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INK JET RECORDING APPARATUS

The present invention relates to an ink jet recording
apparatus. '

An on-demand ink jet reéording apparatus-which jets ink

pressurizedlat a pressure generation chamber through a nozzle

10 onto recording_paper as ink drqplefs forlfecording print data

exhibits substantial probleﬁs._ Among these problems'ére a rise

in viscosity caused‘by evaporation of an ink solvent from

nozzle openings and print failure caused by drying of ink,

adhesion of dust, and mixing of air bubbles. Thﬁs, an ink jet

15 - recording apparatus of this type is generélly brovidéd with.a

capping device for sealing the nozzle openings when no printing

'is being ﬁerformed anq a device for cleaning #found the nozzle
openingé as required. '

| A.proposéd'capping device includes a slidgr whiéh=is moved

20 | by a carriage to a home position along a siant guide face

dlsposed on a frame to the nozzle openlng face side of a head,

and a cap dlsposed on the surface of the slider is pressed

- against the recording head for sealing the nozzle openings, for

example. Such an arrangemenﬁ is disclosed in Japanese Patent

25 Laid-Open No. Hei 1-125239.
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BACKGROUND OF THE | NVENTI ON The present invention relates to a device
-for- handl i-ng ink I'n_an ink jet recordi ng apparatus @ whi ch a recording
head I's noved acros&:the width of recording paper ahd jets ink dr ops

onto the recording paper in response to print data for form ng an inmage.

THIS SHEET HAS 'BEEN:
REPLACED

' For such an ink jet recording apparatus, -an ink tank ié
furnished in cartridge form which provides a convenient ink
supp;y. When the ink has been consumed, the ink cartridge is

_réplaced with a new one. One such ink cartridge is disclosed

5 in Japanese Patent Laidfopen No. Hei 2-187364, in which a
porous substance forming an ink absorber is housed in the.ink
cartridge. Annular packing material is disposed on the tip of

- an ink outlet for sealing. Since ink can be easily supplied by

- simply changing ink cartridges, the ink cartridge is wvery

10 ‘useful in preventing pollution caused by ink leakage, etc., at
the ink supply. On the other hand, the ink cartridge has a
disadvantage in that air bubbles are prone to enter the ink
cartridge by piston action Between an ink supply needle on the

main unit side and the ink outlet of the ink cartridge when the

15 ink supply needle is inserted. N .
further, because of the ease of changing the ink supply,

the ink cartridge is prone to be -remov'ed and then remounted even wheq ink
remains in the cartridge. As a result, air bubbles entef the

ink cartridgé by the piston action and cause print failure to

20 occur.

It is therefore an object of the invention to provide an
ink jet recording apparatus which can more perfectly perform

ink handling for a recording head, such as supplying ink from
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An on-dermand ink jet r&g@prding apparatus-which jets i n@ pr esPuiid SAEEE HAS BEEN
pressure generation chaifber through a nozzle onto recording paper @g hBkp
droplets for recordi-ng, . print data exhibits substantial problems—Arene
these pro¥ inkeng2RFELHYE| sko| the sEespryinguskeady ampotst i solvé athe nk
sol vent from nozzl e openi ngs _and print failure caused by dryi ng of ink,
adhesi on RFoRtam of th&; RPRFler cpeninas|ekogaingi duringi pripgtingscor di ng

apparatu%hgg %ﬁ%ic%y&% E%f¥23”3§'€£e ink jet'recording apparatus of any
- one of independent claims 1, 11, 12, 13.or 14. Further
advantageous features, aspects and details of the invention

are 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 ihvention' in geheral

——

terms.

.The invention provides a device for handling ink
in an ink jet recording apparatus in which a recording head is

moved across the Width of recording pépet and jets ink drops
onto the recording paper in response to print_data for formihg
an image. | | :
To échievg the above object, according to an aspect of the invention, there
is provided an ink jet recording apparatus compriéing a
recording head communicated wvia an ink supply member with an
ink.tank comprising electrodes for detecting a remaining améunt
of ink and being responsive to a print signal for sPouting ink
drops from nozzlg opénings to :eéording paper, capping means
abuttiﬁg against the front of the recording head for holding
the nozzle openings in an airtight state, suction means for
supplying négative pressure to the capping means and sucking

out ink in.the capping means into a waste ink tank, resistance
value detecting means for detecting resistance across the

electrodes for detecting a remaining amount of ink,
reference value storage means for storing a resistance value

".achSS the electrodes relative to the remaining amount of ink
in the 'ink tank as a refefénte value, resistance value
comparison means for comparing the resisfance' across the
electrodes with the reference value, and suction control meaﬂs

responsive to the resistance value comparison result for

controlling the operation of the suction means. This'.SheetHasBeenReplaced
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whi ch ve a carriage | : |?n al ol g
le : n . e . €, and a
cap. o SPocearenopneocEF REebFeRo6E, BRATe"0e U SR T vrideRcte

recordifg BEaAfuAPEaEBh S8atBewILRZERe recording head, the resistance

'~ is compared with data in the reference value storage means to

determine whether or not the ink cartridge is mounted and how ' §
much ink the ink cartridge contains.  Based on the S

determination result, the suction mode of the suction means is

selected. _

Another aspect of the invention is a method for operating an
ink jet recording apparatus. = The method allows the
determination whether or not an ink tank is mounted or
remounted to the apparatus, how much ink is in the_ink'tank
etc. Based on the result of the determination,'a motor is
controlled by a pump control unit to select an appropriate
suction mode of ink from the recording head. |

Figure 1 is a perspective view showing the structure of
the print mechanism periphery of an ink jet recording apparatus

to which an ink supply device of the invention is applied;

Figure 2 is an enlarged view of an ink jet recording head
mounted on a éarriage in the ink jet recording apparatus;

Figure 3 is an enlarged view of an ink tank mounted on the
. : . IS Oueet HaS |

T

Figure 4 is an enlarged view of a pump unit and a capping

carriage in the ink jet recording apparatus;

unit in the ink jet recording apparatus;

Figure 5 is a top view éhowing the.location relationship
between the pump unit and the capping unit in the ink jet -
recording apparatus; | |

Figure.ﬁ is a side view showing'the relationship between
the pump unit and a pulse motor for paper feed for driving the
pump unit in the ink'ﬁet recording apéaratus;

Figure 7 is a sectional view showing one embodiment of the
pump united used with the invention;

Eigures 8(A) and B(B).are a pair of drawings centering on

the capping unit, Figuré 8(A) showing a state in which the

recording head exists in a print area'and'Figure 8(B) showing



openi ngs, for exanple. Such an arrangenent is disclosed in - Japanese
Patent Laid-Open No. i 1-1252309. For such an i j et recording
apparat s, an ink tank#:ts furni shed in cartridge foka which provides a
conveni ent ink supply When the ink has been consuned, the ink cartridge

is replaced with a new one. One such ink cartridge is di get-esed—in.
Japanese Patent Laid-Open No. Hei 2-187364. in mhlch a p%i?ﬂ%sﬁﬁﬁﬁﬁaﬁdﬁmN
form ng an ink absorber is . o REPLACED

a 'state in which the recording head exists at a standby
position; | |
Figures 9(a) and 9(B) are a pair of dtawings showing an
embodiment'of'a cap member which is a component pf the capping
5 unit, Figufé 9(A) showing the section parallel to a move
passaée of the récording head and Figure'Q(B) showing the
sectipn perpendicular to the passage of the recording head;
Figure 10 is a drawing showing an embodiment of a cam face
attached to a cleaning unit;
10 | Figure 11 is a sectional view showing an embodiment of an
ink cartridge used with the ink jet recording apparatus;
Figure 12 is an illuStratian showing a state in which the.
“ink cartridge in'Figure 11 is mountéd'on a Cartridge;
| Figure 13 is a block diagram showing one embodiment of a
15 controller which controls ink handling in the ink jet recording
apparatus,
Figure 14 is an illustration show1ng the relationship
between carriage position and operation;
Figures 15(A) and 15(B) are illustrations showing capping
20 unit ﬁotion and cleaning unit motion according to fecording
head positions;
Figures 16(A) and thB) afe illustrations showing capping
unit operation and cleaning unit qperation;_
Figure 17 is a dnaWing showing capping unit operation and

25 cleaning unit operation; : -
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housed in the ink cartridge. Annular packing material is di sposed on the
tip of an ink outlet W sealing Since ink.can be q&@ |y supplied by
sinply changing ink c&#ridges, the ink cartridge is“very useful in
preventing pollution caused by ink | eakage, etc., at the ink supply. On
the other hand, the ink -cartridge has a disadvantage in that air bubbles

are. prone to enter the ink cartridge by piston action bet weERgalshigtr HAS BEEN
supply needle on the main unit side and the ink outlet of the REPLACED

Figure-ls is a;chart showing'the relationship between
remaining amounts of ink in an ink cartridge and resiseance
across electrodes, '

Figure 19 is a flowchart showing initial £illing operatlon

5 - of ink cartridge; .

Figure 20-is a flowchart showing operation when an ink
cartridge is replaced with a new one; and

Figure 21 is a'flowchart showing a ﬁrocess which occurs
just after the power is ﬁurned on with an ink cartridge

10 - mounted.

Referrihg now to the accompanying drawings, there are
shown preferred embodiments of the invention.
Figure 1 shows in perspective &iew the area of a print

15 mechanism of an ink jet recording apparatus to which thef
invention is applied. In Figure 1, reference numefal 1 is a
carriage which is supported by 'a guide member 2 and is
connected via a timing belt 3 to a pulse motor (not shown) and
can reciprocate in parallel io a platen 5.

20 A reeording head 7 is mounted on the carriage 1 in such a
manner that nozzle openings are ditected to printing paper 6,
as shown in Figure 2. An ink cartridge 8 is'detachably mounted
on the top of the recording head 7, as shown in Figure 3. A

base forming the recording head 7 is provided with an ink
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ink®cartridge when thgaxnk supply needle is insert.ed. {‘} Further, because
of the case of changi Ag‘the ink supply, @ the ink carftidge is rennved and
‘then renount ed even when ink remains in the cartridge. As a result, air
bubbl es enter the ink cartridge by the piston action e '
failure to occur. 1 : '

ot adsSe—Prt I"ut
THIS SHEET HAS BEEN
REPLACED

needle 9 (as described below) by which an ink supply.passage of
the recbrding head and the ink cartridge B_Are ¢onnected.
According to this structure, when a drive signal from a
head drive cifcuit (not shown) is received via a flexible cable
5 " 10, ink flows into the recording head from the ink cartridge
| and dots can be formed on the.recbrding paper connectively.
Referring again to Figure 1, a capping unit 12 and a
suction pump unit 13 (described below) are located outside the
print area of the carriage 1. The capping unit 12 is integral
10 with the suction pump unit 13 for convenience_bf assembly and
maintenance, as shown in Figure 4.
Figures 5 and 6 afe views showing the top and‘seétion
éroﬁnd the capping unit, whereinlreference numeral 20 indicates
a paper feed roller, with a gear 22 secured to one end of a
15. rotation shaft 21, which is connected to or disconnected from
| a pulse motor 4 for paper feed via a wheel train 23 which also
serves as a connection switch mechanism. That is, when the
wheel train 23 moves in the leftward direction in Eigureis, the
wheel train'éB meshes with the gear 22, enabling supply of
20 recording-paper, and when the wheel train 23 moves in the
rightward direction in Figure 5, the wheel train 23 meshes with
a driving gear 25 (Figure 4) of the suction pump unit 13,
generating_negatife pressure.
Figﬁre 7 shows an embodiment of the pump unit 13. It is
25 - formed as a so-called peristaltic pump in which the outside of

a pump tube 31 connected a cap member 80 and a waste ink tank
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30 is held by a cover case 32 so as to make it substantially

like a circle and the inner peripheral surface thereof is

pressed by two rollers 36, 36 pivotally secured to a drive

_bpard 34 driven by a rotation'shaft 33. The rollers 36, 36 are

léo#ely engaged with a long groove (hot shown). with é'
distance from.the center gradually changing to the drive board
34, and are secured so thét wheﬁ the pulse motor 4 for paper
feed rotates forward, the rollers 36, 36 move to the side of
the cover case 32 and pivot while pressing against the tube 31
and so that when.the pulse motor 4 rotates reversely for paper
feed, the rollers move in the center difection.for departing
from the tube 31. '
Referring again to Figure 5 and 6, reference nuﬁeral 12
indicateé the abové-mentioned capping unit, which is'located
outside the print area of the passage of the carriage and ﬁhlch
includes a cap member 80 formed like a cup with elastic
material sd that it occupies a capping position covering the
nozzle opening face of tﬁe fecording head 7 and a non-capping
position: departing from the nozzle opening face in association
with the movement of the recording head 7 (aé described below),
and a valve mechanism 41 for 6gening and closing communication

with an atmospheric opening .64. These are installed on a

'slider 49 that can move parallel to the direction of motion of

the carriage 'l and can mové up and down.

Figures 8(A) and 8(B) and 9(A) and 9(B) are drawings

' centering on the capping unit 12, Figure 8(A) and 9(A) show the



- 2- ~ SUMMARY OF THE INVENTION It i s therefore an: obj ect of the
jnvention to provide an ink jet recording apparatus wig¢h can nore
per.f ect s $1eét o Ween Répldaaindl i ng for a recordi ng head, such as supplying ink

from an |mmﬂ|lﬂuﬂmm)o the recordi ng head, and to solve the probl em of

lthe nozz| ggi ng during printing. . THIS SHEET HAS BEEN
state in which the carriage 1l is in the print area, and Figures

REPLACED

8(B) and 9(B) the state in which the éarriage 1 is'at the home
position. |
Reference numeral 49 depicts the above-mentioned slider.
5 A projection'SO formed on the bottom moves with a base 48 as a
slide face. The print area side is attached to a link 52
diéposed ~on the base 48 and is energized in the upward
direction'and the print area direction by a spring 54 placed
between the base 48 and the slider 49. The face on which the
10 projection 50 of the slider 49 slides is composed of a slope 55
with the print area side down and a plane 56 at the'height for
pressing the cap member 80 against the recording he&é 7 when
the recording head arrives at the home position. The Slider'49
has guides 58 which widen and open in the print aiea direction
15 side, conforming to the width of the recording head 7 on both
sides, and a lock piece 61 epgaged with a flange piece 60 of-the
carriage 1 in the external end portion.
The cap member 80 is formed as an elastic cup having an
air inlet{GS communicated with the afmospheric opening 64 via
20 a duct 63 on the top and an intaké 66 at which negative
pressure from the pump unit 13 works. Ducts 63, 67 connecting
the air inlet 65 and the atmospheric opening 64 and the intake
66'and the pump tube 31 ére_formed by injection molding so that
they become integral-with the elastic cup. The atmospheric

25 opening 64 is opened and closed by the valve mechanism 41. A



To achieve this object
i nk Jet-recordlng appé‘htus conprising a record- ing
an ink supply nmenber wi'th an ink tank conprising el ectrode
remai ni ng anount of ink and being responsive to a print signal for spoutirng
I nk drops from nozzl e openings to recordi ng paper,
agai nst the front of the recordlng head for
an airtight state,

10

15

20

25

according to the invention, taege .S _provi ded an
£t

s_for rteLgetp ng a

d conmusioat gl \étén

hol di ng the nozzl e openi-ngs in

‘tube defining the duct 67 is connected to the pump tube 31 via

a connection hole 72 pierced in the slider 49.

As shown in Figures 9(A) and 9(B), the cap member 80 is

.housed in a reception member 81 made.of high-rigid material

such as macromolecular material so that the opening margin'

‘portion of the cap member exposes, and contains an ink absorber

82 made of a porous substance'for.absbrbingIink; The ;eception
member 81 has two shafts 83 extending in the direction
perpendicular to the direction of movement of fhe recording
head 7 on the top and is formed with a hemigpheric recess 84 on
ﬁhe bottom; the top is loosely supported by the slider 49 by
the two shafts 83 (Figure 9(B)), and the bottom is-loosely
supported by a hemispheric projection 85'projecting from the
slider 49 for airtig'htly pressing the cap member 80.in{:o
contact with the nozzle opening face of the.recording head 7
independently of the attitude of the recording head 7. | |
- Referring again to Figures 8(A) and 8(B), the valve

mechanism 41 comprises a valve body 92 opposed to the

atmospheric opening 64 and secured to one end of a guide stick

91 always energized to the atmospheric opening 64 by a spring
90, a driving stick 95 energized outwardly by a spring 94
stronger than the spring 90 so that the opposite side to the

print area always projects from a frame 93,'and lock pieces 96

~and 97 for engaging the guide rod 91 and the driving stick 95.

Thus, when the d:iving rod 95 is pushed into the state shown in

Figure 8(B) as the recording head 7 moves, the valve body 92

* This Sheet Has Been Replaced
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suction nmeans for supplying negative pressure to the cap- pi ng neans and
sucking_ out ink in th ~cappi ng neans into a waste |nk«tank resi stance
across the el ectrodest0r detect - ing a remai nig anount” of ink, reference

relative to the remaining amount of ink in the ink tank as a Hﬁ@ﬁ@ﬁEEHASBEEN '

val ue storage nmeans for storing a resistance val ue across thz clcctcﬂnc
val ue, resistance val ue conpari son neans for conparing the r t aHFF-ACED

across the el ectrodes with the -

loses the suppression force of the driving ;tick 95 and abﬁts
against the atmospheric opéning 64 by energy of the'sp:ing 90
for disconnecting communication of the cap mémbér 80 with the
atmosphere.
5 Reference numeral 15 indicates the cleaning unit in which.
a cleaning member 40, which ié composed of laminated layers of
a rubber plate 42 appropriate for a wiping operation on the
outside and a sponge material 43 appropriate foi rubbing
operétion on the print area side, is fixed to a frame 39
10 swingably secured to Shafts‘46 disposed on both sides of the
éapping unit 12_for moving between the cleaning position and
the non-cleahing position as the carriage 1 moves. fhe frame
39 is'looseiy supported on one face by a long groove 100, and
on the other by a round hole (not shown).to the shafts 46
15‘ a dispoéed on both sides.of the'slidér 49 supporting the cap
member 80 so that it éan switch with the round hole side as the
center in the upward direction and in the direction
perpendicular to the move direﬁtion of the recording ﬁéad'?.
The frame 39 is formed with a projection 102 extending down&ard
20 to the center of the print side tip and is always energized in
the print.area direction and downward by pull spring 103 placed
between the frame 39 and the slider 49. Thé frame 39 is also
formed with release pieces 101 (described below) on both sides
between which the move passage of thé recording head 7 is

25 sandwiched on the top and is formed with a cam face 104 on the

side.
This Sheet Has Been Replaced
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ref erence val ue, and suction control neans responsive to the resistance
.value cdnparison result, for—controlling the opera- tlpn)of t he suction
means. = Since the rgs stanc of the reS|stance val ug-~det ecti.on means
connected to the el ectrodes of e changes in response to the
presence or absence of the |nk t he comuni cati_on state with

t he recordi ng head, the reS|st d with data i tsessusfiersnBEEN
' r REPLACED

The release piece 101 is formed as a triangular pole with
the recording head passage side as the ﬁertex, and when slopes
105, between which the ve:tex is saadwiched, contact the flag
.piece 60 of the carriage l,lis adapted to swing.the frame 39 by
5 angle 6 in the horizontal direction with the shaft 46 as the
| center for releaSLng engagement of the cam face 104 and a cam

follower 106 (descrlbed below). |
Referring to Figure 10, the cam face has a first slope 111
defining a first passage for'guiding the frame 39 upward when
10 pushed in the direction outside the ﬁrint area by the.ca:riage
1 from stable point Pl contacting when the carriage 1 is in the
non—abuttlng state, a second slope 112 defining a second
passage horizontally extending in the direction outside the
print area from the lower end.of the first slope, a third slope
15 113 deflnlng a third passage for raising the frame 39 to the
cleaning position, a fourth slope 114 for holdlng the frame 39
at the cleaning position, and a fifth slope 115 for guiding the

cam follower 106 to the first slope 111. |

The section of each of the first slope 111 and second
20 " slope 112 is formed like a right angled triangle so that they
can be overridden in moving in the directions indicated by
arrows 116 and 117. The fourth slope 114 is selected as the
height at'which the cam'followet 106 can override the slope
when the frame 39 is swung. Step difference H is provided.
25 between stable point Pl and semistable point P2 so that the

former point is placed at the position at which the cleaning

- 12 -



val ue storage neans to determ ne whether or not the ink cartridge is

mount ed -and how much ink theTmk—cartridge contains. Based on the
det.ermi mation result, the suchmggmgggggggpkﬂamauct|on eans i s sel ected.

" BRI'EF DESCRI PTI ON OF THE DRAW
"the structure of the
appar at us

10
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25

a perspect i ve view show ng

_ print mec Hgmﬂmllm“Ey of "an ink OBEEN
to which an ink supm e invention lglggﬂ 1&?@%@%

"member 40 does not abut againét the nozzle opening face of the

recording head 7 and sd that the latter point is placed at the
positibn at whiéh the cleaning membér 40 abuts against the
nozzlé opening face Qf.thé recoxrding head 7.

Figure 11 shows an ink cartridge appfopriate for the ink
jet recording system described above, wherein reference numeral
120 is'a.vessel forming the ink cartridge main unit. The
vessel has an opening 121 on the top and is slightly tapered
toward 'a bottom 122. An ink outlet 123 engaged elastically
with and surrounding an ink supply needle 9 (Figure 12) fixed
to the recording head 7 is integral with the vessel-l?O on the
bottom 122. | |

The ink outlet 123 has one end formed like a pipe
projecting from the bottom and an opening 124 to which a filter
125 is welded. |

A step difference 126 is formed at the center of the inner
face of the ink outlet 123. Packing méterial pressed against
the lnk supply needle 9 for'malntalnlng the fluid-sealing state
(in the embodiment, a rubber rlng or so-called O ring 127) is
housed oﬁ'the tip opening side and alfilm 128 through which the
ink Supply needle easily paSSeé is welded to the outer opening
portion for sealing. Two electrodes i30 and 131 are dispdsed
near the bottom of the vessel 120; oné is located in the vessel
and the other in the ink outlet 123. | |

Réfergnce numeral 133 is a porous substance forﬁiné an ink

absorber. The porous substance 133 has a section slightly

- 13 -



FIG: 2 is anaenLaLged—V%eMFe%~aﬂ ink jet recording he nounted on a

carriage in th*?h:'é]l

T
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el plkerQiding apparatus; FIG 3{+g an enlarged view
carriage in the i nk Jet r ecqrdi-ng—apparat-us:

THIS SHEFT HAS BEEN
REPLACED

larger than the opening 121 of the vessel 120 and is slightly

higher than the vessel. The lower end portion of the porous

;subStance 133 is pressed against the filter 125 of the ink

" outlet 123 for compression in response to the form of the ink

outlét 123 and with its outer surface pressed by the side walls
of the vessel 120, the porous substance is housed in the §essel
120 and is pressed against the bottom 122 by means of a cover
137 comprising an atmospheric communication port 135 and ribs
136 for_sealing. Further, with the ink outlet 123 sealed, ink

is poured from the atmospheric communication port 135 under a

negative pressure of 3.45 kPa (0.5 psi) or higher and absorbed into pores

of the porous substance 133, thereby forming an ink cartridge.
Figure 13 shows a controller which controis ink handling

in the ink jet recordiﬁg apparatus described above, wherein
reference numeral 145 is a resistance value detection circuit
for measuring electric resistance between the electrodes i3d
and 131 disposed bn the ink cartridge 140. The resistance
value déﬁection circuit 145 is adapted to apply an alternating
voltage across the electrodes 130 and 131.at a given period,
for example, every second, for measuring the resistance value.
" Reference numeral 146 indiéates a controller, which is a

microcomputer programmed so as to provide resistance value

comparison unit 152 for comparing a reference resistance value

stored in reference value storage unit 151 (described below)
with a resistance value from the resistance value detection

circuit 145, resistance value_storage unit 153 for updating the

- 14 -
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resistance value from the resistance value'detectioh circuit
145 in sequence and storing it, supply volﬁage detection unit
154 for detecting the voltaée of a power supply circuit driving
the printing apparatus lowering to a given valpé for outputting
a signal, write uﬁit 155 responsive to the signal from the
supply voltage detection unit 154 for transferring data in the
resistance valué storage unit 153 and data from ink spout.
recovery operation monitor unit 157. (described below) to
history storage ﬁhit 156 composed of a nonvolatile memory, and

pump control unit 158 for contrqlling the pulse motor 4 based

on data from the resistance value comparison unit 152. When

the cleaning process is executed, the ink spout recovery
operation monitor unit 157 turns on a flag. When the cleaning
process terminaﬁes normally as an operation sequence, the unit
157 turns off the flag. If the cleaning operation aborts due.
to, for example, po&ef failuré during the cleaning, the unit
157 outputs the flag as data.

