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The present invention relates to an ink~expelling
restoring device and method for restoring, when ink...exéel]_ing
failure occurs, the .ink-- expelling capability of an ink jef
printer of the type in which a pressure generating device

applies pressure to the ink in an ink chamber to expel a

stream of ink droplets through the opening of a nozzle from the-

ink chamberx.

In an ink jet printer, a piezoelectric element "and a
bubble generat:.ng device, which are located between an ink tank
and the opening of a nozzle, apply a pressure pulse to the ink
in the ink tank to expel a stream of ink droplets toward a

recording media, thereby recording dots on the recording

. medium. The diameter of the nozzle opening is extremely small,
_ e.g., several tens of m . , so as to 6btai1j1 a -good'._-___,___i_'

resolution of an image recorded with patterns of such dots.

However, if dust, ink residue, etc., sticks to the nozzle
opening, the picture quality is remarkably deteriorated.

To avoid the deterioration of the picture gquality, the

‘conventional printer has an ink-eXpelling capability restoring

function. In the ink-expelling restoring process, after:

continuous printing has been carried out for a certain period

ry
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BACKGROUND OF THE | NVENTION ~ The present invention refates to am — °
i nk-eXpelling re- storing device and method for restori MGlis SHe3EMTas BB Replaced

expelling failure occurs, the ink-expelling capability of ] ' :
printer of the type in which a pressure gener- ating devi Hﬂwmlmml”“' :
pressure to the ink in an ink cham ber to discharge a st
dropl ets through the opening of a nozzle fromthe ink chanber. :

of time, the printing operation is brought to a stop and a

capping member is applied to the front face of the recording

head to apply a negative pressure thereto and to forcibly
expel the ink therefrom.

S To ensure complete cleaning of the recording head, the
restoring operation ;s performed in combination with both a
wiping operation and a flushing operation. The wiping
operation is employed to wipe dust from the front fface of the
recording head by rubbing with a resilient plate piece. The

10 flushing operation is to flush the nozzle with ink for
restoring the meniscus that was destroyed by the wiping
operation. |

- . When the ink in the ink tank is used up during the ink-
expelling restoring operation, bubbles tend to enter the ink

15 supply path and the recording head. Also, ink in the ink
supply path can solidify, making it difficult to reméve the ink

therefrom.

Taking the above problems into account, the present

20 invention has as an object the provision of a novel ink-
expelling restoring device and method free from the problems
which occur when the ink supply is entirely consumed during the
ink- expelling restoring operation.
This object is solved by tke ink expelling restoring device of independent claim
1 or 9 and the method of independent claim 3. Further advantagecus features,
aspects and details of the invention are evident from the independent claims,

the description and the drawings. The claims are intended to be understood as
a first non-limiting approach of def:in.mg the invention in general terms.
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| an ink jet printer,

ink droplets toward a recording nedia, thereby record- in llllugl mﬁ“l
recordi ng medium The dianeter of the nozzle opening is e

e.g.,

several tens of mcrons, so as to obtain a good resolution of an

i mage recorded with patterns of such dots. However, if dust,
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According to a specific aspect of the invention,
there is provided an ink-expelling : restoring device for an ink
jet printer comprising a capping member for capping the front
face of a recording head, an ink-residual qi;anf.ity detector for

checking a residual quantity of ink in an ink container, a

wiping device for physically wiping the front face of the

recording head, and .a control device for restoring the in.k
expelling . capability by a sequence of a wiping operation, an
ink-suction operation, and a flushing operation, c.:.hecking the
residual quantity of ink by the ink-residual quantity detector:
during the operation of restoring the ink-expelling . capability,
and stopping the ink suction operation when the residual
quantity of ink is smaller than a preset quantity of ink, while
at the same time capping the recording head with the capping
member after the flushing and wiping operations.

