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METHOD -OF FI'LLING I NK I N-I NK SUPPLY PASSAGES AND | NK - JET RECORDI NG {pgt
‘APPARATUS. The presentfrhventlon rel ates generally to &+ nk-jet type
tecordi ng apparatus. It “felates especially to an ink-jet type recording
apparatus jetting ink droplets fromnozzles to record recordi ng i mages such
as characters, of a type in which an ink tank is nmounted on a carri age.

e

METHOD OF FILLING INK IN INK SUPPLY PASSAGES AND INK-JET
‘ RECORDING APPARATUS '

The present invehtion relates generally to a method of filling
ink in ink supply passages and an ink-jet recording apparatus.
It relates especially to an ink-jet recording apparatus jetting -
5 ink droplets from nozzles to record recording images such as
characters, of a type in which an ink tank is mounted on a

carriage.

The ink-jet type recording apparatus includes a couple

of types, i.e., one type where an ink tank is dlsposed on a

10 suitable portion of a body and ink is supplled from the ink

tank to a print head unit through an ink supply pipe such as &

tube, and another * | type where an ink tank is housed on a
carriage on wﬁich a print head unit is'mounted.

The latter type, so called an on-carriage tjpe, has an

15 advantage in that the 'ink__supply pipe is not required.

However, in this type the ink tank, an ink supply passage, a

filter and the like must be'disposed.in a limited space, i.e.,

on a carriage. . That is, freedom in structural design is

suppressed. Therefore, particularly it would be technically

29 difficult to avoid air bubblef which likely_generate wheh ink

is 'supplied f.rom the ink tank .to the print head unit ér

eliminate the air bubbles once occurxrred. Further, when the ink

tank is mounted- on the carriage manually, unintentional
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The”i nk- et fype recor di appar at us intludes a couple oixﬁypes “i.é., one
type wher e an |nk tank |s ~di'sposed on a suitable portior:pf a body and ink

i$ supplie tank to a pr t head unit through an ink supply
pi pe such g% Y ﬂgs %ékﬁaﬁowﬁgg dafrge &9 the peminhensdusiaviaes

carriage o |s nount e The latter type, so called
an on- carrlﬂla e ty‘& Q#asrgla]pneﬁi&h&l € may cRter ghe 1Bk fank.

| Further, filling fluid is required to be filled in the

ink supply passages of the print head unit at the time of the

-

5 off-the-shelf to avoid problems caused by air bubbles which may
arise when ink is initially filled in the passages.

The present invention provides ‘an improved method of.'fil.ling ink' in 'ink
supply passages according to independent clé.imsl and 3 and an ink-jet type i
recording apparatus according to independent claim 15. Further )
advantageous features, aspects and details of the invention are evident i
from the dependent claims, the description and the drawings. The claims

are intended to be understood as a first non-limiting approach of defining !

the invention in general terms.

The present invention was made especially in view of the aforementioned
difficulties accompanying the conventional ink-jet recording apparatus of
the on-carriage type. Therefore, a specific aspect of the invention is to
provide an .1.nk -jet type recording apparatus, preferably one_ in

which a prlnt head and an ink tank are mounted on a carriage,

capable of exhausting air bubbles immediately after they are

ggnerated, reducing a possibility of unintentional accidents;
15 - and supplying ink even in case where a positional defleétion

presents between the ink tank and the print head unit.

It is another aspect of the invention to provide an
ink-jet type recording apparatus capable of controiling
generations of air bubbles in an ink supply passage from the

20 ink tank to the print head.

The above and other aspects can be achieved by a

provision of an ink-jet type xrecording apparatus which,
according to a special aspect of the present invention, includes a

connecting : |
member which is provided with a first ink supply passage

25 disposed in a carriage and extending in parallel toward a print
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advantage - i that the |nk supply pipe :@i s not requL(ed However, in
this type the ink tank, aﬂ ink supply passage, a filter:gnd the |ike nust
be disposed in a linited 'space, i.e., on a carriage. That is, freedomin
structural design is suppressed. Therefore, particularly it mould be
technically difficult to avoid air bubbles which |ikely generate when ink
I's supplied fromthe ink tank to the print head unit or

head unit and a second ink supply passage extending upwardly'
and communicated with the ink tank and the first ink supply
passage, an ink head unit connected to the connecting member
for jetting ink droplets corresponding to print signals, a
5 . hollow needle engaging with a needle insertion hole of the ink
tank, a filter member provided in parallel with a tapered
concave portion formed between the hollow needle and the second
ink supply passage, a cap member detachably mounted on the
print head unit for communicating with a suction pump, and a
10 control member for driving the suction pump in a first suction
mode which operﬁtes intervally and a seéond suction mode which

[y

operates continuously.
Aftér'mounting the ink tank onto the carriage, when ink

is supplied to the priht head unit, the ink flows through the

15 filter member smoothly under the first suction mode thereby to
suppress the occurrence of air bubbles by the filter member.
Since the filter member is disposed between an upper and lower
tapered concave members the air bubbles generated in this area
moves along inclined surface of the concave membér toward the

20 ink tank so that the air bubbles do not flow into the print

head unit.

Fig. 1 is a schematic view showing an ink supply system
of an ink—jet' type recording apparatus according to one

2s embodiment of the present invention;

_*“—--—__~___~q_
This Sheet Has BeenR

T Ill T e




el-fminate the air
nmounted on the

bubbl es once occurred Further
a nechani ca

when 4he ink tank
carri¥gge nmanually, unintentional TaFD -
damage to the periphera

s
devi ces

accidents like

Fig. 2 is a perspective view showing one example of the

print head unit illustrated in Fig. 1;

Fig. 3 is a perspective view showing one embodiment of

the carriage on which the print head unit and the ink tank are
5 mounted;

Fig. 4 is a sectional view showing a state of the print

head unit according to the present invention;

Fig. 5 is a perspective view showing a structure of a

carriage according to the present invention;

10 Fig. 6 is an enlarged sectional view showing a filter
member; '
Figs. 7A, 7B and 7C show a process of assemﬁling the
filter member;
Fig..8_1s a time chartlshowing an interval suction
15 .

operation and continuous suction operation according to the
present invention; and
Fig. 9A, 9B,

9C and 9D are schematic views showing
states of ink flow and air bubbles

20 The preferred embodiments of the present invention will
now be described in detail with reference to accompanying
drawings. . )

Fig. 1 is a schematic view showing one embodiment of
the present invention

25

A print head unit 1 of an ink-jet type
connects to an ink tank 3 through a connecting member 2 Ink

I
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may occur or air bubble;unay enter the ink tank. Furthegn filling fluidis
required to be filled ifigt he ink supply passages of the? prlnt head unit at
the tine of the off- the-shelf to avoid probl enms caused by air bubbles
which nmay .arise when ink is initially filled in the passages. Docunent

DE- A-26 54 049 discloses a liquid distributing systemfor use in an ink Jet
recordi ng nmeans. The system conprises a

which is impregnated in a foam member 11 accommodated within
the ink tank 3 is supplied to the print-.head unit through-'a
hollow needle 9 and an ink supply passégel13 defined in the
connecting member 2, so that the print head unit 1 emits ink
5 droplets in accordance with print signals.
Fig. 2 is a perspective view showing one example of the
print head unit 1 illustrated in Fig. 1. The ink is flown to
a reservoir 20 through a rising conduit 15 coupled to the ink
supply passage 13, and the reservoir 20 supplies through ah ink
10 supply_port 21 ink therein by an amount consumed by each of a
pressure generating chamber 22. A vibrating plate 23-seale the
pressure generating chambers 22, and an end of each
piezoelectric vibrating members 24, 24, 24... abuts against the
vibrating plate 23 at a position corresponding to the
15 respective pressure generating chambers 22, 22, 22... Each of
the piezoelectric vibreting members 24, 24, 24... expands and
shrinks in response to the print signai so that the volume of
each of the pressure generating chambers 22 is decreased and
increased, thereby to suck ink from the reservoir 20 to the
20 pressure generating chamber 22 or emit the ink droplets from
nozzle openings 27 formed on a nozzle plate 26.
Referring now back to_Fig. 1, the apparatus of the
invention also includes a cap.hember 4 dis?osed at ﬁon—printing

area, which cap member comes into abutment against the nozzle

25  plate 26 of the print head unit 1 by a drive mechanism (not
shown) for preventing the nozzle openings 27, 27, 27... from
This Sheet Has Been Replaced : -5 _
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‘blfocKing and control nmeans. A liquid froma liquid contakner is prbvided
via side tubes into the#gistributing systemwhich is ndwited with screws
onto an internediate liduid container. The. nunber of tubes com ng sideways
out of the distributing systemis not restricted and can conpri se one or
nore side tubes. The liquid comng out of the |liquid container
enters the distributing systemat a first flange. Fromthis point, the

drying. The cap member 4 connects through a tube 12 to a
suction pump 5 which is operated by a control device 6 to suck
corrected ink in the cap member 4. The suction pump 5 may be
of a so-called tube pump type in which a plurality of rollers
5 arranged on a support member spaced apart from one another on
a common periphery thereof abut elastically against an elastic
tube arranged circularly, and the support member is rotatéd in
one direction by a direct current motor. The apparatus shown
_'in Fig. 1 is also provided with an effluent tank 10 connected
10 to an outlet port of the suction pump 5 through a tube 113.
Fig. 3 is a perspective view showing one embodiment of
the carriage on which the print head unit and the ink tank are
mounted. A carriage 30 reciprocally moves along a platen (not
shown) guided by a guide lock 31. An ink tank holder 32 is
15 disposed on an upper surface of the carriage 30 fpr holding the
ink tank 3. A lever 33 is rotatably supported on the holder 32
for holding and securing the ink tank 3 by engaging with an
engagement section of the ink tank 3.
| Fig. 4 is a sectional view showing a state where the
20 print head unit 1, the carriage 30 and the Connecting member 2
connected therebetween. The connecting member 2, especially an
elastic joint 95 thereof is disposed between the ink tank 3 and
the print heaa unit 1 for pféventing a downward force of the
ink tank 3 from largely transferring to the print head unit 1
25 when the ink tank 3 is mounted on the carriage 30, and

absorbing the positional deflection created therebetween.
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liquid-is goi ded through chanbers to a second flange thal connects the

di stributing systenlmAFh an internmediate |iquid contai et . The side tubes
are connected with a third flange, which is in liquid connection with one
of the chanbers. Afilter is provided in another chanber of the
distributing system Further, docunent WO A-89 10265 di scl oses a system for
reduci ng _

Therefore, the ink tank 3 and the print head unit 1 are
affirmly engaged therewith. .
The ink supply'port 46 has a wall 46a projecting inward
of the housing of the ink tank 3 and compressing the foam
5 member 11 in the vicinity of the ink supply port 46. Since the
pore size of the foam member 11 which is compressed by the wall
46a of the ink supply port 46 is smallexr than that of the other
part, the capillary force of the foam member 11 in the vicinity
of the ink supply port 46 is large compared to the other
10 portion thereof. Accordingly, ink which is impregnated in the
foam member 11 is gathered toward the ink supply port 46 so
that ink can be consumed up to the last drop. The wall 46a of
the ink supply port 46 is located close to and spaced from the
wall of the ink tank housing as shown in Fig. 4.
15 As shown in Fig. 5, the connecting member 2 is
generally U-shaped'and prbvided with a body 42 and a pair of
leg portions 41, 41 disposed.at both sides of the body 42. A
cylinder body 44 for receiving a connecting conduit 43 of the
ink tank 3 is formed on an upper center of the body 42 between
20 the leg portions 41 and 41. A first ink supply path 45
.directing substantially in parallel with respect to the
recording apparatus connects an inner side surface 42a of the
body 42 to the center of'thé_éylinder body 44. A hollow needle
9 projects upward from a center part of the cylinder body 44
25 and communicates wifh the ink supply path-45. The hollow

needle 9 penetrates the ink supply port 46 of the ink tank 3.
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pressure transients in an ink jet print head that are rﬂpldent ‘to the head
traversing a platen durlhg the printing process. In thrsxmay I nk drops may
*be pl aced accurately on a recording nmedium This result is achieved by
providing a pressurized ink supply path that includes a danping

chanber containing a conpressible fluid and that is situated along an ink . .

return conduit.

As shown in Fig. 6, a through hole 50 of the needle 9
communicates with fhe first ink path 45 through a second ink
supply path 47 directing substantially in vertical with respect
to the recording apparatus. A filter member 51 is arranged in

5 a flow passage connecting between the hollow needle 9 and the
second ink supply path 47. Specifically, the filter membexr 51
positions between a tapered concave portion 52, an upper
portion of which is widened, formed in the connecting member
body and a tapered concave portion 53, a lower portion of which

10 is widened, formed below the hollow needle 9. The filter
member 51 is laid in and perpendicular to a vertical ink supply
passage communicating betweeﬁ the through hole 50 of tﬁe hollow
needle 9 and the second ink supply péth 47. The filter member
51 is formed of SUS fine wires by twill weaving to
1s approximately 2000 ﬁesh.

The taper angles 81 and 82 of the concave pbrtion 52
and 53, respectively, are defined within a range between

_sﬁbstantially'30° and 60°. These angles are selected to have
a function to efficiently lead air bubbles within the éoncave
20 portions 52 -and 53 to move upward therealong.

Figs. 7A, 7B and 7C’ show a process of assembling the
filter member 51. A concave 80 fofmed at an.opening part of
the tapered concave portion 55 formed on the connecting member

body 42a is designed to have a diamefer engageable with a

25 bottom of the hollow needle 9. The tapered concave portion 52
is formed at the center of the concave 80. A xing-like
/
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af or ement i oned di ffi culig

i es acconpanying the conventi 6AAl i nk- ] et

recordi ng apparatus of the on-carriage type. Therefore, a
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protrusion 82 is formed on a step part B8l to surround the
tapered concave portion 52.

The filter member 51 is laid on the ring-like
protrusion 82 as shown in Fig. 7A. ©Under this condition, a
heat is applied to the protrusion 82 through the filter member
51 so that a fusing part 82’ of the protrusion 82 is
selectively fused to penetrate into the mesh of the filter
member 51 as illustrated in Fig. 7B.

