom side of said ink storage container (30), and the
through-hole (62) is provided in the bottom of the housing (50).

* 4 L M s *




* Fig. 8 IS a cross section corresponding to that of Fig. 4 for
illustrating the primng op@Tation of the enbodi nent shown in
Fig. 2(a)ITIv|$18liee1thas drenmaining ink in the ink sack is

e

7. The cartridge of any one of the preceding claims, characterized in that the thick-
wall region (33) covers from approximately one-quarter to one-half the circumference of the ink
storage container (30).

-4-
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8. The cartridge of any one of claims 2 to 7, characterized in that a channel is formed
around the nozzles (57) for holding a predetermined quantity of ink expelled from the nozzles in
response to pressure applied by the pressure rod (63).

9. An ink jet printer characterized by using the ink jet cartridge (1) of any one of the
preceding claims, wherein the ink jet cartridge is mounted to a reciprocating carriage (2) and
the ink storage container {30) has a non-circular cross sectional shape with a longer axis in the
direction of movement of the carriage.

N Y



Fig. 9 I's an expl oded perspective view of an ink jet cartridge according

to an alternative : enbodi nent of the present invention; Fig. 10
is a cross section of the ink sack in the ink jet cartridge of the

enbodi nent shown in Fig. 9; Fig. 11 is a cross section taken
along line AAAin Fig. 10; and Fig. 12 is a cross section corresponding
to that of Fig. 10 for -illustrating the primi?rg opera- tion of

t he enbodi nent shown in Fig. 9 when the anount of remaining ink in the ink
sack is relatively low Fig. 1 is a perspective diagrammtic view of an

exenpl ary ink AﬁTm@Trﬁ,eprbggﬁL@ggnw‘ﬁ? gih ink jet cartridge according to
the preferred enbodi ment of the present invention. As shown in Fig. 1, ink

jet cartridge 1 is nmounted on a carriage 2, which is driven via belt 5 by

notor 3 along guide rod 4 in the recording direction of recording nedi um 6.
Printers of this type and ONKaIET CARTRIDGE AND INK JET PRINTER USING IT

An ink jet cartridge comprises ink sack (30) for storing the recording ink, a head chip for ejec-
ting ink supplied from ink sack (30) according to the content being recorded, a head case and
an ink supply case (50) for holding ink sack {30} and other components. To avoid pressure
applied to the ink sack at the start of printing from increasing excessively when the amount of
ink in the ink sack is high, and to enable effective use of the remaining ink when the amount of
remaining ink is low, a thick-wall region (33) to be pressed by a pressure rod (63) is provided
on a side of ink sack 30. A through-hole (62) for guiding pressure rod (63) to push thick-wall
region (33) to one side of the ink sack is provided in the bottom of the case {50) and a guide
member (34) for guiding the end of pressure rod {63) to thick-wall région (33) is provided
around thick-wall region (33) or around the through-hole.
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‘types suitable for using an ink jet cartridge according to the invention
are wel |l -known. There- fore, no further detailed description of the printer
will be given. A head chip 55 (see Fig. 2(a)) is provided at the front of
ink jet cartridge 1. Head chip 55 conprises nozzles 57 fromwhich ink is
ejected in response to recording signalgepo print a desired text or graphic
to recording nedium6. An ink jet cartridge according to the preferred
enbodi ment of the present invention is descri- bed in detail below wth
reference to Figs. 2 to 8 Fig. 2(a) is an exploded perspective view
showi ng the construction of the ink jet cartridge. Ig conprises a head case
10, an ink bag or sack 30, and an ink supply case 50. Head case 10 is made
from pol yaryl ate (PAR), polysulfone ‘;p ponate (PC), or a simlar
transparent material. A slanted shg-«ﬂg 7 10a on the right upper
side of head case 10 forns the .a’er1o- aSpate provided for acconmodati ng
the head chip 55 described i n & --r"Tkg.v G;JOML A nozzl e plate nenber

ront-£ndosf this space. Wien head
pon* nozzl es 57 are
TN

FIG. 1



“t hrough the opening 11 a. An ink stopping ring 12 in the fromof a groove
Is provided in an area around the edge of opening 11 a on the front side of
nozzl e plate nenber 11 as is best shown in Fig. 2(b). Wen the ink jet
cartridge is prinmed, ink stopping ring 12 stops and holds the ink purged
fromnozzles 57 by neans of the surface tepsion of the ink, and the purged
ink is held inside this ink stopping ring dfroin a shape sustaining the
surface tension. As a result, ink stopping ring 12 provides a guide to the
anount of ink purged by the primng operation, and by controlling the
primng operation referenced to this ink quantity gui de, unnecessary | oss
of ink fromover- primng, and ink jet cartridge recovery failures (failure
to conpletely purge defective ink or air bubbles fromthe nozzles)
resulting frominsufficient primng can be prevented. Note that the

FIG. 2 (a)
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5 anount of ink purged by the primng operation based on this guide is
set to approximately 0.02 to 0.05 cnferr] in this enbodinent. An ink
filling port 13 is provided at the bottomfront of head case 10. Ink
filling port 13 is plugged by press-fit plug 14 at all tinmes other than
when Ink is being |oaded into the ink jet_cartridge. To prevent foreign
matters such as grounds from being i nt rodd ?d to the ink when plug 14 is
inserted, plug 14 is made froma nylon material in this enbodi nent, but may
altema- tively be made froma polyimde or other soft resin material, or a
metallic ball nmenber. Note that plug 60 in ink supply case 50 and descri bed
bel ow may be made. of simlar materials.