With such a construction, during the ink-expelling
restoring operation, when the residual gquantity of ink in the
ink container is smaller than a predetermined gquantity of ink,
the ink suction operation is brought to a stop. Then, the

wiping operation and the flushing operation, and finally the

a piezoelectric elenment and a bubbteTgenerating
devi c% whi ch are | ocated between an ink tank and the opgngg;,getgf,s&e

ral;ea,
apply a pressure pulse to the ink in the ink tank to exell

capping operation are carried out. Therefore, there is no .. S

further consumption of ink, and the rescording head is ready for
a new ink supply in a state wherein the ink has been expelled

from the recording head by the ink suction operation.

.
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I Rk residue, etc., sticks to the nozz%e—epeni ng, the. pic- ture quality is -

remar kabl y deteri orated. Iﬂ@saM91 eterloratlon of the picture

gual ity, the conventi onal r| .-expelllng capability restoring
funtion. In the ink- expeII| o- cess, after continuous
printing has been carried o n period of tinme, the printing

operation is brought to a stop and a cappl ng rrenber Is applied to the front
face of the recording head to apply a negative

15

20

As a consequence, the recording head stands ready for
another recording operation while ink is left in the ink supply
path and the recording head, and the opening of the nozzle is

maintained in 2 normal state.

Fig. 1 is a block diagram' showing the functions
implemented with contral means for controlling an ink-
expelling restoring process which control means can be a microcamputer;

Fig. 2 is an exploded view in perspective of a mechanisﬁ“
used for an ink-expelling restoring operation in an ink jet
printer to which the present invention is applied;

Fig. 3 is an exploded view in perspective of a capping
member used by the ink-expelling restoring device of the
invéntion; |

Fig. 4(a) is a partial cross sectional view showing a pump
used by the inventive ink- -expelling restor:.ng device;

-Fig. 4(b) is a perspective view showing an ldlé roller
drive section ;

Fig. 5 is a flow cha;t showing the operation of the ink-
expelling restoring device;

Fig. 6 is a set of explanatory diagrams used in explaining

the operation of the ink- expelling restoring device; and

THIS SHEET HAS BEEN
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pseasyre thereto and to forcibly dlscharge the ink there- from To ensure
conpl ete cl eani ng of theTmemﬁadhﬂgmeammm#he restoring operation is

performed in conbi nation vr |ng operation and a flushing
operation. The w ping ope
face of the recording head

B )yed to wi pe dust fromthe front
I'ng wth a resilient plate piece. The
flushig operation is to flush the nozzle with ink for restoring the-
meni scus that was

Fig. 7 is a flow chart showlng the operation of the ink-

expelling restoring device according to a second embodiment of

the invention.

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

Fig. 1 is an exploded viéw in perspective'of.a-mechanism
used for carrying out an ink-expelling restoring operation in:

10 an ink jet printer to which the present invention is applied.
In the figure, an ink jet recording head 1 is constructed such

. that ink droplets are forcibly expelled ' from the opening of
nozzle by applying data signals representative of characters or
other information to be recorded to piezoelectric elements or

15 heat-generating elements. The recording head 1 is mounted on
a carriage 2, which is movable along a path P-P coincident with

a platen roller.shaft. The recording head 1 is coupled with an -

ink cartridge 4 by way of a tube 3, and receives ink from the .. .

ink carriage 4.

20 A home position detector 5, located outside but in the-
vicinity of the printing region, produces a signal when the
carriage 2 is at the home position. A blade member 6 and a
capping member 8 are mounted in this order at locations which

are further outside the printing region (on the left side in

-5 - THIS SHEET HAS BEEN
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destroyed by the wi ping “operati on.

i Rk supply path and the re
can solidify, making it d|f

ve the ink therefrom

I
SUMMARY OF THE | NVENTI ON aki ng above probl enms into account, the

pr esent
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the drawing) than thé home position detector 5 and are spaced
by fixed distances from the home position.

fhe blade member 6, which includes a resilient plate made
of rubber, for example, is rotatably mounted on the base of a
shaft 7a. The blade member 6 is fastened to an arm 7, which is

connected to a motor 24 for driving a pump 25 (to be described

later) by means of a transmission mechanism (not shown). 1In

the wiping mode, the blade member moves toward the recording

head and resiliently contacts the nozzle face of the recording

head. .

