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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

disposed on a frame to the nozz;e opening face side of a head,

and'a cap dispésed_on the surface of the-s;ider-is pressed

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

example. Such an arrangement is disclosed in Japanese Patent

25 Laid-Open No. Hei 1-125239.
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- For such an ink jet recording apparatus, -an ink tank is
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

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 wvery

'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 entef'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
ink supply needle is inserted. N

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

the ink cartridge is prone to be removed and then remounted even wheq ink

remains in the cartridge. As a result, air bubbles enter the
ink cartridgé by the piston action and cause print failure to

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 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 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 invention 1n general

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 pepet and jets ink drops
onto the recording paper in response to print_data for forming
an image. | |

To achieve the above object, according to an aspect of the invention, there
is provided an ink jet recording apparatus comprising a
recording head communicated wvia 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 soouting ink
drops from nozzle openings to :eoording 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 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

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

responSive to the res;stance value comparison result for

controlling the operation of the suction means. Tmsmmafhstnkﬂlmmd
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means connected 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 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 ﬁet recording head
mounted on a oarriage in the ink jet recording apparatus;

Figure 3 is an enlarged View of an ink tank mounted ced on_ the

Imw

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 showing 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 apparatus;

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

Figures 8(A) and B(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
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a state in which the recording head exists lat 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
unit, Figufé 9(A) showing the section parallel to a move
passaée of the récording head and Figure'Q(B) showing the
sectipn perpéndicular 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 show1ng the relationship
between carriage position and operation;

Figures 15(A) and 15(B) are illustrations showing capping
unit notion and cleaning unit motion according to fecording
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;
| is Sheet Has Been Replaced
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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 show1ng initial £illing operatlon
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

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
mechanism of an ink jet recording apparatus to which the."'
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.

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

According to this structure, when a drive signal from a

head drive circuit (not shown) is received via a flexible cable

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
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
éround the capping unit, whereinlreference 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 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
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.

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

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

léosely 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
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state in which the carriage lis in_the print areé, and Figures
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.
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
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
side, conforming to the width of the recording head 7 on both
sides, and a lock piece 61 e;lgaged 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
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

opening 64 is opened and closed by the valve mechanism 41. A
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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.absbrbingIink; The ;eception
membexr 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

prini 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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loses the suppression force of the driving stick 95 and abuts

against the atmospheric opéning 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 laminated layers of

a rubber plate 42 appropriate for a wiping operation on the

outside and a sponge material 43 appropriate for =rubbing

operétion on the print area side, is fixed to a frame 39
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
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
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 recoxrding head 7 1is

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

side.
This Sheet Has Been Replaced
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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 ve:tex is sandwiched, conﬁact the flag

.piece 60 of the carriage 1, is adapted to swing.the frame 39 by

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
pushed in the direction outside the nrint area by the.ca:riage
1 fron 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 fron 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 helding 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 112 is formed like a right angled triangle so that they

can be overridden in moving in the directions indicated by
arrows 116 end 117. The fourth slope 114 is selected as the
height at'which the cam'followei 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

- 12 -
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‘member 40 does not abut againét the nozzle opening face of the

recording head 7 and sd thaf the latter point is placed at the
positibn at whiéh the cleanihg 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 nuﬁeral
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 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 méterial pressed against
the lnk supply needle 9 for'malntalnlng the fluid-sealing state
(in thehembodlment, a rubber rlng or so-called O ring 127) is
housed on 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 -
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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

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 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 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
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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 pulée motor 4 based
on data from the resistance valﬁe compariéon unit 152. When
the cleaning proéess is' executed, the ink spout -fecovery
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 Replaced
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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 situation, such 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,
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,
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

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

This Sheet Has Been Replaced -
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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 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'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

ThlS Sheet Has Been Replaced
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of the recording head with ink, he or she can securely £ill the
recording'head with ink.

- After the ink flows into the noizle'openings 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 oﬁénings and therefore, air bubbles accumulating in the
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

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 pressure. When the cap member
is restored to atmospheric pressure, the pump control 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 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
operation. Very small air bubbles occurring at the high speed

suction and air bubbles remaining in the sediment in the

- ;g -
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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
-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
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
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
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 pump is lost regardless of reverse rotation of

the motor 4 (steps i, j).

- This Sheet Has Been Replaced
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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 -
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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
resistance 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 -
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pulse motor 4 for terminating the suction operation (step t in

- Figure 20).