On the other hand, the hollow needle 9 is provided with
a flange 86 contacting an upper surface 87 of the connecting
member body 42 in the vicinity of a bottom 85 thereof which is
engageable with the concave 80 of the connecting mem%er'body'
42. The flange 86 is provided with an annular groove 88 on the
bottom surfacg thereof and an annuler protrusion 89 which is V-
shaped in cross section. The annular protrusion 89 is disposed
at an outer side of the annular groove 88.

Next, the hollow needle 9 is inserted in the concave
portion 52 on which the filter member 51 is fgse bonded as
shown in Fig. 7C.. Then an ultrasonic rays are applied to the
flange 86 so that the protrusion 89 is selectively fused to .
thereby fuse bond to the connecting member body 42. During the
fusion process, the remained pért of the protrusion 89 flows
into the annuiar groove 88.- Accordingly, the remained part
would not be forced out of the flange 86. As a result, the.

filter member 51 is secured air-tightly between the connecting

member body 42 and the hollow needle 9.
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speci,fic object of the.invention is to provide an ink- fet type recording
apparatus, preferably @&e in which a printhead and an ik tank are nounted
vn a carriage, capable of exhausting air bubbles imrediately after they are
generated, reducing a possibility of unintentional accidents, and supplying
I nk even in cases where a positional deflection is present between the ink
tank and the print head unit.
The leg portions 41, 41 of the connecting member 2 is
provided with a pair of positioning pegs 90, 90 projecting from
a center of the inner side thereof, which pegs engage with
mounting holes 93 formed on flange portions 92 extending from
5 both the sides of a head base body 91. The pegs 90 and the
mounting holes 93 are finally secured integrally by screws 94.
One end of the rising conduit 15 of the print head unit
1 faces the head base body 91 at a portion corresponding to the
ink passage of the connecting member 2. The-rising conduit 1S
10 communicates with .the first ink supply path 45 of the
connecting member 2 through the elastic joint 95. As shown in
Fig. 5, the apparatus also includes a circuit substrate 97
fixed onto an upper surface of the head base body 91.
In the embodiment described above, when the ink tank 3
15 is installed on the carriage 30 and the lever 33 is pulled
down, the hollow needle 9 enters the connecting conduit 43 of
the ink tank 3. Under fhis condition, when the cap member 4 is
mounted on the print head unit 1 and the suction pump 5 is
actuated, the suction force by the pump 5 is apglied to.the
20 noizle openings 27, 27, 27... through the cap member 4. This
vacuum pressure is then applied to the ink tank 3 through the
first ink supply path 45, the filter member 51, the second ink
supply path 47 and the hollow needle 9, so that the ink

impregnated in the foam member 11 is forced into the ink flow

25 passages.

._\
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It°is anothér object of _the invention to provide an ink~ et type recording
appar at us capabl e of cdﬁﬁrolling generations of air bubbFes in an I nk
Supply passage fromthe ink tank to the print head. To solve these objects,

t he present
according to independent claim1l. Further advantageous features, aspects

~and

10

15

20

25

i nvention provides an inproved ink-jet type recording apparatus

Fig; 8 is a time chart showing.an interval suction
operation and continuous suétion opefation described
hereinbélow according to the present invention.

| After a certain time period within a range between 0.1
and 1 second, for example, has lapsed, the pump is once
deactivated thereby stopping the suction operation. After
that, at a stage where a certain time period within a range
between 0.1 and 1 sgcond, for example, has lapsed, the pump is
actuated again to suck ink from the foam member 11.

By the interval suction operation by actuating and
deactivating the suction pump 5 intervally, the flow velocity
V1l of the ink flowing through the ink supply passageé is much
suppressed to be slower than lmm/second, alsolthe flow rate of
which is alsq much suppréssed to be equal to or smaller than

0.0lcc/second. As a result, the ink passes through the filter

member 51 smoothly and, accordingly, the occurrence of

generating air bubbles by the mesh of the filter member 51 is
effectively avoided.- Even if air bubbles F are generated as
shown in Fig. 9A, the bubbles are broken by the mesh of the
filter member 51 when passing therethrough as illustrated in
Fig. 9B._ Then, small air bubbles £, £, f£... flow to the print
head unit 1lfrom the ink supply path 47 as shown in Fig. 9C.
By reéeating the intérval suction operations, ink is
filled in the flqw passages communicating from the ink tank 3
to the print head unit 1. At a stage after ink is fully filled

LTI




details of fhe |nventhn are evident from t'he dependent—~cl ai ns, the
descrlptlon and the draMﬁngs The ink-jet type recording apparatus

i ncl udes,

according to a special aspect of the present invention, a

connecting menber whi.ch is provided with a first ink supply passage
di sposed in a carriage and extending in parallel toward a print

10

15

20

25

unit 1, when the suction pump 5 is continuously actuated for
between 2 to 10 séconds, ink.flows at a- high speed V2, for
examplé a flow amount at this stage is approximate to
0.2cc/sec. from the ink tank 3 to the print head unit 1. In
this operation, the small air bubbles driven to the print head
unit 1 or adhered on a wall surface of the flow passages are
also flown to the head unit 1 by the high speed flow of ink and
then exhausted into the cap member 4 through the nozzle
openings 27. During the continuous suction opefation, since
the whole ink supply passages have been filled with ink, no air
bubbles generate. .

After filling ink in all the ink supply passag%s, when
print signals are output to the print'head unit 1, ink droplets
are emitted onto a recording sheet in accordance with the
recording-signals by means of a known operétion. Amount of ink
consumed by the print head unit is refilled from the ink tank
3 through the ink supply passages.

As described above, since the flon velocity of ink is
preset much slow at an initial stage of the filling, the
possibility of generating air bubbles is suppressed even in
case where the ink supply passages are filled with no ink.
Accordingly, filling fluid which is conventionally filled in
the ink supplj passages of tﬁé print head unit at the time of
the off-the-shelf is not required in the present invention.

further, even in case where an ink tank impregnating
ink which is not subjected with air removing treatment is

I ————
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-4- head uni't and a second ink supply passage extendi ng—upwardly and
comuni cated with the ﬁ%} tank and the first ink supply~passage, an ink
head unit connected to the connecting nmenber for jetting ink droplets
corresponding to print signals, a

10

15

20

25

installed on a cafriage, no air bubbles are remained in the ink
supply passages after fully filling the ink.

In the step of filling ink, the air bubbles flowing
froﬁ the ink tank 3 to the hollow needle 9 moves upward along
a tapered wall 33a of the concave portion 53 defining the
filter chamber as shown in Fig. 9D. Accordingly the air
bubbles do not enter the ink supply path 45 extending
substantially in parallel with réspect to the recording
apparatus. :Further, small dust or small particles of the foam
member 1l which may be flown out of the ink tank 3 is trapped
by the filfer;member 51 and would not enter the print head unit
1.

The effect of the interval suction operation of the
suction pump as described above'becomes the highest when the
paused duration of the suction operation 1is set from
approximately 0.2 to 0.5 second. Further, at a stage where all
ink within the ink tank 3 is consumed duriné the printing, if
-the'ink tank 3 is exchanged the control device 6 controls the
suction pump 5 to operate the first interval suction operation
and then the second continuous suction operation to £fill new
ink to the print héad unit 1 as described abovef

As described above, an ink-jet type recording apparatus

according to a specific aspect of the present invention

includes a connecting member

which is provided with a first ink supply passage disposed in
a carriage and extending in parallel toward a print head unit

and a second ink supply passage extending upwardly and

' This Sheet Has Been Replaced - 13 -
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hol | ow heedl’e engaging wWith a needle insertion hole of,ﬁﬂe ink tank, a
filter nenber provided«n parallel with a tapered concave portion fornmed
between the holl ow needl e and the second ink supply passage, a cap member
detachably rmounted on the print head unit for comunicating with a suction
punp, and a control nenber for driving the suction punp in a first suction
node which operates intervally and a second sucti on node which

communicated with the ink tank and the first ink éupply
passage, an ink head_unit connected to the connecting member
for jetting ink droplets coérespondiﬁg to print signals, a
hollow needle engaging with a needle insertion hole of the ink
S tank, a filter member provided in parallel with a tapered
concave portion formed between the hollow needle ard the second
ink supply passage, a cap member detachably mounted on the
print head unit for communicating with a suction pump, and a
control member for driving the suction pump in a first suction

10' mode which operates intervally and a second suction mode which
operates continuously. Therefoie, after mounting the ink tank
onto the carriage, when ink is supplied to the print head unit,
the ink flows through the filter member smoothly under the
first suction mode thereby to suppress the occurrence of air

15 bubbles by the filter member. Since the filter member is
disposed between an upper and lower tapered concave members the
air bubbles generated in this area moves along inclined surface
of the concave member toward the ink tank so that the air
bubbles do not flow into the print head unit.

20 Further, since the apparatus of the invention includes
the connecting member for connecting the ink tank to the print
head unit so that the print heéd unit 1is mounted on the
carriage in parallel directién, the ink tank can be assembled
onto the carriage without applying a strong force to the print

25 head unit which is accurately and sensitively assembled.

Furthermore, the ink tank can be interconnected to the print .
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6peratés conti nuousl y. /ﬁgter nounting‘the i-nk tank ontg«;he carriage, when .
ink is supplied to thezprint head unit, the ink flows %krough the filter
‘renber smoot hly under the first suction mode t hereby to suppress the _
occurrence of air bubbles by the filter nenber. Since the filter menber is
di sposed between an upper and | ower tapered concave nenbers the air bubbles

generated in this area

head unit under a condition where the undesirable positional
deflection which deteriorates the quality of emitting the ink
droplets can be suppressed as small as possible.

Moreovex, since the elastic joint is disposed between

5 the connecting member and the print head unit and a sealing
portion disposed on one surface-théreof covers and seals the
ink passage opening, the print head unit can be accurately
assembled to communicate with the connecting member in spite of
positional deflection between them, by simply mounting the

10 print head unit onto the connecting member.

Although the foregoing embodiment show a uni-colbr type
recording apparatus in which a single ink tank is empléyed, the
invention is not limited thereto or thereby. For example, the
invention can.be applied to a colﬁr type recording apparatus in

15 which four ink tanks each of which contains ink of cyan,
mazenta yellow and black.. In this type, the structure and
function of each of the ink tank, carriage, print head unit and
connecting member are the same as those shown-iﬁ the embodiment

described above.

\
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noves. dl ong “inclined syrface of the concave nenber towatd the ink tank so
that the air bubbles dgzhot flow into the print head unit . Fi g. 1is a
'schematic view showing an ink supply systemof an ink-jet type recording

appar atus accordi ng of the present invention;
AN e e femten
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1. A method for filling in ink supply passages of an ink-jet
5 type recording apparatus having a print head comprising

at least one nozzle opening during a pre printing stage
of operation especially after mounting an ink tank

comprising the steps of
10 contacting the nozzle opening with suction means;

intervalically applying a suction force wvia said
suction means to said nozzle opening over a first
period of time; and

15 | .
continuously applying a suction force via said
suction means to said nozzle opening over a second

period of time.

20 2. The method of claim 1 comprising the further steps of
assembling a print head unit comprising nozzle openings

onto a carriage;

mounting an ink tank filled with ink on said print head
25 unit through a connectlng member comprlslng an empty ink

supply passage;

intervalically actuating a suction pump for applying a
suction force to said nozzle openings of said print head
30 unit, so ‘that ink allows to flow into said empty ink
supply passage, and continuously actuating.said suction

pump.

3. A method of filling ink in ink supply passages of an ink-
35 jet type recording apparatus at an initial stage of

mounting an ink tank, comprising steps of:

..‘6_
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Fig. 2°is a'perspect i ve_vi ew showi ng one exanple of the-~print head unit
illustrated in Fig. 1; /?QQJ 3 is a perspective view sht#t ng one enbodi nent
-of the carriage on which the print head unit and the ink tank are nount ed;

T Y OO

assembling a print head unit . comprising nozzle

openings onto a carriage;

5 mounting an ink tank filled with ink on said print
head unit through a connecting member comprising an
empty ink supply passage;

intervalically actuating a suction pump for applying
10 ‘a suction force to said nozzle openings of said print
head unit, so that ink allows to flow into said empty

ink éupply passage; and

continuously actuating said suction pump.
15 s
4. The ink f£filling method of any one of the preceding
claims, wherein an ink flow rate during the intervally
sucking step is smaller than that during the continuously
sucking step.
20
' 5. The ink filling method of Claim 4, wherein the ink flow
rate during the intervally sucking step is equal to or
smaller than 0.0lcc/second, and the ink flow rate during
the  intervally .sucking step is = approximately
25 0.2cc/second. '

6. The ink £illing method of any one of the preceding
claims, wherein said interval suction step comprises
steps of: |

30 )
actuating the suction pump for a time period within a

range between 0.1 to 1 second;

deactivating the suction pump for a time period

35 within a range between 0.1 to 1 second;
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‘Fig. 4°is a sectional yLFM/shomnng a state-of the pring=head unit accordi
to the present inventiighl Fig. 5 is a perspective VIeMﬁShOMAng a structure
-of a carriage according to the present invention; Fig 6 s an entarget—

secti onal

10

15

20

25

30

35

view showing a filter
of assenbling the

10.

11.

12.

13.

actuating the suction pump again; and
repeating a several times said actuating,
deactivating and actuating again the suction pump

steps.

The ink filling method of claim 6, . wherein said
deactivating period of the suction pump is within a range

between 0.2 and 0.5 seconds.

The ink filling methdd of any one of the preceding
claims, further comprising a step of disposing a filter
member in said ink flow passage at a tapered concave

chamber thereof.

The ink filling method of claim 8, wherein tapered angles
of said tapered concave chamber is defined within a range
between 30° and 60°

The ink filling method of claim 8 or 9, wherein said
filter member is fuse bonded in.said concave chamber to

said connecting member.

