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INK JET RECORDING APPARATUS

The present invention relates to an ink jet recording
“dpparatus in which a linear array.of small nozzles and pressure
‘generators communicating with respective ones ‘of those nozzles
are provided, and dots are formed on a recording sheet in such
“a manner that the pressure generators pressure feed ink to the
‘nozzles, and in turn the nozzles shoot ink jets onto the

retording sheet.

In an ink jet recording apparatus, a lineaxr array of small
nozzles, each about 100 pm in diameter; is formed on the top of
the print head. To effect printing with this apparatus, the
print head is moved over the surface of a recording sheet by a
carriage. However, during the printing process, paper parti-
cles from the recording sheet and dust stuck to the same tend
to adhere to the nozzle openings. The nozzles ihus tend to get
clogged with the paper particles and dust. This leads to
printing defects. Also, air bubbles sometimes enter into a
connecting portion between the ink tank and the nozzles. In an
extreme case, thé supply of ink to the nozzles is halted,
resulting in no print.

To cope with the problems mentioned above, an ink sucking
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APPARA’FU& F% DECLOGGE N N INK JET RECORDjMG APPARATUS

BAGK D7OF THE | NVENGS The present invention retafes to an ink jet
recotdlng pparatus in whi ch a |inear array of small nozzles and pressure
generators conmmuni cating with respective ones of those nozzles are

provi ded, and dots are forned

3

device in which a negative pressure generating unit, which

applies @ negative pressure to a cap member for hermetically

“ : ‘Sealifig the nozzle openings of the print head, is installed in
% f%ézﬁfinﬁer. When a printing defect occurs, the user pushes a
5 print recovery button on a control panel. Then, the negative

pressure generatiné unit is driven to produce a negative
pressure within the space of the cap member, and hence to
forcibly expel a larger amount of ink from the nozzles than in
normal printing. With the sucking of the ink, paper particles
10 dnd dust adhering to the nozzle openings are washed away with
the ink jets. 1In this way, the printer is recovered from the
clogging of the nozzles.
Air bubbles are normally present outside from the nozzle
openings. The ink thus must be sucked up in such an amount as
15 to extract the air bubble from the nozzle openings. According-
ly, to eliminate air bubbles, the amount of the sucked ink is
much larger than that for removing paper particles and dust.
Thus, the forcible discharge of the ink consumes a great
amount of in}c, which is much larger than that in normal
20 printing.  To avoid idle consumption of excessive amounts of
ink during maintenance, the usual practice is to limit the
amount of ink disgharged for each operation of the recovery
switch to a preset value. The amount of ink discharged during
one suction operation is set at such an amount as to remove the

25 clogging of the nozzles that frequently occurs due to accumula-
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and |ike, and heavy printing de- f Eﬂlﬂ xing of air bubbles into
the ink jets. In an ink jet rec s, a linear array of
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tion of paper particles and dust thereon. This amount is 0.5
cc, for example. Therefore, if a user mistakenly pushes the
recovery button, the amount of ink consumed is about 0.55 cc at
most.

In case where about 2 cc of ink.must be discharged, for
example, to remove air bubble is removed, the recovery button
must be pushed many times. This work is cumbersome for the
user. The number of button pushings can be reduced by increas-
ing the ‘amount of ink discharged by one suction operation to
such an extent as to remove the bubbles. Where the technigue
is employed, the ink is excessively discharged or sucked for
curing light printing defects caused by paper particles and

dust stuck to the nozzles,. which frequently occurs.

Accordingly, an object of the present invention is to
provide an ink jet recording apparatus with a printing defect
recovery function which limits. the amount of ink required for
curing light printing defects, and to reduce the number of ink
sucking operations for removing air bubbles.

This object is solved by the ink Jjet recording apparatus
according to independent claims 1 ai4. Further advantageous
features of the invention are evident from the dependent
claims, the description, examples and drawings. The claims are
intended to be understood as a first non-limiting approach of

defining the invention in general tems.

The present invention relates to a technique for removing light
printing defects due to paper particles, dust, and like, and
heavy printing defects due to mixing of air bubbles into the
ink jets.
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simal | ngzzl&s each abg t 100 [err]in diameter, is formed On the top of the
priht head. ™, 1O . effect *nting wth this apparat us, tHe print head is noved
oveg the\s&u\r ace of " a recordl ng sheet by a carriage. However, during the
printing process, paper particles fromthe recordi ng sheet and dust st uck
to the sane tend to adhere to the nozzl e openings. The nozzles thus tend to
get clogged with the paper particles and dust. This leads to printing

o Te present invention also provides an

ink jet .-%é'cording apparatus with a printing defect recovery

2 %bich reduces the amount of time a brushis operated

- Tn accordance with the present J.nventlon , to overcome the

Feribed difficulties, in a recording apparatus w:.th an

THIS 5* JET HAS BEEN
- EPLACED

s

-3a-




——————

def ect;. Aiso Aair bubble met i 0_a _connect Jjng portlon “bet ween
t he |nk, R_“"nd t he nozzF . In an extrene case, the stipply of ink to the
nozzlés is halted, resulting in n'unsmhbdﬁliasBe sepe with the problens

menti oned above, an ink sucking de | a negati ve pressure
generating unit, which applies a n re to a cap nenber for
hernetically sealing the nozzle op print

-

ink jet print head which forms dots on a recording sheet by ink
jets shot by an array of nozzles, a microcomputer determines
whether a printing defect is a light printing defect, that is,
a defect caused by paper particles and dust stuck to the

5 nozzles, or a heavy printing defect, that which is a defect
caused by air bubbles entering the ink flow paths. The
determination is made on the basis of intervals of operating a
print recovery button mounted on a chassis of the recording
apparatus.

10 ' For light printing defects, the computer instructs the
placement of a cap member on the front face of the nozzles of
the print head and the application of a negative pressure to
the nozzles, thereby to reduce the amount of ink emitted from
the pozzles. For heavy printing defects, the computer increas~

15 es the amount of ink jetted.

Other objects,_features and advantages of the present
invention will be apparent from the following detailed descrip-
tion taken in connection with the accompanying drawings, in

20 which:

Fig. 1 is a'perspectivé view showing an outline of an ink
jet printer according to the present invention;

Fig. '2 is a perspective view showing in detail a'cap
member of the ink jet printer of Pig. 3 and a structure around

25 the cap member;



head.

pushes a brint.recovery
pressure generating unit

s, |nspalled in th rinter. Wien a printing defeet occurs, the user
ézfton on a control panel. Then;{he negative
is driven to produce a negative pressure within

t he space of the cap nenber, and hence to forcibly expel a |arger anmount of
om the nozzles than in normal printing. Wth the sucking of the ink,
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particles and dust adhering to the nozzl e openi ngs are washed

Fig. 3 is a block and schematic view showing an arrange-
ment inéluding ink flow paths of the prigter of Fig. 1 and its
control unit;

Fig. 4 is a block diagram showing the control unit when it
is realized using a microcomputer;

Fig. 5 is a block diagram showing a model of functioms
realized by the microcomputer;

Figs. 6 and 7 are respectively a flow chart and a timing
chart showing a sequence of operations carried out by the
circuit arrangement of Fig. 5; |

Fig. 8 is a block diagram showing a circuit arrangement
employed to realize a function by the microcomputer contained

in the control circuit, which is a second embodiment of the

. present invention:;

Figs. 9 and 10 are a flow chart and a timing chart showing
a sequence of operations by the circnit arrangement of Fig. 8;

Fig. 11 is a block diagram showing a third embodiment of
the present invention containing a control cixcuit as a major
portion;

Fig. 12 is a block diagram showing a model of the function
of a microcomputer constituting the control circuit in the
third embodiment;

Fig. 13 is a flow chart showing an operatio;x of the
apparatus in the third embodiment;

Fig. 14 is a block diagram showing a fourth embodiment of
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cloylﬂg of.

hezink jets. 4R this way, ‘the printer is re ered fromthe

he nozzles. 5"’A|r bubbl es are normally pre Eht outside fromthe

nozzl:e openlngs The ink thus nmust be sucked up in such an anobunt as to

extract the air bubble fromthe nozzl e openings. Accordingly, to elimnate
ai r bubbl es,

t he amount of the sucked ink is much larger than that for

renovi ng paper particles and dust.
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the present invention in terms of the function that is executed
by a microcomputer; .

Fig. 15 is a flow chart showing an operation of the
apparatus in the fourth embodiment;

Fig. 16 is a block and schematic view showing an arrange-
ment including ink flow paths and a control circuit according
to a £ifth embodiment of the present invention;

Fig. 17 is a block diagram showing the control circunit in
the fifth embodiment.

Fig. 18 is a block diagram showing the function of a
microcomputer constituting the control circuit in the third
embodiment;

Figs. 19 and 20 are a flow chart and a timing chart
showing a sequence of operations of the apparatus shown in the
fifth embodiment;

Fig. 21 is a block diagram showing the function to be
execnted by a microcompunter in a sixth embodiment of the
present invention;

Figs. 22 and 23 are a flow chart and a timing chart
showing a sequence of operations of the apparatﬁs shown in the
sixth embodiment; |

Fig. 24 is a block diagram showing a control circuit in a
seventh embodiment; |

Fig. 25 is a block diagram showing the function to be

executed by a mlcrocomputer in the seventh embodiment of the

-
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Pig. 26 is a flow chart showing an operation of the

present invention;

seveénth embodiment;

Fig. 27 is a block diagram showing the function to be

5 ' exécuted by a microcomputer in an‘eight embodiment of the
present invention;

Fig. 28 is a flow chart showing an operation of the eight
embodiment;

Fig. 29 is a perspective view showing in detail a cap

10 ° nember of a ninth embodiment of the present invention and a
structure around the cap member;

FPig. 30 is a block and schematic view showing an arrange-
ment including ink flow paths and a control circuit according
to the ninth embodiment shown in Fig. 9;

15 ©  Fig. 31 is a block diagram showing a control circuit
constituting the ninth embodiment;

Fig. 32 is a block diagram showing the function of a
microcomputexr constitﬁting the control circunit in the ninth
‘embodiment of Fig. 31;

20 Figs. 33 and 34 are a flow chart and a timing chaxt
showing a sequence of operations of the apparatus shown in the
ninth embodiment;

Fig. 35 is a side view showing another embodiment of a
brush mechanism;

25 Fig. 36 is a block diagram showing & control circuit
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-2-+ ; Thus, the forcible.wdischarge of the ink CONSUMES /8~ reat amount of
I nk, whaclmgfznuch | ar ge ##han that in normal printing. “Taf avoid idle
consunption of exces- sive anmounts of ink during nmaintenance, the usual
prac- tice is to limt the anmount of ink discharged for each operation of
the recovery switch to a preset value. The

constituting a tenth embodiment of the present invention;
Fig. 37 is a block diagram showing the function to be
executed by a wmicrocomputer in the tenth embodiment of the
present invention; and
5 Fig. 38 is a flow chart showing an operation of the tenth
embodiment .

DESCRIPTION OF THE PREFERRED EMBODIMENTS

Fig. 1 is a perspective view showing the construction of
an ink jet printer according to the present invention. In the
10 ° figure, reference numeral 1 designates an ink jet print head
having an array of nozzles. The print head is disposea with
the openings of the nozzles facing a print surface. The print
head is mounted on a carriage 4 which reciprocatively moves in
the dlrectlon of width of a recording sheet 3 along a pair of-
5 gulde rails 2 and 2. 2n ink tank (not shown) supplies ink
through a tube 5 to the print head 1. Referenée numeral 6
designates a platem to support the recording sheet 3. The
platen 6§ is rotatably sﬁpported at both ends by a.pair of base
plates 7 and 9, A cap member 10, which is to be in contact
20 with the front face of the print head 1, is disposed on the
left side of the base plate 8 and out of a print region. The
cap member 10 communicates with a suction pump by means of a
tube 11.
Fig. 2 is a perspective view showing the details of the
25 cap member 10. As shown, the cap ﬁember 10 is retractébly
[ —
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amount |
anmpunt- ;

tnk: dlschargeg»QUrlng one suction operation jsyset at such an

wrenove t hetglogging of the nozzles that f#&guently occurs due
u t'i-on of paper particles and dust thereon. This anmount is 0.5 cc,
for exampl’e.” Therefore, if a user nistakenly pushes the recovery button,
the anount of ink consuned is about 0.55 cc at nost. I n case where about
2 cc of ipk nust be discharged, -

-

coupTéd with a solenoid 12 by means of a rod 13 and an arm 14.
In thé cap member 10, a resilient member 16, which is provided

bnéﬁ%ﬁase member 15, is shaped so as to enclose the front end

= 1

‘Géntaining a nozzle face la of the print head 1, and defines a

nozzle receiving chambexr 17. A negative pressure as trans-
ferred from a pump 20 (described in detail below) enters the
noZzle receiving chamber 17. A position detector 18, when
contacts the carriage 4, produces a signal. To be more
 s§éé£fié, when the print head 1 moves and faces the cap membex
1ﬁ,gfhe carriage 4 comes in contact with the position detector
18. Then, the detector produces a signal and sends it to a
control circuit 26 to be given later. Under control of the
cofitrol circuit 26, the solenoid 12 is driven to move the base
‘metber 15 of the cap member toward the nozzle face 1la.
Finally, the cap member 10 hermetically seals the nozzle face
la of the print head 1.

- Fig. 3 is a block and schematic diagram showing an
arrangement of the printer containing ah ink supply .flow
SYStEﬁu an ink suction flow system operating in a print

20 % recovery mode, and a control system for print recovery. A
suction pump 20 is coupled at the suction port 20a with the
nozzle receiving chamber 17 of the cap member 10 by way of the
tube 11, and at the discharge port 20b with a used-ink tank 23
of an ink cartridge 22 by way of a tube 21. An ink tank 24

25 contained in the cartridge 22 is connected to the print head 10
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for- e’xarrple to renove ?,H’,\ bubble is renoved, the re- ¢gowery button nust be
pushed W&T’Iy\,tl mes. This«#érk is cunmbersone for t he uset..“The nunber of
button push- ings can be reduced by mcream&g—fhe—omuum of —iTk di scharged
by one suction operation to such an extent as to renove the bubbles. \Were
the technique is employed, the ink is excessThr@hith;ssBGWéiﬁ d or

curing light printing defects caused by paper Tt“l ll"ﬂ IHII I‘

The control circuit 26, which executes seguences of print

by way of a tube 5.

Yecovery process steps, is arranged as shown in Fig. 4. The

control circuit 26 is composed of a microcomputer 33 including

5 a CPU 30, a ROM 31 and a RAM 32, a clock circuit 34, and a

memory 35 for storing time data representative of time of

pushing of the recovery button 27. The circuit 26 is pro-

grammed so as to execute a sequence of operations as given

‘Pelow., When the recovery button 27, which is provided on an

10 ~ ‘operating panel of the printer chassis, is pushed, the position

detector 18 produces a signal. At this time, the control

circuit sends a signal to the solenoid drive circuit 28 (Fig.

3). In turn, the drive circuit 28 drives the solenoid 12 to

press the cap member 10 against the print head 1. Then, the

15 control circuit sends a signal to the pump drive circuit 29 to
operate the suction pump 20 for a preset time.

| Fig. 5 is a functional block diagram showing a model of

the function to be realized by the microcomputer 3.‘-3. The

circuit is composed of time difference computing unit 40,

20 reference time setting unit 41, comparing unit 42, suction time

setting unit 43, and solenoid drive unit 44. .The time differ-

. ence computing unit 40 conputes a time differaxe . AT between time

data of the previous pushing of the recovery button 27 as

stored in the memory 35 and the time of the present pushing.

25 The reference time setting unit 41 stores a reference tin%e To

%
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and dust st uék to the ngzzles, which frequently occurse SUMVARY CF
THE lNVENTICN Accordiwmgly, an object of the present %uvention is to
provide an ink jet recording apparatus with a printing defect recovery
function which limts the anount of ink required for curing light printing
defects, and to reduce the nunber of ink sucking operations for renoving
ai r bubbl es.

to determine a type of printing defect. The comparing unit 42
cémpares the time difference AT derived from the time differ-
ence computing unit 40 with the reference time T,. The suction
time setting unit 43 selects a suction time Tg long enough to
5 wash away paper particles and dust o¥ a suction time Ty long
enough to remove air bubbles on the basié of the result of the
comparison. The solenoid drive unit 44 energizes the solenoid
12 by a signal from the position detector 18, and de-energized
the same when the suction is completed.
10 The operation of the apparatus thus arranged will be
described with reference to Figs. 6 and 7 respectively showing
a flow chart and a timing chart.
When a printing defect is found, a user pushes the
recovery button 27, which is provided on the chassis of the
15 printer (step 200). Then, the carriage 4 is moved toward the
cap member 10 under control of a carriage confrol circuit (not
_shown), The carriage 4 faces the cap member 10. At this time,
-thé position deteptor 18 produces a signal (step 201). In
response to the sighal, the microcomputer 33 stores time data
20 t; derived from the clock circuit 34, and then sends a signal
tolthe solenoid drive circuit 28 to energize the solenoid 12.
'As a result, the cap member 10 hermetically closes the nozzle
face la of the print head 1 (step 202). The microcomputer 33
computes a timelf difference between time t; the button 27

25 generates a signal and time t, of the previous pushing of the
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Anot fier -obj et of the p;,asent i nvention is to provide ﬁn\I nk jet recordi
appart at us with a printisg’ def ect recovery function whi‘ch/reduces the anount
of tirme a brush is operated for.renoving the paper particles and dust.

accordance with the present invention, to over- cone the above-descri bed
difficulties, in a recording apparatus with an ink jet print head which

forns dots
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button 27, wiz., AT = t, - t, (step 203). The present pushing
tf the button is the first pushing after power on.

Accordingly, the CPU determines that the time difference
AT is longer than the reference time T, (step 204). The
reference time T, is the time that will elapse until the
nozzles get clogged by foreign material, such as paper parti-
cles and dust, when the printer is operated in an ordinary
printing mode, and is usually approximately five to ten hours.
Printind defects due to foreign material adhering to the nozzle
openings occur on the average of about five to ten hours after
the printer is continuously operated, although the time depends
on ambient conditions of the printer installed and the quality
of paper. This fact was experimentally confirmed by the
present inventors.

Then, ;the computer 33 issues a signal to the pump drive
circuit 29, so that the suction pump 20 is operated to generate
a negative pressure in the nozzle xeceiving chamber 17 of the
cap member 10 (step 205). The negative pressure acts on the
nozzle face la to extract ink through the nozzle openings.
With the flow of the ink, paper particles and dust sticking to
tile nozzle openings are wasﬁed away. When time Ty, that is,
the time taken uptil the pump has sucked an amount of ink
necessary for removing the foreign material, elapses, viz. the
time necessary for sucking ink of approximately 0.5 cc (this

ink amount is denoted as Q,) elapses (Fig. 7, waveforms I), the

-

is Sheet Has Been Replaced

T llllil Ik A

o

—

e *'iﬂs

ng

In



on:a I’ECOI’sdI ng sheet by \k jets shot by an array of ngzzles, a
mcrocem:}ut er det erm nesidvhether a print- ing defect isxd@ |ight printing
a defect caused by paper particles and dust stuck to the

def ect ,
nozzles,

t hat .
or

a heavy printing defect, that which is a defect caused by air

bubbl es entering the ink flow paths. The determ - nation is-nade on the

basi s of

i nt

ervals of operating a print recovery button nounted on a

chassis of the re- . R
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microcomputer 33 stops the operation of the pump 20, and at the
same time de-energizes the solenoid 12 to separate the cap

nember 10 from the print head 1 (step 207). Under this

‘condition, the print head 1 is operable in a print region and

‘starts the printing operation again.

A printing defect occurs again after a relatively short
time of ten and several minutes to one hour from the previous
pushing of the button 27. After recognizing the printing
defect, the user pushes the button 27 again (step 200). Then,
the carriage 4 is moved and reaches the position of the cap
membexr 10, and the position detector 18 produces a signal (step

201). At this time, the microcomputer 33 stores time data 12

from the clock circuit 34 into the memory 35, and sends a

signal to the solenoid drive circuit 28. As a result, the cap
member 10 is pressed against the nozzle openings of the print
head 1 (step 202). The microcomputer 33 computes a time
differer_lce between time t; of the previous ink suction as
storr-_id in the memory 35, and time t, of the present ink
suction, viz., AT = t, -~ t; (step 203). Then, it compares the

difference time with the reference time T, (step 204). In the

" present case, the time difference AT (= t, - t,) is much shorter

than the reference time T,. This indicates a high probability
that the cause of the present printing defect is not foxeign
material stuck to the nozzle openings, but air bubbles entering

the ink path. On the basis of the fact that the recovery

———
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button 27 is pushed again within the time shorter than the
reference time T,, the computer 33 selec?s the suction time Ty
longer than the suction time T; necessary for removing the
foreign material. _

When the nozzle face la of the print head 1 is hermetical-
ly closed by the cap member 10, the computer operates the pumé
20 to apply a negative pressure to the nozzle receiving chamber
17 of the cap member 10 (step 208). Upon the negative pressure
acting on the nozzle face la, ink is discharged from the ink
flow path through the nozzle openingé into the nozzle receiving
chamber. Together with the discharged ink, the air bubbles are
attracted toward the nozzle openings and discharged outside
from the nozzles (Fig. 7, waveforms II}. At the instant that
the time T, necessary for sucking ink of approximately 2 cc
(this ink amount is denoted as Q,) elapses (step 209), the
michcompuﬁer 33 stops the operation of the pump 20, and de-
ehergizes the solenoid 12 to separate the cap member 10 from
the nozzle openings. Under this condition, the carriage 4 is
movable in the print region (step 207).

When the recovery button 27 is pushed after five to ten
hours from time point fa of the previous pushing of the button
27 (step 200), as in the previous case, the carriaéé 4 retracts
to the position of the cap member 10 and the position detector
18 produces a signal. At this time (step 201), the microcom-

puter 33 stores the time data t; as applied from the clock

————
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For’ Irght pr| nting def e¢t-s, the conputer instructs the acenent of a cap
menber on the front faceof the nozzles of the print head and the
appl ircati on of a nega-
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circuit 34 into the memory 35, and then sends a signal to the
solenoid drive circuit 28. By the signgl, the solenoid 12 is
eénergized to make the cap member 10 contact with the print head
1 (step 202).

The microcomputer 33 computes thé time difference between
time t, of the previous pushing of the recovery button 27 as
stored in the memory 35 and time t; of the present pushing,
AT = t; - t; (step 203). Then, it compares the time difference
with the reference time T, (step 204). 1In the present case,
the time difference AT (= t; - t;) is longer than the reference
time T,, the microcomputer 33 éelects the suction time Ty, so
that the ink is sucked by the small ink amount Qs printing
defect due to the foreign material (Fig. 7, waveforms I).
Succeedingly, the steps (206) and (207) will be executed. As
a consequencé, foféign material, such as paper particles and
dust, are washed away from the nozzle openings with the
discharged ink, and the printer is made ready for printing.

As describéd above, in the ink jet printer of the instant
embodiment, the tyﬁe of printing defect is determined on the
basis of the time interval between the pushings of the recovery
button. The amount of ink to be sucked is sét according to the
result of this determination. To cure light priﬁfing defects
due to the foreign material stuck to the nozzle openings, a
small amount of ink is sucked. To cure heavy printing defects,

a large amount o% ink is sucked. Accordingly, the number of
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tive,pressure to the nozzles, thereby to reduce the anpunt of ink emtted .
fron}the,nozzles For heavy printing defects. the conpii#r increases the
anount of ink jetted. BRI EF DESCRI PTI ON OF THE DRAWNGS O her objects,
features and advantages of the present invention will be apparent fromthe
foll owi ng detailed description taken in connection wth the acconpanying

pushings of the recovery button as required for curing heavy

printing defects is reduced, and hence the printer can be
quickly recovered from its abnormal state.

In a case where light printing defects due to foreign

5 material and heavy printing defects due to air bubbles substan-

tially alternately occurred, the amounts of ink consumed by a

conventional printer and the printer of the instant embodiment

were measured. The results of the measurement are shown in

Table 1. As seen, the conventional printer, in which the

10 -~ amount of sucked ink was set at 2 cc for both light and heavy

printing defects, totally consumed 14 cc of ink. On the other

hand, the printer of the instant embodiment consumed only 7.5

cc. This figure is the half of that of the conventional
printer.
15 - TABLE 1
Cause of ink dis- Ink consumption by Ink consumed by
| charge trouble conventional printer of the in-
printer vention
Paper particles 2 cc 0.5 cc
Paper particles 2 0.5
20 Paper particles 2 0.5
Air bubbles 2 0.5 + 2
Paper particles 2 0.5
Air bubbles 2 0.5 + 2
Paper particles 2 ' 0.5
25 Total ink consump- 14 cc ' 7.5 cc
tion '

Fig. 8 shows a second embodiment of the present invention

//
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dr awi.ngs,_ i n which: FIG. 1 is a perspective view show»g'. P an outline of an
ink jet preinter accordi r’{g?j_‘-fto the present invention; Fis@G 2 is a
perspective view showing in detail a cap nenber of the ink jet printer of
FIG 2 and a structure around the cap nenber; FIG 3 is a block and
schematic view showi ng an arrangenent including ink flow paths of the
printer of

in terms of the functions to be realized by the microcomputer
33 constituting the control circuit 26. As shown, the control
circuit is composed of time difference computing unit 40,
reference time setting unit 41, comparing unit 42, suction time
5 setting unit 43, solenoid drive unit 44, and suction time
preolong unit 48. The time difference computing unit 40
computes a time difference AT between time data as stored in
the memory 35 and the times of pushing the recovery button.
The reference time setting unit 41 stores a reference time T,
10~ to determine the type of. printing defect. The comparing unit
42 compares the time difference AT derived from the time
difference computing unit 40 with the reference time T,. The
suction time setting unit 43 selects a suction time T5 long
enough to wash away paper particles ﬁnd dust or a suction time
15 T long enough to remove air bubbles on the basis of the result
of the comparison. The solenoid drive unit 44 energizes the
solenoid 12 with a signé.l' from the position detector 18, and
de-energizes the same when suction is completed. When the
recovery button 27 is pushed within the reference time T, after
20 the completion of the suction for the suction time T, the
suction time extending unit 48 increments the suction time by
a fixed time AT, every N number of pushings of the recovery
button.

The operation of the circuit thus arranged wili_ be

25 described with reference to Figs. 9 and 10 respectively showing
This Sheet Has Been Replaced T - 17 -
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FIG .

1l

and its control | t; FIG 4 is a block dlagraﬂ{shomnng t he

contfof unit when it st allzed using a mcroconputeri®? FIG 5 is a block
di agrram showi ng a nodel of func- tions realized by the nlcroconputer

FI GS.

sequence of operations carried out by the circuit arrangenent of FIG 5;

10

15

20

25

a flow chart and a timing chart.

When a printing defect is found, the user pushes the
recovery button 27, which is provided on the chassis of the
printer (step 210). Then, the carriage 4 is moved toward the
cap member 10 under the control 6f a carriage control circuit
(not shown). The carriage 4 faces the cap member 10. At this
time, the position detector 18 produces a signal (step 211),
In response to the signal, the microcomputer 33 stores time
data t, 'derived from the clock circuit 34, and then sends a
signal to the solenoid drive circuit 28 to energize the
solenoid 12. As a result, the cap member 10 hermetically
closes the nozzle face la of the print head 1 (step 212). The
microcomputer 33 computes the time difference between time t,
the button 27 generates a signal and time t, of the previous
pushing of the button 17, viz., AT =.t,—-t° (step 213). Then,
the microcomputer 33 compares the time difference AT with the
reference time T, (étep.214). Further, the microcomputer 33
issues a signal to the pump drive circuit 29, so that the
suction ﬁﬁmp 20 is operated to generate a negative pressure in
the nozzle receiving chamber 17 of the cap member 10 (step
215). The negative pressure acts on the nozzle face to extract
ink from the nozzle openings. With the flow of the ink, paper
particles and dust stuck to the nozzle openings are washed
away. When time Ts, which is the time taken until the pump has

sucked an amount of ink necessary for removing the foreign
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FIG 8 i-S. a

reaILze g function by t

bl ock dlagrﬁnkshomdng a circuit arrange- nFné enpl oyed to
m crocom puter contained in‘t

which is a second enbodifrent of the present invention;  FIGS. 9 and 10

are a flow chart and a timng chart

circuit ar-

rangenment of FIG 8; FIG 11 is a block diagram show ng a

third enbodi -

material, elapses (step 216), the microcomputer 33 stops the

operation of the pump 20, and at the same time de-energizes the

10

15

20

25

solenoid 12 to separate the cap member 10 fxom the print head
1 (step 217; Fig. 10, waveforms I). Under this condition, the
print head 1 is operable within the pfint region and starts the
printing operation again.

In this example, the printing defect occurs again after a
relatively short time of ten and several minutes to one hour
from the previous pushing of the button 27. After recognizing
the printing defect, the user pushes the button 27 again (step
210). Then, the carriage 4 is moved and reaches the pésition
of the cap member 10, and.the position detector 18 produces a
signal (step 211). At this time, the microcomputer 33 stores
time data t, from the clock circuit 34 into the memory 35, and
sends a signal to the solenoid drive circuit 28. As a result,
the cap member 10 is pressed against the nozzle openings of the
print head 1 (step 212). The microcomputer 33 compares a time
difference between time t; of the pfevious ink suction as
stored in the ﬁémo:y 35, and time t, of the present ini
suction, viz., AT = t, - t, (step 213). Then, it compares the
difference time with the reference time T, (step 214).

In the present case, the time difference AT (é t, - t;) is
much shorter than the reference time Ty. This implies a high
probability that.the cause of the present printing defedp.is

not foreign material stuck to the nozzle openings, but air

Thls Sheet Has Been Re - 19 -
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ment -0f the present invgn%ion containing a control C|r,m cuit as a major
portion; » FIG 12 is %&bl ock di agram showi ng a nodel } the function of
a m ¢roconmputer constituting the control circuit in the third enbodi nment ;
FIG 13 is a flow chart showi ng an operation of the apparatus in the third
enbodi nent : FIG 14 is a block diagram showi ng a fourth enbodi -

bubbles entering the ink path. The microcomputer 33 operates
the pump 20 (step 219), and stops the same after the time Ty
taken for sucking the amount @ of ink, which is necessary for
_ removing the air bubbles (step 220), and separates the cap
5 member 10 from the print head 1 (step 217; Fig. 10, waveforms
1I1).

In the case where the previous ink suction for the bubble
removal imperfectly removes the air bubbles, the printing
defect due to the air bubbles will occur again within a very

10 =~ short of time, e.g., ten and several minutes. If such printing
defect occurs and the user pushes the recovery button 27 (step
210), the carriage 4 is moved to the position of the cap member
10 and the position detector 18 produceg an output signal (step
211). At this time, the microcomputer 33 sends a signal to the
15 solenoid drive circuit 28. Then, the cap member 10 is pressed
against the nozzle openings of the print head 1 (step 212). At
the same time, the microcomputer 33 fetches time data from the
clock circuit 34, and computes a time difference-between the
time data t; and the time t, of the previous ink sunction as
20 stored in the memory 35, viz., AT = t3 - t; (step 213). Then,
it compares the difference time with the reference time T,
(step 214).' In t@e case now discussed, the recovéiy button is
operated again within a very short time, the microcomputer 33

increments the suction time T, for bubble removal by a preset

25 time AT, to be T, + AT, (step 221), and operates the operation
This Sheet Has Been R T - 20 - ,
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reent of..t he ‘present my,eqtlon interms of the functiop—that is executed by
a mi-ct oconput er; had

%

- -

of the pump 20 (step 122). After the incremented suction time
T, + AT,, the microcomputer stops the pump 20 and separates the
¢ap member 10 from the print head 1 (step 217; Fig. 10,
waveforms III),

5 Subsequently, when the pushing of the recovery button for
the very short time is repeated, the suction time for the
bubble removal is incremented by time AT x N every N number of
pushings to be T, + AT x N (step 221).

In the instant embodiment, even if the printing defect

10 " found is a heavy printing defect requiring freguent pushings of

the recovery button, it can be cured by incrementing the amount

of the ink to be sucked, with the feature of incrementing the
suction time for the bubble removal.

The inventors conducted an experiment to cure a heavy

15 printing defect due to air bubbles into the ink flow path. To

cure the printing defect, two printers were used; one a

conventional printer in which the amount of ink to be sucked is

" fixed at 2 cc, and the other a printer according to the instant

embodiment which increments the amount of the sucked ink every

20 time the recovery button is pushed. The results of the

experiment are shown in Table 2.

—
-
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<4~ " FIG. 15 is a fl chart shomnng an operation gf.the apparatus in
t hex fourth enbodlnent-ﬂkﬂ FIG 16 is a block and schepgtic view show ng an

*

TABLE 2
Nunmber of recovery Conventional - Present Invention
operations printer
1st time 2
5 | 2nd time 2
3rd time 2 3
4th time 2 4 - Ready foxr print
5th time 2 - Ready for print
Total igk 10 10
10 consumption

As seen from the table, when the conventional printer is
used, a total of 10 cc of ink is discharged to cure the
printing defect. In this case, the button was pushed five
times. When the printer_of the present invention is used, the

15 "~ game amount of ink was discharged, but it is only four times
that the recovery button is pushed. Conseqguently, the table
teaches that the printer of the invention can save the number
of the pushings of the button by one time, and proportionally
reduce the print rest time required for the ink suction

20 operation.

In the embodiments described above, the interval between
the operations of the recovery button is obtained from the time
data of the clock circuit. If required, a timer unit operated
in connection with the recovery button may be used for obtain-

25 . ing the button operation interval.

Further, in the above embodiments, the amount of sﬁcked

ink is determined on the basis of the time interval between

This Sheet Has Been Replaced T- 22 -
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arqangenent Incl udi ng i fow paths and a control circgst according to a
fifth enbodi ment of th 'Wresent I nventi on: FIG 17 &% bl ock di agram
showi ng the control cir- cuit in the fifth enbodi nent. FIG 18 is a block
di agram showi ng the function of a m croconputer constituting the control
circuit in the third enbodi nent;

button pushings. Alternatively, the ink suction time and the
amount of sucked ink by the cap member can be determined on the
basis of the quantities of print and paper feed. -

Fig. 11 shows a third embodiment of the present invention

5 in the form of an arrangement of the-control circuit 26. As
shown, the control circuit 26 is composed of a microcomputer 54
including a CPU 51, a ROM 52 and a RAM 53, a countexr 55 for
counting a print quantity, such as the number of printed
charactérs, the number of lines, and an amount of paper feed,

10 - and a memory 57 for storing data of the counted print quantity
derived from the counter 55 when the recovery button 27 is
pushed. It is programmed so as to execute a sequence of
operations as given below. When the recovery button 27, which
is provided on an operating panel of the printexr chassis, is

15 pushed, the position detector 18 shown in Fig. 2 produces a
signal. A£ this time, the control circuit sends a signal to
the solenoid drive circuit 28. 1In turn, the drive circuit 28
drives the solenoid 12 to control circuit sends a signal to the
pump drive circuit’' 29 to operate the suction pump 20 for a

20 preset time.

Fig. 12 is a functional block diagram showing a model of
the function to be realized by the microcomputer 54. The
circuit is composéd of print quantity difference computing unit
58, reference print quantity setting unit 59, comparing unit

25 60, suction time Setting unit 61, and solenoid drive directing
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. o '." A

Epi fs\t’




H GS. ;19.and 20 are a f}gﬂlchart and a tim.ng chart show ng a sequence of
operati ons of the apparafds shown in the fifth enbodi ment; FIG 21 is a
bl ock di agram showi ng the function to be executed by a microconputer in a
si xt h enbodi nent of the present invention; FIGS. 22 and 23 are a flow
chart and a timng chart showi ng a sequence of operations of the ‘apparatus

unit 62. The print quantity difference computing unit 58
computes a print guantity difference AL Qetween print quantity
data stored in the memory 57 and data output from the counter
55 when the recovery button 27 is pushed. The reference print
5 guantity setting unit 59 stores a reference print quantity L,
to determine the type of printing defect. The comparing unit
60 compares the print quantity difference data from the print
quantity difference computing unit 58 with the reference print
guantity IL,. The suction time ‘setting unit 61 selects a
10 " suction time Ts long enough to wash away paper paxticles and
dust or a suction time T, long enough to remove air bubbles on
the basis of the result of the comparison. The solenoid drive
directing unit 62 energizes the solenoid 12 by a signal from
the position detector 18, and de-energizes the same when the
is suction is completed.
| The operation of the apparatus thus axrranged will be
described with reference to Fig. 13 showing a flow chart.
| Upon start of a printing operation, the micrécomputer 54
causes the counter 55 to count the print quantity (step 230).
20 During the printing operation, if a printing defect is found,
the user pushes the recovery button 27; which is provided on
the chaséis of the.printer (step 231). Then, the éarriage 4 is

moved toward the cap member 10 under control of a carriage

control circuit (not shown). The carriage 4 faces the cap
25 member 10. At this time, the position detector 18 produces a
This Sheet Has Been Replaced T 24 - THIS SHEET Heo - 217
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showp- i n. ‘the'sixth enbogLnent FIG 24 is a block dkagran1shomnng a

cont Fol

circuit in a seVenth enbodi nent : FIG 25 issay

bl ock di agram

show’'ng the function to be executed by a m croconputer in the seventh

enbodi -

ment of the present invention; FIG 26 is a flow chart show ng

an operation-of the seventh enbodi nent:

10

15

20

25

-

signal (step 232). In response to the signal, the microcomput-
er 54 fetches the print guantity 1, at.the instant that the
recovery button 27 produces a signal, and stores it in the
memory 57. Further the microcomputer 54 sends a signal to the
solenoid drive circuit 28 to energize the solenoid 12. As a
result, the cap member 10 hermetically closes the nozzle face
la of the print head 1 (step 233). The microcomputexr 54
fetches from the counter 55 the print quantity 1, until the
recoverj button 27 produces a signal, and stores it in the
memory 57. Then, the microcomputer 54 computes a print
quaﬁtity difference between the print quantity 1, and a print
gquantity 1, obtained in the previous pushing of the recovery
button 27, viz., AL = 1; - 1, (step 234). The present pushing
of the button is the first pushing after power on. According-
ly, the CPU determines that the print guantity difference AL is
larger than the reference print quantity L, (step 235). Then,
the computer 54 issues a signal to the pump drive circuit 29,
so that the §uction pump 20 is operated to generate a negative
pressure in the nozzle receiving chamber 17 of the cap member
10 (step 236). The negative pressure acts on the nozzle face
la to extract ink through the nozzle openings. ﬁith the flow
of the ink, paper particles and dust stuck to the nozzle
openings are washed away. When time T5, which is the time
taken until the pump has sucked an amount of ink necessarjzfor

removing the foreign matexrial, elapses (step 237), the micro-
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FIG .27 is a bl ock di agg@{n showi ng the function to, be gxecut ed by a
it.'e

m croconputer in an eig
is a’'flow chart showi ng an operation of the eight enbodi nent;
a perspective view showing in detail

t he present

10
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I nvention and a structure around the cap nenber;

computer 54 Stops the operation of the pump 20, and at the same

time de-energizes the solenoid 12 to separate the cap member 10
from the print head 1 (step 238). Under this condition, the
print head 1 is operable in a print region and starts the
printing operation again,

A printing defect occurs again after a relatively short
time of ten and several 1lines to several pages from the
previous pushing of the button 27. After recognizing the
printing defect, the user pushes the button 27 again (step
231). Then, the carriage 4 is moved and reaches the position
of the cap member 10, and the position detector 18 produces a
signal (étep 232). At this time, the microcomputer 54 stores

print quantity data 1, from the counter 55 in the memory 57,

and sends a signal to the solenoid drive circuit 28. As a

result, the cap member 10 is pressed against the nozzle
openings of the print head 1 (step 233). The microcomputer 54
computes a print guantity difference between the print quantity
data 1, from the counter 12 and the previous print gquantity 1,
stored in the memory 57, and time t, of .the present . ink
suction, viz., AL = 1, -~ 1, (step 234). Then, it compares the
difference print quantity with the reference print quantity
(step 235). Where a light printing defect due to ‘the foreign
material stuck to'the nozzles recurs, the interval between the
first and second printing defects is usually within 250 lines

of printing. The reference print quantity I, is selected on

e

S~ 26 - R
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FIG ,30 is a block and schematic view showi ng an arrangepent including ink
fl ow-paths and a controfﬁpircuit accordi ng to the nintkenbodi nent shown in
FIG 9; FIG 31 is a block diagram showi ng a control circuit
constituting the ninth enmbodinent: FIG 32 is a block diagram show ng t he
function of a mcroconputer constituting the control circuit in the

the basis of this figure (250) of the number of lines until the
recovery button is pushed again.
The printing defect due to foreign material stuck to the
nozzle openings, when the printer is continuously operated,
5 will happen between approximately i,OOO and 10,000 lines,
although the numbers of lines in a given situation will of
course depend on ambient conditions and the quality of paper
used. This fact was experimentally confirmed by the inventors.
In the present case, the- print guantity difference AL
10 ° (=1, - 1,;) is much smaller than the reference print quantity
Ly. This indicates a high probability that the cause of the
present printing defect is not foreign material stuck to the
nozzle openings, but air bubbles entering the ink path.
Accordingly, the computer 54 selects the suction time Ty, which
15 is larger than the suction time Ts necessary for removing the
foreign material.
At the instant that the time T, to suck the satisfactory
.amount Q, of ink for discﬁarging the air bubbles has elapsed
(steps 239 and 2405, the microcomputer 54 stops the operation
20 of the pump 20, and de-energizes the solenoid 12 to separate
the cap member 10 from the nozzle openings. Under this
condition, the carriage 4 is movable in the print fégion (step
238).
When the recovery button 27 is pushed aftexr the prin# of

25 250 to 1,000 lines is made further to the quantity 1, of the
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ni nt h- enhodi ment of FI %\31 FIGS. 33 and 34 are a f4qw chart and a
ti mng chart showi ng atsgquence of operations of the gpilar at us

T

print made by the previous pushing of the button 27, the
cérriage 4 retracts to the position of the cap member 10 and
the position detector 18 produces a signal. At this time (step
232), the microcomputer 54 stores the time data 13, which comes
5 from the clock circunit 34, in the memory 57, and then sends a
signal to the solenoid drive circuit 28. By this signal, the
solenoid 12 is energized to make the cap member 10 contact with
the print head 1 (step 233).
The microcomputer 54 computes a print guantity difference
10 - between the print quantity 1, of the previous pushing of the
recovery button 27 as stored in the memory 57 and print
guantity 1, of the present pushing, AL = 1; - 1, (step 235).
Then, it compares the print quantity difference with the
reference print quantity I, (step 235). In the present case,
15 the print quantity differenée AL {= 13 - 1,) is larger than the
reference print quantity Ls, so that the ink is sucked by the
small ink amount Qg for the printing d.efect due to the foreign
material (Fig. 7, waveforms I). Succeedingly, the steps (237)
and.(238) are executed. As a consequence, the foreign materi-
20 al, such as paper particles and dust, is washed away from the
nozzle openings with the discharged ink, and the printer is
made ready for printing.
As described- above, the ink jet printer of the instant

embodiment detects the amounts of paper particles and dust,

: which are proportional to the print guantity. Accordingly, the
-
heet Has Been Replaced c_ g -

M e



10

15

20

25

* ? shown in the ni nt_h_\g enmbodi nent ;
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recovery of the printer from the printing defect is quickened.

Fig. 14 shows a fourth embodiment of’the present invention
in terms of the function to be realized by the microcomputer
54. The circuit is composed of print quantity difference
computing unit 65, referencé print guantity setting unit 66,
comparing unit 67, suction time setting unit 68, suction time
prolong unit 69, and solenoid drive unit 70 The print
guantity difference computing unit 65 computes a print guantity
difference AL between print quantity data stored in the memory
57 and data output from the counter 55 when the recovery button
27 is pushed. The reference print quantity setting unit 66
stores a reference print guantity L, to determine the type of
printing defect. The comparing unit 67 compares the print
quantity difference data from the print quantity difference
computing unit 65 with the reference print quantity L,. The
suction time setting unit 68 selects a suction time T3 long
enough to wash away paper particles and dust or a suction time
Ty long enoungh to rehove air bubbles on the basis of the result
of the comparison. When the recovery button 27 is pushed
within the reference print quantity I, after the completion of
the suction for the suction time Ty, the suction time extending
unit 69 increments the suction time by fixed time‘T, every the
N number of pushings of the recovery button. The solenoid
drive unit 70 energizes the solenoid 12 by a signal froni_ the

position detector 18, and de-energizes the same when the
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FIG 35:s a side view ghow ng another enbodi ment of .
FIG. 36 js a block dlagraﬂ1shomﬁng a control circuit

enbodi nent

.brush nmechani sm

of the present inven- tion; FIG 37 is a block diagram

showi ng the function to be executed by a mcroconputer in the tenth

enbodi nent
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of the present invention; and .

suction is completed.

The operation of the apparatus t}.ms -arranged will be
described with reference to Fig. 15 showing a flow chart.

Upon start of a printing operation, the microcomputexr 54
causes the counter 55 to count the print quantity (step 250).
Puring the printing operation, if a printing defect is found,
the user pushes the recovery button 27, which is provided on
the chassis of the printer (step 251). Then, the carriage 4 is
moved toward the cap member 10 under control of a carriage
control circuit (not shown). The carriage 4 faces the cap
member 10. At this time, the position detector 18 produces a
signal (step 252). In response to the signal, the microcomput-
er 54 fetches the print quantity 1, at the instant that the
recovery button 27 produces a signal, and stores it in the
memory 57. Further, the microcomputer 54 sends a signal to the
solenoid drive circuit 28 to energize the solenoid 12. As a

result, the cap member 10 is pressed against the print head 1

_(step 253). Then, the computer 54 issues a signal to the pump

drive circuit 29, so that the suction pump 20 ;s operated to
generate a negative pressuré in the nozzle receiving chamber 17
of the cap member 10 (step 256). The negative pressure acts on
the nozzle face la to extract ink through the nozzle openings.
With the flow of tﬁe ink, papexr particles and dust stuck to the
nozzle openings are washed away. When time Ty, which is’ the

time taken until the pump has sucked an amount of ink necessary

T~ 30 -
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FlG, 38.is a flow chart,showi ng an operation of the tenth enbodi ment.
DESCRI PTI ON OF THE PREFERRED EMBODI MEITS FIG | is a
per spective view showi ng the consiruc- tion of an ink jet printer according
to the present inven- tion. In the figure, reference nuneral 1 designates
an ink jet print head having an array of nozzles. The print head

- -

for removing the foreign material, elapses (step 257), the
microcomputer 54 stops the operation of the pump 20, and at the
same time de-energizes the solenoid 12 to separate the cap
member 10 from the print head 1 (step 258). Under this

5 condition, the print head 1 ig operaﬁle in a print region and
starts the printing operation again.