The reference vélue storage unit 151 stores a first
reference 1L, indicating the lower limit of a résistance value
when an appropriate amoﬁnt of ink exists in the recording head,

a second reference L, indicating data of a resistance value at

"which the user is prompted to change the ink cartridge when the

ink cartridge contains a small amount of remaining ink, a third

reference L; indicating data of a high resistance value when

. the ink cartridge contains almost no remaining ink, a fourth.

reference L, indicating data of an extremely high resistance

This Sheet Has Been Rep! laced
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FIG 4 is an enlarged view of a punp unit and a cappi unit in the I nk Jet
recordi ng appar at us; (‘EIG. 5 is atop view show ng tﬁg§locat|on
rel ati onship between the punp unit and the capping unit in the ink jet

recordi ng appar at us; FIG 6 is aside view showing the relationship
.between the punp unit and a pul se notor for paper feed for d%ﬁ%%ﬂﬂﬁﬁjﬁ%Qqﬂ#%
unit in theink jet recording apparatus; " REPLACED -

value when no ink cartridge is mounted, and alfifth reference
Ls indicating data of an extrehely low re#istance value to
detect a different kind of ink, a short circuit of the
‘electrodes, etc., as shown in Figure 18.
5 The pump control unit 158 includes drive patterns for
controlling the pﬁlse motor 4 so as to enable suction modes in
' response to every sit.uation, spch' as. a small quantity of
suction for pulling out ink during an initial filling ink,
suction when the ink cartridge is replacéd'with a new one,
io suction to discharge ink coliected in an exhaust passage of
ink, a small quantity of suction for meniScué recovery
operation, and processing for detaching the drive rbller 36
from the tube 31 to terminate suction operation. Reference
numeral 149 in Figure 13 is a display for displaying a message,
15 etc. |
Next, the operation of the apparatus thus configured i§
described. |
Before the printing apparatus is used, the initial filling
mode is executed. The initial fillihg mode can be started, for
20 example, by the user who turns on a power switch while holding
- an ink spout recovery command button on the printer cabinet.
Before or after the initial filling mode is started, the ink
cartridge 140 is mounted on the recording head 7. At_the time,
if the position of the ink outlet 123 of the ink cartridge 140
25 is adjusted to the pOSltlon of the ink supply needle 9 of the

'recordlng head 7 and the ink cartridge. 140 is pushed
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FIG 7 is a sectional

vi ew showi ng one enbodi nrent of the punp united used

w tsh the invention; FIGS. 8(A) and 8(B) are a pair drawi ngs centering-.
on.t he capping unit, gﬂya 8(A) showing a state in whi'gl the recordi ng head
exists in a print area’and FIG 8(B) showing a state in which the recording
head -exi sts at a standby position; FIGS. 9(A) and 9(B) are_a_pair of

drawi ngs showi ng an
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vertically, the ink supply needle 9 passes through the seal

member 128 and arrives at the packing member 127, thereby

connecting the ink cartridge via the'packing member 127 to the

trip of the ink supply needle 9 of the recording head in fluid-

‘sealing relation.

After this, when the cap unit 12 is mounted on the nozzle
openings of the recording head 7 (step a in Figure 19), the
pump control unit 158 rotates the paper feed motor 4 forward'at
low speed (step b in Figure 19), thereby transferring rotation

force of the motor 4 via the wheel train 23 to the suction pump

‘unit 13 for rotating the drive board 34, thereby causing the

rollers 36 to move along the long groove to the outside and
abut against the tube 31. The tube 31 is rubbed up by rotation
of the'motorl4 for generating wgak negative.pressure.

| Then, weak negative pressure aéts via the cap member 80 on

the nozzle openings of the recording head.7, and thus ink in

“the ink cartridge 140 gradually flows into the recording head

at low flow rate. By flowing into the'recording head
7 at the low flow rate, the ink flows into the recording head

7 without generating sediment in an uneven portion formed in

the passage from the needle 9 to the nozzle openings of the.

recording head 7. This means that filling the recording head
in the conventional manner using a transmitted liquid product

for discharging air bubbles at factory shipment is not

required, and that if the user tries performihg initial filling

This Sheet Has Been Replace
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enbodi nent of a cap nenber which is a conponent of the capping unit, FIG
9(A) showi ng the secti parall el to-a nove passage of™ he recordlng head

and FI G™ 9(B) showi ngtfhe section perpendictutar—to t e’ passage of the

recor di ng head; FIG 10 is aiﬁﬁSMkﬁﬂsﬁaﬂﬁk n e”bOd'”Eﬁhhohqagkgé;'“vv

attached to a cleanlng unit; Il onal view Wl
erbodt o of an” TR

of the recording head.with ink, he:qf she can securely fill the
récording'head with ink. |

- After the ink flowé into_thé noizle'openings by a small
- quantity of suction“for a pfedetermined-time T2 (step c in
s.l Figure 19),'the pump control unit 158 switches the pulse motor
4 to high speed rotation (step'd in Figure 19), thereby causing
strong negative pressure to act On.the nozzle openings. Ink of
‘about 15 cm3 per minute, for example, is sucked out from the
nozzle oﬁénings and therefore, air bubbles accumulating in the
10 reservoir or pressure genération éhamber of the recording head
7 at the initial fillinglwith ink are dischargéd from the

nozzle openings together with the ink flow. | |
When predetermined time T3 elapses and a given amount of
ink, for example,about 2 cm¥, i$ sucked out (step e in Figure
15 19), the pump control unit 158 stops the pulse motor 4 (step f
- in Figure 19), thereby causing the inside of the cap member 80.
to gradually rise to atmospheric pressﬁre. When the cap-ﬁember
is restored to atmospheric pressure, the pump control unit 158
again rotates the pulse motor 4 forward at low speed (step g in
20 Figure'lé) as described abové, Then,'weak negative pressure'to
' the degree at which a very_small_émount of ink is spouted from
-the nozzle openings is generated in thé'cap member 80 and the
méniscus of the ﬁozzle openings' disordered by high speéd
suction 1is restored to a state suitable for a printing
25 operation. Very small air bubbles occurring at the high speed

suction and air bubbles remaining in the sediment in the

- ;g -



ink cartridge used with the ink jet recordi ng apparatus,; FIG 12 is an
dllrustration show ng state in which the ink cartrldgq in FIG 11 is
noent ed” on a cartri dgg;: FIG 13 is a block dlagraﬁishomnng one

embodi ment of a controller which controls ink handling in the ink jet

recordi ng appar at us; FIG 14 is-an illustration show ng the rel ationship-
bet ween carriage position and operation; 'nﬂSSHEErHASBEEN
' ' - REPLACED

swirling state can be securely'discherged by iow-speed suction.
Preferably, the low speed suction is carried out after the high

speed suction is éerformed for the above-mentioned reason, but

print operation can elsp be started immediately after the high

5 -speed suction.

When a time T4, ehough for low speed suction, for example,

two seconds, has'elapsed (step h in Figufe 19), the pulse motor

4 is again stopped (step i in Figure 19), and the inside of the

cap member 80 is restored to atmospheric pressure, then the

10 pulse motor 4 is rotated reversely_at.low speed a predetermined

number of revolutions, namely, enough revolutions to move the

rollers 36 abutting against the tube 31 in the center

direction, thereby causing the drive rollers 36 to move on the

long groove of the drive board 34 slowly in _fhe center

15 direction'and leave the tﬁbé 31. If the pulse motor 4 stops

after forward rdtation; the drive rollers 36, 36 remain

abutting against the tube 31. Thus, if the pulse motor 4 is

subsequently rotated reverSely, the pump unit 13 generates

positive pressure’ for the cap member 80. During rotation at

20 low speed, the generated pressure is extremely' smali ahd

therefore before the pressure in tﬁe cap member 80 rises, the.

drive rollers 36 move on the long groove of the drive beard 34

in the center direction and leave the tube 31. After this, the

function of the pﬁmp is lost regardless of reverse rotation of

25 the motor 4 (steps i, j).

* This Sheet Has Been Replaced
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FIGS. 15(A) and 15(B) are illustrations show ng unit notion and cl eani ng
unit .noti on accordi ng o head posi tions; FI GS. 16(}¢§and 16(B) are
i | lrustrations show ngfc @hisiBliett HapBdeaRiptidecand cl eahing [GRj3 SHEET ﬁAS BeEN
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As a result, the suction operation of the pump unit 13 can
be terminated without destroYihg the meniscus formed at the

nozzle openings of the recording head 7. The suction operation

-can be terminated in the state in which the meniscus

appropriate for printing is held without applying unnecessary
positive pressure to the:cap member 80. - By performing the
operation sequehce, the recording head and the ink paésage
filled with air at shipment are securely filled with ink to
enable good printing. |

When the initial filling with ink ends and printing is

. performed, the resistance value detection circuit 145 detects

the electric resistance Qalue'acrOSS'the electrodes 136 and 131
at intervals bf given time T5, for e#ample, one second'br
during printing, every predeterhiﬁed number of lines printed,
for example, every line printed (step a in Figure 20). The
resistance value is stored,whilé the contents of the resistance
value storage unit 153 are updated in sequence (step b in
Figure 20), and is compared with data in the reference value
storage.unit 151 by the resistanqe value comparison unit 152
for monitoring the remaining amount of ink in the ink
cartridge, etcﬂ,'(step ¢ in Figure 20).

As shown .in- Figure; 18, if 1ink .exiSts in the porous
substance 133 to a degree at which it covers the filter 125
of .the :ink outlet i23, the resistance value across the
electrodes 130 and 131 g:aduélly increases as the ink is

consumed, but maintains a low value (in the embodiment, about.
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2.4 kQ). When the ink reaches depletion and the level drops
below the filter 125, the resistance value increases sharply.
Thus, when the print amount increases and the ink amount

in the,ink,cartridge 140 iowers, the resistance value across
the electfodes exceeds the second reference L,. Then, a
message to the effect that the level of ink in the ink
carﬁridge is low is displayed'prempting the user to prepare a
new ink cartridge. Even if the resistance value across the

electrodes exceeds the second reference L,, a small amount of

“ink remains for printing.

When further priﬁting is performed and the resiStance
value across the electrodes exceeds the third reference Ly, a
message is output requesting the user to replace the ink
cartridge with a new one (step d in Figuxre 20). If the user
responds. to the message with replacement with a new ink
cartridge (step e in figure 20), the eap member.of the cap unit
is mounted on the recording heed (step £ in Figure 20).

In this state, the resistance value across the electrodes
ie detected (step g in Figure 20) and is compared with
resistance value across the electrodes detected just before the
ink cartridge is repleced. ‘As a ﬁeSult of the comparison, if
the resistanee value across the elect:odes detected after the
ink cartridge is replaced is greater than that detected before

the replacement (step h in Figure 20), it is decided that there

~is a possibility that the user again has mounted the once

drawn-out ink cartridge intact. That is, it is possible that

- 21 -



FIG 17 is a drawi ng showi ng cappi ng unit operation and cl earmg uni t

.operatien;

FIG 18 is a chart snomﬁng’tne‘relat|0ﬂsh|p bet ween

regmi ning anmounts of mk I N anThi$he& fhd Bdogl ﬂ 12J% d resistance across
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the resistance across the electrodes increases because air
bubbles entéred the ink éupply pott when the ink cartridge 140
was drawn Out.and again mounted. '

In this case, the pump control unit 158 rotates the pulse
motor 4 forward at high-Speéd (step i in Figure 20), causing
stioﬁg negative presSure to act on the nozzle openings for
éucking out, for example, ink of about 15cm3 per minute from
the nozzle openings, thereby discharging air bubbles around the
ink supply port occurring when the ink cartridge l40_was again
mounted from the nozzle.openings together with the ink flow.

When a predetermined time T7, for example, one second has

‘elapsed (step j in Figure 20), 'the resistance across the

electrodes is again measured for determining whether or not the
measured resistance value is lower than the preceding value
(step k in Figure 20).

When a. sufficient amount of ink remains in the ink
cartridge, air bubbles which.have entered are discharged by the
sucked ink flow as described above, thus the resistance value
across the electrodes lowers. In contrast, if no ink remains
in the ink cartridge 140, air is drawn in between the
électrodes by sucking out ink,_increasing the resistance value
across the electfodes (step m in Figure 20): Thus, when the
resistancé valué across the electrodes increases; if suction is
continued, there is a chance that air will be drawn 1nto the

recording head. Then, the pump control unit 158 stops the

- 22 -



FIG, 19 is a flowchart shomnng ini.tial filling operation of I nk

oartrldge FI G 20 a—##emehaLL—ShQMLng_gperat|qn\mhen an ink
carfridge is replaced M/on X and FIG. 21 4.8 a fl owchart
showi ng a process mhlch occur T omer is'turned on with an
I nk cartridge nmount ed. l , l“l
: - _ I THIS SHEET HAS BEEN
- REPLACED

pulse motor 4 for terminating the suction operation (step t in

- Figure 20).
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Although the suction causes the resistance value across
the electrodes to drop, 1f the reSistance value exceeds the
second reference L, (step p in Figure 20), the ink supply in
the.ink cartridge is nearly depleted and ink suction is stopped
(step t in Figure 20).. '

On the other hand, when the electrode resistance value
just after the ink cartridge is mounted is lower than that
detected before replacement, it can be determined that a new
ink cartridge has been mounted. However, if the electrode
resistance value of the ink cartridge after replacement is
smaller than the fifth reference Ls (step 1 in Figure 20), it
is possible that an error such as a short circuit across the
electrodes of the ink cartridge is present. Thus, without
performing the subsequent operation; control is transferred to
the termination process cf step w. If the suction operation
causes the resistance value across the electrodes to drop, it
can be'determined_that the ink cartridge contains a sufficient
amount cf ink. Therefore, the pump control unit 158 continues

rotating the pulse motor 4 forward at high speed (step o in

‘Figure 20), causing a sufficient flow of ink from the ink

cartridge 140 into the ink supply passage and the recording
head, thereby securely discharging air bubbles.

When a predetermined time T8, for example, five seconds,

‘has elapsed (step p in Figure 20), the pump control unit 158

- 23 -



DESCRI PTI ON OF THE PREFERRED _ EMBODI MENTS
Referrimg now to the conpanying drawi ngs, there ares~ shown preferred
enbodi ménts of the ingention. FIG 1 shows in pers$pectt:

of a print mechani sm of an ThilSh¢eeHas/BeénRegladeg appar at us

invention is applied. In FIG mer al 1 s a
I S supported by a gui de nenber

stops the suction operatidn (step @ in Figure 20), thereby

causing the inside of the ¢ap member 80 to gradually rise to
atmospheric pressure. When it is restored to:atmospheric

- pressure, the pump control ﬁnit 158 rotates the pulse motor 4

5 . forward at low speed (step r in Figure 20) as described above.
Then, weak negative pressure sufficient to suppress a spout of

'.ink from the nozzle openings is geﬁerated in the cap member 80,

and the meniscus of the nozzle.openings disordered by high

speed suction is restored to the state suitable for print
10 operation. Very small air bubbles occurring at the high speed
suction and air _bubbles_ remaining in 1;.he sediment in the
swirling state can be securely'discharged by low speed"suction.

| When a predetermined time T4 elapsedl(step s in Figure

.20), the puise motor 4 is stopped’(step t in Figure 20) and the

15 - inside of the cap member 80 is restored .fq atmospheric
preséureg Then, the pulse motor'4 is rotated reversely at low

speed a predetermined number of revolutions to move the rollers

36 abutting against the tube 31 in the center direction (step

u in Figure 20). The pulse motor 4 is sfdpped (step v in

20 Figure 20), thereby terminating the.suction_operation in:thé
state in which the meniscus éppropriate for printing is held
without applying unﬁécesSary positive pressure to the cap

member 80. Then the wiping operation of the recording head is
perﬁormed (step w in FigureIZO)-to provide for the next print

25 operation.
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'connected via a t|n1ng~§elt 3 To a pulsenoter—(not sfl ) and can
reC|procate in paral | 8F*to a ghak : I Been Retlhch cordi ng=head 7 is nmounted on
the carriage 1 in such a nman penings are directed to -
printing paper 6, as shown iq fﬂ k catridge ?.L&Aiﬂ#ﬂdﬂﬂﬂ%#——‘
mounted on the top of 'the recor s shown i'n KITHIS SHEET NASBREN
forming the recording head 7 is prOV|ded with an ink néedl e RERLASED
descri bed bel ow) by which an ink supply :

The wiping operation is described. 'When.the recording
head 7 is moved to the print area side, the slider.49 moves
along the place 56 to the érint'area following movement of the
carriége 1 by energy of the spring 54, as described above.

5 When moving to a predetermined position, it arrives at the
. slope 55, and thus the glider 49 falls, thereby causing the cap '
‘member 80 to leave the front of the recording head 7. When
engagement of the cap member 80 and the recording head 7 is
completely released, the carriage 1 reverses the nove direction
10 and moves toward the outside of the print area, thereby cansing
the cam follower 106 to pass fhrough the slopes 111, 112, and -
113-and rise (Figure 15 B). When it fufther moves and arrives
at the seﬁistable point P2, thelframe 39 is lifted up by height
H. As the frame 39 rises, the cleaning member 40 also rises
15 and is set to a position at which lt contacts the front of the
recording head 7 (Figure 16 A). In this state, if the carriage
1 is further moved toward the print area, a blade member 42
becomes the top side.and abnts against the recording head 7,
thus ink drops attached by suction are femoved fron the
20 surrounding of the nozzle openings of the recording head 7.

Whén the recording head 7 is at tne home position
(?osition I in Figure 14), the frame 39 is lifted up with thé
cam follower 106 occquing the semisﬁable position'PZ on the
cam face 104 and the atmospheric opening 64 is closed with the

25 drive stick 95 of the valve 41 abutting against the base, and
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passage of the recording head and the ink cartridge 8 are connect ed.
Acgordimg to this structure, when a drive signal fro head drive

‘ci tcuits (not shown) M§\recve|ved via a flexible cablésy# 10, ink flows into
the recording head from the iThs Shek Hist@en Rep&d COt S can be for ned on the

recordi ng paper conectively. ainto FIG 1 ?
12 and a suction ' punp unit 1 "" mnﬁl ow) are | ocat ¢ d“ﬂ%tsgﬁdh ‘f\ﬁ@EEN

print PLACED

thus the recording hea& 7. is sealed by the cap member 80 for
preventing ink from drying (Figure 15(A)). |
When the ca;riagé 1 moves to the print area side, the
. recording head 7 is set t§ an air suction.position (position
5 III in Figure 14) through a cleaner set position (position II
 in Figure 14). . During the move, the slider 49 moves on the
plane 56, and thus the cap member 80 continues to séal the
front of the recbrding head 7. At this position, the valve -
body 92 is removed from the atmospheric openihg 64 by means of
10 the drive stick 95. Thﬁs,'if the pulse motor 4 is rotated
forward, negative pressure of ﬁhe_pump unit 13 acts on the cap
member 80. However, since the atmospheric opening 64uis open,
negative pressure does not act on the recording head 7 and.only
.waste ink remaining in,the absorber 82 and the tube 31 is
15 sucked out and sent to the wasté ink tank 30.
. When the air suction thué terminates, if the carriage 1 is
moved to the home position, the atmospheric opening 54 of the
cap member 80 is blocked by means of the valve mechanism 41
(Figure lS(A)) (step b in Figure 20). At the fermination of
20 filling.with ink, the carriage 1 is moved toward thg print
area. The slider 49 moves aldng the plane 56 to the print area
follow1ng a move of the carriage 11 by energy of the springs 54
and 103. When mov;ng to a predetermlned position, it arrives
at the slope 55, thus the slider 49 falls, thereby causing the
25 .- cap member 80 to leave the front of the recording head 7. When

enéagement of the cap member 80 and the recording head 7 is
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area of the carriage L The capplng unit 12 is integral with t he suction
punp unit 13 for convenkence of assenbly and nalntquﬁfe, as shown in

FIG. 4.
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completely released, the carriage 1 reverses its direction of

movement, and moves toward the outside of the print area,
thereby causing the cam follower 106 to éass through the slopes
111, 112, and 113 and rise (Figure 15(B)). When it further
moves and arrives at the'semistable-point P2, the frame 39 is
- lifted up by height H. As the frame 39 rises, the cleaning
member 40 also rises and is set to a position at which it
contacts the front of the recording head 7 (Figure 16(A)). 1In
- this state, if the cartridge_l is further moved téwardlthe
print area, a blade member 42 becdmes the top side and abuts
against the recording head 7-- Thus, the area surroundlng the
nozzle openings of the recordlng head 7 is sub]ected to a
wiping operation for removing ink drops spouted from the nozzle
openings and attached to the nozzle opening face by suction for
initial filling. |
When the recording head 7 passes through the cleaning
member 40 and subsequently the flange piece 60 of the carriage
1 arrives at the release piece 101, the release piece 101 is
pushed away in the direction shown by arrow B in Figure 17 by
angle B'to'the_outside by the flange piece 60. Thus, the cam
face 104 leaves the cam follower 106 (Figure 17). Then,
support'of the slope 114 by the cam follower 106 is lost and
the frame 39 is caused to fall_by the energy of the épring 54
and the cleaning member 40 is_evacuated to.a location lower
. than the pass plane of the recording héad 7. When the

recording head 7 further moves to the print area side and
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passes through a drive swiﬁch position (position VIII_in Figure
14), the pulse motor 4 rotates reversely for feeding recording
paper to the print area for énabling printing. |
On the other hand, when print operation in the printing
area continues for a predetermined time and a flushing
6peration is required, the print operation performed by the
recording head 7 is.temporarily stopped and the recording head
7 is moved toward the home position. While the recording head
is moved toward the home position, the flange piece 60 of the
carriage 1 passes through the release piece 101 and
subsequently the recordiﬁg head 7 arrives at the guidgé 58.
The slider 49 is guided by.the guides'58 to alignmenthﬁith the
center 6f the recordiﬁg heéd 7. Further, the carriage 1 moves,
the flange piece 60 abuts against the lock piecé 61, and the
recoxrding head 7 is positioned at a flushing position (position

V in Figure  14) opposite the cap member 80 at a given gap

'1ength. In this state, the recording head 7 causes ink to be

spouted out independently of a print signal from nozzle
6peningsgunused.during’the;printing, théreby'discharging ink in
the nozzle openings not used during the printing into the cap
member 80 to prevent ink in the nozzle openings from increasing
in viscosity and to prevent'the nozzle openings from drYith
On the other hand, for ink spout féilure'which is caused
by air bubbles enterihg the pressure generation chamber of the
recording head and thch cannot be removed by performing only

the flushing operation,_thé cérriage 1l is moved to the home
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FIGS. 5 and 6 are views showing the to section around the capping
unit, wherein referengs |nd|cat s a paper~~ ed roller, with a

gedr

or di scon-
23 which al so serves as a co

wheel train 23 noves in the
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22 secured to onk’e

nected froma pu paper feed vi
mechani sm

drh fShétmm”Wh aft 21, V\/ﬁrch S connect ed to

position and the cap member 80 is pressed into contact with the

recording head 7. 1In this state, the pulse motor 4 is rotated

~at high speed, thereby spouting air bubbles, etc., present in

the pressure generation chamber from the nozzle openings. As
a result, iﬂk consumption can be reduced as much as possible
and the air bubbles in the recording head can be discharged.
In the printing process, the resistance across the
electrodes is detected every predetermined time T5;, for
example, every seeond or each time one line of printing is
completed, as described above. The detected resistance values
are transferred to the resistance value storage unit 153 in
sequence for updating the resistance value data. When_printing
is completed and the power is turned off} a signal is output
from the supply voltage detection unit 154. In response to the
signal, the -write unit 155 transfers the resistance value
stored in the resistance value storage unit 153 to the history.

storage unit 156 for storage. A large-capacitance capacitdr

for smoothing is connected to the power supply circuit and the

eperation.voltage can be maintained for the'time required.to
transfer data for storage

When the power is turned on (step a in Flgure 21), the
resistance wvalue comparison unit 152 compares the_precedlng
resistance value across the electrodes stored in the resistance

value storage unit 156 with the resistance value across the

. electrodes just after the power is turned on. " If the

difference between them, Ar,:is greater than a predetermined



direction in FIG 5, the wheel train 23 neshes with the gear 22, enabl

supply Of

recordi ng P and when the wheel train noves in the

rightward direction i IG.5 the wheel train 23 meshés with a driving

gear 25 (FIG 4) of the suction punp unit 13, generating r bs 'ET HAS BEEN
pressure.

ng

FIG 7 shows an enbodi nent of the punp unit 13. It o3l

pDAS a

so-called peristaltic punp in which the outside of a punp t“b“ S+—ecormected
a cap nenber 80 and a waste -
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value, namely, the resistance value change caused by

temperature, etc., AR (step b in Figure 21), the cap member 80

is pressed into contact with the recording head 7 (step ¢ in

.Figure 21). Then, the step motor 4 is rotated forward at high

speed (step d in Figure 21), thereby sucking_out ink from the
recording head 7 and discharging ink around the ink outlet 123
of the ink cartridge 140 via the recording head 7, thereby

discharging air bubbles which entered by demounting or mounting

predetermined time T, has elapsed (step e in Figure 21), the

‘motor 4 is stopped (step f in Figure 21), and is then rotated

forward at low speed to return the meniscus to the state proper

for printing and to discharge the air bubbles formed during

high speed suction and the air bubbles remaining in "’ the

sediment (step g in Figure 21), the motor 4 is stopped and the

pressure in the cap member 80 changes from negative to
atmospheric pressure (step I in Figure 21). Next, the motor 4
is rotated reversely at low:speed and the rollers 36 are

separated from the tube 31 to provide for paper feed (steps j

the ink cartridge when the power was turned off. When the.

and k in Figure 21). At this stage, the resistance value

across the electrodes is compared with .the second reference

If it is determined that the ink cartridge 140 contains

~sufficient ink (step 1 in,Figuie 21), printing is enabled (step

n in Figure 21); if the ink cartridge contains less ink, a

messagé is output instructing the user to replace the ink

cartridge with a new one (step m in Figure 21).

This Sheet Has Been Replaced
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ink tank 30 is held by a cover case 32 so as to nmake it substantially like
.a circle and the inne peripheral surface thereof isgggessed by two rollers
365 36 *pivotally seckrf£d to a drive board 34 driven By’a rotation shaft 33.

The rollers 36, 36 are Ioosely engaged with a |l ong groove (rmHISSRERN AW BHEN
the distance fromthe center gradually changing to the drivye boargbPL34rEpand

. are secured so that when the pul se notor 4 for paper feed rotates Torward,
the rollers 36, 36 nove to the _ .

I1f the nozzle face-of the'recording head becomes dirty
because of use for a long term, the wiping operatioh alone
would be insufficient to remove dust and a rubbing operation is
required. In this case, in a similar sequence to the wiping

5 operation descried above,.the cleaning member 40 is raised and
the printing head 7 is moved to the print area side. Then, the
carriage 1 is moved in the direction opposite to the wiping
operation (arrow C direction in Figure 16B). Subsequently,
with the rubbing member 43 on the top, the cleaning member 40

10 contacts the nozzle opening face of the recording head 7 for
rubbing the hozzle opening face.
| When the operatioh sequence thus terminates with no print
data and the transition to the stop state is made, the carriage
1 is moved toward the standby position, thereby causing the
15 " slider 49 to climb up the slope 55 as thé recording head 7
moves. When it further moves toward the outside of thelprint
area; passage 6f the recording head 7 is detected by the home
position detection unit (not shown) in the process.