The ink filling method of any one of the preceding
claims, wherein said ink tank accommodates therein a foam

member impregnating ink.

The ink filling method of cldim 11, wherein said foam
member is compressed in the vicinity of an ink supply

port of said ink tank projecting inward thereof.

The ink filling method of any one of the preceding
claims, further comprising a step of exhausting corrected

ink to an effluent tank connected to the suction pump.
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filter menber; Fig. 8 i{s})a time chart showing an interval suction operatlon
Q

and contlnuous suction eration; and Fig. 9A, 93, 9CTaft hemati c

_Hﬁd‘gBA%uiJﬂ;____‘
\é:c e}[/\ﬁesg(r)\é\nsgﬁt s;[ ﬁ'\[/gﬁt ?I)nl \r/]\nkl }‘ | ow and air bubbles. The p MI"I Im"mmm”mrt S

14. The ink filling method of claims 2 to 13, wherein the

suction chamber is of a tube type.

15. An ink-jet type recording apparatus comprising:

5
a carriage (30) moving reciprocally and preferably
along a platen of the recording apparatus;
a print head unit (1) mounted on said carriage (30);
10 | |
an ink tank (3) mounted on said carriage (30) for
containing ink
means (2) mounted on said carriage (30) for
15 connecting said ink tank to said print head unit (1),
said connecting means comprises: |
first ink supply path (45) extending substantially in
parallel with respect to the recording apparatus
20 preferably the platen and connecting to said print
head unit (1); and
second ink supply path (47) communicating said ink
tank (3) with said first ink supply path (45),
25
' means (9) connected to said second ink supply path,
(47)for supplying ink from said ink tank (3), said
means (9) defining with said second ink supply path
(47) a tapered concave chamber (52,53); and
30 )
means (51) disposed in said tapered concave chamber
(52,53) for filtering the ink.
16. The ink-jet type recording apparatus of claim 15, wherein
35 said first ink supply path (45) connects via non—riéid

coupling means, to said print head uhit (1),
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_nQM/be'descFibed_in defqil with reference to acconpanyrﬂg drawi ngs. Fig.
is a schematic view shawi ng one enbodi nent of the present I nvention. A

print head unit 1 of an i nk- jet type connects to an ink tank 3 through a
connecting member 2. Ink el

10

15

20

25

30

35

17.

18.

19,

20.

21.

The ink-jet type recording apparatus of Claim 16, 2
wherein said connecting means comprises an elastic joint
(96) 3 through which said first ink supply path (45) and
said print head unit (1) are connected to each other.

The ink-jet type recording apparatus of any one of claims
15 to 17, wherein said ink supply means (9) comprises a
hollow needle penetrating said ink tank (3).

The ink-jet type recording apparatus of Claim 18, wherein
said hollow needle (9) is separately provided and fuse

bonded to said connecting means (42).

The ink-jet type recording apparatus according to.any one
of claims 15 to 19 wherein said second ink supply path
(47) is extending upward with respect to the recording
apparatus, especially the platen, and said ink filtering
means (51) is laying in an essential parallel direction
with respect to the recording apparatus; preferably the

platen.

The ink jet-type recording apparatus of any one of claims
15 to 20 further comprising

a suction pump (5);

a cap means (4) detachably mounted on said print head
unit (1) and connecting to said suction pump (S5); and
a control means (6) for driving said suction pump (5)
in a first mode where said suction pump is actuated
intervalically and a second mode where said suction

pump is actuated continuously.
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-6- which is rmpregnated—n—a—foam nerber 1 accommodated within the ink

.tank 3 is SUﬂ@%@QHss@eﬁﬁggnt head unit through a hol:Fow needl e 9 and an

ink supply pa in the connecting ne
head unit 1 emnﬂﬂlmn Fts in accordance with pri rlt‘““‘H“i“l“I““l“ ﬁm)

22. The ink-jet type recording apparatus of any one of claims
15 to 21, wherein said filtering means (51) is formed of
SUS fine wires® by twill weaving to approximately 2000

mesh.

23. The ink-jet type recording apparatus of any one of claims

15 to 22, wherein said connecting means comprises a first

tapered concave member (42), an upper portion (52) of

which is widened and said ink supplying means (9)

10 comprises a second tapered member, a lower portion (53)
of which is widened, said first and ' second concave

members defines said tapered concave chamber.

24. The ink-jet type recording apparatus of Claim 23, wherein
.15 tapered angles (07,67) of said first and second. concave
members are defined within a range between 30° and 60°.

25. The ink-jet type recording apparatus of any one of claims
15 to 24, wherein said filtering means (51) is fuse
20 bonded onto said connecting member(42).

26. The ink-jet type recording apparatus of claim 21 or any
claim dependent on claim 21, wherein under said first

mode said suction pump is actuated for a period within a

25 range between 0.1 and 1 second, deactivated for a period
within a range between 0.1 and 1 second, and actuated

again.

27. The ink-jet type recording apparatus of claim 26, wherein
30 said suction pump is actuated for a period within a range

between 0.2 and 0.5 second.

28. The ink-jet type recording apparatus of claim 21 or any
claim dependent on claim 21, wherein under said second
35 ' mode said suction pump is actuated for a period from 2 to

10 seconds.
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Fig. 27is a perspect|v9\V|eM/shomnng one exanple of thexprint. head unit 1
illustrated in Fig. 1.%%he ink is flown to a reservoir- 20 through a r|S|ng
conduit 15 coupled to the ink supply passage 13, and
supplies through an ink supply port 21 ink therein by a”un

each of a pressure generating chanber 22. A vibrating p mmmgﬂﬁrﬁ
pressure generating chanbers 22, and an end of eache

29. The ink-jet type recording apparatus .of claim 21 or any
claim dependent on claim 21, wherein ink flows at a first
flow rate under said first mode and flows at a second

5 flow rate under said second mode, and said first flow

rate is smaller than said second flow rate.

30. The ink-jet type recording apparatus of Claim 29, wherein
said first flow rate is equal to or smaller than
10 0.0lcc/sec., and said second flow rate is approximately

0.2cc/sec.

31. The ink-jet type recording apparatus of Claim 21 or any
claim dependent on claim 21, wherein said suction pump
15 (5) is of a tube type. '

32. The ink-jet type recording apparatus of Claim 21 or any
claim dependent on claim 21, further comprising an
effluent tank (10) connected to an outlet port of said

20 suction pump (5).

33. The ink-jet type recording apparatus of ény one of claims
15 to 32, further comprising . a foam member (11)

accommodated in said ink tank (3).

25
34. The ink-jet type recording apparatus of claim 33, wherein
said ink tank (3) comprises a wall (46a) projecting
inside for compressing said foam member (11).
30 35. The ink-jet type recordinyg apparatus of any one of claims

15 to 34 wherein said print head unit (1) is capable of

emitting ink droplets in response to print signals.
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pi ezoel'ectric vibrating.menbers 24, 24, 24 . abut s aga+nst the vibrating
plate 23 at a positio Fiorrespondlng to the respectiveéspressure generating
chanbers 22, 22, 22. Each of the pie€ezoelectric vibrating nenbers 24, 24,
24. .. expands and shrlnks in response to the print signal so that the :
volune of each of the pressure generating chanbers 22 is decreased and

I ncreased, thereby to suck ink fromthe reservoir 20 to the

ABSTRACT

An ink-jet type recording apparatus including a connecting
member (2) which is provided with a first ink supply passage
5 (45) disposed in a carriage and extending in parallel
toward a print head unit (1) and a second ink supply passage
(47) extending upwardly and communicated with the ink tank
(3) and the first ink supply passages (45), an ink head unit
(1) connected to the connecting member (2) for jetting ink
10 droplets corresponding to print signals, a hollow needle (9)
engaging with a needle insertion hole of the ink tank (3), a
filter member (51) provided in parallel within a tapered
concave portion (52,53) formed between the hollow needle (9)
and the second ink supply passage (47), a cap member (4)
15 detachably mounted on the print head unit (1) for
communicating with a suction pump (5), and a control member
(6) for driving the suction pump (5) in a -first suction mode
which operates intervalically and a second mode which

operates continuously.
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n &ihozzke plate 26. Referring now'back to Fig. 1, the

re sure Efratragﬂ) ~chanber. 22 or emt the i nk dropl etg~{rom nozzle
%é;g 0
'a

gpnvention al so incl udes a cap henber 4 di sposed at )J
n -pr| At ng area whi ch cap ‘menber cones into abutment against the nozzle
plate 26 of the print head unit 1 by & drive mechani sm (not shown) for
preventing the nozzl e.openi ngs 27, 27, 27:.. from
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4 connects through a tube 12 tOya suction punp 5
ntrol device 6.to suck correct&d ink in the ca
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on punp 5 may be of a so-called tubé punp type in
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arranged on a support megber spaced apart from one anotimgr on a conmon
pSeiifod Epgon [Torpafatadrut ‘Eastical |y against an el astic tube arranged
CciNewutR @pglicahibrt he support menber is rqtated in one direction by a g%r ct
c Qurefitlente 627488 appar atus shown in Fig. 1 is.also provided with a /

effluent tank 10 connected to an outlet port. of thé suction punp 5 through -

‘a tube 113.. Frg. 3 is. a perspéctive vi ew show ng one enbodi ment of
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tﬁ@l pr| nt head unit and the ink t@@k are mounted. A
g?%) cal I_}[ noves along a platen (not showf#) guided by a gthﬂf

i 2\% in ank holder 32 is disposed on an upper surface of the

carrlage 30 for hol di ng the ink tank 3. Alever 33 is rotatably supported

on the holder 32 for holding and securing the ink tank 3 by engaging with
an engagenent section of the ink tank 3.
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Feei kot Epspng Caigarpbiam view show ng a stat e -where t he ppi~at head unit 1, the
c&ﬁfﬁﬁgﬂﬁﬁeggglr%he cofipgcting' menber :2 connected ther ébttween. The < /g,
‘comndale NP-RRiSeFY 2, especi al Iy "an etastic joint 95 thereof is disposed .

bet ween, the ink tank 3 and the print head unit 1 for preventing ‘a downward -
force-of the ink tank 3 fromladrgely transferring t.o the pri.nt head unit 1~ @
when the ink tank 3 is rounted on the_cérriage 30, .and . ) '

3

FIG S
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as e bip go,{'f@grm%u@on defl ecti on creat ed t herebet > -8 - :
T%%&, liicaeidmk tank:B and the print head unit 1 aresaf fi rmy engageg/c\
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. c ti -
ﬂﬁ;ﬁgﬁgﬁgﬂﬁiﬁ§o¥?l46,Qas a wal | 46a-projecting inwargNof the housing of
#ik NRARk274-apd compressing the foam menber 11 in the vicinity of the?/ﬁ

‘ink supply pori..46. -Since the pore size of the foam nenber 11 which is
conpressed by the wall 46a of the ink supply port 46 is snmaller than that
of the other part, the capillary force of the foam menber 11 in the
vicinity of the ink supply port 46 is |arge conpared to the other
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R&ikbOthsoed@@bratdensor dingl y, ink whi ch ‘irs~i npregnat ed A the foam menb
INev 5P gabéctdohovar d th i'nk supply port 46 so that ihnkican be consune
tourt BE1d ast Sb29p-EpThe wal | 46a of the ink supply port 46 is located clo
to and spaced fromthe wall of the ink tank housi'ng as shown in Fig. 4.
the connecting menmber 2 is generally U shaped and
provided with a body 42 and a pair of -

shown in Fig. 5,
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bomgt

0
) efil@%%&‘? —gphe body 42 between the leg portions 41 and 41. Afir
i nk supply path 45 directing substantially in parallel with respect to the

recordi ng apparatus connects an inner side surface 42a of the body 42 to
the center of the cylinder body 44. A hollow needle

Flg. 9A . Flg.98 .

-

'&z-é&rat%ndi ;pd:séd at both sides~of the bodysA2. A cylinder body
¥
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9 projects upward froh1a center part of the cylinder body 44 and
communi cates with the ink supply path 45. The hol |l ow needle 9 penetrates

the ink supply port 46 of the ink tank 3. -9- - | REPLACEMENT SHEET

09 NOV 199

METHOD OF FILLING INK IN INK SUPPLY PASSAGES AND INK—JET
RECORDING APPARATUS

The present invention relates generally to a method of filling
ink in ink supply passages and an ink-jet recording apparatus.
It relates especially to an ink-jet recordiﬁg'apparatus jetting
ink droplets from nozzles to record recording images such as
characters, of a type in which an ink tank is mounted on a

carriage.

The ink-jet type recording apparatus includes a couple
of types, i.e., one type where an ink tank is diéposed on a
suifable portion of a body and ink is supplied from.the ink
tank to a print head unit through an ink supplf pipe such as a
tube, and another ° | type where an ink tank is housed on a
carriage on wﬁich a print head unit is mounted.

The latter type, so called an onécarriage tjpe; has an
advantage in that the ink supply pipe is not required.
However, in this type the ink tank, an ink suppiy'passage, a
filter and the like must be disposed in a limited space, i.e.,
on a carriage. That is, freedom in structural design is
suppressed. Thereforé; particularly it would be technically
difficult to avoid air.bubbles which likely generate when ink
is supplied from the. ink tank to the print head unit or
eliminate the air bubbles once occurred. Further, when the ink

tank is mounted- on the carriage manually, unintentional
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As “‘shown in Fig. 6, a through hole 50 of the needle 9 conmuni
first ink path 45 through a second ink supply path 47 directi
substantially in vertical with respect to the recordi ng appar

menber 51 is arranged in a fl ow passage connecti ng between the

at|us 0 GANOVI 1996

needl e 9 and the second ink supply path247. Specifically, thg filter nenber

51 positions bg}&eggs alh%gered concave_portion 52,

n U
mechanical damage to é% é)rlpheral devices

may occur or air bubble may enter the ink tank.

Further, filling fluid is required to be filled in the

ink supply passages of the prlnt head unit at the

time of the

off-the-shelf to avoid problems caused by air bubbles which may
arise when ink is initially filled in the passages.