A printing defect occurs again after a relatively short
time of several lines to several pages from the previous
pushing of the button 27. After recognizing the printing

10 - defect, the user pushes the button 27 again (step 251). Then,
the carriage 4 is moved and reaches the position of the cap
member 10, and the position detector 18 produces a signal
(step 252). At this time, the microcomputer 54 stores print
guantity data 1, from the counter 55 in the memory 57, and

15 sends a signal to the solenoid drive circuit 28. As a result,
the cép'member 10 is pressed against the nozzle openings of the
print head 1 (step 253). The microcomputer 54 computes a print
quantity difference between the print quantity data izfrom'the
counter 13 and the previous print quantity 1, stored in the

20 memory 57, and print qguantity 1, of the present ink suction,
viz., AL = 15 - l;(step 254). Then, it compares the difference
print quantity-wi§h the reference print quantity'IQ (étep.255).
and if AL is smaller than L.steps 259 to 261 in Fig. 15 will.
follow, and after a suction operation for a time period T, which

L
3}
13

25 normally should be sufficient for removing the bubbles, e suction

ct

will be completed according to step 258.
8 P
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| S d;sposed wth the op |ngs of the nozzles facing a I nt surface. The
prift ‘head is nounted éss?a carriage 4 which reci proca sifel y noves in the
direction of width of a recordlng sheet 3 along a pair of guide rails 2 and
2. An ink tank (not shown).supplies ink through a tube 5 to the print head
1. Reference nuneral 6 designates a platen to support the recording sheet

3. The platen 6 is rotatably supported at both ends by a pair of base

pl at es

- -

In case where the previous ink suction operation for
bubble removal has imperfectly removed the air bubbles, the
printing defect due to the air bubbles will occur again within
a very short of time, e.g., ten and several minutes. If such

10 " printing defects occurs and a user pushes the recovery but-
ton 27 (step 251), the carriage 4 is moved to the position of
the cap member 10 and the position detector 18 produces an
output signal (step 252). At this time, the microcomputer 33
stores the print gquantity 13; of the "counter 55 into the

15 memory 57, and sends a signal to the solenoid drive circuit 28.
Then, the cap member 10 is pressed against the nozzle openings
of the print head 1 (step 253). At the same time, the micro-
computer 33 computes a time difference between the print
quantity 1, and the previous print quantity 1, stored in the

20 memory 57, viz., AL = 13 -~ 1, (step 254). Then, the microcom-
puter 33 comparés the difference time with the reference print
quantity I, (step 255).As inthe case now being discussed, the
recovery button is operated again within a wvery short time
(step 259), the microcomputer 54 increments the suction tiﬁ}e i

25 for bubble removal by the preset time AT, to be T, + AT,
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7 :and '9.. A cdp nenber ;L\mhlch Is to be in contact wth the front face of
the print head 1, is dhsposed on the left side of the‘bése pl ate 8 and out
of a print region. The cap nenber 10 comruni cates with a suction ponp by
means of a tube 11. FIG 2 is a perspective view showi ng the details of
the cap nenber 10. As shown, the cap nmenmber 10 is retractably coupled with
a solenoid 12 by neans of a

(step 262), and operates the operation of the pump 20
(step 263). After the incremented suction time Ty + AT,
elapses (264), the microcomputer stops the pump 20 and sepa-
rates the cap member 10 from the print head 1 (step 258).

5 Subsequently, when the ﬁushing of the recovery button for
the very short time is repeated, the suction time for the
removal is incremented by time AT x N every N number of
pushings to be T, + AT x N (step 262).

In the instant embodiment, even if the printing defect
10 ° found is a heavy printing defect requiring freguent pushings of
the recovery button, it can be cured by incrementing the amount
of the ink to be sucked, with the feature of incrementing the
suction time for bubble removal.
Fig. 16 shows a fifth embodiment of the present invention
15 in the form of the cap member and its related structure. A
suction pump 20 is coupled at the suction port 20a with a first
throngh hole 10a of the cap member 10 by way of the tube 11,
and at the discharge port 20b with a used-ink tank 23 of an ink
cartridge 22 by way of a tube 70. An ink tank 24 contained in
20 the cartridge 22 is connected to the print head 10 by way of a
tube 5. |
The cap member 10 is further provided with a second
through hole 10b, and is coupled with an air open valve 72 by
way of a tube 71.

25 A control circuit 73 is provided for executing a sequence
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rod- 13 and an arm 14. the cap nenber 10, a reS|I|en}mnenber 16, which is
prov1aed,on a base nenbegf15 I s shaped so as to encloss the front end
containing a nozzle face o of the print head 1, and defines a nozzle

recei v-

i ng chanber

(described in detail below) enters the nozzle receiving chanber 17. A

position detector

To be

10

15

20

25

of print recovery process steps, and is arranged as shown in
Fig. 17. As shown, the control circuit 73 is composed of a
microcomputer 84 including a CPU 81, a ROM 82 and a RAM 83, a
clock circuit 85, and a memory 86 for storing time data
representative of times of pushing of the recovery button 27.
The microcomputer 84 is érogrammed so as to execnte a segquence
of operations aé given below. When the recovery button 27,
which is provided on an operating panel of the printer chassis,
is pushed, the position detector 18 produces a signal. At this
time, the control circuit sends a signal to the solenoid drive
circuit 28 (Fig. 15). In turn, the drive circuit 28 drives the
solenocid 12 to press the cap member 10 against the print
head 1. Then, the control circuit sends a signal to the pump
drive circuit 29 to operate the suction pump 20 for a preset
time. Further, it sends a signal to the valve drive cir-
cuit 74, which intermittently opens and closes the air open
valve 72 when a long sﬁétion time is completed.

Fig. 18 is a functional block diagram showing a model of
the function to be realized by the microcomputer 84, The
circuit is composed of time setting unit 91, comparing unit 92,
suction time setting unit 93, solenoid drive unit 94, and valve
drive directing unit 95. The time diffexence computing unit 90
computes a time difference AT between time data as stored in
the memory 86 and the time of the present pushing of- the

recovery switch 27. The reference time setting unit 91 stores
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17. A negative pressure as transferred froma punp 20

18, when contacted by the carriage 4, produces a signal.
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nore.specifit, when the prlnt head 1 noves and faces tpe cap nenber 10, the
carri.age: 4 cones in contact with the position detectort 38 Then, the

det €t or produces a signal and sends it to a control circuit 26 to be
described later. Under control of the control circuit 26, the sole-

a reference time T, to determine a type of printing defect.
The comparing unit 92 compares the time gifference AT dexrived
from the time difference computing unit 90 with the reference
time T,. The suction time setting unit 93 selects a suction
5 time T5 long enough to wash away papef particles and dust or a
suction time T, long enough to remove air bubbles on the basis
of the result of the comparison. The solenoid drive unit 94
energizes the solenoid 12 by a signal from the position
detector 18, and de~eﬁergizes the same when the suction is
10 completed. The valve drive directing unit 95 sends a signal to
intermittently open and close the air open valve 72 when the
suction of the suction time T, is completed, and the cap
member 10 is separated from the print head 1.
The operation of the apparatus thus arranged will be
15 | described with reference to Figs. 19 and 20 respectively
showing a flow chart and a timing chart.

When a printing defect is found, the user pushes the
recovery button 27, which is provided on the chassis of ﬁh§
printer (step 270). Then, the carriage 4 is moved toward the

20 cap membex 10 under control of a carriage control circuit (not
shown). The carriage 4 faces the-cap member 10. At this time,
the position detector 18 produces a signal (stép 271). In
response to the signal, the microcomputer 84 stores time data

from the clock circuit 85 in the memory 86, and then sends a

25 signal to the solenoid drive circnit 28 to energize the
I—
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solenoid 12 (step 272). As a result, the cap member 10
hermetically closes the nozzle face la .of the print head 1.
The microcomputer 84 computes a time difference between time t,
the button 27 generates a signal and time t, of the previous
pushing of the button 27, viz., AT = t; - to (step 273). The
present pushing of the button is the first pushing after power
on. Accordingly, the CPU determines that the time difference
AT is longer than the reference time T, (step 274). Then, the
computef 84 issues a signal to the pump drive circuit 29,
thereby to operate the suction pump 20, and then closes the air
open valve 72, whereby a negative pressure is generated in the
nozzle receiving chamber 17 of the cap member 10 (step 273).
The negative pressure acts on the nozzle face la to extract ink
through the nozzle openings. With the flow of the ink, paper
particles and dust stuck to the nozzle openings are washed
away. When time Tg, which is the time taken until the pump has
sucked an amount of ink necessary for removing the foreign
material, elapses (step 276), the microcomputer 84 stops the
operation of the pump 20 and opens the valve 72, and at the
same time de-energizes the solenoid 12 to separate the cap
member 10 from the print head 1 (step 277). In the present
case, since the sgction time is short, the pressﬁfé in the cap
member 10 is rela't_ively high (Fig. 20, wavefoxrms I). Accord-
ingly, if the pump 20 is stopped, no impact will be applié@ to

+he meniscus of the nozzle.
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noi t 12 |s driven to nD e the base nenber

nozzl'e f.ace | a. FinallyEsthe cap nenber 10 hernetlcaIIyBSeaIs t he nozzl e
face'la of the print head 1. FIG 3 is a block.and schematic di agram

showi ng an arrangenent of the printer containing an ink supply flow system .

an ink suction flow systemoperating in a print recovery node, and a

contr ol

10

15

20

25

system for print

A printing defect occurs again after a relatively short
time of approximately ten and several.minptes from the previous
pushing of the button 27.  After recognizing the printing
defect, the user pushes the button 27 again (step 270). Then,
the carriage 4 is moved and reaches the position of the cap
member 10, and the position detector 18 produces a signal
(step 271). At this time, the microcomputer 84 stores time
data 1, from the clock circuit 85 in the memory 86, and sends
a signal to the solenoid drive circuit 28, As a result, the
cap member 10 is pressed against the nozzle openings of the
print head 1 (step 272). The microcomputer 84 computes a time
difference between time t; of the previous ink suction as
stored in the memory 86, and time t, of the present ink suction
as stored in them memory 86, and time t, of the present ink
suction, viz., AT = t; - t; (step 273). Then, it compares the
difference time with the reference time T, (step 274). The
reference time T, is the time that elapses until the nozzles
get clogged by foreign material, such as paper particles and
dust, when the printer is operated in an ordinary printing
mode, usually five to ten hours.

In the present case, the time difference AT (= t, - t;) is
much shorter than the reference time T,. This indiéates a high
probability that the cause of the present printing defect is
not foreign material stuck to the nozzle openings, but:air

bubbles entering the ink path.

- 37 -
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recovery. Asuction: purp, 20 is coupled at the suction rt 20a.with the
nozzl'e receiving chanbéyz17 of the cap nenber 10 by may of the tube 11, and
at the dis- charge port 20b with a used-ink tank 23 of an ink car- tridge
22 by way of a tube 21 An ink tank 24 contained in the cartridge 22 is
connected to the print head 10 by way of a tube 5. The control circuit

26, wnicn executes sequences of

Accordingly, the computer 84 selects the suction time T,
longer than the suction time Ts necessary for removing the
foreign material.

When the nozzle face la of the print heaa 1 is hermetical-

5 ly closed by the cap member 10, the computer operates the
pump 20 and closes the valve 72 to apply a negative pressure to

the nozzle receiving chamber 17 of the cap member 10

(step 278). Upon the negative pressure acting on the nozzle

face la, ink is discharged.from the ink flow path through the

10 ° nozzle openings into the nozzle receiving chamber. Together
with the discharged ink, the air bubbles are attracted toward

the nozzle openings and discharged from the nozzles. At the
instant that the time T; necessary for sucking ink of the
amount of Q, necessary for discharging the bubbles elapses

15 (step 279), the microcomputer 84 sends a signal to the valve
drive circﬁit 74, thereby to open and close the valve 72 plural

times (step 280). . As a result, a pressure in the nozzle
receiving chamber 17 of the cap member 10 gradually rises
(Fig. 20 , waveforms II). When the pressure peaks, the micro-

20 computer 84 stops the operation of the pump 20, opens the
valve 72, and separates the cap member 10 from the

nozzle openings (step 277). The inner pressure within the cap

~ member 10 which has gradually dropped, due to the long ink
suction time, by pressure AP relative to the inner pressure at

25 the time of paper particles removal, is gradually increased.
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print recovery processlgieps is arranged as shown in ElG 4. The control
Tireuit .26 i s conposed fof a mi- croconputer 33 |ncIudFHQ a CPU 30, a ROM 31
and a RAM 32, a clock circuit 34, and a nenory 35 for stor- ing tine data
representative of time of pushing of the recovery button 27. The circuit 26
Is programmed so as to execute a sequence of operations as given bel ow.
When the recovery button 27, which is provided on an

Then, the pump 20 is stopped. Therefore, the suction operation
can be stopped without applying an impact to the meniscus of
the nozzle, and the next printing operation can be started
reliably.

5 When the recovery button 27 is éushed five to ten hours
from time point 52 of the previous pushing of the button 27
(step 270), as in the previous case, the carriage 4 retracts to
the position of the cap member 10 and the position detector 18
produces a signal. At this time (step 271), the microcomput-

10 -~ er 84 stores the time data t;, which is received from the clock
circuit 85, in the memoxry 86, and then sends a signal to the
solenoid drive circuit 28. By the signal, the solenoid 12 is
energized to make the eEP member 10 contact with the print
head 1 (step 272).

15 The microcomputer 84 computes a time difference between
the time t, of the previous pushing of the recovery button 27
as stored in the memory 86 and time t; of the present pushing,
AT = t4 - t, (Step-273). Then, it compares the time difference
with the reference time T, (Step 274). 1In the present case,

20 the time difference AT (= t; - t;) is longer than the reference
time Ty, the microcomputer 84 selects the suction time T, so
that the ink is sucked by the small ink amount Qs of the
printing defect due to the foreign material (Fig. 20, waveforms
I). Succeedingl.y, when the time Ts elapses (step 276),._ the

25 pump 20 is stopped, and the cap member 10 is opened (step 277).
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opég@tihg pahel of the printer chassis, is pushed, the-position detector
produceS\a signal . At this time, the control circuit sehds a signal to the
sol €noid drive cir- cuit 28 (FIG 3). In turn, the drive circuit 28 drives

the solenoid 12 to press the cap nenber

t he control

the suction punp 20 for a preset tine.

10

i5

20

25

18

10 against the print head 1. Then,

circuit sends a signal to the punp drive circuit 29 to operate

In this case, the time of operating the pump 20 is short, and
hence thé pressure in the cap member 19 is relatively high.
Therefore, if the pump 20 is stopped, little adverse effects
are placed on the meniscus of the nozzle.

Fig. 21 shows a sixth embodiment in terms of the function
to be realized by the microcomputer 84. The circuit is
composed of time difference computing unit 100, reference time

setting unit 101, comparing wunit 102, suction time setting

unit 103, suction time prolong unit 104, solewid drive directing

unit 105, and valve drive directing unit 106. The time
difference computing unit 100 computes a time difference AT
between the time data stored in the memory 86 and the time of
the present pushing of the recovery switch 27. The reference
time setting unit 101 stores a reference time T, to determine
a type of printing defect., The comparing unit 102 compares the
time difference AT derived from the time difference computing
unit 100 with the reference time Ty. The suction time setting
unit 103 selects a suction time Ty long enough to remove air
bubbles on the basis of the result of the comparison. When the
recovery button 27 is pushed within the reference time T, aftexr
the-completion of the suction time Ty, the suction time prolong
unit 104 increments the suction time by fixed time AT, every
the N number of the pushings of the recovery button. The
solenoid arive directing unit 105 erergizes the solenoid 12 either dirvectly or via

soleoid  drive cirvoudt 28, by a signal from the position detectar 18, and e-energizes
the sarevien

- 40 -
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FIG- S Ls. afunctional" Iock di agram showi ng a nmodel .of the function to be
reaI|2eq by the.m croc nputer 33. The circuit is conpdgsed of tine

di ffrerence conputing wunit 40, reference tine setting unit 41, conparing
unit 42, suction tinme setting unit 43, and solenoid drive unit 44. The
time difference conputing 40 conputes a tine difference AT between tine

data of the previous push- ing of the recovery button 27 as stored in the
menory : -

the suction is completed. The valve drive directing unit 106
sends a signal to intermittently open and close the air open
valve 72 when the suction of the suction time Ty is completed,
and the.cap member 10 is separated from the print head 1.

S The operation of the apparatus thus arranged will be
described with reference to Figs. 22 and 23 ' respectively
showing a flow chart and a timing chart.

When a printing defect is found, the user pushes the

récove:y button 27, which is provided on the chassis of the

10 ~  printer (step 290). Then, the carriage 4 is moved toward the
cap member 10 under control of a carriage control circuit (not
shown). The carriage 4 faces the cap membexr 10. At this time,

the position detector 18 produces a signal (step 291). In
response to the sigmal, the microcomputer 84 stores time data

15 from the clock circuit 85 in the memory 86, and then sends a
signal to the solenoid drive circuit 28 to energize the
solenoid 12 (step 292}). As a result, the cap member 10
hermeﬁically closes the nozzle face la of the print head 1.

The microcomputer 84 computes a time difference between time t,

20 the button 27 generates a signal and time t, of the previous
pushing of the button 27, viz., AT = t; - t, (step 2393). The
present pushing of the button is the first pushiné'after power

on. Accordingly; the CPU determines that the time difference

AT is longer than the reference time T, (step 294). ‘I‘hen,'. the

25 computer B84 issues a signal to the pump drive circuit 23,

s,

\
\
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35 and fhe tine of the‘;qesent pushi ng. The reference finme setting unit 41

N

stores a reference tineg-Fo to deter-, nine a type ofﬁaﬁinting defect. The
conparing unit 421 conpares the tine difference [err]T derived fromthe
time difference conputing unit 40 with the reference tinme To. The suction
time setting unit 43 selects a suction tinme Ts |ong enough to wash away
paper particles and dust or a suction tinme T, |lona enough to renove air

thereby to operate the suction pump 20, and then closes the airx
open valve 72, whereby a negative pressure is generated in the
nozzle receiving chamber 17 of the'cap member 10 (step 295).
The negative pressure acts on the nozzle face la to extract ink
5 through the nozzle openings. With the flow of the ink, paper

particles and dust stuck to the nozzle openings are washed
away. When time Tg, which is the time taken until the pump has
sucked an amount of ink necessary for removing the foreign
material, elapses (step 296), the mi;rocomputer 84 stops the

10 ~  operation of the pump 20 and opens the valve 72, and at the
same time de-e&ergizes the solenoid 12 to separate the cap
member 10 from the print head 1 (step 297). In the present
case, since the suction time is short, the pressure in the cap
ﬁember 10 is relatively high (Fig. 23, waveforms I). Accord-

15 ingly, the print head 1 is operable within the print region,
and starts to operate again.

A printing defect occurs again after a relatively short
time of approximately ten and several minutes from the previous
pushing of the button 27, After recognizing the printing

20 defect, the user pushes the button 27 again (step 290). Then,
the carxiage 4 is moved and reaches the position of the cap
member 10, and the position detector 18 produces a signal
(step 281). At éhis time, the microcomputer 84 stores time
data 1, from the clock circuit 85 in the memory 86, and sends

25 a signal to the solenoid drive circuit 28. As a result, the

e
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cap member 10 is pressed against the nozzle openings of the
print head 1 (step 292). The microcomput.:er 84 computes a time
difference between time t; of the prévious ink suction as
stored in the memory 86, and time t, of the present ink
5 suction, viz., AT = t, - t; (step 2935. Then, it compares the
difference time with the reference time T, (step 294).

In the present case, the time difference AT (= t; - t;) is
much shorter than the reference time T,. This indicates a high
probabiiity that the cause of the present printing defect is

10 not foreign material stuck to the nozzle openings, but air
bubbles entering into the ink path. Accordingly, the microcom-
puter 84 operates the pump 20 and enexrgizes the wvalve 72,
thereby to suck the ink (step 299). After the time T, neces-
sary for sucking ink in the amount of Q, necessary for dis-

15 charging the bubbles (step 300), the microcomputer 84 intermit-
tently sends an energizing signal to the valve drive cir-
cuit 74, thereby to open and close the valve 72 plural times.
As a result , an internal pressure within the cap member 10
gradually rises. Then ; the microcomputer 84 stops the opera-

20 tion of the pump 20, opens the valve 72, and separates the cap
member 10 from the nozzle openings (step 297; Fig. 23,
waveforms II). -

When the previous ink suction operation for bubble removal
incompletely removes the bubbles, another printing defect '_will

25 occur within a very short period of time, e.g., after several

P
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bubbl es .on t’he basis oféﬁhe result of the conparison. ;he sol enoid drive
uni t ~44 energi zes the sht

‘enoid 12 by a signal fronlthagﬁosition det ect or

18, and de-energi zed the same when the suction is conpl et ed. The
operation of the apparatus thus arranged will be described with reference
to FIGS. 6 and 7 respectively showing a flow chart and a timng chart.

10

15

20

25

minutes. At this time, if the recovery button 27 is pushed
(step 290), the carriage 4 is moved towg;d the cap member 10.
The position detector 18 produces a signal (step 291). At‘this
time, the microcomputer 84 sends a signal to the solenoid drive
circuit 28. By the signal, the solenoid 12 is energized to
make the cap member 10 contact with +the print head 1
(step 292). At the same time, the microcomputer 84 fetches
time data t; from the clock circuit 85, and computes a time
difference between the time t, of the previous pushing of the
recovery button 27 as stored in the memory 86 and time t, of
the present pushing, AT = t; - t, (step 293). Then, it compares
the time difference with the reference time T, (step 294). 1In
the present case, the recovery button is pushed within the very
short period of time. Therefore, the microcomputer 84 sets up

the sum of the suction time Tp for bubble removal and a preset

increment AT,, T; + AT, (step 302). Then, it operates the

pump 20, and gloses the valve 72 (step 303). After the sum
T, + AT, (step 304), the microcomputer 84 opens and closes the
valve 72 several times, to increase the pressure within the cap
member 10 (step 301). Then, it stops the pump 20, opens the
valve 72, and separates the print head 1 from'the cap member 10
(step 297; Fig. 23, waveforms III). '

Subsequently, when the pushing of the xrecovery button for
the wvery short time is xepeated, the suction time fof_the
bubble removal is incremented by time AT x N every N number of
I —

This Sheet Has Been Replaced

: : ' . — 4 4 —-
i s
HIPLACED




When a grinting defect Ls found, a user pushes the re{pyery button 27.
whi ch i s¢ provi ded on the-chaSS|s of the printer (step 200) Then, the
carriage 4 is noved toward the cap nmenber 10 under control of a carriage

control
this time,

circuit (not shown). The carriage 4.faces the cap nenber 10. At
the position detector 18 pro- duces a signal (step 201). In

response to the signal, the mcroconputer 33 stores tine data tj derived

fromthe

1¢

15

20

25

-

pushings to be Ty + A T x N (step 302).

In the instant embodiment, even i; the present defect
found is a heavy printing defect requiring frequent pushihgs of
the recovery button, it can be cured by incrementing the amount
of the ink to be sucked. Further, the drop of the innex
pressure of the cap member 10, which is caused by the long time
suction, is relieved, thereby protecting the meniscus of the
nozzles from the impact applied thereto. In this respect,
reliable performance of the printer is ensured.

Fig. 24 shows a seventh embodiment of the present inven-
tion in the form of an arrangement of the control circuit 73 .
As shown, the control circuit 73 is composed of a microcomput-
er 113 including a CPU 110, a ROM 111 and a RAM 112, a coun-
ter 114 for counting a print quantity, such as the number of
printed characters, the number of lines, and an amount of paper
feed, and a ﬁemory 115 for storing data of the counted print
quantity derived from the counter 114 when the recovery
button 27 is pushed. It is programmed so as to execute a
sequence of operations as given below. When the recovery
button 27, which is provided on an operating panel of the
printer chassis, is pushed, the position detector 18 shown in
Fig. 16 produces a signal. At this time, the control circuit
sends a signal to.the solenoid drive circuit 28. In turn, the
drive circuit 28 drives the solenoid 12 to préss the- cap

member 10 against the print head 1, and sends a signal to the
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el ack ci;rcurt 34, and tpﬁn sends a signal to the sole Qﬁd drive circuit 28
to efvergi ze the sol enoitg:*12. As a result, the cap neng
cl oses the nozzle face Ia of the pri nt head 1 (step 202).

v

ef 10 hernetically

33 conputes a tine difference between tine tj the button 27 generates a
and time to of the previous pushing of the button 27, viz., AT=t
|-to (step 203). The present pushing of the button is the flrst pushing

si gnal

after

10

15

20

power

+he solenoid 12 by a signal from the

same when the suction is completed.

on.

-

pump drive circuit 29 to operate the suction pump 20 for a
preset time. Further, it sends a signgl to the valve drive
circuit 74, which intermittently opens and closes the air open
valve 72 when a long suction time is completed.

Fig. 25 is a functional block diagram showing a model of
the function to be realized by the microcomputer 113. The
circuit is composed of print guantity difference computing
unit 117, reference print guantity setting unit 118, comparing
unit 119, suction time setting unit 120, solenoid drive
directing unit 121, and valve drive directing unit 122. The
print quantity difference computing unit 117 computes a print
quantity difference AL betw_een print quantity data stored in
the memory 115 and data output from the counter 114 when the
recovery button 27 is pushed. The reference print quantity
setting unit 118 stores a reference print quantity L, to
determine a type of printing defect. The comparing unit 119
compares the print guantity difference data from the print
quantity difference computing unit 117 with the reference print
quantity Lg. The suction time setting unit 120 selects a
suction time Tg long enough to wash away paper particles and
dust or a suction time T; long enough to remove air bubbles on

the basis of the result of the comparison. The solenoid drive

directing unit 121 enexrgizes -directly or via solenoid drive circuit.28

/

——
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Accordingly,; the CPU determines that the tine dif- ferepce AT is |onger
thari*the reference tiné:ifo (step 204). The reference ti#e To is the tine
that- wi |l el apse until the nozzles get cl ogged by forelgn mat erial, such
paper particles and dust, when the printer is operated in an ordlnary
printing node, and is usually approxi- mately five to ten hours Printing
defects due to foreign material adhering to the nozzl e openi ngs occur on
t he . -

a signal to intermittently open and close the air open valve 72
when the suction of the suction time T, or more is completed,
and the cap member 10 is separated from the print head 1.
The operation of the apparatus' thus arranged will be
5 described with reference to Fig. 26 éhowing a flow chart.
Upon start of a printing operation, the microcomputer 113
causes the counter 114 to count the print quantity (step 310).
During the printing operation, if a printing defect is found,
the user pushes the recovery button 27, which is provided on
10 the chassis of the printer (step 311). Then, the carriage 4 is
moved toward the cap member 10 under control of a caxriage
control circuit (not shown). The carriage 4 faces the cap
member 10. At this time, the position detector 18 produces a
signal (step 312). In reéponse to the signal, the microcomput-
15 er 113 stores the print guantity 1, of the counter 114 in the
memoxry 115, and at the same time sends a signal to the solenoid
- drive circuit 28 to energize the solenoid 12. As a result, the
caé member 10 hermetically closes the nozzle face la of the
print head 1 (step 313). The microcomputer 113 fetches from
20 the counter 114 +the print guantity 1, until the recovexry
button 27 produces a signal. Then, the microcomputer 113
computes a print guantity difference between the print quanti-
ty 1, and a print-quantity 1, obtained in the previous pushing
of the recovery button 27, viz., AL = 1, - 1, (step 314). The

25 present pushing of the button is the first pushing after power
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average of about five to ten hours after the printer is, continuously
operated, although the{tinme depends on anbient condit#@gns of the printer

i nsttall ed and the qual- ity of paper. This fact was experinentally
confirmed by the present inventors. Then, the conputer 33 issues a signal
to the punp.drive circuit 29, so that the suction punp 20 is operated to
generate a negative pressure in the nozzle receiving

on. Accordingly, the CPU determines that the print quantity

difference AL is larger than the refergnce print quantity I,

(step 315). Then, the computer 113 issues a signal to the pump

drive circuit 29, thereby to operate the section pump 20, and

5 then closes the valve 72, whereby a negative pressure is

generated in the nozzle receiving chamber 17 of the cap

member 10 (step 316). The negative pressure acts on the nozzle

face la to extract ink through the nozzle openings. With the

flow of “the ink, paper particles and dust stuck to the nozzle

10 - openings are washed away. When time Ts, which is the time

taken until the pump has sucked an amount of ink necessary for

removing the foreign material, elapses (step 317), the micro-

"computer 113 stops the operation of the pump 20 and opens the

valve 74, and at the same time de-energizes the solgnoid 12 to

15 | separate the cap member 10 from the print head 1 (step 318).

_Under this conditién, the print head 1 is operable in a print
region and starts the printing operation again.

A printing defect occurs again after a relatively short

time of ten and several lines from the previous pushing of the

20 button 27. After recognizing the printing defect, the user

pushes the button 27 again (step 311). Then, the carriage 4 is

moved and reaches the position of the cap member 10, and the

position detecto£ 18 produces a signal (step 312). At this

time, the microcomputer 113 stores print quantity data 1, from

25 the counter 114 in the memory 115, and sends a signal to the
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chambper 17 of the cap nenber 10 (step 205). The nega- 6I|ve pressure acts on
the hozzle face la to é&tract i nk through the nozzle ®penings. Wth the

fl ow of the ink, paper partlcles and dust sticking to the nozzl e openings
are washed away. When tinme Ts, that is, the tine taken until the punp has
sucked an anount of ink necessary for reaning the foreign material,

el apses, viz. the tine necessary for sucking ink of approximately 0.5 cc

(this solenoid drive circuit 28. As a result, the cap member 10 is
pressed against the nozzle openings of the print head 1
(step 313). The microcomputer 113 compﬁtes a print quantity
difference between the print quantity data 1, and the previous
5 print quantity 1; stored in the memory 115, viz., AL = }2 - 1y
(step 314). Then, it compares the difference print quantity
with the reference print quantity I, (step 315). The microcom-
puter 113 selects the suction time Ty, which is longer than the
suction time T; for removing the paper particles and dust
1 - (step 319).

When the nozzle face la of the print head 1 is hermetical-
ly closed by the cap member 10, the computer operates the
pump 20 and closes the valve 72, to apply a negative pressuré
to the nozzle receiving chamber 17 of the cap member 10

15 (step 31%). Upon the négative pressure acting on the nozzle
face la, ink is discharged from the ink flow path through the
nozzle openings into the nozzle receiving chamber. Together
with the diécharged ink, the air bubbles are attracted toward
the nozzle openings and discharged outside from the nozzles.

20 At the instant that the time Ty necessary for sucking ink in
the amount of Q, necessary for discharging the bubbles elapses
(step 320), the microcomputer 84 sends a signal to the valve
drive circuit 74 ,-' thereby to open and close the valve 72 plural

times (step 321). As a result, a pressure in the nozzle

25 receiving chamber 17 of the cap member 10 gradually rises
-
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i-nk amount i's denoted as. Q) elapses (FIG 7, waver
i

b

."’ ’;-J\"«
Ry

(3

(step 321). Then, the microcomputer 84 stops the operation of

the pump 20, opens the valve 72, de-enexgizes the soleflo:f.d 12,

and separates the cap member 10 from the nozzle openings

(step 318). Under this condition, the carriage 4 is movable
5 within the print region (step 318).

When the recovery button 27 is pushed after the print
of 250 to 1,000 lines is made further to the quantity L, of the
print made by the previous pushing of the button 27 (step 311),
the carriage 4 retracts to the position of the cap member 10

10 ~ and the position detector 18 produces a signal. At this time
(step 312), the microcomputer 113 stores the print quantity
data i; of the couﬁter 114 in the memory 115, and then sends a
signal to the solenoid drive cirxcuit 28. By the signal, the
solenoid 12 is energized to make the cap member 10 contact with
15 the print head 1 (step 313).

The microcomputer 113 computes a print quantity difference
between the print quantity 1, of the previous pushing of the
recovery button 27 as stored in the memory 115 and print
quantity-1l; of the present pushing, AL = 1; - 1; (step -315).

20 Then, it compares the print quantity difference with the
reference pfint quantity L, (step 315). In the present case,
the print quantity difference AL (= 1; - 1;) is larger than the
reference print quantity L,, the microcomputer 113 selects the
suction print quantity Qg, so that the ink is sucked by'. the

25 small ink amount Qg for removing the printing defect due to the
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-8-. forms’ 1), the mgroconputer 33 slops the operar,mn of the punp 20,
and at the sane tine déf~energ| zes tie solenoid 12 to*géparate the cap
mentfer 10 fromthe

clogging of the nozzles by paper particles and dust.
Succeedingly, the steps (316) to (318) are executed. 2As a
consequence, foreign material, such as paper particles and
dust, is washed away from the nozzle openings with the dis-

5 charged ink, and the printer is placéd to be ready for print-
| ing.

Fig. 27 shows an eighth embodiment in the form of the
function to be realized by the microcomputer. The circuit is
composed of print quantity difference computing unit 130,

10 ~°~ reference print quantity setting unit 131, comparing unit 132,
suction time setting unit 133, suction time extending unit 134,
solenoid drive directing unit 135, and valve drive directing
unit 136. The print quantity difference computing unit 130
computes a print guantity difference AL between print quantity

15 . data stored in the memory 115 and data o'utput from the coun-
ter 114 when the recovery button 27 is pushed. The reference
print gquantity setting unit 131 stores a reference print

' quantity L, to determine the type of printing defect. The
comparing unit 132 compares the print guantity difference data

20 from the print quantity difference computing unit 130 with the
reference print guantity L,. The suction time setting unit 133
selects a suction time Ty long enough to wash away paper
particles and dust or a suction time T, long enough to remove
air bubbles on the basis of the result of the comparison. "When

25 the recovery button 27 is pushed within the reference print

_—
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print head I’ (step 207)~ Under this condition, the pr| t head 1 is
Operable in a print reglon and starts the print- ingf Joperation again.
printing defect occurs again after a relatively short time of ten and
several mnutes to one hour fromthe previous pushing of the button 27.
After recognizing the printing defect, the user pushes the button 27 again
(step 200). Then, the carriage 4 is noved_and reaches

quantity L, after the completion of the suction for the suction
time Ty, the suction time extending un;ﬁ 136 increments the
suction time by fixed time AT, every the N number of pushings
of the recovery button. The solenocid drive unit 135 enexrgizes
5 the solenoid 12 by a signal from the position detector 18, and
de-energizes the same when the suction is completed. The valve
drive directing unit 136 sends a signal to intermittently open
and close the air open valve 72 when the suction of the suction
time Ty or more is completed, and the cap member 10 is separat-
10 " ed from the print head 1.
The operation of the apparatus thus arranged will be
described with reference to Fig. 28 showing a flow chart.
Upon starting of a printing operation, the microcomput-
er 113 causes the counter 114 to count the print gquantity
15 (step 330). During the printing operation, if a printing
defect is found, the user pushes the recovery button 27, which
is provided on the chassis of the printer (step 331). Then,
the carriage 4 is moved towaxrd the cap member 10 under control
of a cafriage control circuit (not shown). The carriage 4
20 faces the cap member 10. At this time, the position detec-
tor 18 produces a signal' (stepl332). In response to the
signal, the microcomputer 113 fetches from the counter 114 the
print quantity llvat the instant that the recovery button 27
generates a signal, and stores the print guantity 1, of:the

25 counter 114 in the memory 115, and at the same time sends a
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t he p05|'t|on ‘of the cap

fronfthe clock circuit 34 into the menory 35, and sends a signal to the
solenoid drive circuit 28. As a result, the cap nenber 10 is pressed
agai nst the nozzl e openings of the print head 1 (step 202). The

m croconputer 33 com putes a time difference between time tj of the

pr evi ous

10

15

20

25

signal to the solenoid drive circuit 28 to energize the
solenoid 12. As a result, the cap member 10 hermetically
closes the nozzle face la of the print head 1 (step 333). The
microcomputer 113 fetches from the computer 114 the print
quantity 1, until the recovery button 27 produces a signal.
Then, the microcomputer 113 computes a print quantity differ-
ence between the pr:int gquantity 1l; and a print quantity 10
obtained in the previous pushing of the recovery button 27,
viz., AL = 1y - 1, (step 334), and compares the different print
quantity with the reference print quantity L, (step 335).
Then, the computer 113 issues a signal to the pump drive
circuit 29, thereby to operate the suction pump 20, and then
closes the valve 72, whereby a negative pressure is generated
in the nozzle receiving chamber 17 of the cap member 10
(step 336). The negative pressure acts on the nozzle face la
to extract ink through the nozzle openings., With the flow of
the ink, paper particles and dust stuck to the nozzle openings
are washed away. When time Tg, which is the time taken until
the pump has sucked an amount of ink necessary for removing the
foreign material, elapses (step 337), the microcomputer 113
stops the operation of the pump 20 and opens the valve 74, and
at the same time de-energizes the solenoid 12 to Separate the
cap member 10 from the print head 1 (step 338). Under this
condition, the print head 1 is operable in a print region and

starts the printing operation again.

nber 10, and the position detector 18 produces a
S|gnal (step 201). At this time. the microconputer 33 sfores tinme data 12
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I hK suctlon as stored in_the nenory 3S, and tine t2 of the present ink
suction, *viz., [err]T=t2't[err] (step 203). Then, it dsgpares the
difference tim with the refer- ence time To (step 204) In the present

case,

time To.

printing defect is not foreign mate- rial stuck to the nozzl e openings,
bubbl es enter- . -

air

10

15

20

25

A printing defect occurs again after a relatively short
time of several tens lines from the prgvious pushing of the
button 27. After recognizing the printing defect, the user
pushes the button 27 again (step 331). Then, the carriage 4 is
moved and reaches the posifion of the cap member 10, and the
position detector 18 produces a signal (step 332). At this
time, the microcomputer 113 stores print quantity data 1, from
the counter 114 in the memory 57, and sends a signal to the
solenoid drive circuit 28. As a result, the cap member 10 is
pressed against the nozzle openings of the print head 1
(step 335). The microcomputer 113 computes a print guantity
difference between the print quantity data 1, and .the print
guantity 1, at the time of the previous ink suction, viz.,
AL = 1, - 1; (step 334). Then, it compares the difference print
quantity with the reference print guantity I, (step 335).

When the nozzle face la of the print head 1 is hermetical-
ly closed by the cap member 10, the. computer operates the
pump 20_and'closes the valve 72, to apply a negative pressure
to the nozzle receiving chamber 17 of the cap member 10
(step 339). Upon the negative pressure acting on the nozzle
face la, ink is discharged from the ink flow path thrbugh the
nozzle openings into the nozzle receiving chamber. Together
with the discharged ink, the air bubbles are attracted toward
the nozzle openings and discharged ountside from the nozzles.

At the instant that the time Ty necessary for sucking ink of
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the tinme difference AT (=t2-tl) is nmuch shorter than the refer- ence
This indicates a high probability that the cause of the present

but
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I\ng the~|nk path. On tng\ba5|s of the fact that the rgs?v- ery button 27 is
pushed sagai n Wit hin thé&:ti me shorter than the referencg’time To, the
conput er 33 selects the suction time T[err] |longer than the suction tine Ts
neces- sary for renoving the foreign material . When the nozzle face | a of
the print head 1 is hernmeti- cally closed by the cap nenber 10, the
conputer oper- ates the punp 20 to apply a negative pressure to the

the amount of Q, necessary for discharging the bubbles elapses
(step 320), the microcomputer 84 sends a signal to the valve
drive circuit 74, thereby to open and close the valve 72 plural
times (step 321). As a result, a pressure in the nozzle.
5 receiving chamber 17 of the cap meﬁber 10 gradually rises

(step 321). Then, the microcomputer 84 stops the operation of
the pump 20, opens the valve 72, de-energizes the solenoid 12,
and separates the cap member 10 from the nozzle openings
(step 338). Under this condition, the carriage 4 is movable

10 " within the print region (step 338) and the print operation
starts again.

When the recovery button 27 is pushed again, with a small
print quantity of several tens after the previous pushing of
the button 27 (step 331), the carriage 4 xretracts to the

15 position of the cap member 10 and the position detector 18
produces a signal., At this time (step 332), the microcomput-~
er 113 stores the print quantity data 1, of the counter 114 in
the memory 115, and then sends a signal to the solenoid drive
circuit 28. By the signal, the solenoid 12 is enexgized to

20 make the cap member 10 contact with the print head 1
(step 333). Succeedingly, the microcomputer computes a print
quantity difference AL = 1, - 1, between the print quantity of
the present ink suction and that 1, of the previous ink suction
(step 334), and compares it with the reference print quanti-

25 ty L, {step 335).
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nozzl.e #eceiVving chanber17 of the cap member 10 (step ,08) Upon t he
negati ves pressure actin n the nozzle face la, ink ist 1 scharged fromthe
i nk fl.ow path through the nozzl e openings into the nozzl e recei ving
chanmber. Together with the discharged ink, the air bubbles are attracted
toward the nozzl e openings and di scharged outside fromthe nozzles (FIG 7,
wave- fornms I1). At the instant that the time TL necessary for

In the case now diséussed, the print quantity différence
AL (= 1; - 1;) is much smaller than Fhe reference print
quantity IL,. This indicates a high probability that the
printing defect is due to air bubbles mixing in the ink flow

5 path, not foreign nateriais stuck to the nozzle openings.
Accordingly, the microcomputer 113 operates the pump 20 and
closes the valve 72 .and increases the inner pressure in the cap
member 10 (step 342), and it stops the pump 20, opéns the
valve 72, and separates the cap member 10 from the print head 1

10 ~  (step 338).

In the case where the previouns ink suction operation for
the bubble removal imperfectly removed the air bubbles, the
printing defect due to the air bubbles will occur again within
a very short time, e.g., several lines to ten and several

15 lines. 1If such printing defect occurs and the user pushes the
recovexry button 27 (step 331), the carriage 4 is moved to the
position of the cap member 10 and the position detector 18
produces an output signal (step 332). At this time, the
microcomputer 33 stores the print quantity 1; of the coun-

20 ter 114 in the memoxry 115, ‘and sends a signal to the solenoid
drive circuit 28. Then, the cap member 10 is pressed against
the nozzle openings of the print head 1 (step 333). At the
same time, the microcomputer 33 computes a time difference
between the print gquantity 1; and the previous print quantity iz

25 stored in the memory 115, viz., AL = 13 - 1, (step 334). Then,

—_—
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sucking *i nk of appr oxi m;g_ely 2 cc (this ink anount is ggnot ed as Qerr])
el apses (‘step 209). theimcroconputer 33 stops the open@tion of the punp
20, and deenergizes the solenoid 12 to separate the cap nenber 10 fromthe

it compares the differénce time with the reference print
quantity L, (step 335). In the case now discussed, the
recovery button is operated again within a very short time
(steps 335, 339), the microcomputer 33 increments the suction

5 time T, for the bubble removal by a preset time AT, to be
Ty + AT, (step 343), and operates the pump 20 and closes the
valve 72 (step 433). After the incremented suction time
Ty, + AT, elapses (step 345), the microcomputer opens the
valve 72 plural times ('step 342). vwhen the inner pressure in

10 the cap member 72 has been increased, the microcomputer stops,
opens the valve 72, and separates the cap member 10 from the
print head 1 (step 338).

Subsequently, wheﬁ the pushing of the recovery button for
the very short time is repeated, the suction time for the

15 bubble removal is incremented by time AT x N every N number of
pushings to be T, + AT x N (step 262).

Accordingly, even if the print found is a heavy printing
defect reguiring frequent pushings of the recovery button, it
can be cured by incrementing the amount of the ink to be

20 sucked. Further, in the instant embodiment, the pressure
within the cap member, which has been considerably reduced as
the result of a long time of operation of the pump, is gradual-
ly increased up to atmospheric pressure. This feature allows
the cap member to be removed without disturbing the meniscus of

25 the nozzles.
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nozz| e ‘openi‘ngs. Under ‘L{\i s condition, the carriage 4 its -

Another ink jet pJ;inter of the type in which paper
particles and dust are washed away with 'ink and further wiped
up with a brush will now be described.

Fig. 29 is a perspective view showing a ninth embodiment

5 of the present invention in the form of a structure including
a cap member and its related structure, which is suitable for
curing printing defects caused by such a brush. In this
figure, reference numeral 140 designates a brush mechanism
which is located outside the print r:'egion , or adjacent to the -

10 ° cap member 10, in this instance. In the brush mechanism 140,
a belt 143, with linear members as brushes 144 and 144 fixed
thereto, is strained between paired rollers 141 and 142, which
are driven by a drive mechanism (not shown). In operation, the
tips of the brushes 144 and'144 contact the nozzle openings of

15 the print head 1 to thus wipe the nozzle openings and the
portion in the vicinity thereof.

Fig. 30 is a block and schematic diagram showing the
arrangement of a printer containing an ink supply flow system,
an ink suction flow system operating in a print recovery mode,

20 and a control system for print recovery. In the figure, the
brush mechanism 140 is driven by a wiper drive circuit 146,
which receives a signal from a control circuit 145 (described
in more detail be;low). A suction pump 20, constructed as
already described referring to Fig. 2, is coupled at- the

25 suction port 20a via a first through hole 10a of the cap member
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movabl es i n the print region (step 207). When t he recayery button 27 is
pushed after five to temthours fromtinme point t2 of téhe previous pushing
of the button 27 (step 200), as in the previous case, the carriage 4
retracts to the position of the cap nenber 10 and the position detector 18
produces a signal. At this tine (step 201), the mcroconputer 33 stores the
time data t3 as applied fromthe clock circuit 34 into the

10 by way of the tube 70,.and at the discharge port 20b with a
used-ink tank 23 of an ink cértridge 22.by way of a tube 70,
An ink tank 24 contained in the cartridge 22 is connected for
ink supply to the print head 10 via a tube 5.
5 The cap member 10 is moved to and.retracted from the front
face la of the print head 1 by the solenoid 12, which is driven
by a signal from the solenoid drive circuit 28.
Fig. 31 shows an embodiment of the control circuit for
executing a sequence of print recovery process steps, which is
10 " arranged as shown in Fig. 4. As shown, the control circuit 26
. is composed of a microcomputer 151 including a CPU 148, a ROM
149 and a RAM 150, a clock circuit 152, and a memory 153 for
storing time data representative of the time of pushing of the
recovery button 27. The control circuit 26 is programmed so as
15 to execute a sequence of operations as given below. When the
recovery button 27, which is provided on an operating panel of
the printer chassis, is pushed, the position detector 18
produces a signal. At this time, the control circuit 145 sendsa
signal to the solendid drive circuit 28 (Fig;ﬁnf. In turn, the
20 drive circuit 28 drives the solenoid 12 to press the cap member
.10 against the print head 1. Then, the control circnit sends
a signal to the pump drive circuit 29 to operate the suction
pump 20 for a preset time.
Fig. 32 is a functional block diagram showing the func-

25 tions to be realized by the microcomputer 151. The circuit is
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menory .35, dnd then sends a signal to the solenoid drive circuit 28. By the
signal, he solenoid 12v}s energized to nake the cap wghber 10 contact with
the print head 1 (step 202) . The microconputer 33 conputes the tine

di fference between tinme t2 of the previous pushing of the recovery button
27 as stored in the nenory 35 and tine t3 of the present pushing.
[err]T=t[err]-t[err] (step 203). Then, it com

- -

composed of a time différence computing unit 155, reference
time setting unit 156, comparing unit 15?, wiping time setting
unit 158, suction time setting unit 159, and solenoid drive
directing unit 160. The time difference.computing unit 155
5 computes a time difference AT between time data stored in the
memory 153 and time data generated from the clock circuit 152
when the recovery button 27 is pushed. The reference time
setting unit 156 stores a reference time T, to determine a type
of printing defect. The comparing unit 157 the time difference
10 = AT derived from the time difference computing unit 155 with the
reference time Ty,. The wiping time setting unit 158 sets a
brush mechanism drive time T; necessary for removing paper
particles and dust, on the basis of the comparison result. The
suction time setting unit 159 selects an ink suction time T,
15 after the wiping or a suction time T; long enough to remove air
bubbles. In response to the position detector 18, the solenoid

drive directing unit 160 generates -a signal that directly or via solenoid drie B

circuit 28 moves the print head 1 toward the brush mechanism 140 or the cap member
10, and such that when the print head 1 is positioned in front
20 of the cap member 10, it energizes the solenoid 12 orx de-
energizes the saﬁe when the suction is completed.
The operation of the apparatus thus arraﬁged will be
described with reference to Figs. 33 and 34 respectively
showing a flow chart and a timing chart.