When a signal is output from the home position detection

20 . unit and.the cafriage 1l is mdved toward the outside of the
print area for a p:édetermined distance, némely, for a
deceleration distance.required to stop the carriage 1 from a
predetermined speed, the projection 50 of ﬁhe slider 49'afrive§
at the plane 56 and tﬁe cap mémbe; 80 is pressed into contact

25 _with the front of the recording head 7. The carriage 1 passes.

through the air suction position (position III in Figure 14)

Sheet Has Been Replaced
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side of .the cover case 32 and pivot while pressing ag

so_tHat.when the pul sgytor 4 rotates reversely for ipgper feed, the
‘rollers nove in the cefiter direction for departing fromthe tube 31.
Referring again to FIGS. 5 and 6, reference nuneral 12 ipdicates the

above-mentioned capping unit, is-located out- side the pf
passage of the carriage and mhlch I ncl udes a cap nenber %0 f orRBPOACEKE a
cup with elastic - '

10

15

20

25

pnst the tube 31 and

ITHIS BHERT AAS BREN

and the cleaner set-position (position II in Figure 14), then
is piaced at the standby position (position I in Fiqure 14).

In this state, the atmospheric opening 64 is sealed by means of

- the valve body 92; thus the recordlng head 7 can provide for

the next print operatlon in a state in which ink in the nozzle
openings can be prevented from drying.

‘Although in this embodiment data from the resistance value
detection circuit 145 is stored in the RAM and then stored iﬁ
the history storage unit as the supply voltage drops, it is
clear that a éimilar effect can also be produced by directly
storing the data in the nonvolatile storage unit for a given
period. .

In the above embodiment, when suction terminates, the

pulse motor for paper feed is rotated at low speed and the

rollers 36 are separated from the tube 31 without causing

positive pressure to act on thefreéording heéd 7. However, if
tﬁe_cap member 80 is detached frém the recording head 7 when
the cap member is returned to positive pressure after suction
terminates, the meniscus will not be destroyed even if the

pulse motor is rotated reversely at high speed.

Further, when a sequence of ink spout recovery operation

steps including the suction operation is started, the ink spout
recovery operation monitor unit 157 turns on the flag, and when

the ink recovery operation sequence terminates, turns off the

flag. However, if the power is turned off in error while the

ink spout recovery operation is being performed, the operation

This Sheet Has Been
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material so that it occupies a capping position covering the nozzle
gpeni ng -face of the recording head 7 and a non- cappiRg position departing
from the nozzle openiffgh face in asociation with the ‘fpvenent of the
tecording head 7 (as “descri bed bel ow), and a val ve nechani sm 41 for

opening and cl osing conmmuni cation with an atnospheric opening -64.—Fhese -
are installed. on a slider 49 that can nove parallel to th% mHﬁdﬂﬁm&f%ﬁBEE

notion of the carriage 1 and can nove up _ REPLACED

voltage drops, which is detected' by the supply voltege
detection unit 154 and the. flag is stored in the history
storage tnit_lSG by the write unit 155. When the'power is
again turned on, the data in the history storage unit 156 is
5 read out, and if the read data contains data indicating the ink

spout recovery operatioﬁ flag, the'ink spout recovery operatien
is performed before print operation is started. Thus, even if
the meniscus of the recording head 7 is destroyed because of
. the incomplete ink spout -recovery operation, the ink spout

10 recovery operation is again executed, thereby"forming the
normal meniscus for prlntlng in the optimum state.

As described above, in the invention, the 1nk jet
recording apparatus comprises a recording head communlcated.via
an ink supply member with an ink tank domprising electrodes for

15 detecting a remaining amount of ink and being responsive to a
print signal for spouting ink drops from nozzle openings onto
.recording paper, capping meane abutting ageinst the,front of
the recoxding head for holding the nozzle openings in an
airtight. state, suction means for supplying negative pressure

20 to the capping unit and'sucking'out.ink in the cepping unit
into a waste ink tank, resistanee value detection means for

' detecting electric resistance across the electrodes for
detecting é remaining amount of ink, reference wvalue storage
means for storing a resistance value across the electrodes

25 _ relative to the remalnlng amount of ink in the lnk tank as a

reference value, resistance value comparison means for

This Sheet Has Been Replaced
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and down. FIGS. 8(A) and 8(B) and 9(A) and 9(B) are draw ngs centering
on the capplng unit 1 FIGS. 8(A) and 9(A) show the SDate in which the
cafriage 1 is in the Gk nt area, and FIGS. 8(B) and 9( ) the state in which
the carriage 1 is at

THIS SHEET HAS BEEN
REPLACED

comparing the resistance acrdss .the electrodes with the
lreference value, and pump control means respoﬁsive to the
resistance value coﬁparison result for controlling the

: 0peration of the suction means. Therefore, the ink amount and

S the state of the ink tank can be determined precisely for
automatically selécting the ink suction mode in response to the

state, enabling the user ﬁo execute initial filling which is
otherwise comparatively hard to perform. In addition, air-
bubbles entering due to iﬁproper handling of the ink tank such

10 - ‘as during remounting can also be detected for proper automatic

processing by ink suction.
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CLAIMS
An ink jet recording apparatus, comprising:
means for producing a print signal,

a recording head (7) being commﬁnicated via an ink supply'
member with an ink tank (120) comprising electrodes
(130,131) for detecting a remaining amount of ink and
béing responsive to a print signal for spouting ink drops
from nozzle openings to recording paper (6),

capping means (80) abutting against a £front of- said '
reéording head (7) for holding the nozzle.openings in an
airtight state,

suction means (13) for supplying negative pressure to
said capping means (80) and sucking out ink in said

capping means (80) into a waste ink tank (30),

resistance value detection means '(145) for detecting

. electric resistance across the electrodes (130,131) for

detecting a remaining amount of ink,

reference .value storage means (151) for storing a
resistance value across the electrodes (130, 131)'relative
to the remaining amount of ink in the ink tank (120) as a
reference value,

resiétance value comparison means (152) for comparing the
resistance across the electrodes (130,131) with the
reference value, and '

suction control means (158) responsive to a resistance

value comparison result for controlling operations of
L

UABENTITZER\FMIAT19RDAT. YD

said suction means (13).
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t he honme position. Ref erence nuneral 49 depicts the above-nenti oned

sl i der.

‘A projection 50 fornmed on the bottom noves w
The prlntf-}ea side is attached to a |ink%

sl i-de face.. E
base 48 and is energlzed I n +he—upward—di+eecti+on and the print area

~direction by a sprlng 54 plac
face on which the

10

15

20

25

a base 48 as a
di sposed on the

ﬁ“l“ﬁ“nmm “ﬁllmse 48 and the_slider 49  The.

REPLACED

THlS SHEET HAS BEEN

The ink jet recording apparatus as claimed in claim 1,

wherein said suction control means (158) comprises an ink
tank replacement mode“ in which, when an ink tank is
feplaced with a new one, a resistance across the
electrodes (130,131) detected just before the ink tank is

- replaced is compared with that 'detected. after the ink

tank is replaced, and the suction of the ink in said
capping means (80) is executed if the latter resistance
is smaller than the former. '

The ink jet recording apparatus as claimed in claim 1 or -
2, wherein said suction means (13) executes suction at a
high flow rate and subsequently at a low flow rate.

The ink jet recording apparatus as claimed in claim 1,
wherein said suction control means (158) comprises an ink
tank replacement mode in which, when the ink tank is
replaced with a new one, said suction control means (158)
compares a resistance across the electrodes (130,131)
Jjust before replacement of the ink tank with a resistance
value after the replacement, and if the former is smaller
than the latter, executes suction at a high flow rate by
said suction means (13) while detecting a thange in the

‘resistance across the electrodes (130,131), and if the

resistance across the electrodes (130,131) drops as the
suction is executed, continues the suction at the high
speed for a predetermined time.

_———‘d——-——;’_—___-_‘_-—‘—
et Has Been Replaced
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prjection 50 of the slider 49 slides is conposed of a slope 55 with the

print area side down a a planeS56—at—the—hetrght fordfge55|ng t he cap

nmemder 80 agai nst the 5_ ordlnng

t he hone position. The sli der

print area direction side,

confo

on both sides, and al ock- plece
end portlon

carrlage 1 in the externa

Pt Zxa

@E'Rt

:Cen,

recordi#dg head arrives at
Whi ch wi'den and open in the

41 dth of the recording head 7

a flag pi ece PQHIS SHEET HAS BEEN
: " REPLACED

The ink jet recording apparatus as claimed in claim 4,
wherein, in said ink tank replacement mode, after the
suction at the .high speed is continued for séid
predetermined time, subsequent suction at low rate is

~ The ink jet recording apparatus as claimed in any one of

claims 4 or 5, wherein if the resistance value across the
electrodes (130,131) does not drop when the suction is
executed at the high  speed, the suction operation is

The ink jet recording apparatus as claimed in one of the
preceding claims, further comprising history storage
means (156) for storing at least resistance across the
electrodes (130,131) at power off in a nonvolatile manner
and comparison means for instructing an ink suction
operation to be executed if the resistance value across
the electrodes .(130,131) is higher than the resistance
value stored in said history storage means (156) when

The ink jet recording apparatus as claimed in one of the
preceding claims, wherein when an ink tank is first
mounted, suction at a low flow rate is first executed,
and subsequently suction at a high flow rate is executed.

The ink jet recording apparatus as claimed in one of the
preceding claims, wherein -suction in a high flow rate is
first executed, and subsequently suction at a low flow
rate is executed in a sequence of ink spout iecovery
operation steps including the sﬁction operation.

The ink jet récording apparatus as claimed in one of the
preceding claims, wherein said reference value storage

5.
5 executed.
6.
10
stopped.
7.
15
20
power is turned on.
8.
25
9.
30
10.
35

means (151) stores at least a reference indicating that

) O - 37~
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. The cap nenber 80 is forned as an el astic cup haV|ng an air inlet 65 :
comtuni cated with the atnDSﬁhe%+e—epeﬂ+ng—64~—V|a a pi 60 on the top and

63, 67 con- necting tHeé air i € at nospheri ¢ opening 64 and

an rntake 66 at which "égatl\;&(ﬁl eﬁre ron&the pumgnit 13 works. Ducts

the intake 66 and the punp tub d by injection [PRLAM uatl
‘they becone integral with the The atnospherlc openlggizg?ﬁD

opened and cl osed by the

the ink tank contains sufficient ink, another reference
for instructing a user to replace the ink tank with a new
one, and a furthei' reference for detecting a state in
which no ink tank is mounted.

11. an ink jet recording apparatus, comprising:

a recording head (7) being communicated with an ink tank
via an ink supply member and being respohsive to a print

10 signal for spouting ink drops from nozzle openings to
recording paper (6),

capping means (80) abutting against' a front of said
recording head (7) for holding the nozzle openings in an
15 airtight state, and

suction means (13) for supplying negative pressure to
séid capping means (80) and sucking ink in said capping
 means (80) into a waste ink tank (30), said suction means
20 ' '(13) being formed as a peristaltic pump comprising an
elastic tube and a plurality of rollers for rotating and
driving a motor driving a paper feed roller (20) in one
direction, thereby pressing against the tube for suction
- operation and rotating and driving the motor in another
25 direction, thereby releasing pressure of pressing the
tube - for losing pump action, wherein after the suction
process terminates,  the rotation in said another
direction is executed at.a lower speed than the rotation
in said one direction.
30 | |
12. An ink jet recording apparatus, comprising:

- a recording head (7) being communicated with an ink tank
via an ink supply member and being responsive to a print
35 - signal for spouting ink drops from nozzle openings to
- recording paper (6),

A ) O - 38-
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val ve nmechanism 41. A tube defining the duct 67 is con., nected to the punp
tube 31l-via a connect(ﬁm hole 72 pierced in the slidgri49. As shown in

FI GS. 9(Aiiand—968T"rﬁé cap nenber 80 is housed in a receptlon menber 81
made of hi gh- rég&ﬁmﬁakﬁkqmmﬁal such as nacronol ecul ar natrial so that the

openi ng na t he cap nenber exposes, and contains-an
absor ber M\ S substance for absor bi ng THIS SHEET HAS BEEN
: REPLACED

capping means (80) abutting against a front of said
recording head (7) for holding the nozzle openings in an
airtight state, '

suction means (13) for supplying' negative pressﬁre' to
said capping means (80) and sucking ink in said capping
means (80) into a waste ink tank (30), and

10 - storage means for storing an ink spout recovery operation
termination form indicating whether or not a sequence of
ink spout recovery operation steps containing the suction
operation terminates, wherein when'pdwer is turned on,
data indicating the ink spout recovery operation

15 termination form is read out and if it indicates that the
operation seguence does not terminate, the ink spout
recovery operation is again exeéuted.

13. An ink jet recording apparatus, comprising:
20 |
a recording head (7) being communicated via an ink supply
member with an ink tank (120) comprising ‘electrodes
(130,131) for detecting a reﬁaining’ amount of ink and
being responsive to a print signal for spouting ink drops.
25 .' from nozzle openings to recording paper (6), capping
| means (80) ~abutting against a front of said recording
head  (7) for holding the nozzle openings in an airtight
state, |

30 - suction means (13) for supplying negative pressure to
said capping means (80) and sucking out ink in said
capping means (80) into a waste ink tank (30),

resistance value detection means (145) for detecting a
35 resistance across the electrodes (130,131) for detecting
a remaining amount of ink, reference value storage means

LT
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i nk. The reception nenber 81 has two shafts 83 extending —Fﬁ—rhe—’di’m_
perbendlculr to the direction of movement of the recgndi ng Keadleef HRBebdFeplaced

top and'is formed w t§h - heri spheric recess 84 on theu‘botto m‘m Hﬂu“

| oosely supported by the slider 49 by the two shafts 83 (FIG
the bottomis | oosely supported by a hem spheric projection 8
fromthe slider 49 for airtightly pressmg the cap nenber 80 into contact
Wi th the nozzle :

(151) for storing a resistance value across the
electrodes (130,131) indicating that the ink tank (120)
contains sufficient ink as a reference value,

5 resistance value comparison means (152) for comparing the
resistance value across the electrodes (130,131) with the
reference value, and

suction control means (158) responsive to a comparison
10 ' result of the resistance values for controlling operation

of said suction means (13), wherein if the resistance

value from said resistance value detection means (145)

after ink tank replacement indicates a value smailer than

the reference value, said suction control means (158)
15 holds said suction means inoperative.

14. An ink jet recording apparatus, comprising:

. ~a recording head (7) being communicated with an ink tank

20 (120) via an ink supply member and being responsive to a
paring signal for spouting ink drops from nozzle openings
'to recording paper (6),

capping means (80) a_butting' ‘against a front of said
25 recording head (7) for holding the nozzle openings in an
"airtight state, ' ' '

suction means (13) for supplying negétive pressure to
'said capping means (80) and sucking ink in said capping
30 means (80) into a waste ink tank (31), and suction
control means (158) for 'causing said suction means (13)
to execute suction at a low flow rate and suction-at a

high flow rate.

35 15. The ink jet recording apparatus as claimed in claim 14,
wherein when an ink tank (120) is first mounted, suction

] 0 ) WD - uo-
%* C L M S * :
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opening face of the recording head 7 independently of the attitude of the
recording head 7. R?.grri ng again to FIGS. 8(A) and 8¢B), the valve
mecha- nism 41 conpri se¥ a val ve body 92 opposed to the*atno- spheric

openi ng 64 and secured to one end of a guide stick 91 alwa ' EEN
t he atnospheric opening 64 by a spring 90, a driving sticK SmsdHE §i
outwardly by a spring REPLA

at a low flow rate is first executed, and subsequently
suction at a high flow rate is executed. '

16. The ink jet recording apparatus as claimed. in one of

5 claims 14 or 15, wherein suction in a high flow rate is
first execﬁted, and subseguently s;iction at a low flow

rate is executed in a sequence of ink spout recovery
operation steps including the suction operation. |

[ ——
heet Has Been Replaced
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ABSTRACT

Described is an ink jet recording apparatus which includes a
recording head (7) communicated via an ink supply needle (9)
with an ink tank (120) and including electrodes (130,131) for

' detecting a remaining amount of ink and being responsive to a

print signal for spouting ink drops to recording paper, a
capping unit '(80) abutting against the front of said
recording head (7) for holding the nozzle openings in an
airtight state, and a suction pump (13) for supplying
negative pressure to the capping unit '(_80) . The apparatus
further comprising a resistance value detection circuit for
detecting electric resistance across the electrodes . (130,131)
for detecting a remaining amount of ink, a reference value
storage unit for storing a resistance value across the
electrodes (130,131) relative to the remaining amount of ink
in the ink tank, a resistance value comparison unit for
comparing the resistance across the electrodes (130,1.31) with
the reference value, ‘and a pump control unit responsive to
the resistance value comparison result for controlling a
pulse motor driving the ‘suction pump (13). The resistance
value detected by the resistance value detection circuit is
compared with the reference value stored in the reference
value storage unit to determine whether or not an ink ltank is

mounted, remounted, how much ink is in the ink tank, etc.

Based on the determination result, the motor is controlled by
the pump control unit for selecting the suction mode of ink
from the recording head. '

This Sheet Has Been Replaced
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94 stronger than the spring 90 so that the opposite side to the print area
al ways projects froma frane 93, and | ock pieces 96 and 97 for engaging the
guide rod 91 and the driving stick 95. Thus, when thg—gt+vi-Rg—0d-05 is
pushed into the state shown in FIG 8(B) as the recodd'§ SHERH HASTRERG | t he
val ve body 92 | oses the suppression force of the dri\ing sRERUACED and hbut s
agai nst the atnospheric opening 64 by energy of. the spring 90 for '
di sconnecting comruni cation of the cap2/18 -

This Sheet Has Been Replaced
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menber 80 with the atnosphere. Ref erence nuneral 15 indicates the

cleaning unit in which a cleaning nenber 40, which is conposed of |am nated
+ I

| ayers of a rubber plate 42 appropriate for a w pi tron—orr—the
outside and a sponge material 43 appropriate for'rug%ﬁﬁggggkﬁgsﬂ%ﬁNon t he
print area side, is fixed to a frane 39 sw ngably Seeured-tg-shafts K6
di sposed on both sides of the capping ug}%alz for noving between the

cl eani ng posi - -

9 e =
\ 7\ _

o
|l

FIG. 7

3 —

104
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tion and the non-cleaning position as the carriage. 1 noves., The frame 39 is
| oosel y supported on one face by a | ong groove 1QOTHISISH#IEBN HASEBEEM¢r by a
round hole (not shown) to the shafts 46 di sposed]|on boREPINCESs of {he
slider 49 supporting the cap nenber 80 so that it can swtch wth the round
hol e side as the center in the upward direction and in the direction

per pendi cul ar to the nove direction ofAQhﬁarecordlng ‘head 7. The frame 39
is formed with a projection

FIG. 5 =

14

46
- |
/ 41

(
20 46
~—13

30—

e
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102 extending downward to the center of the print side tip and is al ways
energized in the print area direction and dowmward by pull_spring 103
pl aced between the frane 39. and the slider 49. The franeT88 sH=eal 45 BRENTHI
with rel ease pieces 101 (described bel ow) on both sides |bet we@iPMWAGCETh t he
nove passage of the recording head 7 is sandw ched on the top and s forned
with a camface 104 on the side. The rel ease piece 101 is forned as a

triangul ar pole with

) .

e
Sheet Has Been Replaced
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t he recordi ng head passage side as the vertex, and when slopes 105 bet ween
whi ch the vertex is sandw ched, contact the flag pireee
1, is adapted to swing the frame 39 by angle [err] fﬁ“?ﬁgEEBHﬁfdﬁ¥§l
direction with the shaft 46 as the center for rel eg " 4
~cam'face 104 and a cam fol | oner 106 (described bel ow).

6/18

FIG. 8 (A)
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- 8- | Referring to FIG 10, the camface has a first slope 111 defining
a first passage for guiding the frame 39 upward when pushed |n t he
direction outside the print area by the carriage 1 fror pot-at—RL

]
contacting when the carriage P?Hﬁ; ééxgi;gg\g BEEN

8/18

FIG. 10

11 P1
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1is in the non-abutting state, a second slope 112 defining a second

passage horizontally extending in the direction out- sid e LN [
_fromthe |ower end of the first slope, a third slope 113} drfi$ SHRET HASIHEEM
passage for raising the frame 39 to the cleaning position, a fRERLAREBI ope §

114 for holding the franme 39 at the clgiqhgg position, and a Ti1fth slope
115 for guiding the camfollower 106 t first slope 111. The section
of each of the first slope 111 and second sl ope

FIG. 12
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the recording head 7 and so that the latter point is placed at the position
at which the cleaning menber 40 abuts against the nozzle opening face of
the recording head 7. FIG 11 shows an ink cartridgq #RIIFEETHA é%ithe
“ink jet recording systemdescribed above, wherein refjrenceREﬁgqg&a §
I.s a vessel formng the ink cartridge main unit. The #n

121 on the top and is slightly tapered toward a bottom 122. An ink outl et
123 engaged 11/18
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elastically with and surrounding an ink supply needle 9 (FIG 12) fixed to
the recording head 7 is integral with the vessel 120 on_the -be+tt
The ink outlet 123 has one end forned |ike a pipe prof qats SHEET G
bottom and an opening 124 to which a filter 125 is we| ded. REPLA 5
difference 126 is forned at the center f hhe inner facte of the ink outlet
123. Packing material pressed agai nst 1271

FlG. 75(14) : .5\8 19 46 / 61.'.
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the ink supply needle 9 for nmaintaining the fluid-seali

ng state (in the

enbodi ment a rubber ring or so-clled Oring 127) is housed on the tip

opening side and a film 128 through which the ink sup
passes is welded to the outer opening portion for sea
130 and 131 are di sposed near the bottom of the vessel

‘rﬁbd T .

| ocated in the vessel and the other in the ik outlet 123.
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-9- Ref erence nuneral 133 is a porous substance fo
absorber. The porous substance 133 has a section sligh
opening 121 of the vessel 120 and is slightly

i
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hi gher than the vessel. The | ower end portion of the porous—sabstance 133

is pressed against the filter 125 of the ink outlet 123 for| EBWPTHEESIRAS BEEN
response to the formof the ink outlet 123 and with its out s UREBACED

pressed by the side walls of the vessel 120, the porous substance is house
in the vessel 120 and is pressed against the bottom 122 by nmeans of a cover

137 conprising an atnospheric comuni cigf4gn port 135 and ribs 136 for
sealing. Further, with the ink outlet . This Sheet Has Been Rep
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123 sealed, ink is poured fromthe atnospheric communi- cation port 135
under a negative pressure of 0.5 psi or higher and absorbed intqo pores of

t he porous substance 133, thereby formng an ink cartridge | THIS BREEhO®MS BEEN
a controller which controls ink handling in the ink jet recording aRFRUATEDS

descri bed above, wherein reference nuneral 145 is a resistance value
detection circuit for neasuring electric resistance between—the—electrodes
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and .131 di sposed on the ink cartridge 140. The resistance val ue detection

circuil 145 is adapted to apply an alternating voltage acr §sfyitREEET HAS BEEN
electrbdes 130 and 131 at a given period, for exanple, every secepg.AdEDr
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 tance value stored in reference value storage unit 151 (described bel ow)

with a resistance.

- resif i eﬁﬂwﬁystgn ge unit 153 for updating the resistance value from

=t he 1€§L§@%ﬂ£@» uﬁ etection circuit 145 in sequence an I$SHE} Lh .
supp} vy} vol t age dek tijon-unit 154 for detecting the voltage o0 e QR BEEN
suppty cO TNV $7Bvind t he printing apparatus |owering to e_far
out pitting a signal fite unit 155 1 :

e fromthe resistance val ue detection circuit 145,

-INK JET RECORDING APPARATUS

?pé present invention relates to an ink jet recording

apparatus.

An on-demand ink jet recording apparatus which jets ink
pressurized at a pressure generation chamber through a nozzle

onto recording paper as ink droplets for recording print data

. exhibits substantial probleﬁs. Among these problems'éfe a rise

in viscosity caused by evaporation of an ink solvent from
nozzle openings and print failure caused by drying of ink,
adhesion of dust, and mixing of air bubbles. Thus, an ink jet
recording apparatus of this type is generéily brovidéd with'a

capping device for sealing the nozzle openings when no printing

is being performed and a device for cleaning around the nozzle

openings as required.

| A.proposéd'capping device includes a slider whiéh=is moved
by a carriage to a home position along a slant guide face
disposed on a frame to the nozzle opening face side of a head,
and a cap disposed on the surface of the-slider is pressed
against the recording head for sealing the nozzle openings, for
example. Such an arrangement is disclbsed in Japanese Patent

Laid-Open No. Hei 1-125239.
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responsive to th
transferring dat val ue storage unit
i nk spout recoveny joperati on noni uni t 157 (descr|oed

Si QT

: mth upply voltage detection unit 154 for
nﬁhéﬁgﬂﬂb m.? ' -, ¢ -a—-+-on

c

_ t Qr
storage unit 156 {cqnpd9eNO¥i1¥ ngnyol atile nenory, and
158 for controlliind the pul se nojol 4 Rased on data fron1the resi stance

val ue conpari son funtt—I5Z2. VWen thgq cl eaning process is executed, the ink

spout recovery ogderation noni-

For such an ink jet recording apparatus, an ink tank is
furnished in cartridge form which provides a convenient ink
supply. When the ink has been consumed, the ink cartridge is

‘replaced with a new one. .One such ink cartridge is disclosed
in Japanese Patent Laid-Open No. Hei 2-187364, in which a
porous substance forming an ink absorber is housed in the ink
cartridge. Annular packing material is disposed on the tip of
an ink outlet for sealing. Since ink can be easily supplied by
simply changing ink cartridges, the ink cartridge is very
useful in preventing pollution caused by ink leakage, etc., at
the ink supply. On the other hand, the ink cartridge has a
disadvantage in that air bubbles are prone to enter the ink
cartridge by piston action between an ink supply needle on the
main unit side and the ink outlet of the ink cartxidge when the
ink supply needle is inserted. .