As shown in Fig. 3, the capping member 8 is mounted on a
frame 10 in a such a2 manner that the middle frame 11 is
interposed therebetween. The frame 10 is rotatably coupled
with a base membe: 9 by means of shafts 10a and 10a. Thé
capping member 8 contains therein an ink absorbing member 12 of
a size large enough to provide a fixed space between the

capping member and the nozzle opening. A lever 13 is rotatably

coupled at its base end with the base member 9 by means of a _

. shaft 13a, and is coupled at its forward end with the free end .

of the frame 10. The lever 13 is normally urged by a sprlng 14
so as to pull the capping member 8 away from the. path of
movement of the recording head.

The capping member 8 has two holes 15 and 16. The hole 15

is connected to a suction port of a suction pump (to be

described later) through a tube 18. The hole 16, connected to

VMen nhe ink inthe ink tank i s used
up. durtng the ink- expelllﬁ95ﬂ@§ﬂbF t|on bubbl es tend to enter the
“ |SO ink in the ink supply path
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a valve 21 through a tube 20, selectively communicates with the
outside atmosphere via the valve 21.

As shown in Fig. 4, a peristaltic-type suction pump 25
includes an elastic tube 26 arcuately shaped by a frame, with
the outer peripheral side thereof fixed to a guidé membet 27.
The inner péripheral side of the tube 26 is squeezed by ;'
plural number of roliers 28 and 28. The rollers 28 and 28 for
squeezing the elastic tube 26 are inserted intq elongated
grooves 33 formed in a drive disk 32, which is connected
through a transmission mechanism 30 to the motor 24, and guidéﬁ
grooves formed in a fixed disk 34. The drive disk 32 is
disposed opposed to the fixed disk 34. Each of the grooves 33
is shaped so that the distance from the groove to the Cente; of
the disk gradually changes. The guide grooves 35 are shaped
similar to the elongated grooves 33. With such a structure,
when the motoﬁ 24 turns counterclockwise (CCW), the shafts of

the rollers 28, which are fixed at positions spaced apart from i

the center of the drive disk 32, intermittently cqntact”théfi';;_

elastic tube 26. When the motor 24 turns clockwise .(CW), the- -

rollers 28 move toward the center of the drive disk 32 to
disengage from the elastic tube 26.

An ink-cartridge detector 40 and an ink residual-quantity
detector 41 are located near the ink cartridge 4. The ink-

cartridge detector 40 detects whether or not an ink cartridge




invenfion has as an object the provision of a novel ink- expelling
restorrng devi ce and net hod free fromthe probl nms whi ch occur when the ink

supply is entirely consuned durt mjﬁlﬁm’iﬁ I ing restoring operation.
To achi eve the above and ot her ‘ inven- tion, there is
provided an ink-expelling restor an ink jet printer
conprising a cappi ng nenber for capping the front face of a recording head,
an e ‘4 is loaded. The ink residual-quantity detector 41 detects the
residual quantity of ink in the cartridge.
A control unit 44, mainly implemented with a
microcomputer, receives ouﬁputs from the home position detector

5 5, ink-cartridge detector 40 and ink residual-quantity detector
41. The control unit 44 is pfogrammed so as to control, in
accordance with the réceived_signals, various operations of tﬁe
ink-exggujng restoration process so as to wipe the recording
head 1 and suck ink by a negative pressure applled from the

10 pump 25 when the capping member 8 is brought into resilient
contact with the nozzle face of the recording head.