11
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‘At the back of head case 10 is formed an ink supply tube, the inlet of
which is thermally fused to filter 15, which is a twll weave stainless
steel mesh filter. The ink supply tube forned at the back of head case 10
is connected to an ink supply tube formed in ink supply case 50 by O- ring
16. More specifically, Oring 16 is sandwgﬁyed bet ween head case 10 and ink
supply case 50, and thus forns part of the“conpleted ink supply tube. Also
formed on the back of head case 10 are plural pins 17 for connecting head
case 10 to ink supply case 50. |Ink sack 30 is nade, for exanple, froma
butyl rubber material, and conprises at one end a round opening 31 as shown
in Fig. 2(a). The edge of the opening 31 is fornmed into a packing nenber
32. Packi ng nenber 32 is sandw ched between head case 10 and ink supply
case 50 and forns a seal between them Packing nenber 32 is arranged in an
at least slightly flattened or elliptical shape with the lL.ong axis oriented
inthe direction of carriage travel. A thick-wall region 33 is provided on
the bottomof ink sack 30. Simlarly to head case 10, ink supply case 50
is manufactured fromp ryl ate (PAR), polysul- fone (PSF), polycarbonate
(PO, or asimlar tr ent B@iterial . Ink supply case 50 has a

2\
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‘cavity 51 to acconmopdate i nk sack 30. The ‘cavity has an openi ng faci ng head
case 10 as shown. Coupling holes 52 are also forned on this side of ink
supply case 50. During assenbly pins 17 of head case 10 are pressed into
coupling holes 52 to connect head case 10 and ink supply case 50. Also
formed on the side of ink supply case 50 &gposi ng head case 10 is an
opening 53 in the sane shape as opening 11 a of nozzle plate nenber 1 1 in
head case 10. On the side of ink supply c A0 is further fornmed a head
FPC (flexible printed circuit) holder 54. ! Head chip 55 has the nozzles 57
at one end and an ink supply port 58 at tHe opposite end. An FPC 56
conprises a termnal portion 59 and a connecting portion connecting the
termnal portion with the head ¢ . j i i
via the termnal portion to predsye=g e O0EMENt s provi ded on the
head chip 55 as is known per se. '
and el ectrical connecti omodda hes
ani sotropi ¢ conductive film ;

t he head chip 55 is posi Eg
end inserted into openi ng'; la of

placed next to- | 32/
35

:olished by a patterned
In the assenbl ed state,
on 10a with the front
B0and the rear end

B
<>
33 30
35 35
34 62 90%~— 180°
A

63

FIG. 5



‘or inserted into opening 53 such that ink supply port 58 conmunicates wth
opening 53. The perineter of the front end of the head chip is bonded with

adhesive to the nozzle plate nenber
-6 - 11. The perineter of the rear end of head chip 55 is bonded and

seal ed with adhesive to ink 6/¢0

”l”""“’””""

30 .

33

50




'supply case 50. Contact nenber 59 is secured to head FPC hol der 54 of ink
supply case 50 by, for exanple, bonding with doubl e-sided tape. An
opening (not shown in the figure) is provided in ink supply case 50 on the
si de opposite head FPC holder 54. This opening is plugged by press-fit
plug 60. A projecting handle 61 is prgwided on the top of ink supply case
50. On the bottomof ink supply case 5 105 provided a through-hole (also
not shown). Pressure rod 63, used for primng, is inserted through this

t hrough-hol e, and i s pushed against thick-wall region 33 of ink sack 30
before the start of the initial printing operation and when printing

probl ens occur, to apply primng pressure to the ink in ink sack 30.
Positioning pins 64 and 65 for positioning to the carriage (not shown in
the figure) are provided on the head38PC hol derggi de of i nk-supply case
50. Positioning pins 64 and 65 are usjed as a reference position when
installing the ink jet cartridge to tlle carriage. As descri bed above, the
ink jet cartridge of the inventi|qQb Hstred 1 ily fromtransparent
materials, thus enabling the op¢rdEoft e the cartridge to
roughly determ ne the anount off |* PAmai ni ng an her eby. det er m ne

whet her printing should still be “\ 50




3

‘Fig. 3 is a perspective view schematically illustrating the ink supply
systemof the ink jet cartridge shown in Fig. 2. The figure shows ink
supply tube-66 which is forned in head case 10 as a capillary tube, ink
sack 30 housed in ink supply case 50, parts of ink supply case 50 and head
chip 55 with FPC 56. Because ink supply £ype 66 is integrally formed in
head case 10 its rigidity is high. Wen an external inpact is applied,
since the conpliance of the flow channel for the ink is | ow no abnor nal
pressure will be created in the flow channel, making it possible to
prevent air fromentering the nozzles, thus preventing skipped dots, i.e.
so-called deprimes. This integrated configuration also makes it possible
to achieve a smaller ink jet <cartridge because it is not necessary to
provi de a separate outside ink supply channel. Figs. 4 and 5 are
schematic views of a |ongitudinal section and a cross section,

respectively, of 1ink sack 30 inside ink supply case 50 of the ink jet
cartridge of the enbodi ne showg in Fig. 2. As shown in the figures,
thick-wall region 33 of i sacko30 provi ded for being contacted by
pressure rod 63 occupi es approxi -‘-Ig%one-third the &ength of ink sack 30,
and i s proviQBd in 4he mgdg e \bott om si deegpf wdnk sack 30.

Thi ck- | region 339 K KA 9[err] to '

FIG. 9

11a—



'180[err] of the circunference of ink sack 30, and is 1 to 3 nmthick; the
thin-walled part of ink sack 30 is 0.3 to 0.5 mmthick. The thi.ckness of
thick-wall region 33 is preferably 2 to 10 tines the thickness of the thin-
wal | ed part. This thickness range can be specified because the thickness
required to prevent damage to the ink gggk by the relatively high pressure
created at the tine of primng when the ink jet cartridge is new and the
anount of remaining ink is high, is two or nore tinmes the thickness of the
thin-wal l ed part of the ink sack. Wen the thickness is ten or nore tines
the thickness of the thin-walled part, the negative pressure characteristic
of ink sack 30 and the deformability of ink %&ck 30 as ink is consuned are

adversely affected, i.e., a high negativel 83
72
50
To head
7T
55 30

63
79 N\

90%~— 180°

50

"33
30

FIG. 11



-7- pressure occurs particularly when the amount of remaining ink is
low, and this prevents the supply of ink to the recording head, and
printing is thus disabl ed. It is also preferable that thick-wall region
33 covers approximtely one-fourth to one-half the circunference of ink
sack 30. This is because if thick-wall rggjon 33 covers |ess than one-
fourth the circunference, ink cannot be s fﬁiciently purged by the primng
operation when the anount of remaining ink is low, and if it covers nore
than one-half, the rigidity of ink sack 30 rises and the negative pressure
t hat occurs increases, thus preventing the supply of ink to the