25 When a printing defect is found, the user pushes the
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pares the tinme dlfference with the reference tine To (step 204). In the
present ¢ase, the t|n9edhfference AT (=t3-t2) is longésrithan the reference
time To,-the m- crocomputer 33 selects the suction tinme Ts, so that the

ink i's sucked by the small ink amount QS printing defect due to the foreign
material (FIG 7, wavefornms |). Suc- ceedingly, the steps (206) and (207)
wi |l be executed. As a consequence, foreign.material, such as paper
particles . -

- -

reéovery button 27, whiéh is provided on the chassis of the
printer (step 350). Then, the carriage } is moved toward the
cap member 10 under control of a carriage control circuit (not
shown). The carriage 4 faces the cap member 10. At this time, .
S the position detector 18 produces a signal (steé 351)., In
response to the signal, the microcomputef 151 stores time data
t; from the clock circuit 152 in the memory 153, and the
microcomputer 151 computes a time difference between time t;
and time t, of the previous pushing of the button 27 as stored
10 ~  in the memory 153, viz., AT = t;, - t, (step 352). When the
computed time data is compared with the reference time data T,
and the former is smaller than the lafter (step 353), the
microcomputer 151 computes a time difference between time t,
and time t, of the previous pushing.of the button 27 as stored
15 in the memory 153, viz., AT = t, - t, (step 352). When the
computed time data is compared with the reference time data T,
and the former is émaller than the latter (step 353), the
microcomputer 151 moves the print head toward the brush 140,
which is located separated by a fixed distance from the
20 position detector 18, and places it to face the brush mechanism
140 (step 354). Then, it sends a signal to the wiper drive
circuit 146 to operaté the brush mechanism 140 (sﬁép 355). As
a result, the belt 143 is driven by the drive mechanism (not
shown), so that the brushes 144 and 144 move in contact'with

25 the nozzle openings of the print head 1 to wipe away paper
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i nk, -and the printer i de ready for printing. igéscri bed above, in
the ink jet printer of i n- stant enbodi nent, the type of printing
defect is deter- mned on the basis of the tinme interval between the
pushi ngs of the recovery button. The anount of ink to be sucked is set
according to the result of this determ -

and dust,. are washed away fromtne nozzle openings; I,lsh t he di scharged
ée

-

particles and dust at the’nozzle openings. After a preset time
7, (the duration of the first brushing opgration in this case)
(step 356), elapses (step 357), the brush mechanism 140 is
stopped {step 358). Then, the computer 151 issues a signal to
‘5 the solenoid drive circunit 28, and energizes the solenoid 12 to
hermetically close the nozzle face la of the print head 1 with
the cap member 10 (step 359). The microcomputer 151 sends a
signal to the pump drive circuit 29 to operate the suction pump
20.. As a consequence, the negative pressure acts on the nozzle
130 =~ face la to extract ink through the nozzle openings. With the
flow of the ink, paper particles and dust adhered to the nozzle
openings are washed away. At the same time, the meniscus near
the nozzle openings is recovered from its destruction caused by
the brushing operation. When time Tg, which is the timé taken
15 - until the pump has sucked an amount of ink necessary for
removing the foreign material, elapses or for the recovery of
the meniscus, the microcomputer 151 stops the operation of the
pump 20 (step 360), and at the same time de-energizes the
solenoid 12 to separate the cap member 10 from the print head
20 (step 361). Under this condition, the print head 1 is operated
in a print region and starts the printing operation again (Fig.

34, waveforms I).
A printing defect occurs again after a relatively short
time of ten and several minutes to one hour from the previous

25 pushing of the button 27. After recognizing the printing

—

-
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natign. To cure light printing defects due to the forelLgn material stuck to
the nozzl e openings, a éﬁﬁll amount of ink is sucked. g cure heavy
printing defects, a largé amount of ink is sucked. Accordingly, the nunber
of pushings of the recovery button as required for curing beavy printing
defects is reduced, and hence the printer can be quickly recovered fromits
abnormal state. In a case where light printing defects due to foreign

defect, the user pushes ££e button 27 again (step 350). Then,
the carriage 4 is moved and reaches thg position of the cap
member 10, and the position detector 18 produces a signal (step
351). At this time, the microcomputer 151.stores time data 1,
5 from the clock circuit 152 in the meﬁory 153, and computes a
time difference between time t, of the previous ink suction as
stored in the memory 153, and time t, of the present ink
suction, viz., AT = t, - t; (step 352). Then, it compares the
difference time with fhe reference time T,. The result of the
10 ‘ comparison shows that the reference time T, is shorter than the
difference time (step 353). The microcomputer 151 sends a
signal to the solenoid drive circuit 28 to press the cap member
10 against the nozzle front faces of the print head 1 (step
362). Then, it operates the pump 20 to apply a negative
15 pressure into the nozzle receiving chambexr 17 of the cap member
10 (step 363). The negative pressure acts on the nozzle front
face la, and extracts jet from the ink flow path through the
nozzle openings. Together with the discharge of the ink, the
bubbles contained in the ink flow path is discharged through
20 the nozzle openings to exterior. After the pump 20 is operated
from the time T, necessary for taking out the ink of the
quantity Q, for the bubble removal (step 363), the solenoid 12
is de-energized to remove the cap member 10 from the nozzle
openings, and the carriage 4 is placed to be movable toithe

25 print region (step 361). Five to ten hours elapse from time
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mat'er;i al and’ heavy printing defects due to air bubbl esfs\ubstantlal ly
alternately occurred, thé anounts of ink consumed by a&onventional printer
and the printer of the instant enbodi ment were neasured. The results of the
measurenent are shown in Table L. As seen, the conventional printer, in

whi ch the anmount of sucked ink

point t where the recovef& button 27 is pushed. At this time,
the microcomputer 351 executes the process from the step 350 to
step 361 to remove the foreign material a'nd to recover the
printer from its abnormal state, (Fig. 34, waveform III).

5 After the recovery of thga printer, time T,’ elapses, which
is longer than the reference time T,, but is very close 1:,0 the
reference time T,. At this time, the button 27 is pushed again
(step 350). Then, the cap member 10 moves to and faces the
print head 1, and the position detector 18 produces a signal

10 ~ (step 351). At this time, the microcomputer 151 stores the
time data t; of the clock circuit 152 in the memory 153, and
computes a difference between time t; of the present pushing of
the button 27 and the time data t; of the previous pushing
stored in the memory 153, viz., AT = t; - t; (step 352). The

15 compariéon result shows that the reference time T, is shorter
than the time difference computed (step 353). The microcomput-
er 151 moves the print head 1 toward the brush mechanism 140,
which is located separated by a fixed distance from the
position detector 18, and places it to face the brush mechanism

20 | 140 (step 354). Then, the microcomputér 151 sends a signal to
the wiper drive circuit 146 to operate the brush mechanism 140
(step 355). As a result, the belt 143 is driven by the drive
mechanism (not shown), so that the brushes 144 and 144 move in

contact with the nozzle openings of the print head 1, to wipe

25 away paper particles and dust at the nozzle openings. 1In the
//
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case now discussed, the %ime interval between the pushings of
the button 27 is very close to the reference time T, (step
356). Therefore, probably paper particles and dust, and paper
pieces resulting from jamming, for example, are still ieft on
the nozzle openings. To cope-with this, the original brushing
time T, is incremented by AT, into time Ty, = Ty, + AT.. (step 364).
After the time T; elapses, the brush mechanism 140 is stopped
{step 358). Then, the steps 359 to 361 are executed, aﬁd the
print recovery operation ends. In this way, the paper parti-
cles and pieces can be removed completely (Fig. 34, waveforms
II). Subsequently, every time the button 27 is pushed at the
time intérvals approximate to the reference time T,, the .
brushing time T4 is incremented,

In the embodiment described abdve, the brushes are mounted
on the belt. The brushes is moved in contact with the nozzle
face of the printer head with the rotation of the belt,.
Alternatively, as shown in Fig. 35, an eccentric cam 164 is
coupled with a rotating drive mechanism (not shown). An arm

166, which is swingable about a shaft 163, is held in contact

- with the eccentric cam 164 by means of a spring 165. A brush

167 is mounted on the free end of the arm 166. In operation,

the cam 164 rotates and accordingly the brush 167 reciproc-

" atively contacts the nozzle face la of the printer head 1.

Also, the brush may be fixed at a position where it is in

contact with the nozzle face of the printer head, and under

_—
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was set at 2'cc for botQQ I ght and heavy printing defegs; totally consuned

14 cc. of*i*nk. On the otneg hand, the printer of the ingtant enbodi nent
consumed only 7.5 cc. This flgure is the half of that of the conventional
printer. TABLE 1 | nk consunption by
| nk consuned by

-

this condition the print head is moved with the reciprocative
motion of the carriage. .
Fig. 36 shows a teénth embodiment of the present invention
in the form of an arrangement of the control circuit 145. Bas
S shown, the control circuit 145 is composed a microcomputer 173
including a CPU 170, a ROM 171 and a RAM 172, a counter 174 for
counting a print quantity, such as the number of printed
characters, the number of lines, and an amount of paper feed,
and a memory 175 for storing data of the counted print quantity
10 - °~ derived from the counter 174 when the recovery bufton.Z? is
pushed. It is programmed s0 as to execnte a sequence of
operations as given below. When the recovery button 27, which
is provided on an operating panel of the printer chassis, is
pushed, the position detector 18 produces a signal. At this
15 time, the control circuit sends a signal to the solenoid drive
circuit 28. In turn, the drive circuit 28 drives the solenoid
12 to press the cap member 10 against the print head 1. Then,
it sends a signal to the pump drive circuit 29 to opexrate the
suction pump 20 for a preset time, or it sends a signal to the
20 wiper drive circuit 146 to drive the brush mechanism 140.
Fig. 37 is a functional block diagram showing a model of
the function to be realized by the microcomputer 173. The
circuit is coﬁposed of print quantity difference computing unit
177, reference print quantity setting unit 178, comparing unit

25 179, wiping time setting unit 180, suction time setting unit
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Cause of, i nk’ conventi onal pnnter or the discharge ‘trouble printer
i nventi on*Paper panicleé: 2 cc 0.5 cc Paper panicles 2
0.5 Paper particles. 2 0.5 Air bubble. 2

0.5 + 2 Paper particles 2 - 0.5 Air bubbles 1

0.5 + 2

2

E

181, and solenoid drive directing unit 182. The print quantity
difference computing unit 177 computes a print quantity
difference between print quantity data stored in the memoxry 175
and data output from the counter 174 when the recovery button
5 27 is pushed. The reference print qﬁantity setting unit 178
stores a reference print quantity I, to determine the type of
printing defect. The comparing unit 179 compares the print
quantity difference data from the print quantity difference
computing unit 177 with the reference print quantity L,. The
10 =~ wiping time setting unit 180 is for setting a wiping time T,
necessary for removing paper particles and dust, on the basis
of the comparison result. The suction time setting unit 181
selects an ink suction time T. after the wiping or a suction
time T; long enough to remove air bubbles on thé basis of the

15 result of the comparison. The solenoid drive directing unit

182 generates a signal that moves directly or via solenoid drive circuit 28
the print head 1 toward the brush mechanism 140 of the cap member 10,and that,

when the
print head 1 is positioned in front of the cap member 10,

energizes the solenoid 12 or de-energizes the same when the
20 - suction operation is completéd.
The operation of the apparatus thus arranged will be
described with reference to Fig. 38 showing a flow chart.
Upon start of a printing operation, the microcomputer 173
causes the counter 174 to count the print quantity (step 370).

25 During the printing operation, if a printing defect is found,
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Paper parti¢les 2 0.5 Total ink 14 cc

7.5 cc consunpti on %EG. 8 shows a second enbodlnenfwaf t he present
invention in terms of the functions to be realized by the m croconputer 33
constituting the control circuit 26. As shown, the control circuit is
conposed of tine dif-

- -

’

the user pushes the recovery button 27 provided on the chassis
of the printer (step 371). Then, the_carriage 4 is moved
toward the cap member 10 under control of a carriage control
circuit (not shown). The carriage 4 faces the cap member 10.
3 At this time, the position detector 18 produces a signal (step
372). In response to the signal, the microcomputer 173 fetches
from the counter 174 the print guantity 1,, and stores it in
the memory 175. Then, the microcomputer 173 computes a print
quantity difference between the print quantity 1, and a print
10 " quantity 1, obtained in the previous pushing of the recovery
button 27, viz., (AL = 1; - 1) (step 373). When the computed
time data is compared with the reference time data T, and the
former is smaller than the létter (step 374), the microcomputer
151 moves the print head 1 towaxrd the brush mechanism 140,
15 which is located separated by a fixed distance from the
position detector 18, and places it to face the brush mechanism
140 (step 375). Then, it sends a signal to the wiper drive
circuit 146, to operate the brush mechanism 140 (step 376). &s
a result, the belt 143 is driven py the drive mechanism (not
20 shown), so that the brushes 144 and 144 move in contact with
the nozzle openings of the print'hegd 1, to wipe away paper
particles and dust at the nozzle openings. Aftér a preset
time, or time T, because of the first brushing operation in
this case (step 377), elapses (step 378), the brush mechapism

25 140 is stopped (step 379). Then, the computer 173 moves the

—_—
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ference conputing unit 40, reference time setting unit 41, conparing unit
42, ‘sucton tine settlﬁgﬁunlt 43, sole- noid drive unTt344 and suction
time prolong unit 48. The tinme difference conputing unit 40 conputes a tine
di fference AT between tine data as stored in the mem ory 35 and the times
of pushing the recovery button. The reference tine setting unit 41 stores a
reference time To to determne the type of printing defect. The

print head 1 to the cap Qember 10, and issues a signal to the
solenoid drive circuit 28, and energizgg the solenocid 12 to
hermetically close the nozzle face la of the print head 1 with
the cap member 10 (step 380). The microcomputex 151 sends a

5 signal to the pump drive circuit 29 to operate the_ suction pump
20. As a consequence, the negative preSSuré acts on the nozzle
face la to extract ink through the nozzle openings. With the
flow of the ink, paper particles and dust adhering to the
nozzle . openings are washed away. At the same time, the

10 ° meniscus near the nozzle openings is recovered from its
destruction caused by the brushing operation. When time Ts,
which is the time taken until the pump has sucked an amount of
ink necessary for removing the foreign material, elapses Qr for
the recovery of the meniscus, the microcomputer 151 stops the

s operation of the pump 20 (step 381), and at the same time de-

| energizes the solenoid 12 to separate the cap member 10 from
the print head 1 (step 382). Under the condition, the print
head 1 is operable in a print region and starts the printing
operation again.

20 A printing defect occurs again after a relatively small
print quantity of several ten§ lines from the previous pushing
of the button 27.. After recognizing the printing defect, the
user pushes the button 27 again (step 371). Then, the carriage
4 is moved and reaches the position of the cap member 10, and

25 the position detector 18 produces a signal {step 372). At this
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conparing uhit 42 conpares the time difference AT derixed fromthe tine
di f f-er ence conput i ng ud?% 40 with the reference tine Tg; The suction tine
setting unit 43 selects a suction time Ts | ong enough to wash away paper
particles. and dust or a suction time TL | ong enough to renove air bubbles
on the basis of the result of the conparison. The solenoid drive unit 44
energi zes the solenoid 12 with a signal fromthe position detector

time, the :microcomputer! 173 stores time data 1, from the

counter circuit 174 in the-memory 175, apd computes a differ-

ence between the print quantity 1, and the print quantity 1, of

the previous pushing of the button 27, viz., AL = 1, - 1; (step

5 373). Then, it compares the difference time with the reference

time T,. The result of the comparison shows that the reference

time T, is shorter than the difference time (step 374). The

microcomputer 173 sends a signal to the solenoid drive circuit

28 to préss the cap member 10 against the nozzle front faces of

10  the print head 1 (step 383). Then, it operates the pump 20 to

apply a negative pressure in the nozzle receiving chamber 17 of

the cap member 10. The negative pressure acts on the nozzle

front face la, and extracts jet from the ink flow path through

the nozzle openings. Togethexr with.the discharge of the ink,

15 .  the bubbles contained in the ink flow path is discharged

through the nozzle openings to exterior. After the pump 20 is

operated for the time T, necessary for taking out the ink of

the quantity Q, for the bubble removal (stép 384), the solenoid

12 is de-energized to remove the cap member 10 from the nozzle

20 openings, and the carriage 4 is placed to be movable to the
print region (step 382).

From the print quantity 1, of the previous puéhing of the

button 27, the print quantity grows to be in excess of the

reference print quantity I,. At this time, the recovery'buﬁton

25 27 is pushed. Then, the microcomputer 173 executes the process
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18, .and de-eénergi zes the same when suction is com pleted. Wen the
recovery -button 27 is pd$hed within the reference tmﬁﬁ'o after the
conpletion of the suction for the section time T[err], the suction
time-extending unit 48 increments the suction time by a fixed time

[err]T[err]

10

15

20

25

every N nunber of pushings of the recovery button.

from the step 371 to steé 382, to remove the foreign material
and to recover the printer from its abno?:mal state.

After the recovery of the printer, a print quantity Ig is
obtained, which is larger than the reference print quantity Lo,
but is smaller than the reference pr:';nt quantity I,° which is
slightly largex tha;l that I,. At this time, the button 27 is
pushed again (step 371). Then, the cap member 10 moves to and
faces the print head 1, and the position detector 18 produces
a signal' (step 372). At the time, the microcompute:::l 173 stoxres
the print quantity data 13 of the counter circuit 174 in the
memory 175, and computes a diflference between print quantity 1,
of the present pushing of the button 27 and the print quantity
data 1, of the previous pushing stored in the memory 175, viz.,
AT = 13 - 1, (step 373). The compa:éison result shows that the
reference print quantity L, is shorter than the print quantity
difference computed (step 374). The microcomputer 173 moves
the print head 1 toward the brush mechanism 140, which is
located separated by a fixed distance from the position
detector 18, and piaces it to face the brush mechanism 140
(step 375). Then, it sends a signal to the wiper drive circuit

146, to operate the brush mechanism 140 (step 376). As a

result, the belt 143 is driven by the drive mechanism (not

shown), so that the brushes 144 and 144 move in contact with

the nozzle openings of the print head 1 to wipe away p{aper

particles and dust at the nozzle openings. In the case now
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discussed, the print quan%ity interval between the pushings of
the button 27 is very close the referegce print quantity I,
(step 377). Therefore, probably paper particles and dust, and
paper pieces resulting from jamming, for .example, are still
left on the nozzle openings. To cope with this, the first
brushing time T, after the bubble removal is incremented by AT,
into time T, = T, + AT, (step 385). After the time Ty elapses
(step 386), the brush mechanism 140 is stopped (step 379).
Then, the steps 380 to 382 are executed, and the print recovery
operation ends. In this way, the paper particles and pieces
can be removed completely. Subsequently, every time the button
27 is pushed at tiﬁe intervals approximate the reference print
quantity L,, the brushipg time T; is incremented.

In the ninth and tenth embodiménts, the microcomputer in
the control circuit determines the brushing time of each
brushing and the number of brushings on the basis of the time
intervals between the pushings of the recovery button 27.
Therefore, the printer can be quickly recovered from light
printing defects which frequently occur due to paper pdrticles
and dust accumulating on the nozzles openings during the
printing operation. For heavy printing deiects due to paper
pieces caused by .jamming, the brushing time is éxtended to
reduce the recovery time of the printer and the number of
pushings of the recovery button.

While the ink tank and the print head are separated aﬁd

-
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The operatidn of the cir 2uit thus arranged will be described with reference
to FIGS.» 9 and 10 respee vely showing a flow chart and. & timing chart.

Wien g printing defect is found, the user pushes the recovery button 27,
which is provided on the chassis of the printer (step 210). Then, the
carriage 4 is noved

-

interconnected by the tube in the embodiments discussed above,
it is evident that the present invention is applicable to
printers in which the ink tank and the print head are assembled

in a single unit, and the unit is mounted on the carriage. .

e

T
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t'oward the cap menber 1Q _under the control of a car- riage control circui
(not showh).

position detector

si gnal ,

cl oses the nozzl e

10

15

20

25

30

35

The carriage 4 faces the cap nenmber 10. Afsthis tinme, the
18 produces a signal (step 211). In response to the

t

the mcroconputer 33 stores tinggdata t[err] derived fromthe cl ock
circuit 34, and then sends a signal to the sole- noid dﬂmﬂmm
energi ze the solenoid 12. As a result, the cap nenber lmgml ",

1.

CLAIMS

An ink jet recording apparatus comprising:

an ink jet print head (1) for forming dots on a
recording sheet (3) by shooting ink jets from an
array of nozzles;

a cap member (10) which, when pressed against the
nozzle surface (la) of said print head (1), forms a
hermetically sealed head receiving chamber (17);

a suction pump (20) for applying a negative pressure
to said head receiving chamber (17), thereby to suck
ink through said nozzles;

cap member drive means (12) for placing said cap
menber (10) in contact with and separating said cap
member (10) from said print head (1);

cap mnmember drive signal generating means (28) for
generating a signal to said cap member drive means
{12) to place said cap member (10) in contact with
said print head (1);

suction pump drive signal generating means (29) for
generating a signal to cause said suction pump (20)

to start a suction operation; and

control means (26, 73, 145) receiving a signal from a
recovery button (27) preferably provided on a printer
chassis, said <control means (26) computing a
difference (AT) between a time of a present pushing
of said recovery button (27) and the time of the

previous pushing and/or a difference (AL) between the
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face da of the print he

time tferr]

of the previ- ous pushing of the butt

| (step 212). The m cr ocom—puter—33 canputes the

time difference betmeenct nme t[err] the button 27jaﬂperates a signal and

-t[err]

(step 213). Then, the m croconputer

ALy

ence AT with the reference time To (step 214 Further, the" mscr aconput er
33 issues a signal to the punp drive circuit 29 SO that the suction punp
20 is operated to

10

15

20

25

30

35

print quantity at a present pushing of said recovery
button and the print quantity at the previous pushing
and determining a suction time on the basis of the
computed time difference and/or print qguantity
difference and producing an instruction signal to
said cap member drive signal generating means (28)
and said suction pump drive signal generating
means{29) so as to operate said cap member drive
signal generaing means and said suction pump drive
signal generating means according to said suction
time determined.

The ink jet recording apparatus according to claim 1, in
which said cap member (10) is disposed outside a print

region.

The ink jet recording apparatus of one of the preceding
claims further comprising:

valve means (72) communicating with said cap member
{10) and the atmosphere;

valve drive signal generating means (74) for driving
said valve means (72),

and when said suction time is longer than a present
value, said control means (73) applying a signal to
said valve drive means (74) so as to intermittently

open and close said valve (72).

An ink Jjet recording apparatus especially according to
one of the preceding claims further comprising:

an ink jet print head (10) for forming dots on a
recording sheet by shooting ink jets form an array of

nozzles;
This Sheet Has Been Replaced
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géner-ate a négative pre
menber 10 (step 215). T

8l nega- tive pressure acts on t#¥e nozzle face to

extraet ink fromthe nozzle openings. Wth the flow of\t‘ﬁe“i—ﬁle,\papi

particles and dust stuck to the nozzle openingg ar

Ts, which is the tine taken until the punp has suc?mé Mﬂw i nk
necessary for renmoving the foreign material, el apses ’ﬂ)ﬂ

10

15

20

25

30

35

a cap member (10) which, when pressed against the
nozzle surface (la) of said print head (10), forms a
hermetically sealed head receiving chamber (17);

cap member drive means (12) for placing cap member
(10) in contact with and separating said cap member

from said print head (1);

a wiping mechanism (140, 167) in contact with a face

of said nozzles for wiping said nozzle face;

cap member drive signal generating means (28) for
generating a signal to said cap member drive means
(12) to place said cap member (10) in contact with

said print head (1);

wiping mechanism drive signal generating means (146)

for driving said wiping mechanism (140, 167);

control means ({145) —receiving a signal from a
recovery button (27) preferably provided on a printer
chassis, said control means computing a difference (A
T) between a time of a present pushing of said
recovery button and the time of the previous pushing
and/or a difference (AL) between a print gquantity at
a present pushing of said recovery button (27) and
the print quantity at the previous pushing and
determining a wiping time on the basis of the
computed time and/or print guantity difference, and
producing an instruction signal to said cap member
drive signal generating means (28) and said wiping
mechanism drive signal generating means (146) so as
to operate said cap member drive signal generating

means and/or send wiping mechanism drive signal

———
—_—
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nrcreconputer 33 stops the operation of the punp 20, apq at the sanme tine

de- ener gi*zes the sol endi-d 12 to separate the cap menbér10 fromthe print

head 1 (step 2T?*‘ﬁf@?‘1@“—maveforns 1). Under this condition, the print
region and starts the printing

head | is oper n the print
operation aga Hﬁ& ﬂuﬁlwuﬂnple t he prlnﬁgﬁg defect occurs again after

a relatlvely and several mnutes to one

generating means (146) according to said wiping time

determined.

5. The ink jet recording apparatus according to claim ¢4,

5 further comprising:

a pump (20) for applying a negative pressure to said
cap member (10) so as to extract ink through said
nozzles; and

10
pump drive signal generating means (29) for
generating a signal to said pump (20) to cause said
pump to start a suction operation,and

15 after said wiping operation 1is completed, said
control means (145) producing an instruction signal
to said cap member drive signal generating means (28)
and said pump drive signal generating means (29).

20 6. The ink Jjet recording apparatus according to one of
claims 4 or 5, further comprising:

control means (145) receiving signal from a recovery
button (27) preferably provided on a printer chassis,

25 said control means computing a difference (A T)
between a time of a present pushing of said recovery
button and the previous pushing and/or a difference (A
L) between a print qguantity at a present pushing of
said recovery button (27) and the print quantity at

30 the previous pushing and when said time difference (4
T) and/or said print quantity differencee (A4 L)
computed is smaller than a preset value, said control
means (145) producing an instruction signal to only
sald cap member drive signal generating means (28)

35 and said suction pump drive signal generating means
(29).
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pour. from tthe previous pushing of the button 27. After_ recognizing the
printing-defect, the u&er pushes the button 27 again i%ﬁep 210). Then, the
carri,age 4 is noved and reaches the position of the cap menber 10, and the
position detector 18 produces a signal (step gzg). At i i
m croconputer 33 stores tinme data 12 fromthe ‘cl ock 44“""],""!@“[!&@@"“

L

menory 35, and sends a signal to the solenoid drive ci« cui

7. The ink jet recording apparatus according to one of
claims 4 to 6, in which said cap member {(10) is disposed

outside a print region.

[ ——

—_—
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ABSTRACT

In a recording apparatus with an ink jet print head (1) which
forms dots on a recording sheet (3) by ink jets shot from an
array of nozzles, a microcomputer (26) determines whether a
printing defect is a light printing defect caused by paper
particles and dust adhering to the nozzles or a heavy
printing defect caused by the entry of air bubbles into the
ink flow paths. The determination is made on the basis of
intervals of operating a print recovery button (27) mounted
on a chassis of the recording apparatus. For the light
printing defect, the computer puts a cap member (10) to the
front face (la) of the nozzles of the print head (1) and
applies a negative pressure to the nozzles, thereby to reduce
the amount of ink emitted from the nozzles. For the heavy
printing defect, the computer (33) increases the amount of
ink.
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15)}5":.‘_,o%é}1?fngsso#>?t'ﬁeq pr‘r’-ﬁ:) head | (step 212). The microcom nputer f
co:_ngm q:_&glge,\dl fCEQJréﬂQJe between tine t[err] of thet: p evi ous ink E@lon
as stored in the_ﬁ]r‘{_ennry 35, and tine t[err] of the present i nk suction,
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213 P?n GO gphe difference time with the r,eierencetlrre%g
T[er@H‘(st %1@) present case, the tine difference [err]T
( t[ﬁﬁﬂ({@[lﬁn‘@@&é ﬁ@dﬁ shorter than the reference tine T[err]. This

i mpl hi, g b| li.ty that the cause of the present printing defect is
not Eedﬁeﬁ@ Lr‘réf’g{‘ f)stuck to the nozzle open- +ings,” but .air bubbles
ent eNng/(?t he\ouﬂ{,pa]t%OThe m - croconputer 33 operates the punp 20 (step

219) \
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pushi ngs’ of the recov ry button, it can be cured by
anmQuw il e S53RItEMe.sucked, with the feature of

sucg@pKtoi @pj@ﬁ)tcbe?ﬁ)ﬁbbl e renoval . _ The inventors conducted an _
expg_rpg};}nt © cure a heavy printing defect due to air bubbles into the ink
ro‘Wp AE T30 he printing defect, two printers were used, one a
coM@n’t@Lmé&ﬁU /%0 in which the ‘
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amunt of ink to be sucked is fixed at

2 cc, and the ather a printer /Z
according to the mstaﬁ enbodi nent vihi ch increments:ihe anount of th ~

sucked i nk every tine the

recovery button i s pushed. The results of the
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1st time 2 2 A
2 3rd ti'me S 2 ﬁ /22£Z§ “t4 me
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is-used; a total of 10 ¢c of ink is discharged to cure Lhe printing '
defect. Im this case, tﬁé button was pUSh§35£#ﬁ§ tlnés When the printer
of the present invention'is used, the sa ﬁi ink was di schar ged,
but it is only four tines that the recovery button |s pushed. Conse-

gquently, the table teaches that the printer of the inven- tion can save

t he nunber of the pushings of the button by one tinme, and proportionally
reduce the print rest
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tine required for the ipg suction operatiﬂ
descri bed above, the interval e
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sucked |r1k I s determ ned on the ba5|s f“t e t| ter- val between button
pushi ngs. Alternativel >f ‘the ink suction tine a h&‘&i”munt of sucked ink
by the cap nenber can be deterni nedroe. tide basis of the quantities of print
and paper feed. FIG 11 shows a third enbodi nent of the present

(A= ) start

ress the recovery button.

Produce a position detect signal.

/ Store the present time in the memory, .
and press the cap member against the

print head.
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inventioh in the formof_ an arrangenent of the control _gircuit 26. As
shown, the control cir u;»;t 26 i s conposed of a crocdfijuter 54 including a
CPU 51, a ROM 52 and a RAM 33, a counter-55 f cQuiting a print quan-
tity, such as the number of printed characters,/the num ber of lines, and
an anount of paper feed, and a menory 57 for storing data of the counted’
print quantity derived :

o265 FIG. 22
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17/
fromthe: counter 55 when,the recovery buttoryf igpusned It is progranmed /f
so as to execute a sequemce of operations as/given belipit. Wen the recovery
buttom 27, which is provided on an operating panel of the prnter chassis,

S pushed, the position detector 18 Sho%%ﬁéﬁl ¥6G.22produces a signal . At

this time, the control circuit sends i gnal to the solenoid drive cir-
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12 %to control circuit sends a S|gnal to the pymp drive circuit 29 to ?ﬁ
operate the suction pump‘zo for a preset ti H72; FIG ¥2 is a functional -
bl ock-di agram showi ng a nodel of the function to be realized by the

m crocom puter 54. The circuit is conposed of print quantity dif- ference
conputing unit 58, reference print quantity setting unit 59, conparing-unit

60, suction tinme setting
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uni t 61 and sol enoid drive directing unit E?//%%S/prlnt quantity ‘QZ
di fference conputing unit 58 conputes a pri tity.difference [err]L '
between print quantity data stored in the nmenory 57 and ‘'dat a out put from

t he counter 55 when the recovery button 27 |s pushed. The reference print

gquantity setting unit 59 stores a re rint quantity L[err] to
determne the type of printing defect™ ec ﬂ%a??ng unit 60 conpares the
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>
the same when the suctign is conpl eted. Thexgp /gcgt%on of the apparatus Z
thus arranged will be 6e$cr| bed with reference t ~=13 showing a flow

chart. Upon start of "a pgjnt 5€g operations the mcrocom puter.54 causes

the counter 55 to count the print quan- tity (step 230). During the

printing operation, if a print- ing defect is found, the user pushes the
recovery button =20

\Z=r>—Start

~ Opgrate the counter.

Press the button.

Produce a position detect signal.

Store the present print quantity in the memory,
and press the cap member against the print head.
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of the previous pushing of the button and the present
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-15.- 231). Then, the carriage 4 is noved toward/the cap menber 10 under A
control of a carriage cpatrol circuit (not s-ﬁo@/;, g-carriage 4 faces the
cap nenber 10. At this tinme, the position detect’or 18 produces a signal

O

= . ,_\/N

LBy || _
‘“‘2\* / ~

I]—# [z ’
18 fE]:’ |
E——

76
Xy
Xy
=
EQSZ%ZIME
Y \s
i

i s IO
L e
ik,

:——I ——_';h:s_;l;et Has Been_Replaced L—L’i\‘—’%—:—J '

i A A1 | I

I

== ' { TING SHEET HAS BEEN

REPLACLD

e




o e s e e s e s e g
(sbep 2@2) In response to the signal, thnghgygégp%ter 54 fetches the /4
c

print quantity 11 at thﬁxlnstant that the ufton 27 produces a
signal, and stores it "7 t he menory 57. -Further the niTroconputer 54 sends
a S|gnal to the solenoid drive circui.t 28 to energize the solenoid 12. As a
result, the cap nmenber 10 herneti- ygall3x cl oses the nozzle face la of the
print head 1 (step 233). The microconmputer 54 fetches fromthe counter
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55 the prlnt quantity 1 until the recovery but
stores it in the nenory: 5? Then, the n1croconp

[err] obtained in the previous pu

75 oo

quantity differ- ence befween the print quantity [err]
éﬁ%ﬁ@ﬁﬁf the recovery button 27,

oCuces a S|gna
canputes a prlnt
and a print quantity
Vi Z.

énd

[err]L= [err] (step 234). The present. pash- |ng‘Uf‘The—butf0ﬁ~rs—+he flrst
pushi ng after power on. Accordingly, the CPU det%ﬂ@bmdﬁa gkgﬁg print

quan-

present time.

. Press the recovery button.

~ Produce a position detect signal.

 Move the print head .
to the brush mechanism

3&3

Store the present time in the memory, aﬁd
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the previous pushing of the button and the
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tity dif:ference AL is Iarger than the reference <91(;| °Tq_uﬁ’ntlty Lo (step "'Z‘;

235 Then, the conput 6{1“54 | ssues a signal to the ﬁp‘:drl ve circuit 29,

so that the suction punp 20 is operatedgif) generate a negative pressure in

t he nozzl e receiving chanber 17 of thegeap, nenber 10 (step 236). The

negative pressure acts on the nozzle f : to extract ink through the

nozzl e openings. Wth thgetdtew of the ink, paper particles and dust stuck
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nozzl e -gpeni ngs are washed away. Wen tlne
until the punp has suck&d an anount of i
foreign mate- rial, elapses (step 237),

ar

|ch Is the tinme taken

e
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operation of the punp 20, and at the sane tlne de-ener- gizes the sol enoid

12 to separate the cap nenber
this -condition,

2
Y e
!
i cPU |
{ |
K 1 L.
—
X r
. 1
RO RAM |!
: N S
5___7/'_7'/______/_1711__;
Couﬂter Memory
- gl
7 -
124 175

10 fromthe print head |
the print head 1 is operable in a print

(step 238). Under
region and starts

R ———

Sheet Has Been Replaced

T

Reference print ~

)\

]90 Wiper time setting mEssys

r ~__/
quant:.ty setti r = W To wn.rper drlve CerUlt 146
s twanh I L S 94
A garzar S zp | .
T AR FIA y M
,. 3 s ]
Print quantity 179 P [9i Suction time setting means
difference ad s . 29
: < N N2
computing NSy _131515_5 Cﬁcul
mems Wi sy ” ‘
179
Co;ux‘rter Memoxry I ?
~ ™\ ~ PV
B =y %'ﬁhﬁ;nﬁﬁ?ﬁasn;r
1 KS | REPLACED

174



thé?pr{ﬁ@ing operation qgain
rel atively short time
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the m croconmputer 54 stores print quantity data I[err] fromthe sounter._53

in the nenory 57, and sends a signal to the solenoid drive R}r?]m,(jﬁh 28T ¢

print head 1 (step 2331). The m croconputer 54 conputes a |
1

ST OCY pes

INK JET RECORDING APPARATUS

The present invention relates to an ink Jjet recording
apparatus in which a linear array of small nozzles and pressure
generators communicating with respective ones ‘of those nozzles
are provided, and dots are formed on a recording sheet in such
a manner that the pressure generators pressure feed ink to the
nozzles, and in turn the nozzles shoot ink jets onto the

recording sheet.

In an ink jet recording apparatus, a linear array of small
nozzles, each about 100 pm in diameter; is formed on the top of
the print head. To effect printing with this apparatus, the
print head is moved over the surface of a recording sheet by a
carriage. However, during the printing process, paper parti-
cles from the recording sheet and dust stuck to the same tend
to adhere to the nozzle openings. The nozzles 'l;_hus tend °*i:o get
clogged with the paper particles and dust. This leads to
printing defects. Also, air bubbles sometimes enter into a
connecting portion between the J:nk tank and the nozzles. In an
extreme case, th(; supply of ink to the nozzles is halted,
resulting in no print. .

To cope with the problems mentioned above, an ink sucking
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device in which a negative pressure generating unit, which
applies a negative pressure to a caﬁ-member for hermetically
sealing the nozzle opénings of the print head, is installed in
the printer. When a printing defect occurs, the user pushes a
print recovery button on a control panel. Then, the negative
pressure generatiné' unit is driven to produce a negative
pressure within the space of the cap member, and hence to
forcibly expel a larger amount of ink from the nozzles than in
normal printing. With the sucking of the ink, paper particles
and dust adhering to the nozzle openings are washed away with
the ink jets. In this way, the printer is recovered from the
clogging of the nozzles.

Air bubbles are normally present outside from the nozzle
openings. The ink thus must be sucked up in such an amount as
to extract the air bubble‘from.the nozzle openings. According-
ly, to eliminate air bubbles, the amount of the sucked ink is
much larger than that for removing paper particles and dust.

Thus, the forcible discharge of the ink consumes a great
amount o©of ink, which is much larger than that in normal
printing. - To avoid idle consumption of excessive amounts of
ink during maintenance, the usual practice is to limit the
amount of ink discharged for each operation of the recovery
switch to a preset value. The amount of ink discharged during
one suction operation is set at such an amount as to remove the
clogging of the nozzles that frequently occurs due to accumﬁla—
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print quantity difference between the print quantity data br#%QE% Pn% -
12 and the previous print quan- tity [err] store ?ni, : WDE;J L

counter

and.time t2 of the present ink suction, viz.. [err]L=[ern] (step 234) |
: Then it com pares the difference print quantlty with the; reﬁéﬂéﬁcﬁmgrlnt
quantity (step 235). Wiere a |light prinBing defect due t ghe forelgn

stuck to the nozzles recurs,_the interval betmeen fﬁe”TTTEH‘“ I

mat eri al

second printing de- - . - e

hog

i
|

s

- -

tion of paper particles and dust thereon. This amount is 0.5
éc, for example. Therefore, if a u;;r mistakenly pushes the
recovery button, the amount of ink consumed is about 0.55 cc at
most.

In case where about 2 cc of ink-must be discharged, for
example, to remove air bubble is removed, the recovery button
must be pushed many times. This work is cumbersome for the
user. The number of button pushings can be reduced by increas-
ing the amount of ink discharged by one suction operation to
such an extent as to remove the bubbles. Where the technigue
is employed, the ink is excessively discharged or sucked for

curing light printing defects caused by paper particles and

dust stuck to the nozzles,.- which frequently occurs.

Accordingly, an object of the present invention is to
provide an ink jet recording apparatus with a printing defect
recovery function which limits. the amount of ink required for
curing light printing defects, and to reduce the number of ink
sucking operations for removing air bubbles.

This object is solved by the ink jet recording apparatus
according to independent claims ] ai4. Further advantageous
features of the invention are evident from the dependent
claims, the description, examples and drawings. The claims are
intended to be understood as a first non-limiting approach of

defining the invention in general tems.

The present invention relates to a technigue for removing light
printing defects due to paper particles, dust, and like, and
heavy printing defects due to mixing of air bubbles into the

ink jets.
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fects is usually within 250 lines of printing. The refer- Q@é‘éﬁﬂg#@ﬁ" SHEETY

quantity Lo is selected on the basis of this figure (250) pf

lines until the recovery button is pushed again. The prin
to foreign material stuck to: the nozzle openings, when the
continuously operated, will happen betweén approximtely 1
l'ines, although the nunbers of lines in a given

Sk t

""t'he TUnTheT 0ot

ting de ect gdug
or P ALer &
ODD,and.lQ1000~

Te present invention also providesan

ink jet recording apparatus with a printing defect recovery

function which reduces the amount of time a brush'.is operated

for removing the paper particles and dust.

In accordance with the present invention, to overcome the

above-described difficulties, in a recording apparatus with an

¢
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situation will of course depend on anbient conditions and th f‘_kiﬁﬁi@?
paper used. This fact was experinen- tally confirned by the i nventors-

the present case, the print quantity difference AL (=12-11) |s nuch, s

than the reference print quan tity Lo. This indicates a high drdbémﬂlt
that the cause of the present printing défect is not forelgr daLerLaL~§juck
to the nozzle openings, but air bubbles entering

LA

ink jet print head which forms dots on a recoxrding sheet by ink
jets shot by an array of nozzles, a &icrocomputer determines
whether a printing defect is a light printing defect, that is,
a defect caused by paper particles and dust stuck to the
nozzles, or a heavy printing defect, that which is a defect
caused by air bubbles entering the ink flow paths. The
determination is made on the basis of intervals of operating a
print recovery button mounted on a chassis of the recording
apparatus.

For light printing defects, the computer instructs the
placement of a cap member on the front face of the nozzles of
the print head and the application of a negative pressure to
the nozzles, thereby to reduce the amount of ink emitted from

the nozzles. For heavy printing defects, the computer increas-

es the amount of ink jetted.

Other objects, features and advantages of the present
invention will be apparent from the following detailed descrip-~
tion taken in connection with the accompanying drawings, in
which:

Fig. 1 is a perspectivé view showing an outline of an ink
jet printer according to the present invention;

Fig. '2 is a perspective view showing in detail a'cap
member of the ink jet printer of Fig. 3 and a structure around

the cap member;
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the ink path. Accordingly, the conputer 54 selects the suctiQ E H%ﬁghk
which is larger than the suction time Ts necessary for reno Tﬁgﬁt swmmm’i
mat eri al . At the instant that the tinme T[err]to suck the >at|sfactory g
amount Qerr] of ink for discharging the air bubbles has el apped { §C8p5e23

and 240), the mcroconputer 54 stops the6éoperation of the pan 20, and 7
de-energi zes the solenoid 12 to separate the cap nenber 10 [ignmtne y

g e o e v

Fig. 3 is a block and schematic view showing an arrange-
ment including ink flow paths of the érinter of Fig. 1 and its
control unit;

Fig. 4 is a block diagram showing the control unit when it
is realized using a microcomputer;

Fig. 5 is a block diagram showing a model of functions
realized by the microcomputer;

Figs. 6 and 7 are respectively a flow chart and a timing
chart showing a sequence of operations carried out by the
circuit arrangement of Fig. 5; |

Fig. 8 is a block diagram showing a circuit arrangement
employed to realize a function by the microcomputer contained
in the control circuit, which is a second embodiment of the

. present invention; |

Figs. 9 and 10 are a flow chart and a timing chart showing
a sequence of operations by the circuit arrangement of Fig. 8;

Fig. 11 is a block diagr;m showing a third embodiment of
the present invention containing a control circuit as a major
portion;

Fig. 12 is a block diagram showing a model of the function
of a microcomputer constituting the control circuit in the
third embodiment; =

Fig. 13 is a flow chart showing an operatio;l of the

apparatus in the third embodiment;

Fig. 14 is a block diagram showing a fourth embodimen£ of

e

T
e




nozzl e openings. Under this condition, the carriage 4 is rmv’é“{@«ll}e ﬁ? g zfjmw'
print region (step 238). When the recovery button 27 is gvaf et
print of 250 to 1,000 lines is nade further to the quantity [ rr,]QmM, e 5
print made by the previous pushing or the button 27, the car’rl age¥ #C %99“53 !
retracts to the position of the cap menffer 10 and the posi tijon._det ect or ]
produces a signal. At this time (step 232), the mcrocorrputér 54 stores tﬁe

the present invention in terms of the function that is executed
by a microcomputer; )

Fig. 15 is a flow chart showing an operation of the
apparatus in the fourth embodiment;

Fig. 16 is a block and schematic view showing an arrange-
ment including ink flow paths and a control circuit according
to a fifth embodiment of the present invention;

Fig. 17 is a block diagram showing the control circuit in
the fifth embodiment.

Fig. 18 is a block diagram showing the function of a
microcomputer constituting the control circuit in the third
embodiment;

Figs. 19 and 20 are a flow chart and a timing chart
showing a sequence of operations of the apparatus shown in the
fifth embodiment;

Fig. 21 is a block diagram showing the function to be
executed by a microcomputer in a sixth embodiment of the
present invention;

Figs. 22 and 23 are a flow chart and a timing chart
showing a sequence of operations of the apparatus shown in the
sixth embodiment; |

Fig. 24 is a block diagram showing a control circuit in a
seventh embodiment; |

Fig. 25 is a block diagram showing the function to be

executed by a microcomputer in the seventh embodiment of the
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time data 13, which conmes from the clock circuit 34, in {EPIEMGHYND ﬁ,uﬁ‘gq
then sends a signal to the solenoid drive circuit 28. By {his: %hgﬁaw—%he
solenoid 12 is ener- gized to nake the cap nenber 10 cont ac! ;h,\trh,%qgrl nt
head 1 (step 233). The microconputer 54 conputes a prin qua?rf-t My i

di fference between the print quantity [erg] of the previoys]pushing_ of. the
recovery button 27 as stored in the mem

present invention;

Fig. 26 is a flow chart show;ng an operation of the
seventh embodiment;

Fig. 27 is a block diagram showing the function to be
exécuted by a microcomputer in an .eight embodiment of the
present invention;

Fig. 28 is a flow chart showing an operation of the eight
embodiment;

Fig. 29 is a perspective view showing in detail a cap
member of a ninth embodiment of the present invention and a
structure around the cap member;

Fig. 30 is a block and schematic view showing an arrange-
ment including ink flow paths and a control circuit according
to the ninth embodiment shown in Fig. 9;

Fig. 31 is a block diagram showing a control circuit
constituting the ninth embodiment;

Fig. 32 is a block diagram showing the function of a
microcomputer constituting the control circuit in the ninth
"embodiment of Fig. 31;

Figs. 33 and 34 are a flow chart and a timing chart
showing a sequence of operations of the apparatus shown in the
ninth embodiment; -

Fig. 35 is a side view showing another embodiment of a
brush mechanism;

Fig. 36 is a block diagram showing a control circuit
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constituting a tenth embodiment of the present invention;
Fig. 37 is a block diagram shéﬁing the function to be
executed by a microcomputer in the tenth embodiment of the
present invention; and
Fig. 38 is a flow chart showing an operation of the tenth
embodiment.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

Fig. 1 is a perspective view showing the construction of
an ink jet printer according to the present invention. In the
figure, reference numeral 1 designates an ink jet print head
having an array of nozzles. The print head is disposed with
the openings of the nozzles facing a print surface. The print
head is mounted on a carriage 4 which reciprocatively moves in
the direction of width of a recording sheet 3 along a pair of-
guide rails 2 and 2. An ink tank (not shown) supplies ink
through a tube 5 to the print head 1. Reference numeral 6
designates a platen to support the recording sheet 3. The
platen 6 is rotatably supported at both ends by a'pair of base
plates 7 and 9. A cap member 10, which is to be in contact
with the front face of the print head 1, is disposed on the
left side of the base plate B8 and out of a print region. The
cap member 10 communicates with a suction pump by means of a
tube 11.