Fig. 1 is a block diagram showing the functions carried

.- . out by the microcomputer acting as the control unit44. The
microcomputer is programmed so as to realize, by appropriate

15 software and hardware techniques, the functions of a timing
signal generator 50, cartridgé presence/absence detector 51,
residual-quantity detector 52, home position detector 53,
carriage driver 54, pump drivér 55, wvalve driver 56, and,;:¥;]
flushing unit 57.

20 The timing signal generator 50 generates timing signals to
determine the period of the ink- expelling restoring operation,
the timing for moving the carriage, the timing for flushing,
the timing for opening and closing the valve, and the timing
fdr driving the pump. The cartridge presence/absence detector

25 51 determines whether an ink cartridge 4 is loaded or not by a

THIS SHEET HAS BEEN
REPLACED




resi dual

quantity detector for checking aTesidual quan- tity of ink in an

i nk container, a w ping déMksmmﬁQ&B&h¥§me@ally w ping the front face of

t he recording head, and a ¢ for restoring the ink-expelling
capability by a sequence of ﬁwatlon an ink-suction operation,

and a flushing operati on,

sid- ual quantity of ink by the

I nk-residual quantity detector durlng the operation of restoring the

| nk-expel Lt 40, § 3o lchleY - 1 A09cEOPPAOE 1R RS UEY O ARE" AdALLED the
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quantity detector 52 detects the residual quantity of ink by a
signal from the ink residual quantity detector 41. The home
position detector 53 detects the arrival of the carriage 2 at
the home position by a signal from the home position detector
5. The carriage motor drive unit 29 moves the carriage from
the home position to the blade member 6. The récording'headll
is moved to the position of the blade member 6, the capping
position, and thg flushing position in sequence by operation of
a2 motor drive unit 29. The pump driver 55 operates the.pump 25
when the recording head 1 is capped. The valve driver 56 opens
the valve 21 to suck excess ink within the capping member 8
when the recording head 1 is capped. The flusﬁing unit 57
drives the recording head 1 for idle discharge when the‘
recording head reaches the flushing position.

The operation of the ink-expelling <restoring device thus
constructed will be described with reference to Fig. 5 showing
a flow chart.

When the printing operation has continued for-a'fixea-
period of time, the printing operation is brought to a sﬁcb at
a proper place, for example, the place where the present line
or a paragraph ends, and then the carriage 2 is moved out of
the printing region. |

During this process, the control unit checks whether or

not an ink cartridge 4 has been loaded in response to a signal

THIS SHEET HAS BEEN
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residual quantity of—imk—is smaller than a preset quantity of ink, while at

the sane tine cappi ngnﬁme&ﬁ&(ﬁedima&ead wi th the cappi ng nmenber after the

flushing and w ping op h such a construction, during the

i nk-expel ling restorin M‘ en the residual quantity of ink in the
i nk container is small eterm ned quan- tity of ink, the ink
suction operation is brought to a stop. Then, the w ping operation and the
f 1 ushi ng operation, '

from the ink-cartridge detector 40, and checks whether or not

ink is left in the cartridge in response to a signal from the

ink residual-quantity detector 41 (step S1). When it is found

that no ink cartridge 4 is loaded or one is léaded but the

5 residual quantity of ink is considerably small, a message or an

alarm to replace the ink cartridge ¢ with a new one is issued

(step S1’). By isqu;.ng such a cartridge-replacing message o'r

alarm, the unfavorable circumstances whereby the ink is

entirely consumed during the ink- expelling restor:.ng operation,

10 the recording head 1 and the ink supply path are empty, and.

consequently the ink- expelling restoring operation is
interrupted are avoided.

.. When an ink cartridge 4 is loaded and ink remains, the

carriage 2 is moved to the home position. In turn, the home

15 position detector 5 produces a signal. At this time (I in Figq.