FIG. 12



recordlng head and di sabling printing. A wal | g
‘around the surface of thick-wall region 33. .The r
menber 34 assuring that it is only the th&ck wal |
contacted and Ppressed by pressure rod 63—éur|ng
GQui de nmenber 34, by preventing the tip of pressi
agai nst any part of ink sack 30 other than thick
any damage to ink sack 30 by pressure rod 63. Nof
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al so,
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rovi ded
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t hi ckness of thick-wall region 33 is to the ins dQDR&EI ck 30 }m
because the gap between ‘mﬁﬁﬁﬁ (f {3275
pressed area, and ink sdggﬁﬁgﬁg@é”é@g@“fﬁas sha possi bI e.

shown in t
of which

he cross section of Fig. 5, ink sack 30 has an elliptical shape
the larger dinension Bis aligned with the direction of carriage

novenent afke presentirdientidrevelates to tah éniciet exrtridge fov fusé@innam ink jed prirte arid) aived parti-
appl i ed bymnms StJ rélatt o Frikand \FordpurGing! Idbfecﬁvecmtdr%bads bvea‘noas;ss?éﬁoﬁrbdaimd

sack 30 dugd 8’@{@“@\0 ng operation by pressure rod 63 wi |l be obtaine
with pressure rod rking in conjunction with thick- vvaII regi on-33 as
descri bed bel ow. Primng operation in the case when the anount™ of

rerral ni ng

Ink liet; aartridges; of\ 4P yyne; eprceraed bavera flaxible, resilient ink container, such as an ink
bag or ink sack, in fluid communication with a recording head for supplying ink to the recording

head. The container is housed in a rigid housing. An internal negative pressure is normally
maintained in the container so that ink will not drip from the nozzle orifices of the recording
head when the ink jet cartridge is not in use. The ink container is typically made from a rubber
material. Under certain circumstances the ink jet cartridge is unable to expel or eject sufficient
ink for normal printing. This can happen when for an extended time the ink jet cartridge is not
used and the viscosity of ink around_the'nozzles of the recording head increases due to evapo-
ration of the solvent of the ink, or when bubbles form in the ink passage due to a sharp
impact, such as when the cartridge is accidentally dropped. "Priming™ is the operation
employed for recovering the ink jet cartridge from this condition. To this end the pressure
inside the container is intentionally increased for a moment to purge the defective ink or
bubbles out of the nozzles. Pressure is increased by exerting a deforming pressure on an outer
surface portion of the container.

JP-A-249757/1986 and US-A-4,967,209 disclose such type of ink jet cartridge. In both cases
a small hole is provided in the back of_ the cartridge housing, and the ink sack inside the
cartridge is pressurized by means of a needle or pin provided in the printer and inserted

" through this small hole. However, with this prior art, since the needle is pressed against the

back of the ink sack, when the amount of ink remaining in the ink sack is great, excessive
pressure may be applied, and, even worse, the ink sack may be punctured. On the other hand,
when the amount of ink remaining in the ink sack is low, the needle may press the ink sack up
to the..wall covering the opening of the ink sack at its front side, and it is not possible to apply
sufficient pressure to the remaining ink to adequately prime the cartridge. As a result, it may
not be possible to restore normal printing when the amount of ink is low. In addition, depen-
ding on how and where pressure is applied to the ink sack for priming, the ink sack will
collapse in different ways. When the cartridge the ink sack collapses improperly, an inappro-
priate high negative pressure (commonly referred to as back pressure, i.e.,. pressure acting to
return ink from the recording head to the ink sack) may remain in the ink sack, possibly preven-
ting sufficient supply of ink to the recording head and then resulting in what is known as a
"deprime” that is an interrupted ink dellvery from the recording head. '

US-A-4,599,625 discloses an ink tank'integrallv formed with a recording head unit and having _
a case with a deformable ink bag housed therein. Two parallel slits are provided in the top
surface of the case, and end portions thereof oppose each other through a small connecting
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Jbelow with reference to Figs. 6 and 7. Packing .nenber 32 is held securely
‘bet ween the head case 10 and the rigid case 50 and the thin-walled part
surrounding thick-wall region 33 is defaéged nore easily than the
thick-wall region. According to this str ure, when pressure rod 63 is’
inserted into through-hole 62 and pushed agai nst thick-wall region 33 of

I nk sack 30, the thick-wall region 33 noves toward one end of ink sack 30
subst ant i aldoytionl. @ycbreakiry the Genieeting perionta levee i furinednvdhiche ab bne ands iis integrallye r

e e e
ted b e g e ik qnthe ? o { btﬂ:ton
o0y drtal B e G G o b, i, PSS o, b s
wor ds, t he théleyae %Q?FHSt thegnlo bag theteby ¢m prime the ik mkoW“bLﬂ\'ﬁ@f'O" afty duers figrmed on
sudden ej eahe ngptarkd isuiader ofrthe levad may damagaetha irkebagt Inyaddition|redibee thebe! isplittes nkr e
rod 63 carmamﬁ. i VR b&@ Eth& M&Me&tlb%%ﬁwa ajfwmi disisrice 4P orier td sufficiently

ushed i n,

Bunct ur ed. p% %éﬂk;ﬁ%us i c us%&% hﬂpb&bﬂﬁ er at oﬁ% %gﬂ‘m nd ?an

r emai ni ng AT g""] ?l E‘é“FW[q—? f’“és%mﬂg‘"’ﬁ?@“m To tlﬁﬁml"nk

sack when tﬂ‘ﬁ,ssi!?ﬂl WPHQ"%ﬂErQ!@?" e Wthcﬂf‘e Heven @ sufficient digtagree, and thiscfagter jajpne

| i ne shows mdneasghﬂpe'emﬁreﬂlseenﬁﬂiemedumang- the pri.mi ng operation. As wll

be
US-A-5,040,001 discloses an ink jet cartridge with a deformable ink bag inside a housing. This
document is concerned with the problem of how to avoid the back pressure becoming so high
as to cause deprimes. An excessive back pressure is said to be attributable to an uncontrolled
collapsing of the ink bag as the amount of ink in the ink bag is decreased. In order to ensure
that the ink bag collapses properly, the side wall thickness of the ink bag varies with some
portions of the wall being thinner than others. In particular, the wall thickness progressively
increases from a minimum on one side to a maximum on the opposite side in the circumferen-
tial direction of the ink bag. As a result, the thinner portions collapse inwardly towards the
thicker portions during ink delivery. For the same purpose JP-Y-36689/1993 employs an ink
bag having plural thick wall portions connected by thin wall portions. The thick wall portions

~ are in the form of ribs extending in the lengthwise direction of the ink bag and spaced apart in

“the circumferential direction by the thin wall regions. -

It is an object of the present invention to provide an ink jet cartridge which allows a reliable
priming operation both when the amount of remaining ink in the flexible container is relatively .