Fig. 2 is a perspective view showing the details of the

cap member 10. As shown, the cap member 10 is retractably
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- 17- ory 57 and print quantity [err] of the present pushtng . ﬁ EE::T'
[err]L=[err](step 235). Then, it conpares the print quar- {tity" dirtterence
with the reference print quantity Lo (step 235). In the pﬁeseng ca the
print quantity difference [err]L (=[err]) is larger thad the referé

print quantity Ls, so that the ink is sa®ked by the snal [+ﬂk*aﬂ9unL_Q5

coupled with a solenoid 12 by means of a rod 13 and an arm 14.
In the cap member 10, a resilient memger_ls,,which is provided
on a base member 15, is shaped so as to enclose the front end
containing a nozzle face la of the print head 1, and defines a
nozzle receiving chamber 17. A negative pressure as trans-
ferred from a pump 20 (described in detail below) enters the
nozzle receiving chamber 17. A position detector 18, when
contacts the carriage 4, produces a signal. To be more
specific, when the print head 1 moves and faces the cap member
10, the carriage 4 comes in contact with the position detector
18. fThen, the detector produces a signal and sends it to a
control circuit 26 to be given later, Under control of the
control circuit 26, the solenoid 12 is driven to move the base
member 15 of the cap member toward the nozzle face la.
Finally, the cap member 10 hermetically seals the nozzle face
la of the print head 1.

Fig. 3 is a block and schematic diagram showing an -
arrangemen; of the printer containing an ink supply -flow
system, an ink suction flow system operat%ng in a print
recovery mode, and a control system for print recovery. A
suction pump 20 is coupled at the suction port_20a with the
nozzle receiving chamber 17 of the cap member 10 by way of the
tube 11, and at the discharge port 20b with a used-ink tank 23
of an ink cartridge 22 by way of a tube 21. An ink tank" 24

contained in the cartridge 22 is connected to the print head 10
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for the printing defect due to the foreign material (FIG
Succeedi ngly, the steps (237) and (238) are executed. As

foreign material, such as paper particles and dust, is wa$
nozzl e openings with the discharged ink, and the printer

printing. As described above, the inkljet printer of t
enbodi ment detects the amounts of paper particles and
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by way of a tube 5.

The control circuit 26, which exécu?es sequences of print
recovery process steps, is arranged as shown in Fig. 4. The
control circuit 26 is composed of a microcomputer 33 including
a CPU 30, a ROM 31 and a RAM 32, a clock circuit 34, and a
memory 35 for storing time data representative of time of
pushing of the recovery button 27. The circuit 26 is pro-
grammed so as to execute a sequence of operations as given
below. When the recovery button 27, which is provided on an
operating panel of the printer chassis, is pushed, the position
detector 18 produces a signal. At this time, the control
circuit sends a signal to the solenoid drive circuit 28 (Fig.
3). In turn, the drive ‘circuit 28 drives the solenoid 12 to
press the cap member 10 against the print head 1. Then, the
control circuit sends a signal to the pump drive circuit 29 to
operate the suction pump 20 for a preset time.

Fig. 5 is a functional block diagram showing a model of
the function to be realized by the microcomputer 33. The
circuit is composed. of time difference computing unit 40,
reference time setting unit 41, comparing unit 42, suction time
setting unif 43, and solenoid drive unit 44. .The time differ-
ence computing unit 40 conputes a time differerce . AT between time
data of the previous pushing of the recovery button 27 as
stored in the memory 35 and the time 6f the present pushing.

The reference time setting unit 41 stores a reference time T,
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dust, which are proportional to the print quantity. Ac- ccRQPﬂg{y;g$he SHRE

A

recovery of the printer fromthe printing defect is qU|ckenedwmmmwF$GL‘iﬁ
shows a fourth enbodi nent of the present invention in terng of thg)functlo
to be realized by the m croconputer 54. The circuit is conrose& ﬂﬁf
quantity difference conputing unit 65, rl&ference print quantilty _setting
unit 66, conmparing unit 67, suction time

o

to determine a type of printing defect. The comparing unit 42
compares the time difference AT derived from the time differ-
ence computing unit 40 with the reference time T,. The suction
time setting unit 43 selects a suction time Tg long enough to
wash away paper particles and dust o¥ a suction time Ty long
enough to remove air bubbles on the basig of the result of the
comparison. The solenoid drive unit 44 energizes the solenoid
12 by a signal from the position detector 18, and de-energized
the same when the suction is completed.

The operation of the apparatus thus arranged will be
described with reference to Figs. 6 and 7 respectively showing
a flow chart and a timing chart.

When a oprinting defect is found, a user pushes the
recovery button 27, which is provided on the chassis of the
printer (step 200). Then, the carriage 4 is moved toward the
cap member 10 under control of a carriage confrol circuit (not
shown). The carriage 4 faces the cap member 10. At this time,
the position detector 18 produces a signal (step 201). In
response to the signal, the microcomputer 33 stores time data
t, dexrived from the clock circuit 34, and then sends a signal
to.the solenoid drive circuit 28 to energize the solenoid 12.
As a result, the cap member 10 hermetically closes the nozzle
face la of the p:inﬁ head 1 (step 202). The microcomputer 33
computes a timei difference between time t; the buttoﬁ 27

generates a signal and time to, of the previous pushing of the
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setting unit 68, suction time prolong unit 69, and sol e- »(EQ@Q.’?W?@ g,gﬁfiy“f
70. The print quantity difference com puting unit 65 conpttes—a-pfiti—
gquantity difference AL between print quantity data stored in the. m;,m)ryt
and data output fromthe counter 55 when the recovery but 4 ory ?*F’*i S? ‘p 2e
The reference print quantity setting unil® 66 stores a refe¢rence print ! )
quantity Lo to deternmine the type of printi ng defect. The conparing unit {67
com - -

button 27, wviz., AT = t; - t, (step 203). The present pushing

of the button is the first pushing after' powexr on.

Accordingly, the CPU determines that the time difference
AT is longer than the reference time T, (step 204). The
reference time T, is the time that will elapse until the
nozzles get clogged by foreign material, such as paper parti-
cles and dust, when the printer is operated in an ordinary
printing mode, and is usually approximately five to ten hours.
Printind defects due to foreign material adhering to the nozzle
openings occur on the average of about five to ten hours after
the printer is continuously operated, although the time depends
on ambient conditions of the printer installed and the quality
of paper. This fact was experimentally confirmed by the
present inventors.

Then, .the computer 33 issues a signal to the pump drive
circuit 29, so that the suction pump 20 is operated to generate
a negative pressure in the nozzle receiving chamber 17 of the
cap member 10 (step 205). The negative pressure acts on the
nozzle face la to extract ink through the nozzle openings.
With the flow of the ink, paper particles and dust sticking to
tﬁe nozzle openings are wasﬁed away. When time Tg, that is,
the time taken u{xtil the pump. has sucked an amount of ink
necessary for removing the foreign material, elapses, viz. the
time necessary for sucking ink of approximately 0.5 cc (this

ink amount is denoted as Q,) elapses (Fig. 7, waveforms I), the
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pares the print quantity difference data fromthe print quantmfwdﬁﬂﬁé”f%ﬁgé i
conputing unit 65 with the refer- ence print quantity Lo. T e‘SUCtIOH timre
setting unit 68 selects a suction tine Ts | ong enough to wa ey apes o Ii
particles and dust or a suction tine T[err] |ong enough to re ve air B
bubbl es on the basis of the result of the4conparison. Wen the-recovery {
button 27 is pushed within the reference print quantity L[efr] after the

- » -

microcomputer 33 stops the operation of the pump 20, and at the
same time de-energizes the solenoid” 12' to separate the cap
member 10 from the print head 1 (step 207). Under this
condition, the print head 1 is operable in a print region and
starts the printing operation again.

A printing defect occurs again after a relatively short
time of ten and several minutes to one hour from the previous
pushing of the button 27. After recognizing the printing
defect, the user pushes the button 27 again (step 200). Then,
the carriage 4 is moved and reaches the position of the cap
member 10, and the position detector 18 produces a signal (step
201). At this time, the microcomputer 33 stores time data 12
from the clock circuit 34 into the memory 35, and sends a
signal to the solenoid drive circuit 28. As a result, the cap
member 10 is pressed against the nozzle openings of the print
head 1 (step 202). The microcomputer 33 computes a time
difference between time t; of the previous ink suction as
stored in the memory 35, and time t; of the present ink
suction, viz., AT = t, - t; (step 203). Then, it compares the
difference time with the reference time T, (step 204). In the

" present case, the time.difference AT (= t; - t;) is much shorter
than the referenqg time T;. This indicates a high probability
that the cause of the present printing defect is not foreign
material stuck to the nozzle openings, but air bubbles entéring

the ink path. On the basis of the fact that the recovery

%
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conpl etion of the suction for the suction time TL, the suctﬁkﬂn@ﬁﬁmuﬂm;j TN

extending unit 69 increnents the suction tine by flxed ting TTer%] ep¥«
t he N nunber of pushings of the recovery button. The soIenB i d drlve uni.t
ener - gi zes the solenoid 12 by a signal fromthe position et ev” Yof 7

and de-energi zes'the sane when the suctl®»n is conpl et ed. ]ﬂhﬁ.gpﬁLat
the apparatus thus arranged wll be _

-

EET:

Pr
b }

button 27 is pushed again within the time shorter than the
reference time T,, the computer 33 selec@s the suction time T
longer than the suction time 75 necessary for removing the
foreign material. '

When the nozzle face la of the print head 1 is hermetical-
ly closed by the cap member 10, the computer operates the pumé
20 to apply'a'negative‘pressure to the nozzle receiving chambexr
17 of the cap member 10 (step 208). TUpon the negative pressure
acting on the nozzle face la, ink is discharged from the ink
flow path through the nozzle openings into the nozzle receiving
chamber. Together with the discharged ink, the air bubbles are
attracted toward the nozzle openings and discharged outside
from the nozzles (¥ig. 7, waveforms II). At the instant that
the time T; necessary for sucking ink of approximately 2 cc
(this ink amount is denoted-as (,) elapses (step 209), the
micrpcompufer 33 stops the operation of the pump 20, and de-
energizes the solenoid 12 to .separate the cap member 10 from
the nozzle openings. Under this condition, the carriage 4 is
movable in the print region (step 207).

When the recovery button 27 is pushed after five to ten
hours from time point.t2 of the previous pushing of the button
27 (step 200), as }n the previous case, the carriage 4 retracts
to the position of the cap member 10 and the position detector
18 produces a signal. At this time (step 201), the microcom-

puter 33 stores the time data t, as applied from the clock
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circuit 34 into the memory 35, and then sends a signal to the
solenoid drive circuit 28. By the sign;}, the solenoid 12 is
energized to make the cap member 10 contact with the print head
1 (step 202).

The microcomputer 33 computes thé time difference between
time t, of the previous pushing of the recovery button 27 as
stored in the memory 35 and time t; of the present pushing,
AT = t; - t, (step 203). Then, it compares the time difference
with the reference time T, (step 204). In the present case,
.the time difference AT (= t; - t;) is longer than the reference
time T,, the microcompﬁter 33 éelects the suction time Tg, so
that the ink is sucked by the small ink amount Qs printing
defect due to the foreign material (Fig. 7, waveforms I).
Succeedingly, the steps (206) and (207) will be executed. As
a consequencé, foreign material, such as paper particles and
dust, are washed away from the nozzle openings with the
discharged ink, and the printer is made ready for printing.

As describéd above, in the ink jet printer of the instant
embodiment, the tyﬁe of printing defect is determined on the
basis of the time interval between the pushings of the recovery
button. The amount of ink to be sucked is set according to the
result of this determination. .To cure light priﬁfing defects
due to the foreign material stuck to the nozzle openings, a
small amount of ink is sucked. To cure heavy printing defécts,

a large amount of ink is sucked. Accordingly, the number of
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18 - Upon start of a printing operation, the microcom &h§§ﬁ2§§ Céusa s
the counter 55 to count the print quan- tity (step 250). Durlngwfhe"“”“““*
printing operation. if a print- 3wl B
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pushings of the recovery button as required for curing heavy
printing defects is reduced, and hencg the printer can be
quickly recovered from its abnormal state.

In a case where light printing defects due to foreign
material and heavy printing defects due to air bubbles substan-
tially alternately occurred, the amounts of ink consumed by a
conventional printer and the printer of the instant embodiment
were measured. The results of the measurement are shown in
Table 1. As seen, the conventional printer, in which the
amount of sucked ink was set at 2 cc for both light and heavy
printing defects, totally consumed 14 cc of ink. On the other

hand, the printer of the instant embodiment consumed only 7.5

cc. This figure is the half of that of the conventional
printer.
TABLE 1
Cause of ink dis- Ink consumption by Ink consumed by
charge trouble conventional printer of the in-
printex vention

Paper particles 2 cc 0.5 cc
Paper particles 2 0.5

Paper particles 2 0.5

Air bubbles 2 - 0.5 + 2
Paper particles 2 A 0.5

Air bubbles - =2 0.5 + 2
Paper particles 2 ‘0.5

Total ink consump- 14 cc ' 7.5 c¢
tion )

Fig. 8 shows a second embodiment of the present invention
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i ng def ect

si gnal ,
t hat the

I's found,
provi ded on the chassis of the printer
noved toward the cap nenber
(not shown).
position detector
the mcroconputer 54 fetches the print quantity 11]at the Tnstant

t he user pushes the recovery button 27
(step 251). Then,
10 under control of a carriage goptrol
The carriage 4 faces the cap menber 10. At thip {i & tehdd%t
18 produces a signal (B8ep 252). In respohsg to the

thé

- -

R T

in terms of the functions to be realized by tHe microcomputer

33 constituting the control circuit Z6. As shown, the control

circuit is composed of time difference computing unit 40,

reference time setting unit 41, comparing unit 42, suction time

setting unit 43, solenoid drive unit 44, and suction time

prolong unit 48. The time difference computing unit 40
computes a time difference AT between time data as stored in
the memory 35 and the times of pushing the recovery button.

The reference time setting unit 41 stores a reference time T,

to determine the type of. printing defect. The comparing unit

42 compares the time difference AT derived from the time

difference computing unit 40 with the reference time T,. The

suction time setting unit 43 selects a suction time Tg long
enough to wash away paper particles and dust or a suction time
T; long enough to remove air bubbles on the basis of the result

of the comparison. The solenoid drive unit 44 energizes the

solenoid 12 with a signal' from the position detector 18, and

de-energizes the same when suction is completed. When the

recovery button 27 is pushed within the reference time T, after

the completion of the suction for the suction time T, the

suction time extending unit 48 increments the suction time by
a fixed time AT, every N number .of pushings of the xecovery

button.

The operation of the circuit thus arranged wili be

described with reference to Figs. 9 and 10 respectively showing
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recovery button 27 produces a signal, and stores it in tﬁg@@g@ﬁﬂ%ﬁ&ﬁ?gggﬁgz
Further, the mcroconputer 54 sends a signal to the solewoﬁﬂ$ﬁ¥$®@ﬁ%ﬁw%mﬁt
28 to energize the solenoid 12. As a result, the cap nenb%rllO,JQﬂpg§§§ed
agai nst the print head | (step 253). Then, the conpute! 54 j s&éHes“a 4igna
to the punp drive circuit 29, so that th& suction punp 201ib operated._t
generate a negative pressure in the nozzle receiving chanFer 17 of the cap

a flow chart and a timing chart.

When a printing defect is found,.the user pushes the
recovery button 27, which is provided on the chass;'.s of the
printer (step 210). Then, the carriage 4 is moved toward the
cap member 10 under the control of a carriage control circuit
(not shown). The carriage 4 faces the cap member 10. At this
time, the position detector 18 produces a signal (step 211).
In response to the signal, the microcomputer 33 stores time
data t; derived from the clock circuit 34, and then sends a
signal to the solenoid drive circuit 28 to energize the
solenoid 12. As a result, the cap member 10 hemetically
closes the nozzle face la of the print head 1 (step 212). The
microcomputer -33 computes the time difference between time t,
the button 27 generates a sigrial and time t, of the previous
pushing of the button 17, viz., AT =.t1- to, (step 213). Then,
the microcomputer 33 compares the time difference AT with the
reference time T, (gtep‘2l4). Further, the microcomputer 33
issnes a signal to the pump drive circuit 29, so that the
suction pump 20 is operated to generate a negative pressure in
the nozzle receiving chamber 17 of the cap member 10 (step
215). The negative pressure acts on the nozzle face to extract
ink from the nozzle openings. Tgith the flow of the ink, paper
particles and dust stuck to the nozzle openings are washed
away. When time Ts, which is the time ;:aken until the pump has

sucked an amount of ink necessary for removing the foreign

Pamaaan ot s

———
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menber 10 (st
extract ink t

particles and dust stuck to the nozzle openings are washed V\/thMTer_p%l ne

Ts, which is
necessary for
m cr oconput er

ep 256). The negative pressure acts on the ncr
hrough the nozzle open- ings. Wth the fl ow adf !

the tine taken until the punp has sucked an @mpunt of ink
renoving the foreign nmaterical , el apses (step ) ttre
54 stops the operation of the punp 20, and at_the same

material, elapses (step 216), the microcomputer 33 stops the
operation of the pump 20, and at the same time de-energizes the
solenoid 12 to separate the cap member 10 from the print head
1 (step 217; Fig. 10, waveforms I). Under this condition, the
print head 1 is operable within the pfint region and starts the
printing operation again.

In this example, the printing defect occurs again after a
relatively short time of ten and several minutes to one hour
from the previous pushing of the button 27. After recognizing
the printing defect, the user pushes the button 27 again (step
210). Then, the carriage 4 is moved and reaches the pésition
of the cap member 10, and.the position detector 18 produces a
signal (step 211). At this time, the microcomputer 33 stores
time data t, from the clock circuit 34 into the memory 35, and
sends a signal to the'solenoid drive circuit 28. AAs a result,
the cap member 10 is pressed against the nozzle openings of the
print head 1 (step 212). The microcomputer 33 compares a time
difference between time t; of the previous ink suction as
stored in the memory 35, and time t, of the present ink
suction, viz., AT = t, - t, (step 213). Then, it compares the
difference time with the reference time T, (step 214).

In the present case, the time difference AT (5 t, - t,) is
much shorter than the reference time To. This implies a high
probability that the cause of the present printing defedp.is
not foreign material stuck to the nozzle openings, but air

—_—
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time de-energizes the solenoid 12 to separate the cap nenbeidylﬁbﬁymlpe
print head 1 (step 258). Under this condition, the print hea d*i*-rs-»operabl e
in a print region and starts the printing operation again. A, pr}nt,lﬁqg .
defect occurs again after a relatively short tine of severa i AesOro W6 |
several pages fromthe previous pushing2af the button 27. After _recogni zin é
the printing defect, the user pushes the button 27 again (step 251).

et e et st it i,

bubbles entering the ink path. The microcomputer 33 operates
the pump 20 (step 219), and stops tHe same after the time T,
taken for sucking the amount Q; of ink, which is necessary for
removing the air bubbles (step 220), and separates the cap
member 10 from the print head 1 (step 217; Fig. 10, waveforms
1I).

In the case where the previous ink suction for the bubble
removal Aimperfectly removes the air bubbles, the printing
defect due to the air bubbles will occur again within a very
short of time, e.g., ten and several minutes. If such printing
defect occurs and the user pushes the recovery button 27 (step
210), the carriage 4 is moved to the position of the cap member
10 and the position detector 18 produce_s an output signal (step
211). At this time, the microcomputer 33 sends a signal to the
solenoid drive circuit 28. Then, the cap member 10 is pressed
against the nozzle open'ings of the print head 1 (step 212). At
the same time, the microcomputer 33 fetches time data from the
clock circuit 34, and computes a time difference between the
time data t; and the time t, of the previous ink suction as
stored in the memory 35, viz., AT = t; - t, (step 213). Then,
it compares the difference time with the reference time T,
(step 214). 1In the case now digcussed, the recovery button is
operated again within a very short time, the microcomputer 33
increments the suction time Ty for bu13.b1e removal by a pr'gset

time AT, to be T, + AT, (step 221), and operates the operation
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Then, the carriage 4 is noved and reaches the position of ﬂﬁ

10, and the position detector 18 produces a signal (step 252).

é?\'ﬂ'i\nv f

AN e i
i ég f@ emi:sﬁ_

At this

time, the mcrocom puter 54 stores print quantity data |[grn] Fed@f% ks
counter 55 in the nenory 57, and sends a signal to the solgngid drive

circuit 28.

As a result, the'cap menber240 is pressed agai nst™the noz

openings' of the print head 1 (step 253). The microconputei_54 conputes a n

pri nt

of the pump 20 (step 122). After the incremented suction time
T, + AT,, the microcomputer stops the %ump 20 and separates the
cap member 10 from the print head 1 (step 217; Fig. 10,
waveforms III).

Subsequently, when the'pushing of the recovery button for
the very short time is repeated, the suction time for the
bubble removal is incremented by time AT x N every N number of
pushings to be T, + AT x N (step 221).

In the instant embodiment, even if the printing defect
found is a heavy printing defect requiring fregquent pushings of
the recovery button, it can be cured by incrementing the amount
of the ink to be sucked, with the feature of incrementing the
suction time for the bubble removal.

The inventors conducted an experiment to cure a heavy
printing defect due to air bubbles into the ink flow path. To
cure the printing defect, two printers were used; one a
conveﬁtional printer in which the amount of ink to be sucked is
fixed at 2.cc, and the other a printer according to the instant
embodiment which increments the amount of the sucked ink every
time the recovery button is pushed. The results of the

experiment are shown in Table 2.
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and the previous print quantity I[err] stored in the nenory| 57, anﬂ;brlnt'f'g
guantity 12 of the present ink suction, viz., [err]L:1[err]h1[eﬁggﬁ§$M@%‘ .
254). Then. it VEEETEE
23 bl
; i
_ - _ 1
TABLE 2
Number of recovery Conventional Present Invention
operations printer
ist time 2 1
2nd time 2 2
3rxrd time 2 3
4th time 2 4 - Ready for print
5th time 2 -~ Ready for print
Total ink 10 10
consumption

As seen from the table, when the conventional printer is
used, a total of 10 cc of ink is discharged to cure the

printing defect. In this case, the button was pushed five
times. When the printer of the present invention is used, the
same amount of ink was discharged, but it is only four times
that the recovery button is pushed. Conseguently, the table
teaches that the printer of the invention can save the number
of the pushings of the ' button by one time, and proportionally
reduce the print rest time required for the ink sunction
operation.

In the embodiments described above, the interval between
the operations of the recovery button is obtained from the time
data of the clock circuit. If required, a timer unit operated
in connection with the recovery button may be used for obtain-
ing the button operation interval.

Further, in the above embodiments, the amount of sucked

ink is determined on the basis of the time intexrval between
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quantity Lo (step 255).

conpares the difference print quantity with the refefy Eﬁﬂ%i éﬁﬂﬂ“?@g”

PR MY

24

0 OCT 1994

-

button pushings. .Alternatively, the ink suction time and the
amount of sucked ink by the cap member-can be determined on the
basis of the quantities of print and paper feed.

Fig. 11 shows a third embodiment of the present invention
in the form of an arrangement of the.control circuit 25. As
showni, the control circuit 26 is composed of a microcomputer 54
including & CPU 51, a ROM 52 and a RAM 53, a counter 55 for
counting a print quantity, such as the number of printed
charactérs, the number of lines, and an amount of paper feed,
and a memory 57 for storing data of the counted print quantity
derived from the counter 55 when the recovery button 27 is
pushed. It is programmed so as to execute a seguence of
operations as given below. When the recovery button 27, which
is provided on an operating panel of the printer chassis, is
pushed, the position detector 18 shown in Fig. 2 produces a
signal. A£ this time, the control circuit sends a signal to
the solenoid drive circuit 28. 1In turn, the drive circuit 28
drives the solenoid 12 to control circuit sends a signal to the
pump drive circuit’® 29 to operate the suction punp 20 for a
preset time.

Fig. 12 is a functional block diagram showing a model of

the function to be realized by the microcomputer 54. The

-

circuit is composéd of print quantity difference computing unit
58, reference print quantity setting unit 59, comparing unit

60, suction time setting unit 61, and solenoid drive directing

S
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In the case now di scussed, the recovery button is operated agéf WE it hi'h &ngs

very short time (step 259), the mcroconputer 54 increnents tm §U6T|on
time TL for the bubble renoval by a preset time [err]T[err] |t I%ﬁfﬁ%ﬁ

[err]T[err] (step 262), and operates the operation of the p
263). After the increnented suction tiz® T[err]+[err]T[err]
the m croconputer stops the punp 20 and separates the cap nber 10 from
the print head . - '

unit 62. The print quantity difference computing unit 58
computes a print guantity difference AL petween print quantity
data stored in the memory 57 and data output from the counter
55 when the recovery button 27 is pushed. The reference print
quantity setting unit 59 stores a reference print quantity L,
to determine the type of printing defect. The comparing unit
60 compares the print quantity difference data from the print
gquantity difference computing unit 58 with the reference print
gquantity Lo. The suction time ‘setting unit 61 selects a
suction time Tg long enough to wash away paper particles and
dust or a suction time Ty long enough to remove air bubbles on
the basis of the result of the comparison. The solenoid drive
directing unit 62 energizes the solenoid 12 by a signal from
the position detector 18, and de-energizes the same when the
suction is completed.

The operation of the apparatus thus arranged will be
described with reference to Fig. 13 showing a flow chart.

Upon start of a printing operation, the microcomputer 54
causes the counter 55 to count the print quantity (step 230).
During the printing operation, if a printing defect is found,
the user pushes the recovery button 27, which is provided on
the chasais of the printer (step 231). Then, the cérriage 4 is
moved toward the cap member 10 undexr control of a carriage
control circuit (not shown). The carriage 4 faces the cap

member 10. At this time, the position detector 18 produces a

——
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| (step 258). In case where the previous ink suction oper'{ gjﬁ@gd
bubbl e renoval has inperfectly renoved the air bub- bles, th 44
defect due to the air bubbles will occur again within a very

ne N ARV SR
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e.g., ten and several mnutes. If such printing defects occufs afd & Vus@?)
i)

pushes the recovery button 27 (step 251)26 the carriage 4 is
position of the cap nenber 10 and the

ed to the

e
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hort of tine,

.
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signal (step 232). 1In response to the signal, the microcomput-
er 54 fetches the print quantity l('at.the instant that the
recovery button 27 produces a signal, and stores it in the
memory 57. Further the microcomputer 54 sends a signal to the
solenoid drive circuit 28 to energize the solenoid 12. As a
result, the cap member 10 hermetically closes the nozzle face
la of the print head 1 (step 233). The microcomputer 54
fetches from the counter 55 the print guantity 1; until the
recove:j button 27 produces a signal, and stores it in the
memory 57. Then, the microcomputer 54 computes a print
quahtity difference between the print quantity 1; and a print
quantity 1, obtained in the previous pushing of the recovery
button 27, wviz., AL = 1; - 1, (step 234). The present pushing
of the button is the first pushing after power on. According-
ly, the CPU determines that the print quantity difference AL is
larger than the reference print guantity I, (step 235). Then,
the computer 54 issues a signal to the pump drive circuit 29,
so that the éuction pump 20 is operated to generate a negative
pressure in the nozzle ?eceiving chamber 17 of the cap member
10 (step 236). The negative pressure acts on the nozzle face
la to extract ink through the nozzle openings. With the flow
of the ink, paper particles and dust stuck tovthe nozzle
openings are washed away. When time T;, which is the time
taken until the pump has sucked an amount of ink necessarf_for

removing the foreign material, elapses (step 237), the micro-

;
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position detector 18 produces an output signal (step 252). Kﬁ iﬁ ‘“ﬁ?&%ﬁj‘*rfe}
the m croconputer 33 stores the print quantity 13 of the cqQufitér” 85“Tﬁto
the menory 57, and sends a signal to the solenoid drive cifciit; 28,

the cap menber 10 i s pressed agai nst the nozzle openings of {h& “ibr‘l“’r‘lt Ead
| (step 253). At the sane time, the ni- Zkoconputer 33 compu 0 =S
di fference between the print quantlty 13 and thle preV|ous primaquantity 12
bt usi u - - Bammn

computer 54 stops the operation of the pump 20, and at the same

time de-energizes the solenoid 12 to §epa;ate the cap member 10
from the print head 1 (step 238). Under this condition, the
print head 1 is operable in a print region and starts the
printing operation again.

A printing defect occurs again after a relatively short
time of ten and several lines to several pages from the
previous pushing of the button 27. After recognizing the
printing defect, the usexr pushes the button 27 again (step
231). Then, the carriage 4 is moved and reaches the position
of the cap member 10, and the position detector 18 produces a
signal (étep 232). At this time, the microcomputer 54 stores
print guantity data 1, from the counter 55 in the memory 57,
and sends a signal to the solenoid drive circuit 28. BAas a
result, the cap member 10 is pressed against the nozzle
openings of the print head 1 (step 233). The microcomputer 54
computes a print quantity difference between the print guantity
data 1, from the counter 12 and the previous print quantity 1,
stored in the memory 57, and time t, of.the present . ink
suction, viz., AL = 1, ~ 1, (step 234). Then, it compares the
difference print quantity with the reference print quantity
(step 235). Where a light prigting defect due to ‘the foreign
material stuck to'the nozzles recurs, the interval between the
first and second printing defects is ﬁsually within 250 lines

of printing. The reference print quantity L, is selected on

/
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in the nenory 57, viz., [err]L=l[err]-1[err] (step 254). Th nrmLh@M,;; S”xyl

m croconput er 33 conpares the difference tine with the refelehce prlnt .
quantity Lo (step 255). In the case now being di scussed, t he ?e@@v%py 995 §
button is operated again within a very short tine (step 259l,§the m Crocony i
puter 33 increnments the suction tine T[erg] for bubble renoval by the

preset time [err]T[err] to be T[err]+[err]Ta (step 262) anhAnnprareq the
operation of the punp 20 (step

the basis of this figure (250) of the number of lines until the

w
1
¥

recovery button is pushed again. -

The printing defect due to foreign material stuck to the
nozzle openings, when the printer is continuously operated,
will happen between approximately i,OOO and 10,000 lines,
although the numbers of lines in a given situation will of
course depend on ambient conditions and the quality of paper
used. This fact was experimentally confirmed by the inventors.

In the present case, the  print quantity difference AL
(= 1, - 1,) is much smaller than the reference print quantity
Io,. This indicates a high probability that the cause of the
present printing defect is not foreign material stuck to the
nozzle openings, but air bubbles entering the ink path.
Accordingly, the computer 54 selects the suction time Ty, which
is larger than the suction time T; necessary for removing the
foreign material.

At the instant that the time T; to suck the satisfactoxry
amount Q, of ink for dischaxrging the air bubbles has elapsed
(steps 239 and 2405, the microcomputer 54 stops the operation
of the pump 20, and de-energizes the solenoid 12 to separate
the cap member 10 from the nozzle openings. Undexr this
condition, the carriage 4 is mqgvable in the print fégion (step
238).

When the recovery button 27 is pﬁshed after the print of

250 to 1,000 lines is made further to the quantity 1, of the
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263). After the increnented suction tine T[err] + [err]T[er ETapwmgﬁg““
(264), the mcroconputer stops the punp 20 and separates thg Fa ¢ n?q?
fromthe print head 1 (step 258). Subsequently, when the pu thg”B
recovery but- ton for the very short tinme is repeated, the tion.tine.f.o
the renoval is increnented by tinme [err??XN every N nunber of pushings to

be T[err]+[err] TX N (step 262) .

-

print made by the previous pushing of the button 27, the
cérriage 4 retracts to the position of the cap member 10 and
the position detector 18 produces a signal. At this time (step
232), the microcomputer 54 stores the time data 13, which comes
from the clock circuit 34, in the memory 57, and then sends a
signal to the solenoid drive circuit 28. By this signal, the
solenoid 12 is energized to make the cap member 10 contact with
the print head 1 (step 233).

The microcomputer 54 computes a print guantity difference
between the print guantity 1, of the previous pushing of the
recovery button 27 as stored in the memory 57 and print
guantity 1, of the present pushing, AL = 1; - 1, (step 235).
Then, it compares the print quantity difference with the
reference print quantity I, (step 235). In the present case,
the print quantity differenée AL (= 13 - 1;) is larger than the
reference print guantity Ls, so that the ink is sucked by the
small ink amount Qs for the printing defect due to the foreign
material (Fig. 7, waveforms I). Succeedingly, the steps (237)
and.({238) are executed. As a consequence, the foreign materi-
al, such as paper particles and dust, is washed away from the
nozzle openings with the discharged ink, and the printer is
made ready for printing. -

As described.above, the ink jet printer of the instant
embodiment detects the amounts of paéer particles and dﬁst,

which are proportional to the print gquantity. Accordingly, the
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* In the instant enbodi ment, even if the printing defect ¢ é@r_@ﬁ
printing defect requiring frequent pushings of the recovery rt‘ o At ‘f‘ah
be cured by increnenting the amount of the ink to be suckeq
feature of incrementing the suction time for bubbl e renoval.
30
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recovery of the printer from the printing defect is guickened.

Fig. 14 shows a fourth embodiment of the present invention
in texrms of the function to be realized by the microcomputer
54. The circuit is composed of print quantity difference
computing unit 65, referencé print quantity setting unit 66,
comparing unit 67, suction time setting unit 68, suction time
prolong ﬁnit 69, and solenoid d:::ive unit 70. The print
quantity difference computing unit 65 computes a print quantity
difference AL between print quantity data stored in the memory
57 and data output from the counter 55 when the recovery button
27 is pushed. The reference print quantity setting unit 66
stores a reference print quantity L, to determine the type of
printing defect. The comparing unit 67 compares the print
quantity difference data from the print quantity difference
computing unit 65 with the reference print quantity L,. The
suction time setting unit 68 selects a suction time Ts long
enough to wash away paper particles and dust or a suction time
T, long enoungh to remove air bubbles on the basis of the result
of the comparison. When the xecovery button 27 is pushed
within the reference print quantity L, after the completion of
the suction for the suction time T., the suction time extending
unit 69 increments the suction <time by fixed time.Tl every the
N number of pushings of the recovery button. The solenoid
drive unit 70 energizes the solenoid 12 by a signal from" the

position detector 18, and de-energizes the same when the
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suction is completed.

The operation of the apparatus t?us -arranged will be
described with reference to Fig. 15 showing a flow chart.

Upon start of a printing operation, the microcomputer 54
causes the counter 55 to count the print quantity (step 250).
During the printing operation, if a printing defect is found,
the user pushes the recovery button 27, which is provided on
the chassis of the printer (step 251). Then, the carriage 4 is
moved toward the cap member 10 under control of a carriage
control circuit (not shown). The carriage 4 faces the cap
member 10. At this time, the position detector 18 produces a
signal (step 252). In response to the signal, the microcomput-
er 54 fetches the print quantity 1, at the instant that the
recovery button 27 produces a signal, and stores it in the
memory 57. Further, the microcomputer 54 sends a signal to the
solenoid drive circuit 28 to energize the solenoid 12. As a
result,-the cap member 10 is pressed against the print head 1
(step 253). Then, the computer 54 issues a signal to the pump
drive circuit 29, so that the suction pump 20 is operated to
generate a negative pressuré in the nozzle receiving chamber 17
of the cap member 10 (step 256). The negative pressure acts on
the nozzle face la to extract ink through the nozzle openings.
7ith the flow of the ink, paper particles and dust stuck to the

nozzle openings are washed away. When time Ts, which is’ the

time taken until the pump has sucked an amount of ink necessary
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FIG 16 shows a fifth enbodi ment of the present |nvent|orjRL ﬁ’a “\‘/‘f}-‘bﬁm,ﬁ?

the cap nenber and its rel ated structure. A suction punpi20 i s coupl éﬁ““%}
at the suction port 20a with a first through hole la of fh aapﬂ@m;@& i
ber 10 by way of the tube 11, and at the di scharge port 0b with A
used-ink tank 23 of an ink cartr| dge 2232by way of a t ube{ 76 wAﬁ»inkm{:.aaﬂ
24 contained in the car- tridge 22 is connected to the p'__|____r_1jt___head 10 by

.,9__

3]

L 2o
e e

way of a ~ . -
for removing the foreign material, elapses (step 257), the

microcomputer 54 stops the operation ®f the pump 20, and at the
same time de-energizes the solenoid 12 to separate the cap
member 10 from the print head 1 (step 258). Undexr this
condition, the print head 1 i's operai:le in a print region and
starts the printing operation again.

A printing defect occurs again after a relatively short
time of several lines to several pages from the previous
pushing of the button 27. After recognizing the printing
defect, the user pushes the button 27 again (step 251). Then,
the carriage ¢4 is moved and reaches the position of the cap
member 10, and the position detector 18 produces a signal
(step 252). At this time, the microcomputer 54 stores print
guantity data 1, from the counter 55 in the memory 57, and
sends a signal to the solenoid drive circuit 28. As a result,
the cép:member 10 is pressed against the nozzle openings of the
print head 1 (step 253). The microcomputer 54 compu?es a print
quantity difference between the print quantity data 1, from the
counter 13 and the previous print quantity 1, stored in the
memory 57, and print quantity 1, of the present ink suction,
viz., AL = 1; - l;(step 254). Then, it compares the difference
print quantity'wi?h the referenge print quantity'L;(s£ep 255)
and if AL is smaller than L _steps 259.to 261 in Fig. 15 will
follow, and after a suction operation for a time perid T which

normally should be sufficient for removing the bubbles, the suct

will be completed according to step 258.
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t ube 5.

A control circuit 73 is provided for executing a se- quemcemo%“prrﬁf~m
recovery process steps. and. is arranged as shown in FIG | (1 %Mn
the control circuit 73 is conposed of3z mi croconput er ?4 [ dfuﬂin 8

81,

The cap nmenber 10 is further provided with a .second-..—. LhLough
hole 10b, and is coupled with an air open valve 72 by w@ﬁﬁbﬁf'wﬁﬁﬁé\Il

[P

£,

| S i

In case where the previocus ink suction operation for
bubble removal has imperfectly removed the air bubbles, the
pi:inting defect due to the air bubbles will occur again within
a very short of time, e.g., ten and several minutes. If such
printing defects occurs and a user pushes the recovery but-
ton 27 (step 251), the carriage 4 is moved to the position of
the cap member 10 and the position detector 18 produces an
ontput signal (step 252). At this time, the microcomputexr 33
stores the print gquantity l:; of the ‘counter 55 into the
memory 57, and sends a signal to the solenoid drive circuit 28.
Then, the cap member 10 is pressed against the nozzle openings
of the print head 1 (step 253). At the same time, the micro-
computer 33 computes a time difference between the print
quantity l; and the previous print gquantity 1, stored in the
memory 57, viz., AL = 1, - 1, (step 254). Then, the microcom-
puter 33 comparés the difference time with the reference print
quantity L, (step~ 255).As .inthe case now being discussed, the
recovery button is operated again within a very short time
(step 259), the microcomputer 54 increments the suction ti:i}e T

for bubble removal by the preset time AT, to be T, + AT,

—— "
———

—
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a ROM 82 and a RAM 83, a clock circuit 85, and a menory 8@.{, ,imrmn AT
time data representative of tines of pushing of the recoue“f“-nbht‘ >
The m crocom puter 84 is progranmed so as to execute a eduence roja
operations as given bel ow Wen the recovery button 27, |1ch3 pPLy W9
provi ded on an operating panel of the 34 printer chassis, i p‘gs:‘hed the

position detector 18 pro- duces a signal. At this tine, tthe cont r ol
circuit sends a - ° . 3 ) |

(step 262), and operates the operation of the pump 20
(step 263). After the incremented suction time T, + AT,
elapses (264), the microcomputer stops the pump 20 and sepa-
rates the cap member 10 from the print head 1 (step 258).

Subsequently, when the éushir;g of the recovery button for
the very short time is repeated, the suction time for the
removal is incremented by time AT x N every N number of
pushings to be T, + AT x N (step 262).

In the instant embodiment, even if the printing defect
found is a heavy printing defect requiring frequent pushings of
the recovery button, it can be cured by incrementing the amount
of the ink to be sucked, with the feature of incrementing the
suction time for bubble removal.

Fig. 16 shows a fifth embodiment of the present invention
in the form of the cap member and its related structure. A
suction pump 20 is coupled-at the suction port 20a with a first
through hole 10a of the cap member 10 by way of the tube 11,
and at the discharge port 20b with a used-ink tank 23 of an ink
cartridge 22 by way of a tube 70. An ink tank 24 contained in
the cartridge 22 is connected to the print head 10 by way of a
tube 5. |

The cap member 10 is further oprovided wi#:h a second
through hole 10b, and is coupled with an air open valve 72 by
way of a tube 71.

A control circuit 73 is provided for executing a sequence
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signal to the solenoid drive circuit 28 (FIG 3). In turn, ;@Whﬁbﬁﬁqﬁﬁ‘ i:;h .,
it g?';.r.’

circuit 28 drives the solenoid 12 to press the cap nenbed $U"agarﬂs i
print head 1. Then, the con- trol circuit sends a signal [té the wnp, i
drive circuit 29 to operate the suction punp 20 for a prés%ﬁ"tfﬁ’g 1795 J
Furt her, It sends a signal to the vaB®%e drive circuit 74 leh. .
|ntern1ttently opens and cl oses the alr open val ve 72 when a | ong o
suction tine is conpl-eted. . . T et

of print recovery process steps, and is arranged as shown in
Fig. 17. As shown, the control circuit 73 is composed of a
microcomputer 84 including a CPU 81, a ROM 82 and a RAM 83, a
clock circuit 85, and a memory B6 for storing time data
representative of times of pushing of the recovery button 27.
The microcomputer 84 is érogrammed so as to execute a seqguence
of operations a;.s given below. When the recovery button 27,
which is provided on an operating panel of the printer chassis,
is pushed, the position detector 18 produces a signal. At this
time, the control circuit sends a signal to the solenoid drive
circuit 28 (Fig. i§). In turn, the drive circuit 28 drives the
solenoid 12 to press the cap member 10 against the print
head 1. Then, the control circuit sends a signal to the pump
drive circuit 29 to operate the suction pump 20 for a preset
time. Further, it sends a signal to the valve drive cir-
cuit 74, which intexmittently opens and closes the air open
valve 72 when a long sﬁétion time is completed.

Fig. 18 is a functional block diagram showing a model of
the function to be realized by the microcomputer 84. The
circuit is composed of time setting unit 91, comparing unit 92,
suction time setting unit 93, solenoid drive unit 94, and valve
drive dlrectlng‘unlt 95. The time difference computing unit 90
computes a time difference AT between time data as stored in
the memory 86 and the time of the present pushing of- the

recovery switch 27. The reference time setting unit 91 stores

—
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FIG 18 is a functional block di agram snow ng a nodel of {gHhe st ;,ﬁ;m'a rgwtrgfm
R AR T AT

be realized by the m crocom puter 84. The circuit is co

setting unit 91, conparing unit 92, suction tine setting u}nit 93, _

sol enoi d drive unit 94, and valve drive directing unit 95.| Th& OCItEwe
di fference conputing unit 90 conputes a Bgne di fference AT between tine
data as stored in the mnem ory 86 and the tine of the presént pushing o
the recov- - - : o

4.4 &

a reference time T, to determine a type of printing defect.
The comparing unit 92 compares the time fiifference AT derived
from the time difference computing unit 90 with the reference
time T,. The suction time setting unit 93 selects a suction
time Ts long enough to wash away pape:;: particles and dust or a
suction time T, long enough to remove air bubbles on the basis
of the result of the comparison. The solenoid drive unit 94
energizes the solenoid 12 by a signal £rom the position
detector 18, and de-eﬂergizes the same when the suction is
completed. The valve drive directing unit 95 sends a signal to
intermittently open and close the air open valve 72 when the
suction of the suction time T; is completed, and the cap
member 10 is separated from the print head 1.

The operation of the apparatus thus arranged will be
described with zreference to Figs. 19 and 20 respectively
showing a flow chart and a timing chart.

When a printing defect is found, the user pushes the
recovery button 27, which is provided on the chassis of the
printer (step 270); Then, the carriage 4 is moved toward the
cap member 10 under control of a carriage control circuit (not
shown). The carriage 4 faces the cap member 10. At this time,
the position detector 18 prodwces a signal (step 271). 1In
response to the signal, the microcomputer 84 stoxres time data
from the clock circuit 85 in the memory 86, and then sends a

signal to the solenoid drive circuit 28 to energize the
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computing uunit unit, 90 with the reference time To. The su¢t izon gimee:

37

solenoid 12 (step 272). As a result, the égp--ﬁember 10
hermetically closes the nozzle face la ’of the print head 1.
The microcomputer 84 computes a time difference between time t,
the button 27 generates a signal and time t, of the previous
pushing of the button 27, viz., AT = t, - t, (step 273). The
present pushing of the button is the first pushing after power
on. Accordingly, the CPU determines that the time difference
AT is longer than the reference time T, (step 274). Then, the
computez.: 84 issues a signal to the pump drive circuit 29,
thereby to operate the suction pump 20, and then closes the air
open valve 72, whereby a negative pressure is generated in the
nozzle receiving chamber 17 of the cap member 10 (step 275).
The negative pressure acts on the nozzle face la to extract ink
through the nozzle openings. With the flow of the ink, paper
particles and dust stuck to the nozzle openings are washed
away. When time Tg, which is the time taken until the pump has
sucked an amount of ink necessary for removing the foreign
material, elapsés (step 276), the microcomputer 84 stops the
operation of the pump 20 and opens the valve 72, and at the
same time de-energizes the solenoid 12 to separate the cap
member 10 from the print head 1 (step 277). In the present
case, since the suction time is short, the pressure in the cap
member 10 is relgpively high (Fig. 20, waveforms I). Accoxd-
ingly, if the pump 20 is stopped, no impact will be appliéd to

the meniscus of the nozzle.

———
—‘/_/_
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A printing defect occurs again after a relatlvely short
time of approximately ten and several min}ltes from the previous
pushing of the button 27.  After recognizing the printing
defect, the user pushes the button 27 again (step 270). Then,
the carriage 4 is moved and reaches the position of the cap
member 10, and the position detector 18 produces a signal
(step 271). At this time, the microcomputer 84 stores time
data 1, from the clock circuit 85 in the memory 86, and sends
a signal to the solenoid drive circuit 28. As a result, the
cap member 10 is pressed against the nozzle openings of the
print head 1 (step 272). The microcomputer 84 computes a time
difference between time t; of the previous ink suction as
stored in the memory 86, and time t, of the present ink suction
as stored in them memory 86, and time t, of the present ink
suction, viz., AT = t, - t; (step 273). Then, it compares the
difference time with the reference time T, (step 274). The
reference time T, is the time that ‘elapses until the nozzles
get clogged bjr foreign material, such as paper particles and
dust, when the printer is operated in an orxdinary printing
mode, usually five to ten hours.

In the present case, the time difference AT (= t; - t,) is
much shorter than the reference time T,. This indj:'c;‘ates a high
probability that the cause of the present printing defect is
not foreign material stuck to the nozzle openings, but‘. air

bubbles entering the ink path.
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setting unit 93 selects a suction tinme Ts | ong enough to wash

particles and dust or a suction time TL |ong enough to reno) e

1r.pup §S

Qr 18 and

on the basis of the result of the conparison. The sol enoid
energi zes the solenoid 12 by a.signal fromthe position det

de-energi zes the sane when the suction ig8g9conpleted. The va ve drive
directing unit 95 sends a

Accordingly, the computer 84 selects the suction time T,

longer than the suction time Ts neéessary for removing the

foreign material.

When the nozzle face la of the print head 1 is

hermetical-

ly closed by the cap member 10, the computer operates the

pump 20 and closes the valve 72 to apply a negative pressure to

the nozzle receiving chamber 17 of +the cap member 10

(step 278). Upon the negative pressure acting on the nozzle

face la, ink is discharged from the ink flow path

through the

nozzle openings into the nozzle receiving chamber. Together

with the discharged ink, the air bubbles are attracted toward

the nozzle openings and discharged from the nozzles. At the

instant that the time T, necessary for sucking

ink of the

amount of Q, necessary for discharging the bubbles elapses

(step 279), the microcomputer 84 sends a signal to the valve

drive circuit 74, thereby to open and close the valve 72 plural

times (step 280). As a result, a pressure in

the nozzle

receiving chamber 17 of the cap member 10 gradually ri;ses

(Fig. 20 , waveforms II). When the pressure peaks, the micro-

computer 84 stops the operation of the pump 20, opens the

valve 72, and separates the cap member

10 from the

nozzle openings (step 277). The inner pressure within the cap

_ member 10 which has gradually dropped, due to the long ink

suction time, by pressure AP relative to the inner pressure at

the time of paper particles removal, is gradually increased.