6), the motor 24 starts to rotate counterclockwise for a short

time, for example, approximately 0.1 sec. As a result, the

carriage 2 disengages from the arm 7 to allow the carriage 2 to

move to the left side (as viewed in the drawing). The carriage

20 2 moves a preset distance from the home position until the

nozzle face of the recording head 1 confronts the blade member

6. Then, the motor 24 turns clockwise (CW) to move the blade

member 6 toward the recording head 1 and to bring the blacie

member 6 into contact with the front face of the recording head

25 1 (II in Fig. 6). ©Under this condition, the carriage 2 is

- 10 -
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and finally the cappi ng operation are carried out. Therefore, there is no
further consunption of ink, T896hettRs BeaBeghicey head is ready for a new ink

supply in a state wherein th
head by the ink suction opergk
stands ready for another reco

' expel l ed fromthe record- ing
: onsequence, the recording head
n while ink is left in the ink

supply path and the recordi ng head, and the opening of the nozzle is
mai ntai ned in a nornal state. '
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further moved to the left, and the recording head 1 is wiped
with the blade member 6 so that dust and ink residue are
removed from the front end face of the recording head 1 (step
S4). In the present embodiment, the wiping operation is
carried out in the course of moving the carriage 2 from the
home position toward the capping member 8. Alternatively, the
recording head 1 can be moved to the left in a state where thé
blade member 6 has been retracted from the path of the
recording head 1. B

After the recording head 1 passes the blade member 6, the.
blade member 6 advances into the path of the recording head.
Subsequently, when the recording' head 1 is moved in the
direction (right in the drawing) to return the recording head
1 to the home position, the recording head 1 is wiped with the
blade member 6.

After a preset time Tl, the wiping operation terminates.
The carriage 2 moves until it reaches the capping position.
The carriage 2 pushes the lévgr so that the capping member 8 is .
pressed against the front end face of the recording head 1,
thereby to seal the recording head with the capping member (III
in Fig. 6}.

In this state, the motor 24 rotates in the CCW direction
so that a2 negative pressure from the pump 25 is applied to the
inside of the capping member 8 (step S6). Under this

condition, ink is sucked from the opening of the nozzle of the

- 11 -
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BRI EF, DESCRI PTI ON OF THE DRAWNGS FIG I is a bl ock di agram showi ng the
functions inplenmented with a ringkBeOmR Be@Replaed control 1ing an i nk-expel ling

restoring process; FIG 2 is ew i n perspective of a necha-
ni smused for an ink-expelling Emﬂﬁmnm ation in an ink jet printer to
whi ch the present invention is X 3 is an exploded view in
perspective of a cap- ping nenber used by the ink-expelling restoring

devi ce recording head 1, thereby removing any dust left after the

wiping operation. Further, bubbles remaining in the recording
head 1 and the tube 3 connecting to the ink cartridge 4 are
expelled.- into the capping member 8. The expelled ink and
5 bubbles are extracted by the pump 25 and expelled into a
used-ink tank (not shown). Also during the sucking process,
the residual quantity‘of ink is monitored using a signal from
the ink residual-guantity detector 41 (step S7).
After the sucking process has continued for a preset time
10 T2 (step S8), the motor 24 is stopped and consequently the
supply of the negative pressure to the capping member 8 is
stopped. A preset time T3, e.g., two seconds, elapses in the
- . state where the capping member 8 is pressed against the
recording head 1, during which time the negative pressure
15 within the capping member 8 drops to a certain level (step
S10). At this time, the valve 21 is opened to communicate the
capping member 8 with the outside atmosphere. Thereafter, the
motor 24 turns again in the CCW direction to start thg' sucking
action (step S1l). As a result, used ink still l.ef.t in the
20 capping member 8 and excess ink absorbed by the ink absorbing-
member 12 are eypelled outside the capping member 8 (step
S11). In this air suction process, .the inside of the éapping
member 8 is held at atmospheric pressure. Accordingly, no ink

flows out of the recording head 1.