~ high, without danger that excessive pressure is applied or the ink container damaged, as well
as when the amount of remaining ink is relatively low, thereby enabling effective use of the
remaining ink, and reliably and easily purging air bubbles and defective ink. Another object of
the invention is to provide an ink jet printer using the ink jet cartridge. .

" This object is achieved with an ink jet cartridge as claimed in claim 1 and an ink jet printer as
claimed in claim 9, '

Preferred embodiments of the invention are subject-matter of the dependent claims.

According to the invention the ink storage container of the ink jet cartridge has a thick-wall
region in the area contacted by a pressure rod during priming. This thick-wall region prevents
damage to the container by the pressure rod and, at the same time, ensures that an appro-
priate pressurizing force can be obtained even when the amount of remaining ink in the contai-
ner'is low. Thus, priming can be reliably executed and there is no danger of the container being
punctured. Air bubbles and defective ink can be reliably and easily purged. A guide is provided
to reliably direct pressure applied by the pressure rod to this thick-wall region.
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.understood, the collapsed state of ink sack 30 indicated by the broken line
IS due to the nega- tive pressure inside ink sack 30.

- 8- When the anount of remaining ink is relatively Iow, nost of the Ink
remai ns near the opening of ink sack 30. Thus, by pressing thick-wall
region 33 toward the ink sack opening, thick-wall region 33 is displaced
substantial |y al ong. an arc centered at tlg. bottom side of packing nenber 32
as shown in Fig. 8, and pressure inside Thk sack 30 can be sufficiently
increased to - : -

Preferably, the geometry of the cross-sectional shape of the ink storage container is selected

" such that there is an axis along which the container is more easily deformed than along others.
The force exerted by the pressure rod preferably has a main component in a direction paralliel
the axis of easy deformation.

When the ink jet cartridge according to the invention is used in a printer having a reciprocéted
carriage mounting the ink jet cartridge, the axis of easy deformation is preferably arranged to
'be perpendicular to the direction of movement of the carriage. This prevents theink storage
container from being deformed in response to impacts which may occur each time the carriage
reaches an end of its reciprocating movement.

Embodiments of the invention will be explained in detail below with reference to the drawings
which illustrate specific embodiments only, and in which:

Fig. 1 is a bird"'s-eye view of an ink jet printer provided with an ink jet cartridge according
to the preferred embodiment of the present invention;

Fig. 2(a) is an exploded perspective view showing the structure of the preferred embodiment .
of the invention; ’

Fig. 2(b) is a partial front plan view of the ink jet cartridge illustrating the position of an ink
stopping ring;

Fig. 3 is a perspective view illustrating the ink supply tube of the ink jet cartridge shown in
- Fig. 2(a);

Fig. 4 is a cross section of the ink sack in the ink jet cartridge of the embodiment shown in
Fig. 2(a); '

Fig. 5 is a cross section taken along line A-A in Fig. 4;
Fig. 6 is a cross section corresponding to that of Fig.4 for illustrating the priming operation

of the embodiment shown in Fig. 2(a) when the amount of remaining ink in the ink
sack is relatively high; :

Fig. 7 is a cross section corresponding to that of Fig. 5 in case of the priming operation of
Fig. 6 ;
Fig. 8 is a cross section corresponding to that of Fig. 4 for illustrating the priming operation

of the embodiment shown in Fig. 2(a) when the amount of remaining ink in the ink
sack is relatively low;
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purge any defective ink even when the amount of remaining ink is low, i.e.,
‘the . ink sack is nearly enpty. To prevent ink from|eaking fromnozzles 57
during printer standby states when no printing occurs or when the ink jet
cartridge is renoved fromthe printer, it is necessary to constantly apply
pressure (negative pressure) acting to return ink fromthe recording head
into the ink flow channel formed inside t-He cartridge. This negative
pressure is obtained in the present i nvention by the spring characteristic
(shape recovery characteristic) of ink sack 30 (Wien the ink sack is

filled wit r}*< 3?#; Is held d of e stance..b |nsert|n an
adj usting r %‘ hr dfr ﬂ °f‘ﬁ'8 Pgs%eft"éﬁta'e}ﬁ'r%siﬂ ﬁ'5 1?&“5‘33?%@? 'éaltt‘hlaﬁletﬁﬂ?
regi on. \Wen fillisfodiepbaishapeagentieventieniadj usting rod renoved, a negative

pressure builds up because of the spring characteri- stic of the i nk sack.)

Because easpig.y10lefi©s gRyds séution OF tRAfik 5acke tHMiNERt edrfdge of thel dMbRBIneAR Shdwn in
provided in ink s 30 as descri bed above, ink sack 30 defornms according

to a constant deformafion pattern, even when the -anmpbunt of remaining ink

drops as ink is consuned, with virtually no defornmation of thick-wall .

regi on 33 U@ Wi gt # FosH Fectien t3kan alope lieg Avia Figs10: 908 | ed part as shown by

the broken line. In addition, because the shape of ink sack 30 after

prim ng Fig. 12 is a cross section corresponding to that of Fig. 10 for illustrating the priming opera-
: tion of the embodiment shown in Fig. 9 when the amount of remaining ink in the ink

sack is relatively low.

Fig. 1 is a perspective diagrammatic view of an exemplary ink jet printer provided with an ink
jet cartridge according to the preferred embodiment of the present invention. As shown in Fig.
1, ink jet cartridge 1 is mounted on a carriage 2, which is driven via belt 5 by motor 3 along
guide rod 4 in the recording direction of recording medium 6. Printers of this type and other
types suitable for using an ink jet cartridge according to the invention are well-known. There-
fore, no further detailed description of the printer will be given. A head chip 55 (see Fig. 2(a))
is provided at the front of ink jet cartridge 1. Head chip 55 comprises nozzles 57 from which
ink is ejected in response to recording signals to print a desired text or graphic to recording
medium 6. :

An ink jet cartridge according to the preferred embodiment of the present invention is descri-
bed in detail below with reference to Figs. 2 to 8.