Further, because of the ease of changing the ink supply,
the ink cartridge is prone to be ..remove.d and then remounted even when ink
remains in the cartridge. As a result, adir bubbles enter the
ink cartridgé by the piston action and cause print failure to

Qccurx.

It is therefore an object of the invention to provide an
ink jet recording apparatus which can more perfectly perform
ink handling for a recording head, such as supplying ink from

I —
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tor unit 157 turns dn PM%%":‘-‘%@HEETM cl eaning process term nates normally

as an operation sequerlce, the unit 357
0G wuV 1996 THIS SHEET HAS BEEN
: REPLACED
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an ink cartridge to the recording head, and to solve the
problem of the nozzle openings clogging during printing.

This object is solved by the ink jet recording apparatus of any

one of independent claims 1, 11, 12, 13 or 4. Further

advantageous features, aspects and details of the invention
are 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

texrms.
The invention provides a dev1ce for handling ink
in an ink jet recording apparatus in which a recording head is

moved across the width of recording paper and jets ink drops
onto the recording paper in response to print data for forming
an image.

To achieve the above object, accordiﬂg to an aspect of the invention, there
is provided an ink jet recording apparatus compriéing a
recording head communicated via an ink supply member with an
ink‘tank comprising electrodes for detectiﬁg-a remaining amoﬁnt
of iﬁk and beiné respon§ive to a print signal for spouting ink
drops from nozzle openings to recording papex, capping means
abutting against the front of the recording head for holding
the nozzle openings in an airtight state, suction means for
supplying negative pressure to the capping means and sucking

out ink in the capping means into a waste ink tank, reésistance
value detecting means for detecting resistance across the

electrodes for detecting a remaining amount of ink,
reference value storage means for storing a resistance value

across the electrodes relative to the remaining amount of ink
in the ink .tank as a reference value, resistance value
comparison ~means for comparing the resistance across the
electrodes with the reference value, and suction control means

* 4 - »
responsive to the resistance value comparison result for

controlling the operation of the suction means.
This Sheet Has Been Replaced —
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turns

ff ----- Hﬂ-e—f-l—a'g‘—r‘ fhe cl eaning operatio e to, for
© _ THIS SHEET HAS BEEN [
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_____;.§iBES.SQ§_JEListance of the resistance value detection

means connected to the electrodes of the ink cartridge changes
in response to the presence ox absence of the ink cartridge and -
the communication state with the recording head, the resistance
is compared with data in the reference value étorage means to

determine whether or not the ink cartrxdge is mounted and how

"much ink the ink cartridge contains. Based on the

determination result, the suction mode of the suction means is

selected. _
Another aspect of the invention is a method for operating an
ink jet recording apparatus. The method allows the
determination whether or not an ink tank is mounted or
remounted to the apparatus, how much ink is in the ink tank
etc. Based on the result of the determination, a motor is
controlled by a pump control unit to select an appropriate

suction mode of ink from the recording head.

Figure 1 is a perspective view showing the structure of
the print mechanism periphery of an ink jet recording apparatus
to which an ink supply device of the invention is applied;

Figure 2 is an enlarged view of an ink jet recording head
mounted on a carriage in the ink jet recording apparatus; .

" Figure 3 is an enlarxged view of an ink tank mounted on the
carriage in the ink jet recording apparatus;

Figure 4 is an enlarged view of a pump unit and a capping
unit in the ink jet recording apparatus;

Figure 5 is a top view ;howing the location relationship
between the pump unit and the capping unit in the ink jet‘
recording apparatus;

Figure 6 is a side view showing the relationship between
the pump unit and a pulse motor for papexr feed for driving the
pump unit in the ink jet recording apéaratus;

Figure 7 is a sectional view showing one embodiment of the
pump united used.with the invention;

Figures 8(A) and 8(B) are a pair of drawings centering on
the capping unit, Figure 8(A) showing a state in which the

recording head exists in a print area and Figure 8(B) showing

This Sheet Has Been Rep
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exanpl e, power failure during the cleaning, the urf tREPEACEMENTUBHERTh f1 ag

as dat a. The reference val ue stgrage unit 151 stjor

Llerr] indicati] , hslguiNt Jof a resistance
amount of ink exi EEbLA Dlnk c@rtridge, a secon
i ndi cating data '
change the ink cartridge mhen the ink cartridge contains a snal

S a TIrSt r éfler}- ence
IuP
erence Lf

dprfopri ate

remai ni ng i nk,

a state in which the recording head exists at a standby

position;

Figures 9(A) and 9(B) are a pair of drawings showing an

embodiment of a cap member which is a component of the capping

unit, Figure 9(A) showing the section parallel to a move

péssaée of the recording head and Figure 9(B) showing the

section perpendicular to the passage of the recording head;

Figure 10 is a drawing showing an embodiment of a cam face

attached to a cleaning unit;

Figure 11 is a sectional view showing an embodiment of an

ink cartridge used with the ink jet recording apparatus;

Figure 12 is an illustration showing a state in which the

ink cartridge in Figure 11 is mounted on a cartridge;

Figure 13 is a block diagram showing one embodiment of a

controller which controls ink handling in the ink jet recording

apparatus;

Figure 14 is an illustration showing the relationship

between carriage position and operation;

Figures 15(A) and 15(B) are illustrations showing capping

unit motion and cleaning unit motion according to recording

head positions;

Figures 16 (A) and 16(B) are illustrations showing capping

unit operation and cleaning unit operation;

Figure 17 is a drawing showing capping unit operation and

cleaning unit operation;
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athird reference L[err] indicating data of a h gﬂEpLasEMEMTI(SﬂEFEI ue when
the ink cartridge contains al nbst no renaining a—fourttr—ref ef ence
L[err] indicating_data of an extregely high res ar&g@a@ no i nk
cartridge is nountpds SHEH! AAS HRER fef erence L[ efr &d tp of an
extrenmely | ow regi st anREPLDAZIEDe to getegt a diffeér t kind af ink, }la short
circuit of the el&ctrodes, etc., as shown in FIG The punp gontrol
~unit 156 includes drive patterns for

Figure 18 is a chart showing the relationship between
remaining amounts of ink in an ink cartridge and resistance
across electrodes;

. Figure 19 is a fléwchart showing initial filling operation
of ink cartridge;

Figure 20 is a flowchart showing operation when an ink
cartridge is replaced with a new one; and

Figure 21 is a flowchart showing a process which occurs
just after the power is turned on with an ink cartridge

~mounted.

Referring now to the accompanying dréwings, there are

| shown preferred embodiments of the invention.

Figure 1 shows in perspective view the area of a print
mechanism of an ink Jjet recOrding apparatus tb which the.
invention is applied. In Figure 1, reference numeral 1 is a
carriage which is supported by a guide member 2 and is

. connected via a timing belt 3 to a pulse motor (not shown) and
can reciprocate in parallel to a platen 5.

| A recording head 7 is mounted on ﬁhe carriage 1 in such a

ﬁanneﬁ that nozzle openings are directed to printing paper 6,

as shown in Figure 2. An ink cartridgé 8 is detachably mounted

on the top of the recording head 7, as shown in Figure 3. A

base forming the recording head 7 is provided with an ink

[
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controlling the pulse motor 4 so as to enable suctip ﬂﬂ$§EMﬁﬁr@ﬂ§Epnke to

every situation, such as a small quantity of suctio L no-o nk
during an initial filling ink, suction when the ink cartrld |s repl pced

W th TeiasBerd qn to discharge ink collected fn 6pa‘s hge of
inkl EH§E%L Qegnt ity fof suction for mepi scus recover) operatlon ahd

proc getecting the drive roller 36 fromt e rube 3T 1o termnate
suct i on operatlon. Ref erence

needle 9 (aé described below) by which an ink supply passage of
the recording head and thé.ink cartridge 8 are connected.

According to this structure, when.a drive signal from a
head drive circuit (not shown) is received via a fléxible cable
10, ink flows into the recording head from the ink cartridge
and dots can be formed on the.recording paper connectively.

Referring again to Figure 1, a capping unit 12 and a
suction pump unit 13 (described below) are located outside the
print area of the carriage 1. The capping unit 12 is integral
with the suction pump unit 13 for convenience of assembly and
maintenance, as shown in Figure 4.

Figures 5 and 6 éée Qiews showing the top and‘seétion
around the capping unit, wherein reference numeral 20 indicates
a paper feed roller, with a gear 22 secured to one end of a
rotation shaft 21, which is connected to or disconnected from
a pulse motor ¢4 for paper feed via a wheel train 23 which aiso
serves as a connection switch mechanism. That is, when the
wheel frain 23 moves in the leftward direction in Figure 5, the
wheel train é3 meshes with the gear 22, enabling supply of
recording paper, and when the wheel train 23 moves in the
rightward direction in Figure 5, the wheel train 23 meshes with
a driving gear 25 (Figure 4) of the suction pump unit 13,
generating negative pressure.

Figure 7 shows an embodiment of the pump unit 13. It is

- formed as a so-called peristaltic pump in which thé outside of

a pump tube 31 connected a cap member 80 and a waste ink tank

heet Has Been Replaced
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nuneral 149 in FIG 13 is a display for displaying a resgapgCEMEd. SHﬁﬂkat
the operation of the apparatus thus configured is desdri —Betore |t He
printing apparatus is-used, the initial filling node i . 495Be
eju %Wowtﬁurn n
a power SWEPCACEWI | e Hfol ding an i nk spogt recovery co d__,b,uLL.un—-eﬁ—-t'Ee
' | - 1

i ni tfr gfqsf SHEETrHATBERN ¢an be started, for exanpl e, by t
I

30 is held by a cover case 32 so as to make it substantially
like a circle and the inner peripheral surface thereof is
pressed by two rollers 36, 36 pivotally secured to a drive
. board 34 driven by a rotation shaft 33. The rollers 36, 36 are
loosely engaged with a iong groove. (not shown) with a
distance from the center gradually changing to the drive board
34, and are secured so that when the pulse motor 4 for paper
feed rotates forward, the rollers 36, 36'move to the side of
the cover case 32 and pivot while pressing against the tube 31
and so that when the pulse motor 4 rotates reversely for paper
feed, the rollers move in the center difection for departing
from the tube 31.

Referring again to Figure 5 and 6; reference numeral 12
indicates fhe above-mentioned capping unit, which is.locaﬁéd
outside the print area of the passége of the carriage and thch
includes a cap member 80 formed like a cup with elastic |
material so that it occupies a capping position covering the
nozzle opening face of the recording head 7 and a non-capping
position departing from the nozzle opening face in association
with the movement of the recording head 7 (as described below),
and a valve mechanism 41 er-opening and closing communication
with an atmospheric opening 64. These are inétalled on a
slider 49 that can move parallel to the direction of motion of
the carriage 1 and can move up and down.

Figures 8(A) and 8(B) and 9(A) and 9(B) are drawings

centering on the capping unit 12, Figure 8(A) and 9(A) show the
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printer cabinet. Before or after the initial filling nodd REPAGEMENT, SkEkd

I nk cartridge 140 is nounted on the recording head 7. At {t{is trne, 11 (he

position of the ink outlet 123 of the ink cartridge 140 i}s aqbgq& iboe t he
the In

posi ti pof —iiE ] Iy needl e 9 of the recording head anh
cartriEé@miﬁﬂﬁﬁghﬂggﬁgg iertically, the i nk supply needl ¢ ¢
t he sel rrives at the packing nmenber 1279, thereby

connecting the ink cartridge via te :

L

o)

state in which the carriage 1 is in the print area, and Figures
8(B) and 9(B) the state in which the carriage 1 is at the home
positioﬁ. | \

Reference numeral 49 depicts the above-mentioned slider.
A projection 50 formed on the bottom moves with a base 48 as a
slide face. The print area side is attached to a link 52
disposed on the base 48 and is energized in the upward
direction an& the print area direction by a spring 54 placed
between the base 48 and the slider 49. The face on which thé
projection 50 of the slider 49 slides is composed of a slope 55
with the print area side down and a plane 56 at the he;éht for
pressing the cap ﬁember 80  against the recording he&d 7 when
the recording head arrives at the home position. The slidexr 49
has guides 58 which widen and open in the print area direction
side, conforming to the widthlof'the recording head 7 on both
sides, and a lock piece 61 engaged with a flange piece 60 of the
carriage 1 in the external end portion.

The cap membér 80 is formed as ah elastic cup having an
alr inlet 65 Eommunicated with the atmospheric opening 64 via
a duct 63 on tl_me top and an intake 66 at which negative
pressure from the pump unit 13 works. Ducts 63, 67 connecting
the air inlet 65 and the atmospheric opening 64 and the intake
66 and the pump tube 31 are formed by injection molding so that
they become integral with the elastic cup. The atmospheric

opening 64 is opened and closed by the valve mechanism 41. A

This Sheet Has Been Replaced




packi ng menber 127 to the ti p of the ink supply needle RERLACEMENT SHEET n

head in fluid-sealing relation.
THIS SHEET HAS BEEN | 09 NOV 1996
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tube defining the duct 67 is connected to the pump tube 31 via
a connection hole 72 pierced in the slider 49,

As shown in Figures 9(A) and 9(B), the cap member 80 is
.housed in a reception member 81 made of high-rigid material
such as macromolecular material so that the opening margin
portion of the cap member exposes, and contains an ink absorber
82 made of a porous substance for absorbing ink. The reception-
member 81 has two shafts 83 extending in the direction
perpendicular to the direction of movement of the recording
head 7 on the top and is formed with a hemigpheric recess 84 on
the bottom; the top is loosely supported by the slider 49 by
the two shafts 83 (Figure 9(B)), and the bottom is.lOOSely
supported by a hemispheric projection 85 projécfing from the
slider 49 for airtightly pressing the cap member 80 into
contact with the nozzle opening face of the recording head 7
indeéendently of the attitude of.the_recording head 7. |

Referring again to Figures 8(A) and 8(B), the valve
mechanism 41 comprises a wvalve body 92 opposed to the
atmospheric opening 64 and secured to one end of a guide stick
91.always energized to the atmospheric opening 64'by a spring
90, a driving stick 95 energized outwardly by a spring 94
stronger than the spring 90 so that the opposite side to the
print area always projects from a frame 93, and lock pieces 96
and 97 for engaging the guide rod 91 and the driving stick 95.
Thus, when the driving rod 85 is pushed into the state shown in

Figure 8(B) as the recording head 7 moves, the valve body 92

This Sheet Has Been Replaced
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-11- After this, when the cap unit 12 is nmounted on the nozzle oper+fgs

of the rechdi ng head 7 (step ain FIG 19), the REPLACEMENT SHEET

THIS SHEET HAS BEEN |
REPLACED 11 09 NOvV 1996

loses the suppression fofce of the driving ;tick 95 and abuts
against the atmospheric opening 64 by energy of the spring 90
for disconnecting communication of the cap member 80 with the
atmosphere.

Reference numeral ls-indicates the cleaning unit in which
a cleaning member 40, which is composed of laminated layers of
a rubber plate 42 appropriate for a wiping oéeration on the
outside and a sponge material 43 appropriate for rubbing
operation on the print area 'side, is fixed to a frame 39
swingably secured to shafts'46 disposed on both sides of the
capping unit 12 far moving between the cleaning position and
the non-cleaning position as the carriage 1 moves. fﬁe frame
39 is loosely supported on one facé by a long groove 100, and
on the other by a round hole (not shown) to the shafts 46
disposed on both sides of the slider 49 supporping the cap
member 80 so that it can switch with the round hole side as the
center in +the upward direction and in the direction
perpendicular to the méve direction of the recording head 7.
The frame 39 is formed with a projection 102 extending down&ard
to the center of the print side tip and is always energized in
the print area direction and downward by pull spring 103 placed
between the frame 39 and the slidexr 49. The frame 39 is also
formed with release pieces 101 (described below) on both sides
between which the move passage of the recording head 7 is
sandwiched on the top and is formed with a cam face 104 on the

side:
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punp control unit 158 rotates the paper feed .y -—4*+gr‘ | ow speed
(step_b in FIG 19) reby transferring rot iRﬁﬂﬁEﬁ%&? tHe lotor 4 via
t-he JS SHEETHASIBERN the suction punp unit 13} fpr~tofating t dri ve board

34, tlher ebREPEAGHING th@ rollers 36 to nove al ohg tQP;hgngﬁymoo elto the
outside and abut agalnst the tube 31. 7Be tube{3l i's rubbed up| by rotation
of the notor 4 for generating weak negative pres T

The release piece 101 is formed as a triangular pole with
the recording head passage side as the vertex, and when slopes
105, between which the vertex is sandwiched, contact the flag
.piece 60 of the carriage 1, is adapted to swing the frame 39 by
angle 8 in the horizontal direction with the shaft 46 as the
center for releasing engagémént of the cam face 104 and a cam
follower 106.(described below).

Referring to Figure 10, the cam face has a first slope 111
defining a first passage for guiding the frame 39 upward when
pushed in the direction outside the print area by the carriage
1 from stable point Pl contacting when the carriage 1 is in the
non-abutting state, a second slope 112 defining a second
passage horizontally extending in the direction outside the
print area from the lower end of the first slope, a third slope
113 defining a third passage for raising the frame 39 to the
cleaning positidn, a fourth slope 114 for holding the frame 39
at the cleaniﬁg position, and a fifth slope 115 for guiding the
cam follower 106 to the first slope 111. |

The section of each of the first slope 111 and second
slope 112 is formed like a right angled triangle so that they
can be overridden in moving in the directions indicated by
arrows 116 and 117. The fourth slope 114 is selected as the
height at which the cam follower 106 can override the slope
when the frame 39 is swung. Step difference H is provided:
between stable point Pl and semistable point P2 so that the

former point is placed at the position at which the cleaning
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Then, weak negative pressyre acts via the cap newﬁééqﬁwg ngn zzl e

openi ng$ Tis SHEET BASEFENg} head 7, and thus ink ge 140
gradual }y f| oREPLAGEB the fecording head 7 at a o flow rate. | owi ng
the ink Thnto the recording head 7 at the |ow flpw r &%NOVhEbNK i ows into .
the recording head 7 without generatingssedimenf }n an uneven rgion
formed in the passage fromthe needle 9 to the hozZzTe openi ngs of] the
recording head 7. This nmeans that filling the
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member 40 does not abut against thé nozzle opening face of the
recording head 7 and so that the latter point is placed at the
position at which the cleaning member 40 abuts against the
nozzle opening face of the recording head 7.

Figure 11 shows an ink cartridge appropriate for the ink
jet recording system described above, wherein reference numeral
120 is a vessel forming the ink cartridge main unit. The

lvessel has an opening 121 on the top and is slightly tapered
toward a bottom 122. An ink outlet 123 engaged elastically
with and surfounding an ink supply needle 9 (Figure 12) fixed
to the recording'head 7 is integral with the vessel 120 on the
bottom 122. |

The ink outlet 123 has one end formed like a pipe
projecting from the bottom and an opening 124 to which a filter
125 is welded.

A step difference 126 is formed at the center of the inner
face of the ink outlet 123. Packing material pressed against
the ink supply needle 9 for maintaining the fluid-sealing stéte
(in the embodiment, a rubber ring or so-called O ring 127) is
housed on the tip opening side and a film 128 through which the
ink supply needle easily passes is welded to the outer opening
portion for sealing. Two electrodes i30 and 131 are disposed
near'the bottom of the vessel 120; one is located in the vessel
and the other in the ink outlet 123.

Reference numeral 133 is a porous substance forming an ink

absorber. The porous substance 133 has a section slightly
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larger than the opening 121 of the vessel 120 and is slightly

higher than the vessel. The lower end portion of the porous

‘substance 133 is pressed against the filter 125 of the ink
“outlet 123 for compression in response to the form of the ink
outlet 123 and with its outer surface pressed by the side walls

of the vessel 120, the poroﬁs substance is housed in the Qessel

120 and is pressed against the bottom 122 by means of a cover

137 comprising an atmospheric communication port 135 and ribs

136 for sealing. Further, with the ink outlet 123 sealed, ink

is poured from the atmospheric communication port 135 under a

negative preésuré of 3.45 kPa (0.5 psi) or higher and absorbed into pores

of the porous substance 133, thereby forminélan ink cartridge.

Figure 13 shows a confroller‘which controls ink handling

in the ink jet recording apparatus described above, wherein

reference numeral 145 is a resistance value detection circuit

for measuring electric resistance between the electrodes 130
and 131 disposed on the ink cartridge 140. The resistance
value detection circuit 145 is adapted to apply an alternating
voltage across the electrodes 130 and 131 at a given period,
for example, every second, for measuring the resistance value.

Réference numeral 146 indicates a controller, which is a
microcomputer programmed so as to provide resistance value
comparison unit 152 for comparing a reference resistance value
stored in reference value storage unit 151 (described below)
with a resistance wvalue from the resisténce value detection

circuit 145, resistance value storage unit 153 for updating the
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4 to high speed rotation (step din FIG 19), th
negative pressure to act on the nozzl e openings.
m nut e, exanple.is _sucked out fromthe nozzlie openlngs and tiharefore,

air bu bT"éI§ Sé@gﬁrﬁﬂsaﬁﬁﬁmg in the reservoir or pressureggeRealdbn chanber of
the redacdi nREHSEED7 at the initial fllling W th
the nozzl e openings together with the i'nk flow Termned tinme

T3 el apses and a gi ven anount

resistance value from the resistance value detection circuit
145 in sequence and storing it, supply voltage detection unit
154 for detecting the voltage of a power supply circuit driving
the printing apparatus lowering to a given value for outputting
a signal, write unit 155 responsive to the signal from the
supply voltage detection unit 154 for transferring data in the
resistance value storage unit 153 and data from ink spout
recovery operation monitor unit 157 (described below) to
history storage unit 156 composed of a nonvolatile memory, and
pump control unit 158 for controlling the pulsé motoxr 4 based
on-data from the resistance wvalue comparison unit 152. Wwhen
the cleaning pxrocess ié executed, the ink spout 'recovery
operation monitor unit is7 turns on a flag. When the cleaning
process terminates normally as an operation sequence, the unit
157 turns off the flag. If the cleaning operation aborts due
to, for example, perr failure duriﬁg the cleaning, the unit
157 outputs the flag as data.

The xreference 'value storage unit 151 stores a first
reference L, indicating the lower limit of a résistance value
when an appropriate amount of ink exists in the recording head,
a second reference Li indicating data of a resistance value at
which the user is prompted to change the ink cartridge when the
ink cartridge contains a small amount of remaining ink, a third
reference IL; indicating data of a high resistance value when

~the ink cartridge contains almost no remaining ink, a fourth

reference L, indicating data of an extremely high resistance
ot Has Been Replaced
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of ink, for exanple, about 2 cc, is sucked out]( £ 7), t he
punp control unit 158 stops the pul se notor 4 sﬁﬂﬁﬂ?aﬂ#@kﬁﬁﬁta , thereby.

causi ng the—nside of .the cap nenber 80 to grafuplly rise to speric
pressure. YWEHS SHEET&pSraaref is restored to a mnsﬁﬁ% ssurge, the punp
control untt 158REMACADrotatps the pul g notorj4|{forward at |o peed (step
gin FIG 19) as described a@pbove. Then, weak nggative pressure tp the
degree at which a very small ' -

value when no ink cartridge is mounted, and a fifth reference
Ls indicating data of an extremely low resistance value to
detect a different kind of ink, a short circuit of the
-electrodes, etc., as shown in Figure 18.

The pump control unit 158 includes drive patterns for
controlling the pulse motor 4 so as to enable suction modes in
response to every siguation, such as a small quantity of
suction for pulling out ink during an initial £illing ink,
suction when the ink cartridge is replaced with a new one,
suction to discharge ink collected in an exhaust passage of
ink, a small quantity of suction for meniséus recovery
operation, and procéssing for detaching the drive fbller 36
from the tube 31 to terminate suction 6peration. Reference
numeral 149 in Figure 13 is a display for displaying.a message,
etc. |

Next, the operation of the apparatus thus configured i§
described.

Before the printing apparatus is used, the initial filling
mode is executed. The initial filling mode can be started, for
example, by the user who turns on a power switch while holding
an ink spout recovery command button on the printer cabinet.
Before or after the initial filling mode is started, the ink
cartridge 140 is mounted on the recording head 7. At the time,
if the position.of the ink outlet 123 of the ink cartridge 140
is adjusted to the position of the ink supply needle 9 of the

recording head 7 and the ink cartridge 140 is pushed
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vertically,  the ink supply needle 9 passes through the seal
member 128 and arrives at the packing member 127, thereby
connecting the ink cartridge via the packing member 127 to the
trip of the ink supply needle 9 of the recording head in fluid-
sealing relation. .

After this, when the cap unit 12 is mounted on the nozzle
openings of the recording head 7 (step a in Figure 19), the
pump control unit 158 rotates the paper feed motor 4 forward af
low speed (step b in Figure 19), thereby transferring rotation
force of the motor 4 wvia the wheel train 23 to the suction pump
unit 13 for rotating the drive board 34, thereby causing the
rollers 36 to move alopg the long groove to the oufside and
abut against the tube 31. The tube 31 is rubbed up by rbtation
of the motor 4 for generating weak negative pressure.

Then, weak negative pressure acts via the cap member 80 on
the nozzle openings of the recording head 7, and thus ink in
the ink cartridge 140 gradually flows into the recording head
at low flow rate. By flowing into the fecording head
7 at the low flow rate, the ink flows into the recording head
7 without generating sediment in an uneven portion formed in
the passage from the needle 9 to the nozzle openings of the
recording ﬂead 7. Tﬁis means that filiing the recording head
in the conventional manner using a transmitted liquid product
for discharging air bubbles at factory shipment is not

required, and that if the user tries performing initial filling
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of the recording head with ink, he or she can securely £fill the

recording head with ink.