- 12 -




of thel invention; FIG 4(a) is a partial cross sectional view showi ng a
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This Sheet Has Been Replaced-

After a preset time T4, e.g., five seconds, elapses (step

S12), the operation of the motor 24 is stopped and hence the
air suction operation is stopped. Subsequently, the motor 24
turns in the CW direction, the xollers 28 6f the pump 25
separate from the elastic tube 26.

Then, the carriage 2 is moved toward the home position
detector 5, and the wiping operation is carried out as in the
manner previously described (step S13, IV in Fig. 6). By the
wiping operation, ink that has stuck to the front end face of
the recording head in the ink- expelling restoring procéss is_
removed. As a result of this operation, the subsequent jetting
of ink droplets is stable, and fﬁrther ink will not stick to
the nozzle face after a long rest of the recording head.

Subsequently, the carriage 2 is moved to the home position
(on the right sidé in the drawing). When a gap 1afge enough to
allow the emission of a stream of ink droplets is formed
between the recording head 1 and the capping member 8 (V in
Fig. 6), the movement of the carriage 2 is stopped, and a print
signal is appliéd to the recording head 1 to flush the
recording head 1 (step S14). After a preset time T5 elapses
(step S15), the output ‘of the print signal is stopped to
terminate the flushing operation. Here, the meniscus of the
nozzle which has been destroyed by the wiping operation is
restored to the normal state suitable for printing. At the

same time, a prescribed quantity of ink, which has been

- 13 - e =
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-3 - wunp used by the inventive ink-expeH-ing—restoring device; FI G

4(b) is a perspective view show ng aﬁ.'i le roller drive section; FI G
is a flow chart showing the operation) ﬁiﬁliim’lﬁ‘?il % 1ing restoring

devi ce; o

t

expelled by the flushing operation, is absorbed by the ink
absorbing member 12 in the capping member 8. The absorbed ink
will be used. for wetting the recording head when the head
rests.
5 When the operation for restoring the ink-expelling
capability is completed, if data to be printed is present (step
S16) and a sufficieﬁt quantity of ink is left, the printiﬁg
operation is executed (step S17). Subseguently, the printing
operation continues while repeating the above .s-equence of
10 operations. .
At the cdmpletion of the ink-expelling restoring
operation, if there is no data to be printed or a sufficient
- . residual gquantity of ink is present in the cartridge, the
carriage 2 is mbved again to the position of the capping member
15 8, and the recording head is capped (step S19, VI in Fig. 6).
Due to the capping operation, the opening of the nozzle will be
kept wet with the scolvent of the ink contained in the ink
absorbing member 12.°
If, however, the residual quantity of ink in the ink

20 cartridge 4 is determined to be considerably small during the

course of restoring the ink-expelling capability (step S7), the

operation of the pump 25 is stopped for a shorter time than the
preset time T2 (step S9). When a preset time T3 elapses and
the pressure in the capping member 8 has become equal to

25 atmospheric pressure (step S10), the valve 24 is opened to

- 14 - THIS SHEET HAS BEEN |
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FIG © is a set of explanatory diagrans used I njex- plaining t he operation

of the ink-expelling restori ngrhiistéeckss BashRepladed G. 7 is a flow chart show ng

the operation of the ink-expell

embodi nent of the invention: Ummm!! OF THE PREFERRED
EMBODI MENTS  The preferred enb -the present invention
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allow air suction to continue for a preset time T4, e.g., five
seconds (step S12).

Subsequently, the carriage 2 is moved toward the home
position detector 5, and the wiping operation is carried out in
the manner previously described (step S13, IV in Fig. 6). As
a result, ink that_has stuck to the nozzle face during the ink-
expelling restoring brocess is removed, thereby to clean tﬁe
nozzle face.