Fig. 2(a) is an exploded perspective view showing the construction of the ink jet cartridge. It
comprises a head case 10, an ink bag or sack 30, and an ink supply case 50. Head case 10 is
made from polyaryiate (PAR), polysuifone (PSF), polycarbonate {(PC), or a similar transparent
material. A slanted shoulder portion 10a on the right upper side of head case 10 forms the
bottgm of a space provided for accommodating the head chip 55 described in further detail
below. A nozzle plate member 11 having an opening 11a defines the front end of this space.
When head chip 55 is positioned on the shoulder portion 10a its nozzies 57 are exposed
through the opening 11a. An ink stopping ring 12 in the from of a groove is provided in an
area around the edge of opening 11a on the front side of nozzle plate member 11 as is best
shown in Fig. 2(b).

When the ink jet cartridge is primed, mk stopping ring 12 stops and holds the ink purged from
nozzles 57 by means of the surface tensuon of the ink, and the purged ink is held inside this ink
stopping ring 12 in a shape sustaining the surface tension. As a result, ink stopping ring 12
provides a guide to the amount of ink purged by the priming operation, and by controlling the
priming operation referenced to this ink quantity guide, unnecessary loss of ink from over-
priming, and ink jet cartridge recovery failures (failure to completely purge defective ink or air
bubbles from the nozzles) resulting from insufficient priming can be prevented. Note that the
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recovers to essentially the sane shape as before primng (the shape
‘indicated by the broken Iine in Fig. 8), a constant negative pressure is
mai ntai ned for a given amount of ink, i.€ , the primng operation does not
cause the negative pressure inside i nk sack 30 to change greatly. As'a ~
result, the negative pressure will not becone high enough to prevent the
supply of ink to the recording head, and printing will therefore not becone
di sabl ed. {vasention ik pupgeddtsyahié plirmidg operation baskd emdiis Gidé is satrocappenxiniately 0.02
def or med vgrd b6 Yin this 8mbbdimbdte direction of the main force conponent
exerted by pressure rod 63, than in the direction of carriage travel

because ink sack 30 has a flattened shape e lon i he
di recti on Andak filing paridlS isprevided githe @858%%‘ é’% E‘ﬂﬁ'*) aﬁgs{%ggg%ﬂﬁg Ao P%\ttis to
t he r-easonplaggedpinopress-fitpludi14iat il itimes coghas thamswhen, k| i being deaded intp |the ink jet
provi di ng ¢édieidgskTs proiventi fodaigh rmatterss suthcasgprovrids Hromt beéisg intnoduced ol the inkf whened
than al ongygh aris Mbérted, i;t&b%m@haae iremm%dmmmmss\mmmwm inmayiattéran k
sack 30 asyc nﬁ& ?flmde?_;% %%QBJ«& o Mhe{ﬁof{ PesiiCmbX3fidl dOIt qu}ft%ﬂf ;ﬂbﬁb}?’ Note

enbodi nent"'S S ﬁ' 1/ €01 on
33 provi detat PI'UFI‘?Q %5@‘%“8’!"’ °?‘°'L°ﬁ 53“3 d§8°'%8§ B‘f"é“ﬁyg"’d'g% e °f5m§f g'\r%%"\?\& I

t hi ckness of ink sack 30 and bond a separate; relatively rigid nember to

i Nk sack 3Atthe bable obhead caée 1MisdFsrmed an ink supply tube, the inlet of which is thermally fused

to filter 15, which is a twill weave stainless steel mesh filter. The ink supply tube formed at the
back of head case 10 is connected to an ink supply tube formed in ink supply case 50 by O-
ring 16. More specifically, O-ring 16 is sandwiched between head case 10 and ink supply case
50, and thus forms part of the completed ink supply tube. Also formed on the back of head
case 10 are plural pins 17 for connecting head case 10 to ink supply case 50.

Ink sack 30 is made, for example, from a butyl rubber material, and comprises at one end a
round opening 31 as shown in Fig. 2(a). The edge of the opening 31 is formed into a packing
member 32. Packing member 32 is sandwiched between head case 10 and ink supply case 50
and forms a seal between them. Packing member 32is arranged in an at least slightly flattened

or elliptical shape with the long axis oriented in the direction of carriage travel. A thick-wall
region 33 is provided on the bottom of ink sack 30.

Similarly to head case 10, ink supply case 50 is manufactured from polyarylate (PAR), polysul-
fone (PSF), polycarbonate (PC), or a similar transparent material. Ink supply case 50 has a
cavity 51 to accommodate ink sack 30. The cavity has an opening facing head case 10 as
shown. Coupling holes 52 are also formed on this side of ink supply case 50. During assembly
pins 17 of head case 10 are pressed into coupling holes 52 to connect head case 10 and ink
supply case 50. Also formed on the side of ink supply case 50 opposing head case 10 is an
opening 53 in the same shape as opening 11a of nozzle plate member 11 in head case 10. On
the side of ink supply case 50 is further formed a head FPC (flexible printed circuit) holder 54.

Head chip 55 has the nozzles 57 at one end and an ink supply port 568 at the opposite end. An
FPC 56 comprises a terminal portion 59 and a connecting portion connecting the terminal
portion with the head chip 55 to apply recording signals received via the terminal portion to
pressure generating elements provided on the head chip 55 as is known per se. Head FPC 56
is made from a polyimide resin and electrical connection with head chip 55 is established by a
patterned anisotropic conductive film provided on the resin.

_ In the assembled state, the head chip 55 is positioned on the shoulder portion 10a with the
front end inserted into opening 11a of nozzle plate member 11 and the rear end placed next to
or inserted into opening 53 such that ink supply port 58 communicates with opening 53. The
perimeter of the front end of the head chip is bonded with adhesive to the nozzle plate member
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;mall'region 33. An alternative enbodinment of an ink jet cartridge
according to the present invention is descri- bed belowwth reference to
Figs. 9 to 12. Fig. 9 is a perspective view of the structure of an ink jet
cartridge according to this alternative enbodinment. Figs. 10 and 11 are
cross sections of ink sack 30 in the ink supply case 50 of this ink jet
cartridge of -the-ermbodi nent-shown in Fig..&: .