The present invention provides an improved method of filling ink in ink

supply passages according to independent claimsl and 3 and

recording apparatus according to independent claim

-an ink-jet type

15. Further

advantageous features, aspects and details of the invention rare evident

from the dependent claims, the description and the drawings. The claims

are intended to be understood as a first non-limiting approach of defining

the invention in general terms.

The present invention was made especially in view of the aforementioned

difficulties accompanying the conventional ink-jet recording apparatus of

the on-carriage type. Therefore, a specific aspect of the

invention is to

provide an ink-jet type recording apparatus, pteferably one in

which a print head and an ink tank are mounted on

a carriage,

capable of exhausting air bubbles immediately aftexr they'are

-~

generated, reducing a possibility of unintentional accidents,

and supplying ink even in case where a positional deflection

presents between the ink tank and the print head unit.

It is another aspect of the invention to provide an

ink-jet. type xrecording apparatus capable of

controlling

generations of air bubbles in an ink supply passage from the

ink tank to the print head.-

The above and other aspects can be achieved by a

provision of an ink-jet type recoxding apparatus which,
according to a special aspect of the present invention, includes a

connecting

member which is provided with a first ink supply passage

disposed in a carriage and extending in parallel toward a print
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oftion of which is widened, formed in the connecti ng nmenbdr JBQ a '
_Papered concave portion 53, a |ower portion of which |s.m4.er2 EahéyEﬂJdSHEET
bel ow t he hol | ow needl e 9. The filter menber 51 is laid i jand
perpendicular to a vertical ink supply passage comunicatirlg jbengeNOVt 1986
t hrough hol e 50 of the hollow needle 9 gnd the second ink qupply path 47.
The filter nenber 51 is formed of SUS fine wires by tw | avimg 1o

head unit and a second ink supply passage extending upwardly
and communicated with the ink tank and the first ink supply
passage, an ink head unit connected to the connecting member
for jetting ink droplets corresponding to print signals, a
hollow needle engaging with a needle insertion hole of the ink
tank, a filter member provided in parallel with a tapered
concave portion formed between the hollow needle and the second
ink supply passage, a cap member detachably mounted on the
print head unit for communicafing with a suction pump, and a
control member for driving the suction pump in a first suction
mode which operates intervally and a second suction mode which
operates continuously.

After mounting the ink tank onto the carriage, when ink
is supplied to the print head unit, the ink flows through the
filter member smoothly under the first suction mode thereby to
suppress the occurrence of air bubbles by the filter member.
Since the filter member is disposed between an upper and lower
tapered concave members the air bubbles generated in this area
moves along inclined surface of the concave member toward the
ink tank so that the air bubbles do not flow into the print

head unit.

Fig. 1 is a schematic view showing an ink supply system
of an ink-jet type recording apparatus ‘according to one

embodiment of the present invention;
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approxi mately 2000 nesh. The taper angles [err]1 and [err]

portion 52 and 53, respectively, are defined wthin a rang®EBEACEMENT SHEET
"substantially 30 and 60[err]. These angles are selected tg T OT]
to efficiently lead air bubbles within the concave porti on

S 52
nove upward therealong. Figs. 7A, 7B and 7C show a process Qgpgﬂg §

t he

Fig. 2 is a perspective view showing one example of the
print head unit iliustrated in Fig. 1;

Fig. 3 is a perspective view showing one embodiment of
the carriage on.whieh the print head unit and the ink tank are
mounted;

Fig. 4 is a sectional view showing a state of the print
head unit according to the present invention;

Fig. 5 is a perspective view showing a structure of a
carriage according to the present invention;

Fig. 6 is an enlarged sectional view showing a filter
member; |

Figs. 7A, 7B and 7C show a process of assemﬁling the
filter member; |

Fig. 8 is a time chart showing an interval suction
operation and continuous suctien operation according to the
present invention; and

Fig. 9A, 9B, 9C and 9D are schematic views showing

states of ink flow and air bubbles.

The preferred embodiments of the present invention will
now be described in detail with reference to accompanying
drawings.

Fig. 1 is a schematic view showing one embodiment of
the present invention. A print head unit 1 of an ink-jet type

connects to an ink tank 3 through a connecting member 2. 1Ink
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fil'ter member 51. A concave 80 forned at an opening part o fre—tapered
cconcave portion 52 fornmed on the connecting nmenber body 42a iéEP&é\gE@ﬁgﬁ SHEET
have a di ameter engageable with a bottom of the hollow needief9. The

tapered concave portion 52 is fornmed at the center of the cpntaves ¥V 199

ring-Iike

5

which is impregnated in a foam membér 11 accommodated within
the ink tank 3 is supplied to the print-head unit through a
hollow needle 9 and an ink supply passage 13 defined in the
connecting member 2, so that the print head unit 1 emits ink
droplets in accordance with print signals.

Fig. 2 is a perspective view showing one example of the
print head unit 1 illustrated in Fig. 1. The ink is flown to
a reservoir 20 through a risin§ conduit 15 coupled to the ink
supply passage 13, and the.reservoir 20 supplies through an ink
supplylport 21 ink therein by an amount consumed by each of a
pressure generating chamber 22. A vibrating plate 23 seals the
préssure generating chambers 22, and an end of each
piezoelectric vibrating members 24, 24, 24... abuts against the
vibrating plgte 23 at a position corresponding to the
respective pressure generating chambers 22, 22, 22... Each of
the piezoelectric vibrating members 24, 24, 24... expands and
shrinks in response to the print signal so that the volume of
each of the pressure generating chambers 22 is decreased and
increased, thereby to suck ink from the reservoir 20 to the
pressure genefating chamber 22 or emit the ink droplets from
nozzle openings 27 formed on a nozzle plate 26.

Referring now back to .Fig. 1, the apparatus of the
invention also includes a cap member 4 diséosed at non-pfinting
area, which cap member comes into abutment against the nozzle
plate 26 of the print head unit 1 by a drive mechanism (not

shown) for preventing the nozzle openings 27, 27,.27... from

d
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- TO- protrusion 82 is formed on a step part 81 to surround t&%%ﬁQEMEMHSHEEr
concave portion 52. The filter nmenber 51 is laid on the rinpg-}ike

protrusion 82 as shown in Fig. 7A. Under this condition, a hept o NogwHderd
to the protrusion 82 through the filter nenber

6

drying. The cap member 4 connects through a tube 12 to a
suction pump 5 which is operated by a control device 6 to suck
corrected ink in the cap member 4. The suction pump 5 may be
of a so-called tube pump type in which a plurality of rollers
arranged on a support member spaced apart from one another on
a common periphery thereof abut elastically against an elastic
tube arranQed circularly, and the support member is rotated in
one directibn by a direct current motor. The apparatus shown
in Fig. 1 is also provided with an effluent tank 10 connected
to an outlet port of the suction pump 5 through.a tube 113.

Fig. 3 is a perspective view showing one embodiment of
thé carriage on which the print head unit and the ink tank are
mounted. A carriage 30 reciprocally moves along a platen (not
shown) guided by a guide lock 31. An ink tank holder 32 is
disposed on an upper surface of ﬁhe carriage 30 for holding the
ink tank 3. A lever 33 is rotatably supported on the holder 32
for holding and securing the ink tank 3_by engaging with an
engagement section of the ink tank 3.

Fig. 4 is a sectional view showing a state where the
print head unit 1, the carriage 30 and the connecting member 2
connected therebetween. The connecting member 2, especially an
elastic joint 95 thereof is disposed between the ink tank 3 and
the print head unit 1 for éreventing a downward force of the
ink tank 3 from largely transferring to the print head unit 1
when the ink tank 3 is mounted on the carriage 30, and
absorbing the positional deflection created therebetween.
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51 'so that a fusing part 82' of the protrusion 82 is sel ectf ya @mﬂ-
penetrate into the mesh of the filter nmenber 51 as illustr 'WﬁPZAé SﬁEET'

On the other hand, the hollow needle 9 is provided with a fjl ange
contacting an upper surface 87 of the connecting member body 4208hNDHéw96
vicinity of a bottom 85 thereof which ig engageable with tHe jconcave 80 of
t he connecti ng nenber body )

Therefore, the ink tank 3 and the print head unit 1 are
affirmly engaged therewith.

The ink supply port 46 has a wall 46a projecting inward
of the housing of the ink tank 3 and compressing the foam
member 11 in the vicinity of the ink supply port 46. Since the
pore size of the foam member 11 which is compressed by the wall
46a of the ink supply port 46 is smaller than that of the other
part, the capillary force of the foam member 11 in the vicinity
of the ink supply port.46 is large compared to the other
portion thereof. Accordingly, ink which is impregnated in the
foam member 11 1is gathered toward the ink supply port 46 so
that ink can be consﬁmed up to the last drop. The wall 46a of
the ink supply port ‘46 is located close to and spaced from the
wall of the ink tank housing as shown in Fig. 4.

As shown in fig. 5, the connecting member 2 is
generally U-shaped and provided with a body 42 and a pair of
leg portions 41, 41 disppsed.at both sides of the body 42. A
cylinder body 44 for receiving a connecting conduit 43 of the
ink tank 3 is formed on an upper center of the body 42 between
the leg portions 41 and 41. A first ink supply path 45
directing substantially in parallel with respect to the
recoxding apparatus connects an inner side surface 42a of the
body 42 to the center of the cylinder body 44. A hollow needle
9 projects upward from a center part of the cylinder body 44
and communicates with the ink supply path 45. The hollow

needle 9 penetrates the ink'supply port 46 of the ink tank 3.
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42." The flange 86 is provided with an annul ar groove 88 onf{t "
surface thereof and an annul er protrusion 89 which is V- s aagﬂgﬁ%N&ﬂI$QEET

section. The annular protrusion 89 is disposed at an outer |sijde of the
annul ar groove 88. Next, the hollow needle 9 is inserted if§ §hel@dNBAI96
portion 52 on which the filter menber 54 is fuse bonded as|slhown in Fig.
7C. Then an ultrasonic rays are applied’to the

As shown in Fig. 6, a through hole 50 of the needle 9
communicates with the first ink'path 45 through a second ink
supply path 47 directing substantially in vertical with respect
to the reco;ding apparatus. A filter member 51 is arranged in
a flow passage connecting between the hollow needle 9 and the
second ink supply path 47. Specifically, the filter member 51
positions between a taperéd concave portion 52, an upper
portion of which is widened, formed in the connecting member
body and a tapered concave portion 53, a lower portion of which
is widened, formed below the hollow needle 9. The filter
member 51 is laid in and perpendicular to a vertical ink supply
paéSage communicating between the through hole 50 of tﬂe hollow
needle 9 and the second ink supply path 47. The filter member
51 is formeg of SUS f;ne wires by twill weaving to
approximately 2000 ﬁesh.

The taper angles 61 and 62 of the concave portion 52
and 53, respectively, are defined within a range between
substantially-30° and 60°. These angles are selected to have
a function to efficiently lead air bubbles within the concave
portions 52 and 53 to move upward therealong.

Figs. 7A, 7B and 7C- show a process of assembling the
filter member 51. A concave 80 formed at an opening part of
the tapered concave portion 52 formed on the connecting member
body 42a is designed to have a diameter engageable with a
bottom of the hollow needle 9. The tapered concave portion 52
is formed at the center of the concave 80. A ring;like
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flange 86 so that the protrusion 89 'is selectively fused to Uﬂﬁiﬂ@ EWﬁ%HE
.bond to the connecting nenber body 42. During the fusion prc .
remai ned part of the protrusion 89 flows into the annular gfo ve 88.
Accordingly, the remained part would not be forced out of thel f PEhNOVEHIEAS
aresult, the filter menber 51 is securgd air-tightly betwgen_the
connecting nenber body 42 and the hol |l ow needl e 9.

protrusion 82 is formed on a step part 81 to surround the
tapered concave portion 52.

The filter member 51 is laid on the ring-like
protrusion 82 as shown in Fig. 7A. ©Under this condition, a
heat is applied to the protrusion 82 through the filter member
51 so that a fusing part 82’ of the protrusion 82 is
selectively fused to penetrate into the mesh of the filter
member 51 as illustrated in Fig. 7B.

On the other hand, the hollow needle 9 is provided with
a flange 86 contacting an upper surface 87 of the connecting
member body 42 in the vicinity of a bottom 85 thereof which is
engégeable with the concave 80 of the connecting meﬁLer body
42. The flange 86 is provided with an annular groove 88 on the
bottom surfacg thereof and an annuler protrusion 89 which is V-
shaped in cross section. The annular protrusion 89 is disposed
at an outer side of the annular groove 88. |

Next, the hollow needle 9 is inserted in the concave
portion 52 on which the filter member 51 is fuse bonded.as
shown in Fig. 7C. Then an ultrasonic rays are applied to the
flange 86 so that the protrusion 89 is selectively fused to
thereby fuse bond to the connecting member body 42. During the
fusion process, the remained part of the protrusion 89 flows
into the annular groove 88. Accordingly, the remained part
would not be forced out of the flange 86. As a result, the
filter member 51 is secured air-tightly between the connecting

member body 42 and the hollow needle 9.
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The | eg portions 41, 41 of the connecting nenber 2 is provi 0, '

of positioning pegs 90, 90 projecting froma center of the }n A@ Mgwfng%ET

t hereof , which pegs engage with nounting holes 93 formed on ange portions

92 extending from ' 09 NOV 1996
10 '

—

The leg portions 41, 41 of the connecting member 2 is
provided with a pair of positioning pegs 90, 90 projectiﬁg from
a center of the inner side thereof, which pegs engage with
mounting holes 93 formed on flange portions 92 extending from
both the sides of a head base body 91. The pegs 90 and the
mounting holes 93 are finally secured integrally by screws 94.

One end of the rising conduit 15 of the print head unit
1 faces the head base body 91 at a portion corresponding to the
ink passage of the connecting member 2. The rising conduit 15
communicates with the first ink suppiy path 45 of the
connecting member 2 through the elastic joint 95. As shown in
Fig. 5, the apparatus also includes a éircuit substrate 97
fixed onto an upper surface of the head base body 91.