After the ink flows into the nozzle openihgs by a small

- quantity of suction for a predetermined time T2 (step c in

Figure 19), the pump control unit 158 switches the pulse motor
4 to high speed rotation (step d in Figure 19), thereby causing

strong negative pressure to act on the nozzle openings. Ink of

- about 15 cm3 per minute, for example, is sucked out from the

nozzle oéénings and therefore, air bubbles accumulating in the
reservoir or pressure generation chamber of the recording.head
7 at the initial £filling with ink are discharged from the
nozzle openings together with the ink flow. | |
When predetermined time T3 elapses and a given amount of
ink, for example,about 2 cm3, is sucked out (step e in Figure
19), the pump control unit 158 stops the pulse motor 4 (step f
in Figure 195, theréby causing the inside of the cap member 80.
to gradually rise to atmospheric pressure. When the cap.member
is restored to atmospheric pressure, the pump ébntrol unit 158
again rotates the pulse motor 4 forward at low speed (step g in
Figure 19) as described above. Then, weak negative pressure to
the degree at which a very small amount of ink is spouted from
the nozzlé openings: is generated in the cap member 80 and the
meniscus of the nozile' openings disordered by high speed
suction is restored to a state suitable for a printing
operation. Very small air bubbles occurring at the high speed

suction and air bubbles remaining in the sediment in the
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remaining in the sedinent in the swirling state :qﬁﬁﬁﬁ £ dj schar ged
by | ow speed suction. Perforned, the |ow speed suglli red after
t he high speed suction is *perforned for the aboyetnenti oned reason, but
print opefdys thRET FAY BREN %be started i medi at e] y| alt@NGhPBi gh |speed

sucti On . REPLACED : 19 : [

swirling state can be securely discharged by low speed suction.
Preferably, the low speed suction is carried out after the high
speed suction is performed for the above-mentioned reason, but
priht operation can also be started immediately after the high
speed suction.

When a time T4, enocugh for low speed suction, for example,
two seconds, has elapsed (step h in Figure 19), the pulse motor
4 is again stopped (step i in Figure 19), and the inside of the
cap member 80 is restored to atmospheric pressure, then the
pulse motor 4 is rotated reversely at low speed-a predetermined
numbexr of revolutions, namely, enough revolutions to move the
rollers 36 abutting against the +tube 31 in ‘thé center
direction, thereby causing the drive rollers 36 to move on the
long groove of the drive board 34 slowly 'in the center
direction and leave the tube 31. If the pulse moﬁor 4 stops
after forward rotation} the drive rollers 36, 36 remain
abutting against the tube 31. Thus, if the pulse motor 4 is
subsequently rotated reversely, the pump unit 13 generates
positive pressure for the cap member 80. During rotation at
low speed, the generated pressure is extremely small and
therefore before the pressure in the cap member 80 rises, the
drive rollers 36 move on the long groove of the drive board 34
in the center direction and leave the tube 31. After this, the
function of the pump is lost regardless of reverse rotation of

the motor 4 (steps i, j).
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As a result, the suction operation of the pump unit 13 can
be terminated without destroying the meniscus formed at the
nozzle openings of thé recording head 7. The suction operation
.can be terminated in ihe state in which' the meniscus
appropriate for printing is held without applying unnecessary
positive pressure to the cap member 80. By performing the
operation sequence, the recording head and the ink paésage
filled with air at shipment are securely filled with ink to
enable good printing. | '

When the initial filling with ink ends and printing is
performed, the resistance value detection circuit 145 detects
the electric resistance value across the electrodes 136 and 131
at intervals of given time T5, for example, one second or
during printing, every predetermined number of iines printed,
for example, every line printed (step a in Figure 20). The
resistance value is stored while the contents of the resistance
value storage unit 153 are updated in sequence (step b in
Figufe 20), and is compared with data in the reference value
storage unit 151 by the resistance value comparison unit 152
for monitoring the remaining amount of ink in the ink
cartridge, etc., (step ¢ in Figure 20).

As shown in- Figure 18, if ink exists in the porous
substance 133 to a degree at which it covers the filter 125
of the ink outlet 123, the resistance value across the
electrodes 136 and 131 gradually increases as the ink is

consumed, but maintains a low value (in the embodiment, about
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rollers 36 to nove on the | ong goove of the drive_board 34 .slowly—n the
center_direction and | eave the tube 31. If the pul SgrIRIIMENE SHBﬁe after

f orjwérid SiEatdAanpeERNhe drive rollers 36,36 remain ja -+g—agarist) tithe tube
31.f ThusREPfAGHARe pul 4e notor 4 is subsequently rat &gggbedﬁgb tthe punp
unit 13 generates positive pressure fojyjthe cap rjot ati on
at | ow speed, the generated pressure is extrenelyt sirall _and thergfagre

before the pressure in the cap nenber 80

2.4 kQ). When the ink reaches depletion and the level drops
below the filter 125, the resistance value increases shafply.

Thus, when the print amount increases and the ink amount
in the ink cartridge 140 lowers, the resistance value across
the electrodes exceeds the second reference L,. Then, a
message to the effect that the level of ink in the ink
cartridge is low is displayed prompting the user to prepare a
new ink cartridge. Even if the resistance value across the.
electrodes exceeds the second reference L;, a small amount of
ink remains for printing.

When further printing is performed and the resistance
value across the electrodes exceeds the third reference LJ, a
message is output requesting the user to xreplace the ink
cartridge with a new one (step d in Figure 20). . If the user
resbonds. to the message with replacement with a new ink
cartridge (step e in figure 20),.the cap member of the cap unit
is mounted on the recoxrding head (step f in Figure 20).

In this state, the resistance value across the electrodes
is detected (step g 'in Figure 20) and is compared with
resistance value across the electrodes detected just before the
ink cartridge is replaced. As a result of'the comparison, if
the resistance value across the electrodes detected after the
ink cartridge is replaced is greater than that detected before
the replacemeﬁt (step h in Figure 20), it is decided that there

~is a possibility that the user again has mounted the once

drawn-out ink cartridge intact. . That is, it is possible that
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the resistance across the electrodes increases because air
bubbles entered the ink supply port when the ink cartridge 140
was drawn out and again mounted.

In this case, the pump control unit 158 rotates the pulse
motofﬂé forward at high speed (step i in Figure 20), causing
strong negative pressure to act on the nozzle openings for
sucking out, for example, ink of about 15cm3 per minute from
the nozzle openings, thereby discharging air bubbles around the
ink supply port occurring when the ink cartridge 140 was again
mounted from the nozzle openings together with the ink flow.
When a predetermined time T7, for example, one second has
elapsed (step j in Figure 20), the resistance ac:i'oss the
electrodes is.again measured for determining whether or not the
measured resistance value is lower than the preceding value
(step k in Figure 20).

When a - sufficient amount of ink remains in the ink
cartridge, air bubbles which have entered are discharged by the
sucked ink flow as described above, thus the resistance value
across the electrodes lowers. In contrast, if no ink remains-
in the ink cartridge 140, air is drawn in between the
electrodes by sucking out ink, increasing the resistance value
across the electrodes (step m in Figure 20): Thus, when the
resistance value across the electrodes increases, if suction is
céntinued, there is a chance that air will be drawn into the

recording head. Then, the pump control unit 158 stops the
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ink ends and printing is perforned, thegresistance palue detection kif
145 detect's the electric resistance val ue across the &rectrodes 130

%@ﬁdsaﬁdwéﬁe ink passage filled with air atjshipnent are securely

pulse motor 4 for terminating the suc£ion operation (step t in
Figure 20).

Although the suction causes the resistance value across
the electrodes to drop, if the resistance value exceeds the
second reference L, (step p in Figure 20), the ink supply in
the ink cartridge is nearly depleted and ink suction is stopped
(step t in Figure 20).

On the other hand, when the electrode resistance value
just after the ink cartridge is mounted is lower than that
detected before replacement, it can be determined tﬁat a new
ink cartridge has been mounted. However, if the electrode
resistance value of the ink cartridge after replacément is
smaller than the fif;h reference Ls (step 1 in Figure 20), it
i; possible that an error such as a short circuit across the
electrodes of the ink cartridge is present. Thus, without
performing the subsequent operation, control is transferred to
the termination procéss of step w. If the suction operation
causes the resistance valﬁe across the electrodes to drop, it
can be determ;ned that the ink cartridge contains a sufficient
amount of ink. Therefore, the pump control unit 158 continues
rotating the pulse motor 4 forward at high speed (step o in
Figure 20), causing a sufficient flow of ink from the ink
cartridge 140 into the ink supply passage and the reéording
head; thereby securely discharging air bubbles.

When a predetermined time T8, for example, five seconds,

has elapsed (step p in Figure 20), the pump control unit 158
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stops the suction operation (step q in Figure 20), thereby
causing the inside of the cap member 80 to gradually rise to
atmospheric pressure. When it is restored to atmospheric
- pressure, the pump control unit 158 rotates the pulse motor 4
forward at low 5peed (step r in Figure 20) as described above.
Then, weak negative pressure sufficient to suppress a spout of
ink from the nozzle openings is generated in the cap member 80,
and the meniscus of the nozzle openings disordefed by high
speed suction is restored to the state suitable for print
operation. Very small air bubbles occurring at the high speed
suction and air bubbles remaining in the sediment in the
swirling stafe can be securely discharged by low speed|suction.
When a predetermined time T4 elapsed (step s in Figure

20), the pulse motor 4 is stopped (step't in Figure 20) and the
inside of the cap member 80 is restored 'tq atmospheric
pressure. Then, the pulse motor 4 is rotated reversely at low
speed a predetermined number of revolutions to move the rollers
36 abutting against the tube 31 in the center direction (step
u in Figure 20). The.pulse motor 4 is stopped (step v in
Figure 20), thereby terminating the suction operation in tﬂe
state in which the meniscus appropriate for printing is held
without applying unnecessary positive pressure to the cap
member 80. Then the wiping operation of the recording head is
performed (step w in Figure 20) to provide for the next print

operation.
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The wiping operation is described. When the recording

head 7 is moved to the print area side, the slider 49 moves
along the place 56 to the print area following movement of the
carriage 1 by energy of the spring 54, as described above.
When moving to a predetermined position, it arrives at the
slope 55, and thus the glider 49 falls, thereby causing the cap
member 80 to leave the front of the recording head 7. When
engagement of the cap member 80 and the recording head 7 is
completely'releésed,'the carriage 1 reverses the move direction
and moves toward the outside of the print area, thereby causing
the cam follower 106 to pass through the slopes 111, 112, and
113 and rise (Figure 15 B). When it further moves and arrives
at the semistéble point P2, the.frame 39 is lifted up by height
H. As the frame 39 rises, the cleaning member 40 also rises
and is set to a position at which it contacts the front of the
recording head 7 (Figure.ls A). IA this state, if the carriage
1 is further moved toward the print area, a blade member 42
‘becomes the top side énd abuts against the recording head 7,
thus ink drops attached by suction are removed £from the .
surrounding of the nozzle openings of the recording head 7. |

When .the recording head 7 is at the home position
(position I in Figufe 14), tﬁe frame 39 is lifted up with the
cam follower 106 occupying the semistable positioq P2 on the
cam face 104 and the atmospheric opening 64 is closed with the

drive stick 95 of the valve 41 abutting against the base, and
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thus the recorxrding head 7 is sealed by the cap member 80 for

preventing ink from drying (Figure 15(A)).

When the carriage 1 moves to the print area side, the
recording head 7 is set to an air suction position (position
III in Figure 14) through a cleaner set position (position II
in Figure 14). . During the move, the slider 49 moves on the
plane 56, and thus the cap member 80 continues to seal the
front of thé recording head 7. At this position, the valve :
body 92 is removed from the atmospheric opening é@ by means ofl
the drive stick 95. Thus, if the pulse motor 4 is rotated
forward, negative pressure of the pump unit 13 acts on the cap
member 80. However, since the atmospheric opening 64.is open,
negative pressure does not act on the recording head 7 and only
waste ink remaining in the absorber 82 and_the tube 31 is
sucked out and sent to.the waste ink tank 30.

When the air suction thus terminates, if the carriage 1 is
moved to the home position, the atmospheric opening 64 of the
cap member 80 is blocked by means of the valve mechanism 41
(Figure 15(A)) (step b in Figure 20). At the fermination of
fiiling with ink, the carriage 1 is moved tbward the print
area. The slider 49 moves along the plane 56 to the print area
following a move of the carriage 11 by energy of the springs 54
and 103. When moving to a predetermined position, it arrives
at the slope 55, thus the slider 49 falls, thereby causing the.
cap member 80 to leave the-front of the recoxrding head 7. When

engagement of the cap member 80 and the recording head 7 is
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completely released, the carriage 1 reverses its direction of
movement, and moves toward the outside of the ?rint area,
thereby causing the cam follower 106 to pass through the slopes
111, 112, and 113 and rise (Figure 15(B)). When it further
movés and arrives at the semistable point P2, the frame 39 is
lifted up by height H. As the frame 39 rises, the cleaning
member 40 also rises and is set to a position at which it
contacts the front of the récording head 7 (Figure 16(A)). 1In
this state, if the cartridge 1 is further moved toward the
print area, a blade member 42 becomes the top side and abuts
against the recording head 7. Thus, the area surrounding the
nozzle 6penings of the recording head 7 is subjecéed to a
wiping operation for removing ink drops spouted from the nozzle
openings and attached to the nozzle opening face by suction for
‘initial £illing.

When the recording head 7 passes through the cleaning
member 40 and subsequently the flange piece 60 of the carriage
1 arrives at the release piece 101, the release piece 101 is
pushed away in the direction shown by arrow B in Figure 17 by
angle 8 to the outside by the flange piece 60. Thus, the cam
face 104 leaves the cam follower 106 (Figure 17). Then,
support of the slope 114 by the cam followér 106 is lost and
the frame 39 is caused to fall by the enexgy of the spring 54
and the cleaning member 40 is evacuated to a location lower

~ than the pass plane of the recording head 7. When the

recording head 7 further moves to the print area side and
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passes through a drive switch position (position VIII in Figure
14), the pulse motor 4 rotates reversely for feeding recording
paper to the print area for enabling printing.

On the other hand, when print operation in the printing
area continues for a predetermined time and a flushing
oéeration is required, the print operation_performed by the
recording head 7 is temporarily stopped and the recording head
7 is moved toward the homé position. While the recording head
is moved toward the home position, the flange piece 60 of the
carriage 1 passes through the release piece 101 and
subsequently the recording head 7 arrives at the gu;deé 58.
The slider 49 is guided by the guides 58 to alignment with the
center of the recording head 7. Further, the carriage 1 moves,
the flange piece 60 abuts against the lock piece 61, and the
recording heéd 7 is positioned at a flushing position (position
V in Figure 14) opposite the cap member 80 at ﬁ given gap.
length. In this state, the recording head 7 causes ink to be
spouted out independently of a print signal from nozzle
openings unused during the printing, théreby discharging ink in
the nozzle openings not used during the printing into the cap
member 80 to prevent ink in the nozzle openings from increasing
in viscosity and to prevent the nozzle openings from drying.

On the other hand, for ink spout failure which is caused
by air bubbles entering the pressure generation chamber of the
recording head and which cannot be removed by performing only

the flushing operation, the carriage 1 is moved to the home
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cartridge with a new one (step d in FIG 20).
nmessage by replacing the ink cartridge wth

thnq¢mpsngmrgﬁqucpht capunit is nounted on tjh

ecordf Mg nead j(step f

—
>

IG 20) and is c% gpar ed
e

ink claritidgeds—+eptdcdd. As a

position and the cap member 80 is pressed into contact with the
recording head 7. In this state, the pulse motor 4 is rotated
at high speed, thereby spouting air bubbles, etc., present in
the pressure generation éhaﬁber from the nozzle openings. As
a result, ink consunption can be reduced as much as possible
and the air bubbles in the recording head can be discharged.
In the printing process, the resistance across the
electrodes is detected every predetermined time Ts5, for
example, every second or each time one line of printing is
completed, as described above. The detected resistance values
are transferred to the resistance value storage unit 153 in
sequence for updating the resistance value data. When_printiné
is completed and the power is turned off, a signal is output
from the supply voltage detection unit 154. In response to the

signal, the wxrite unit 155 transfers the resistance wvalue

stored in the resistance value storage unit 153 to the history.

storage unit 156 for storage. A large-capacitance capacitor
for smoothing is connected to the power supply circuit and the
operation voltage can be maintained for the time required to
transfer data for storage.

When the power is turned on (stepla in Figure 21), the
resistance value comparison unit 152 compares the preceding
resistance vaiue.across the electrodes stored in the resistance

value storage unit 156 with the resistance value across the

electrodes just after the power 1is turned on. If the

© . .difference between them, Ar, is greater than a predetermined

-_
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value, namely, the resistance value change caused by

temperature, etc., AR (step b in Figure 21), the cap member 80
is pressed into contact with the recording head 7 (step c in
.Figure 21). Then, the step motor 4 is rotated forward at high
speed (step d iﬁ Figure 21), thereby sucking out ink from the
recording head 7 and discharging ink around the ink outlet 123
of the ink cartridge 140 via the recording head 7, thereby
discharging air bubbles which entered by demounting or mounting
the ink cartridge when the power was turned off. When the
- predetermined time Ty has elapsed (step e in Figure 21), the
motor 4 is stopped (step £ in Figure 21), and is then rotated
forward at low speed to return the meniscus to the staté propexr
for printing and to discharge the air bubbles formed during
high speed suction and the air bubbles remaining in  the
sediment (stép g in Figure 21), the motor 4 is stopped and the
pressure in the cap member 80 changes from negative to
atmospheric pressure (step I in Figure 21). Next; the motor 4
is rotated xreversely at low speed and the rollers 36 are
separated from the tube 31 to provide for paper feed (steps j
and k in Figure 21). At this stage, the resistance value
across the electrodes is compared with the second reference.
If it is determined that the ink cartridge 140 contains
sufficient ink (step 1 in Figqure 21), printing is enabled (step
n in Figure 21); if the ink cartridge contains less ink, a
message 1s output instructing the user to replace the ink

cartridge with a new one (step m in Figure 21).
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In this case, the punp control unit 158 rotates the pulse motor 4 forward

at high speed (step i in FIG 20), causing stfo spure to. act
on the nozzl gs for sucking out, for exa Lgegﬂwx;s@ ﬁt 15cc per
nmﬂ&sﬁEEﬁHA§ﬁ§E§o zl e openings, thereby discha gln ai r bubb} ep around

occurring when the3 nk car{r{ddkd NOV 188 hghi n nount ed

e nozzl e openi ngs together wth the .

If the nozzle face of the recording head becomes dirty
because of use for a long term, the wiping operation alone
would be insufficient to remove dust and a rubbing operation is
required. In this case, in a similar sequence to the wiping
operation descried above, the cleaning member 40 is raised and
the printing head 7 is moved to the print area side. Then, the
carriage 1 is moved in the direction opposite to the wiping
operation (arrow C direction in Figure 16B). Subsequently,

- with the rubbing_member 43 on the'top, the cleaning member 40
contacts the nozzle opening face of the recording head 7 for
rubbing the nozzle opening face.

When the operatioh sequence thus terminates with no print
data and the transition to the stop state is made, the carriage
1 is moved toward the staﬁdby position, thereby causing the
slider 49 to climb up the slope 55 as the recording head 7
moves. When it further moves toward the outside of the print
area, passage ef the recording head 7 is detected by the home
position detection unit (not shown) in the process.

When a signal is output from the home position detection
unit and the cairiage 1 is moved toward the outside of the
print area for a predetermined distance, nemely, for a
deceleration distance required to stoﬁ the carriage 1 from a
predeﬁermined speed, the projection 50 of the slider 49 arrives
at the plane 56 and the cap member 80 is pressed into contact

_wifh the front of the recording head 7. The carriage 1 passes
through the air suction position (position III in Figure 14)
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énd the cleaner set-position (position II in Figure 14), then
is placed at the standby position (position I in Figure 14).
In this state, the atmospheric opening 64 is sealed by means of
- the valve body 92; thus the recording head 7 can provide for
the next print operation in a state in which ink in the nozzle
openings can be prevented from drying.

Although in this embodiment data from the resistance value
detection circuit 145 is stored in the RAM and then stored in
the history storage unit as the supply voltage drops, it is
clear that a similar effect can also be produced by directly
storing the data in the nonvolatile storage unit for a given
period. . |

In the above embodiment, when suction terminates, the
pulsé motor for paper feed is rotated at low speed and the
rollers 36 are separated from the tube 31 without.causing
positive pressure to act on the recoxding head 7. However, if.
the cap member 80 is detached from the recording head 7 when
the cap member is returned to positive pfessure after suction
terminates, the meniscus will not be destroyed even if the
pulse motor is rotated reversely at high speed.

Further, when a sequence of ink spout recovery operation
steps includiné the suction operation is started, the ink spouﬁ
recovery operation monitor unit 157 turns on the flag, and when
the ink recovery operation sequence terminates, turns off the
flag. However, if the power is turned off in error while the

ink spout recovery operation is being performed, the operation
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voltage drops, which is detected by the supply voltage
detection unit 154 and the. flag is stored in the history
storage unit 156 by thé write unit 15S5. When'the power is
again turned on, the data in the history storage unit 156 is
read -out, and if the read data contains data indicating the ink
spout recovery operation flag, the ink spout recovery operation
is performed before print operation is started. Thus, even if
the meniscus of the recording head 7 is destroyed because of
the incomplete ink spout -recovery operation, the ink spout
recovery operation is again executed, thereby forming the
normal meniscus for printing in the optimum state.
As described above, in the invention, the .ink jet
_ récording apparatus comprises a recording head communicated via
an ink supply member with an ink tank comprising electrodes for
detecting a remaining amount of ink and being responsive to a
print signal for spouting ink drops from nozzle openings onto
recording paper, capping means abutting against the front of
the recording head for holding the nozzle openings in an
airtight state, suction means for supplying negative pressure
to the capping unit and sucking out ink in the cépping unit
into a waste ink tank, resistance value detection means for
detecting electric resistance across the electrodes for
detecting A remaining amount of ink, reference value storage
means for storing a resistance value across the electrodes
relative to tﬁe remaining amount of ink in the ink tank as a

reference value, resistance value comparison means for
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ing value (step k in FIG 20). When a suffi cipent klremai ns
in the ink cartridge, air bubbles which have entle REGL MT HEEI‘rg d by the
sucked i nk—fl-ovw X lescri bed above, thus the redi gt ance val ue adqrdss the

el eTstip SHEET [HiReH F@ n contrast, if no ink remains i noKhNONN@98arlt rli dge 140,
aifr is RER een the el ectrodesy py sucking put ink, incrdasjng the
resi stance value across the electrodes (step mi +G—20)." Thus, en

comparing the resistance across the electrodes with the
reference value, and pump control means xresponsive to the
resistance value comparison result for controlling the
. operation of the suction means. Therefore, the ink amount and
the state of the ink tank can be determineci precisely for
automatically selecting the ink suction mode in response to the
state, enabliﬁg the user to execute initial filling which is
otherwise comparatively hard to perform. In addition, air
bubbles entering due to improper handling of the ink tank such
as during remounting can also be detected for proper automatic

processing by ink suction.
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the resistance val ue across the electrodes increases, if suc- tionis

continued, there is a chance that air will be drawn_into the recording
head. Then control unit 158 stops the pul SQRETF’QP\@FMHW @HE:T
t] JehERHARBESCY i on operation (step t in FIG 20)f t-heugh—t He
ctlonnﬂma§58 | ue acP gss the electrpo 5 & I,ﬁgg if t he
ce val ue exceeds the s%cond reference I[errj Zb A | G {20),
B 1711

LATMS
1. An ink jet recording apparatus, comprising:
means for producing a print signal,

a recording head (7) being communicated via an ink supply
member with an ink tank (120) comprising electrodes
(130,131) for detecting a remaining amount of ink and
being responsive to a print signal for spouting ink drops
from nozzle openings to recording paper (6),

capping .means (80) abutting against a front of said
- recording head (7) for holding the nozzle openlngs in an
“airtight state,

suction means (13) for supplying negative pressure to
said capping means (80) and sucking out ink in said
capping means (80) into a waste ink tank (30),

resistance value detection means (145) for detecting
electric resistance across the electrodes (130,131) for
detecting a remaining amount of ink,

reference value storage means (151) for storing a
resistance value across the electrodes (130,131) relative
to the remaining amount of ink in the ink tank (120) as a

reference value,
resistance value comparison means (152) for comparing the
resistance across the electrodes (130,131) with the

reference value, and

suction control means (158) responsive to a resistance

value comparison result for controlling operations of

* [ L M s *

said suction means (13).
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The ink jet recording apparatus as claimed in claim 1,
wherein said suction control means (158) comprises an ink
tank replacement mode in which, when an ink tank is
replaced with a new one, a resistance across the
electrodes (130,131) detected just before the ink tank is
replaced is compared with that detected after the ink
tank is replaced', and the suction of the ink in said
capping means (80) is executed if the latter resistance

is smaller than the former.

The ink jet recording apparatus as claimed in claim 1 or
2, wherein said suction means (13) executes suction at a
high flow rate and subsequently at a low flow rate.

The ink jet recording apparatus as claimed in claim 1,
wherein said suction control means (158) comprises an ink
tank replacement mode in which, when the ink tank is
replaced with a new one, said suction control means (158)
compares a resistance across the electrodes (130,131)
just before replacement of the ink tank with a resistance
value after the replacement, and if the former is smaller
than the latter, executes suction at a high flow rate by
said suction means (13) while detecting a change in the
resistance across the electrodes (130,131), and if the
resistance across the electrodes (130,131) drops as the
suction is executed, continues the suction at the high

speed for a predetermined time.
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10.

The ink jet recording apparatus as claimed in claim 4,
wherein, in said ink tank replacement mode, after the
suction at the high speed is continued for said
predetermined time, subsequent suction at low rate is

executed.