11. The perimeter of the rear end of head chip 55 is bonded and sealed with adhesive to ink
- supply case 50. Contact member 59 is secured to head FPC holder 54 of ink supply case 50
by, for example, bonding with double-sided tape.

An opening {not shown in the figure) is provided in ink supply case 50 on the side opposite
head FPC holder 54. This opening is plugged by press-fit plug 60. A projecting handle 61 is
provided on the top of ink supply case 50. On the bottom of ink supply case 50 is provided a
through-hole (also not shown). Pressure rod 63, used for priming, is inserted through this
through-hole, and is pushed against thick-wall region 33 of ink sack 30 before the. start of the
initial printing operation and when printing problems occur, to apply priming pressure to the ink
in ink sack 30. Positioning pins 64 and 65 for positioning to the carriage (not shown in the
figure) are provided on the head FPC holder side of ink-supply case 50. Positioning pins 64 and
65 are used as a reference position when installing the ink jet cartridge to the carriage.

As described above, the ink jet cartridge of the invention is made primarily from transparent
materials, thus enabling the operator to see inside the cartridge to roughly determine the
amount of ink remaining and thereby determine whether printing should still be possible.

Fig. 3 is a perspective view schematically illustrating the ink supply system of the ink jet
cartridge shown in Fig. 2. The figure shows ink supply tube 66 which is formed in head case
10 as a capillary tube, ink sack 30 housed in ink supply case 50, parts of ink supply case 50
and head chip 55 with FPC 56. Because ink supply tube 66 is integrally formed in head case
10 its rigidity is high. When an external impact is applied, since the compliance of the flow
channel for the ink is low no abnormal pressure will be created in the flow channel, making it
possible to prevent air from entering the nozzles, thus preventing skipped dots, i.e. so-called
deprimes. This integrated configuration also makes it possible to achieve a smaller ink jet
cartridge because it is not necessary to provide a separate outside ink supply channel.

Figs. 4 and 5 are schematic views of a longitudinal section and a cross séction, respectively, of
ink sack 30 inside ink supply case 50 of the ink jet cartridge of the embodiment shown in Fig.
2. As shown in the figures, thick-wall region 33 of ink sack 30 brovided for being contacted by
pressure rod 63 occupies appro:timaie_ly one-third the length of ink sack 30, and is provided in
the middle on the bottom side of ink sack 30. Thick-wall region 33 may extend over 90° to
180° of the circumference of ink sack 30, and is 1 to 3 mm thlck' the thin-walled part of ink
sack 30 is 0.3 to 0.5 mm thick.

The thickness of thick-wall region 33 is preferably 2 to 10 times the thickness of the thin-
walled part. This thickness range can be specified because the thickness required to prevent
damage to the ink sack by the relatively high pressure created at the time of priming when the
ink jet cartridge is new and the amount of remaining ink is high, is two or more times the
thickness of the thin-walled part of the ink sack. When the thickness is ten or more times the
thickness of the thin-walled part, the negative pressure characteristic of ink sack 30 and the
deformability of ink sack 30 as ink is consumed are adversely affected, i.e., a high negative
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-9- As described in the first enbodi nent, projecting handle 61 is
provided on top of ink supply case 50. Guide hole 72 passing through handl e
61 is provided at .an angle of, for exanple, approxinmately 45 degrees.
Pressure rod 63 is inserted through guide hole 62, and is pushed down
agai nst thick-wall region 33 of ink sack 30 before the start of the initial
printing opera-.tion:amd when it is neces3ary to purge defective ink, air
bubbl es, etc. to apply pressure to the ifik in ink sack 30. As also shown
in Figs. 10 and 11, thick-wall region 33 occupies approxinmately one-third
of the total |ength of ink sack 30 in the mjddle on the top auge of ink

an is prevents the

sack 30, spumsY® ?ﬁ?t’rér’ﬁmct“@"! e@rtpf amount of remaining ink is low,

supply of ink to the recording head, and printing is thus disabled.

It is also preferable that thick-wall region 33 covers approximately one-fourth to one-half the
circumference of ink sack 30. This is because if thick-wall region 33 covers less than one-
fourth the circumference, ink cannot be sufficiently purged by the priming operation when the
amount of remaining ink is low; and if it covers more than one-half, the rigidity of ink sack 30
rises and the negative pressure that occurs increases, thus preventing the supply of ink to the
recording head and disabling printing.

A wall or ridge 35 is provided around the surface of thick-wall region 33. The ridge defines a
guide member 34 assuring that it is only the thick-wall region 33 that can be contacted and
pressed by pressure rod 63 during the priming operation. Guide member 34, by preventing the
tip of pressure rod 63 from pushing against any part of ink sack 30 other than thick-wall region
33, prevents any damage to ink sack 30 by pressure rod 63. Note, also, that the thickness of
thick-wall region 33 is to the inside of ink sack 30. This is because the gap between thick-wall
region 33 or, more specifically, thie pressed area, and ink supply case 50 should be as small as
possible. As shown in the cross section of Fig. 5, ink sack 30 has an elliptical shape of which
the larger dimension B is aligned with the direction of carriage movement and perpendicular to
the direction of a main force component applied by pressure rod 63. As a result, a controlled
deformation of ink sack 30 during the priming operation by pressure rod 63 will be obtained
with pressure rod 63 working in conjunction with thick-wall region 33 as described below.

Priming operation in the case when the amount of remaining ink is relatively high is described
below with reference to Figs. 6 and 7. Packing member 32 is held securely between the head
case 10 and the rigid case 50 and the thin-walled part surrounding thick-wall region 33 is
deformed more easily than the thick-wall region. According to this structure, when pressure
rod 63 is inserted into through-hole 62 and pushed against thick-wall region 33 of ink sack 30,
the thick-wall region 33 moves toward one end of ink sack 30 substantially along an arc cente-
.red at the bottom side of packing member 32 as shown in Fig. 6. Because the surface of thick-
wall region 33 is greater than the tip of pressure rod 63, assuming a certain force is exerted by
the pressure rod, the resulting deformation of the ink sack will be smaller as would be if there
were no thick-wall region. In other words, the thick-wall region functions as a kind of bumper
avoiding a sudden ejecting of ink from nozzles 57. Because of guide member 34 pressure rod
63 cannot slip onto the thin-walled part of ink sack 30 as it is pushed in, and there is therefore
no chance of ink sack 30 being punctured.