In thg embodiment described above, when the ink tank 3
is installed on the carriage 30 and the lever 33 is pulled
down, the hollow needle 9 enters the connecting conduit 43 of
the ink tank 3. Under fhis condition, when the cap member 4 is
mounted on the print head unit 1 and the suction pump 5 is
actuated, the suction force by the pump 5 is applied to the
nozzle openings 27, 27, 27... through the cap member 4. This
vacuum pressure is then applied to the ink tank 3 through the
first ink supply path 45, the filter member 51, the second ink
supply path 47 and the hollow needle 9, so that the ink
impregnated in the foam member 11 is forced into the ink flow

passages.
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both the sides of a head base body 91. The pegs 90 and th LﬁqaﬂfMﬂoSMEET
93 are finally secured integrally by screws 94. One end o he risin
“conduit 15 of the print head unit 1 faces the head base bpd oo
portion corresponding to the ink passage of the connectin nber 2.“%%%
rising conduit 15 conmunicates with theaiirst ink supply jpa
connecting menber 2 through the elastic joint 95. As sho LN

Fig. 8 is a time chart showing an interval suction
operation and continuous suction operation described
hereinbelow according to the present invention.

After a certain time.period within a range between 0.1
and 1 second, for example, has lapsed, the pump is once
deactivated thereby stopping the suction operation. After
that, at a stage where a certain time period within a range
between 0.1 and 1 second, for example, has lapsed, the pump is
actuated again to suck ink from the foam member 11.

By the interval suction operation by éctuating and
deactivating the suction pump 5 intervally, the flow velocity
V1 of the ink flowing through the ink supply passageé is much
suppressed to be slower than lmm/second, also the flow rate of
which is alsq much suppréssed to be equal to or smaller than
0.0lcc/second. As a result, the ink passes through the filter
member 51 smoothly and; accordingly, the occurrence of
generating air bubbles by the mesh of the filter member 51 is
effectively avoided. Even if air bubbles F are generated as
shown in Fig: 9A, the bubbles are broken by the mesh of the
filter member 51 when passing therethrough as illustratgd in
Fig. 9B. Then, small.air bubbles f, £, f... flow to the print
head unit 1 from the ink.supply path 47 as shown in Fig. 9C.

By repeating the interval suction operations, ink is
filled in the flow passages communicating from the ink tank 3
to the print head unit 1. At a stage after ink is fully filled
in the whole passages from the ink tank 3 to the.print head

I —
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Fig. 5 the apparatus also includes a circuit substrate 97 fied—erte-—ahwe—
_upper surface of the head base body 91. In the enbodi ment dqsﬂfPtkﬁfMﬁN@vﬁHEET
when the ink tank 3 is installed on the carriage 30 and the er 3315
pul | ed down, the hollow needle 9 enters the connecting condyit ﬁi qg ﬁhﬁ

ink tank 3. Under this condition, wheniphe cap nenber 4 is rfoynt 3 ﬂ t gﬁ
print head unit 1 and the suction punp 5 is

unit 1, when the suction pump 5 is continuously aétuated for
between 2 to 10 séconds, ink flows at a- high speed V2, for
example a flow amount at this stage is approximate to
0.2cc/sec. from the ink tank 3 to the print head unit 1. In
this operation, the small air bubbles driven to the print head
unit 1 or adhered on a wall surface of the flow passages are
also flown to the head unit 1 by the high speed flow of ink and
then exhausted into the cap member 4 through the nozzle
openings 27. During the continuous suction operation, since
the whole ink supply passages have been filled with ink, no air
bubbles generate. |

After filling ink in all the ink supply passag%s, when
print signals are output to the print head unit 1, ink droplets
are emitted Qnto a recbrding sheet in accordance with the_
recording signals by means of a known operation. Amount of ink
consuméd by the print head unit is refilled from the ink tank
3 through the ink supply passages.

As described above, since the flow velocity of ink is
preset much slow at an initial stage of the filling, the
possibility of generating air bubbles is suppressed even ‘in
case where the ink supply passages are filled with no ink.
Accordingly, £illing £luid which is conventionally filled in
the ink supply passages of the print head unit at the time of
the off-the-shelf is not required in the present invention.

Further, even in case where an ink tank impregnating

ink which is not subjected with air removing treatment is
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actuated, the suction force by fhe punp 5 is applied to the oggp CP
27, 27, 27... through the cap nenber 4. This vacuum pressure]i Mgﬂf?ﬁEET

applied to the ink tank 3 through the first ink supply path @5 the filter
menber 51, the second ink supply path 47 and the hol | ow needl ] 90 % §0¥hwos

the I nk inpregnated in the foam nmenber 181 is forced into th nk fl ow
passages.

installed on a carriage, no air bubbles are remained in the ink
supply passages after fully filling the ink.

In the step of filling ink, the air bubbles flowing
from the ink tank 3 to the hollow needle 9 moves upward along
a tapered wall 53a of the concave portion 53 defining the
filter chamber as shown in Fig. 9D. Accordingly the air
bubbles do not enter the ink supply path 45 extending
sﬁbstantially in parallel with respect to the recording
apparatus. Further, small dust or small particles of the foam
member 11 which may be flown out ofﬁthe ink tank 3 is trapped
by the filter member 51 and would not enter the print head unit
1.

| The effect of the interval suction operation of the
suction pump as described above becomes the highest when the
paused duration of the suction operation is set from
approximately 0.2 to 0.5 second. Further, at a stage where all
ink within the ink tank 3 is consumed during thelprinting, if
the ink tank 3 is exchanged the control device 6 controls the
suction pump 5 to operate the first interval suction operation
and then the second continuous suction operation to fill new
ink to the print héad unit 1 as described above.

As described above, an ink-jet type recording apparatus
according to a specific aspect of the present invention

includes a connecting member
which is provided with a first ink supply passage disposed in

a carriage and extending in parallel toward a print head unit

and a second ink supply passage extending upwardly and
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- 12 - Fig. 8is atine chart showing an interval suction [0 Otr——add
ccont i nuous suction operation described hereinbel ow. @ﬁbflCEMENT SHEET
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communicated with the ink tank and the first ink supply
passage, an ink head unit connected ﬁo the connecting member
for jetting ink droplets coéresponding to print signals, a
hollow needle engaging with a needle insertion hole of the ink
tank, a filter member provided in parallel with a tapered
concave portion formed between the hollow needle arid the second
ink supply passage, a cap member detachably mounted on the
print head unit for communicating with a suction pump, and a
control member for driving the suction pump in a first suctionm
mode which operates intervally and a second suction mode which
operates continuously. Therefore, after mounting the ink tank
onto the carriage, when ink is supplied to the print head unit,
the ink flows through the filter member smoothly under the
first suction mode thereby to suppress the occurrénce of air
bubbles by the filter member. Since the filter member is
disposed between an upper and lower tapered concave members the
air bubbles generated in this area moves along inclined surface
of the concave member toward the ink tank so that the air
bubbles do not flow into the print head unit.

Further, since the apparatus of the invention includes
the connecting member for connecting the ink tank to the print
head unit so that the print head unit is mounted on the
carriage in parallel direction, the ink tank can be assembled
onto the carriage without applying a strong force to the print
head unit which is accurately and sensitively assembled.

Furthermore, the ink tank can be interconnected to the print
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After a certain tine period within a range between 0.1 and IR
.exanple, has |apsed, the punp is once deactivated thereby L W%W%EET

suction operation. After that, at a stage where a certaijn fti ne period
within a range between 0.1 and 1 second, for exanple, has |l gps8& NOWelopy
is actuated again to suck ink fromthe igan1nenber 11. By {tHe interva

suction operation by actuating and .

head unit under a condition where the undesirable positional
deflection which deteriorates fhe quality of emitting the ink
droplets can be suppressed as small as possible.

Moreover, since the elastic joint is disposed between
the connecting member and the print head unit and a sealing
portion disposed on one surface thereof covers and seals the
ink passage opening, the print head unit can be accurately
assembled to communicate with the connecting member in spite of
positional deflection between them, by simply mounting the
print head unit onto the connecting member.

Although the foregoing embodiment show a uni-color type
recbrding apparatus in which a single ink taﬁk is emplgyed, the
invention is not limited thereto or thereby. For example, the
invention can'be applied to a colbf type recording apparatus in
which four ink tanks each of which contains ink of cyan,
mazenta yellow and black. In this type, the structure and
function of each of the ink tank, carriage, print head unit and
connecting member are the same as those shown ih the embodiment

described above.

This Sheet Has Been Replaced

N




deactivating the suction punp 5 |ntervaIIy, m V1 of the ink.
flow ng through the ink supply passages |s IIH’ H“mII! l I; be sl ower
than 1nm second, also the flow rate of h* scal s0 wuch suppressed to be

equal to or srral | er than 0.0lcc/second. As a result, the ink Qﬁgﬁ&nﬁ”éﬁéﬁ“

the filter rrenbemnd accorali ngly, the occur rlef&
gener ati ng ai ThipSiekirg the mesh of the filter nenber 53 iis
NIIIIIHIIIIHIIIIIHIII .
CLAIMS . —

1. A method for filling in ink supply passages of an ink-jet
type recording apparatus having a print head comprising
at least one nozzle opening during a pre printing stage
of operation especially after mounting an ink tank

comprising the steps of
contacting the nozzle opening with suction means;

intervalically applying a suction force via said
suction means to said nozzle opening over a first

period of time; and

continuously applying a suction force via said
suction means to said nozzle opening over a second

period of time.

2. The method of claim 1 comprising the further steps of
assembling a print head unit comprising nozzle openings

onto a carriage;

mounting an ink tank filled with ink on said print head

unit through a connecting member comprising an empty ink

supply passage;

intervalically actuating a suction pump for applying a
suction force to said nozzle openings of said print head
unit, so that ink allows to flow into said empty ink

supply passage, and continuously actuating said suction

pump.

3. A method of filling ink in ink supply passages of an ink-
jet type recording apparatus at an initial stage of

mounting an ink tank, comprising steps of:
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effectively avoided. Even if air bubbles F are generated as shown in Fig

9A, the bubbles are broken by the nmesh of the filter nmenber 51 when passing

therethrough as illustrated in Fig. 9B. Then, snmall air bu Dh@ﬁ&kﬁ fre e
i MENT FSHEET

flow to the priat—head—tuntt—1fromthe ink supply path 47 &s

A T 1T Sl ] e

|

assembling a print head wunit . comprising nozzle
openings onto a carriage;

mounting an ink tank filled with ink on said print
head unit through a connecting member comprising an
empty ink supply passage;

intervalically actuating a suction pump for applying
a suction force to said nozzle openings of said print
head unit, so that ink allows to flow into said émpty
ink supply passage; and

continuously actuating said suction pump.

4. The ink f£filling method of any one of the preceding
claims, wherein an ink flow rate during the intervally
sucking step is smaller than that during the continuously
sucking step.

5. The ink filling method of Claim 4, wherein the ink flow
rate during the intervally sucking step is equal to or
smaller than 0.0lcc/second, and the ink flow rate during
the intervally sucking step is approximately
0.2cc/second.

6. The ink filling method of any one of the preceding
claims, wherein said interval suction step comprises

steps of:

actuating the suction pump for a time period within a
range between 0.1 to 1 second;

deactivating the suction pump for a time period

within a range between 0.1 to 1 second;
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to'the print head unit 1. At a stage after ink is fully filled in the whol e

passages fronlthe I nk. tank 3 to the print head - 13 - unit 1, when the
suction punp 5 “ for REPLACEMENT SHEET
HII\lI\ I I|I\\ I ﬁ Il
| 09 NGOV 1996

actuating the suction pump again; and

repeating a several times said actuating,
deactivating and actuating again the suction pump
steps.

7. The ink filling method of claim 6, wherein said
deactivating period of the suction pump is within a range
between 0.2 and 0.5 seconds.

8. The ink filling method of any one of the preceding
claims, further comprising a step of disposing a filter
member in said ink flow passage at a tapered concave

chamber thereof.

9. The ink filling method of claim 8, wherein tapered angles
of said tapered concave chamber is defined within a range
between 30° and 60°

10. The ink £filling method of claim 8 or 9, wherein said
filter member is fuse bonded in.said concave chamber to

said connecting member.

11. The ink £filling method of any one of the preceding
claims, wherein said ink tank accommodates therein a foam

member impregnating ink.

12. The ink filling method of claim 11, wherein said foam
member is compressed in the vicinity of an ink supply
port of said ink tank projecting inward thereof.

13. The ink f£filling method of any one of the preceding
claims, further comprising a step of exhausting corrected
ink to an effluent tank connected to the suction pump.
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amount at tfj
the print he
the print. he
al so flown-t
exhausted into the cap nenber 4 through the nozzle

between 2-teo—16-seeonds;—ink flows at a high speed V2, forfe I
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14. The ink filling method of claims 2 to 13, wherein the

suction chamber is of a tube type.

15. An ink-jet type recording apparatus comprising:

a carriage (30) moving reciprocally and preferably
along a platen of the recording apparatus;

a print head unit (1) mounted on said carriage (30);

an ink tank (3) mounted on said carriage (30) for

containing ink

means (2) mounted on said carrxiage (30) for
connecting said ink tank to said print head unit (1),

said connecting means comprises:

first ink supply path (45) extending substantially in
parallel with =respect to the recording apparatus
preferably the platen'and connecting to said print
head unit (1); and

second ink supply path (47) communicating said ink
tank (3) with said first ink supply path (45),

means (9) connected to said second ink supply path
(47)for supplying ink from said ink tank (3), said
means (9) defining with said second ink supply path
(47) a tapered concave chamber (52,53); and

means (51) disposed in said tapered concave chamber
(52,53) for filtering the ink.