The ink jet recording apparatus as claimed in any one ‘of
claims 4 or 5, wherein if the resistance value across the
electrodes (130,131) does not drop when the suction is
executed at the high- speed, the suction operation is

stopped.

The ink jet recording apparatus as claimed in one of the
preceding claims, further comprising history storage

-means (156) for storing at least resistance across the

electrodes (130,131) at power off in a nonvolatile manner
and comparison means for instructing an ink suction
operation to be executed if the resistance value across
the electrodes (130,131) is higher than the resistance
value stored in said history storage means (156) when

power is turned on.

The ink jet recordihg apparatus as claimed in one of the
preceding claims, wherein when an ink tank is first
mounted, suction at a low flow rate is first executed,
and éubsequently'suction at a high flow rate is executed.

The ink jet recording apparatus as claimed in one of the
preceding claims, wherein suction in a high- flow rate is
first executed, and subsequently suction at a low flow
rate is executed in a sequence of ink spout recovery

operation steps including the suction operation.

The ink jet recording apparatus as claimed in one of the
preceding claims, wherein said reference value storage

means (151) stores at least a reference indicating that
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oin FIG 20), causing a s i nk from § hgeg X 40
into the ink supply | ssag ’l“lIIHMJIIIHHH H“I}g head, t1eﬁiﬁplﬁ\blﬂ%\l{rI quﬁf
di s @mglmgail{AsbBﬁﬂN rf atpré&desertnned tine rs| for exa Ie flve
sec-| onds rebiasCEE apsed (step p in FIG 20), the punp Fopt (0% NOW s} ops
t he lsgetromoperation (step g in FIG 2, thereby caps|ng the |n5|de 0
the cap nenber 80 to gradually rise to atnospheric prgssure. VWen 1T 1s
restored to atnospheric

the ink tank contains sufficient ink, another reference
for instructing a user to replace the ink tank with a new
one, and a further reference for detecting a state in
which no ink tank is mounted.

.11. An ink jet recording apparatus, comprising:

a recording head (7) being communicated with an ink tank
via an ink supply member and being responsive to a print
signal for spouting ink drops from nozzle openings to

recording paper (6),

capping means (80) abutting against a front of said
recording head (7) for holding the nozzle openings in an

airtight state, and

suction means (13) for supplying negative pressure to
said capping means (80) and sucking ink in said capping
means (80) into a waste ink tank (30), said suction means
(13) being formed as a peristaltic pump comprising an
elastic tube and a plurality of rollers for rotating and
driving a motor driving a paper feed roller (20) in one
direction, thereby pressing'against the tube for suction
operation and rotating and driving the motor in another
direction, thereby xreleasing pressure of pressing “the
tube for losing pump action, wherein after the suction
process - terminates, the rotation in said another
direction is executed at a lower speed than the rotation

in said one direction.
12. An ink jet recording. apparatus, comprising:
a recording head (7) being communicated with an ink tank

via an ink supply member and being responsive to a print
signal for spouting ink drops from nozzle openings to

recording paper (6),
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capping . means (80) abutting against a front of said
recording head (7) for holding the nozzle openings in an

airtight state,

suction means (13) for supplying negative pressure to
said capping means (80) and sucking ink in said capping
means (80) into a waste ink tank (30), and

storage means for storing an ink spout recovery operation
termination form indicating whether or not a sequence of
ink spout recovery operation steps containing the suction
operation terminates, wherein when power is turned on,
data indicating +the ink spout <recovery operation

. texrmination form is read out and if it indicates that the

operation sequence does not terminate, the ink spout
recovery - -operation is again executed.

An ink jet recording apparatus, comprising:

a recording head (7) being communicated via an ink supply
member with an ink tank (120) comprising electrodes
(130,131) for detecting a remaining amount of ink and
being responsive to a print signal for spouting ink drops
from nozzle openings to recording paper (6), capping
means (80) abutting against a front of said recording
head (7) for holding the nozzle openings in an airtight

state,

suction means (13) for supplying negative pressure to
said capping means (80) and sucking out ink in said
capping means (80) into a waste ink tank (30),

resistance value detection means (145) for detecting a
resistance across the electrodes (130,131) for detecting

a remaining amount of ink, reference value storage means
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(151) for storing a resistance <value across the
electrodes (130,131) indicating that the ink tank (120)
contains sufficient ink as a reference value,

resistance value comparison means (152) for comparing the
resistance value across the electrodes (130,131) with the

reference value, and

suction control means (158) responsive to a comparison
result of the resistance values for controlling operation
of said suction means (13), wherein if the resistance
value from said resistance value detection means (145)
after ink tank replacement indicates a value smaller than
the reference value, said suction control means (158)
-holds said suction means inoperative.

14. An ink jet recorxrding apparatué, comprising:

a recording head (7) being communicated with an ink tank
(120) via an ink supply member and being responsive to a
paring signal for spouting ink drops from nozzle openings
to recording paper (6),

capping means (80) abutting against a front of said
recording head (7) for holding the nozzle openings in an

airtight state,

suction means (13) for supplying negative pressure to
said capping means (80) and sucking ink in said capping
means (80) into a waste ink tank (31), and suction
control means (158) for causing said suction means (13)
to execute suction at a low flow rate and suction-at a
high flow rate.

15. The ink jet recording apparatus as claimed in claim 14,
wherein when an ink tank (120) is first mounted, suction
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ordered by high speed suction is restored to the sta pri nt
operation. Very small air bubbles occurring at the h (ﬁ‘ﬁ’iﬁt@@hﬁéﬁ?] and
air hubbles remaining in the sedi- nment in the swirl{np state can be

secur|eTyisditgematagerEmy || ow speed suction.  Wen a pfefletged HOVEW®IS n

T4

D

el apged (SREBRLACEDN FI Gf 20), the pulseqamtor 4 is stppped (stept infH G

20) and the’

16.

I nside of the cap nenber 80 is restoredjt&—atTmospheric

at a low flow rate is first executed, and subsequently

suction at a high flow rate is executed.

The ink jet recording apparatus as claimed in one of
claims 14 or 15, wherein suction in a high flow rate is
first executed, ‘and subsequently suction at a low flow
rate is executed in a sequence of ink spout recovery
operation steps including the suction operation.
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pressure. Then, the pulse notor 4 is rotated reversely at |ow speed a

]

pred gNot revolutions to nove the rollers 3 Tttt

t he tug'ggfiﬁf,ﬂ]\d rgb@%em er direction (step uin FIG 20). TF@PMGEME%%HEE'EL
I s stlopped \otcp v Fl G 20), thereby terminating the sjcfion operatio
in the state in which the meniscus apprgpriate for printiphgli g9 oY Wwokhqut
appl yi.ng .unnecessary positive pressure to the cap nenber 80 Then the

W pi ng operation of the reqgxdigsr REMORDING APPARATU:

ABSTRACT

Described is an ink jet recording apparatus which includes a
recording head (7) communicated via an ink supply needle (9)
with an ink tank (120) and including electrodes (130,131) for
' detecting a remaining amount of ink and being responsive to a
print signal for spouting ink drops to recording paper, a
capping unit (80) abutting against <the front of said
recording head (7) for holding the nozzle openings in an
airtight state, and a suction pump (13) for supplying
negative pressure to the capping unit (80). The apparatus
further comprising a resistance value detection circuit for
detecting electric resistance across the electrodes (130,131)
for detecting a remaining amount of ink, a reference value
storage unit for storing a resistance _value across the
electrodes (130,131) relative to the remaining amount of ink
in the ink tank, a resistance wvalue comparison unit for
comparing the resistance across the electrodes (130,131) with
the reference value, and a pump control unit xresponsive to
" the resistance value comparison result for controlling a
pulse motor driving the suction pump (13). The. resistance
value detected by the resistance value detection circuit is
compared with the reference value stored in the reference
value storage unit to determine whether or not an ink tank is
mounted, remounted, how much ink is in the ink tank, etc.
Based on the determination result, the motor is controlled by
the pump control unit for selecting the suction mode of ink

from the recording head.

FIGURE 12
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menber 80 to | eave the front of the recording head 7. Wen engagenent of
the cap nenber 80 _and the recording head 7 is conpletely gased, the
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- 16- foll ower 106 occupying the sem stable position P2 on the cam face
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recording head 7. At this position, the value body 92 is reaned
at nospheric _opening 64 by neans of the drive stick 95. M
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t he cap nentBHEPLBOEDHowever, since the atnospheric openi hgl64 is o

negative pressure does not act on the recording head 7 @ MQ)Z??%". Kk

remai nin r 82 and the tube 31 is sucked qut]y and sent hd
wast e |nk tank 30. 7
heet Has Been Replaced .
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When the air suction thus ternminates, if the carriage 1 is noved to the
home position, the atnospheric opening 64 of the cap nenber 80 is bl ocked

by neans i fanism 41 (FIG 15(A)) (step b i S5a et
term natigﬁ?si)gligg dﬂéé éﬁgﬁ@ tl,h ink, the carriage 1 is noved [0 A(‘& %NTn'r%}{JFiEﬁ

area Th l ong the place 56 to the print prea follow ng a

-

nove of the caffiage 11 by energy of the:springs 54 and 1p3| @2MNGHH L O
a ' .
| 8

FIG. 9 A
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predetem ned position, it arrives at the slope 55, thus thh )
falls_thereby causing the cap nenber 80 to | eave the fr ?‘EE}A%EWSHEET
recor diTHIS BHEBRT HAS BEBN |engagenent of the cap nmenber 80 and f he rﬁww gg
head [ is REPpACERI Yy rdl eased, the carriage 1 reverses itp {di P& L)
movenent, and noves toward the outside of the print area,} thereby
causing the camfollower 106 to pass thrgugh the slopes 1f1, 112, and 113

and rise (FIG 15(B)). Wen it further noves
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and arrives at the sem stable point P2,

H As the frarre 39 ri

recordi ng head 7. Thu

the frame 39 is lifted up by height

ses, the cleaning nenber 40 also rises and is set to a

contacts the front of the recording hga

is further noved tg\ﬁgﬂﬂ@%w&"&ﬁ'ﬁﬂ .

. i : —
56?§§ )Siégf %}y S st &t e,
r 42 becones the top side and abuts agaijngt the

s, the area surrounding the nozzle op¢ni NAGFINOV 1994

if the cartridge |

recording head 7 is subj ected to a WI'% ng
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renmovi ng i nk drops spouted fromthe nozzl

operation for

attached to the nozzl e opening face by suction for initilaREPLAGE
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-17- When the recording head 7 passes through the cleaning
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menber 40 and subsequently the fal se piece 60 of the
at~the release piece 101, the rel ease piece
d”rﬁ@fSiMNWBMTHOW Bin

t he fl| aREgm.AwreCe GOI Thus,

the cam face 104 IeaveJ

carriage 1 arrlves

' 101 i s pushed -
FIG 17 by angle [e bEAGMmUSBEHe by

mgz

t
(FIG 17y —Ttrem,—sSupport of the slope 114 by the chnf
| ost and the frame 39 is caused to falfd by the energy
and the cl eaning nenber 40 is evacuated to a
1 |
| AN —1 60
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| ocation | ower than the pass plane of the recording head 7. When t he

r ecqr otHISGHEBRMHALS BN Mer noves to the print area si de and passes through
a drji ve SREPMCE@SItIgn(pOSItIOH VIII in FIG T4 of S r 4
rot atTes feedi ng recordi ng paper ti %EPL@&W%%aﬁﬁf or

enabl i ng printing. On the other hand, when prifnt operation inithe
printing area continues for a predet¢km ned ti andG & H0Yig96g

FIG. 16 A
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operatlon S reqU|red the print operation perform :

he 1y stopped and the recording WLKCEMENTD\SHEE'E war d

t eﬂh@ﬁﬁﬂ'ﬁ “‘ghlle t he recording head is o—toward tne hgne

p si ti oREPLAf f'ﬂ pi ece 60 of the carriage 1 pa nssf riel ease
es at the

piece 101 and subsequently the recording head 7

58. The slider 49 is guided by the gu1yes 58 to Lgnnent—wi-th—thel cent er
of the recording head 7. Further, -

'\
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the carriage 1 noves, the flange piece 60 abuts against the lock piece
61, and the recording head 7 is positioned at a  fll Lﬁbmem SHEHT
(posi tf efsVsEET Az BEZY [opposite the cap  nenber 80 a—g-veh llengt h.
In thifs sta@@pLA@@Drecording head 7 causes ink to be spoutg%ﬁpﬁb

| ndeperdentt+y—of—=—prmmt’ signal from nozzle opening un@&k ﬁg t e
printing, thereby discharging ink in4fghe nozzle openijngs not used_ durli ng
the printing into the cap nenber 80 to prevent ink |n '

FIG. 19
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t he nozzl e openings fromincreasing in viscosity and to prevent the nozzle
openi ngs from dryi ng. On the other hand, for ink spout fallure mhlch S

caused by air bubbles entering the pressure generation chamyer—of
r ecof@Mg shead vasdsasi th cannot be rermoved by per- fornin &EPM@EMENT SHEET
fl ushi ng opemaAIdEON, thg carriage 1 |?7nnved to the hone p ;Flon and the

cap rember—80 15 pressed into contact*with the recording h 6:9 NOV 1998
state, the pulse _
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notor 4 is rotated at high speed,

ink c
the r
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gcordigg,; hegd can
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t hereby spouting air bubles
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‘educed as nuch as possible and the
pe di schar ged.
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-18- . In the prlntlng process, the resistance across the el ectrodes
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detected eveky. predetefmned tine T[err], for exanple, every ﬁ:@%
tinme one line of printing is conpleted, as described above. ﬁ@ﬂ@bff&
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NI SHEET

resistance values are trans- ferred to the resistance val ue |stjorage unit
153 in sequence for updating the resigtance val ue data. Wer} gri2t2 gaN ©98

INK JET RECORDING APPARATUS

' BACKGROUND OF THE INVENTION

The present invention relates to a device for handling ink
in an ink jet recording apparatus in which a rccm'ding' bead
is moved across the width of recordmg paper and jets ink
drops onto the recording paper in response to print data for
forming an image.

An on-demand ink jet recording apparatus which jets ink
pressurized at a pressure generation chamber through a
nozzle onto recording paper as ink droplets for recording
print data exhibits substantial problems. Among these prob-
lems are ansemvxscosxty caused by evaporation of an ink -

_solvent from nozzle openings and print failure caused by
drying of ink, adhesion of dust, and mixing of air bubbles.
Thus, an ink jet recording apparatus of this type is generally
provided with a capping device for sealing the nozzle
openings when no printing is being performed and a device
for cleaning around the nozzle openings as required.

A proposed capping device includes a slider which is
moved by a carriage to a bome position along a slant guide
face disposed on a frame to the nozzle opening face side of
a head, and a cap disposed on the surface of the slider is
pressed against the recording head for sealing the nozzle
openings, for example. Such an arrangement is disclosedin
Japanese Patent Laid-Open No. Hei 1-125239. -

For such an ink jet recording apparatus, an ink tank is
furnished in cartridge form which provides a convenient ink
supply. When the ink has been consumed, the ink cartridge

_is replaced with a new one. One such ink cartridge is
disclosed in Japanese Patent Laid-Open No. Hei 2-187364,
in which a porous substance forming an ink absorber is

- housed in the ink cartridge. Annular packing material is

- disposed on the tip of an ink outlet for sealing. Since ink can

be easily supplied by simply changing ink cartridges, the ink

cartridge is very useful in preventing pollution caused by ink

leakage, etc., at the ink supply. On the other hand, the ink

cartridge has a disadvantage in that air bubbles are prone to

- enter the ink cartridge by piston action between an ink
* supply needle on the main vmit side and the ink outlet of the—

ink cartridge when the ink supply needie is inserted.

Further, because of the ease of changing the ink supply,

the ink cartridge is removed and then remounted even when

ol ink remains in the cartridge. As a result, air bubbles enter the

~ ink cartridge by the piston action and cause print failure to
accur.



conpl eted and the power is turned off, a signal is output fromthe.supply
vol tage detection unit 154. In response to the signal, the wite unit 15
transfers the resistance value stored in the resistance val ue storage. unidg

153 to the history storage unit 156 for storage. A | ar ge- dameei AGEMENT SHEET
capacitor for snoothing is connected to the power supply di reti-t—anrt—ttre
operation voltage can be naintained for the tine equi red t

trasfer data for storage. 22'“& 1998
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'SUMMARY OF THE INVENTION

It is therefore an object of the invention to provide an ink
jet recording apparatus which can more perfectly perform
ink handling for a recording head, such as supplying ink
from an ink cartridge to the recording head, and to solve the.
problem of the nozzle openings clogging during printing.

- To achieve this object, according to the invention, there is
provided an ink jet recording apparatus comprising & record-
ing head communicated via an ink supply member with an
ink tank comprising electrodes for detecting a remaining
amount of ink and being responsive to a print signal for
spouting ink drops from nozzle openings to recording paper,
capping means abutting against the front of the recording
head for holding the nozzle openings in an airtight state,
suction means for supplying negative pressure to the cap-
ping means and sucking out ink in the capping means into
a waste ink tank, resistance across the electrodes for detect-
ing & remaining amount of ink, reference value storage
means for storing a resistance value across the electrodes
relative to the remaining amount of ink in the ink tank as a -
reference value, resistance value comparison means for
comparing the resistance across the electrodes with the
reference value, and suction control means responsive to the
' resistance value comparison result for controlling the opera-
tion of the suction means. :

Since the resistance of the resistance value detection
means comnected to the electrodes of the ink cartridge
changes in response to the presence or absence of the ink
cartridge and the communication state with the recording
head, the resistance is compared with data in the reference
: value storage means to determine whether or not the ink .
cartridge is mounted and how much iok the ink cartridge
contains. Based on the determination result, the suction
mode of the suction means is selected.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a perspective view showing the structure of the '
print mechanism periphery of an ink jet recording apparatus
to which an ink supply device of the invention is applied;

FIG. 2 is an enlarged view of an ink jet recording head
mounted on a carriage in the ink jet recording apparatus;

FIG. 3 is an enlarged view of an ink tank mounted on the
carriage in the ink jet recording apparatus;

B



Wien the power is turned on (step a in FIG 21), the resistance val ue

conparison unit 152 conpares the preced- ing resistance val “eREMIMMLNmGSH*E
el ectrodes stored in the resistance val ue storage unit 156 w

resi stance val ue across the electrodes just after the power {id irgjg 013“8
If the difference between them [err]r, is greater than a predet En¥hid

val ue, nanely, the resistance val ue ghange caused by tem pegrgture, etc

[err]R (step b in FIG 21), the cap nenber 80 is

1

FIG. 4 is an enlarged view of a pump unit and a capping :
unit in the ink jet recording apparatus;

FIG. § is a top view showing the location relationship
between the pump unit and the capping unit in the ink jet
recording apparatus;

FIG. 6 is a side view showing the mlauonslnp between the
pump unit and a pulse motor for paper feed for driving the
pump unit in the ink jet recording apparatus;

FIG. 7 is a sectional view showing one embodiment of the
pump united used with the invention;

FIGS. 8(A) and 8(B) are a pair of drawings centering on
the capping unit, FIG. 8(A) showing a state in which the
recording head exists in & print area and FIG. 8(B) showing
a state in which the recording head exists at a standby
position;

FIGS. 9(A) and 9(B) are a pair of drawings showing an
emhodunmtofatzp member which is a component of the
capping -ugit, FIG. 9%(A) showing the section parallel to
move passage of the recording head and FIG. 9(B) showing
mesecuonpupendlculartothepassageofﬂwreeordmg
head;

FIG. 10 is a drawing showing an embodiment of a cam
face attached to a cleaning unit;

: FIG. 11 is a sectional view showing an embodimeat of an
. ink cartridge used with the ink jet recording apparatus;
_ FIG. 12 is an illustration showing a state in which the ink
cartridge in FIG. 11 is mounted on a cartridge;
FIG. 13 is a block diagram showing one embodiment of |
a controller which controls ink handling in the ink jet
recording apparatus;
FIG. 14 is an illustration showing the relationship
between carriage position and operation;
FIGS. 15(A) and 15(B) are illustrations showing capping
unit motion and cleaning unit motion according to recording
head positions;

FIGS. 16(A) and 16(B) arc illustrations showing capping
unit operation and cleaning unit operation;

hd



pressed into contact with the recording head 7 (step ¢ in Fl G2d}—Hien:
the step notor 4 is rotated forward at high speed (stp din F CBEEL’HJEMENT SHEET

t hereby sucking out ink fromthe recording head 7 and di schar g Ik
around the ink outlet 123 of the ink cartridge 140 via the re o di%g .p@ﬁdl?%
7, therby discharging air bubbles which entered by denobuntingjo anting

e ' : ‘

the ink cartridge when the power was turned off. When the pre
time T[err] has el apsed (step e’'in FIG_4_

FIG.17isa drawing showing capping unit 61iemion and
cleaning unit operation;

FIG. 18 is a chart showing the relationship between
remaining amounts of ink in an ink cartridge and resistance
across electrodes;

FIG. 19 is a flowchart showing initial filling operation of
ink cartridge; '

FIG. 20 is a flowchart showing operation when an ink
cartridge is replaced with a new one; and
FIG. 21 is a flowchart showing a process which occurs
__._Justafterthepowerxsmmedmmthmmkwmdge
mounted.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Refunngnowtotheaccompanymgdrawmgs,thereare
shown preferred embodiments of the invention.

FIG. 1 shows in perspective view the area of a print
mechanism of an ink jet recording apparatus to which the
invention is applied. In FIG. 1, reference numeral 1 is a
' carriage which is supported by a guide member 2 and is
connected via a timing belt 3 to a pulse motor (not shown)
and can reciprocate in parallel to a platen S.

A recording head 7 is mounted on the carriage 1 in such
a manner that nozzle openings are directed to printing paper
6, as shown in FIG. 2. An ink cartridge 8 is detachably
mounted on the top of the recording head 7, as shown in FIG. |
3. A base forming the recording head 7 is provided with an
ink needle 9 (as described below) by which an ink supply
passage of the recording head and the ink cartridge 8 are
comnected. ' :

According to this structure, when 2 drive signal from a
headdnvecxrcmt(notshown)xsrecewedmaﬂexiblecable
: 10, mkﬂowsmtotherecurdmgheadﬂomthemkmmdge
. and dots can be formed on the recording paper connectively..
Referring again to FIG. 1, a capping unit 12 and a suction.
pump unit 13 (described below) are located outside the print.
area of the carriage 1. The capping unit 12 is integral with -
thesncnonpumpumtnforconvemenceofassemblyand
maintenance, as shown in FIG. 4. '



21), the notor 4 is

printing and to discharge the air bubbles fornmed during high kp
and the air bubbles remaining in the sedinent (step g in FIG|2
notor 4 is stopped and the pressure in the cap nenber 80 chanpe
negative to atnospheric pessure (step

forward at | ow speed to return the nmeniscus to the state prop rREMCEMENT SHEEW
ed suction

rotated reversely at

stopped (step f in FIG21.), and is then yotated

in FIG 21). Next, th

) 2400w 1998

Fet-er-q-d.s

|
| ow speed and the&-

'FIGS. 5 anc ¢ are views showing the top and section
around the capping unit, wherein reference numeral 20
indicates a paper feed roller, with a gear 22 secured to one

end of a rotation shaft 21, which is connected to or discon-

nected from a pulse motor 4 for paper feed via a wheel train
23 which also serves as a connection switch mechanism.
That is, when the wheel train 23 moves in the leftward
direction in FIG. 5, the wheel train 23 meshes with the gear
22, enabling supply of recording paper, and when the wheel
train 23 moves in the rightward direction in FIG. 5, the
wheel train 23 meshes with a driving gear 25 (FIG. 4) of the
suction pump unit 13, generating negative pressure.

=* FIG. 7 shows an embodiment of the pump umnit 13. It is
formed as 2 so-called peristaltic pump in which the outside
of a pump tube 31 connected a cap member 80 and a waste
ink tank 30 is held by a cover case 32 so as to make it
substantially like a circle and the inner peripheral surface
thereof is pressed by two rollers 36, 36 pivotally secured to
a drive board 34 driven by a rotation shaft 33. The rollers 36,
36 are loosely engaged with a long groove (not shown) with
the distance from the center gradually changing to the drive
board 34, and are secured so that when the pulse motor 4 for
paper feed rotates forward, the rollers 36, 36 move to the

side of the cover case 32 and pivot while pressing against the

tube 31 and so that when the pulse motor 4 rotates reversely
for paper feed, the rollers move in the center direction for
departing from the tube 31.

. Referring again to FIGS. 5 and 6, reference numeral 12
xgdlcates the above-mentioned capping unit, is located out-
side the print area of the passage of the carriage and which

includes a cap member 80 formed like a cup with elastic

material so that it occupies a capping position covering the
mozzle opening face of the recording head 7 and a non-

cappipg.positi_on departing from the nozzle opening face in
association with the movement of the recording head 7 (as

described below), and a valve mechanism 41 for opening

-and closing communication with an atmospheric opening

64.The.seat.ainsralledonas]ider49tha:canmoveparallel
::lhcdxmcuonofmoﬁonofthecaniagelandanmovcup

FIGS. 8(A) and 8(B) and 9(A) and 9(B) arc drawings
centening on the capping unit 12, FIGS. 8(A) and %(A) show
the state in which the carriage 1 is in the print area, and
FIGS. 8(B) and 9(B) the state in which the carriage 1 is at



rollers 36 are separated fromthe tube 31 to provide for pa
and k in FIG 21). At this stage, the resistance val ue acry
el ectrodes is conpared with the second reference. If it is g
the ink cartridge 140

|
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the home position.

Reference numeral 49 depicts the shove-mentioned slider.

A projection 50 formed on the bottom moves with a base 48
as a slide face. The print area side is attached to a link 52
disposed on the base 48 and is energized in the upward
direction and the print area direction by a spring 54 placed
between the base 48 and the slider 49. The face on which the
projection 50 of the slider 49 slides is composed of a slope
§5 with the print area side down and a plane 56 at the height
for pressing the cap member 80 against the recording head
7 when the recording head arrives at the-home position. The
slider 49 has guides 58 which widen and open in the print
area direction side, conforming to the width of the recording
head 7 on both sides, and a lock piece 61 engaged with a flag
piéce 60 of the carriage 1 in the external end portion.