————
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signal to intermttently open and close the air open val ve iiZaYy
suction of the suction tine TL is conpleted, and the cap nen 1
separated fromthe print head 1. The operation of the appariatys tRuS: cq
arranged will be described with reference to FIGS. 19 and 20 |resped~ ti
showing a flow chart and a timng chart .40 Wen a printing defect.is-fou
t he user pushes the .

Then, the pump 20 is stopped. Therefore, the suction operation
can be stopped without applying an impact to the meniscus of
the nozzle, and the next printing operation can be started
reliably.

When the recovery button 27 is ;:mshed five to ten hours
from time point 52 of the previous pushing of the button 27
(step 270), as in the previous case, the carriage 4 retracts to
the position of the cap member 10 and the position detector 18
produces a signal. At this time (step 271), the microcomput-
er 84 stores the time data t;, which is received from the clock
circuit 85, in the memory 86, and then sends a signal to the
solenoid drive circ¢uit 28. By the signal, the solenoid 12 is
energized to make the c;ap member 10 contact with the print
head 1 (step 272).

The microcomputer 84 computes a time difference between
the time %, of the previous pushing of the recovery button 27
as stoi‘ed in the memory 86 and time t, of the present pushing,
AT = t; - t, (Step .273) . Then, it compares the time difference
with the reference time T, (Step 274). In the present case,
the time difference AT (= t; - t;) is longer than the reference
time T,, the microcomputer 84 selects the suction time Ts, so
that the ink is . Sucked by t};.e. small ink amount Qs of the
printing defect due to the foreign material (Fig. 20, waveforms
I). Succeedinglir, when the time Ts elapses (step 276),'. the

pump 20 is stopped, and the cap member 10 is opened (step 277).

3
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recovery button 27, which is provided on the chassis of thewprlnter.(gﬁé.;
270). Then, the carriage 4 is noved toward the cap rrenber 18"u~ﬂder -contTpl
of a carriage control circuit (not shown). The carriage 4 ,aceé éﬁﬁc@p
menber 10. At this tinme, the position detector 18 pro- d¢cest§ g% al“~(step
271). In response to the signal, the ni%roconputer 84 stores tine.data from
the clock cir- cuit 85 in the rrem)ry_86 and .t hen sends a} signal to the

-

In this case, the time of operating the pump 20 is short, and
hence thé pressure in the cap member 10 is relatively high.
Therefore, if the pump 20 is stopped, little adverse effects
are placed on the meniscus of the nozzle.

5 Fig. 21 shows a sixth embodiment in terms of the function
to be realized by the microcomputer B84. The circuit is
composed of time difference computing unit 100, reference time
setting unit 101, comparing unit 102, suction time setting
unit 103, suction time prolong unit 104, solemid ddve directi

) ° unit 105, and valve drive directing wunit 106. The time
difference computing unit 100 computes a time difference AT
between the time data stored in the memory 86 and the time of
the present pushing of the recovery switch 27. The reference
time setting unit 101 stores a reference time T, to determine

j a type of printing defect. The comparing unit 102 compares the
time difference AT derived from the time difference computing
unit 100 with the reference time T,. The suction time setting
unit 103 selects a suction time Ts long enough to remove air
bubbles on the basis of the result of the comparison. When the
recovery button 27 is pushed within the reference time T, after
the.completion of the suction time T;, the suction time prolong
unit 104 incremenlts the suction time by fixed time AT, every
the N number of the pushings of the recovery button. The
soleroid arive directing unit 105 erergizes the solerpid 12 either directly oxr via

slepid  drive circuit 28, by a signal from the position detectar 18, ad Ge~energizes

the samewen
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solenoid drive circuit 28 to energize the solenoid 12 (ste
the cap nenber 10 hernetically closes the nozzle f la of
print head 1. The mi- croconputer 84 conputes a tine diffefehcdbelhweBiv:
the button 27 generates a signal and time to of the previous
pushing of the button 27, viz., [err]T=t42rr](step 273). The preseént
pushing of the button is the first push- ing after power on...Accordingly,

the CPU determ nes -

REFLACENENT, §
ce Ia of the

the suction is completed. The valve drive directing unit 106
sends a signal to intermittently open and close the air open
valve 72 when the suction of the suction time Tp is completed,
and the.cap member 10 is separated from the print head 1.

The operation of the apparatus thus arranged will be
described with reference to Figs. 22 and 23 respectively
showing a flow chart and a timing chart.

When a printing defect is found, the user pushes the
récovery button 27, which is provided on the chassis of the
printer (step 290). Then, the carriage 4 is moved toward the
cap member 10 under control of a carriage control circuit (not
shown). The carriage 4 faces the cap member 10. At this time,
the position detector 18 produces a signal (step 291). In
response to the sigmnal, the microcomputer 84 stores time data
from the clock circuit 85 in the memory 86, and then sends a
signal to the solenoid drive circuit 28 to energize the
solenoid 12 (step 292). As a result, the cap member 10
hermetically closes the nozzle face la of the print head 1.
The microcomputer 84 computes a time difference between time t,
the button 27 generates a signal and time t, of the previous
pushing of the button 27, wviz., AT = t, - t, (step 293). The
present pushing of the button is the first pushiné'after power
on. Accordingly, the CPU determines that the time difference
AT is longer than the refexence time TQ (step 294). Then, the

computer 84 issues a signal to the pump drive circuit 29,
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that the time difference [err]T is Ionger than the referégli’“Xﬂ 3~§ﬁ o
274). Then, the conputer 84 issues a signhal to the punp drhve CIFCUI&
thereby to operate the suction punp 20, and then closes Uhg afw“ﬂpbnA@aI e
72, whereby a negative pressure is generated in the nozzlie ireceiving..
chanber 17 of the cap nenber 10 (step 2%8). The negatlvelpressure acts on
the nozzle face la to extract ink through the nozzl e openings. Wdi-h-the--—-
fl ow - ’ -

thereby to operate the suction pump 20, and then closes the air

open valve 72, whereby a negative pressure is generated in the
nozzle receiving chamber 17 of the'cap member 10 (step 295).
The negative pressure acts on the nozzle face la to extract ink
through the nozzle openings. With the flow of the ink, paper
particles and dust stuck to the nozzle openings are washed
away. When time Tg, which is the time taken until the pump has
sucked an amount of ink necessary for removing the foreign
material, elapses (step 296), the microcomputer 84 stops the
operation of the pump 20 and opens the valve 72, and at the
same time de-eﬁergizes the solenoid 12 to separate the cap
member 10 from the print head 1 (step 297). In the present
case, since the suction time is short, the pressure in the cap
hember 10 is relatively high (Fig. 23, waveforms I). Accoxd-
ingly, the print head 1 is operable within the print region,
and starts to operate again. |

A printing defect occurs again after a relatively short
time of approximately ten and several minutes from the previous
pushing of the button 27. After recognizing the printing
defect, the user pushes the button 27 again (step 290). Then,
the carriage 4 is moved and reaches the position of the cap
member 10, and the position detector 18 produces a signal
(step 291). At ;his time, th;-microcomputer B4 stores time
data 1, from the clock circuit 85 in the memory 86, and sends

a signal to the solenoid drive circuit 28. As a result, the
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of the ink, paper particles and dust stuck to the nozzle opeh{gyg%g‘%ﬁ:agrg« gzv;-.;m;r“
washed away. Wien time T& which is the tine taken until the pump-has sicke
an anmount of ink necessary for removing the foreign materiall, |elapses (step]
276), the microconputer 84 stops the operation of the punp 20 jand“dpens?he!
valve 72, and at the sane tinme de-energifes the solenoid 12 itd_separate the
cap menber 10 fromthe print head 1 (step 277). In the l T

e,

cap member 10 is pressed against the nozzle openings of the
print head 1 (step 292). The microcomquer B4 computes a time
difference between time t, of the previous ink suction as
stored in the memory 86, and time t, of the present ink
suction, viz., AT = t, - t; (step 2935. Then, it compares the
difference time with the reference time T, (step 294).

In the present case, the time difference AT (= t; - t;) is
muéh shorter than the reference time T,. This indicates a high
probabiiity that the cause of the present printing defect is
not foreign material stuck to the nozzle openings, but air
bubbles entering into the ink path. Accordingly, the microcom-
puter 84 operates the pump 20 and energizes the valve 72,
thereby to suck the ink (step 293). After the time T, neces-
sary for sucking ink in the amount of Q, necessary for dis-
charging the bubbles (step 300), the microcomputer 84 intermit-
tently sénds an energizing signal to the valve drive cir-
cuit 74, thereby to open and close the valve 72 plural times.
As a result, an internal pressure within the cap member 10
gradually rises. fhen, the microcomputer 84 stops the opera-
tion of the pump 20, opens the valve 72, and separates the cap
member 10 from the nozzle openings (step 297; Fig. 23,
waveforms II). L - .

When the previous ink suction operation for bubble removal
incompletely removes the bubbles, another printing defect.will

occur within a very short period of time, e.g., after several

e R4

——————
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minutes. At this time, if the recovery button 27 is pushed
(step 290), the carriage 4 is moved towg;d the cap member 10.
The position detector 18 produces a signal (step 251). At.this
time, the microcomputer 84 sends a signal to the solenoid drive
circuit 28. By the signal, the solenoid 12 is energized to
make +the cap member 10 contact with the print head 1
(step 292). At the same time, the microcomputer 84 fetches
time data t; from the clock circuit 85, and computes a time
difference between the time t, of the previous pushing of the
recovery button 27 as stored in the memory 86 and time t; of
the present pushing, AT = t; - t; (step 293). Then, it compares
+he time difference with the reference time T, (step 294). 1In
the present case, the recovery button is pushed within the very
short period of time. Therefore, the microcomputer 84 sets up
+he sum of the suction time Ty for bubble removal and a preset
increment AT,, T; + AT, (step 302). Then, it operates the
pump 20, and closes the valve 72 (step 303). After the sum
. + AT, (step 304), the microcomputer 84 opens and closes the
valve 72 several times, to increase the pressure within the cap
membexr 10 (step 301). Then, it stops the pump 20, opens the
valve 72, and separates the print head 1 from t.he cap member 10
(step 297; Fig. 23, waveforms III). .
Subsequently, when the pushing of the recovery button for
the very short time is repeated, tﬂe suction time fof.the

bubble removal is incremented by time AT x N every N numbexr of
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-22- present case, since the suction tine is short, the pre
10 is relatively high (FIG 20, wave- forns 1). Ac

cap nenber

the punp 20 is stopped, no inpact will be applied to the nenlsts of”fhewwﬁw

nozzl e.

A printing defect occurs again after
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pushings to be T, + A T x N (step 302).

In the instant embodiment, even if the present defect
found is a heavy printing defect requiring frequent pushings of
the recovery button, it can be cured by incrementing the amount
of the ink to be sucked. Further, the drop of the inner
pressure of the cap member 10, which is caused by the long time
suction, is relieved, thereby protecting the meniscus of the
nozzles from the impact applied thereto. In this respect,
reliable performance of the printer is ensured.

Fig. 24 shows a seventh embodiment of the present inven-
tion in the form of an arrangement of the control circuit 73 .
As shown, the control circuit 73 is composed of a microcomput-
er 113 including a CPU 110, a ROM 111 and a RaM 112, a coun-
ter 114 for counting a print quantity, such as the number of
printed characters, the number of lines, and an amount of paper
feed, and a ﬁemory 115 for storing data of the counted print
quantity derived from the counter 114 when the recovery
button 27 is pushed. It is programmed so as to execute a
segquence of operations as given below. When the recovery
button 27, which is provided on an operating panel of the
printer chassis, is pushed, the position detector 18 shown in
Fig. 16 produces a signal. At this time, the control circuit
sends a signal to-the solenoid drive circuit 28. In turn, the
drive circuit 28 drives the solenoia 12 to press the' cap

member 10 against the print head 1, and sends a signal to the
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time of approximtely ten and several mnutes fromthe preQ|q
the button 27. After recognizing the printing defect, the QSG

UD PUDIII my - Or

r _pushes.the
| redcfie's (1-Re

butt.on 27 again (step 270). Then, the carriage 4 is moved gnc
1

)roduces a

position of the cap nenber 10, and the position detector

signal (step 271). At this time, the mi éF7oconmputer 84 storgs tinme data 12

fromthe clock circuit 85 in the nmenory 86, and sends a si ghat—t-o-—t-he——

pump drive circuit 29 to operate the suction pump 20 for a
preset time. Further, it sends a éignql to the valve drive
circuit 74, which intermittently opens and closes the air open
valve 72 when a long suction time is completed.

Fig. 25 is a functional block diagram showing a model of
the function to be xrealized by the microcomputer 113. The
circuit is composed of print gquantity difference computing
unit 117, reference print quantity setting unit 118, comparing
unit 119, suction time setting unit 120, solenoid drive
directing unit 121, and valve drive directing unit 122. The
print guantity difference computing unit 117 computes a print
quantity difference AL betwgen print quantity data stored in
the memory 115 and data output from the counter 114 when the
recovery button 27 is pushed. The reference print quantity
setting wunit 118 stores a reference print quantity L, to
determine a type of printing defect. The comparing unit 119
compares the print quantity difference data from the print
quantity difference computing unit 117 with the reference print
guantity Lg. The suction time setting unit 120 selects a
suction time Ts long enough to wash away paper particles and
dust or a suction time Tp long enough to remove air bubbles on

the basis of the result of the eomparison. The solenoid drive

directing unit 121 energizes ‘directly or via solenoid

drive circuit;28

the solenoid 12 by a signal from the position detector 18,and de-energizes the

same when the suction is completed. The valve drive directing unit 122 sends
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solenoid drive circuit 28. As a result, the cap nenber 10 i<
agai nst the nozzle openings of the print head | (step 272).
m croconputer 84 conputes a tinme difference between tine t1l

suction as stored in themnenory 86, and8tine t2 of the pres

i'*;;» CEMENT brit

Th

sent ink

ofi tthe e us

i nk suction as stored in the nenory 86, and tine t2 of the pr

ent 1Tnk

suction, viz., [err]T=t[err] (step 273). Then, it conpares t
time with the reference tine - - - ;

he difference

a signal to intermittently open and close the air open valve 72

when the suction of the suction time T, or moxe is completed,

and the cap member 10 is separated from the print head 1.

The operation of the apparatué thus arranged will be

described with reference to Fig. 26 showing a flow chart.

Upon start of a printing operation, the microcomputer 113

causes the counter 114 to count the print quantity (step 310).

During the printing operation, if a printing defect is found,

the user pushes the recovery button 27, which is provided on
the chassis of the printer (step 311). Then, the carriage 4 is
moved toward the cap member 10 under control of a carriage
control circuit (not shown). The carriage 4 faces the cap
member 10. At this time, the position detector 18 produces a
signal (step 312). 1In response to the signal, the microcomput-
er 113 stores the print quantity 1; of the counter 114 in the
memory 115, and at the same time sends a signal to the solenoid
- drive circuit 28 to energize the solenoid 12. As a result, the
caé member 10 hermetically closes the nozzle face la of the
print head 1 (step 313). The microcomputer 113 fetches from
the counter 114 the print guantity 1, until the recovery
button 27 produces a signal. Then, the microcomputexr 113
computes a print guantity difference between the print quanti-
ty 1, and a print.quantity 1, obtained in the previous pushing
of the recovery button 27, viz., AL =‘11 - 1 (;tep 314).':The

present pushing of the button is the first pushing after power
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To (step 274). The reference tinme To is the tinme that elapse§5dﬁ% Figlh O
nozzl es get clogged by foreign mate- rial, such as paper particles and i
dust, when the printer is operated in an ordlnary printing nﬁp e USGal¥9s |
five to. ten hours. In the present case, the time difference AT (=t 2- tl);
is much shorter than the reference ti mt%o. This indi- cates & nighr—=
probability that the cause of the present _

e
oo e i T R S AT S0,

- -

on. Acéordingly, the CPU determines that the print guantity
difference AL is larger than the reference print guantity I,
(step 315). Then, the computer 113 issues a signal to the pump
drive circuit 29, thereby to operate the section pump 20, and
then closes the valve 72, whereby a negative pressure is
generated in the nozzle receiving chamber 17 of the cap
member 10 (step 316). The negative pressure acts on the nozzle
face la to extract ink through the nozzle openings. With the
flow of “the ink, paper particles and dust stuck to the nozzle
openings are washed away. When time Tg, which is the time
taken until the pump has sucked an amount of ink necessary for
removing the foreign material, elapses (step 317), the micro-
‘computer 113 stops the operation of the pump 20 and opens the
valve 74, and at the same time de-energizes the solgnoid 12 to
separate the cap member 10 from the print head 1 (step 318).
. Undexr this conditién, the print head 1 is operxable in a print
region and starts the printing operation again.

A printing defect occurs again after a relatively short
time of ten and several lines from the previous pushing of the
button 27. After recognizing the printing defect, the user
pushes the button 27 again (step 311). Then, the carriage 4 is
moved and reaches the position of the cap member 10, and the
position detecto£ 18 produces ; signal (step 312). At this
time, the microcomputer 113 stores print quantity data 1, from

the counter 114 in the memory 115, and sends a signal to the
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printing defect is not foreign material stuck to the noz- %&
air bubbles entering the ink path. Accordi ngly, the conplt
the suction time TL | onger than the suction tine Ts necessar
the foreign material . When the nozzle face la of the prinmt
hermet- ically closed by the cap nembeB010, the conputer ope
punp 20 and cl oses the valve 72 to apply a- j
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solenoid drive circuit 28. As a result, the cap member 10 is
pressed against the nozzle openings of the print head 1
(step 313). The microcomputer 113 compﬁtes a print quantity
difference between the print guantity data l, and the previous
print guantity 1, stored in the memory 115, viz., AL = 1, - 1,
(step 314). Then, it compares the difference print guantity
with the reference print quantity 1, (step 315). The microcom-
puter 113 selects the suction time Tp, which is longer than the
suction time Ty for removing the paper particles and dust
(step 319).

When the nozzle face la of the print head 1 is hermetical-
ly closed by the cap member 10, the computer operates the
pump 20 and closes the valve 72, to apply a negative pressuré
to the nozzle receiving chamber 17 of the cap member 10
(step 318). TUpon the néga‘tive pressure acting on the nozzle
face la, ink is discharged from the ink flow path through the
nozzle openings into the nozzle :Eeceiving chamber. Together
with the diécharged ink, the air bubbles are attracted tOWaI.d
the nozzle openings and discharged outside from the nozzles.
At the instant that the time Tp necessary for sucking ink in
the amount of Q, necessary for discharging the bubbles elapses

(step 320), the microcomputer 84 sends a signal to the valve

drive circuit 74, thereby to open and close the valve 72 plural
times (step 321). As a result, a pressure in the nozzle

receiving chamber 17 of the cap member 10 gradually rises
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negative pressure to the nozzle receiving chanber 17 of the ééﬁﬁﬁﬁ;ﬂ@§ﬁ%ﬁﬁ%ﬁ§§

(step 278). Upon the negative pres- sure acting on the nozzlie

is discharged fromthe ink flow path through the nozzl e openi
nozzl e receiving chanber. Together with the dis- charged ink,

bubbl es are attracted toward the nozzl e5dpeni ngs and di schakg

iface Ta," ThK

the air :
- FF- Ot Qe

nozzles. At the instant that the time_TL necessary for sucking ink of

i
i
-

(step 323_.). Then, the microcomputer 84 stops the operation of
the pump 20, opens the valve 72, de-e;xergizes the sole?oid 12,
and separates the cap member 10 from the nozzle openings
(step 318). Under this condition, the carriage 4 is movable
within the print region (step 318).

When the recovery button 27 is pushed after the print
of 250 to 1,000 lines is made further to the guantity I, of the
print made by the previous pushing of the button 27 (step 311},
the carriage 4 retracts to the position of the cap member 10
and the position detector 18 produces a signal. At this time
(step 312), the microcomputer 113 stores the print guantity
data i; of the couﬁter 114 in the memory 115, and then sends a
signal to the solenoid drive circuit 28. By the signal, the
solenoid 12 is energized to make the cap member 10 contact with
the print head 1 (step 313).

The microcomputer 113 computes a print gquantity difference
between the print guantity lz. of the previous pushing of the
recovery button 27 as stored in the memory 115 ana print
gquantity-1l; of the present pushing, AL = 1, - 1, (step -315).
Then, it compares .the print gquantity difference with the
reference print quantity L, (step 315). In 'the present case,
the print quantity difference AL (= 1; - 1,) is larger than the
reference print quantity L,, the microcomputer 113 selects the
suction print quantity Qg;, so that the ink is sucked by the
small ink amount Qs for removing the printing defect due to the
\\

This Sheet Has Been Re

mwny 0 e



Pl
EWINES

t he anobunt of 02 necessary for discharging the bubbles REPLACTEMENT SHRE

52

* -

clogging of the nozzles by paper particles and dust.
Succeedingly, the steps (316) to (518) are executed. As a
consequence, foreign material, such as paper particles and
dust, is washed away from the nozzle openings with the dis-
charged ink, and the printer is placéd to be ready for print-
ing.

Fig. 27 shows an eighth embodiment in the foxrm of the
function to be realized by the microcomputer. The circuit is
composed of print quantity difference computing unit 130,
reference print quantity setting unit 131, comparing unit 132,
suction time setting unit 133, suction time extending unit 134,
solenoid drive directing unit 135, and valve drive directing
unit 136. The print guantity difference computing unit 130
computes a print quantity difference AL between print quantity
data stored in the memory 115 and data éutput from the coun-
ter 114 when the recovery button 27 is pushed. The reference
print quantity setting wunit 131 stores a reference print
quantity L, to determine the type of printing defect. The
comparing unit 132 compares the print guantity difference data
from the print guantity difference computing unit 130 with the
reference print quantity L,. The suction time setting unit 133
selects a suction time Ty long enough to wash away paper
particles and dust or a suction time T, long enough to remove
air bubbles on the basis of the result of the comparison. ‘When

the recovery button 27 is pushed within the reference print
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23 elapses (step 279), the nicroconputer 84 sends a si gnafi=ii

drive circuit 74, thereby to open and close the valve 72 g
280). As aresult, a pres- sure in the nozzle receiving ch

cap nem
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quantity L, after the completion of the suction for the suction
time T., the suction time extending ﬁn;f 136 increments the
suction time by fixed time AT, every the N number of pushings
of the recovery button. The solenoid drive unit 135 energizes
the solenoid 12 by a signal from the position detector 18, and
de-energizes the same when the suction is completed. The valve
drive directing unit 136 sends a signal to intermittently open
and close the air open valve 72 when the suction of the suction
time Ty or more is completed, and the cap member 10 is separat-
ed from the print head 1.

The operation of the apparatus thus arranged will be
described with reference to Fig. 28 showing a flow chart.

Upon starting of a printing operation, the microcomput-
er 113 causes the counter 114 to count the print gquantity
(step 330). puring the printing operation, if a printing
defect is found, the user pushes the recovery button 27, which
is provided on the chassis of the printer (step 331). Then,
the carriage 4 is moved toward the cap member 10 under control
of a carriage control circuit (not shown). The carriage 4
faces the cap member 10. At this time, the position detec-
tor 18 produces a signal (step 332). In response to the
signal, the microcomputer 113 fetches from the counter 114 the
print guantity 1, at the instant that the recovery button 27
generates a signal, and stores the péint gquantity 1, of:the

counter 114 in the memory 115, and at the same time sends a
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ber 10 gradually rises (FIG 19, waveforns I1). When the pres m o p—
the m croconputer 84 stops the operation of the punp 20, opens P:vé ‘dg :‘_;_‘E_v::‘ai‘
72, and sepa- rates separate the cap nenber 10 fromthe nozzlje jopen- ings |
(step 277). The inner pressure within the cap nem ber 10 whiich &S 007 w6y ;
gradual |y dropped, due to the long ink siktion tinme, by pressurie [err]P |
relative to the inner pres- sure at the tinme of paper particlies~removat—is—

gradual l'y - . -

signal to the solenoid drive circuit 28 to energize the
solenoid 12. As a result, the cap member 10 hermetically
closes the nozzle face la of the print head 1 (step 333). The
microcomputer 113 fetches from the computer 114 the print
quantity 1, until the recovery button 27 produces a signal.
Then, the microcomputer 113 computes a print quantity differ-
ence between the print quantity 1, and a print gquantity 10
obtained in the previous pushing of the recovery button 27,
viz., AL = 1, -~ 1, (step 334), and compares the different print
quantity with the reference print quantity L, (step 335).
Then, the computer 113 issues a signal to the pump drive
circuit 29, thereby to operate the suction pump 20, and then
closes the valve 72, whereby a negative pressure is generated
in the nozzle receiving chamber 17 of the cap member 10
(step 336). The negative pressure acts on the nozzle face 1la
to extract ink through the nozzle openings. With the flow of
the ink, paper particles and dust stuck to the nozzle openings
are washed away. When time Ts, which is the time taken until
the pump has sucked an amount of ink necessary for removing the
foreign material, elapses (step 337), the microcomputer 113
stops the operation of the pump 20 and opens the valve 74, and
at the same time de-energizes the solenoid 12 to éeparate the
cap member 10 from the print head 1 (step 338). Under this
condition, the print head 1 is operable in a print region and

starts the printing operation again.

_—
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I ncreased. Then, the punp 20 is stopped. Therefore, the sucqupub_”
can be stopped mAthout appl ying an i npact to the neniscus oﬂ trhe-mozZTe; |
and the next print- ing operation can be started reliably. ; Yhen the 1056 eJ
recovery button 27 is pushed five to ten hours fromtine poiintt 52%0 “'t he
previ ous pushing of the button 27 (step 280), as in the preV|éusmcase~»Lh
carriage 4 retracts to the position of_the cap nenber 10 and the

A printing defect occurs again after a relatively short
time of several tens lines from the'prgvious pushing of the
button 27. After recognizing the printing defect, the user
pushes the button 27 again (step 331). Then, the carriage 4 is
moved aﬁd reaches the posifion of the cap member 10, and the
position detector 18 produces a signal (step 332). At this
time, the microcomputer 113 stores print guantity data 1, from
the counter 114 in the memory 57, and sends a signal to the
solenoid drive circuit 28. As a result, phe cap member 10 is
pressed against the nozzle openings of the print head 1
(step 335). The microcomputer 113 computes a print guantity
difference between the print quantity data 1, and -the print
quantity 1, at the time of the previous ink suction, viz.,
AL = 1, - 1, (step 334). Then, it compares the difference print
gquantity with the reference print guantity L, (step 335).

When the nozzle face la of the print head 1 is hermetical-
ly closed by the cap member 10, the computer operates the
pump 20 and closes the valve 72, to apply a negative pressure
to the nozzle receiving chamber 17 of the cap member 10
(step 339). Upon the negative pressure acting on the nozzle
face la, ink is discharged from the ink flow path through the
nozzle openings into the nozzle receiving chamber. Together
with the discharéed ink, the air bubbles are attracted toward
the nozzle openings and discharged oﬁtside from the nozzles.

At the instant that the time T, necessary for sucking ink of
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position detector 18 produces a signal. At this tine (step R?ﬁ%ggyhﬁ SHERT
m croconputer 84 stores the tine data t3, which is receive “hé-et-o ek
circuit 8S, in the mem ory 86, and then sends a signal toihe 58ﬁ§£€4§%%
drive circuit 28. By the signal, the solenoid 12 is energi Zed

cap nember 10 contact with the print hé& | (step 272). The _m crocomput e
84 conputes a tinme difference !

H
|
;

-—— -

the amount of Q, necessary for discharging the bubbles elapses
(step 320), the microcomputer B84 sen&s a signal to the valve
drive circuit 74, thereby to open and close the valve 72 plural
times (step 321). As a result, a pressure in the nozzle.
receiving chamber 17 of the cap me;nber 10 gradually xrises
(step 321). Then, the microcomputer 84 stops the operation of
the pump 20, opens the valve 72, de-energizes the solenoid 12,
and separates the cap member 10 from the nozzle opénings
(step 338). Under this condition, the carriage 4 is movable
within the print region (step 338) and the print operation
starts again.

When the recovery button 27 is pushed again, with a small
print quantity of several tens after the previous pushing of
the Dbutton 27 (step 331), the carriage 4 retracts to the
position of the cap member 10 and the position detector 18
produces a signal. At this time (step 332), the microcomput-
er 113 stores the print guantity data 1, of the counter 114 in
the memory 115, and then sends a signal to the solenoid drive
circuit 28. By the signal, the solenocid 12 is energized to
make the cap member 10 contact with the print head 1
(step 333). Succeedingly, the microcomputer computes a print
quantity difference AL = 1, - 1; between the print quantity of
the present ink suction and that 1, of the previous ink suction
(step 334), and compares it with the reference print quanti-

ty L, (step 335).
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between the tinme t2 of the previous pushing of the re- coveribut oI el
stored in the nenory 86 and tine t3 of the present pushing. {[err] T=t3-t2 {
(Step 273). Then, it conpares the time difference with the reflereodET 9o
To (Step 274). in the present case, the tinme difference AT (|=t{3-t2) is
| onger than the reference tine To, the Bcroconputer 84 sel gcts~t-he—suctton
time Ts, so that the ink is sucked by the snmall ink anpbunt (s of the

In the case now disc;ussed ;, the print quantity difference
AL (= 1, - 1;) is much smaller than the reference print
quantity L,. This indicates a high probability that the
printing defect is due to air bubbles mixing in the ink flow
path, not foreign materia;!.s stuck to the nozzle openings.
Accordingly, the microcomputer 113 operates the pump 20 and
closes the valve 72 and increases the inner pressure in the cap
membexr 10 (step 342), and it stops the pump 20, opéns the
valve 72, and separates the cap member 10 from the print head 1
(step 338).

In the case where the previous ink suction operation for
the bubble removal imperfectly removed the air bubbles, the
printing defect due to the air bubbles will occuxr again within
a very short time, e.g., several lines to ten and several
lines. If such printing defect occurs and the user pushes the
recovery button 27 (step 331), the carriage 4 is moved to the
position of the cap member 10 and the position detector 18
produces an output signal (step 332). At this time, the
microcomputer 33 stores the print quantity 1l; of the coun-
ter 114 in the memoxry 115, and sends a signal to the solenoid
drive circuit 28. Then, the cap member 10 is pressed against
the nozzle openings of the print head 1 (step 333). At the
same time, the microcomputer 33 computes a time difference
between the print quantity 1l; and the previous print quantlty 1,

stored in the memory 115, viz., AL = 1; - 1, (step 334). Then,

"
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printing defect due to the foreign material (FIG 20, wavefo
Succeedi ngly, when the tine Ts el apses (step 276), the punp 3

and the cap nenber 10 is opened (step 277). In this case, the S .
operat- ing the punp 20 is short, and hence the pressure in tihé &&p GEniEss
|

jttle adverse |

10 is relatively high. Therefore, if the5Bunp 20 is stopped,
effects are placed on the neniscus of the nozzle.

- . . -

it compares the differénce time with the reference print
quantity L, (step 335). In the case now discussed, the
recovery button is operated again within a very short time
(steps 335, 339), the microcomputer 33 increments the suction
time Ty for the bubble removal by a preset time AT, to be
T, + AT, (step 343), and operates the pump 20 and closes the
valve 72 (step 433). After the incremented suction time
T, + AT, elapses (step 345), the microcomputer opens the
valve 72 plural times (step 342). When the inner pressure in
the cap member 72 has been increased, the microcomputer stops,
opens the valve 72, and separates the cap member 10 from the
print head 1 (step 338).

Subseguently, wher; the pushing of the recovery button for
the very short time is repeated, the suction time for the
bubble removal is incremented by time AT x N every N number of
pushings to be Ty + AT x N (step 262).

2Accordingly, even if the print found is a heavy printing
defect requiring freguent pushings of the recovery button, it
can be cured by incrementing the amount of the ink to be
sucked. Further, in the instant embodiment, the pressure
within the cap member, which has been considerably reduced as
the result of a long time of operxation of the pump, is gradual-
ly increased up to atmospheric pressure. This feature allows
the cap member to be removed without disturbing the meniscus of
the nozzles. |
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FIG 21 shows a sixth enmbodinent in terns of the function w"” {5 i’iz,ge;ﬂ-fﬁs;
the m croconputer 84. The circuit is conposed of tine dlfférgﬁté CGﬁﬁUfTﬁg

uni.t 100, reference tinme setting unit 101, conparing unit 1,02 S Lo B
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Another ink jet pfinter of the type in which paper
particles and dust are washed away with ink and further wiped
up with a brush will now be described.

Fig. 29 is a perspective view showing a ninth embodiment
of the present invention in the form of a strucﬁure including
a cap member and its related structure, which is suitable for
curing printing defects caused by such a brush,. In this
figure, reference numeral 140 designates a brush mechanism
which is located outside the print fegion, or adjacent to the -
cap member 10, in this instance. In the brush mechanism 140,
a belt 143, with linear members as brushes 144 and 144 fixed
thereto, is strained between paired rollers 141 and 142, which
are driven by a drive mechanism (not shown). In operation, the
tips of the brushes 144 and' 144 contact the nozzle openings of
the print head 1 to thus wipe the nozzle openings and the
portion in the vicinity thereof.

Fig. 30 is a block and schematic diagram showing the
arrangement of a printer containing an ink supply flow system,
an ink suction flow system operating in a print recovery mode,
and a control system for print recovery. In the figure, the
brush mechanism 140 is driven by a wiper drive circuit 146,
which receives a signal from a control circuit 145 (described
in more detail bélow). A suction pump 20, constructed as
already described referring to Fig. ‘2, is coupled at- the

suction port 20a via a first through hole 10a of the cap membexr
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10 by way of the tube 70,.and at the discharge port 20b with a
used-ink tank 23 of an ink cértridge‘22 by way of a tube 70.
An ink tank 24 contained in the cartridge 22 is connected for
ink supply to the print head 10 via a tube 5.

The cap member 10 is moved to and.retracted from the front
face la of the print head 1 by the solenoid 12, which is driven
by a signal from the solenoid drive circuit 28.

Fig. 31 shows an embodiment of the control circuit forx
executing a sequence of print recovery process steps, which is
arranged as shown in Fig. 4. As shown, the control circuit 26

. is composed of a microcomputer 151 including a CPU 148, a ROM
149 and a RAM 150, a clock circuit 152, and a memory 153 for
storing time data representative of the time of pushing of the
recovery button 27. The control circuit 26 is programmed so as
to execute a sequence of operations as given below. When the
recovery button 27, which is provided on an operating panel of
the printer chassis, is pushed, the position detector 18
produces a signal. At this time, the control circuit 145 sendsa
signal to the solendid drive circuit 28 (Fig.30);. In turn, the
drive circuit 28 drives the solenoid 12 to press the cap member
10 against the print head 1. Then, the control circuit sends
a signal to the pump drive circuit 29 to operate.the suction
pump 20 for a preset time.

Fig. 32 is a functional block diagram showing the func-

tions to be realized by the microcomputer 151. The circuit is
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104, solenoid drive unit 105, and valve drive directing un.@%@@@hdqgw

di f ference

conputing unit 100 com putes a tine difference ;A

time data stored in the nenory 86 and the tine of the presentt pu

S Lof,
the recovery switch 27. The reference tine setting unit 101 storégia 750

reference tine To to determine a type &l printing defect. The._cauparing
unit 102 conpares the tinme difference. [err]T derived fromthe tine

di fference

Q‘E'F ¥yl

L-\M.x»l f

1

composed of a time différence computing unit 155, reference
time setting unit 156, comparing unit-lsz, wiping time setting
unit 158, suction time setting unit 159, and solenoid dxrive
directing unit 160. The time difference.computing unit 155
computes a time difference AT between time data stored in the
memory 153 and time data generated from the clock circuit 152
when the recovery button 27 is pushed. The reference time
setting unit 156 stores a reference time T, to determine a type
of printing defect. The comparing unit 157 the time difference
AT derived from the time difference computing unit 155 with the
reference time T,. The wiping time setting unit 158 sets a
brush mechanism drive time T; necessary for removing paper
particles and dust, on the basis of the comparison result. The
suction time setting unit 159 selects an ink suction time T,
after the wiping or a suction time T; long enough to remove air

bubbles. In response to the position detector 18, the solenoid

drive directing unit 160 generates a signal that directly or via solenoid driw

circuit 28 roves the print head 1 toward the brush mechanism 140 or the cap

10, and such that when the print head 1 is positioned in front
of the cap member 10, it energizes the solenoid 12 oxr de-
energizes the same when the suction is completed.

The operation of the apparatus thus arranged will be
described with reference to Figs. 33 and 34 xrespectively
showing a flow chart and a timing chart.

When a printing defect is found, the user pushes the
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conputing unit 100 with the reference time To. The suctlonrw,nq&"ﬁ”&tg@“kh@sgwr
unit 103 selects a suction tinme Ts |ong enough to renove aé?”bub “ES”ﬁn'?ﬁe

basis of the result of the conparison. Wen the recovery bt t§OD 2T A Seon,
pushed within the reference tine To after the conpl e- tlonloi
the suction time prolong unit 6204 increments the qugtion time-

time TL,

fixed time [err] T[err]

the Cf\yl
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reéovery button 27, which is provided on the chassis of the
printer (step 350). Then, the carria:ge 4 is moved toward the

cap member 10 under control of a carriage control circuit (not

.

every the N nunber of the pushings qf t he recovery

shown). The carriage 4 faces the cap member 10. At this time, .

the position detector 18 produce; a signal (ste}_s 351). In
response to the signal, the microcomputezé 151 stores time data
t; from the clock circuit 152 in the memory 153, and the
microcomputer 151 computes a time difference between time t,
and time t, of the previous pushing of the button 27 as stored
in the memory 153, viz., AT = t; - t, (step 352). When the
computed time data is compared with the reference time data Ty
and the ;'Eormer is smaller than the la;tter (step 353), the
microcomputer 151 computes a time difference between time t;
and time t, of the previous pushing'of the button 27 as stored
in the memory 153, wviz., AT = t; - t, (step 352). When the
computed time data is compared with the reference time data T,
and the former is smaller than the latter (step 353), the
microcomputer 151 moves the print head toward the brush 140,
which is located separated by a fixed distance from the
position detector 18, and places it to face the brush mechanism
140 (step 354). Then, it sends a signal to the wiper drive
circuit 146 to operaté the brusH mechanism 140 (sfép 355). A&As
a result, the belt 143 is driven by the drive mechanism (not
shown), so that the brushes 144 and 144 move in contact 'with

the nozzle openings of the print head 1 to wipe away paper
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button. The sol enoid drive unit 105 energlzes the sol e- noid mz&bffﬁﬁﬁﬁghﬁﬁi*

r

fromthe position detector 18, and de-energi zes the sane mhen‘t €78UCt1 on
is conpleted. The valve drive directing unit 106 sends a S|gnal te,

intermttently open and close the air open valve 72 when the $u*t?bn of the

print head L

- n

suction tinme TL is conpleted, and the ca@3nenber 10 is separajec fr-om-t-freem—

. -

particles and dust at the,nozzle openings. After a preset time
T, (the duration of the first brushiné ogeration in this case)
(step 356), elapses (step 357), the brush mechanism 140 is
stopped (step 358). Then, the computer 151 issues a signal to
the solenoid drive circuit 28, and energizes the solenoid 12 to
hermetically close the nozzle face la of the print head 1 with
the cap member 10 (step 359). The microcomputer 151 sends a
signal to the pump drive circuit 29 to operate the suction pump
20.. As a conseguence, the negative pressure acts on the nozzle
face la to extract ink through the nozzle openings. With the
flow of the ink, paper particles and dust adhered to the nozzle
openings are washed away. At the same time, the meniscus near
the nozzle openings is recovered from its destruction caused by
the brushing operation. When time Tg, which is the timé taken
until the pump has sucked an amount of ink necessary for
removing the foreign material, elapses or for the recovery of
the meniscus, the microcomputer 151 stops the operation of the
pump 20 (step 360), and at the same time de-energizes the
solenoid 12 to separate the cap member 10 from the print head
(step 361). Under this condition, the print head 1 is operated
in a print region and starts the printing operation again (Fig.
34, waveforms I). -

A printing defect occurs again after a relatively short

time of ten and several minutes to one hour from the previous

pushing of the button 27. After recognizing the printing
This Sheet Has Been Re placed i THIS -, ;-;‘T o PN




The operation of the apparatus thus arranged will be descr.i- bedwwgﬂ;”f;'i”gi%ng
reference to FIGS. 22 and 23 respec- tively showing a flowggh&ﬁkf gl

timng chart. Wien a printing defect is found, the user pus ‘eSSt he
recovery button 27, which is provided on the chassis of thp §mm(“§€

290) Then,

of a carri age control circuit (not shown). The carriage 4

the carriage 4 is noved towaf8 the cap nenber 1?

- vt e S

defect, the user pushes t}1e button 27 again (step 350). Then,
the carriage 4 is moved and reaches thg position of the cap
member 10, and the position detector 18 produces a signal (step
351). At this time, the microcomputer 151 stores time data 1,
from the clock circuit 152 in the me;nory 153, and computes a
time difference between time t; of the previous'ink suction as
stored in the memory 153, and time t, of the present ink
suction, viz., AT = t, - t, (step 352). Then, it compares the
difference time with fhe reference time T,. The result of the
comparison shows that the reference time T, is shorter than the
difference time (step 353). The microcomputer 151 sends a
signal to the solenoid drive circuit 28 to press the cap member
10 against the nozzle front faces of the print head 1 (step
362). Then, it operates the pump 20 to apply a negative
pressure into the nozzle receiving chamber 17 of the cap member
10 (step 363). The negative pressure acts on the nozzle front
face la, and extracts jet from the ink flow path through the
nozzle openings. Together with the discharge of the ink, the
bubbles contained in the ink flow path is dischaxged through
the nozzle openings to exterior. After the pump 20 is operated
from the time T, necessary for taking out the ink of the
quantity Q, for the bubble removal (step 363), the solenoid 12
is de-energized to remove the cap member 10 from the nozzle
openings, and the carriage 4 is placed to be movable to the

print region (step 361). Five to ten hours elapse from time
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291). In response to the signal, the mcroconputer 84 storje
the.clock cir- cuit 85 in the nenory 86, and then sends a|si
sol enoid drive circuit 28 to energi ze the solenoid 12 (st

result, the cap nenber 10 hernetically €Poses the nozzle ia

print head |. The m - croconputer 84 conputes atime diff

e et et s

N
T:;:T} FaI 13 ~n1
menber 10. At this time, the position detector 18 pro- du}éﬁféﬁéwg V 6

o

time ddfa‘froﬁ

D 307 khe

{292). As 4

Ta-of-t+he.—

rence bet ween

point t where the recovef& button 27 is pushed. At this time,
the microcomputer 351 executes the process from the step 350 to
step 361 to remove the foreign material aﬁd to recover the
printer from its abnormal state, (Fig. 34, waveform III).

After the recovery of the printer, time T,’ elapses, which
is longer than the reference time T,, but is very close éo the
reference time T,. At this time, the button 27 is pushed again
(step 350). Then, the cap member 10 moves to and faces the
print head 1, and the position detector 18 produces a signal
(step 351). At this time, the microcomputer 151 stores the
time data t; of the clock circuit 152 in the memory 153, and
compntes a difference between time t; of the present pushing of
the button 27 and the time data t, of the previous pushing
stored in the memory 153, viz., AT = t; - t, (step 352). The
comparis.on result shows that the reference time T, is shorter
than the time difference computed (step 353). The microcomput-
er 151 moves the print head 1 toward the brush mechanism 140,
which is located separated by a fixed distance from the
position detector 18, and places it to face the brush mechanism
140 (step 354). Then, the microcomputér 151 sends a signal to
the wiper drive circuit 146 to operate the brush mechanism 140
(step 355). As a result, the belt 143 is driven ﬁy the drive
mechanism (not shown), so that the brughes 144 and 144 move in
contact with the nozzle openings of the print head 1, to'wipe

away paper particles and dust at the nozzle openings. In the
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time ti the button 27 generates a signal and tinme toof the previQus.pushi
of the button 27, viz., AT=tl -to (step 293). The present plag ALEg{Ef Hh&k

button is the first push- ing after power on. Accordingly, g
determnes that the tinme difference AT is |onger than the referggggpg%gg T(

(step 294).

L

3.4'

Then, the conputer 84 issue8fa signal -

=

- -

case now discussed, the £ime intérva} between the pushings of
the button 27 is wvery close to the regerence time T, (step
356). Therefore, probably paper particles and dust, and paper
pieces resulting from jamming, for example, are still ieft on
the nozzle openings. To cope:with this, the original brushing
time Ty is incremented by AT, into time Ty = Ty + AT..(step 364).
After the time Ty elapses, the brush mechanism 140 is stopped
(step 358). Then, the steps 359 to 361 are executed, and the
print recovery operation ends. In this way, the paper parti-
cles and pieces can be removed completely (Fig. 34, waveforms

II). Subsequently, every time the button 27 is pushed at the

time intervals approximate to the reference time T,, the

brushing time T, is incremented,
In the embodiment described abéve, the brushes are mounted
on the belt. The brushes is moved in contact with the nozzle

face of the printer head with the zrotation of the belt.

Alternatively, as shown in Fig. 35, an eccentric cam 164 is

coupled with a rotating drive mechanism (not shown). An arm

166, which is swingable about a shaft 163, is held in contact

with the eccentric cam 164 by means of a spring 165. A brush

167 is mounted on the free end of the arm 166. In operation,

the cam 164 rotates and accoraingly the brush 167 reciproc-

- atively contacts the nozzle face la -of the printer head 1.

Also, the brush may be fixed at a position where it is in

contact with the nozzle face of the printer head, and under
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this condition the print head is moved with the reciprocative

motion of the carriage.

-

Fig. 36 shows a teénth embodiment of the present invention
in the form of an arrangement of the control circuit 145. BAs
shown, the control circuit 145 is composed a microcomputer 173
including a CPU 170, a ROM 171 and a RAM 172, a counter 174 for
counting a print quantity, such as the number of printed
characters, the number of lines, and an amount of paper feed,
and a melmory 175 for storing data of the counted print quantity
derived from the counter 174 when the recovery bﬁtton.27 is
pushed. It is programmed so as to execute a sequence of
operations as given below. When the recovery button 27, which
is provided on an operating panel of the printer chassis, is
pushea, the position detector 18 produces a signal. At this
time, the control circuit sends a signal to the solenoid drive
circuit 28. 1In turn, the drive circuit 28 drives the solenoid
12 to press the cap member 10 against the print head 1. Then,

it sends a signal to the pump drive circuit 29 to operate the

suction pump 20 for a preset time, or it sends a signal to the

wiper drive circuit 146 to drive the brush mechanism 140.
Fig. 37 is a functional block diagram showing a model of
the function to be realized bi‘the microcomputer 173. The
circuit is coﬁposed of print quantity difference computing unit
177, reference print guantity setting unit 178, comparing unit

179, wiping time setting unit 180, suction time setting unit
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to the punp drive circuit 29, thereby to operate the suction
then closes the air open valve 72, whereby a negative pressurie
in the nozzle receiving chanber 17 of the cap nenber 10 (stef
negative pressure acts on the nozzle face-la to extract ink t
nozzl e openings. Wth the flow of the ing8 paper particles an
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181, and solenoid drive directing unit 182. The print quantity
difference computing unit 177 coméﬁtgs a print quantity
difference between print guantity data stored in the memory 175
and data output from the counter 174 when the recovery button
27 is pushed. The reference print qﬁantity setting unit 178
stores a reference print guantity I, to determine the type of
printing defect. The comparing unit 179 compares the print
quantity difference data from the print qnanti;y difference
computing unit 177 with the reference print qguantity L,. The
wiping time setting unit 180 is for setting a wiping time T,
necessary for removing papexr particles and dust, on the basis
of the comparison result. The suction time setting unit 181
selects an ink suction time T. after the wiping or a suction
time Ty long enough to remove air bubbles on thé basis of the

result of the comparison. The solenoid drive directing unit

182 generates a signal that moves directly or via solenoid drive circuit 28

the print head 1 toward the brush mechanism 140 of the cap member 10,and that,

when the
print head 1 is positioned in front of the cap member 10,

energizes the solenoid 12 or de-energizes the same when the
suction operation is completed.
The operation of the apparatus thus arranged will be
described with reference to Fig:™ 38 showing a flow chart.
Upon start of a printing operation, the microcomputexr 173
causes the counter 174 to count the print quantity (step 370).