16. The ink-jet type recording apparatus of claim 15, wherein

said first ink supply path (45) connects via non-rigid

coupling means, to said print head unit (1).
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openi ngs 27. During the continuous suction operation, si nEe—l—h%_
supply passages have been filled with ink, no air bubbles eHEﬂﬂBEMEﬁft EET ’

filling ink in all the ink supply passages, when print sigha

to the print he oplets are emtted onto a fefo gga sheet
i n accordance \/\ﬂ mum |I1“I+ ” ﬁ.m gnalzp by neans of a knq b 01996
Amount of i nk

| -

17. The ink-jet type recording apparatus of Claim 16, 2
wherein said connecting means comprises an elastic joint
(96) 3 through which said first ink supply path (45) and
said print head unit (1) are connected to each other.

18. The ink-jet type recording apparatus of any one of claims
1S to 17, wherein said ink supply means (9) comprises a

hollow needle penetrating said ink tank (3).

19. The ink-jet type recording apparatus of Claim 18, wherein
said hollow needle (9) is separately provided and fuse

bonded to said connecting means (42).

20. The ink-jet type recording apparatus according to.any one
of claims 15 to 19 wherein said second ink supply path
(47) is extending upward with respect to the recording
apparatus, especially the platen, and said ink filtering
means (51) is laying in an essential parallel direction
with respect to the recording apparatus; preferably the
platen. |

21. The ink jet-type recording apparatus of any one of claims

15 to 20 further comprising
a suction pump (5);

a cap means (4) detachably mounted on said print head
unit (1) and connecting to said suction pump (5); and

a control means (6) for driving said suction pump (5)
in a first mode where said suction pump is actuated
intervalically and a second mode where said suction

pump is actuated continuously.
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consumed by the print head unit is refilled fromthe ink tamtpv‘

i nk supply passagesf—As—dese#+be? above, since the flow v¢l ge il
- preset much sl TN “ age of the filling, the pogsibility ofF
generating ai rommllmulmlmﬁ m’ssed even in case where the ir0<95m'm)l1996
passages are fiITed:mﬂth"nosink.:Accordhngly, filling fludwhichis

conventionally filled in

22. The ink-jet type.recording apparatus of any one of claims
15 to 21, wherein said filtering means (51) is formed of
SUS fine wires by twill weaving to approximately 2000

mesh.

23. The ink-jet type recording apparatus of any one of claims
15 to 22, wherein said connecting means comprises a first
tapered concave member (42), an upper portion (52) of
which 1is widened and said ink supplying means (9)
comprises a second tapered member, a lower portion (53)
of which is widened, said first and second concave

members defines said tapered concave chamber.

24. The ink-jet type recording apparatus of Claim 23, wherein
‘tapered angles (0;,07) of said first and second. concave
members are defined within a range between 30° and 60°.

25. The ink-jet type recording apparatus of any one of claims
15 to 24, wherein said filtering means (51) is fuse

bonded onto said connecting member(42).

26. The ink-jet type recording apparatus of claim 21 or any
claim dependent on claim 21, wherein under said first
mode said suction pump is actuated for a period within a
rangé between 0.1 and 1 second, deactivated for a period
within a range between 0.1 and 1 second, and actuated

again.

27. The ink-jet type recording apparatus of claim 26, wherein
said suction pump is actuated for a period within a range

between 0.2 and 0.5 second.

28. The ink-jet type recording apparatus of claim 21 or any
claim dependent on claim 21, wherein under said second

mode said suction pump is actuated for a period from 2 to

10 seconds. :
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the ink supply passages of the print head unit at the tinme of the
of f-the-shelf is not required, Further, even in case where a@g" Al
fr CACLAOEMENY Spprr

i mpregnating ink which is not s cted W th air renoving
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29. The ink-jet type recording apparatus .of claim 21 or any
claim dependent on claim 21, wherein ink flows at a first
flow rate under said first mode and flows at a second
flow rate under said second mode, and said first flow

rate is smaller than said second flow rate.

30. The ink-jet type recording apparatus of Claim 29, wherein
said first flow rate is equal to or smaller than
0.0lcc/sec., and said second flow rate is approximately

0.2cc/sec.

31. The ink-jet type recording apparatus of Claim 21 or any
claim dependent on claim 21, wherein said suction pump

-(5) is of a tube type.

32. The ink-jet type recording apparatus of Claim 21 or any
claim dependent on «claim 21, further comprising an
effluent tank (10) connected to an outlet port of said
suction pump (5).

33. The ink-jet type recording apparatus of ény one of claims
15 to 32, further comprising a foam member (11)

accommodated in said ink tank (3).

34. The ink-jet type recording apparatus of claim 33, wherein
said ink tank (3) comprises a wall (46a) projecting

inside for compressing said foam member (11).

35. The ink-jet type recording apparatus of any one of claims
15 to 34 wherein said print head unit (1) is capable of

emitting ink droplets in response to print signals.
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-14- installed on a carriage, no air bubbles are remained in

passages after fully filling the ink. In the step of filling}i
bubbl es flowing fromthe ink tank 3 to the hollow needle 9 QWQBW'EWH
along a tapered wall 53a of the concave portion 53 defining filter

chanber as shown in Fig. 9D. Accordinggdy the air

METHOD OF FILLING INK IN INK SUPPLY PASSAGES AND INK-JET
RECORDING APPARATUS

ABSTRACT

An ink-jet type recording apparatus including a connecting
member (2) which.is provided with a first ink supply passage
(45) disposed in a carriage - and extending in parallel
toward a print head unit (1) and a second ink supply passage
(47) extending upwardly and communicated with the ink. tank
(3) and the first ink supply passages (45), an ink head unit
(1) connected to the connecting member (2) for jetting ink
droplets corresponding to print signals, a hollow needle (9)
engaging with a needle insertion hole of the ink tank (3), a
filter member (51) provided in parallel within a tapered
conicave portion (52,53) formed between the hollow needle (9)
and the second ink supply passage (47), a cap member (4)
- detachably mounted on the print head unit (1) for
communicating with a suction pump (5), and a control member
(6) for driving the suction pump (5) in a first suction mode
which operates intervalically and a second mode which

operates continuously.

FIGURE 1
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bubbl es do not enter the ink supply path 45 extendi ng substantially in
parallel with respect to the recordi ng apparatus. Further, small dust or
smal | particles of the foam menber 11 which may be flown ou the ink

tank 3 is trapped by the filter nmenber 51 and woul d not ent rRE#@ﬂUﬂMEﬂ SHEE%”

head unit 1. The effect of the |ntervaH suction operation o .
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second. Further,
during the printing,
controls the suction punp 5 to operate
and then the second conti nuous suction
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i#ink to the print head unit 1 as-described above.

present invention includes a connecting nenber which is {rqg -

first ink supply passage disposed in a carriage and extendi ngggnm gr | ] el
toward a print head unit and a second i§|k suppl y passage {ext endi Q uﬁ%r(

and

FIG. 4

As descrj-bed—ahave . an
ink-jet type recording apparatus according to a specific jaREPLACEMENTNSHEET
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- 15 - comunicated with the ink tank and the first ink supply passage, an
ink head unit connected to the connecting nenber for jettjihg.ink droplets

corresponding to print signals, a  REPLACEMENT SHEET

L. : 09 NOV 1996




hol I ow needl e engaging with a needle insertion hole of the ink tank, a
filter menber provided in parallel with a tapered concave portion forned

bet ween the hol |l ow needl e and the second i nk supply passagé, T reRbek
detachably nounted on the print head unit for comrunicatin mMﬁWUItSHﬁE
punp, and a control nenber for driving_the suction punp injaffirst suctt
node which operates intervally and a sdcond suction node ithno NOV 1994
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ope?ates continuously. Therefore, after nmounting the ink tank_onto the

carriage, when ink is supplied to the print head unit, the ik —
through the filter nenber snoothly under the first suction n$d§é¢¢RgEMEthSﬂEET
suppress the occurrence of air bubbles by the filter nmenber. Since the.
filter nenber is disposed between an upper and | ower taperedf cpn®9§Qy
menbers the air bubbles generated in this-.area noves along ihc]ined surface
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of the concave nenber toward the ink tank so that the air bubbles do not
flowinto the print head unit. Further, since the apparatus ef.the

i nvention includes the connecting nmenber for connecting theji rﬂgplméﬂﬁ- HEEE
print head unit so that the print head unit is nmounted on tHe fﬁF&haga_Lﬁ__T
parallel direction, the ink tank can be assenbl ed onto the

applying a strong force to the print :

anri age w t hout

NOV 1904
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head unit which is accurately and sensitively assenbl ed. Furthernore, the
i nk tank can be interconnected to the print - 16 - head
condition where the undesirable positional

8

FIG. 9A

R



100594€ - %
defTectlon which deteriorates the quality of emtting the ink droplets can
be suppressed as small as possible. Mreover, since the elastic joint is
di sposed between the connecting nenber and t he print head unit and a

seal ing portion disposed on one surface thereof covers'angéﬁﬁiléEtuc —FHe
passage opening, the print head unit can be accurately as AGEMENT SHEET

comuni cate with the connecting menber in spite of
' ' 23 DEC 1a97.
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METHOD OF FILLING INK IN INK SUPPLY PASSAGES AND INK -
JET RECORDING APPARATUS.

s

The present invention relates "generally to an ink-jet type
recording apparatus. It relates especially to an ink-jet type
recording apparatus jetting ink droplets from nozzles to record
.recording images such as characters, of a type in which an ink
tank is mounted on a carriage. | '

The ink-jet type recording apparatus includes a couple
of types, i.e., one type where.an ink tank is diéposed on a
suitable p;:rtion of a body aﬁd ink J.S supplied from the ink
.tank to a print head unit through an ink supply pipe such as a
tube, and another . tvpe where an ink tank is ‘housed on a
carriage on whi ch a print head unit is mounted.

The latter type, so called an on-carriage type, has an
advantage in that the ink supply -pipe is not reguired.
However, in this type the -ink tank, an ink supply passage, a
filter and the like must be d;sposed in a limited space, i.e.,
on a carriage. That is, freadom in structural des;gn is
supprassed. Therefore, par.-ti.c_:ularly it would be technicall

difficult to avoid air bubbles which likely generate when ink

rt

is supplied from the ink tank to he print head unit ‘or
eliminate the air bubbles once occurred Further, when the ink

tank is mounted - on the carriage manually, uaintentional



pos'ftional defl ecti on between them by sinply nounting the pri nt head unit

onto the connecting nmember. Al though the foregoing embodi alluvv o
uni - col or type recordi ng apparatus in which a single ink {aEP MENWO&IQEET
the invention is not limted thereto or thereby. For exam)le, tre—TrventTpn

>4

can be applied to a color type recording apparatus in whig¢h f<2u3 DER 1ggylk‘
each of which contains ink of cyan, .

- g

accidents like a mechanical damage to the veripheral devices
may occur or air bubbles may enter the ink tank.

Further, £illing fluid is required to-be £filled in the ink
supply passages of the print head unit at the time of the off-
the-shelf to avoid problems caused by air bubbles which may
arise when ink is initially filled in the passages.

Document DE-A-26 54 049 discloses a liquid distributing system
for use in an ink jet recording means. The system, comprises a
blocking and control means. A liquid from a liquid container is
provided via side tubes into the distributing system which is
mounted with screws onto an intermediate liquid container. The
number of tubes coming sideways out of the distributing system
is not restricted and can comprise one or more side tubes. The
liquid coming out of the liquid container enters the
distributing system at a first flange. From this point, ‘the
liquid is guided through chambers to a second flange that
connects the distributing system with -an intermediate liguid
container. The side tubes are connected with a third flange,
which is in liquid connection with one of ‘the chambers. A
filter is provided in .another chamber of the distributing

~ system.

Further, ‘document WO-A-89 10265 discloses a system for reducing
pressure transients in an ink jet print head that are incident
to the head traversing a platen during the printing process. In
this way, ink drops may be pia_tced accurately on a recording
medium. This result is achieved by providing a pressurized ink
supply path that includes_- a damping Fham.ber containing a
compressible £fluid and that is situa_.tg'd q.long an ink xeturn

conduit.



mazent a yel | ow and bl ack. In this type, the structure and function of
each of the ink tank, carriage, print head unit and connecting nenber are

t he sane as those shown in the enbodi nent descri bed above.
' REPLACEMENT SHEET
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The present invention was made especially in view of the
aforementioned difficulties accompanying the conventional ink-
jet recording apparatus of the on-carriage type. Therefore, a
specific object of the invention is to provide an ink-jet type
recording apparatus, preferably one in which a printhead and an
ink tank are mounted on a carriage, capable of exhausting air
‘bubbles immediately after théy are generated, reducing a
possibility of unintentional accidents, and supplying ink even
in cases where a positional deflection is present between the
ink tank and the print head unit.

It is another object of the invention to provide an ink-jet
type recording apparatus capable of controlling generations of
air bubbles 'in an ink supply passage from the ink tank to the
print head.

To solve these objects, the present invention provides " an
improved ink-jet type recording apparatus  according to
independent claim 1. Further advantageous features, aspects and
details of the invention are evident from the dependent claims,
the description and the drawings.

The ink-jet type recording apparatus includes, according to a
special aspect of the present invention, a connecting member
which is provided with a first ink supply passage disposed in a
carriage and extending in parallel toward a print



- 17 - dains : 1. An i nk-j et type recording apparatus cdngg ,

carriage (30) noving reciprocally and preferably along a gﬁg?mﬂ‘ﬁhé’”'f“
recording apparatus; a print head unit (1) nmounted on saild carrl a%e (30);
an ink tank (3) nounted on said carriage (30) for C 1997

-4 -

head unit and a second ink supply passage extending upwardly
and communicated with the ink tank and the first ink supply
passage, an ink head unit connected to the connecﬁing member
for jetting ink droplets cé.rrespon.ding to print signals, a
hollow needle engaging Qith a needle insertion hole of the ink
tank, a filter member provided in parallel with a tapered -
concave portion formed between 'fhe hollow needle and the second
ink supply passage, a cap member detachably mounted on the
print head unit for communicating with a suction pump, and a
control member for driving the suction pump in a first suction
mode which operates intervally and a second suction mode which

3

operates continuocusly.