The cap member 80 is formed as an elastic cup having an
air inlet 65 communicated with the atmospheric opening 64
via a pipe 60 on the top and an intake 66 at which negative

pressure from the pump unit 13 works. Ducts 63, 67 con-

necting the air inlet 65 and the atmospheric opening 64 and
the intake 66 and the pump tube 31 are formed by injection
molding so that they become integral with the elastic cap.
The atmospheric opening 64 is opened and closed by the
valve mechanism 41. A tube defining the duct 67 is con-
necxedtothepnmpmbeﬂmaconnecnonholcnpletmd
mthcshdu'49

As shown in FIGS. %(A) and 9(B), the cap member 80 is
housed in a reception member 81 made of high-rigid mate-
rial such as macromolecular material so that the opening
margin portion of the cap member exposes, and contains an
ink absorber 82 made of a porous substance for absorbing
ink. The reception member 81 has two shafts 83 extending

.in the direction perpendicular to the direction of movement

of the recording head 7 on the top and is formed with a
hemispheric recess 84 on the bottom; the top is loosely
supported by the slider 49 by the two shafts 83 (FIG. 9(B)),
and the bottom is loosely supported by a hemispheric

‘projection 85 projecting from the slider 49 for airtightly
“pressing the cap member 80 into contact with the nozzle
- opening face of the recording head 7 independently of the
- attitude of the recording bead 7.

Referring again to FIGS. 8(A) and 8(B), the valve mecha-

nism 41 comprises a valve body 92 opposed to the atmo- .

spheric opening 64 and secured to one end of a guide stick
91 always energized to the atmospheric opening 64 by a
spring 90, a driving stick 95 energized outwardly by a spring
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- downward by pull spring 103 piaced between the frame 39,
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94 stronger than the spring 90 so that the opposite side to the
print area always projects from a frame 93, and lock pieces
96 and 97 for engaging the guide rod 91 and the driving stick
95. Thus, when the driving rod 95 is pushed into the state
shown in FIG. 8(B) as the recording head 7 moves, the valve
body 92 loses the suppression force of the driving stick 95
and abuts against the atmospheric opening 64 by energy of
the spring 90 for disconnecting communication of the cap
member 80 with the atmosphere.

Reference numeral 15 indicates the cleaning unit in which
a cleaning member 40, which is composed of lami _
layers of a rubber plate 42 appropriate for a wiping operation:
on the outside and a sponge material 43 appropriate for
rubbing operation on the print area side, is fixed to a frame
39 swingably secured to shafts 46 disposed on both sides of
the capping unit 12 for moving between the cleaning posi-
tion and the non-cleaning position as the carriage 1 moves.

:The frame 39 is loosely supported on one face by a long
- groove 100, and on the other by a round hole (not shown) to

the shafts 46 disposed on both sides of the slider 49
supporting the cap member 80 so that it can switch with the
round bole side as the center in the upward direction and in
the direction perpendicular to the move direction of the
recording bead 7. The frame 39 is formed with a projection
102 extending downward to the center of the print side tip
and is always energized in the print area direction and

and the slider 49. The frame 39 is also formed with release -
pieces 101 (described below) on both sides between which -
the move passage of the recording head 7 is sandwiched on
the top and is formed with a cam face 104 on the side.
The release piece 101 is formed as a triangular pole with
the recording head passage side as the vernex, and when
slopes 105, between which the vertex is sandwiched, contact

 the fiag picce 60 of the carriage 1, is adapted to swing the:

frame 39 by angle 9 in the horizontal direction with the shaft

46 as the center for releasing engagement of the cam face

104 and a cam follower 106 (described below).



contains sufficient ink (step 1 in FIG 21), printing is enahled (sfep n-in
FIG 21); if the ink cartridge contains less ink, a nmessage §SRERUNCEMENT SHEET
instructing the user to replace the ink cartridge with a newjope—step—mrm
FIG 21). If the nozzle face of the recording head becones {di rt%zbfﬁﬁuﬁ%

of use for a long term the w ping operation al one
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" Referring to FIG. 10, the cam face has a first slope 111
defining a first passage for guiding the frame 39 upward
when pushed in the direction outside the print area by the

carriage 1 from stable point P1 contacting when the carriage

1 is in the non-abutting state, a sccond slope 112 defining a2

second passage horizontally extending in the direction out-

side the print area from the lower end of the first slope, a.
third slope 113 defining a third passage for raising the frame
39 to the cleaning position, a fourth slope 114 for bolding the

frame 39 at the cleaning position, and a fifth slope 115 for

guiding the cam follower 106 to the first slope 111.

The section of each of the first slope 111 and second slope
~ "112is formed kike a right angled triangle so that they can be
overridden in moving in the directions indicated by arrows
116 and 117. The fourth siope 114 is selected as the height
at which the cam follower 106 can overide tbe slope when
the frame 39 is swung. Step difference H is provided
between stable point P1 and semistable point P2 so that the:
former point is placed at the position at which the cleaning:
member 40 does not abut against the nozzle opening face of'
the recording head 7 and so that the latter point is placed at
the position at which the cleaning member 40 abuts against
the nozzle opening face of the recording head 7.

FIG. 11 shows an ink cartridge appropriate for the ink jet'
recording system described above, wherein reference
numeral 120 is a vessel forming the ink cartridge main unit.
The vessel has an opening 121 on the top and is slightly
tapered toward a bottom 122. An ink outlet 123 engaged
elastically with and surrounding an iok supply needlc 9

. (FIG. 12) fixed to the recording head 7 is integral with the
vessel 120 on the bottom 122.

The ink outlet 123 has one end formed like a pipe
projecting from the bottom and an opening 124 to which a
filter 125 is welded.

A step difference 126 is formed at the center of the inner

. face of the ink outlet 123. Packing material pressed against
‘the ink supply needle 9 for maintaining the fluid-sealing
state (in the embodiment, a rubber ring or so-called O ring
127) is housed on the tip opening side and 2 film 128 through
" which the ink supply needle easily passes is welded to the
outer opening portion for sealing. Two clectrodes 130 and
131 are disposed near the bottom of the vessel 120; one is
located in the vessel and the other in the ink outlet 123.



woul d be insufficient to renove dust and a rubbing operati
In this case, in a simlar sequence to the w ping operatio
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above, the cleaning nenber 40 is raised and the printing hejad
the print area side. Then, the carriage 1 is noved in the djr

opposite to the wi ping operation (arrow C direction in FIG]| 16

quently, with the rubbing nmenber 43 on the.top, the cleanin
contacts the nozzle opening face of the recording

s rovedt
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Reference numeral 133 is a porous substance forming an .

ink absorber. The porous substance 133 has a section slightly
larger than the opening 121 of the vessel 120 and is slightly
higher thas the vessel. The lower end portion of the porous
substance 133 is pressed against the filter 125 of the ink
outlet 123 for compression in response to the form of the ink
outlet 123 and with its outer surface pressed by the side
walls of the vessel 120, the porous substance is housed in the
vessel 120 and is pressed against the bottom 122 by means
of a cover 137 comprising an atmospheric communication
port 135 and ribs 136 for sealing. Further, with the ink outlet
123 sealed, ink is poured from the atmospheric communi-
~“¢dtion port 135 under a negative pressure of 0.5 psi or higher
and absorbed into pores of the porous substance 133, thereby
forming an ink cartridge.

FIG. 13 shows a controller which controls ink handling in
the ink jet recording apparatus described above, wherein
reference numeral 145 is a resistance value detection circuit
for measuring electric resistance between the electrodes 130
and 131 dxsposed on the ink cartridge 140. The resistance

- value detection circuit 145 is adapted to apply an alternating

“voltage across the electrodes 130 and 131 at a given period,
for example, every second, for measuring the resistance
value.

Reference numeral 146 indicates a controller, which is a
microcomputer programmed so as to provide resistance
value comparison unit 152 for comparing a reference resis-
tance value stored in reference value storage unit 151
(described below) with a resistance value from the resistance

_ value detection circuit 145, resistance value storage unit 153
" for updating the resistance value from the resistance value
detection circuit 145 in sequence and storing it, supply
voltage detection unit 154 for detecting the voltage of a
power supply circuit driving the printing apparatus lowering
to a given value for outputting a signal, write unit 155
‘responsive to the signal from the supply voltage detection
-unit 154 for transferring data in the resistance value storage
unit 153 and data from ink spout recovery operation monitor
unit 157 (described below) to history storage unit 156
composed of a nonvolatile memory, and pump control unit
158 for controlling the pulse motor 4 based on data from the

resistance value comparison unit 152. When the cleaning -

_ process is executed, the ink spout recovery operation moni-
tor unit 157 tums on a flag. When the cleaning process
terminates normally as an operation sequence, the unit 157




head 7 for rubbing the nozzle opening face. When the ope,

thus termnates wth no print data and the transition to thGREPLM;EMENﬂTSHEH

made, the carriage 1 is noved toward t he standby position,
the slider 49 to clinb up the slope 55 as the recording h
It further noves toward the outside of the print area, pas
recording head 7 is detected by the hone position detectio

shown) in
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turns off the flag. If the cleaning operation aborts due to, for
example, power failure during the cleaning, the unit 157
outputs the flag as data.

The reference value storage unit 151 stores a first refer-
ence L, indicating the lower limit of a resistance value when
an appropriate amount of ink exists in the ink cartridge, a

second reference L, indicating data of a resistance value at
which the user is prompted to change the ink cartridge when
the ink cartridge contains a small amount of remaining ink, -

a third reference L, indicating data of a high resistance value

- when the ink cartridge contains almost no remaining ink, a

fourth reference L, indicating data of an extremely high
resistance value whea no ink cartridge is mounted, and a
fifth reference L, indicating data of an extremely low
resistance value to detect 2 different kind of ink, a short
circuit of the electrodes, etc., as shown in FIG. 18.

The pump control unit 156 includes drive patterns for
controlling the pulse motor 4 so as to enable suction modes
in response 1o every situation, such as a small quantity of
suction for pulling out ink during an initial filling ink,
suction when the ink cartridge is replaced with a new one,
suction to discharge ink collected in an exhaust passage of
ink, a small quantity of suction for meniscus recovery
operation, and processing for detaching the drive roller 36
from the tube 31 to terminate suction operation. Reference
numeral 149 in FIG. 13 is a display for displaying a
message, ctc.

Next.theopexanonoftheappmamsthus configured is
described.

Before the printing apparatus is used, the initial flling

.mode is executed. The initial filling mode can be started, for
example, by the user who turns on a power switch while

holding an ink spout recovery command button on the
printer cabinet. Before or after the initial filling mode is
started, the ink carrridge 140 is mounted on the recording
head 7. At this time, if the position of the ink outlet 123 of
the ink cartridge 140 is adjusted to the position of the ink

- supply needle 9 of the recording head 7 and the ink cartridge

140 is pushed vertically, the ink supply needle 9 passes

member 127, thereby connecting the ink cartridge via the
pachngmembermtothcup of the ink supply needle 9 of

the recording head in fluid-sealing relation.

through the seal member 128 and arrives at the packing.
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t he process. When a signal is output fromthe hone positi@ﬁPUﬂE&hEtNiToﬁHEg
unit and the carriage 1 is noved toward the outside of th Tt area for ta
predet em ned di stnce, nanmely, for a decel- eration distanc e%rﬁ}q; 1958
stop.the carriage 1 froma predeterm ned speed, the projectibn of the

slider 49 arrives at the plane 56 and the cap nenber 80 islpLesseeI-ﬂw
contact with the front of the recordi nglPead 7. The carri a%e

After this, when the cap unit 12 is mounted on the nozzle
openings of the recording head 7 (step a in FIG. 19), the
pump control unit 158 rotates the paper feed motor 4
forward at low speed (step b in FIG. 19), thereby transferring
rotation force of the motor 4 via the wheel train 23 to the
suction pump unit 13 for rotating the drive board 34, thereby
causing the rollers 36 to move along the long groove to the
outside and abut against the tube 31. The tbe 31 is rubbed
up by rotation of the motor 4 for generating weak negative
pressure.
Then, weak negative pressure acts via the cap member 80
on the nozzle openings of the recording head 7, and thus ink
in the ink cartridge 140 gradually flows into the recording
head 7 at a low flow rate. By flowing the ink into the
recording head 7 at the low flow rate, the ink fiows into the -
recording head 7 without gencrating scdiment in an uneven
portion formed in the passage from the needle 9 to the nozzle
openings of the recording head 7. This means that filling the
recording head in the conventional manner using a trans-
mitted liquid product for discharging air bubbles at factory
shipment is not required, and that if the user tries performing
initial filling of the recording head with ink, he or she can
securely fill the recording head with ink. :
After the ink flows into the nozzle openings by 2 small
quantity of suction for a predetermined time T2 (step ¢ in ;
FIG. 19), the pump control unit 158 switches the pulse motor
4 to high speed rotation (step d in FIG. 19), thereby causing
strong negative pressure to act on the nozzle openings. Ink
of about 15 cc per minute, for example, is sucked out from
the nozzle openings and therefore, air bubbles accumulating
in the reservoir or pressure generation chamber of the
recording head 7 at the initial filling with ink are discharged .
from the nozzle openings together with the ink flow. -
When predetermined time T3 elapses and a given amount .
. of ink, for example, about 2 cc, is sucked out (step e in FIG. _
! 19), the pump control unit 158 stops the pulse motor 4 (step e
f in FIG. 19), thereby causing the inside of the cap member L
80 to gradually rise to atmospheric pressure. When the cap PR
member is restored to atmospheric pressure, the pump
control unit 158 again rotates the pulse motor 4 forward at
low speed (step g in FIG. 19) as described above. Then,
weak negative pressure to the degree at which a very small
amount of ink is spouted from the nozzle openings is
generated in the cap member 80 and the meniscus of the
nozzle openings disordered by high speed suction is restored
10 a state suitable for a printing operation. Very small air
bubbles occurring at the high speed suction and air bubbles




1 passes through the air suction position (position IIl in FIG 14) and the

cl eaner set position (position Il in FIG 14), then is pl aced—at—the '
standby position (position | in FIG 14). In this state, the atPrEBbM&ME?H SHEET
opening 64 is sealed by neans of the valve body 92; thus the |relcorarng

7 can provide for the next print operation in a state in which |n§r% tmqggg
nozzl e openi ngs can be prevented from dryi ng. Al t hough in thi odr nment
data fromthe resistance -12-

mméxmngmthesedxmentmtheswnhng state can be
securely discharged by low speed suction. Performed, the
low speed suction is preferred after the high speed suction is
performed for the ahove-mentioned reason, but print opera-
tion can also be started immediately after the high speed
suction.

When a time T4, enough for low speed suction, for
example, two seconds, has clapsed (step h in FIG. 19), the
- pulse motor 4 is again stopped (step i in FIG. 19), and the
inside of the cap member 80 is restored to atmospheric
pressure, then the pulse motor 4 is rotated reversely at low
speed a predetermined number of revolutions, namely,
enough revolutions to move the rollers 36 abutting against
=the tube 31 in the center direction, thereby causing the drive
rollers 36 to move on the long groove of the drive board 34
slowly in the center direction and leave the tube 31. If the
pulse motor 4 stops after forward rotation, the drive rollers
36, 36 remain abutting against the tube 31. Thus, if the pulse
motor 4 is subsequently rotated reversely, the pump unit 13
gencrates positive pressure for the cap member 80. During
rotation at low speed, the generated pressure is extremely
small and therefore before the pressure in the cap member 80
tises, the drive rollers 36 move on the long groove of the
' drive board 34 in the center direction and leave the tube 31.

- After this, the function of the pump is lost regardless of.
reverse rotation of the motor 4 (steps i, j). :

As a resuit, the suction operation of the pump unit 13 can
be terminated without destroying the meniscus formed at the
nozzle openings of the recording head 7. The suction opera-
tion can be terminated in the state in which the meniscus
appropriate for printing is held without applying unneces-

. sary positive pressure to the cap member 80. By performing
theopetanonsequence,themordmgheadandthemkf
passage filled with air at shipment arc securcly filled with'
ink to enable good printing.

When the initial filling with ink ends and printing is
performed, the resistance value detection circuit 145 detects
the electric resistance value across the electrodes 130 and
131 at intervals of given time T5, for example, one second
or during printing, every predetermined number of lines

.- printed, for example, every line printed (step 2 in FIG. 20).

. The resistance value is stored while the contemts of the _
resistance value storage unit 153 are updated in sequence
(step b in FIG. 20), and is compared with data in the
reference value storage unit 151 by the resistance value
comparison unit 152 for monitoring the remaining amount



val ue detection circuit 145 is stored in the RAM and then stored: i-n- #he
hi story stoage unit as the supply voltage drops, it is cle

1 ar—t-hat—a—sirtaf-
effect can al'so be produced by diectly storing the data in thE’hﬂ@EM&NBtSHE@T

storage unit for a given period.
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of ink in the ink cartridge, etc., (step ¢ in FIG. 20).

As shown in FIG. 18, if ink exists in the porous substance
133 to the degree at which it covers the filter 125 of the ink

outlet 123, the resistance value across the electrodes 130 and
131 gradually increases as the ink is consumed, but main-
tains a low value (in the embodiment, about 2.4 k€2). When
the ink reaches depletion and the level drops below the filter
125, the resistance value increases sharply.

Thus,whenthepnmamountmczeasesandthemkammmt
in the ink cartridge 140 lowers, the resistance value across
the electrodes exceeds the second reference L,. Then, a
Jnessage to the effect that the level of ink in the ink cartridge
‘is low is displayed prompting the user to prepare a new ink
cartridge. Even if the resistance value across the electrodes
exceeds the secondrefaencelq,asmallamoumofmk-
remains for printing.

When further printing is performed and the resistance
value across the electrodes exceeds the third reference Ly, a
message is output requesting the user to replace the ink
cartridge with a new one (step d in FIG. 20). If the user
mspondstothemcssagebyreplamngmemkamdgemth

.. anew one (step e in FIG. 20), the cap member of the cap unit
is mounted on the recording head (step f in FIG. 20).

In this state, the resistance value across the electrodes is
detected(stepgml’lG.ZO)axxlxscomparedvnthres:smme
value across the electrodes detected just before the ink
cartridge is replaced. As a result of the comparison, if the
resistance value across the electrodes detected after the ink
cartridge is replaced is greater than that detected before the
replacement (step h in FIG. 20), it is decided that there is a = -
possibility that the user again has mounted the once drawn-
out ink cartridge intact That is, it is possible that the
resistance across the electrodes increases becanse air
bubblesemmdthemksupplyportwhenthcmkcarmdge'
140 was drawn out and again mounted.

Intlusme,thepmnpconﬂolumtlﬂmmsmepulse
motor4forwarda1highspeed(step1mFIG 20), causing
strong negative pressure to.act on the nozzle openings for
sucking out, for example, ink of about 15 cc per minute form
the nozzle openings, thereby discharging air bubbles around
the ink supply port occurring when the ink cartridge 140 was
again mounted from the nozzle openings together with the

_.
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ink flow. When a predetermined time T7, for example, one
second has elapsed (step j in FIG. 20), the resistance across
the electrodes is again measured for determining whether or
not the measured resistance value is lower than the preced-
ing value (step k in FIG. 20).

When a sufficient amount of ink remains in the ink
cartridge, air bubbles which have eatered are discharged by
the sucked ink flow as described above, thus the resistanct
value across the electrodes lowers. In contrast, if no ink
femains in the ink cartridge 140, air is drawn in between the
electrodes by sucking out ink, increasing the resistance
value across the electrodes (step m in FIG. 20). Thus, when
the resistance value across the electrodes increases, if suc-

tion is continued, there is a chance that air will be drawn into .

the recording head. Then, the pump control unit 158 stops

the pulse motor 4 for terminating the suction operation (step -

tin FIG. 20).

Although the suction causes the resistance value across |

the electrodes to drop, if the resistance value exceeds the

second reference L, (step p in FIG. 20), the ink supply inthe
ink cartridge is nearly depleted and ink suction is stopped

(step t in FIG. 20).

On the other hand, when the electrode resistance value
just after the ink cartridge is mounted is lower than that
detected before replacement, it can be determined that a new
ink cartridge has been mounted. However, if the electrode
resistance value of the ink cartridge after mplace_:mentls
smaller than the fifth reference L (step 1 in FIG. 20), it i
possible that an error such as a short circuit across the

- electrodes of the ink cartridge is present. Thus, without

performing the subsequent operation, control is transferred

to the termination process of step w. If the suction operation’

causes the resistance value across the electrodes to drop, it
can be determined that the ink cartridge contains a sufficient

amount of ink. Therefore, the pump control unit 158 con-

tinues rotating the pulse motor 4 forward at high speed (step

o in FIG. 20), causing a sufficient flow of ink from the ink

cartridge 140 into the ink supply passage and the recording
head, thereby securely discharging air bubbles.
When a predetermined time T8, for example, five sec-

158 stops the suction operation (step q in FIG. 20), thereby
causing the inside of the cap member 80 to gradually rise to

‘atmospheric ?pmsure When it is restored to atmospberic




In the above embodi ment, when suction termnates, the pul se JmEBEAGEMENTBHEET

feed is rotated at

31 without causing positive pressure to act on the recording Hh

| ow speed and the rollers 36 are separatdd

fromthe tut

However, if the cap nenber 80 is detached fromthe recording hea

the cap nenber is returned to positive pressure after

easlo7.
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pressure, the pump control unit 158 rotates the pulse motor
4 forward at low speed (step r in FIG. 20) as described
above. Then, weak negative pressure sufficient to suppress a
spout of ink from the nozzle openings is generated in the cap
member 80, and the meniscus of the nozzle openings dis-
ordered by high speed suction is restored to the state suitable
for print operation. Very small air bubbles occurring at the
high speed suction and air bubbles remaining in the sedi-

.ment in the swirling state can be securely discharged by low
speed suction.

When a predetermined time T4 elapsed (step s in FIG.
20), the pulse motor 4 is stopped (step t in FIG. 20) and the'
inside of the cap member 80 is restored to atmospheric’
pressure. Then, the pulse motor 4 is rotated reversely at low
speed a predetermined mumber of revolutions to move the
rollers 36 abutting against the tube 31 in the center direction
(step u in FIG. 20). The pulse motor 4 is stopped (step v in
FIG. 20), thereby terminating the suction operation in the
state in which the meniscus appropriate for printing is held
without applying unnecessary positive pressure to the cap
member 80. Then the wiping operation of the recording head
is performed (step w in FIG. 20) to provide for the next print

_operation.

The wiping operation is described. When the recording
head 7 is moved to the print area side, the slider 49 moves:

- along the place 56 to the print area following movement of

the carriage 1 by energy of the spring 54, as described above.
When moving to a predetermined position, it arrives at the
slope 55, and thus the slider 49 falls, thereby causing the cap
member 80 to leave the front of the recording head 7. When
engagement of the cap member 80 and the recording head 7
is completely released, the carriage 1 reverses the move
direction and moves toward the outside of the print area,

- thereby causing the cam follower 106 to pass through the

slopes 111, 112, and 113 and rise (FIG. 15 B). When it
further moves and arrives at the semistable point P2, the
frame 39 is lifted up by height H. As the frame 39 rises, the
cleaning member 40 also rises and is set to a position at
which it contacts the front of the recording head 7 (FIG. 16
A). In this state, if the carriage 1 is further moved toward the
print area, a blade member 42 becomes the top side and
abuts against the recording head 7, thus ink drops attached
by suction are removed from the surrounding of the nozzie
openings of the recording head 7.

When the recording head 7 is at the home position
(position I in FIG. 14), the frame 39 is lifted up with the cam




suction term nates, the nmeniscus wll not be destroyed even if the pul se
notor is rotated reversely at hi gh speed. Further, when a_sequence of———
i nk spout recovery operation steps including the suction op¢r REPIRCEMENT SHEET
started, the ink spout recovery operation nmonitor unit 157 furps—omtte
flag, and when the ink recovery operation sequence termn natgs, tﬁrlzni f‘[998
the flag. However, if the poweris turned offin error while tihg i 6u
recovery operation is being peforned, rhé& '

follower 106 occupying the semistable position P2 on the
cam face 104 and the atmospheric opening 64 is closed with
the drive stick 95 of the valve 41 abutting against the base,
and thus the recording head 7 is sealed by the cap member
80 for preventing ink from drying (FIG. 15(A)).

When the carriage 1 moves to the print area side, the
recording head 7 is set to an air suction position (position IIf
in FIG. 14) through a cleaner set position (position II in FIG.
14). During the move, the slider 49 moves on the place 56,
and thus the cap member 80 continues to seal the front of the
recording head 7. At this position, the value body 92 is
removed from the atmospheric opening 64 by means of the

_drive stick 95. Thus, if the pulse motor 4 is rotated forward,
negative pressure of the pump umit 13 acts on the cap
member 80. However, since the atmospheric opening 64 is
open, negative pressure does not act on the recording head
7 and only waste ink remaining in the absorber 82 and the -
tube 31 is sucked out and sent to the waste ink tank 30.