During the printing operation, if a printing defect is found,
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openi ngs are washed away. VWen tinme Ts, which is the ti taken—untit-t
punp has sucked an anount of ink necessary for removing tRePLACEVGRNT SH
material, el apses (step 296), the m croconputer 84 stops]tﬁé“ﬁﬁ@?ﬁrTﬁﬁ”ﬁf
the punp 20 and opens the valve 72, and at the sane ti rre;de;- ensr; \tz%ﬁ‘;@t h
solenoid 12 to separate the cap nenber P fromthe print ;hgad}\J ?s
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the user pushes the recovery button 27 provided on the chassis
of the printer (step 371). Then, the carriage 4 is moved
toward the cap member 10 under control of a carriage control
circuit (not shown). The carriage 4 faces the cap member 10.
At this time, the position detector 18 produces a signal (step
372). " In response to the signal, the microcomputer 173 fetches
from the counter 174 the print quantity 1,, and stores it in
the memory 175. Then, the microcomputer 173 computes a print
quantity difference between the print quantity 1, and a print
quantity 1, obtained in the previous pushing of the recovery
button 27, viz., (AL = 1; - 1lg (step 373). When the computed
time data is compared with the reference time data T, and the
former is smaller than thé létter (step 374), the microcomputer
151 moves the print head 1 toward the brush mechanism 140,
which is located separated by a fixed distance from the
position detector 18, and places it to face the brush mechanism
140 (step 375). Then, it sends a signal to the wiper drive
circuit 146, to operate the brush mechanism 140 (step 376). 2&s
a result, the belt 143 is driven by the drive mechanism (not
shown), so that the brushes 144 and 144 move in contact with
the nozzle openings of the print head 1, to wipe away paper
particles and dust at the nozzle openings. Aftér a preset
time, or time T, because of the first brushing operation in
this case (step 377), elapses (step 378), the brush mechabism

140 is stopped (step 379). Then, the computer 173 moves the

This Sheet Has Been

M




in the cap menber 10 is relatively high (FIG 23, wave- figf I N ——
Accordingly, the print head 1 is operable within the prinﬁﬁk%@ﬁéﬁgméﬁﬁﬁil
starts to operate again. A printing defect occurs againgafter a l
relatively short tinme of approximately ten and several ninut&ssDimghe |
previ ous pushing of the button 27. Afte¥Orecognizing the}pfinting defecq,
the user pushes the button 27 again (step 290). Then, the tarriage-4—is-

nmoved and reaches - -

print head 1 to the cap Aember 10, and issues a signal to the
solenoid drive circuit 28, and energizg; the solenoid 12 to
hermetically close the nozzle face la of the print head 1 with
the cap member 10 (step 380). The microcomputer 151 sends a
signal to the pump drive circuit 28 to operate the.spction pump
20. As a consequence, the negative pressuré acts on the nozzle
face la to extract ink through the nozzle openings. With the
flow of the ink, paper particles and dust adhering to the
nozzle . openings are washed away. At the same time, the
meniscus near the nozzle openings is recovered from its
destruction caused by the brushing operation. W¥hen time T,
which is the time taken until the pump has sucked an amount of
ink necessary for removing the foreign material, elapses or for
the recovery of the meniscus, the microcomputer 151 stops the
operation of the pump 20 (step 381), and at the same time dé—
energizes the solenoid 12 -to separate the cap member 10 from
the print head 1 (step 382). Under the condition, the print
head 1 is operable in a print region and starts the printing
operation again.

A printing defect occurs again after a relatively small
print quantity of several tens lines from the previous pushing
of the button 27. . After reéognizing the printing defect, the
user pushes the button 27 again (step 371). Then, the carriage
4 is moved and reaches the position of the cap member 10, and

the position detector 18 produces a signal (step 372). At this
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the position of the cap nenber 10, and the position detecty e W
signal (step 291). At this tine, the m croconputer 84 st o B x%iﬁj X@ﬂ
fromthe clock circuit 85 in the nenory 86, and sends a s g""féﬂ to the
solenoid drive circuit 28. As a result, the cap nenber 10:ii$ pressddioseé
agai nst the nozzl e openings of the pri ntlhead 1 (step 292). The

m croconputer 84 conputes a time difference between time §[er+i—ofthe"

pr evious ink suction as - ;

s

time, the microcomputer ’ 173 stores time data 1, from the
counter circuit 174 in the-memory 175-, a'nd computes a differ-
ence between the print quantity 1, and the print quantity 1 of
the previous pushing of the button 27, viz., AL = 1, - 1; (step
373). Then, it compares the difference time with the reference
time T,. The result of the comparison shows that the reference
time T, is shorter than the difference time (step 374). The
microcomputer 173 sends a signal to the solenoid drive circuit
28 to p:céss the cap member 10 against the nozzle front faces of
the print head 1 (step 383). Then, it operates the pump 20 to
apply & negative pressure in the nozzle receiving chamber 17 of
the cap member 10. The negative pressure acts on the nozzle
front face la, and extracts jet from the ink flow path through
the nozzle openings. Together with' the discharge of the ink,
the bubbles contained in the ink flow path is discharged
through the nozzle openings to exterior. After the pump 20 is
operated for the time T, necessary for taking out the ink of
the quantity Q, for the bubble removal (step 3B4), the solenoid
12 is de-energized to remove the cap member 10 from the nozzle
openings, and the carriage 4 is placed to be movable to the
print region (step 382).

From the print quantity 1, ©f the previous pu's'hing of the
button 27, the print quantity grows to be in excess of the
reference print guantity IL,. t this time, the recovery bu';ton

27 is pushed. Then, the microcomputer 173 executes the process
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stored in the nenory 86, and time t[err] of the present ink suction, viz

err]T=t[err step 293). Then, it conpares the differen % WL
Eef e]renc[e ti]me(To E)step 294).  In the present case, the rgﬂé (i“’Ffe*r F\%f
[err]T (=t[err]) is nmuch shorter than the reference tinel To. This indi-}
cates a high probability that the cause 7 the present prlntbnggdefggg
not foreign material stuck to the noz- . " i

i

it

S

from the step 371 to stel; 382, to remove the foreign material
and to recover the printer from its ai:no.rmaI state.

After the recovery of the printer, a print quantity Ly is
obtained, which is larger than the reference print quantity I,,
but is smaller than the reference print quantity Ly’ which is
slightly larger than that L,. At this time, the button 27 is
pushed again (step 371). Then, the cap member 10 moves to and
faces the print head 1, and the position detector 18 produces
a signal‘(step 372). At the time, the microcomputerll73 stoxres
the print gquantity data 13 of the counter circuit 174 in the
memory 175, and computes a difference between print quantity 1,
of the present pushing of the button 27 and the print quantity
data 1, of the previous pushing stored in the memory 175, viz.,
AT = 13 - 1, (step 373). The compafison result shows that the
reference print quantity L, is shorter than the print guantity
difference computed (step 374). The microcomputer 173 moves
the print head 1 toward the brush mechanism 140, which is
located separated by a fixed distance from the position
detector 18, and piaces it to face the brush mechanism 140
(step 375). Then, it sends a signal to the wiper drive circuit
146, to operate the brush mechanism 140 (step 376). As a
result, the belt 143 is driven by the drive mechanism (not
shown), so that the brushes 144 and 144 move in contact with
the nozzle openings of the print head 1 to wipe away pépér

particles and dust at the nozzle openings. In the case now

—_—
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zl e openings, but atr bubbles entering into the ink path. Acggsgg994¥*11{$ﬁ*

m croconputer 84 operates the punp 20 and energi zes the val vé

to such the ink (step 299). After the time TL necessary for sucklng |nk in

t he ambunt of @, necessary for discharging the bub- bles (d4tep B0QLT &
m croconputer 84 intermttently sends an7gnergi zi ng signal tjolthe valve

4‘ Vil

drive circuit 74, thereby to open and close the valve 72 pl yrat—timesAg"

discussed, the print quan&ity interval between the pushings of
the button 27 is very close the reférer}ce print quantity 1L,
(step 377). Therefore, probably paper particles and dust, and
paper pieces resulting from jamming, for .example, are still
left on the nozzle openings. To cope with this, the first
brushing time T, after the bubble removal is incremented by AT,
into time T, = T, + AT, (step 385). After the time T, elapses
(step 386), the brush mechanism 140 is stopped (step 379).
Then, the steps 380 to 382 are executed, and the print recovery
operation ends. In this way, the paper particles and pieces
can be removed completely. Subsequently, every time the button
27 is pushed at ti;ne intervals approximate the reference print
quantity Lo, the brushir_xg time Ty is incremented.

In the ninth and tenth embodiments ; the microcomputer in
the control circuit determines the brushing time of each
brushing and the number of brushings on the basis of the time
intervals between the pushings of the recovery button 27.
Therefore, the printer can be quickly recovered from light
printing defects which frequently occur due to paper particles
and dust accumulating on the nozzles openings during the
printiﬁg operation. For heavy printing defects due to paper
pieces caused by .jamming, the brushing time is “éxtended to
reduce the recovery time of the printer and the number of
pushings of the recovery button.

While the ink tank and the print head are separated and

—_—
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interconnected by the tube in the embodiments discussed above,
it is evident that the present invention is applicable to
printers in which the ink tank and the print head are assembled

in a single unit, and the unit is mounted on the carriage. .
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gradually rises. Then, the m croconputer 84 stops the operaL.Lanmofw.Lhe pLA

20, opens the valve 72, and sepa- rates the cap nenber 10;F {Em "“‘zJé*,{
openings (step 297, FIG 23, waveforns (I1). . s
T 75 - K 33 OCT 96
L L
CLAIMS

-

1. BAn ink jet recording apparatus comprising:

an ink jet print head (1) for forming dots on a
recording sheet (3) by shooting ink jets from an

array of nozzles;

a cap member (10) which, when pressed against the
nozzle surface (la) of said print head (1), forms a
hermetically sealed head receiving chamber (17);

a suction pump (20) for applying a negative pressure
to said head receiving chamber (17), thereby to suck

ink through said nozzles;

cap member drive means (12) for placing said cap
member (10) in contact with and separating said cap

member (10) from said print head (1});

cap member drive signal generating means (28) for
generating a signal to said cap member drive means
(12) to place said cap member (10) in contact with
said print head (1);

suction pump drive signal generating means (29) for
generating a signal to cause said suction pump (20)
to start a suction operation; and

control means (26, 73, "145) receiving a signal from a
recovery button (27) preferably provided on a printer
chassis, said control means (26) computing a
difference (AT) between a time of a present pushing
of said recovery button (27) and the time of the

previous pushing and/or a difference (AL) between the
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When the previous ink suction operation for bubble renoval TntﬁﬂpIeTETy
renoves tne bubbl€s, another printing defect will occur withi.n aﬂNen&h ;

short per
recovery
t he cap Lt

At th| s tine, the mcroconputer 84 sends a signal t‘-o—t--l're-‘sm-'envrrj“-‘"*“E

291).
drive

Oher , after several minutes. At thijs tife, ST e !
B ‘] ;Hy ed (step 290,)6 the carriage 4 is .nmLed_ht.gward,_;
i t

i A T

Ition detec- or 18 produces a35|gnal (step

irint guantity at a present pushing of said recovery
button and the print quantity at the previous pushing
and determining a suction time on the basis of the
computed time difference and/or print Qquantity
difference and producing an instruction signal to
said cap member drive signal generating means (28)
and said suction pump drive signal generating
means(29) so as to operate said cap member drive
signal generaing means and said suction pump drive
signal generating means according to said suction

time determined.

The ink jet recording apparatus according to claim 1, in
which said cap member (10) is disposed outside a print

region.

The ink jet recording apparatus of one of the preceding

claims further comprising:

valve means (72) communicating with said cap member

(10) and the atmosphere;

valve drive signal generating means (74) for driving

said valve means (72),

and when said suction time is longer than a present
value, said control means (73) applying a signal to
said valve drive means (74) so as to intermittently

open and close said valve (72).

An ink jet recording apparatus especially according to

one of the preceding claims further comprising:

an ink jet print head (10) for forming dots on a

recording sheet by shooting ink jets form an array of

nozzles;
This Sheet Has Been Repl.
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circuit 28 By the signal, the solenoid 12 is energized t nake--t-he.-6.ap-—

menber 10
mcr ocorrpz

per. 84
putes a tif:i
t he recover
present pushi ng,
time differ-

int head 1 (step 292). At thﬂﬁ%dﬁﬁ”tlﬁbﬁi%ﬁ
fetches tinme data t3 fromthe clock cirgupt—85,  and—com

MFWH tween the tl_gy t2 of-the previ- ousJo shlfgg off
stored in th menory 86 and tine;t3™0
[érrfT tlerr] -t[err] (step 293). Then. it conparpq thp

a cap member (10) which, when pressed against the
nozzle surface (la) of said print head (10), forms a
hermetically sealed head receiving chamber (17);

cap member drive means (12) for placing cap member
{10) in contact with and separating said cap member

from said print head (1);

a wiping mechanism (140, 167) in contact with a face

of said nozzles for wiping said nozzle face;

cap member drive signal generating means (28) for
generating a signal to said cap member drive means
(12) to place said cap member (10) in contact with

said print head (1);

wiping mechanism drive signal generating means (146)

for driving said wiping mechanism (140, 167);

control means (145) receiving a signal from a
recovery button (27) preferably provided on a printer
chassis, said control means computing a difference (4
T) between a time of a present pushing of said
recovery button and the time of the previous pushing
and/or a difference (AL) between a print quantity at
a present pushing of said recovery button (27) and
the print quantity at the previous pushing and
determining a wiping time on the basis of the
computed time and/or print quantity difference, and
producing an instruction signal to said cap member
drive signal generating means (28) and said wiping
mechanism drive signal generating means (146) so as
to operate said cap member drive signal generating
means and/or send wiping mechanism drive signal

This Sheet Has Been Replaced R

{IE B

‘S Cs\LL; b

i T

..,——e.«w-‘



ence with the reference time To (step 294). In the pres- eng o) qﬁfﬁ$f$ﬁ?’
recovery button I's pushed within the very short period of n?ﬁhwm oPE;
the micro TR up the sum of the suction tine Tk ﬂor bubple re-
moval andTﬂ Hﬂ nm@g nt [err]T[err] T[err]+AT[err] ep gﬂz)uLﬁ‘F%‘ﬁ
it operateg the punp «and cl oses théd&alve 72 (step 303) ;After t he su
TL+[err] T[err] (step 304), the m - croconputer 84 opens and CT'658ES The

val ve 72 several - i

Lwmprens

generating means (146) according to said wiping time

determined.

5. The ink jet recording apparatus according to claim 4,

further comprising:

a pump (20) for applying a negative pressure to said
cap member (10) so as to extract ink through said

nozzles; and

pump drive signal generating means (29) for
generating a signal to said pump (20) to cause said

pump to start a suction operation,and

after said wiping operation is completed, said
control means (145) producing an instruction signal
to said cap member drive signal generating means (28)
and said pump drive signal generating means (29).

6. The ink Jjet recording apparatus according to one of

claims 4 or 5, further comprising:

control means (145) receiving signal from a recovery

button (27) preferabl& provided on a printer chassis,

said control means computing a difference (A T)

between a time of a present pushing of said recovery

button and the previous pushing and/or a difference (A
L) between a print quantity at a present pushing of

said recovery button (27) and the print gquantity at

the previous pushing and when said time difference (4
T) and/or said print quantity differencee (4 L)

computed is smaller than a preset value, said control

means (145) producing an instruction signal to only

said cap member drive signal generating means (28)

and said suction pump drive signal generating means

(29).
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times, to increase the pressure within the cap nenber 10 ( .jeﬂ'lw T
It stops Lhe-—p&ﬁﬂpﬁ"ﬁ——dﬁé‘n’s’f he val ve 72, i

and separates th Jg%ﬂﬂfﬁ”' et
fromthe cap nenber p 297, FIG 23, waveforns I11).] j Subsequentlﬁ,
when t he phm “m H agovery but- ton fOr the very shor BiumBGisHs
‘r epeat ed, for the bubll®e renopval is increnented by time;
[err] TX N &vefy 'N

nunber of pushings_to be TL+ATXN (step 5 | RS

n

~

n-.se-w———'“"'

S

o AL

_— I
 onirps et AR N A T U xomag

The ink jet recording apparatus according to one of

claims 4 to 6, in which said cap membexr (10) is disposed
outside a print region.
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302) . In the instant enbodinent, even if the present defect found is a
heavy printing defect requiring frequent pushings of the ;55 iV P}M‘
it can be cured by increnenting the anount of the ink to "e“’"ff‘ﬁr‘f(‘éﬁ““f:ﬁ
ther, the drop of the inner pressure of the cap nenber 103 ich is causgd
by the long time suction, is relieved, &bhereby protectlng t%eéﬁewﬂscugoof

t he nozzles fromthe i g

-

INK JET RECORDING APPARATUS

ABSTRACT

In a recording apparatus with an ink jet print head (1) which
forms dots on a recording sheet (3) by ink jets shot from an
array of nozzles, a microcomputer (26) determines whether a
printing defect is a light printing defect caused by paper
particles and dust adhering to the nozzles or a heavy
printing defect caused by the entry of air bubbles into the
ink flow paths. The determination is made on the basis of
intervals of operating a print recovery button (27) mounted
on a chassis of the recording apparatus. For the light
printing defect, the computer puts a cap member (10) to the
front face (la) of the nozzles of the print head (1) and
applies a negai:ive pressure to the nozzles, thereby to reduce
the amount of ink emitted from the nozzles. For the heavy
printing defect, the computer (33) increases the amount of

ink.
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| npact applied thereto. In this respect, reliable perfor- mance of the. .
printer is ensured. FIG 24 shows a seventh enbodi ment ohubihecprERentt
invention in the formof an arrangenent of the control  ci réi‘ﬁﬁf;lﬁﬁiﬁ" e
shown, the control circuit 26 is conposed- i o
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f a mcroconputer 113 including a CPU 110, a ROM
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111 and a RAM 112, a counter 114 for counting a print quantity; SUCH-as b
nunber of printed characters, the nunber of lines, and an azrmxfmﬁ*xﬁiﬁb pé oo
feed, and a menory 115 for storing data of the counted pring iquan- tity
derived fromthe counter 114 when the recovery button 27 is} ppsigeﬂ;;@[{tﬁ%}% .
programed so as to execute a sequence df operations as gi ven; bel ow. Wen
the recov- ery button 27, which is provided on an operati ng] pefet m—
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. . . . . ‘i"""\'f A% \i- 'il"‘ "?1:
of the printer chassis, is pushed, the position detector 182§héWn'%¥ 31

16 produces a signal. At this time, the control circuit sengs{a signal to
the solenoid drive cir- cuit 28. In turn, the drive circuit % grj ¢€5 the
sol enoid 12 to press the cap nenber 10 agai nst the print headil, and sends }
a signal to the punp drive circuit 29 to oper- ate the suctio ﬁ”pUﬁp‘ZU”for

a preset tine. Further, it sends a signal to the valve drive circuit 74,......
whi ch inter- - - ’ —
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mttently opens and closes the air open valve 72 when a ii LA TRERoh SHie
I s conpl et ed. FIG 25 is a functional block di agram shpwmg z nodet—of
the function to be realized by the microcom puter 113. The gif{.;_yi;ft,,gbé &
conposed of print quantity difference conputing unit 117, %e‘f*é’r@h“ Y | |%t
quantity setting unit 118. comparing unit 119, suction tine.set-.ting ufit
120. solenoid drive directing unit 121, and
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val ve drive directing uni.t 122. The print quantity differs—enee-conputing..,
unit 117 conputes a print quantity difference AL betweenﬂﬂﬁﬁ@ﬁﬁﬁﬁﬁﬁfﬁizgg
data stored in the menory 115 and data output from the counter~1TT4wrern=yhe
recovery button 27 is pushed. The reference print quantit&fse&hyﬁgTq@@g 18
stores a reference print quantity Lo to determne a type bﬁ ﬁffnfrnd’ﬂ@fgcf

Tl e conparing unit 119 conpares the print quantity differf ¢

6 §

FIG. 6
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ence data fromthe print quantity difference conputing unit 117 w
reference print quantity Lo. The suc- tion tine setting unitRLPI seke
suction tine Ts |long enough to wash away paper particles and” s
suction tinme TL | ong enough to renove air bubbles on the bagi f tf g
result of the conparison. The solenoid drive directing unit|121<endidi £6% g

o

the solenoid 12 by a signal fromthe position detector 18, .nﬂ_de energles
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t he same when the suction is conpleted. The valve drive directing unit 122

sends a signal to intermttently open and close the air
t he suction of the suction tine TLor
10 is separated fromthe print head L
arranged will be described with reference to FIG 26 shomﬁngig 5$@%ﬁ%ph
W N ANy é! Pt
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28 - Upon start of a printing operation, the mcrocom puter 113
causes the counter 114 to count the print quantity (step ' 310). During the
printing operation, if a printing defect is found, thgg; r;mg_pushes ;{ E}%{
recovery REFLACH LY 2S
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button 27,- which is provided on the chassis of the prlnter (step 311).
thé carriage 4 is noved towGard the' ap nenber
circuit (not shown).

Then,

carnage contro

10. At this tine,
response to the signal,
[err] of the counter 114 in the nenmory 115, and at the

the m -

croconput er

n

The carriage 4 fac
the position detector 18 produces a S|gdél (step 312)
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sends a si‘gna
12. As a result,

of the print head 1 (step 313).

signal. Then,

pr evi ous

the m croconput er
bet ween the print quan- tity 1[err]

the cap nenber
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pushi ng of the recovery button 27, viz., AL=1 - lo(step 314). The present
pushing of the button is the first push- ing after po ol -
the CPU determ nes that the print quantity difference AEi;sﬁiEW@ i rﬁgh t he
reference print quantity L[err] (step 315). Then, the domr puter TI3 Tksues
a signal to the punp drive circuit 29, thereby to operate thg (gecigan punp
20, and then closes the valve 72, whereby a negative pregsure is generated

13
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in the nozzl e receiving chanber 17 of the cap nenber 10 (YLER: éfkb:) -‘wglﬁ
negative’ pressure acts on the nozzle face la to extract inwri4 Wﬂ UQL_‘*

nozzl e openings. Wth the flow of the ink, paper particles énd dust stuck;
to the nozzl e openings are washed away. V\hen time Ts, whig¢hi | & LBt ne{% vy
taken until the punp has sucked an anount of ink necessary for renoving t-h%
foreign mate- rial, elapses (step 317) the mcroconputer 113-STUPS™t1iE :
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operation of the punp 20 and opens the valve 74, and at | SATE—t
de-energi zes the solenoid 12 to separate the cap menber [ teid 730 i HE iﬁ‘fﬁ i
head | (step 318). Under this condition, the print headfl s opé“r’a'b'l“e“r
print region and starts the printing operation again. ] Ai prplrntﬂrr;g?g(?f fctj
occurs again after a relatively short tinme of ten and si vitsral et

t he previous pushi ng of the button 27. After recogni zi n" Hre—printing. | .§
def ect,
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noved and reaches the position of the cap nenber 10, and & st i)
detector 18 produces a signal (step 312). At this tine, thefm croconputer

113 w & Ju‘l }?",}g‘p

the user pushes the button 27 again (step 311). Then, the| aryrlagetg,g;%
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-29- stores print quantity data 12 fromthe counter 114 m;;-he—--nem.ﬂxw;;ﬁ,
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circuit 28~ As a result,

t he cap nenber

openi-rgs—ef—the print he head 1 (step 313).
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TL, which is longer than the suction time Ts for
particles and dust (step 319).
| is hernet- ically closed by the cap nenber
t he puﬁﬁ“ZU‘and~t+ﬂees—Lhe val ve 72,
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the ink flow path through the nozzle openings into the novzrﬁl’iéﬁr@s@‘é
chanber. Together with the dis- charged ink, the air bubbles—are-attragt |
toward the nozzl e openings and di scharged outsi de from t he nezs ZLes

the instant that the time TL, necessary for suck- ing ink in® ‘Hg’"ét'ﬁffun hf
@ necessary for discharging the bubbles el apses (step 320).. t.h€uwe .
m croconouter 84 sends a signal to the valve drive circuit 74 thereby to
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open and ci ose the valve 72 plural tinmes (step 321). As a result, a
pressure in the nozzle receiving chanber 17 of the cap neEmer—
rises (step 321). Then, the mcroconputer 84 stops the déf?%ﬁ&ﬁ$ﬁ t
punp 20, opens the valve 72, de-energizes the solenoid ﬂZﬁ and separ at e
the cap nenber 10 fromthe nozzle openings (step 318). @n@e§§@h@g§3@gé i

condition, the carriage 4 is nov- able within the p(intgrégfon (step 3ﬁﬁ).
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When the recovery button 27 is pushed after the print ofi“ﬁg@ﬁ&‘ﬁmhoogm, i‘r
lines is made further to the quantity Li of the print madel by the previdus
pushi ng of the button, 27 (step 311), the carriage 4 retyact3u §cth@s i
poSi t i OThiscsheet HRSIGARLL er 10 and the position detector 18 pro- duces a
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solenoid drive circuit 28. By the signal
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ory 115 and print quantity I[err] of the present pushi ngg—-—wmu.
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removing the printing defect due to the clogging of the
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the function to be realized by the mcroconputer. The circuit is conposed
of print quantity difference conput- ing unit 130, reference print quantity
setting unit 131 conparing unit 132, suction tine settingRimit~133 ste~—
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stored in:the nenory 115 .and data output fromthe count erfriz- “when-the.
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suction tine Ts |long enough to wash away paper parti- cles and dust or a
suction tine TL long enough to re- nove air bubbles on tih f:;b” s;lms -
result of the com parison. Wien the recovery button 27| r$‘ msﬁ%d_w 'Imﬂ;
the reference print quantity Lo after the conpletion of [the suction o t;;he
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ery button. The solenoid drive unit 135 energizes the solenoid 12 by a
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conpl eted» and the cap nenber
operation of the apparatus thus arranged wl|l

to FIG 28 showing a flow chart.
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quantity (step 330). During the printing operation, if a pv{Rﬁ?lL”‘“?deT c§5i “@"f‘é
found, the user pushes the recovery button 27, which is proviged=ont hé““”"""‘ §
ChaSSI s of the printer (step 331). Then, the carriage 4 is! ve;dmt kel . thed
cap nenber 10 under control of a carriage control circuit in@t Ysho fr) o The |
‘carriage 4 faces the cap nem ber 10. At this tine, the positi.on.det.ectoL..
18 produces a signal (step 332). In response to the signal, the m -
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croconputer 113 fetches fromthe counter 114 the print quantity |] at the

instant that the recovery button~27 generates a signal, and.stores.the ..
print quantity [err] of the counter 114 in the nenory 11" mﬁ@h@”@@qﬁﬁbx;;gg
time sends_a signal to the solenoid drive circuit 28 to énefg+zewthew”>wf»
solenoid 12. As a result, the cap nenber 10 herneti - calﬂyiclosqgwxpﬁ
nozzl e faceiﬂsah&fﬂztshleenmbplmd head | (step 333). The m crocor#pu’c*‘el*‘“"i e
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puter 114 the print quantity [err] until the recovery button gf BEAUHE 858
signal . Then, the mcroconputer 113 conputes a print quantity Hf* ,ég;gm(egf
between the print quantity [err] ]

previ - ous pushing of the recovery button 27, viz., [err]L= [erir [{e[‘% B
(step 334), and conpares the different print quantlty W th thfe ref“ere y

R R L S it gy

print quantity Lo (step 2) . Then, the corrput 13 i es a siwgﬁaak«t_aﬂl.h.e__,;
punp i ve CEmar FIG” 387+
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circuit 29, thereby to operate the suctlon punp 20, and t] _
val ve 72, ‘whereby a negative pressure is generated in the IREP?J{Q’N“WEMEE@ i

chanber 17 of the cap nmenber 10 (step 336). The negative pr ,wu.e ac{s er t
the nozzle facegila to extract ink through the nozzle open} g,‘,ha i
flow of the ink, paper particles and dust stuck to the nogz gsg&fareg
washed away. Wen time Ts, which is the tige taken until .h"’"“""“““’ Ioaassne j

APPARATUS FOR DECLOGGING AN INK JET
RECORDING APPARATUS .

BACKGROUND OF THE INVENTION

The present invention relates to an ink jet recording
apparatus in which a linear array of small nozzles and
pressure generators communicating with respective
ones of those nozzles are provided, and dots are formed -
on a recording sheet in such a manner that the pressure
generators pressure feed ink to the nozzles, and in turn
the nozzles shoot ink jets onto the recording sheet.
More particularly, the present invention relates to a
technique for removing light printing defects due to
paper pamcles. dust, and like, and heavy prmtmg de-
fects due to mixing of air bubbles into the ink jets.

In an ink jet recording apparatus, a linear array of
small nozzles, each about 100 pm in diameter, is formed
on the top of the print head. To effect printing with this
apparatus, the print head is moved over the surface of a
recording sheet by a carriage. However, during the
printing process, paper particles from the recording
sheet and dust stuck to the same tend to adhere to the
nozzle openings. The nozzles thus tend to get clogged
with the paper particles and dust. This leads to printing
defect. Also, air bubble sometimes enter into a connect-
ing portion between the ink tank and the nozzles. In an
extreme case, the supply of ink to the nozzles is halted,
resuiting in no print.

To cope with the problems mennoned above, an ink
sucking device in which a negative pressure generating
unit, whick applies a negative pressure to a cap member
for hermetically sealing the nozzle openings of the print
head, is installed in the printer. When a printing defect
occurs, the user pushes a print. recovery button o a
control panel. Then, the negative pressure generating
unit is driven to produce a negative pressure within the
space of the cap member, and hence to forcibly expel a
larger amount of ink from the nozzles than in normal
printing. With the sucking of the ink, paper particles
and dust adhering to the nozzle openings are washed
away with the ink jets. In this way, the printer is recov-
ered from the clogging of the nozzles.

Air bubbles are normally present outside from the
nozzle openings. The ink thus must be sucked vp in such
an amount as to extract the air bubble from the nozzle
openings. Accordingly, to eliminate air bubbles, the
amount of the sucked ink is much larger than that for
removing paper particles and dust.



sucked an anpunt of
el apses (step 337),

20 and opens the valve 74, and at the sane tinme de-energi
12 to separate the cap nenber 10 fromthe print head 1 ($tep )
this condition, the print head 1 is operable in a print fegi ont an

the printing opera-
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the mcroconputer 113 stops the oper at REr O dERE
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Thus, the forcible discharge of the ik consumes a
great amount of ink, which is much larger than that in
normal printing. To avoid idle consumption of exces-
sive amounts of ink during maintenance, the usual prac-
tice is to limit the amount of ink discharged for each
operation of the recovery switch to a preset value. The
amount of ink discharged during one suction operation
is set at such an amount as to remove the clogging of the
nozzles that frequently occurs due to accumulation of
paper particles and dust thereon. This amount is 0.5 cc,
for example. Therefore, if a user mistakenly pushes the
recovery button, the amount of ink consumed is about
0.55 cc at most.

In case where about 2 cc of ink must be discharged,
for example, to remove air bubble is removed, the re-
covery button must be pushed many times. This work is
cumbersome for the user. The number of button push-
ings can be reduced by increasing the amount of ink
discharged by one suction operation to such an extent as
to remove the bubbles. Where the technique is em
ployed, the ink is excessively discharged or sucked fo:
curing light printing defects caused by paper particle:
and dust stuck to the nozzles, which frequently occurs

SUMMARY OF THE INVENTION

Accordingly, an object of the present invention is to
provide an ink jet recording apparatus with a printing
defect recovery function which limits the amount of ink
required for curing light printing defects, and to reduce
the number of ink sucking operations for removing air
bubbles.

Another object of the present invention is to provide
an ink jet recording apparatus with a printing defect
recovery function which reduces the amount of time a
brush is operated for removing the paper particles and
dust.

In accordance with the present invention, to over-
come the above-described difficulties, in a recording
apparatus with an ink jet print head which forms dots
on a recording sheet by ink jets shot by an array of
nozzles, a microcomputer determines whether a print-
ing defect is 2 light printing defect, that is, 2 defect
caused by paper particles and dust stuck to the nozzles,
or a heavy printing defect, that which is a defect caused
by air bubbles entering the ink flow paths. The determi-
nation is-made on the besis of intervals of operating a
print recovery button mounted on 2 chassis of the re-
cording apparatus.
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For light printing defects, the computer instructs the
placement of a cap member on the front face of the
nozzles of the print head and the application of a nega-
tive pressure to the nozzles, thereby to reduce the
amount of ink emitted from the nozzles. For heavy
printing defects, the computer increases the amount of
ink jetred.

BRIEF DESCRIPTION OF THE DRAWINGS

Other objects, features and advantages of the present
invention will be apparent from the following detailed
description taken in connection with the accompanying
drawings, in which:

_ FIG. 1is a perspective view showing an outline of an
ink jet printer according to the present invention;

FIG. 2 is a perspective view showing in detail a cap
member of the ink jet printer of FIG. 2 and a structure
around the cap member;

FIG. 3 is a block and schematic view showing an
arrangement including ink flow paths of the printer of
FIG. 1 and its control unit;

FIG. 4 is a block diagram showing the control unit
when it is realized using a microcomputer;

FIG. 5 is & block diagram showing a model of func-
tions realized by the microcomputer;

FIGS. 6 and 7 are respectively a flow chart and 2
timing chart showing a sequence of operations carried
out by the circuit arrangement of FIG. §;

FIG. 8 is & block diagram showing a circuit arrange-
ment employed to realize a function by the microcom-
puter contained in the control circuit, which is a second
embodiment of the present invention;

FIGS. 9 and 10 are a flow chart and a timing chart
showing a sequence of operations by the circuit ar-
rangement of FI1G. §;

FIG. 11 is a block diagram showing a third embodi-
ment of the present invention containing a control cir-
nuit as a major portion;

FIG. 12 is a block diagram showing a model of the
function of a microcomputer constituting the control
circuit in the third embodiment:

FIG. 13 is a flow chart showing an operation of the
apparatus in the third embodiment:

FIG. 14 is a block diagram showing & fourth embodi-
ment of the present invention in terms of the function
that is executed by a microcomputer;
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FIG. 15 is a flow chart showing an operation of the
apparatus in the fourth embodiment;

FIG. 16 is a block and schematic view showing an
arrangement including ink flow paths and a control
circuit according to a fifth embodiment of the present
invention:

FIG. 17 is a block diagram showing the control cir-
cuit in the fifth embodiment.

FIG. 18 is a block diagram showing the function of a
microcomputer constituting the control circuit in the
third embodiment;

FIGS. 19 and 20 are 3 flow chart and 2 timing chart

showing a sequence of operations of the apparatusl

shown in the fifth embodiment; .

F1G. 21 is a block diagram showing the function to be
executed by a microcomputer in a sixth embodiment of
the present invention;

FIGS. 22 and 23 are a flow chart and a timing chart

showing a sequence of operations of the apparatus

shown in the sixth embodiment:

FIG. 24 is a block diagram showing a control circuit
in a seventh embodiment: :

F1G. 25 is a block diagram showing the function to be
executed by a microcomputer in the seventh embodi-
ment of the present invention;

FIG. 26 is a flow chart showing an operation of the
seventh embodiment:

FIG. 27 is a block diagram showing the function to be
executed by a microcomputer in an eight embodiment
of the present invention;

FIG. 28 is a flow chart showing an operation of the
eight embodiment;

FIG. 29 is a perspective view showing in detail a cap
member of a ninth embodiment of the present invention
and a structure around the cap member;

FIG. 30 is a block and schematic view showing an
arrangement including ink flow paths and a control
circuit according 1o the ninth embodiment shown in
F1G. 9;

FIG. 31 is a block diagram showing a control circuit
constituting the ninth embodiment:

FIG. 32 is a block diagram showing tne tunction of a
microcomputer constituting the control circuit in the
ninth embodiment of FIG. 31;

FIGS. 33 and 34 are a flow chart and a timing chart

showing a sequence of operations of the apparatus
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shown in the ninth embodiment;

FIG. 35 is a side view showing another embodiment
of a brush mechanism;

F1G. 36 is a block diagram showing a control circuit
constituting a tenth embodiment of the present inven-
tion;

F1G. 37 is a block diagram showing the function to be
executed by a microcomputer in the tenth embodiment
of the present invention; and

F1G. 38 is a flow chart showing an operation of the
tenth embodiment. :

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

FIG. 1 is a perspective view showing the construc-
tion of an ink jet printer according to the present inven-
tion. In the figure, reference numeral 1 designates an ink
jet print head having an array of nozzles. The print head
is disposed with the openings of the nozzles facing a
print surface. The print head is mounted on a carriage 4
which reciprocatively moves in the direction of width
of a recording sheet 3 along a pair of guide rails 2 and 2,
An ink tank (not shown) supplies ink through a tube § to
the print head 1. Reference numeral 6 designates a
platen to support the recording sheet 3. The platen 6 is
rotatably supported at both ends by a pair of base plates
7 and 9. A cap member 10, which is to be in contact
with the front face of the print head 1, is disposed on the
left side of the base plate 8 and out of a print région. The
cap member 10 communicates with a suction pump by
means of a tube 11.

FIG. 2 is a perspective view showing the details of
the cap member 10. As shown, the cap member 10 is
retractably coupled with a solenoid 12 by means of &
rod 13 and an arm 14. In the cap member 10, a resilient
member 16, which is provided on a base member 18, is
shaped so as to enclose the front end contaiming a nozzle
face 12 of the print head 1, and defines a nozzle receiv-
ing chamber 17. A negative pressure as transferred from
a pump 20 (described in detail below) enters the nozzle
receiving chamber 17. A position detector 18, when
contacted by the carriage 4, produces a signal. To be
more specific, when the print head 1 moves and faces
the cap member 10, the carriage 4 comes in contact with
the position detector 18. Then, the detector produces a
signal and sends it to a control circuit 26 to be described
later. Under control of the control circuit 26, the sole-

o rammaaiat ot



print quantity It at the tine of the previous ink suction,..\iz....AL.z12:11
(step 334). Then, it conpares the differ- ence print quantigy asci-huthgpes
reference print quantity Lo (step 335). Wien the nozzl ¢ face.l[a of..lhe
print head 1 is hernet- ically closed by the cap menber 10; the computer
oper- ates the punp 20 and closes the valve 72, to applyja né’g%tﬁﬁé i

pressure to the nozzle receiving chanber- %7-of

noid 12 is driven to move the base member 15 of the cap
member toward the nozzle face 1a. Finally, the cap
member 10 hermetically seals the nozzie face 1a of the
print head 1.

FI1G. 3 is a block.and schematic diagram showing an
arrangement of the printer containing an ink supply
flow system, an ink suction flow system operating in a
print recovery mode, and a control system for print
recovery. A suction pump 20 is coupled at the suction
port 20z with the nozzle receiving chamber 17 of the
cap' member 10 by way of the tube 11, and at the dis-
charge port 20b with a used-ink tank 23 of an ink car-
‘tridge 22 by way of a tube 21. An ink tank 24 contained
in the cartridge 22 is connected to the print head 10 by

way of atube 5.
The control circuit 26, wnich executes sequences of

print recovery process steps, is arranged as shown in
FI1G. 4. The control circuit 26 is composed of a mi-
crocomputer 33 including a CPU 30, a ROM 31 and a
RAM 32, a clock circuit 34, and a memory 3S for stor-
ing time data representative of time of pushing of the
recovery button 27. The circuit 26 is programmed so as
10 execute a sequence of operations as given below.
When the recovery button 27, which is provided on an
operating panel of the printer chassis, is pushed, the
position detector 18 produces a signal. At this time, the
control circuit sends a signal to the solenoid drive cir-
cuit 28 (FIG. 3). In tumn, the drive circuit 28 drives the
solenoid 12 to press the cap member 10 against the pnint
head 1. Then, the control circuit sends a signal to the
pump drive circuit 29 to operate the suction pump 20
for a preset time. )
FIG. 5 is a functionaPblock diagram showing & model
of the function to be realized by the microcomputer 33.
The circuit is composed of time difference computing
unit 40, reference time setting unit 41, comparing unit
42, suction time setting unit 43, and solenoid drive unit
44. The time difference computing 40 computes a time
difference AT between time data of the previous push-
ing of the recovery button 27 as stored in the memory
35 and the time of the present pushing. The reference
time setting unit 41 stores a reference time To to deter-
mine a type of printing defect. The comparing unit 42]
compares the time difference AT derived from the time
difference computing unit 40 with the reference time
To. The suction time setting unit 43 selects a suction
time Tslong enough to wash away paper particles and
dust or a suction time T lonz enough to remove air
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bubbles on the basis of the result of the comparison. The
solenoid drive unit 44 energizes the solenoid 12 by a
signal from the position detector 18, and de-energized
the same when the suction is completed.

The operation of the apparatus thus arranged will be
described with reference 10 FIGS. 6 and 7 respectively
showing a flow chart and a timing chart.

When a printing defect is found, a user pushes the
recovery button 27, which is provided on the chassis of
the printer (step 200). Then, the carriage 4 is moved
toward the cap member 10 under contro! of a carriage
control circuit (not shown). The carriage 4 faces the cap
member 10. At this time, the position detector 18 pro-
duces a signal (step 201). In response to the signal, the
microcomputer 33 stores time data t) derived from the
clock circuit 34, and then sends a signal to the solenoid
drive circuit 28 to energize the solenoid 12. As a result,
the cap member 10 hermetically closes the nozzle face
1a of the print head 1 (step 202). The microcomputer 33
computes a time difference between time t; the button
27 generates a signal and time to of the previous pushing
of the button 27, viz.,, AT =t; —to(step 203). The present
pushing of the button is the first pushing after power on.

Accordingly, the CPU determines that the time dif-
ference AT is longer than the reference time To (step
204). The reference time Tpis the time that will elapse
until the nozzles get clogged by foreign material, such
as paper particles and dust, when the printer is operated
in an ordinary printing mode, and is usually approxi-
mately five to ten hours. Printing defects due to foreign
material adhering to the nozzle openings occur on the
average of about five to ten hours after the printer is
continuously operated, although the time depends on
ambient conditions of the printer installed and the qual-
ity of paper. This fact was experimentally confirmed by
the present inventors.

Then, the computer 33 issues a signal to the pump
drive circuit 29, so that the suction pump 20 is aperated
to generate a negative pressure in the nozzle receiving
chamber 17 of the cap member 10 (step 20S). The nega-
tive pressure acts on the nozzle face la to extract ink
through the nozzle openings. With the flow of the ink,
paper particles and dust sticking to the nozzle openings
are washed away. When time T, that is, the time taken
until the pump has sucked an amount of ink necessary
for removing the foreign material, elapses, viz. the time
necessary for sucking ink of approximately 0.5 cc (this
ink amount is denoted as Q,) elapses (FIG. 7, wave-:
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forms 1), the microcomputer 33 stops the operation of
- the pump 20, and at the same time de-energizes the
solenoid 12 to separate the cap member 10 from the
print head 1 (step 207). Under this condition, the print

head 1is opcrablc in a print region and starts the print-
ing operation again.

A printing defect occurs again after a relatively short
time of ten and several minutes to one hour from the
previous pushing of the button 27. After recognizing
the printing defect, the user pushes the button 27 again .
(step 200). Then, the carriage 4 is moved and reaches
the position of the cap member 10, and the position
detector 18 produces a signal (step 201). At this time,
the microcomputer 33 stores time data 12 from the
clock circuit 34 into the memory 35, and sends a signal
to the solencid drive circuit 28. As a result, the cap
member 10 is pressed against the nozzle openings of the
print head 1 (step 202). The microcomputer 33 com-
putes a time difference between time t; of the previous
ink suction as stored in the memory 35, and time t; of
the present ink suction, viz., AT=1t3—1; (step 203).
Then, it compares the dti’fcrence time with the refer-
ence time To (step 204). In the present case, the time
difference AT (=12—11) is much shorter than the refer-
ence time To. This indicates a high probability that the
cause of the present printing defect is not foreign mate-
rial stuck to the nozzle openings, but air bubbles enter-
ing the ink path. On the basis of the fact that the recov-
ery button 27 is pushed again within the time shorter
than the reference time To, the computer 33 selects the
suction time T longer than the suction time Tgs neces-
sary for removing the foreign material.

When the nozzle face la of the print head 1 is hermeti-
cally closed by the cap member 10, the computer oper-
ates the pump 20 to apply a2 negative pressure to the
nozzle receiving chamber 17 of the cap member 10 (step
208). Upon the negative pressure acting on the nozzle
face 1a, ink is discharged from the ink flow path
through the nozzle openings into the nozzle receiving
chamber. Together with the discharged ink, the air
bubbles are attracted toward the nozzle openings and
discharged outside from the nozzles (FIG. 7, wave-
forms II). At the instant that the time Tz necessary for
sucking ink of approximately 2 cc (this ink amount is
denoted as Q;) elapses (step 209), the microcomputer 33
stops the operation of the pump 20, and deenergizes the
solenoid 12 to’'separate the cap member 10 from the
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nozzle openings. Under this condition, the carriage 4 is
movable in the print region (step 207).

When the recovery button 27 is pushed after five to
ten hours from time point t; of the previous pushing of
the button 27 (step 200), as in the previous case, the
carriage 4 retracts to the position of the cap member 10
and the position detector 18 produces a signal. At this
time (step 201), the microcomputer 33 stores the time
data t3 as applied from the clock circuit 34 into the
memory 35, and then sends a signal to the solenoid drive
circuit 28. By the signial, the solenoid 12 is energized to
make the cap member 10 contact with the print head 1
(step 202). .

The microcomputer 33 computes the time difference
between time t; of the previous pushing of the recovery
button 27 as stared in the memory 35 and time t3 of the
present pushing, AT =t3—t; (step 203). Then, it com-
pares the time difference with the reference time Ty
(step 204). In the present case, the time difference AT
(=13—12) is longer than the reference time To, the mi-
crocomputer 33 selects the suction time T, so that the
ink is sucked by the small ink amount Qs printing defect
due to the foreign material (FIG. 7, waveforms I). Suc-
ceedingly, the steps (206) and (207) will be executed. As

' 1 consequence, foreign material, such as paper particles
and dust, are washed away trom the nozzie openings :
with the discharged ink, and the printer is made ready °
for printing.

As described above, in the ink jet printer of the in-
stant embodiment, the type of printing defect is deter-
mined on the basis of the time interval between the
pushings of the recovery button. The amount of ink to
be sucked is set according to the result of this determi-
nation. To cure light printing defects due to the foreign
material stuck to the nozzle openings, 2 small amount of
ink is sucked. To cure heavy printing defects, a large
amount of ink is sucked. Accordingly, the number of
pushings of the recovery button as required for curing
heavy printing defects is reduced, and hence the printer
can be quickly recovered from its abnormal state.

In a case where light printing defects due to foreign
material and heavy printing defects due to air bubbles
substantially alternately occurred, the amounts of ink
consumed by a conventional printer and the printer of

- the instant embodiment were measured. The results of
the measurement are shown in Table 1. As seen, the
conventional printer, in which the amount of sucked ink
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was set at 2 cc for both light and heavy printing defects,
totally consumed 14 cc of ink. On the other hand, the
printer of the instant embodiment consumed only 7.5 cc.
This figure is the half of that of the conventional printer.