Afte:;: mounting the ink tank onto the carriage, when ink

‘is supplied to the print head unit, the ink flows through thé
filter member smoothly under the first suction mode i:hereby to
suppress the occurrence of air bubbles; by the fi'lter member.

- Since the filter member is disposed between an upper and lower
tapered concave members the air bubbles generated in this area
moves aloﬁg inclined surface of the concave member toward the

ink tank so that the air bubbles do not flow into the print

head unit.

Fig. 1 is a schematic view showing an ink supply system
of an ink-jet type recording apparatus’ according to one

embodiment of the present invention;



containing ink; means (2) nounted on said carriage (30) for connecting said
hnk tank (3) to said print head unit (1) , said connecting neans .
conprising: first ink supply path (45) extendi ng subst antfat+y—hR—paral | el
with respect to the recordlng apparatus preferably the pIaBEﬂlkGEMENT'SHEET

connecting to said print
23 DEC 1997

Fig. 2 is a perspective view showing one example ofithe
print head unit illustrated in Fig. 1;
| Fig. 3 is a pexrspec tivé view showing one embodiment of
the carriage on which the print head unit and the ink tank ars
mounted; |
Fig. 4 is a sectional view showing a state of the princ
" head unit according -to the present invention;
Fig. 5 is a perspective view:shawing a structure of a
carriage accarding to the present invention;
Fig. 6 is an enlarxrged sectional view showing a filter

member; _
Figs: 7A, 7B and 7C show a process of assembling the

*filter member; - o —_
fig.ls is a time chart showing an intéfﬁal suctibAi:
operation and continuous suction operation;
and
Fig. SA, 93, 9C and 9D are schemaﬁic views showing

states of ink flow and aixr bubbles.

The praferzed e embccdiments of the present invantion will
now be da'slcribed in dezail wzith reference to accompanying
drawings.

Fig. 1 is a sche~='ic view showing o1e-embddiﬁéﬁf'oé“
the present 1''rw=-n‘-.'.ic'n".. AP Lnt head Lnlt 1 of an ink- ~jet type

connects to an ink tank 3 through a connectxng memder 2. - Ink



head unit (1); and second ink supply path (47) communi cati pg~saldink tank

(3) with said first ink supply path (45), nmeans (9) connec GREPMCEﬂEﬂT SHi

!TI

ET

second ink supply path (47)for supplying ink fromsaid inkjt sal
means (9) defining with said second ink supply path (47) aft Erecbé:&o
chanber (52,53); and 199

_ g -

which is impregnated in a foam member 11 accommodated within
the ink tank 3 is supplied to the print head unit through a
hollow needle 9 and'an ink supply passage 13 defined in the
connecting member 2, so that the print head unit 1 emits ink
droplets in accordance with print signals.

Fig. 2 is a perspective view showing one example of the
-print head unit 1 illustrated iﬁ Fig. 1. The_igk is flown to
a reservoir 20 through a rising conduit 15 coupled to the ink
supply passage 13, and the reservoir 20 supplies through an ink
supply port 21 ink therein.by an amount consumed by each of a
pressure generating chamber 22. A vibrating plate 23 seals the
pressure generating chambers 22, and an 'end- of each
piezoelectréc'vibrating‘members 24, 24, 24... abuts against_the
'#ibrating plgte -23. at a positioﬁ corresponding to- the
respective pressure generating chambers 22, 22, 22... Each of
the piezoelectric vibrating members 24; 24, 24... expands and
shrinks in response to the print signal so that the volume of
each of the pressure generating éhambers 22 is decreased and
increased, thereby to suck ink from the reservoir 20 to the
pressure generating chamber 22 or emit the ink droplets from
nozzle openings 27 formed on a nozzle plate 26. |

Referring now back to Fig. 1, the apparatus of the
invention also includes a cap'mémber 4 disposed at non-printing
area,.which cap member coﬁes into ébugment against the nozzle
plate 26 of the print head unit 1 by a drive mechanism (not

shown) for preventing the nozzle opeﬁings 27, 27, 27... from




means (51)
t he i1 nk.
said first

di sposed in said tapered concave chanber (52,53) for filtering

2. The ink-jet type recordi ng apparatus of clj . .
ink supply path (45) connects via non-rigid | REPLACEMENT SHEET
2 3 DEC 1997
-7 =-

drying. The cap member_4 connects through a tube 12 to a
suction pump S5 which is ope;ated by a control device 6 to suck
corrected ink in the cap member 4. The suction pump S may be
of a so-calied tube pump type ih which a plurality of rollers
arranged on a support member spaced apart from one another on
a common periphery thereof abut elastically against an elastic _'
tube arranged circularly, and the support member is rotated in
one direction by a direct current motor. The apparatus shown
in Fig. 1 is also provided with an effluent tank 10 connected
to an outlet port of the éuction pump S through a tube 113.
Fig. 3 is a perspective view showing one embodiment of
the carriagé on which the print head unit and the ink tank are

mounted. A carriage 30 reciprocally moves along a platen (not

shown) guided by a guide lock 31. An ink tank holder 32 is

disposed on an upper surface of thé carriage 30 for holding the
ink tank 3. A lever 33 is rotatably supported on the holder 32
for holding and securing the ink tank 3 by engaging with an
enéagement section of the ink tank 3.

. Fig. 4 is a sectional view shoﬁing a state whete the
print head,pnit 1, the carriage 30 and the connecting member 2
connected therebetween. Thefconﬁecting'member 2, especially an
elastic joint 95 thereof is diqused between the ink tank 3 and
the priﬁt head unit 1 for preventing a downward force of the
ink tank 3 from largely transferring to:the print head unit 1
when the ink"tank 3 is mounted on the carriage 30, and

absorbing the positional deflection created therebetween.



codpl I ng means, to said print head Unit (1). 3. The ink-jet type recording
apparatus of CI aim2 wherein said connecting neans conpg+ses——af~—erasiita
joint (96) through which said first ink supply path (45)] RERLACEMENTr SHEET

head unit (1) are connected to each other. 4. The ink-jef ' '
apparatus of any one of claims 1 to 3, wherein said ink gupphy )
conpri ses a holl ow . b 3 ”Eﬂ‘ﬁséf

-8 -

Therefore, the ink tank 3 and the print head unit 1 are
affirmly engaged therewith.

The ink supply port 46 has a wall 46a projecting inward
of the housing of the ink tank 3 and com;_')ressing the foam
member 11 in the vicinity of the ink supply port 46. Since the
pore size of the foam member 11 which is compressed by the wall
46a of the ink supply port 46 is smaller than that of the other
part, the capillary force of the foam member 11 in the vicinity
of the ink supply port 46 is large compared to the other
portion thereof. Accordingly, ink which is impregnated in the
foam member 11 is gathered toward the ink supply port 46 so
that ink can be consumed up to the last drop. The wall 46a of
the ink suppiy port 46 is located close to and spaced from the

"wall of the i.nk tank housing as shown in Fig. 4.

As shown in Fig. 5, the connecting. member 2 is
generally U-shaped and provided with a body 42 and a pair of
leg portions 41, 41 disposed. at both sides of the body 42. A
Icylinder body 44 for receiving a connecting conduit 43 of the
ink tank 3 is formed on an uppér center of the body 42 between
the leg portions 41 and 41. A first ink supply path 45
directing substantially in parallel with respect to the
recording apparétns connects an inner side s{xrface 42a of the
body 42 to the center of the cylinder body 44. A hollow needle
9 projects upward from a 'ceﬁter éart of. the cylinder body 44
and communicates with the ink supply path 45. The hollow

needle 9 penetrates the ink supply port 46 of thé ink tank 3.



needl e penetrating said ink tank (3). 5. The ink-jet type.recording

apparatus of Claim4, wherein said hollow needle (9) is e %C@M‘E - QMkEed
and fuse bonded to said connecting nmeans (42). 6. The i kgeg:? tvné\ﬁrgmﬂe

recordi ng apparatus according to any one of clains 1 to %, _vvhere&E sgbfi
second ink supply path (47) is extending upward with respe t &3 §1

recordi ng
..9..

As shown in Fig. 6, a through hole 50 of the needle 9
communicates with the first ink path 45 through a second ink
supply path 47 directing substantially in vertical with respect
to the recording apparatus. A filter member 51 is arranged in
a flow passage connecting between the hollow needlé 9 and the
second ink supbly path 47. speqifically, the filter member 51
positions between a tapered E:oncave portion 52, an upper
portion of which i.s widened, formed in the 'corinecting member
body and a tapered concave portion 53, a lower portion of which
is widened, formed below the hollow needle 9. The filter
member 51 is laid in and 'perl;endicullar to a vertical ink supply
passage commgnicating between the through hole 50 of tl;e hollow
needle 9 and the second ink supply path 47. The filter member
-5;1 is formed of SUS fine wires by twill weaving to
approximately 2000 mesh. -

| The .tape;r _amgles 61 and 82 of the concavé portion 52
and 53, respectively, are defined within a range between
substantially .30° and 60°. These angles are selected to have
a function to efficiently lead air bubbles within the concave
portions 52 and 53 to. move upward therealong.

Figs. 7A, 7B and 7C- show a process of assembling the
filter member--SI.. A concave 80 formed at an opening part of
the tapered concave porti.on 52 formed on the connecting member
body 42a is designed to have a dian.gg;t'e'r engageable with a
bottom of the hollow needle 9. The ta.i:;red-concave portion 52

is formed at the center of the con.cave 80. A ring-like



apparatus, especially the platen, and said ink filteripng nmeans (51) is
laying in an essential parallel direction with respect} tRgp reql
apparatus, preferably the platen. 7. The ink jet-type rqu}ﬁ?ﬁggg d£%?U
of any one of clainms 1 to 6 further conprising a suctifon{ punp :
3P et o7

UJ

- 10 -

protrusion 82 is formed on a step part 81 to surround the
tapered concave portion 52.

The filter member 51 is laid on the ring-like

protrusion 82 as shown in Fig. 7A. Under this condition, a

- heat is applied to the protrusion 82 through the filter member
51 so that a fusing part 82’ of the protrusion 82 is
selectively fused té penetraté into the mesh of the filter
member 51 as illustrated in Fig. 7B.

On the other hand, the hollow needle 9 is provided with
a flange 86 contacting an upper surface 87 of the connecting
member body 42 in the vicinity of a bottom 85 thereof which is
engageable with the concave 80 of the connecting meﬁier body
42. The flange 86 is provided with an annular groove 88 on the
-bottom.surfacg thereof and an annuler protrusion 89 which is V-
shaped in cross section. The annular protrusion 89 is disposed
at an outer side of the annular groove.88.

Next, the hollow needle 9 is inserted in the concave
portion 52 on which the'filter member 51 is fuse bon&ed as
shown in Fig. 7C. Then an ultrasonic rays are applied to the
flange 86 so that the.protrusion 89 is selectively fused to
thereby fuse bond to the connecting meﬁber body 42. Du:ing.the
fusion process, the remained part of the protrusion 89 flows
into the annular groove 88. Accordingly, the-remained part
would not be forced out df the flangq.as. As a result, the
filter member S1 is secured air-tightly between the connecting

member body 42 and the hollow needle 9.



a cép nmeans (4) detachably nounted on said print head unit (1) and

connecting to said suction punp (5); . .
said suction punp (5) in a first node where said suction p

act uat ed

and a control neans L@@ﬁﬂlﬁiﬁ'é' -
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‘The leg portions 41, 41 of the connecting member 2 is
provided with a pair of positioning pegs 90, 90 projecting from
a center of the innér side.thereof, which pegs engage with
mounting holes 93 formed on flange portions 92 extending from
both the sides of a head base body 91. The pegs 90 and the
mounting holes 93 are finally secured integrally by screws 94.

One end of the rising dénduit 15 of the print head unit
1 faces the head base body 91 at a portion corresponding to the
ink passage of the connecting member 2. The rising conduit 15
communicates with the first ink supply path 45 of the
connecting member 2 through the elastic joint 95. As shown in
Fig. 5, the apparatus also includes a circuit suﬁsﬁrate 97
fixgd'onto aﬁ upper surface of the head base body 91.

In thg embodiment described above, when the ink tank 3
is installed on the carriage 30 and ﬁhe lever 33 is pulled
down, the hollow needle 9 enters the connectiné conduit 43 of
the ink tank 3. Under this condition, when the cap member 4 is
mounted on_thé print head unit 1 and the suction pump 5 is
actuated, the suction force by the pump 5 is applied to the
nozzle openings 27, 27, 27... thtough the cap member 4. 'This
vacuum pressure is then épplied to the ink tank 3 through the
firét ink supply path 4S5, thé filter member 51, the second ink
supply path 47 and the hollow needle 9, so that the ink
impregnated in the foam-membér 11 is'fgiced into the ink flow

passages.



- 19 - intervalically and a second node where said suction

punp (5) S

tuat ed ti ly. 8 The ink-jet t di
.actuated continuously. ¢ e ink-jet type recording apFahﬁ,mﬁ%@gﬁ

=
@D

of clainse 1 to 7, wherein said filtering neans (51) is f
wires by twill weaving to approxi mately 2000 nmesh. 9. The
recordi ng apparatus of any one of clains 1

Ink-jet ty
2 3 BEC 337
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Fig. B8 is a time chart showing an interval suction
operation and continuous suction operation described
hereinbelow, |

After a certain timé period within a range between 0.1
and 1 second, for example, h;s lapsed, the pump is once
deactivated thereby stopping the suction operation. After
that, at a stage where a_certaln time period within a range
between 0.1 and 1 second, for example, has lapsed, the pump is
actuated again to suck ink from the foam member 11.