The carriage 2 is moved to the home position (En the right
side in the drawing). When a gap large enough to allow the
emission of a stream of ink droplets is formed between the
recording head 1 and the capping member 8 (V in Fig. 6), the
movement of the carriage 2 is stoppéd, and a print signal is
applied to the recording head 1 which in turn is flushed (step
S14). After the preset time TS5 elapses (step S15), the output
of the print signal is stopped to terminate the f£lushing

operation. A typical quantity of ink necessary for the

flushing operation is approximately  0.03 cc, which is

negligible when compared with the residual quantity of ink.
The meniscﬁs of the nozzle which was destroyed by the
wiping operation is_restdfed to the normal state suitable for
printing so that the ink within the nozzle opening will not be
dried. 1In ﬁhe instant example, an extremely small amount of
ink is left in the ink cartridge 4 (steps S16 and S17).

Accordingly, the carriage is moved to the capping position

devi ce according to a second

- 15 -
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wi Il he described in detail with reference-to the accom panying draw ngs.’
Ft G 2 is an exploded view in perspecti veTu SleetiasBean Replasedh used f or

carrying out an ink-expelling restoring op . nk jet printer to
which the present invention is applied. Inl} _ : ciink jet recording
head 1 is constructed such that ink droplet are torcibly di;scharged from

t he opening of nozzle by applying data signals representatiive of characters
or ot her informa- .
where the recording head 1 is capped with the capping member 8

(stép S§19). As a result, the recording head 1 is kept wet with
the ink which has been absorbed in the ink absorbing member 12
through the flushing operation. The wet state of the recording
5 head is maintained also when the recording head is at rest.
When a state of "ink end” is detected, because the bottom area
of the ink cartridge.is relative large, if several cc of ink is
left, data in an amount corresponding to the residual quantity
of ink is allowed to be printed. h |
10 As can be understood from the foregoing description, the
ink- expelling restoring operation is terminated before the
residual ink in the ink cartridge 4 is completely expelled
.- . and in a state where ink is left in the ink supply path 3 and
the recording head 1. Further, the recording head, whose
15 nozzles have been restored to be operable for printing,-stands
ready for another recording operation. Accordingly, the
recording head can be operated for printing by merely replacing
the ink cartridge with a new one. -
A second embodiment of the present will be described with
20 reference to Fig. 7 showing a flow chart. |
When the printing operation continues for a fixed period
of time, the printing operation is brought to a stop at a
proper place, for example, the place where a page or paragraph

ends, and the carriage 2 is moved out of the printing region.

- 16 -




tton to be recorded to pi ezoel ectric el ements or heat- generating el enents:
The reécordi ng head IhsSMnuﬁmBenRammalcarrlage 2, which is novable along a

path P-P coinci dent ol ler shaft. The recording head 1 is
coupled with an ink ¢ way of a tube 3, and receives ink from
the ink carriage 4. one p05|t|on detector 5, |ocated outside but in

the vicinity of the printing region, produces a signal when the carriage 2

's at the homad¥¥ﬁé|g lsApggcg%sqqug'control unit checks whether or

not an ink cartridge 4 has been loaded using a signal from the
ink-cartridge detector 40, and checks whether or not ink is
left in the cartridge using a signal from the ink residual-
5 quantity detector 41 (step Sl). When the check results show
that no ink cartridge 4 is not loaded or one is loaded but the
residual quantity of ink is considerably small, a message or an
alarm to replace the ink cartridge 4 is issued (step Sl1’).
When an ink cartridge 4 is loaded And ink is left, the
10 carriage 2 is moved to the home position. In turn, the home,
position detector 5 produces a signal. The carriage 2 moves a
prescribed distance from the position where the home position
detector 5 produces a signal (I in Fig. 6) and the nozzle face
of the recording head 1 confronts with the blade member 6.
1s Then, the blade member 6 is moved toward the recording head 1
and to bring the blade member 6 into contact with the front
face of the recording head 1 (II in Fig. 6). Under this
condition, the carriage 2 is further moved to the left, and the
recording head 1 is wiped with the blade member 6 so ﬁhat dust
20 and ink residue are removed from the front end face of the
recording head 1 (step S%&).
Afterla preset time Tl, the wiping operation terminates.
The carriage 2 is moved until it reaches the capping position.