TABLE 1

Ink consumption by Ink consumed by
Cause of ink conventional printer of the
discharge trouble printer invention
Paper particles 2ce 0.5 cc
Paper panticles 2 0.5
Paper panticles 2 0.5
Aiir bubbles 2 05 +2
Paper particles 2 0.5
Air bubbles 2 05 +2
Paper particles 2 0.5
Toral ink I cc 15¢cc
consumption

FIG. 8 shows a second embodiment of the present
invention in terms of the functions to be realized by the
microcomputer 33 constituting the control circuit 26.
As shown, the control circuit is composed of time dif-
ference computing unit 40, reference time setting unit
41, comparing unit 42, suction time setting unit 43, sole-
noid drive unit 44, and suction time prolong unit 48.
The time difference computing unit 40 computes a time
difference AT between time data as stored in the mem-
ory 35 and the times of pushing the recovery button.
The reference time setting unit 41 stores a reference
time Tg to determine the type of printing defect. The
comparing unit 42 compares the time difference AT
derived from the time difference computing unit 40
with the reference time Tg. The suction time setting unit
43 selects a suction time Tslong enough to wash away
paper particles and dust or a suction time T. long
enough to remave air bubbles on the basis of the result
of the comparison. The solenoid drive unit 44 energizes
the solenoid 12 with a signal from the position detector
18, and de-energizes the same when suction is com-
pleted. When the recovery button 27 is pushed within
the reference time Toafter the complction of the suction
for the section time Tz, the suction time extending unit
48 increments the suction time by a fixed time AT,
every N number of pushings of the recovery button.
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The operation of the circuit thus arranged will be
described with reference to FIGS. 9 and 10 respectively
showing a flow chart and a timing chart.

When a printing defect is found, the user pushes the
recovery button 27, which is provided on the chassis of
the printer (step 210). Then, the carriage 4 is moved .
toward the cap member 10 under the control of a car-
riage control circuit (not shown). The carriage 4 faces
the cap member 10. At this time, the position detector
18 produces a signal (step 211). In response to the signal,
the microcomputer 33 stores time data t) derived from
the clock circuit 34, and then sends a signal to the sole-
noid drive circuit 28 to energize the solenoid 12. As a
result, the cap member 10 hermetically closes the nozzle
face la of the print head 1 (step 212). The microcom-
puter 33 computes the time difference between time t;
the button 27 generates a signal and time toof the previ-
ous pushing of the button 17, viz., AT =t —to(step 213).
Then, the microcomputer 33 compares the time differ- -
ence AT with the reference time To (step 214). Further,
the microcomputér 33 issues a signal to the pump drive
circuit 29, so that the suction pump 20 is operated to
generate a negative pressure in the nozzle receiving
chamber 17 of the cap member 10 (step 215). The nega-
tive pressure acts on the nozzle face to extract ink from
the nozzle openings. With the flow of the ink, paper
particles and dust stuck to the nozzle openings are
washed away. When time Tg, which is the time taken
until the pump has sucked an amount of ink necessary
for removing the foreign material, elapses (step 216), the
microcomputer 33 stops the operation of the pump 20,
and at the same time de-energizes the solenoid 12 to
separate the cap member 10 from the print head 1 (step
217; FIG. 10, waveforms I). Under this condition, the
print head 1 is operable within the print region and
starts the printing operation again.

In this example, the printing defect occurs again after
a relatively short time of ten and several minutes to one
hour from the previous pushing of the button 27. After
recognizing the printing defect, the user pushes the
button 27 again (step 210). Then, the carriage 4 is
moved and reaches the position of the cap member 16,
and the position detector 18 produces a signal (step
211). At this time, the microcomputer 33 stores time
data 1 from the clock circuit 34 into the memory 35, and
sends a signal to the solenoid drive circuit 28. As a
result, the'cap member 10 is pressed against the nozzle
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the previous ink suction as stored in the memory 35, and -

time t2 of the present ink suction, viz., AT=t3—t, step
213). Then, it compares the difference time with the

reference time Tn (step 214).
In the present case, the time difference AT (=t;—1t;)

is much shorter than the reference time To. This implies
a high probability that the cause of the present printing
defect is not foreign material stuck to the nozzle open-
ings, but air bubbles entering the ink path. The mi-
crocomputer 33 operates the pump 20 (step 219), and
stops the same after the time T, taken for sucking the
amount Qz of ink, which is necessary for removing the
air bubbles (step 220), and separates the cap member 10
from the print head 1 (step 217; FIG. 10, waveforms II).

In the case where the previous ink suction for the
bubble removal imperfectly removes the air bubbles,
the printing defect due to the air bubbles will occur
agam within a very short of time, e.g., ten and several
minutes. If such orinting defect occurs and the user
pushes the recovery button 27 (step 210), the carriage 4

~ i5 moved to the position of the cap member 10 and the
position detector 18 produces an output signal (step
211). At this time, the microcomputer 33 sends a signal
to the solenoid drive circuit 28. Then, the cap member
10 is pressed against the nozzle openings of the print
head 1 (step 212). At the same time, the microcomputer
33 fetches time data from the clock circuit 34, and com-
putes a time difference between the time data t3 and the
time 1 of the previous ink suction as stored in the mem-
ory 35, viz.,, AT=t3—1; (step 213). Then, it compares
the difference time with the reference time To (step
-214). In the case now discussed, the recovery button is
operated again within a very short time, the microcom-
puter 33 increments the suction time T for bubble
removal by a preset time AT, to be Tz + AT, (step 221),
and operates the operation of the pump 20 (step 122).
After the incremented suction time Tr+AT,, the mi-
crocompuater stops the pump 20 and separates the cap
member 10 from the print head 1 (step 217; FIG. 10,
waveforms III).

Subsequently, when the pushing of the recovery but-
ton for the very short time is repeated, the suction time
for the bubble removal is incremented by time AT XN
every N number of pushings to be Tz +ATXN (step
221).
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valve 72 and increases the inner pressure in the cap nenbet 10 fé(ste;pﬂ&z_i&),i
and it stops the punp 20, opens the valve 72, and separate the*cap ;
menber 10 fromthe print head 1 (step 338). In the case ere-the
previous ink suction operation for the_byphle renoval inpeifectly renoved

the air

In the instant embodiment, even if the printing defect
found is a heavy printing defect requiring frequent
pushings of the recovery button, it can be cured by
incrementing the amount of the ink to be sucked, with
the feature of incrementing the suction time for the
bubble removal.

The inventors conducted an experiment to cure a
heavy printing defect due to air bubbles into the ink
flow path. To cure the printing defect, two printers
were used; one a conventional printer in which the
amount of ink to be sucked is fixed at 2 cc, and the other
a printer according to the instant embodiment which
increments the amount of the sucked ink every time the
recovery button is pushed. The results of the experi-

- ment are shown in Table 2.

TABLE 2
Number of recovery Conventional )
operations printer Present Invention
Ist time 2 1
2nd time _ 2 2
3rd time 2 3 '
4th time 2 4 — Ready for print
5th time 2 — Ready for print
Total ink 10 10

consumption

As seen from the table, when the conventional printer
is used, a total of 10 cc of ink is discharged to cure the
printing defect. In this case, the button was pushed five
times. When the printer of the present invention is used,
the same amount of ink was discharged, but it is only
four times that the recovery button is pushed. Conse-
quently, the table teaches that the printer of the inven-
tion can save the number of the pushings of the button

- by one time, and proportionally reduce the print rest
time required for the ink suction operation.

In the embodiments described above, the interval
between the operations of the recovery button is ob-
tained from the time data of the clock circuit. If re-
quired, a timer unit operated in connection with the
recovery button may be used for obtaining the button
operation interval.

Further, in the above embodiments, the amount of
sucked ink is determined on the basis of the time int.er-
val between button pushings. Alternatively, the ink
suction time and the amount of sucked ink by the cap

" member can be determined on the basis of the quantities
of print and paper feed.

FIG. 11 shows a third embodiment of the present



bubbl es, the printing defect due to the air bubbles wll
within a very short tinme, e.g., several lines to ten and seve
and the user pushes the recovery
the carriage 4 is noved to the position of the ca
10 and the position detector 18 produces an output signal (st
stores ng print quantity 13

such printing defect occurs

(step 331),

this tinme,

the m croconputer 33
counter 114 in the

invention in the form of an arrangement of the control
circuit 26. As shown, the control circuit 26 is composed
of a microcomputer 54 including a CPU 51, a ROM 52
and a RAM 53, a counter 55 for counting a print quan-
tity, such as the number of printed characters, the num-
ber of lines, and an amount of paper feed, and a memory.
§7 for storing data of the counted print quantity derived
from the counter 5§ when the recovery button 27 is
pushed. It is programmed so as to execute & sequence of
operations as given below. When the recovery button
27, which is provided on an operating panel of the
printer chassis, is pushed, the position detector 18

shown in FIG. 2 produces a signal. At this time, the

control circuit sends 4 signal to the solenoid drive cir-
cuit 28. In turn, the drive circuit 28 drives the solenoid
12 to control circuit sends a signal to the pump drive
circuit 29 to operate the suction pump 20 for a preset
time.

FIG. 12 is a functional block diagram showing a
model of the function to be realized by the microcom-
puter 54. The circuit is composed of print quantity dif-
ference computing unit 58, reference print quantity
setting unit 59, comparing unit 60, suction time setting
unit 61, and solendid drive directing unit 62. The print
quantity difference computing unit 58 computes a print
quantity difference AL between print quantity data
stored in the memory 57 and data output from the
counter §5 when the recovery button 27 is pushed. The
reference print quantity setting unit 59 stores a refer-
ence print quantity Lo to determine the type of printing
defect. The comparing unit 60 compares the print quan-
tity difference data from the print quantity difference
computing unit 58 with the reference print quantity Lo.
The suction time setting unit 61 selects a suction time
Ts long enough to wash away paper particles and dust
or a suction time T long enough to remove air bubbles
on the basis of the result of the comparison. The sole-
noid drive directing unit 62 energizes the solenoid 12 by
a signal from the position detector 18, and de-energizes
the same when the suction is completed.

The operation of the apparatus thus arranged will be
described with reference to FIG. 13 showing a flow
chart.

Upon start of a printing operation, the microcom-
puter.54 causes the counter 55 to count the print quan-
tity (step 230). During the printing operation, if a print-
ing defect is found, the user pushes the recovery button
27, which is provided on the chassis of the printer (step

occu;
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menory 115, and sends a signal to the solenoid drive circliREFR80 »?B@p,gfﬁ“h’e
cap nenber 10 is pressed against the nozzle openings of the, fpuummhe&dml

(step 333). At the sanme tine, the m croconputer 33 conputes
nt

ference between the print quantity 13 and the previous pr
stored in the menory 115, viz., AL=13-12 (step 334). Then
difference tine with the reference printlguantity Lo (step

td me, dif-. '*
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231). Then, the carriage 4 is moved toward the cap
member 10 under control of a carriage control circuit
(not shown). The carriage 4 faces the cap member 10.
At this time, the position detector 18 produces a signal
(step 232). In response to the signal, the microcéfaputer
§4 fetches the print quantity 1j at the instant that the
recovery button 27 produces a signal, and stores it in the
memory 57. Further the microcomputer 54 sends a
signal to the solenoid drive circuit 28 1o energize the
solenoid 12. As a result, the cap member 10 hermeti-
cally closes the nozzle face 1a of the print head 1 (step
233). The microcomputer 54 fetches from the counter
55 the print quantity 1 until the recovery button 27
produces a signal, and stores it in the memory 37. Then,
the microcomputer 54 computes 2 print quantity differ-
ence between the print quanut y 1} and a print quantity
lo obtained in the previous pushing of the recovery
" button 27, viz., AL=1; = lp(step 234). The present push-
ing of the button is the first pushing after power on.
Accordingly, the CPU determines that the print quan-
tity difference AL is larger than the reference print
quantity Lo (step 235). Then, the computer 54 issues a
signal to the pump drive circuit 29, so that the suction
pump 20 is operated to generate a negative pressure in

the nozzle receiving chamber 17 of the cap member 10.
(step 236). The negative pressure acts on the nozzle face.

1a 10 extract ink through the nozzle openings. With the

flow of the ink, paper particles and dust stuck to the

nozzle openings are washed away. When time Tsg,
which is the time taken until the pump has sucked an
amount of ink necessary for removing the foreign mate-
rial, elapses (step 237), the microcomputer 54 stops the
operation of the pump 20, and at the same time de-ener-
gizes the solenoid 12 to separate the cap member 10

from the print head 1 (step 238). Under this condition,

the pnnt head 1is operab]e in a print region and starts
the prmtmg operation again.

A printing defect occurs. again after 2 relattvely short
time of ten and several lines to several pages from the
previous pushing of the button 27. After recognizing
the printing defect, the user pushes the button 27 again

(step 231). Then, the carriage 4 is moved and reaches.

the position of the cap member 18, and the position

detector 18 produces a signal (step 232). At this time,

the microcomputer §4 stores print quantity data I; from
the counter 55 in the memory 57, and sends a signal to

the solenoid drive circuit 28. As 2 result, the cap mem-
ber 10 is pressed against the nozzle openings of the print

head 1 (step 233). The microcomputer 54 computes a
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print quantity difference between the print quantity
data I; from the counter 12 and the previous print quan-
tity 13 stored in the memory 57, and time tof the present
ink suction, viz., AL =13—11 (step 234). Then, it com-
pares the difference print guantity with the reference
print quantity (step 235). Where a light printing defect
due to the foreign material stuck to the nozzles recurs,
the interval between the first and second printing de-
fects is usually within 250 lines of printing. The refer-
ence print quantity Lo is selected on the basis of this
figure (250) of the number of lines until the recovery
button is pushed again.

The printing defect due to foreign material stuck to;
the nozzle openings, when the printer is continuousty
operated, will happen between approximately 1,000 and
10,000 lines, although the numbers of lines in a given
situation will of course depend on ambient conditions
and the quality of paper used. This fact was experimen-
tally confirmed by the inventors.

In the present case, the print quantity difference AL
(=11—11) is much smaller than the reference print quan-
tity Lo. This indicates a high probability that the cause
of the present printing defect is not foreign material
stuck to the nozzle openings, but air bubbles entering
the ink path. Accordingly, the computer 54 selects the
suction time Tz, which is larger than the suction time
Ts necessary for removing the foreign material.

At the instant that the time T/ to suck the satisfactory
amount Qs of ink for discharging the air bubbles has
elapsed (steps 239 and 240), the microcomputer 54 stops
the operation of the pump 20, and de-energizes the
solenoid 12 to separate the cap member 10 from the
nozzle openings. Under this condition, the carriage 418
movable in the print region (step 238). )

When the recovery bution 27 is pushed after the print
of 250 to 1,000 lines is made further to the quantiry 120f
the print made by the previous pushing of the button 27,
the carriage 4 retracts to the position of the cap member .
10 and the position detector 18 produces a signal. At
this time (step 232), the microcomputer 54 stores ti}c
time data 13, which comes from_the clock circuit 34, in
the memory 57, and then sends a signal to the solenoid
drive circuit 28. By this signal, the solenoid 12 is ener-
gized to make the cap metnber 10 contact with the print
head 1 (step 233). _

The microcomputer 54 computes & print quantity
difference between the print quantity I, of the previous
pushing of the recovery button 27 as stored in the mem-



pressure in the cap nenber 72 has been increased, the mcrocd)m%:ﬁe B PS@M-,
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ory 57 and print quantity }; of the present pushing,
AL =13—1; (step 235). Then, it compares the print quan-
tity difference with the reference print quantity Lg (step
235). In the present case, the print quantity difference
AL (=13—-13) is larger than the reference print quantity
Ls, so that the ink is sucked by the small ink amount Qs
for the printing defect due to the foreign material (FIG.
7, waveforms I). Succeedingly, the steps (237) and (238)
are executed. As a consequence, the foreign material,
such as paper particles and dust, is washed away from
the nozzle openings with the discharged ink, and the
printer is made ready for printing. .

As described above, the ink jet printer of the instant
embodiment detects the amounts of paper particles and
dust, which are proportional to the print quantity. Ac-
cordingly, the recovery of the printer from the printing
defect is quickened.-

FIG. 14 shows a fourth embodiment of the present
invention in terms of the function to be realized by the
microcomputer 54. The circuit is composed of print
quantity difference computing unit 65, reference print
quantity setting unit 66, comparing unit 67, suction time
setting unit 68, suction time prolong unit 69, and sole-
noid drive unit 70. The print quantity difference com-
puting unit 65 computes a print quantity difference AL
between print quantity data stored in the memory 57
and data output from the counter 55 when the recovery
button 27 is pushed. The reference print quantity setting
unit 66 stores a reference print quantity Lo to determine
the type of printing defect. The comparing unit 67 com-
pares the print quantity difference data from the print
quantity difference computing unit 65 with the refer-
ence print quantity Lo. The suction time setting unit 68

: selects a suction time Ts long enough to wash away
paper particles and dust or a suction time T long
enough to remove air bubbles on the basis of the result
of the comparison. When the recovery button 27 is
pushed within the reference print quantity Lo after the
completion of the suction for the suction time Tz, the
suction time extending unit 69 increments the suction
time by fixed time T, every the N number of pushings of
the recovery button. The solenoid drive unit 70 ener-
gizes the solenoid 12 by a signal from the position detec-
tor 18, and de-energizes the same when the suction is
completed.
The operation of the apparatus thus arranged will be
described with reference to FIG. 1§ showing a flow
chart.
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Upon start of a printing operation, the microcom-
puter 54 causes the counter 55 to count the print quan-
tity (step 250). During the printing operation, if a print-
ing defect is found, the user pushes the recoverv hutton

27, which is provided on the chassis of the printer (step
251). Then, the carriage 4 is moved toward the cap
member 10 under control of a carriage control circuit
(not shown). The carriage 4 faces the cap member 10.
At this time. the position detector 18 produces a signal
(step 252). In response to the signal, the microcomputer
54 fetches the print quantity 1; at the instant that the
recovery button 27 produces a signal, and stores it in the
memory 57. Further, the microcomputer 54 sends a
signal to the solenoid drive circuit 28 10 energize the
solenoid 12. As a result, the cap member 10 is pressed
against the print head 1 (step 253). Then, the compute:
54 issues a signal to the pump drive circuit 29, 50 that
the suction pump 20 is operated to generate a negative
pressure in the nozzle receiving chamber 17 of the cap
member 10 (step 256). The negative pressure acts on the
nozzle face 1a to extract ink through the nozzle open-
ings. With the flow of the ink, paper particles and dust
stuck to the nozzle openings are washed away. When
time Ts, which is the time taken until the pump has
sucked an amount of ink necessary for removing the
foreign material, elapses (step 257), the microcomputer
54 stops the operation of the pump 20, and at the same
time de-energizes the solenoid 12 to separate the cap
member 10 from the print head 1 (step 258). Under this
condition, the print head 1 is operable in a print region
and starts the printing operation again.

A printing defect occurs again after a relatively short
time of several lines to several pages from the previous
pushing of the button 27. After recognizing the printing
defect, the user pushes the button 27 again (step 251).
Then, the carriage 4 is moved and reaches the position
of the cap member 10, and the position detector 18
produces a signa) (step 252). At this time, the microcom-
puter 54 stores print quantity data I; from the counter §5
in the memory 57, and sends a signal to the solenoid
drive circuit 28. As a result, the cap member 10 is
pressed against the nozzie openings'of the print head 1
(step 253). The microcomputer 54 computes a print
quantity difference between the print quantity data Ia
from the counter 13 and the previous print quantity Iz
stored in the memory 57, and print quantity 1z of the
present ink suction, viz., AL=13~1; (step 254). Then. it
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compares the difference print quantity with the refer-

ence print quantity Lo (step 255).

In the case now discussed, the recovery button is
operated again within a very short time (step 259), the
microcomputer 54 increments the suction time T, for
the bubble removal by a preset time ATsto be T, +AT,
(step 262), and operates the operation of the pump 20
(step 263). After the incremented suction time
TL+AT,(step 264), the microcomputer stops the pump
20 and separates the cap member 10 from the print head

1 (step 258).

In case where the previous ink.suction operation for
bubble removal has imperfectly removed the air bub-
bles, the printing defect due to the air bubbles will occur
again within a very short of time, e.g., ten and several
minutes. If such printing defects occurs and a user
pushes the recovery button 27 (step 251), the carriage 4
is moved to the position of the cap member 10 and the
position detector 18 produces an output signal (step
252). At this time, the microcomputer 33 stores the print
quantity 1 of the counter 5§5 into the memory §7, and
sends a signal 10 the solenoid drive circuit 28. Then, the
cap member 10 is pressed against the nozzle openings of
the print head 1 (step 253). At the same time, the mi-
crocomputer 33 computes a time difference between the
print.quanurty l3and the previous pring quantity 1z swica

-in the memory 57, viz., AL=13—12(step 254). Then, the

microcomputer 33 compares the difference time with
the reference print quantity Lo (step 255). In the case
now being discussed, the recovery button is operated
again within a very short time (step 259), the microcom-
puter 33 increments the suction time T, for bubble
removal by the preset time AT, to be Ty +AT, (step
262), and operates the operation of the pump 20 (step
263). After the incremented suction time Tz +AT,elap-
ses (264), the microcomputer stops the pump 20 and
separates the cap member 10 from the print head 1 (step
258).

Subsequently, when the pushing of the recovery but-
ton for the very short time is repeated, the suction time
for the removal is incremented by time AT XN every N

. number of pushings to be T +AT XN (step 262).

. In the instant embodiment, even if the printing defect

. found is a heavy printing defect requiring frequent

pushings of the recovery button, it can be cured by
incrementing the amount of the ink to be sucked, with
the feature of incremeating the suction time for bubble
removal.

it can be cured by increnenti

whi ch has been consi derably reduced a§
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FIG. 16 shows a fifth embodiment of the present
invention in the form of the cap member and its related
structure. A suction pump 20 is coupled at the suction
port 20a with a first through hole 10z of the cap mem-
ber 10 by way of the tube 11, and at the discharge port
205 with a used-ink tank 23 of an ink cartridge 22 by
way of a tube 70. An ink tank 24 contained in the car-
tridge 22 is connected to the print head 10 by way of a
tube §.

The cap member 10 is further provxded with a second
through hole 105, and is coupled thh an air open valve
72 by way of a tube 71.

A control circuit 73 is prowded for cxecutmg a se-
quence of print recovery process steps, and is arranged
as shown in FIG. 17. As shown, the control circuit 73 is
composed of a microcomputer 84 including a CPU 81,
a ROM 82 and a RAM 83, a clock circuit 85, and a
memory 86 for storing time data representative of times
of pushing of the recovery button 27. The microcom-
puter 84 is programmed so as to execute a sequence of
operations as given below. When the recovery button
27, which is provided on an operating panel of the
printer chassis, is pushed, the position detector 18 pro-
duces a signal. At this time, the control circuit sends a
signal to the solenoid drive circuit 28 (FI1G. 3). In turn,
the drive circuit 28 drives the solenoid 12 to press the
cap member 10 against the print head 1. Then, the con-
trol circuit sends a signal to the pump drive circuit 29 to
operate the suction pump 26 for a preset time. Further,
it sends a signal to the valve drive circuit 74, which
intermittently opens and closes the air open valve 72

when a long suction time is completed.
F1G. 18 is a functional block diagram snowing a -

model of the function to be realized by the microcom-
puter 84. The circuit is composed of time setting unit 91,
comparing unit 92, suction time setting unit 93, solenoid
drive unit 94, and valve drive directing unit 95. The
time difference computing unit 90 computes a time
difference AT between time data as stored in the mem-
ory 86 and the time of the present pushing of the recov-
ery switch 27. The reference time setting unit 91 stores
& reference time Tp to determine a type of printing de-
fect. The comparing unit 92 compares the time differ-
ence AT derived from the time difference computing
unit, 90 with the reference time To. The suction time
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setting unit 93 selects a suction time Tslong enough to

wash away paper pamcles and dust or a suction time

Tt long enough to remove air bubbles on the basis of
the result of the comparison. The solenoid drive unit 94

energizes the solenoid 12 by a signal from the position

detector 18, and de-energizes the same when the suction

is completed. The valve drive directing unit 95 sends a

signa! to intermittently open and clos¢ the air open

valve 72 when the suction of the suction time Tz is’
completed, and the cap member 10 is separated from the
print head 1.

The operation of the apparatus thus arranged will be
described with reference to FIGS. 19 and 20 respec-
tively showing a flow chart and a timing chart.

When a printing defect is found, the user pushes the
recovery button 27, which is provided on the chassis of
the printer (step 270). Then, the carriage 4 is moved
toward the cap member 10 under control of a carriage
control circuit (not shown) The carriage 4 faces the cap
member 10. At this time, the position detector 18 pro-
duces a signal (step 271). In response to the signal, the
microcomputer 84 stores time data from the clock cir-
cuit 85 in the memory 86, and then sends a signal to the
solenoid drive circuit 28 to energize the solenoid 12
(step 272). As a result, the cap member 10 hermetically
closes the nozzle face 1a of the print head 1. The mi-
crocomputer 84 computes a time difference between
time t; the button 27 generates a signal and time tyof the
previous pushing of the button 27, viz., AT =t; —to(step
273). The present pushing of the button is the first push-
ing afier power on. Accordingly, the CPU determines
that the time difference AT is longer than the reference
time To(step 274). Then, the computer 84 issues a signal
to the pump drive circuit 29, thereby to operate the
suction pump 20, and then closes the air open valve 72,
whereby a negative pressure is generated in the nozzle
receiving chamber 17 of the cap member 10 (step 275).
The negative pressure acts on the nozzle face 1a 10
extract ink through the nozzle openings. With the flow
of the ink, paper particles and dust stuck to the nozzle
openings are washed away. When time Ts, which is the
time taken until the pump has sucked an amount of ink
necessary for removing the foreign material, elapses.
(step 276), the microcomputer 84 stops the operation of -
the pump 20 and opens the valve 72, and at the same
time de-energizes the solenoid 12 to separate the cap
member 10 from the print head 1 (step 277). In the

—,
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present case, since the suction time is short, the pressure
in the cap member 10 is relatively high (FIG. 20, wave-
forms 1). Accordingly, if the pump 20 is stopped, no

~ impact will be applied to the meniscus of the nozzle.

A printing defect occurs again after a relatively short
time of approximately ten and several minutes from the
previous pushing of the button 27. After recognizing
the printing defect, the user pushes the button 27 again
(step 270). Then, the carriage 4 is moved and reaches
the position of the cap member 10, and the position
detector 18 produces a signal (step 271). At this time,
the microcomputer 84 stores time data I; from the clock
circuit 85 in the memory 86, and sends a signal to the
solenaid drive circuit 28, As a result, the cap member 10
is pressed against the nozzle openings of the print head
1 (step 272). The microcomputer 84 computes a time
difference between time t; of the previous ink suction as
stored in the memory 86, and time t; of the present ink
suction as stored in them memory 86, and time t; of the
present ink suction, viz., AT =ty—t; (step 273). Then, it
compares the dlfferencc time with the reference time
To (step 274). The reference time T 1s the time that
clapses until the nozzles get clogged by foreign mate-
rial, such as paper particles and dust, when the printer is

operated in an ordinary printing mode, usually five to.

ten hours.

In the present case, the time difference AT (=t;—t)) -

is much shorter than the reference time To. This indi-
cates a high probability that the cause of the present
printing defect is not foreign material stuck to the noz-
zle openings, but air bubbles entering the ink path.

Accordingly, the computer 84 selects the suction
time T longer than the suction time Ts necessary for
removing the foreign material.

When the nozzle face 12 of the print head 1 is hermet-
ically closed by the cap member 10, the computer oper-
ates the pump 20 and closes the valve 72 to apply a
negative pressure to the nozzle receiving chamber 17 of
the cap member 10 (step 278). Upon the negative pres-
sure acting on the nozzle face 1¢, ink is discharged from
the ink flow path through the nozzle openings into the
nozzle receiving chamber. Together with the dis-
charged ink, the air bubbles are attracted toward the
nozzle openings and discharged from the nozzles. At
the instant that the time T, necessary for sucking ink of
the amount of Q2 necessary for discharging the bubbles

o
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elapses (step 279), the microcomputer 84 sends a signal
to the valve drive circuit 74, thereby to open and close
the valve 72 piural times (step 280). As a result, 2 pres-
sure in the nozzle receiving chamber 17 of the cap mem-
ber 10 gradually rises (FIG. 19, waveforms II). When
the pressure peaks, the microcomputer 84 stops the
operation of the pump 20, opens the valve 72, and sepa-
rates separate the cap member 10 from the nozzle open-
ings (step 277). The inner pressure within the cap mem-
ber 10 which has gradually dropped, due to the long ink
suction time, by pressure AP relative to the inner pres-
sure at the time of paper particles removal, is gradually
increased. Then, the pump 20 is stopped. Therefore, the
suction operation can be stopped without applying an
impact to the meniscus of the nozzle, and the next print-
ing operation can be started reliably.

When the recovery button 27 is pushed five to ten
hours from time point 52 of the previous pushing of the
button 27 (step 270), as in the previous case, the carriage
4 retracts to the position of the cap member 10 and the
position detector 18 produces a signal. At this time (step
271), the microcomputer 84 stores the time data t3,
which is received from the clock circuit 85, in the mem-
ory 86, and then sends a signal to the solenoid drive
circuit 28. By the signal, the solenoid 12 is energized to
make the cap member 10 contact with the print head 1
(step 272).

The microcomputer 84 computes a time difference
between the time t3 of the previous pushing of the re-
covery button 27 as stored in the memory 86 and time
t; of the present pushing, AT=t3—t2 (Step 273). Then,
it compares the time difference with the reference time
To (Step 274). In the present case, the time difference
AT (=t3—1t3) is longer than the reference time To, the
microcomputer 84 selects the suction time Ts, so that
the ink is sucked by the small ink amount Qs of the
printing defect due to the foreign material (FIG. 20,
waveforms I). Succeedingly, when the time T elapses
{step 276), the pump 20 is stopped, and the cap member
10 is opened (step 277). In this case, the time of operat-

. ing the pump 20 is short, and hence the pressure in the
cap member 10 is relatively high. Therefore, if the
pump 20 is stopped, littie adverse effects are placea on
the meniscus of the nozzle.

FIG. 21 shows a sixth embodiment in terms of the
function to be realized by the microcomputer 84. The
circuit is composed of time difference computing unit
100, reference time setting unit 101, comparing unit 102,
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suction time setting unit 103, suction time prolong unit
104, solenoid drive unit 105, and valve drive directing
unit 106. The time difference computing unit 100 com-
putes a time difference AT between the time data stored
in the memory 86 and the time of the present pushing of
the recovery switch 27. The reference time setting unit
101 stores a reference time Ty to determine a type of
printing defect. The comparing unit 102 compares the
time difference AT derived from the time difference
computing unit 100 with the reference time To. The
suction time setting unit 103 selects a suction time Ts
long enough to remove air. bubbles on the basis of the
result of the comparison. When the recovery button 27
is pushed within the reference time To after the comple-
tion of the suction time T, the suction time prolong
unit 104 increments the suction time by fixed time AT,
every the N number of the pushings of the recovery
button. The solenoid drive unit 105 energizes the sole-
noid 12 by a signal fram the position detector 18, and
de-energizes the same when the suction is completed.
The valve drive directing unit 106 sends a signal to
intermittently open and close the air open valve 72
when the suction of the suction time T is completed,
and the cap member 10 is separated from the print head
1 :

The operation of the apparatus thus arranged will be
described with reference to FIGS. 22 and 23 respec-
tively showing a flow chart and a timing chart. .

When a printing defect is found, the user pushes the
recovery button 27, which is provided on the chassis of
the printer (step 290) Then, the carriage 4 is moved
toward the cap member 10 under control of a carriage
control circuit (not shown). The carriage 4 faces the cap
member 10. At this time, the position detector 18 pro-
duces a signal (step 291). In response to the signal, the
microcomputer 84 stores time data from the clock cir-
cuit 85 in the memory 86, and then sends a signal to the
solenoid drive circuit 28 to energize the solenoid 12
(step 292). As a result, the cap member 10 hermetically
closes the nozzle face 1a of the print head 1. The mi-
crocomputer 84 computes a time difference between

“time t; the button 27 generates 2 signal and time tgof the
previous pushing of the button 27, viz., AT =t; —to(step
293). The present pushing of the button is the first push-
ing after power on. Accordingly, the CPU determines
that the time difference AT is longer than the reference
time To(step 294). Then, the computer 84 issues a signal
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to the pump drive circuit 29, thereby to operate tne
suction pump 20, and then closes the air open valve 72,
whereby a negative pressure is generated in the nozzle
receiving chamber 17 of the cap member 10 (step 295).
The negative pressure acts on the nozzle face 1a to
extract ink through the nozzle openings. With the flow
of the ink, paper particles and dust stuck to the nozzle
openings arc washed away. When time Ts, which is the
time taken until the pump has sucked an amount of ink
necessary for removing the foreign material, elapses
(step 296), the microcomputer B4 stops the operation of
the pump 20 and opens the valve 72, and at the same
time de-energizes the solenoid 12 to separate the cap
member 10 from the print head 1 (step 297). In the
present case, since the suction time is short, the pressure

in the cap member 10 is relatively high (FIG. 23, waye-

forms I). Accordingly, the print head 1 is operable
within the print region. and starts to operate again.

A printing defect occurs again after a relatively short
time of approximately ten and several minutes from the

previous pushing of the button 27. After recognizing

the printing defect, the user pushes the button 27 again
(step 290). Then, the carriage 4 is moved and reaches
the pesition of the cap member 10, and the position
detector 18 produces a signal (step 291). At this time,
the microcomputer 84 stores time data I; from the clock
circuit 85 in the memory 86, and sends a signal to the
solenoid drive circuit 28. As a result, the cap member 10
is pressed against the nozzle openings of the print head
1 (step 292). The microcomputer 84 computes a time
difference between time t; of the previous ink suction as
stored in the memory 86, and time t; of the present ink
suction, viz., AT =ta—t; (step 293). Then, it compares
the difference time with the-reference time T (step
294).

In the present case, the time difference AT (=t3—t})
is much shorter than the reference time To. This indi-
cates a high probability that the cause of the present
printing defect is not foreign material stuck to the noz-
zle openings, but air bubbles entering into the ink path.
Accordingly, the microcomputer 84 operates the pump
20 and energizes the valve 72, thereby to such the ink
(step 299). After the time T necessary for sucking ink
in the amount of Q; necessary for discharging the bub-
bles (step 300), the microcomputer 84 intermittently
sends an energizing signal to the valve drive circuit 74,
thereby to open and close the valve 72 plural times. As
a result, an internal pressure within the cap member 10
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gradually rises. Then, the microcomputer 84 stops the
operation of the pump 20, opens the valve 72, and sepa-
rates the cap member 10 from the nozzle openings (step
297: FIG. 23, waveforms II).

When the previous ink suction operation for bubble
removal incompletely removes the bubbles, another
printing defect will occur within a very short period of
time, e.g., after several minutes. At this time, if the
recovery button 27 is pushed (step 290), the carriage 4 is
moved toward the cap member 10. The position detec-
tor 18 produces a signal (step 291). At this time, the

. microcomputer 84 sends a signal to the solenoid drive

circuit 28, By the signal, the solenoid 12 is energized to
make the cap member 10 contact with the print head 1
(step 292). At the same time, the microcomputer 84
fetches time data t3 from the clock circuit 85, and com-
putes a time difference between the time t; of the previ-
ous pushing of the recovery button 27 as stored in the
memory 86 and time t3 of the present pushing,
AT =t3—13(step 293). Then. it compares the time differ-
ence with the reference time T (step 294). In the pres-
ent case, the recovery button is pushed within the very
short period of time, Therefore, the microcomputer 84
sets up the sum of the suction time T for bubble re-
moval and a preset increment AT,, T1+ AT, (step 362).
Then, it operates the pump 20, and closes the valve 72
(step 303). After the sum Tr+AT, (step 304), the mi-
crocomputer 84 opens and closes the valve 72 several
times, to increase the pressure within the cap member
10 (step 301). Then, it stops the pump 20, opens the
valve 72, and separates the print head 1 from the cap
member 10 (step 297; FIG. 23, waveforms III).

Subsequently, when the pushing of the recovery but-
ton for the very short time is repeated, the suction time
for the bubble removal is incremented by time AT XN
every N number of pushings to be T, +AT XN (step
302).

In the instant embodiment, even if the present defect
found is a heavy printing defect requiring frequent
pushings of the recovery button. it can be cured by
incrementing the amount of the ink to be sucked. Fur-
ther, the drop of the inner pressure of the cap member
10. which is caused by the lang time suction, is relieved,
thereby protecting the meniscus of the nozzles from the

. impact applied thereto. In this respect, reliable perfor-

mance of the printer is ensured.

FIG. 24 shows a seventh embodiment of the present
invention in the form of an arrangement of the control
circuit 26. As shown, the control circuit 26 is composed

circuit for
recovery process steps, which is arranged
circuit 26 is conposed of a mc
including a CPU 148, a ROM 149 and a RAM 150, a clock circui
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data representative of the time of pushing of the recov- efy,.butrencdv cfhe
control circuit 26 is progranmmed so as to execute a sequen:é‘iq,ﬁ:@ﬁéf,a.t.lidﬁlsé
as given bel ow. \Wen the recovery button 27. which is provided on an i
operating. panel of the printer chassis, is pushed, the poditi g Het&etors 18 |
produces a signal. At this tinme. the control circuit sendsiaisignal. .iaq.the
solenoid drive cir- cuit 28 (FIG 3). .lgyturn, the drive circuit 28 drives
t he ¢ _

of a microcomputer 113 including 2 CPU 110, 2a ROM
111 and 2 RAM 112, a counter 114 for counting 2 print
quantity, such as the number of printed characters, the
number of lines, and an amount of paper feed, and a
memory 115 for storing data of the counted print quan-
tity derived from the counter 114 when the recovery
button 27 is pushed. It is programmed so as to execute a
sequence of operations as given below. When the recov-
ery button 27, which is provided on an operating panel
of the printer chassis, is pushed, the position detector 18
shown in FIG. 16 produces a signal. At this time, the
control circuit sends a signal to the solenoid drive cir-
cuit 28. In turn, the drive circuit 28 drives the solenoid
12 to press the cap member 10 against the print head 1,
and sends a signal to the pump drive circuit 29 to oper-
ate the suction pump 20 for a preset time. Further, it
sends a signal to the valve drive circuit 74, which inter-
mittently opens and closes the air open valve 72 when a
long suction time is completed.

FIG. 25 is a fonctiona) block diagram showing a
model of the function 10 be realized by the microcom-
puter 113, The circuit is composed of print quantity
difference computing unit 117, reference print quantity
setting unit 118, comparing unit 119, suction time set-
ting unit 120, solenoid drive directing unit 121, and '
valve drive directing unit 122. The print quantity differ-
ence computing unit 117 computes a print quantity
difference AL between print quantity data stored in the
memory 115 and data output from the counter 114
when the recovery button 27 is pushed. The reference
print quantity setting unit 118 stores 2 reference print
quantity Lgto determine a type of printing defect. The
comparing unit 119 compares the print quantity differ-
ence data from the print quantity difference computing
unit 117 with the reference print quantity Lo. The suc-
tion time setting unit 120 selects a suction time Tslong
enough to wash away paper particles and dust or a
suction time T, long enough to remove air bubbles on
the basis of the result of the comparison. The solenoid
drive directing unit 121 energizes the solenoid-12 by a
‘signal from the position detector 18, and de-energizes
the same when the suction is completed. 'I'he. valve
drive directing unit 122 sends a signel to intermittently
open and close the air open valve 72 when the suction
of the suction time T or more is completed, and the cag
member 10 is separated from the print head 1.

The operation of the apparatus thus arranged will be
described with reference to FI1G. 26 showing a flow
chart.



solenoid 12 to press the cap nenber

control circuit sends a signal to the punp drive circuit 29 to
suction punp 20 for a preset tinme. FIG 32 is a functional

show ng t he

functions to be realized by the m croconputer 151.

circuit is conposed of a time difference conputing unit 155,

time setting unit 156,

conparing unit 157,-
- 2?8 -

Upon start of a printing operation, the microcom-
puter 113 causes the counter 114 to count the print
quantity (step 310). During the printing operation, if a
printing defect is found, the user pushes the recovery
button 27, which is provided on the chassis of the
printer (step 311). Then, the carriage 4 is moved toward
thcqzap member 10 under control of a carriage control
circuit (not shown). The carriage 4 faces the cap mem-
ber 10. At this time, the position detector 18 produces a
signal (step 312). In response to the signal, the mi-
crocomputer 113 stores the print quantity Ij of the
counter 114 in the memory 115, and at the same time
sends a signal to the solenoid drive circuit 28 to energize
the solenoid 12. As a result, the cap member 10 hermeti-
cally closes the nozzle face 1a of the print head 1 (step
313). The microcomputer 113 fetches from the counter
114 the print quantity 1 until the recovery button 27
produces a signal. Then, the microcomputer 113 com-
putes a print quantity difference between the print quan-

. tity 1; and a print quantity lg obtained in the previous

pushing of the recovery batton 27, viz., AL=I) ~lp(step
314). The present pushing of the button is the first push-
ing after power on. Accordingly, the CPU determines
that the print quantity difference AL is larger than the
reference print quantity Lo (step 315). Then, the com-
puter 113 issues & signal to the pump drive circuit 29,
thereby to operate the section pump 20, and then closes
the valve 72, whereby a negative pressure is generated
in the nozzle receiving chamber 17 of the cap member
10 (step 316). The negative pressure acts on the nozzle
face 1a to extract ink through the nozzle openings. With
the flow of the ink, paper particles and dust stuck to the
nozzle openings are washed away. When time Ts,
which is the time taken unti] the pump has sucked an

- amount of ink necessary for removing the foreign mate-

rial, elapses (step 317), the microcomputer 113 stops the
operation of the pump 20 and opens the valve 74, and at
the same time de-energizes the solenoid 12 to separate
the cap member 10 from the print head 1 (step 318).
Under this condition, the print head 1 is operable in a
print region and starts the printing operation again.

A printing defect occurs again after a relatively short
time of ten and several lines from the previous pushing
of the button 27, After recognizing the printing defect,
the user pushes the button 27 again (step 311). Then, the
carriage 4 is moved and reaches the position of the cap
member 10, and the position detector 18 produces a
signal (step 312), At this time, the microcomputer 113
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stores print quantity data I; from the counter 114 in the
memory 115, and sends a signal to the solenoid drive
circuit 28. As a result, the cap member 10 is pressed
against the nozzle openings of the print head 1 (step
313). The microcomputer 113 computes 2 print quantity
difference between the print quantity data I; and the
previous print quantity 1 stored in the memory 11§, viz.,
AL =L} (step 314). Then, it compares the difference
print quantity with the reference print quantity Lg (step
315). The microcomputer 113 selects the suction time
Tz, which is longer than the suction time Tsfor remov-
ing the paper patticles and dust (step 319).

When the nozzle face 1a of the print head 1is hermet-
ically closed by the cap member 10, the computer oper-
ates the pump 20 and closes the valve 72, to apply a
negative pressure to the nozzle receiving chamber 17 of
the cap member 10 (step 319). Upon the negative pres-
sure acting on the nozzle face 1g, ink is discharged from
the ink flow path through the nozzle openings into the
nozzle receiving chamber. Together with the dis-
charged ink, the air bubbles are attracted toward the
nozzle openings and discharged outside from the noz-
zles. At the instant that the time T necessary for suck-
ing ink in the amount of Q2 necessary for discharging

the bubbles elapses (step 320). the microcomputer 84
sends a signal to the valve drive circujt 74, thereby (0

open and close the valve 72 plural times (step 321). As
a result, a pressure in the nozzle receiving chamber 17
of the cap member 10 gradually rises (step 321). Then,
the microcomputer 84 stops the operation of the pump
20, opens the valve 72, de-energizes the solenocid 12, and
separates the cap member 10 from the nozzle openings
(step 318). Under this condition, the carriage 4 is mov-
able within the print region (step 318).

When the recovery button 27 is pushed after the print
of 250 to 1,000 lines is made further to the quantity L;
of the print made by the previous pushing of the button,
27 (step 311), the carriage 4 retracts to the position of
the cap member 10 and the position detector 18 pro-
duces a signal. At this time (step 312), the microcom-
puter 113 stores the print quantity data 13 of the counter
114 in the memory 115, and then sends a signal to the
solenoid drive circuit 28. By the signal, the solenoid 12
is energized to make the cap member 10 contact with
the print head 1 (step 313).

The microcomputer 113 computes a print quantity
difference between the print quantity 1 of the previous
pushing of the recovery button 27 as stored in the mem-



the tine difference [err]T derived fromthe tine difference

155 with the reference time To. The wping tinme setting un
brush mechanism drive tine Td necessary for renovi ng paper!
dust, on the basis of the conparison result. The suction t
159 selects an ink suction tine Tr after the wiping or a sy
| ong enough to renobve air bubbles. In-réfpense to the posi

ory 115 and print quantity 13 of the present pushing,
AL =13~1;(step 315). Then, it compares the print quan-
tity difference with the reference print quantity Lo (step
315). In the present case, the print quantity difference
AL (=13—13) is larger than the reference print quantity
Lo, the microcomputer 113 selects the suction print
quantity Qs, so that the ink is sucked by the small ink
amount Qsfor removing the printing defect due to the
clogging of the nozzles by paper particles and dust.
Succeedingly, the steps (316) to (318) are executed. As
a consequence, foreign material, such as paper particles
and dust, is washed away from the nozzle openings with
the discharged ink, and the printer is placed to be ready
_for printing.

FIG. 27 shows an eighth embodiment in the form of
the function to be realized by the microcomputer. The
circuit is composed of print quantity difference comput-
ing unit 130, reference print quantity setting unit 131,
comparing unit 132, suction time setting unit 133, suc-
tion time extending unit 134, solenoid drive directing
unit 135, and valve drive directing unit 136. The print
quantity difference computing unit 130 computes a print
quantity difference AL between print quantity data
stored in the memory 115 and data output from the
counter 114 when the recovery button 27 is pushed.

The reference print quantity setting unit 131 stores a
reference print quantity Lo to determine the type of
printing defect. The comparing unit 132 compares the
print quantity difference data from the print quantity
difference computing unit 130 with the reference print
quantity Lo. The suction time setting unit 133 selects a
suction time Tslong enough to wash away paper parti-
cles and dust or 2 suction time T, long enough to re-
move air bubbles on the basis of the result of the com-
parison. When the recovery button 27 is pushed within
the reference print quantity Lo after the completion of
the suction for the suction time Tz, the suction time
extending unit 136 increments the suction time by fixed
time AT, every the N number of pushings of the recov-
ery button. The solenoid drive unit 135 energizes the
solenoid 12 by a signal from the position detector 18,
and de-energizes the same when the suction is com-
pleted. The valve drive directing unit 136 sends a signal
to intermittently open and close the air open valve 72
- when the suction of the suction time T, or more is
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18, the solenoid drive directing unit 160 generates a si gna§+ '—t-’rragj; ;‘?“S‘”’
the print head | toward the brush nechanism 140 or the cap néﬁﬁeéﬁ*w 0%
such that when the print head 1 is positioned in front of t‘EeE"“Ca“p“ enber ;
10, it energizes the solenoid 12 or deenergizes the same whenjthe suct ity |
I's conpl et ed. The operation of the apparatus thus arrange w 1" be 1
described with reference to FIGS. 33 and 341r espec- -

pom e e BB

completed, and the cap member 10 is separated (rom the
print head 1. ,

The operation of the apparatus thus arranged will be
described with reference to FIG. 28 showing a flow
chart.