By the interval suction operation by actuating and
deactivating the suction pump S5 intervally, the flow velocity
Vi bf the ihk flowing through the ink supply passages is much
suppressed to be slower than lmm/second, also the flow rate'pf
which is alsq much suppressed to be equal to or smaller than
0.0lcc/second. As a result, the ink passes through the filter
member 51 smoothly and, accordingly, the occurrence of
generating air bubbles by tﬁé mesh of the filter-member 51 is

effectively avoided. Even.if-air bubbles F are generatad as

shown in Fig. 9A, the bubbles are broken by the mesh of the

l\

filter member 51 when passing therethrough as illustrataed in
Fig. 9B. Then, small air bubbles £, £, £... flow to the print
head unit § from the ihk suppiy path 47 as shown in Fig. 9C.
By repeating the interval suction operations, ink is
filled in the flow passages‘communicap%pé from the ink tank 3
to the print head unit L. At a stage %fter ink is fully filled

in the whole passages from the ink tank 3 to the print head



to 8, wherei n sai d connecting means conprises a first tapered concave
nenber (42), an upper portion (52) of which is wi dened gadwsald _jnk
suppl ying neans (9) conprises a second tapered nenber, ElREP%ﬂCHME ' )
of which is w dened, said first and second concave nenbgr tanphgésﬂEé
t apered concave chanber. 10. The ink-jet type recordi ngjappgrat of C ai
9, wherein - séiﬁfclﬁﬂ
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unit 1, when the suction pump's is continuously actuated fd;—_
befween 2 to 10 seconds, ink flows at a high speed V2,..for
example a flow amount at this stage is approximate to
0.2cc/sec. from the ink tank 3 to the print head unit 1. in
this operation, the small air bubbles driven to the print hea
unit 1 or adhered on a wall surface of the flow passages ars
also flown to the head unit 1 by the high speed flow of ink and
then exhausted into the .cap member 4 through the nozzle
openings 27. During the continuous suétion operation, since
the whole ink supply passages have been filled with ink, no air
bubbles generate. _

‘After £illing ink in all the ink supply passages, when
print signals are output to the pfin£ head unit 1, ink droplets
‘are emitted onto a re;ording sheet in accordance with the
racording signals by means of a knoyn operation.. Amount of ink
consumed by the print head'unit is refilled from the ink tank
3 through the ink supply passages. -

As described above, since the flow velocity of ink is
preset much slow at an initial stage of the filling, the
possibility of generating air bubbles is suépressed even in

- case whers the ink supply passages are filled with no ink.
Accordingly, filling fluid which is conventionally filled in
tne ink supply passages of the print head unit at the tiﬁe of
the off-the-shelf is not required, |

Further, even in case whers an ink.tank imgreghatinq

ink which is not subjectsd with air removing treatment is



t apered angl es ([err]) of said first and second concave nenbers are defined
within a range between 30[err] and 60[err]. 11. The ink-jet type recording

apparatus of any one of clains 1 to 10, wherein said filltggg EWFﬁﬁS
i s fuse bonded onto said connecting nmenber(42). 12. The iﬁﬁﬁqgg vpesgﬁéﬁ

recordi ng apparatus of claim7 or any clai mdependent of§ dl aim eijn
under said first node 213 EECW@&’
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installed on a éarriage, no air bubbles are remained in the ink
.supply passages after fully filling the ipk.

In the step of filling ink, the air bubbles flowing
from fhe ink tank 3 to the hollow needle 9 movés upward alohg
a tapered wall 53a of the concave portion 53 defining the
filter chamber as shown in Fig. 9D. Accordingly the air
bubbles do not enter the ink supply path 45 extending
substantially in parallel with respect to the recording
épparatus. Further, small dust of small particles of the foam
member 11 which may be flown out of the ink tank 3 is trapped
by the filter member 51 and would not enter the print head unit
1. | |
. The effect of éhe'ingerval suction operation of the
‘suction pump as described above becomes the highest when the
paused duration of the suction operati;n is set from
approximately 0.2 to 0.5 second. further;_at a stage where all
ink within the ink tank 3 is consumed during the printing, if
the ink tank 3 is exch&nged the control device 6 controls the
su;fion pump'S to operate fhe first interval suction operation
and then the.second continuous suction ope¥atioﬁ to £ill new
ink to the print head unit 1 as described above.

As described above, an ink-jet type recording apparatus
according to a specific aspect of the present invention

includes a connecting member -
which is provided with a first ink supply passage disposed in

a carriage and extending in parallel towWard a print'head unit

-and a second ink supply passage extending upwardly and



sai d suction punp (5) is actuated for a period within a range between 0.1

and 1 second, deactivated for a period wthin a range betmefﬁ*c.l BRG]

second,

claim 12, wherein said suction punp (5) is actuated for a pgri
range between 0.2 and 0.5 second. '

and actuated again. 13. The ink-jet type recording

IFFAASEMENTT SHEE
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communicated Qith the ink tank and the first ink supply
passage, an ink head unit cohnected to the connecting member
for jetting ink droblets corresponding to print signals, a
hollow needle engaging with a needle insertion holg of the ink
tank, a filter member provided in parallel with a tapered
concave portion formed between the hollow needle and the second
ink supply passage, a cap member detachably mopnted on the
print head unit for communicating with a suction pump, and a
control member for driving the suction pump in a first suction
mode which operates intervally and a second suction mode which
operates continuously. Therefore, after mounting the ink tank
onto the carriage, when ink is supplied to the print head unit,
the ink floﬁs through the filter member smoothly under the
.first suctiog mode t@ereby to suépress the occurrence of air
bubbles by the filter member. Since the filter member is
disposed between an upper and lower taéered concave members the
air bubbles genefated in this area moves along inclined surface
of the concave member toward the ink tank so that the air
bubbles do not fiow into the print head unit.

| Further, since the apparatus-of the invention includes
the connecting member for connecting the ink tank to the print
head unit so that the print head unit is mounted on the
carriage in parallel direct;on,.the ink tank can be assembled
onto the carriage without applying a strong force to the print
head unit which is accurately and sensitively assemblgd.

Furthermore, the ink tank can be interconnected to the print




- 20 - 14. The i nk-j et type recording apparatus of claim7 or any claim
dependent on claim 7, wherein under said second node said suciion.puap (D)

is actuated for a period from2 to 10 REPLACEMENT SHEET
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head unit under a condition where the undesirable positional
deflection which deteriorates. the quality of emitting the ink
droplets can be suppressed as small as possible.

Moreover, since the elastic joint is disposed betweén
the connecting member and the print head unit and a sealing
portion disposed on one surfac;e theréof covers arid seals the
ink passage opening, the priht- head unit can be accurately
assembled to communicate with the connecting member in spite of
positional deflection between them, by simply mounting the
print head unit onto the coﬁnecting member.

Although the foregoing embodiment show a uni-color type
recording apparatus in which a single ink tank is emplc;yed ¢ the
invention is -not limited thereto or thereby. For e#ample, the

'-invention can be applied to a color type recording apparatus in
which. .four ink tanks each of which contains ink of cyan,
mazenta yellow and black. In this tirpe : the structure and
function of éach of the ink tank, carriage, print head unit and
connecting member are the same as those shown in the embodiment-

described above.



seconds. 15. The ink-jet type recording apparatus of claim7 or any claim
dependent on claim7, wherein ink flows at a first flow rate under said

first node and flows at a second flow rate under said se gm?hﬂ@ﬂﬂ gﬂi T
first flowrate is smaller than said second flow rate. 16. e ﬁ”f E?@

recordi ng apparatus of Claim 15, wherein _
| 2 3 BEC 1997
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An ink-jet type recording apparatus comprising:

a cariiage (30) moving reciprocally and preferably
along a platen of the recording apparatus;

a print head unit (1) mounted on said carriage (30);

an ink tank (3) mounted on said carriage (30) for

containing ink;

means. (2) mounted on said carriage (30) for connecting
said ink tank (3) to said print head unit (1), said
connecting means comprising: :

first ink supply path (45) extending substantially
in parallel with respect to the recording apparatus
preferably the platen and connecting to said print
head unit (1); and

second ink sqpply path (47) communicating said ink
tank (3) with said first ink supply path (45),

means (9) connected to said second ink supply path
(47) for supplying ink from said ink tank (3), said
means (9) defining with said second ink supply path
(¢7) a tapered concave chamber (52,53); and

means (S1) disposed in said'iﬁhpered. concave chamber
(527,53) for .filtering the ink.- '



said first flowrate is equal to or smaller than 0.0lcc/sec., and said
.second flowrate is approximately 0.2cc/sec. 17. The ink-j Et’@'gp'e-r-eee-pdmg_
apparatus of Caim7 or any claimdependent on cI aim?7, whe HACEMENT SHEET |
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2. The ink-jet type recording apparatus of claim 1, wherein
said first ink supply path (45) connects via non-rigid
coupling means, to said print head unit (1).

3. The ink-jet type recording apparatus of Claim 2 wherein
said connecting means comprises an elastic joint (96)
through which said first ink supply path (45) and said
print head unit (1) are connected to each other.

4. The ink-jet type recording apparatus of any one of claims 1
to 3, wherein said ink supply means (9) comprises a hollow
needle penetrating said ink tank (3).

S. The ink-jet type recording apparatus of Claim 4, wherein
said hollow needle (9) is separately provided and fuse
bonded to said connecting means (42).

6. The ink-jet type recording apparatus according to any -one

' of claims 1 to 5, wherein said second ink supply path (47)
is extending upward with respect to ‘the recording
apparatus, especially the platen, and said ink filtering
means: (51) is laying in an essential parallel direction
with respect to the recording apparatus, preferably the
platen. |

7. The ink jet-type recording apparatus of any one of claims 1
to 6 further comprising

a suction pump (5);

a cap means (4) detaéha_bly mq%t'ed on said print head
unit (1) and connecting to said suction pump (5); and

a control means (6) for driving said suction pump (5)
in a first mode where said suction pump (5) is actuated



claim dependent on claim 7, further conprising an effl uent t ank (10)

connected to an outl et port of said-suction punp (5) T mkeet—type.
recordi ng apparatus of any one of cl her cﬁﬁﬂiACEMﬁﬂTaSHgﬁm
menber (11) accommodated in said |nkanmmm i“ﬁm"mt% nKk- fet—type

recordi ng apparatus of claim19, whe 23 DEC 1697

10.

i1,
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intervalically and a second mode where said suction
pump (S) is actuated continuously.

The ink-jet type recording apparatus of any one of claims 1
to 7, wherein said filtering means (51) is formed of SUS
fine wires by twill weaving to approximately 2000 mesh.

The ink-jet type recording aﬁparatus of any one of claims 1
to '8, wherein said connecting means comprises a first
tapered concave member (42), an upper portion (52) of which
is widened and said ink supplying means (9) comprises a
second tapered member, a lower portion (53) of which is
widened, said first and second concave members define said

tapered concave chamber.

The ink-jet type recording apparatus of Claim 9, wherein
tapered angles (01,03) of said first and second concave
members are defined within a range between 30° and 60°.

The ink-jet type recording apparatus of any one of claims 1
to 10, wherein said filtering means (51) is fuse bonded
onto said connecting member(42). '

The ink-jet type recording apparatus of claim 7 or any
claim dependent on claim 7, wherein under said first mode
said suction pump (5) is actuated for a period within a

" range between 0.1 and 1 second, deactivated for a period

13.

within a range between 0.1 and 1 second, and actuated

again.

The ink-jet type recording apparatus of claim 12, wherein
said suction pump (5) is actuated for a period within a
range between 0.2 and 0.5 second.



said ink tank (3) conprises a wall

{4Ba)--projecting insi r
said foam nenber (11). - 21 - 21. ,Tlmlllmml“"lmnﬂ“lreccré TaSHEEI

of any one of clains 1

14.

1s.

ls.

17.

1s8.

19.

- 20.
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The ink-jet type recording apparatus of claim 7 or any
claim dependent on claim 7, wherein under said second mode
said suction pump (5) is actuated for a period from 2 to 10

seconds.

The ink-jet type recording apparatus of claim 7 or any
claim dependent on claim '7,. wherein ink flows at a first
flow rate under said first mode and flows at a second flow
rate under said second mode, and said first flow rate is

smaller than said second flow rate.

The ink-jet type recording apparatus of Claim 15, wherein
said first £flow rate is equal to or smaller than
0.0lcc/sec., and said second flow rate is approximately

0.2cc/sec.

The ink-jet type recording apparatus of Claim 7 or any
claim dependent on claim 7, wherein said suction pump (5)

is of a tube type.

The ink-jet type recording apparatus of Claim 7 or any
claim dependent on claim 7, further comprising an effluent
tank (10) connected to an outlet port of said suction pump

(5).

The ink-jet type recording apparatus of any one of claims 1
to 18, further comprising a foam member (11) accommodated

in said ink tank (3).

The ink-jet type recording apparatus of claim 19, wherein
said ink tank (3) comprises a wall_ (46a) projecting inside
for compressing said foam member (11). '

-«



to 20 wherein said pri nt head unit (1) is capable of eni tiddgink droplets

in response to print signals. | REPLACEMENT SHEE
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21. The ink-jet type recording é.pparatus of any one of claims 1
to 20 wherein said print head unit (1) is capable of
emitting ink droplets in response to print signals.




LLLLLY L

3?§£fﬁ?

| REPLACEMENT SHEET

2 3 DEC 1997

10
/

113
EFFLUENT ___é |

TANK

=105

—)

CONTROL
DEVICE

;_.

6

Rs

SUCTION PUMP




4605 4-

Z 22 -

METHOD OF FILLING INK IN INK SUPPLY PASSAGES AND INK-JET
RECORDING APPARATUS

ABSTRACT

An ink-jet type recording apparatus including a connecting
member (2) which is provided with a first ink supply passage
(45) disposed 1in a carriage and extending in parallel
toward a print head unit (1) and a second ink supply.passage
(47) extending upwardly and communicated with the ink tank
(3) and the first ink supply passages (45), an ink head unit
(1) connected to the connecting member (2) for jetting ink
droplets corresponding to print signals, a hollow needle (9)
'engaging'with a needle insertion hole of the ink tank (3), a
filter member (51) provided in parallel within a tapered
concave portion (52,53) formed between the hollow needle (9)
and the second ink supply passage (47), a cap member (4)
detachably mounted on the print head wunit (1) for
communicating with a suction pump (5), and a control member
(6) for driving the suction pump (5) in a first suction mode
which operates intervalically and a second mode which

operates continuously.

FIGURE 1