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'contrcl unit 158
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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 unit 158 rotates the pulse motor 4

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 generated 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
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 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 -to 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
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

operation.

- 24 -
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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 arxives at the

. slope 55, and thus the élider 49 falls, thereby causing the cap '

‘member 80 to leave the front of the recording head 7. When

ehgagement of the cap member 80 and the recordihg head 7 is
completely released, the carriage 1 reverses the ﬁove direction
and moves toward the outside of the print area, thereby caﬁsing
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 semlstable point P2, thelframe 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). Ih'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 temoved froﬁ the
surrounding of the nozzle openings of the recording head 7.
Whén the recording head 7 is at the home position

(?osition I in Figure 14), the frame 39 is lifted up with the
cam follower 106 occquihg the semistable positioh'PZ 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

_25_
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thus the recording 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 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
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 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 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
filling.with ink, the carriage 1 is moved toward thg print
area. The slider 49 moves aldng the plane 56 to the print area
folloking a move of the carriage 11 by energy of the springs 54
and 103. When moving to a predeterminéd position, it arrives
at the slope 55, thus.the slider 49 falls, thereby causing the
-qap_member 80 to leave the front of the recording head 7. When

enéagement of the cap member 80 and the recording head 7 is

- 26 -
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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 pass 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 toward the

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 head 7. When the

recording head 7 further moves to the print area side and

- 27 -
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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
recoxrding 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 recordlng head 7 arrives at the guldes 58.
The slider 49 is guided by the guldes 58 to alignment w1th the
center of the recording head 7. Further, the carriage 1 moves,
the flange piece 60 abuts against the lock piecé 61, and the
recoxrding head 7 rs positioned at a flushing position (position
V in Figure 14) opposite the cap member 80 at é given gap.

'1ength. In tﬁis state, the recording head 7 causes ink to be
spouted out independently of a print signal from nozzle
6peningsgunused.drring'the;printing, théreby'discharging ink in
the nozzle openings not used during the printing into the cap
member 80 to prevent ink in the norzle 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

- 28 -
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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



10

15

20

25

THIS SHEET HAS BEEN
REPLACED

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 sueking_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 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, tﬁe 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 Figure Zlf 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). '
s Sheet Has Been Replaced
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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
operation descried abovejlthe 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 oh the top, the cleanihg 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 standby 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 of 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 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 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 III in Figure 14)

Sheet Has Been Replaced
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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 ih
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

posxtlve pressure to act on the recordlng 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 sequehce of ink spout recovery operation

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

the ink recovery operation sequence terminates, turns off the

fiag. However, if the power is turngd off in error while the

ink spout recovery operation is being performed, the operation

This Sheet Has Been
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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 ﬁnit_lSG 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 the ink
spout recovery operatioﬁ flag, the'ink spout recovery operatibn
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 commuhicated.via
an ink supply member with an ink tank domprising electrodes for
detecting a remaining amount of ink and being résponsive 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 capping 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 the remaining amount of ink in the ink tank as a

reference value, resistance value comparison means for

This Sheet Has Been Replaced
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comparing the resistance across the electrodes with the

reference value, and pump control means responsive 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 determined precisely for
automatically selécting the ink suction mode in response to the
state, enabling the user f.o 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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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 rémaining 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

[T

said suction means (13).

..35‘—-
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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
feplaced with a new one, a resistance across the
electrodes (130,131) detected just before the ink tank is

- replaced is compared with that 'det_ected 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 contr_ol 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 detecti'ng 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.

_———‘d——-——;’_—___-_‘_-—‘—
et Has Been Replaced

T db

- Rg-

UABENUTZERVFM\6312EPCL.DOC



10

15

20

25

30

35

. This Sheet Has Been Replzce

o AR

THIS SHEET HAS BEEN
" REPLACED

5. 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. | |

6. 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. '

7. 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.

8. 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.

9. 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.

10. 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

) O - 37~
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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.

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
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 preséure 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

12.

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.

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),

A ) O - 38-
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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 pressﬁre' 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'pdwer is turned on,
data indicating the ink spout recovery operation
termination form is read out and if it indicates that the
operation seguence does not terminate, the ink spout
recovery operation is again exeéuted.

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 reﬁaining’ 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

LT
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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 sméller than
the reference value, said suction control means (158)
holds said suction means inoperative.

An ink jet recording apparatus, 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
re¢¢rding 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

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.

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