When the air suction thus terminates, if the carriage 1 is
moved to the home position, the atmospheric opening 64 of
the cap member 80 is blocked by means of the value

- mechanism 41 (FIG. 15(A)) (step b in FIG. 20). At the
termination of filling with ink, the carriage 1 is moved
toward the print area. The slider 49 moves along the place
56 to the print area following a move of the carriage 11 by
energy of the springs 54 and 103. When moving to 2
predetermined position, it arrives at the slope S5, thus the
slider 49 falls, thercby causing the cap member 80 to leave
the front of the recording head 7. When engagement of the
cap member 80 and the recording head 7 is completely .
released, the carriage 1 reverses its direction of movement,
and moves toward the outside of the print area, thereby -
causing the cam follower 106 to pass through the slopes 111,
112, and 113 and rise (FIG. 15(B)). When it farther moves
and arrives at the semistable point P2, the frame 39 is Lifted
up by height H. As the frame 39 rises, the cleaning member
40 also rises and is set to a position at which it contacts the
front of the recording head 7 (FIG. 16(A)). In this state, if
the cartridge 1 is further moved toward the print area, a blade
member 42 becomes the top side and abuts against the
recording head 7. Thus, the area surrounding the nozzle
apenings of the recording head 7 is subjected to a wiping
aperation for removing ink drops spouted from the nozzle,
openings and attached to the nozzle opening face by suctioné



operation voltage drops, which is detected by the supply voltage detection
unit 154 and the flag is stored in the history storage ung+~i56-by—the :
wite unit 155. When the power is again turned on, the da aREHtMJBéEHT'S&WEﬂ/
storage unit 156 is read out, and if the read data contai hs{data i ndi cati hg
that the ink spout recovery operation flag is on, the ink spouyj erﬂ@‘@?a/
operation is perfornmed before print operation is started. jThus, "even if t
meni scus of the recording head 7 -17-
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When the recording head 7 passes through the cleaning
member 40 and subsequently the false piece 60 of the
carriage 1 arrives at the release piece 101, the release piece
101 is pushed away in the direction shown by arrow B in
FIG. 17 by angle 0 to the outside by the flange piece 60.
Thus, the cam face 104 leaves the cam follower 106 (FIG.
17). Then, support of the slope 114 by the cam follower 106
is lost and the frame 39 is caused to fall by the energy of the
spring 54 and the cleaning member 40 is evacuated to a
location lower than the pass plane of the recording head 7.
When the recording head 7 further moves to the print area
side and passes through a drive switch position (pesition
VI in FIG. 14), the pulse motor 4 rotates reversely for

- feeding recording paper to the print area for emabling
printing. -

On the other hand, when print operation in the printing
arca continues for a predetermined time and a flushing
operation is required, the print operation performed by the
recording head 7 is temporarily stopped and the recording
head 7 is moved toward the home position. While the |
recording head is moved toward the home position, the flag
piece 60 of the carriage 1 passes through the release piece
101 and subsequently the recording head 7 arrives at the :
guides 58. The slider 49 is guided by the guides 58 to
alignment with the center of the recording head 7. Further, -
the carriage 1 moves, the flange piece 60 abuts against the
lock piece 61, and the recording head 7 is positioned at a
flushing position (position V in FIG. 14) opposite the &

member 80 at a given gap length. In this st:tgpt?xirecordu?g)
h.ad 7 causes ink to be spouted out independently of a print
signal from nozzle openings umused during the printing,
thereby dlscbatgmg ink in the nozzle openings not used
during the printing into the cap member 80 to prevent ink in
the nozzle openings from increasing in viscosity and to
prevent the nozzle openings from drying,

Opthe other hand, for ink spout failure which is caused
by air bubbles entering the pressure generation chamber of
the recording head and which cannot be removed by per-

g only the flushing operation, the carriage 1 is moved
ﬁothehon_leposmonandthecapmembermispressedinto
mwmemoxﬂinghead7.hthissmm,thcpmse
momr41smmedathigh5peed,thembyspouﬁngair
bubbles, etc., present in the pressure generation chamber
from the nozzle openings. As a result, ink consumption can
bemdpcedas much as possible and the air bubbles in the
recording head can be discharged.



I s destroyed because of the inconplete ink spout recovery opg+ati-on—ithe
i nk spout recovery operation is again executed, thereby formnGEPACEMENARSHEET
meni scus for printing in the optinum state. As descri bed qbgve—trmThe

i nvention, the ink jet recording apparatus conprises a recording f?agAN 1998
communi cated via an ink supply menber with an i nk tank conprijsifn
el ectrodes for detecting a renmaining anount of ink and bei ng |rdsper-
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In the printing process, the resistance across the electrodes
is detected every predetermined time T, for example, every
~  second or each time one line of printing is complcted, as
described above. The detected resistance values are trans-
ferred to the resistance value storage unit 153 in sequence
for updating the resistance value data. When printing is
completed and the power is turned off, a signal is output
from the sopply voltage detection urnit 154. In response to
the signal, the write unit 155 transfers the resistance value
stored in the resistance value storage unit 153 to the history '
storage unit 156 for storage. A large-capacitance capacitor
for smoathing is connected to the power supply circuit and -
the operation voltage can be maintained for the time
required to transfer data for storage.

When the power is turned on (step a in FIG. 21), the
resistance value comparison unit 152 compares the preced-
ing resistance value across the electrodes stored in the
resistance value storage unit 156 with the resistance value
across the electrodes just after the power is turned on. If the
d:fermcebctweenthem.Ar,xsgrcaterthanapredcm-mmed
‘ value, namely, the resistance value change caused by tem-
- perature, etc., AR (step b in FIG. 21), the cap member 80 is
pressed into contact with the recording head 7 (step cin FIG.
21). Then,thestepmonorhsmtmdforwazﬂathxghspeed
(step @ in FIG. 21), thereby sucking out ink from the
recording head 7 and discharging ink around the ink outlet
123 of the ink cartridge 140 via the recording head 7, thereby
discharging air bubbles which eatered by demounting or
mounting the ink cartridge when the power was turned off. .
When the predetermined time T, has elapsed (step ¢ in FIG.
. 21), the motor 4 is stopped (step f in FIG. ZI), and is then :
rotated forward at low speed to return the meniscus to the :
state proper for printing and to discharge the air bubbles
formed during high speed suction and the air bubbles
remaining in the sediment (step g in FIG. 21), the motor 4

 is stopped and the pressure in the cap member 80 changes
from negative to atmospheric pressure (step I in FIG. 21).
Next, the motor 4 is rotated reversely at low speed and the
rollers 36 are separated from the tube 31 to provide for paper
feed (steps j and k in FIG. 21). At this stage, the resistance:
valueactosstheelecuodesiscomparedwiththesecondi
reference. If it is determined that the ink cartridge 140'



sive to a print signal for spouting i nk drops from nozzl e openi ngs onto
recordi ng paper, capping neans abutting aainst the front of the recording

head for hol ding the nozzle openings in an airtight state, UTETOr WS
for supplying negative pressure to the capping unit and sucai E#%Wﬂﬁ SHEET

the capping unit into a waste ink tank, resistance val ue det e%tion means

for detecting electric resistance across the el ectrodes for |d¢t ez ngNI998
remai ni ng anount of ink, refer- -19~

contains sufficient ink (step 1 in FIG. 21), printing is enabled
(step n in FIG. 21); if the ink cartridge contains less ink, &
message is output instructing the user to replace the ink
cartridge with a new one (step m in FIG. 21).

If the nozzle face of the recording head becomes dirty
because of use for a long term, the wiping operation alone
would be insufficient to remove dust and a rubbing operation’
is required. In this case, in a similar sequence to the wiping
operation described above, the cleaning member 40 is raised
end the printing head 7 is moved to the print area side. Then,
the camriage 1 is moved in the direction opposite to the
wiping operation (arrow C direction in FIG. 16B). Subse-
quently, with the rubbing member 43 on the top, the cleaning
member 40 contacts the nozzie opening face of the recording
head 7 for rubbing the nozzle opening face.

When the operation sequence thus terminates with no
pnntdataandthelranmuontoth:stopsmtexsmade the
carriage 1 is moved toward the standby position, thereby
causing the slider 49 to climb up the slope S§§ as the
recording head 7 moves. When it further moves toward the
outmdeofthemntma,passageofthemcotdmghad7xs
detected by the home position detection unit (not shown) in
the process.

Whenasxgnahsomputfromthehomeposmondetecnon
unit and the carriage 1 is moved toward the outside of the
print area for a predetermined distance, namely, for a decel-
eration distance required to stop the carriage 1 from a
predetermined speed, the projection 50 of the slider 49
arrives at the plane 56 and the cap member 80 is pressed into
contact with the front of the recording head 7. The carriage
1 passes through the air suction position (position Il in FIG.
14)andtheclanersetposmon (position II in FIG. 14), then
is placed at the standby position (position I in FIG. 14). In
this state, the atmospheric opening 64 is sealed by means of
the valve body 92; thus the recording head 7 can provide for
thenextpnntoperanonmasmemwhmhmkmthenozzle
openings can be prevented from drying.

Although in this embodiment data from the resistance
value detection circuit 145 is stored in the RAM and then
stored in the history storage unit as the supply voltage drops,
it is clear that a similar effect can also be produced by
directly storing the data in the nonvolatile storage unit for a -
given period.



ence val ue storage neans for storing a resistance val ue acr

el ectrodes relative to the remaining anount of ink in the i
ref erence val ue, resistance value com parison neans for co
resi stance across the electrodes with the reference val ue,
means responsive to the resistance value conparison result f
t he operation of the suction neans. Therefore, the ink anoun
of the in tank can be deter- -20-
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In the above embodiment, when suction terminates, the
pulse motor for paper feed is rotated at low speed and the
 rollers 36 are separated from the tube 31 without causing
positive pressure to act on the recording head 7. However, if
the cap member 80 is detached from the recording head 7
when the cap member is returned to positive pressure after
suction terminates, the meniscus will not be destroyed even
if the pulse motor is rotated reversely at high speed.
Further, when a sequence of ink spout recovery operation
steps including the suction operation is started, the ink spout
recovery operation monitor unit 157 tums on the flag, and
when the ink recovery operation sequence terminates, turns
off the flag. However, if the power is turned off in error while
the ink spout recovery operation is being performed, the
“operation voltage drops, which is detected by the supply
voltage detection unit 154 and the flag is stored in the history
storage unit 156 by the write unit 155. When the power is
again turned on, the data in the history storage unit 156 is
read out, and if the read data contains data indicating that the
ink spout recovery operation flag is on, the ink spout
recovery operation is performed before print operation is
started. Thus, even if the meniscus of the recording head 7
is destroyed because of the incomplete ink spout recovery
operation, the ink spout recovery operation is again
executed, thereby forming the normal meniscus for printing
in the optimum state. - '
As described above, in the invention, the ink jet recording
apparatus comprises a recording head communicated viaan
ink supply member with an ink tank comprising electrodes
for detecting a remaining amount of ink and being respon-
sive to a print signal for spouting ink drops from nozzle
openings onto recording paper, capping means abutting
aguinst the front of tt;ch recording head forel;:}e‘difnog t:xe Pm -
openings in an airtight state, sucion m . A
negativgepressuretothecapping unit and sucking out ink in
the capping unit into a waste ink tank, resistance value -
detection means for detecting clectric resistance across the
electrodes for detecting a remaining amount of ink, refer-
ence value storage means for storing a resistance value
across the electrodes relative to the remaining amount of ink
hxﬁwinkUmkamaxe&mumcvqu:ﬂﬁﬁﬂmcvdnecﬂ::
padson means for comparing the resistance across
clectrodes with the reference value, and pump control means
responsive to the resistance wmm:conqmqﬂnlnsuh.ﬁn
controlling the operation of the suction meéns. Therefore,
the ink amount and the state of the ink tank can be deter-
mined precisely for automatically selecting the ink suction



m ned precisely for automatically selecting the ink suction
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mode in response to the state, enabling the userto execute
initial filling which is otherwise comparatively bard to
perform. In addition, air bubbles entering the ink tank due
improper handling of the ink tank such as during remounting
can also be detected for proper antomatic processing by ink
suction. :
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What is claimed is:
1. An ink jet reconding appacains, comprising:
means for producing a print signal,

a recording head in communication with .an ink tank
through an ink supply member, said ink tank compris-
ing electrodes for detecting a remaining amount of ink,
said recording head being responsive to a print signal
for spouting ink drops from nozzle openings to record-
ing paper,

capping means abutting against a front of said recording
head for holding the nozzle openings in an airtight

= state,

suction means for supplying negative pressure to said
capping means and sucking out ink from said capping
means into a waste ink tank,

resistance value detection means for detecting clectric
resistance across the electrodes for detecting a remain-
ing amount of ink,

reference value storage means for storing a resistance
value across the electrodes relative to the remaining
amount of ink in the ink tank as a reference value,

resistance value comparison means for comparing the
resistance across the electrodes with the reference value
and computing a resistance value comparison result,
and

suction control means responsive to the resistance value
comparison result for controlling operations of said
suction means.
Z'Ihemkjetreccrdxngappmmsasclmmedmclml.
wherein said suction control means comprises an ink tank
replacement mode in which, when an ink taok is replaced, a
resistance across the electrodes detected just before the ink
tank is repiaced is compared with that detected after the ink
tank is replaced, and the suction of the ink from said capping
means is executed if the latter resistance is smaller than the
former.
3. The ink jet recording apparatus as claimed in claim 2,
" wherein said suction means executes suction at 2 high flow
rate and subsequently at a low flow rate. b
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4. The ink jet recording apparatus as claimed in claim 3,
wherein said high flow rate is executed for a predetermined
time.

5. The mkjetrecotdmgapparamsasclaxmedmclalm3
wherein said low flow rate is executed after the pressure in

said capping means is substantially restored to atmospheric

pressure.

6. The ink jet recording apparatus as claimed in claim 5,
wherein said low flow rate is executed for a predetctmmed
time.

7. The ink jet recording apparatus as claimed in claim 2,
wherein said suction is executed only if the latter tesxsmnce
exceeds a threshold resistance.

~8. The ink jet recording apparatus asclmmedmcla:ml.
wherein said suction control means comprises an ink tank
replacement mode in which, when the ink tank is replaced,
said suction control means compares a resistance across the
electrodes just before replacement of the ink tank with a
resistance value after the replacement, and if the former is

smaller than the latter, executes suction at a high flow rate

by said suction means while detecting a change in the
fesistance across the electrodes, and if the resistance across
the electrodes drops as the suction is executed, continues the
suction at the high speed for a predetermined time. :

9. The ink jet recording apparatus as claimed in claim 8,
wherein, in said ink tank replacement mode, after the suction’
at the high speed is-continued for said predetermined time,
subsequent suction at low rate is executed.

10. The ink jet recording apparatus as claimed in any one
of claim 8 or 9, wherein if the resistance value across the
electrodes does not drop when the suction is executed at the
high speed, the suction operation is stopped.

11. The ink jet recording apparatus as claimed in claim 1,
further comprising history storage means for storing at least
resistance across the electrodes at power off in 2 nonvolatile
manner and comparison means for comparing said resis-
tance stored in said history storage means and a resistance
value across the electrodes when power is turned on and
instructing an ink suction operation to be executed if the'
resistance value across the electrodes when power is tumed
mxshxgherthanthemxstanccvameswmdmsmdhsmry
storage means.

12. The ink jet recording apparatus as claimed in claim 1,
wherein when an ink tank is first mounted, suction at a low
flow rate is first executed, and subsequently suction at a high
flow rate is executed.




REPLACEMENT SHEET

22 JAN 158

T —

13. The ink jet recording appatamsasclaimedinclaim 1,
wherein suction in a high flow rate is first executed, and
subsequently suction at a low flow rate is executed in a
sequence of ink spout recovery operation steps including the
suction operation.

14. The ink jet recording apparatus as claimed in claim 1, .
wherein said reference value storage means stores at least a :
refuencemdxcanngtbatthzmktankcontmm sufficient ink,
another reference for instructing 2 user to replace the ink
tank with 2 new one, and a further reference for detecting a
state in which no ink tank is mounted. =~

15. An ink jet recording apparatus, comprising:

a recording head in communication with ar ink tank
__ through an ink supply member, said recording head
“7 being responsive to a print signal for spouting ink drops

from nozzle openings to a recording paper,

capping means abutting against a front of said recording
head for holding the nozzie openings in an airtight
state, _

suction means for supplying negative pressure to said
' capping means and sucking ink from said capping

means into a waste ink tank, said suction means being

formed as a peristaltic pump comprising an elastic tube

and a plurality of rollers, wherein said rollers press

against said tube to create a suction when a motor for

feeding said recording paper rotates in one direction,

and said rollers are released from said tube to thereby

discontinue said suction when said motor rotates in

another direction, and wherein after the suction termi-

nates, the rotation in said another direction is executed

atalowerspeedthanthemtaﬁoninsmdomdirecﬂon. _

md =
suction control means responsive to a remaining amount

of ink in said ink tank for controlling operations of said

suction means. '

16. An ink jet recording apparatus, comprising:

a recording bead in communication with an ink tank
through an ink supply member, said recording head
being responsive to a print signal for spouting ink drops
from nozzle openings to recording paper, _

. capping means abutting against a front of said recording
~ head for holding the nozzle openings in an aimight
state,
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suction means for supplying negative pressure to said
capping means and sucking ink in said capping means
into a waste ink tank, and

'stomgemeansforstomganmkspoutrewveropemmn

termination flag indicating whether or not a sequence of
ink spout recovery operation steps containing the suc-
tion operation has terminated, wherein, when power is
turned on, data indicating the ink spout recovery opera-
tion tcrmination flag is read out, and if said data:
indicates that said ink spout recovery operation steps -
have not terminated, the ink spout recovery operation is
again exccuted.

17. An ink jet recording apparatus, comprising:

a recording head in commnmication with an ink tank

~through an ink supply member, said ink tank compris-

ing electrodes for detecting a remaining amount of ink,
said recording head being responsive to a print signal
forspomngmkdmpsﬁomnozzleopeningsmmd-

. ing paper,

ping means abutting against a front ofsndreeotdmg
head for holding the nozzle openings in an airtight
state,

suction means for supplying negative pressure to said
capping means and sucking out-ink in said capping
means into a waste ink tank,

| resistance value detection means for detecting a resistance

across the electrodes for detecting a remaining amount
of ink, reference value storage means for storing a
resistance value across the clectrodes indicating that the
ink tank contains sufficient ink as a reference value,

resistance value comparison means for comparing the

resistance value across the electrodes with the reference
value, and
suction control means responsive to a comparison result
of the resistance values for controlling operation of said
~suction means, wherein if the resistance value from
said resistance value detection means after ink tank
replacement is smaller than the reference value, said
suction control means holds said suction means inop-
erable.

_18. An ik jet recording apparatns comprising:




i ng electrodes for detecting a remaining anount of ink, ~ said recording

head being responsive to a print S|§nal for spouting ink d;gpp@ppfmpm QHELT
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front -of said recording h e nozzl e oper}ings._.i
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a recording head in communication with an ink tank
through an ink supply member, said recording head"
being responsive to a print signal for spouting ink drops’
from nozzle openings to recording paper,

cappxngmnsabnnmgagansta&omofsudmcotdmg
head for holding the nozzle openings in an airtight
state,

suction means for supplying negative pressure to sud
cappmgmmsandmchngmkmsandcappmg
into a waste ink tank, andsucnoncontrolmeamfot

== causing said suction means to execute suction at a low
: flow rate and suction at a high flow rate.
Emmkjetmdmgappamasclmmedmcluml&
wherein when an ink tank is first mounted, suction at a low
flow rate is ﬁrstexecmed,andwbsequenﬂy suction at ahigh
flow rate is executed.

”mmkjetmangappmmmmedinchimu,
whaane;uﬂcmaahghogmmmﬁmmmd.md
subsequently a sequence spout
mpsmludingmcﬁmaalowﬂowm:ei:moﬁ



cappi ng neans and sucking out ink from said capping means i'nto a waste
i nk tank, resi stance val ue detection neans for detecting electric

resi stance across the electrodes for detecting a remain- NCREPIACENMENT SHEET
i nk, reference value storage neans for storing a resistance vet-tre -

across the electrodes relative to the amount of ink in the]ipk,t
ref erence val ue, Zfr}lﬁl\ﬁ%‘;’é

-1 -




resi stance val ue conpari son neans for conparing the resi stance across

the electrodes with the reference val ue and conputing a resistance val ue
conparison result, and suction control neans responsi e @LA@?ENT SHEET
resi stance val ue conparison result for controlling operfat _saJ_A,__
suction neans. 2. The ink jet recording apparatus as cllaijmed in claimZ,
22 JAN 1998
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wher ei'n said suction control means conprises an ink tank replacensnt.mde
in which, when an inkrtamk=—TERLREEA | & resi stance across {§hBERIASEMENTESHEET
detected just before &S gpﬁ_ﬁ@ﬁDi S replaced is conpared w {hjttrat

detected after the ink tank—ds—eptaced, and the suction of the ;15 Hﬁ%
said capping neans is executed if the latter resistance is spa}l t ®’
fornmer. 3. The ink jet recording apparatusdas clained in cfa 2.,
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wher ei'n sai d suction m executes suction at a high flow rate and
subsequently at a low flow rate.
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The i nk jet recording apparatus as clained in claimS3,
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~wherein said high flowrate is executed for a predeternined tREFerCEMEﬁT Jipet
ink jet recording apparatus as clained in claim3, wherein g et - :

rate is executed after the pressure in_said capping neans i S ubstantl

a
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wherern, in said ink tank replace--
speed is continued for said predetéﬂns~mn -
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further conprising history storage neans for storing at |east resistance
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13. The ink jet recording apparatus as clal rred in claiml,
suction in a high flowrate is firgst

at alowflowrate is executed in aTH‘qs% Egggi mfrk spout
operation steps including the S | ' ] 14.

recording apparatus as claimed in claim1, wherein said relefence val ue
storage means stores at |east a -13- '
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from.nozzl e openings to a recordi ng paper,
against a front of said recording
st g

‘openings in an airtight
negative pressure to said

cappi ng means into a waste
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dpp
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and a plurality of rollers, wherein said rollers press

tube to create a suction when.a notor for feedlng S

"paper rotates in one direction, anre—satd ar _
sai d tube to thereby di scont i nh&HERPHE ﬁ gﬁ n dai\d nntor_ﬂ,,~» _
rotates in anot her direction, gn he ' ' '

nates, the rotation in said anot her dlrectlon i s execut ed
speed than the rotation in said one direct-16A,
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and suction control means responsive to a remaini ng anount

Ul
ink in said ink tank for controlling operations_of_said SERLACEMENT SHEET
nmeans. - 16. An ink jet recordi ng apparféatiuSitEohpb iBEENg| g recording
head in communication with an ink tank REPRAGERN an j nk quipl ¥ 275ARE1998
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from nozzl e opem ngs to recording paper cappi ng neans aou%mﬁga\é’{bm é@EET -

a front of said recording THIB SHEBET GIASIBEEN g the nozzl efopenings in an

airtight state, REPLACED 29 JAN 1998
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ABSTRACT
INK TET RECORDING APPARATUS
An ink jet recording apparatus which includes a mcordmg

head communicated via an ink supply needle with an ink
tank and including electrodes for detecting a remaining

amoumt of ink and being responsive to a print signal for

spouting ink drops to recording paper, a capping unit abut-

‘ting against the front of said recording head for holding the

nozzle openings in an airtight state, a suction pump for
supplying negative pressure to the capping unit, a resistance
value detection circuit for detecting electric resistance across
the electrodes for detecting a remaining amount of ink, a
reference value starage unit for storing a resistance valne
across the clectrodes relative to the remaining amount of ink
in the ink tank, a resistance value comparison unit for

comparing the resistance across the electrodes with the

reference value, and a pump control unit responsive to the

resistance value comparison result for controlling a pulse

motor driving the suction pump. The resistance value

- detected by the resistance value detection circuit is com-

pared with the reference value stored in the reference value
storage unit to determine whether or not an ink tank is

-- mounted, remounted, how much ink is in the ink tank, etc.

Based on the determination resuit, the motor is controlled by
the pump control unit for selecting the suction mode of ink
from the recording head.

FIGURE 13
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suction nmeans for supplying negative pressure to said cappi ng neans and
stcking ink in said | n Hto a waste ink tank, and storage

nmeans for storing a1cm@gy@%r§%§ﬁer operation termnation flag

i ndi cati ng whet her jpr |[not a. ﬁquence i»f . ink spout recovery operation

steps containing the¢ Jud? UE o¥98p¢rdtion has terminated, wherein, when

power is turned (11,' data_indiecati pgjthe i nk spout recovery opera-
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tion term natioh flag is ‘rédd ooty and if said data indicates that said
Lnk spout recovefy é) tn aLru: have not termi nated, the ink spout
recovery operati R nSHEH: ted. 17. An ink jet recor di ng appar at us,

conprising: a regofdi ng treae~+A—¢ 0 nication with an ink tank through an
I nk supply nenbef, sezig DEB',gggk cpnpri s- ing electrodes for detecting a
remai ni ng anountj of ink, _ L
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'dREgM\QfMEMTngEEY to a print signal for spouting ink

sai d recordi ng he;
drops from nozzl e]ogeni NQ 6 r d- i ng paper, capping nmeans abutting

against a front o zan1rBqu§ g head for hol ding the nozzl e openings

in an airtight Jslate, suc pans for supplying negatlve pressure to
sai d cappi ng ffeans anc gl Ot ink in said
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val ue, and suctiop-cQnirol neans responsive to a conparison result of
suction neans,

t.he resistance val mp{gesmgﬁtrﬁﬁﬁ
n

wherein if the resis
nmeans after ink tgnk Lgﬁﬁgcene
suction cdntyo? 1 19881 ds

sai d

nce va

|

st
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et

FIG. 8 A

operation of said

sai d resistance val ue detection
s smaller than the reference val ue,
sai d suction neans i nop-

er abl e.
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18. An ink jet re'.(ﬁ'#mgﬂgﬂgﬁ?r H[Elﬁ ' corrprilsi ng:
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a recordi ng head{i QI fith an ink tank t hrough an ink '
supply menbe, sa ﬂecwwzw bei ng responsive to a print signal

for spouting ink|dio ofzl e openings to recording paper,
cappi ng means abjit |r291 a@55r1938a ont of said recording head for
hol di ng the nozz| elapenings_in an fpirtight st ate, suction neans for

suppl yi ng negat I’ Ve pressure to saifl
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20. The ink jét r e§oOT T ' s clainmed i.n claim 18, wherein suction
gt a high flowrateh LA MIx8KHEETed, and subsequently a sequence of ink
spout recovery opefaffTom steps—tredudi ng suction at a low flowrate is '

execut ed. 2 1 DEC 1og8
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