Fig. 8 illustrates the priming operation when the amount of remaining ink is low. The broken
line in Fig. 8 shows the shape of the ink sack when the priming operation is not being execu-
ted, and the solid line shows the shape of the ink sack during the priming operation. As will be
understood, the collapsed state of ink sack 30 indicated by the broken line is due to the nega-
tive pressure inside ink sack 30..
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band on the circunference of ink sack 30, and is 1 to 3 mmthick with the
‘t hi ckness provided to the interior side of ink sack 30. Ot her aspects of
the structure_are as described in the first enbodi ment above, and further
description is 'therefore omtted here. .[—ﬂ_g 12 illustrates the primng
operation when the amount of remaining ink is relatively low In this case,
nore ink remains near the opening of ink sack 30. As a result, by pressing
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case, respapolyi Rresspre {Aogativerpressuredadting taretura iek from the recording head into the ink
flow channel formed inside the cartridge. This negative pressure is obtained in the present

invention by the spring characteristic {shape recovery characteristic) of ink sack 30. (When the
ink sack is filled with ink the ink sack is held deformed, for instance by inserting an adjusting
rod through the hole 62 and pressing it against the thick-wall region. When filling is completed
the the adjusting rod removed, a negative pressure builds up because of the spring characteri-
stic of the ink sack.) Because easily deformed and not-easily deformed areas are intentionally
- provided in ink sack 30 as described above, ink sack 30 deforms according to a constant
deformation pattern, even when the amount of remaining ink drops as ink is consumed, with
virtually no deformation of thick-wall region 33 but significant deformation of the thin-walled
part as shown by the broken line. In addition, because the shape of ink sack 30 after priming
recovers to essentially the same shape as before priming (the shape indicated by the broken
line in Fig. 8), a constant negative pressure is maintained for a given amount of ink, i.e., the
priming operation does not cause the negative pressure inside ink sack 30 to change greatly.’
As a result, the negative pressure will not become high enough to prevent the supply of ink to
the recording head, and printing will therefore not become disabled. Note that, as described
above, ink sack 30 is more easily deformed vertically, i.e. in the direction of the main force
component exerted by pressure rod 63, than in the direction of carriage travel because ink sack
30 has a flattened shape with the larger dimension in the direction B of carriage travel. The
reason this shape is used is similar to the reason for providing thick-wall region 33, namely
intentionally providing the ink sack with an axis along which it is more easily deformed than
along other axes. This helps to keep the negative pressure msude ink sack 30 as constant as
possible. :

It is to be noted that while the embodiment shown in Fig. 2 above has been described with
thick-wall region 33 provided in ink sack 30, it is also possible to use a constant wall thickness
of ink sack 30 and bond a separate, relatively rigid member to ink sack 30 in the area of thick-
wall region 33. '

An alternative embodlment of an ink jet cartridge according to the present invention is descri-
bed below with reference to Figs. 9 to 12.

Fig. 9 is a perspective view of the structure of an ink jet cartridge according to this alternative
embodiment. Figs. 10 and 11 are cross sections of ink sack 30 in the ink supply case 50 of
this ink jet cartridge of the embodiment. shown in Fig. 9.
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,accidental primng by the user, and the resulting dirtying of the printer
and recordi ng nedium when the ink jet cartridge is installed in an ink jet
printer, the thick-wall region and through-hole for inserting the pressure
rod are preferably provided on the bottomso that the prlnlng opera- tion

cannot be accidental ly execut ed.
- -9.

As described in the first embodiment, projecting handle 61 is provided on top of ink supply
case 50. Guide hole 72 passing through handle 61 is provided at an angle of, for example,
approximately 45 degrees. Pressure rod 63 is inserted through guide hole 62, and is pushed
down against thick-wall region 33 of ink sack 30 before the start of the initial printing opera-
tion and when it is necessary to purge defective ink, air bubbles, etc. to apply pressure to the
ink in ink sack 30.

As also shown in Figs. 10 and 11, thick-wall region 33 occupies approximately one-third of the
total length of ink sack 30 in the middle on the top side of ink sack 30, spans a 90° to 180°
band on the circumference of ink sack 30, and is 1 to 3 mm thick with the thickness provided
to the interior side of ink sack 30. Other aspects of the structure are as described in the first
embodiment above, and further description is therefore omitted here.

Fig. 12 illustrates the priming operation when the amount of remaining ink is relatively low. In
this case, more ink remains near the opening of ink sack 30. As a result, by pressing thick-wall
region 33 toward the ink sack opening, the pressure inside ink sack 30 can be increased even
when the amount of remaining ink is low. Because the direction in which pressure is applied to
ink sack 30 by pressure rod 63 is restricted and guided by guide hole 62, there is no variation
in the direction in which pressure is applied, and the cartridge can be reliably primed.

It is to' be noted that while the above embodiments have been described with reference to an
ink cartridge housing an ink sack having a thick-wall region provided on either the top or
bottom of the ink sack, the present invention shall not be so limited, and the thick-wall region
and through-hole for inserting the pressure rod may be alternatively provided in either the right
or left side of the ink sack and ink cartridge case, respectively. However, in order to prevent
accidental priming by the user, and the resulting dirtying of the printer and recording medium,
when the ink jet cartridge is installed in an ink jet printer, the thick-wall region and through-hole
for inserting the pressure rod are preferably provuded on the bottom so that the priming opera-
tion cannot be accidentally executed.
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.CLAI ME: 1. An ink jet cartridge conprising: _ a
hous:\ﬁmﬁ\ng‘a—s—uppl y of ink therein, ink delivery neans
(.10, tached to said housing for expelling said ink from
sai d. mﬁmm& m' i'l a flexible ink storage container (30) within
sai d housi®ngtan i'd conmunication wth said ink delivery neans, for
retaining said suppl y of ink-i-n said houstthg, . wherein a vvaH of
sai d housing has a through-hole (62; 72) Tor insertion of a pressure rod
(63) for primng said ink jet cartridge by exerting pressure on said ink
storage co WNAR) characterized in that a thick-wal l
region (33) 1s tormed in a side portion of said ink storage container (30)