Upon starting of a printing operation, the microcom-
puter 113 causes the counter 114 to count the print
quantity (step 330). During the printing operation, if a
printing defect is found, the user pushes the recovery
button 27, which is provided on the chassis of the
printer (step 331). Then, the carriage 4 is moved toward
the cap member 10 under control of a carriage control
circuit (not shawn). The carriage 4 faces the cap mem-
ber 10. At this time, the position detector 18 produces a
signal (step 332). In response to the signal, the mi-
crocomputer 113 fetches from the counter 114 the print
quantity 1; at the instant that the recovery button 27
generates a sxgnal and stores the print quantity 1 of the
counter 114 in the memory 115, and at the same time
sends a signal to the solenoid drive circuit 28 to cnergnze
the solenoid 12. As a result, the cap member 10 hermeti-
caily closes the nozzle face 1a of the print head 1 (step
333). The microcomputer 113 fetches from the com-
puter 114 the print quantity 1 until the recovery button
27 produces a signal. Then, the microcomputer 113 .
computes a print quantity difference between the print -
quantity 1) and a print quantity 10 obtained in the previ- |
ous pushing of the recovery button 27, viz.,, AL=l1—lp |
(step 334), and compares the different print guantity
with the reference print quantity Lg (step 335). Then,
the computer 113 issues 2 signal to the pump drive
circuit 29, thereby to operate the suction pump 20, and
then closes the valve 72, whereby a negative pressure is
generated in the nozzle receiving chamber 17 of the cap
member 10 (step 336). The negative pressure acts on the
nozzle face 1a to extract ink through the nozzle open-
ings. With the flow of the ink, paper particles and dust
stuck to the nozzle openings are washed away. When
time Ts, which is the time taken until the pump has
sucked an amount of ink necessary for removing the
foreign material, elapses {step 337), the microcomputer
113 stops the operation of the pump 20 and opens the
valve 74, and at the same time de-energizes the solenoid
12 to separate the cap member 10 from the print head 1
(step 338). Under this condition, the print head 1 is
operable in a print region and starts the printing opera-
tion again.
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A printing defect occurs again after a relatively short
time of several tens lines from the previous pushing of
the button 27. After recognizing the printing defect, the
user pushes the button 27 again (step 331). Then, the
carriage 4 is moved and reaches the position of the cap
member 10, and the position detector 18 produces a
signal (step 332). At this time, the microcomputer 113
stores print quantity data ]; from the counter 114 in the
memory 57, and sends a signal to the solenoid drive
circuit 28. As a result, the cap member 10 is pressed
against the nozzle openings of the print head 1 (step
333). The microcomputer 113 computes a print quantity
difference between the print quantity data 1; and the
print quantity 1; at the time of the previous ink suction,
viz., AL =1y} (step 334). Then, it compares the differ-
ence print quantity with the reference print quantity Lo
(step 335).

When the nozzle face 1a of the print head 1 is hermet-
ically closed by the cap member 10, the computer oper-
ates the pump 20 and closes the valve 72, to apply a

negative pressure to the nozzle receiving chamber 17 of
the cap member 10 step '339). Upon tne negauve pres-

sure acting on the nozzle face 1a, ink is discharged from
the ink flow path through the nozzie openings into the
nozzle receiving chamber. Together with the dis-
charged ink, the air bubbles are attracted toward the
nozzle openings and discharged outside from the noz-
zles. At the instant that the time T necessary for suck-
ing ink of the amount of Qi necessary for discharging
the bubbles elapses (step 320). the microcomputer 84
sends a signal to the valve drive circuit 74, thereby to
open and close the valve 72 plural times (step 321). As
a result, a pressure in the nozzle receiving chamber 17
of the cap member 10 gradually rises (step 321). Then,
the microcomputer 84 stops the operation of the pump
20, opens the valve 72, de-energizes the solenoid 12, and
separates the cap member 10 from the nozzle openings
(step 338). Under this condition, the carriage 4 is mov-
able within the print region (step 338) and the print
operation starts again.

When the recovery button 27 is pushed again, with a
small print quantity of several tens after the previous
pushing of the button 27 (step 331), the carriage 4 re-
tracts to the position of the cap member 10 and the
position detector 18 produces a signal. At this time (step
332), the microcomputer 113 stores the print quantity
data |; of the counter 114 in the memory 1185, and then
sends a signal to the solenoid drive circuit 28. By the

T
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signal, the solenoid 12 is energized to make the cap
member 10 contact with the print head 1 (step 333).
Succeedingly, the microcomputer computes a print
quantity difference AL =1:—1; between the print quan-
tity of the present ink suction and that 11 of the previous
ink suction (step 334), and compares it with the refer-
ence print quantity Lo (step 335).

In the case now discussed, the print quantity differ-
ence AL (=l1—1,) is much smaller than the reference
print quantity Lo. This indicates a high probability that
the printing defect is due to air bubbles mixing in the ink
flow path, not foreign materials stuck to the nozzle
openings. Accordingly, the microcomputer 113 oper-
ates the pump 20 and closes the valve 72 and increases
the inner pressure in the cap member 10 (step 342), and
it stops the pump 20, opens the valve 72, and separates

the cap member 10 from the pnint head 1 (step 338)..
in the case where the previous ink suction operation

for the bubble removal imperfectly removed the air
bubbles, the printing defect due to the air bubbles will
occur again within a very short time, e.g., several lines
to ten and several lines. If such printing defect occurs
and the user pushes the recovery button 27 (step 331),
the carriage 4 is moved to the position of the cap mem-
ber 10 and the position detector 18 produces an output
signal (step 332). At this time, the microcomputer 33
stores the print quantity I3 of the counter 114 in the
memory 11§, and sends a signal to the solenoid drive
circuit 28. Then, the cap member 10 is pressed against
the nozzie openings of the print head 1 (step 333). At the
same time, the microcomputer 33 computes a time dif-
ference between the print quantity 13 and the previous
print quantity l» stored in the memory 115, viz,
AL =l3—1 (step 334). Then, it compares the difference
time with the reference print quantity Lo (step 335). In
the case now discussed, the recovery button is operated
again within a very short time (steps 335, 339), the mi-
crocomputer 33 increments the suction time T for the
bubble removal by a preset time AT, to be To+AT,
(step 343), and operates the pump 20 and closes the

_valve 72 (step 433). After the incremented suction time
T.+ AT, elapses (step 3a), the microcomputer opens

the valve 72 plural times (step 342). When the inner
pressure in the cap member 72 has been increased, the
microcomputer stops, opens the valve 72, and separates
the cap member 10 from the print head 1 (step 338).

Subsequently, when the pushing of the recovery but- .

ton for the very short time is repeated, the gnction time
for the bubble removal is incremented by time AT XN




toward the cap nenber 10 under control of a carriage contro

shown). The
detector 18

carriage 4 faces the cap nenber 10. At this ting,

pro- duces a signal (step 351). In response to

m croconputer 151 stores tine data t[err] fromthe clock ci

menory 153,
time tlerr]
in

and the m croconputer 151 conputes a tine diffe
and tinme to of the previous pusghng of the butt

every N number of pushings to be T +ATXN (step
+ 262).

Accordmgly, even if the print found is a heavy print-
ing defect requiring frequent pushings of the recovery
button, it can be cured by incrementing the amount of
the ink to be sucked. Further, in the instant embodi-
ment, the pressure within the cap member, which has
been considerably reduced as the result of 2 long time of
operation of the pump, is gradually increased up to
atmospheric pressure. This feature allows the cap mem-
ber to be removed without disturbing the meniscus of
the nozzles.

Another ink jet printer of the type in which paper
particles and dust are washed away with ink and further
wiped up with a brush will now be described.

FIG. 29 is a perspective view showing a ninth em-
bodiment of the present invention in the form of a struc-
ture including a cap member and its related structure,
which is suitable for curing printing defects caused by
such a-brush. In this figure, reference numeral 140 des-
rgmtes a brush mechanism which is located outside the
pnrlt region, or adjacent to the cap member 10, in this
instance. In the brush mechanism 140, a beit 143, with
linear members as brushes 144 and 144 fixed thereto, is
strained between paired rollers 141 and 142, which are
driven by a drive mechanism (not shown). In operation,
the tips of the brushes 144 and.144 contact the nozzle
openings of the print head 1 to thus wipe the nozzle
openings and the portion in the vicinity thereof.

. FIG. 30 is a block and schematic diagram showing
the arrangement of a printer containing an ink supp}y :
flow system, an ink suction flow system operating in a
pnntrecovaq;rnode,andaacnnunlsyﬂenxﬁM'pnnt
recovery. In the figure, the brush mechanism 140 is
driven by a wiper drive circuit 145, which receives a
signal from a control circuit 145 (described in more
detail below). A suction pump 20, constructed as al-
ready described referring to FIG. 2, is coupled at the
suction port 20z via a first through hole 10a of the cap
member 10 by way of the tube 70, and at the discharge
port 20b with a used-ink tank 23 of an ink cartridge 22
by way of a tube 70. An ink tank 24 contained in the
cartridge 22 is connected for ink supply to the print
head 10 via a tube 5.

The cap member 10 is moved to and retracted from
the front face 1a of the print head 1 by the solenoid 12,
which is driven by a signal from the solenoid drive
circuit 28.
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the nenory 153, viz., [err]T- t[err]-t[err] (step 352). Wen the cormuted

tinme data is conpared with the reference tinme data To and the 'Hfl,?rf; 3 -, ba‘*i’fi
smaller than the latter (step 353), the mcroconputer 151 coml_mmff" me . ...
difference between tine t1l and tinme to of the previous pushi hg ofMghe

vy |
button 27 as stored in the nemory 153, viz, [err]T=t[err] -to (stéep 352).7% |
When the cofputed tine data is conpared-wggh-the reference tim_data.To.and.

FIG. 31 shows an embodiment of the control circuit
for executing a sequence of print recovery process
steps, which is arranged as shown in FIG. 4 As shown,
the control circuit 26 is composed of a2 microcomputer
151 including a CPU 148, a ROM 149 and a RAM 150,
a clock circuit 152, and 2 memory 153 for storing time'
data representative of the time of pushing of the recov-
ery button 27. The control circuit 26 is programmed SO

. as to execute a seguence of Operanons as given below.
When the recovery button 27, which is provxded on an
operatmg panel of the printer chassis, is pushed the

osition detector 18 produces a signal. At this time. the
conrrol circuit sends a signal to the solenoid drive cir-
cuit 28 (FIG. 3). In turn, the drive circuit 28 drives the
solenoid 12 to press the cap member 10 against the print
head 1. Then, the control circuit sends a signal to the
pump drive circuit 29 to operate the suction pump 20
for a preset time.

FIG. 32 is a functional block diagram showing the
functions to be realized by the microcomputer 151. The
circuit is composed of a time difference computing unit
155, reference time setting unit 156, comparing unit 157,
wiping time setting unit 158, suction time setting unit
159, and solenoid drive directing unit 160. The time
difference computing unit 155 computes a time differ-
ence AT between time data stored in the memory 153
and time data generated from the clock circuit 152
when the recovery button 27 is pushed. The reference
time setting unit 156 stores a reference time Toto deter-
mine a type of printing defect. The comparing unit 157
the time difference AT derived from the time difference
computing unit 155 with the reference time To. The
wiping time setting unit 158 sets a brush mechanism
drive time Ty necessary for removing paper particles
and dust, on the basis of the comparison result. The
suction time setting unit 159 selects an ink suction time
Tcafter the wiping or a suction time T long enough to
remove air bubbles. In response to the position detector
18, the solenoid drive directing unit 160 generates a
signal that moves the print head 1 toward the brush
mechanism 140 or the cap member 10, and such that
when the print head 1 is positioned in front of the cap
member 10, it energizes the solenoid 12 or deenergizes
the same when the suction is completed.

The operation of the apparatus thus arranged will be
described with reference to FIGS. 33 and 34 respec-
tively showing a flow chart and a timing chart.

When a printing defect is found, the user pushes the |
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the former is smaller than the latter (step 353) the m - crocormuter 151
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recovery button 27, which is provided on the chassis of
the printer (step 350). Then, the carriage 4 is moved
toward the cap member 10 under control of a carriage
control circuit (not shown). The carriage 4 faces the cap
member 10. At this time, the position detector 18 pro-
duces a signal (step 351). In response to the signal, the
mncrocomputer 151 stores time data t; from the clock
circuit 152 in the memory 153, and the microcomputer
151 computes a time difference between time t; and time
1o of the previous pushing of the button 27 as stored in
the memory 153, viz., AT =t; —1p (step 352). When the
computed time data is compared with the reference
time data Tg and the former is smaller than the latter
(step 353), the microcomputer 151 computes a time
difference between time t; and time g of the previous

pushing of the button 27 as stored in the memory 153,
viz., A'I‘-t;—to (step 352). When the computed time

data 1s compared with the reference time data T and
the former is smaller than the latter (step 353), the mi-
crocomputer 151 moves the print head toward the
brush 140, which is located separated by a fixed distance
from the position detector 18, and places it to face the
brush mechanism 140 (step 354). Then, it sends a signal
to the wiper drive circuit 146 to operate the brush
mechanism 140 (step 355). As a result, the belt 143 is
driven by the drive mechanism (not shown), so that the
brushes 144 and 144 move in contact with the nozzle
openings of the print head 1 to wipe away paper parti-
cles and dust at the nozzle openings. After a preset time
T, (the duration of the first brushing operation in this
case) (step 356), elapses (step 357), the brush mechanism

140 is stonped (step 358). Then. the computer 151 issues
a signal 10 tne sojenoid drive circuit.Z¥, ana energizes

the solenoid 12 to hermetically close the nozzle face 1a
of the print head 1 with the cap member 10 (step 359).
The microcomputer 151 sends a signal to the pump
drive circuit 29 to operate the suction pump 20. As
consequence, the negative pressure acts on the nozzle .
face 1a to extract ink through the nozzle openings. With
the flow of the ink, paper particles and dust adhered to
the nozzle openings are washed away. At the same time,
the meniscus near the nozzle openings is recovered
from its destruction caused by the brushing operation.
When time T, which is the time taken until the pump
‘has sucked an amount of ink necessary for removing the
foreign material, elapses or for the recovery of the me-
niscus, the microcomputer 151 stops the operation of
the pump 20 (step 360), and at the same time de-ener-
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gizes the solenoid 12 to separate the cap member 10 s

from the print head (step 361). Under this condition, the
print head 1 is operated in a print region and starts the
printing operation again (FIG. 34, waveforms I).

A printing defect occurs again after a relatively short
time of ten and several minutes to one hour from the
previous pushing of the button 27. After recognizing
the printing defect, the user pushes the button 27 again
(step 350). Then, the carriage 4 is moved and reaches
the position of the cap member 10, and the position
detector 18 produces a signal (step 351). At this time,
the microcomputer 151 stores time data I from the

‘clock circuit 152 in the memory 153, and computes a

time difference between time t; of the previous ink

-

suction as stored in the memory 153, and time t; of the

present ink suction, viz., AT =ty —t; (step 352). Then, it
compares the difference time with the reference time
To. The result of the comparison shows that the refer-
ence time Tp is shorter than the difference time (step
353). The microcomputer 151 sends a signal to the sole-
noid drive circuit 28 to press the cap member 10 against
the nozzke front faces of the print head 1 (step 362).
Then, it operates the pump 20 to apply a negative pres-
sure into the nozzle receiving chamber 17 of the cap
member 10 (step 363). The negative pressure acts on the
nozzle front face 1a, and extracts jet from the ink flow
path through the nozzle openings. Together with the
discharge of the ink, the bubbles contained in the ink
flow path is discharged through the nozzie openings to
exterior. After the pump 20 is operated from the time
Tr necessary for taking out the ink of the quantity Qa
for the bubble removal (step-363), the solenoid 12 is
de-energized to remove the cap member 10 from the
nozzle openings, and the carriage 4 is placed to be mov-
able to the print region (step 361). Five to ten hours
elapse from time point t where the recovery button 27 is
pushed. At this time, the microcomputer 351 executes
the grocess from the step 350 to step 361 to remove the
foreign material and to recover the printer from its
abnormal state.

After the recovery of the printer, time To, elapses,
which is longer than the reference time Tg, but is very
close to the reference time To. At this time, the button
27 is pushed again (step 350). Then, the cap member 10
moves to and faces the print head 1, and the position
detector 18 produces a signal (step 351). At this time,
the microcomputer 151 stores the time data t3 of the
clock circuit 152 in the memory 153, and computes a
difference between time t3 of the present pushing of the




of the print head | with the cap nenber 10 (step 359). The _,t;«r‘oeem‘pv’t*e“r‘ T
151 sends a signal to the punp drive circuit 29 to operate }hepgACEN R ﬁ‘ia
20. As consequence, the negative pressure acts on the nozzl e fraeeta to
extract ink through the nozzle openings. Wth the fl ow of tlheel ks paper~y |
particles and dust adhered to the nozzle openings are washed mﬁ At ‘the |
sane tine, the neniscus near the nozzle o IMgs i s recoveréd o “*“'“““””““‘”"M'

§_
i

_ J——
1 A SN A
PP A

ez

button 27 and the time data t2 of the previous pushing
stored in the memory 153, viz.,, AT=t3—12 (stcp 352).
The comparison result shows that the reference time To
is shorter than the time difference computed (step 353).
The microcomputer 151 moves the print head 1toward
the brush mechanism 140. which is located separated by
a fixed distance from the position detector 18, and
places it to face the brush mechanism 140 (step 354).
Then, the microcomputer 151 sends a signal to the
wiper drive circuit 146 10 operate the brush mechanism
140 (step 355). As a result, the belt 143 is driven by the
drive mechanism (not shown), so that the brushes 144
and 144 move in contact with the nozzle openings of the
print head 1, to wipe away paper particles and dust at
the nozzle openings. In the case now discussed, the time
interval between the pushings of the button 27 is very
close to the reference time Tg (step 356). Therefore,
probably paper particles and dust, and paper pieces
resulting from jamming. for example, are still left on the
nozzle openings. To cope with this, the original brush-
ing time T, is incremented by AT, into time
Ta=Tp+ AT, (step 364). After the time T, elapses, the
brush mechanism 140 is stopped (step 358). Then, the
steps 359 to 361 are executed, and the print recovery
operation ends. In this way, the paper particles and
pieces can be removed completely (FIG. 34, waveforms
II). Subsequently, every time the button 27 is pushed at
the time intervals approximate to the reference time To,
the brushing time T, is incremented.

In the embodiment described above, the brushes are
mounted on the belt. The brushes is moved in contact
with the nozzle face of the printer head with the rota-
tion of the belt. Alternatively, as shown in FIG. 3§, an
eccentric cam 164 is coupled with a rotating drive
mechanism (not shown). An arm 166, which is swing-
able about a shaft 163, is held in contact with the eccen-
tric cam 164 by means of a spring 165. A brush 167 is
mounted on the free end of the arm 166. In operation,
the cam 164 rotates and accordingly the brush 167 re-
ciprocatively contacts the nozzle face 1a of the printer
head 1. Also, the brush may be fixed at a posmon where
it is in contact with the nozzle face of the printer head,
and under this condition the print head is moved with
the reciprocative motion of the carriage.

FIG. 36 shows a tenth embodiment of the present
invention in the form of an arrangement of the control
circuit 145, As shown, the control circuit 145is com-
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posed a microcomputer 173 including a CPU 170, a
ROM 171 and a RAM 172, 2 counter 174 for counting
& print quantity, such as the number of printed charac-
ters, the number of lines, and an amount of paper feed,
and a memory 175 for storing data of the counted print
quantity derived from the counter 174 when the recov-
ery button 27 is pushed. 1t is programmed so as to exe-
cute a sequence of operations as given below. When the
recovery button 27, which is provided on an operating
panel of the printer chassis, is pushed, the position de-
tector 18 produces a signal. At this time, the control
circuit sends a signal to the solenocid drive circuit 28. In
turn, the drive circuit 28 drives the solenoid 12 to press
the cap member 10 against the print head 1. Then, it
sends a signal to the pump drive circuit 29 to operate the
suction pump 20 for a preset time, or it sends a signal to
the wiper drive circuit 146 to drive the brush mecha-
nism 140, :

FIG. 37 is a functional block diagram showing a
model of the function to be realized by the microcom-
puter 173. The circuit is composed of print quantity
difference computing unit 177, reference print quantity
setting unit 178, comparing unit 179, wiping time setting

unit 180. suction time setting unit 181, and solenoid

drive directing unit 182. The print quantity difference
computing unit 177 computes a print quantity difference
between print quantity data stored in the memory 175
and data output from the counter 174 when the recov-,
ery button 27 is pushed. The reference pniat quantity

when di-re-Fs—whi

f

setting unit 178 stores a reference print quantity Loto .

determine the type of printing defect. The comparing
unit 179 compares the print quantity difference data
from the print quantity difference computing unit }77
with the reference print quantity Lo. The wiping time
setting unit 180 is for setting a wiping time Tynecessary
for removing paper particles and dust, on the basis of
the comparison result. The suction time setting unit 181
selects an ink suction time T, after the wiping or a suc-
tion time Tz long enough to remove air bubbles on the
basis of the result of the comparison. The solencid drive
directing unit 182 generates a signal that moves the
print head 1 toward the brush mechanism 140 of the cap
member 10, and that, when the print head 1 is posi-
tioned in front of the cap member 10, energizes the
solenoid 12 or de-energizes the same when the suction
operation is completed.

The operation of the apparatus thus arranged will be
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described with reference to FIG. 38 showing a flow
chart.

Upon start of a printing operation, the microcom-
puter 173 causes the counter 174 to count the print
quantity (step 370). During the printing operation, if a
printing defect is found, the user pushes the recovery
button 27 provided on the chassis of the printer (step
371). Then, the carriage 4 is moved toward the cap
member 10 under control of a carriage control circuit
(not shown). The carriage & faces the cap member 10.
At this time, the position detector 18 produces a signal
(step 372). In response to the signal, the microcomputer
173 fetches from the counter 174 the print quantity 1;,
and stores it in the memory 175. Then, the microcom-
puter 173 computes a print quantity difference between
the print quantity 1; and a print quantity lp obtained in
the previous pushing of the recovery button 27, viz,,
{AL =11 —lo) (step 373). When the computed time data is
compared with the reference time data To and the for-
mer is smaller than the latter (step 374), the microcom-
puter 151 moves the print head 1 toward the brush
mechanism 140, which is located separated by a fixed
distance from the position detector 18, and places it to
face the brush mechanism 140 (step 375). Then, it sends
a signal to the wiper drive circuit 146, to operate the
brush mechanism 140 (step 376). As a result, the belt 143

‘is driven by the drive mechanism (not shown), so that

the brushes 144 and 144 move in contact with the nozzle
openings of the print head 1, to wipe away paper parti-
cles and dust at the nozzle openings. After a preset time.
or time T because of the first brushing operation in this
case (step 377), elapses (step 378), the brush mechanism
140 is stopped (step 379). Then, the computer 173
moves the print head 1 to the cap member 10, and issues
a signal to the solenoid drive circuit 28, and energizes
the solenoid 12 to hermetically close the nozzle face 1a

‘of the print head 1 with the cap member 10 (step 380).

The microcomputer 151 sends a signal to the pump
drive circuit 29 to operate the suction pump 20. As a
consequence, the negative pressure acts on the nozzle
face 1a to extract ink through the nozzle openings. With
the flow of the ink, paper particles and dust adhering to
the nozzle openings are washed away. At the same time,
the meniscus near the nozzle openings s recovered
from its destruction caused by the brushing operation.
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gzes the solenoid 12 to separate the cap nenber
(step 361). Under this condition, the print head 1 is opera
region and starts the prnting operation again (FIG 34, wave
printing defect occurs again after a relatively short tine
several mnutes to one hour fromthe previous pushing of th
After recognizing the printing defect, t_hﬁluger pushes the

10 fromthe print head

T

When time T, which is the time taken until the pump
has sucked an amoant of ink necessary for removing the
foreign material, elapses or for the recovery of the me-
niscus, the microcomputer 151 stops the operation of
the pump 20 (step 381), and at the same time deenergizes
the solenoid 12 to separate the cap member 10 from the
print head 1 (step 382). Under the condition, the print
head 1 is operable in a print region and starts the print-
ing operation again.

A printing defect occurs again after a relatively small
print quantity of several tens lines from the previous
pushing of the button 27. After recognizing the pnnting
defect, the user pushes the button 27 again (step 371).
Then, the carriage 4 is moved and reaches the position
of the cap member 10, and the position detector 18
produces a signal (step 372). At this time, the microcom-
puter 173 stores time data Iz from the counter circuit 174
in the memory 175, and computes a difference between
the print quantity 1; and the print quantity I) of the
previous pushing of the button 27, viz., AL=1—1; (step

373). Then, it compares the difference time with the

reference time To. The result of the comparison shows
that the reference time Tgis shorter than the difference
time (step 374). The microcomputer 173 sends a signal
to the solenoid drive circuit 28 to press the cap member
10 against the nozzle front faces of the print head 1 (step
383). Then, it operates the pump 20 to apply a negative
pressure in the nozzle receiving chamber 17 of the cap

member 10. The negative pressure acts on the nozzle .

front face 1a, and extracts jet from the ink flow pa}h
through the nozzle openings. Together with the dis-
charge of the ink, the bubbles contained in the ink flow
path is discharged through the nozzle openings to exte-
rior. After the pump 20 is operated for the time T,
necessary for taking out the ink of the quantity Q for
the bubble removal (step 384), the solenoid 12 is de-
energized to remove the cap member 10 from the nozzle
openings, and the carriage 4 is placed to be movable to
the print region (step 382). )
From the print quantity 12 of the previous pushing of
the button 27, the print quantity grows to be in excess of
the reference print quantity Lo. At this time, the recov-
ery button 27 is pushed. Then, the microcomputer 173

executes the process from the step 371 to step 382, to

remove the foreign material and to recover the printer
from its abnormal state. '
After the recovery of the printer, a print quantity Lo
is obtained, which is larger than the reference print
quantity Lo, but is smaller than the reference print quan-
tity Lo’ which is slightly larger than that Lo. At this
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(step 350). Then, the carriage 4 is noved and reaches the pbSiftHan-afiT HEET
cap nenber 10, and the position. detector 18 produces a sighak-—tstep 351):-
At this tinme. the microconputer 151 stores tine data 12 fromthe .¢l ogk -~
circuit 152 in the nmenory 153, and conputes a time differengejbétaneen ti e |
tj of the previous ink suction as stored in the memory 153, | afet-ti-me-—t-2--of-
the present ink suction, viz., [err]T:t[errAZ-t[err] (step 352). Then, it

time, the button 27 is pushed again (step 371). Then, the
cap member 10 moves to and faces the print head 1, and
the position detector 18 produces a signal (step 372). At
the time, the microcomputer 173 stores the print quan-

tity data 13 of the counter circuit 174 in the memory
178, and computes a difference between print quantty

I3 of the present pushing of the button 27 and the print’
quantity data l; of the previous pushing stored in the
memory 175, viz,, AT =];—-1; (step 373). The compari-
son result shows that the reference print quantity Lo is
shorter than the print quantity difference computed
(step 374). The microcomputer 173 moves the print
head 1 toward the brush mechanism 140, which is lo-
cated separated by a fixed distance from the position
detector 18, and places it to face the brush mechanism
140 (step 375). Then, it sends 2 signal to the wiper drive
circuit 146, to operate the brush mechanism 140 (step
376). As a result, the belt 143 is driven by the drive
mechanism (not shown), so that the brushes 144 and 144
move in contact with the nozzle openings of the pnint

head 1 1o wi awa% paper particles and dust at _the
. Mozzie opemings. In the case now discussed, the print

quantity interval between the pushings of the button 27
is very close the reference print quantity Lg (step 377).
Therefore, probably paper particles and dust, and paper
pieces resulting from jamming, for example, are still left
on the nozzle openings. To cope with this, the first
brushing time T, after the bubble removal is incre-
mented by ATpinto time Ty=T»-+ AT, (step 385). After
the time Ty elapses (step 386), the brush mechanism 140
is stopped (step 379). Then, the steps 380 to 382 are
executed, and the print recovery operation ends. In this
way, the paper particles and pieces can be removed
completely. Subsequently, every time the button 27 is
pushed at time intervals approximate the reference print
quantity Lo, the brushing time Ty is incremented.

In the ninth and tenth embodiments, the microcom-
puter in the control circuit determines the brushing time
of each brushing and the number of brushings on the
basis of the time intervals between the pushings of the
recovery button 27. Therefore, the printer can be
quickly recovered from light printing defects which
frequently occur due to paper particles and dust accu-
mulating on the nozzles openings during the printing
operation. For heavy printing defects due to paper

. pieces caused by jamming, the brushing time is ex-
tended to reduce the recovery time of the printer and
the number of pushings of the recovery button.

While the ink tank and the print head are separated
and interconnected by the tube in the embodiments
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d:scussed above, it is evident that the present invention
is applicable to printers in which the ink tank snd the
print head are assembled in a single unit, and the unit is
mounted on the carriage.



nmenber 10 (step 363). The ne ive pressure acts on the nozzle frant.face..
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What is claimed 1s:

1. An ink Jet recording apparatus comprising:

an ink jet print head for formmg dots on a recording
sheet by shooting ink jets from an array of nozzles;

a cap member which, when pressed against a nozzle
surface of said print head, forms a hennetxcaﬂy
sealed head receiving chamber;

2 suction pump for applying a negative pressure to
said head receiving chamber, thereby to suck ink
through said nozzles;

cap member drive means for placing said cap member
in contact with and separating said cap member
from said print head;

cap member drive signal generating means for gener-
ating a signal to said cap member drive means to
glacc:le said cap member in contact with said print

ead;

suction pump drive signal generating means for gen-
erating a signal to cause said suction pump to start
a suction operation; and

control means receiving a signal from a recovery
button provided on a printer chassis, said control

. means computing a difference between a'time of &
present pusl hing of said recovery button and a time
of a previous pushing thereof, and determ:mng a
suction time on a basis of the computed time differ-
ence, and producing an instruction signal to said
cap member drive signal generating means and said
suction pump drive signal generating means so as
to operate said cap member drive signal generating
means and said suction pump drive signal generat-
ing means according to said suction time deter-
mined.

2. The ink jet recording apparatus according to claim

1, in which said cap member is d:Sposed outside a print
segion.
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- 38 button 27 and the tine data t[err] of the previous pushing stored jin
the nenory 153, viz., [err]T t3-t[err] (step 352). The CU"J?%TT&Q”M\EE%%EH
shows that the reference tinme To RePLA s
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I's shorter than the tine difference conputed (step 353). The m croconputer
151 noves the print head |loward the brush nechani sm 140. which is | ocated

separated by a fixed distance fromthe position detector 1§, .an nﬁ{%_ £S dgr
to face the brush nmechani sm 140 (step 354). Then, the m'crcc@% & SHEL
sends a signal to the wiper drive circuit 146 to operate tHe forush™ =
mechani sm 140 (step 355). As a result, _tl*ge belt 143 is drivert B2t hes 272

iory
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dri ne nmechani sm (not shown), so that the brushes 144 and 144 nove in

contact with the nozzle openings of the print head 1, to w pe.away-pap

particles and dust at the nozzle openings. In the casei Q@%{y{ gfzsanSSé‘,ﬁﬁ,gih

time interval between the pushings of the button 27 |s% LY..Cl.ose--to-tihe
|

reference tinme To (step 356). Therefore, probably pape articles .angd du_t

and paper pieces resulting fromjanm ng._ f6or_ exanpl, e, % td | I‘ef’t*g on {he
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nozzl e openings. To cope with this, the original brush- ing time Tlerr] is
incremented by [err]Tb into time Td=Tb+[err] Tc (step 364). After the tinme

Tdel apses, the brush nechanism 140 is stopped (step 358). Hreny—the ste —
359 to 361 are executed, and the print recovery operation enbEFLAGEIMERTSS ‘E?;
way, the paper particles and pieces can be renpved conpl et gl y-(FG~ 3477
waveforms |1). Subsequently, every ti me_tJI*ue_ button 27 is pLsheo;, at ; AN 10

i bk
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the tine intervals approximate to the reference tine To

Lhe brushi.ng fine

Td is increnented. In the enbodi nent descri bed above
nounted on the belt. The brushes is noved in contact W
of the printer head with the rota- tion of the belt. A
shown in FIG 35, an eccentric cam 164 is coupled with
mechani sm (not shown). An arm 166, which isgsw ng-
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abl e about a shaft 163, is held in contact with the eccen- tric cam 164 by
means of a spring 165. A brush 167 is mnmounted on the free end of the.atrm
166. In operation, the cam 164 rotates and accordlngw wbhe*brgﬁﬁ.$ﬁz, -

ciprocatively contacts the nozzle face la of the printle®E¥ Mg ,&f““ S0, |the
brush may be fixed at a position where it is in conta tsiwrth “the nozz§le
face of the printer head, and under this condition thb @er§ p@ad“ﬂs moyed
Wit h
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the reciprocative notion of the carriage. FIG 36 shows a, Lﬁm«h«w“
enbodi nent of the present invention in the form of r
control circuit 145. As shown, the control circuit
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posed a m croconputer 173 i

FIG. 15
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ROM 171 and a RAM 172, a counter 174 for counting a print quanfily.S&eh-gs-
t he number of printed charac- ters, the nunber of lines, an ;gﬁr;@,j}pﬁkﬁ;@ﬁ"i‘cﬁé%ﬁﬁ
paper feed, and a menmory 175 for storing data of the counted pPLint. .quast-i-ty
derived fromthe counter 174 when the recov- ery button 27 is"pqsggeqwlr_.ty_g{ Si
programmed so as to exe- cute a sequence of operations as gi\vein bél e’ WI'Eni

the recovery button 27, which is provided jgn-an operating DU
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panel of the printer chassis, is pushed, the position de- tector 18
produces a signal. At this tinme, the control circuit sends a signal to the
solenoid drive circuit 28. In turn, the drive circuit 28 drives the
solenoid 12 to press the cap nenber 10 agai nst the printJﬁﬁaQ @,ﬁghgnyyygr
sends a signal to the punp drive circuit 29 to operate t sUTE]

r,-v-n’..*o-taﬂw -- ——--

for a preset tine, or it sends a signal to the w per drivie Circuit 146 té

drive the brush mecha- - 13 - % { 79 1A% i
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ni sm 140. FIG 37 is a functional block diagramshowing a nodel of.the
function to be realized by the mcrocom puter 173. Th ,er y#rh§ SHEET
conposed of print quantity difference conputing unit 1 7s*pe Erénce,pn4n.
guantity -setting unit 178, conparing unit 179, w ping ﬁ% settlng unit
180. suction time setting unit 181, and sol enoid drive |nedkgng“ﬁnLt3182

The print quantity difference - 14 - { % ek

FIG. 19
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B

quantity data stored in the menory 175 and data out put ff'gs gn,%;he =eouﬁi§}r{
when the recov-. ery button 27 is pushed. The referenced prifi quantltyé
setting unit 178 stores a reference print quantity Lo tjo eterm ne ,tmhe 1 yipe
of printing defect. The conparing unit 179 conpares thejp i At quahtvl tyz; !
difference data fromthe print quantity difgerence conpbting.unit. 27z
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with the reference print quantity Lo. The wiping tine setting unit 180 is

for setting a wiping tine Tdnecessary for renoving paperrpa.rL-LeLes“aﬂd-':jw
dust, on the basis of the conparison result. The suction RErerESRIENHGHENT t
181 selects an ink suction tine T, after the w ping or ai Spe—~t4-0n- -t me~ Tl
| ong enough to renpve air bubbles on the basis of the result,of Ihe ronn
conpari son. The solenoid drive directing uni t1&82 generate; & ‘si-gnal”

noves t he N
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i
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print head 1 toward the brush nechani sm 140 of the cap nenber. iﬂwwaﬂd“gp t,
when the print head 1 is posi- tioned in front of the c Rﬁgﬁ' er IDQ=M
energi zes the solenoid 12 or de-energizes the same when Su

ction "}
operation is conpl et ed. The operation of the apparatu qhus ar;angeﬂ %n
be 1
T 17 - }

FIG. 23
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described with reference to FIG 38 showing a flow chart.
printing operation, the mcrocom puter 173 causes the cou
the print quantity (step 370). During the printing operati
defect is found, the user pushes the recovery button 27 prp
chassis of the printer (step 371). Then, the carriage 4 is
cap

_19-
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member 10 under control of a carriage control circuit (not shown). .The ..~
carriage 4 faces the cap nenber 10. At this tine, the pOSitlﬁ&Hq‘Qt @mucargm’»ai
produces a signal (step 372). In response to the signal, the g;rocompupefm
173 fetches fromthe counter 174 the print quantity Ix, an s;tores |t, iRe |
the menory 175. Then, the microcom puter 173 conputes a pri ng t:||2?an‘t|tyﬁw {
di fference between the print quantity [eé'r] and a print quant Liy. Qe A
obtained in - |
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t he previous pushing of the recovery button 27, viz., ([err]L
=l [err]-I[err]) (step 373). Wen the conputed tine data i s conpared.wit.h

the reference tinme data To and the for- mer is snaller than’tﬁgg(ﬁ@tweﬁh QuEET
(step 374), the m crocom puter 151 noves the print head 1 ﬁo rd. the. brushi
mechani sm 140, which is |ocated séparated by a fixed dlstanée

t h g )nr‘\v %
position detector 18, and places it to féddce the brush nechan|§nf§gb*(9teﬁ“ i
375). Then, it sends |

| R S P SRR RIS
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a signal to the wiper drive circuit 146, to operate the brush rrechanl sm 140
(step 376). As a result, the belt 143 is driven by the dl’lr\fe‘TTE n&%-ngt
shown), so that the brushes 144 and 144 nove in contact vw"trhx

openings of the print head 1, to w pe away paper partti- clie ”ahd dust at i
the nozzl e openings. After a Dreset tinme. or tinme Tbbecausejof* bhe# A NES I
brushing operation in this case (step 3772 " el apses (step | (8) the bru,sm
mechani sm 2 - \

i AT )
1y Pt 4
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FIG. 29
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140 is stopped (step 379). Then, the conputer 173 noves tggﬁpgjﬁ n ad ,;t
the cap nenber 10, and issues a signal to the sol enoid drf BLEEE] C? %

and energi zes the solenoid 12 to hernetically cl ose the,nogzre face T7a of
the print bead 1 with the cap nenber 10 (step 380). The n1br@@onp®1éTQ1$l

sends a signal to the punp drive circuit 29 to operate thelsuctlon punp {2Q.

As a consequence, the negative pressure actgzan the nozale
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face la to extract é%
I nk, paper particles and dust adhering to the nozzle open ‘ar%
away. At the sane time, the nmeniscus near the nozzle openl gs s recoveﬁed
fromits destruction caused by the brushint operation. é 22 irm it ;
| .
- 24 - -

i nk through the nozzl e openings. Vvthffh%,ng

FIG. 32
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When tinme TS, which is the tinme taken until the punp has sucked _a,n._ama—awt

of ink necessary for renoving the foreign material, el .:‘ g{\gfb;tgﬁ‘e
recovery of the me- niscus, the mcroconputer 151 stopsnﬁheﬂ"‘ &F at I oA~ of}

the punp 20 (step 381), and at the sane tinme deenergi zesythe soI enal.d 13 to
separate the cap nenber 10 fromthe print head | (step;j EZ)} Under- t'he
condition, the print head | is operable in %Gpri nt regkton and st arts- “tihes
print- : - -

i

RS

R
£

« e s

FIG. 34

( OPERATE
. BRUSH
MECHANISM |
CONTACT
1 | cap MeMBER -
SUCTION
PUMP
\
( OPERATE
BRUSH
MECHANISH .
CONTACT
T | cap MEMBER ot |
SUCTION
PUMP
\
-
Q&“ésum;sn
CONTACT
T | caP MEMBER
SUCTION
PUMP
\
[
—
laced |
BT i ["THIS SHEET HAS BEEN |
“\\\‘\\\“\\\\\\“\\\\ L REPLACED



I ng operation again.

A printing defect occurs again after a relatively

smal |l print quantity of several tens lines fromthe previous pushing. gf. the
button 27. After recognizing the printing defect, thef &) ﬁg hesfﬂi
button 27 again (step 371). Then, the carriage 4 is nbved-ahd. reac%é§ t he
position of the cap nenber 10, and the position detecioﬂ ¥ produggs 2]
signal (step 372). At this tine, the mcrocom ! 22 0 :
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puter 173 stores tinme data 12 fromthe counter circuit 174 in the nenor y

175, and conputes a difference between the print quantity 14@1;!(;’ [ne pr1 “} o
quantity It of the previous pushing of the button 27, viz., "t .

[err]L=1[err]-I[err] (step 373). Then, it conpares the dlffenence tlne wrth
the reference time To. The result of the conpari son shows éh t Ahejny o9 :
reference tine To is shorter than the-di2igf erence tine (steﬁ) 374) . The

m croconputer 173 sends a signal
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to the~ ggrgﬁbidxdfﬁve circuit 28 to press the cap nenber 10 against the

nozzle front faces of the print head | (step 383). Then, it operates the
punp QO to apply a negative pressure in the nozzle receivil

emher
and extracts jet fromthe ink flow path through the nozzle oﬁenlngs

Together with the dIS- charge of the ink, the bubbles contalT

the c

fl ow

10. The negative pressure acts on the nozzl ¢
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ABSTRACT

APPRATUS FOR DECLOGGING AN INK YET RECORDING

APPARATUS

In a recording apparatus with an ink jet print head
which forms dots on a recordmg sheet by ink jets shot
from an array of nozzles, a m:crocomputer determines
whether a printing defect is a light printing defect
caused by papier pam::les and dust adhering to the noz-
zles or a heavy printing defect ciiused by the entry of air
bubbles into the ink flow paths. The determination is
made on the basis of intervals of opérating a print recov-
ery button mounted on a chassis of the recording appa-
rarus. For the light printiiig déféct; the computer puts 8
cap member to the front face of the nozzles of the print
head and applies 2 negitive pressure to the nozzles,
thersby to reduce the amount of ink emitted from the
nozzles. For the heavy printing defect, the computer

increases the amount of ink.

" FIG. 6



path is discharged through the nozzle openings to exte-rhai. pt\égu?{r; Lhe. "
punp 20 is operated for the tine TL necessary for taking "'lf_‘”ﬁt""i’ T KOt he
quantity Q2 for the bubble renoval (step 384), the solehoild 12 is de- ] !
energized to remove the cap menber 10 fromthe nozzle openi #gs,SEhdisthe |
carriage 4 is placed to be novable to the print region [step.382). F';ro
the print quantity I[err] of the previous pushing of F
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tthe button 27, the print quantity grows to be in excess of the reference

3

the mcroconputer 173 executes the process fromthe step;

print quantity Lo. At this tinme, the recov- ery button Zvéiﬁs{gqgs
PEgR TR

Hp el ol HET
o 8E8h "33’@2"
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to renove the foreign material and to recover the printe rom t s abnorjme

state. After the recovery of the printer, a print quanptitg 3 &Hs a5

obt ai ned, which is larger than the reference print i
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- 42 - time, the button 27 is pushed again (step 371). TheER “the-capa....

menber 10 noves to and faces the print head 1, and the po-.ifiiﬁiﬁﬁﬁﬂﬁﬁﬁ'q‘:t@{ggg

I8 produces a signal (step 372). At the time, the mcrocoppfiter-i+3-—st-ares
the print quan- [ | 25 ¢ 1908 ;
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tity data 13 of the counter circuit 174 in the nenory

175,,

and nnrmut es . a

di fference between print quantity 13 of the present pushldgk§$2gﬂgﬁ#unbﬁwy
the

27 and the print

menory 175, viz.

quantity data 12 of the previous pushlnggst

&T=l 3-12 (step 373).

the reference print gquantity Lo is

di fference conputed

202~

203

204

205~

207~

206

(step 374).
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head 1 toward the brush nechani sm 140, which is | o-

f.i xed di stance fromthe position
brush mechanism 140 (step 375). Then, it sends a signal;
to operate the brush nechani sm 140 (step
mecgani sm (not shov

circuit 146,

the belt 143 is driven by the drive
brushes 144 and 144 nove in contact with the nozzl e ope
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head 1to W pe away paper particles and dust at the
case now di scussed, the print quantity interva
t:he button 27

Therefore, probably paper particles and dust,
fromjamm ng, for exanple, are still left
with this, the first

FlG. 9

STORE THE PRESENT TIvE | 212
Ao el

CAP MEMBER
gﬁ%ﬁ“ﬁsmumw&m

218

CONTINUOUS ¥-1 > 0 2

bet ween t
is very close the reference print quantity

nozzl e_openi.ngs

L.n.t he

L0 (s iep

he rpusiy V9E @sﬁz

penu:agf%’*’2

and paper pleces rgggl;
_on the nozzle

Tofcope
brushing time Tb after the bubble renokal .is-incre-

REPLACEMENT SHEET




mented by ATb into tinme Td=Tb+[err] Tc(step 385). After the tine Td el apses
(step 386). the brush nmechanism 140 " is stopped (step B49)—Fhem —tte Steps
380 to 382 are executed, and the print recovery oper ai it &EddEN ﬁﬁgﬁs‘

way, the paper particles and pieces can be renoved conpletety-: 7
Subsequently, every tine the button 2§ is pushed at tjne knt Q‘;Iéf\{ﬁk@a
approximate the reference print quantity Lo, the brushi 1g€t""}| e~ Td"s
i ncr enent ed.
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In the ninth and tenth enbodi nents, the mcrocom puter L |t he.contsol
circuit deternmines the brushing tinme of each brushing ah tiyei?n%gm HOE
brushings on the basis of the time intervals between th@ ys"hj,‘h,gs. of 440@
recovery button 27. Therefore, the printer can be quickkyirecoverg ,(%
| ight printing defects which frequently_ agcur due to paéer ﬁhﬁue e@v nbl
dust accu- nulating on the nozzles openings during the prl"n,uw,,ngm.wmw
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operation. For heavy printing defects due to paper pieces,CAUSE -
jammi ng, the brushing tine is ex- tended to reduce the dﬁ'@éﬁ?ﬁgﬁﬁ@%
t-he printer and -the number of pushings of the recovery button. VWA TE t he
ink tank and the print head are separated and interconneftéd2dy §ifie gi.rggbe! in
t he enbodi nent s - 10- Eo
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di scussed above, it
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and the unit
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What is clained is: 1. An ink jet recording apparatus conprijsing. . .ap-; :
ink jet print head for formng dots on a recording shie&t- by shgot i'hg”
ink jets froman array of nozzles; a cap nmenber which, ?’ﬁ”'press_ed
agai nst a nozzle surface of said print head, forns a Fﬁ;{ nmet§ Al §853 §
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scal ed head recei vi ng chanber;

pressure to
through said nozzl

es;

thereby to

cap nmenber drive neans for placi

a suction punp for applying a negative .
sai d head receiving chanber,

g Sa-d Pnn npnh

EG@W fnk

;
in contact with and separating said cap nenber from q
cap nenber drive signal generating neans fog gener - i 8P
i
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ati ng a signal to said cap nmenber drive nmeans to pl CE{?&@{Q‘%}?

in contact wth said print head; suction punp dri kgna.l.,.geuag' a"tl
neans for gen- erating a signal to cause said sucti pt.(l,r% starti
a suction operation; and control neans receiving a Ssi nél otk fﬁ&?cowe

button provided on a printer chassis, said ggntrol
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means conputing a difference between a tinme of a presentpushi-Ag-f ..
of a previous pushing tihBE&GEET SHEeT

said recovery button and a tine ]
determning a suction tine on a basis of the conputed il ne—di-f-fefmmme

ence, and producing an instruction signal to said ~cap ef s Mty EQany
signal generating neans and said suction punp drive si nLI ’g‘én‘e'r'atgf;ﬁ‘f‘b ;
neans soO as to operate said cap memde}? drive si gnal geperarimg e
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means and said suction punp drive signal
to said suction tinme deter-
according to claim1,
regi on.

m ned.

in which said cap nenber
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