1. An ink jet cartridge compﬁsing )

a housing (50) havmg a supply of ink therein,

ink delivery means (10, -55) operatuvely attached to said housmg for expelling sald ink
from said housing, and

a flexible ink storage container (30) within said housing and in fluid communication
with said ink delivery means, for retaining said supply of ink in said housing,

wherein a wall of said housing has a through-hole {62; 72) for insertion of a pressure
rod (63) for priming said ink jet cartridge by exerting pressure on said ink storage contamer, .

characterized in that

a thick-wall region (33) is formed in a side portion of said ink storage container (30)
said thick-wall region having a wall thickness greater than that of the remaining wall portions,

said through hole (62; 72) is provided in a side of said housing (5) opposing said
thick-wall region, and

a guide means (34, 35; 72) is provided for preventing said pressure rod (63), when
inserted through said through-hole, to contact any wall portion of the ink storage container
other than said thick-wall region.

2. The cartridge of claim 1, characterized in that

said ink storage container (30) comprises an ink sack with one end (31) open and one
end closed, and . _

said ink delivery means comprises a recording head (55) having nozzles (57) for ejec-
ting ink according to the recording data,

wherein a capillary tube (66) has one end connected to the open end of the ink sack
and the other end connected to said recordmg head, so that the ink stored in said ink sack is
supplled to said nozzles.

3. The cartridge of claim 1 or 2, charactenzed in that said guide means comprises a
ridge (35} surrounding sald thick-wall region.

4. The cartridge of claim 1, 2 or 3, characterized in that said guide means comprises
means for restricting the movement of said guide rod (63) in said through-hole {72).

5. The cartridge of any one of the preceding claims, characterized in that the thick-
ness of said thick-wall region (33) is two to ten times that of other wall reguons of said ink
storage container (30).

6. The cartridge of any one of the preceding claims, characterized in that said thick-

wall region (33) is provided on the bottom side of said ink storage container (30), and the
through-hole (62) is provided in the bottom of the housing (50).
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sai d_thick-wall region-having a wall thickness greater than that of the

r-emai ni ' , - said through hole (62; 72) is provided
in a gm ﬁﬂ Hiliﬂmrng (5) opposing said thick-wall region, and
a gui s O 72) is provided for preventing said pressure rod

(63), when inserted through said through-hole, to contact any wall portion
of the ink storage containéer ‘other thanldaid thick-wall region."

2. The cartridge of claim1, characterized in that said ink
storage container (30) conprises an ink sack with one end (31) open and one

T X Pt dsaimati K m L R

) 7. T
head (55) having n r. ejec- ] e recor
dat a, (59) wall ’quﬂ?eﬁé\ FPVErsc PPRIPY %@T@@gnﬂég oggrBalt the ‘g'GH'HE-?E‘E"é?B of therinle

open end ostorage cppRingt@R).and t he ot her end connected to said recording
head, so that the ink stored in said ink sack is supplied to said nozzles.

_ 8. The cartridge of any one of claims 2 to 7, characterized in that a channel is formed
around the nozzles (57) for holding a predetermined quantity of ink expelled from the nozzles in
response to pressure applied by the pressure rod {(63). ’ '

9. An ink jet printer characterized by using the ink jet cartridge {1) of any. one of the

preceding claims, wherein the ink jet cartridge is mounted to a reciprocating carriage (2) and

~ the ink storage container {30) has a non-circular cross sectional shape with a longer axis in the
direction of movement of the carriage. -
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.3. The cartridge of claim1 or 2, characterized in that said guide neans
conprises a ridge (35) surrounding“said thick-wall region. 4. The
cartridge .of claim1, 2 or 3, characterized i'n that-said guide means _
conprises neans for restricting the novenent of said guide rod (63) in said
t hrough-hole (72). -, 5. The cartridge of any one of the preceding
clainms, characterized in that the thick—-12ess of said thick-wall region-"
(33) is tw to ten times that of ‘other wall regions of said ink storage
cont ai ner (30). : 6. The cartridge of any one of the preceding

claims, chaBBTRACT OFTHEDISEROSORE fFig. 8y Ck- wal | region (33) is provided on
the bottom side of said ink storage container (30), and the through- hol_e

(62) is provided.in the bottom of the housing (50).
INK JET CARTRIDGE AND INK JET PRINTER USING IT

An ink jet cartridge comprises ink sack (30) for storing the recording ink, a head chip for éjec-
ting ink supplied from ink sack (30} according to the content being recorded, a head case and
an ink supply case (50) for holding ink sack (30) and other components. To avoid pressure
applied to the ink sack at the start of printing from increasing excessively when the amount of
ink in the ink sack is high, and to enable effective use of the remaining ink when the amount of
remaining ink is low, a thick-wall region (33) to be pressed by a pressure rod (63) is provided
on a side of ink sack 30. A through-hole (62) for guiding pressure rod {63) to push thick-wall
region (33) to one side of the ink sack is provided in the bottom of the case {50) and a guide
member (34) for guiding the end of pressure rod (63) to thick-wall region (33) is provided
around thick-wall region {33) or around the through-hole. :
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7. The cartridge of .any one of the preceding clainms, characterized in that
the thick- wall region (33) covers from approxi mately one-quarter to
one-half .the circunference of the ink storage container (30). 8.
The cartridge of any one of clainms 2 to 7, characterized in that .a channel
is formed around the nozzles (57) for hol défwp a predeterm ned quantity of
i nk expelled fromthe nozzles in B

fes %
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T eSponse to pressure applied by the pressure rod (63). 9. An ink
jet printer characterized by using the ink jet cartridge (1) of any one of
the preceding clains, wherein the ink jet cartridge is nmounted to a
reci procating carriage (2) and the ink stgr age contai ner (30) has a

non-circul ar cross sectional shape with nger axis in the direction of
novenment of the carriage.
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