The capping member 8 is then pressed against the front end face

- 17 =
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6. and+a cappi ng nenber 8 are nmounted in this order at‘fﬁEﬁTTBﬁE—GETEﬁ—E?E
f-urtHer outside the printing region (on the left side itnisShet s Byin 1“?%an

t he hone position detector 5 and are spaced by fixed dis
home position. ~ The bl ade nenber 6, which includes a;retsmmg nm‘ rrade
of rubber, for exanple, is rotatably mounted on the base’ shaft 7a The
bl ade nenber 6 is fastened to an arm 7, which is connected to a notor
for driving
of the recording head 1, thereby to seal the recording head
with the capping member 8 (III in Fig. 6).
In this state, a negative pressure from the pump 25 is
applied to the inside of the capping member 8 (step S6). Undexr
S this condition, ink is sucked from the opening of the nozzle of
the recording head 1, théreby removing any dust left after the
wiping operation. Fufther, bubbles remaining in the recordiné
head 1 and the tube 3 connecting to the ink cartridge 4 are
expelled intq the capping member 8. Thus, the ex;;':lled ink
10 and bubbles are extracted by the pump 25 and discharged outside,
the system. During the sucking process, a residual quantity of
ink is monitored using a signai from the ink residual-quantity
- . detector 41 (step S7).
After the sgction process has been continued for a
15 predetermined time T2 (step S8), the pump 25 is stopped,
thereby stopping the supply of the negative pressure to the
capping member 8. |
| A preset time T3, e.g., two seconds, elapses in the state
where the capping member 8 is pressed against the recording
20 head 1, during which time the negative preésure within the
cépping member 8 drops (step S10). At this time, the valve.21
.is opened to communicate the capping member 8 with the outside
atmosphere. Thereafter, the pump 25 is operated again to start

the sucking operation (step S11). As a result, used ink still

25 left in the capping member 8 and excess ink absorbed by the ink

- 18 -
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a-punpr 25 (to be described later) by neans of a transt m ssion nechani sm

(not shown). In the wiping node, the bl ade nmenber nDVesghit ShaerEEs Bdes Replaced

recording head and resiliently contacts the nozzle .fage
- i

head.

10

15

20

25

T

absoi:bing member 12 are sucked and expelled outside the

! .

capping member 8 (step S11).

After a preset time T4, e.g., five seconds, has elapsed
(step S12), the operation of the pump 25 is stopped and hence
the‘air suction operation is stopped.

Then, the carriage 2 is moved toward the home position
detector 5, and the wiping operation is carried out as in the
manner previously described (step S13, IV in Fig; 6). As a
result of the wiping operatioh, ink that has stuck to the front
end face of the recording head in the ink-expelling restoring
process is removed.

After the control unit confirms that ink is still left in
the ink cartridge 4 in response to a signal from the ink
residual-quantity detector 41 (step S14), the carriage 2 is
moved to the home position (on the right side in the drawing).
When a gap large enough. to allow the emission of a stream of

ink droplets is formed between the recording head 1 and the

capping member 8 (V in Fig. 6), a print signal is applied to

the recording head 1, which in response is flushed with ink
(step S15). Aftei: a preset time TS5 elapses (step S16), the
output of the print signal is stopped to terminate the flushing
operation. The meniscus of the nozzle which has been destroyed
by the wiping operation is restored to the normal state
suitable for the printing. At the same time, a prescribed

quantity of ink expelled during the flushing operation is

- 19 -
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-A- &« As shown in FIG 3. the capping menmber 8 is rmun_’d’_é—rra frarre 10 |n
a’'such’ a manner that the mddle frane 11 is interpose
e ' Hll\l\l il

absorbed by the ink absorbing member 12 in the capping member

8. The absorbed ink is used for wetting the recording head
when the head rests.
When the operation for restoring the ink- expelling
5 capability is completed, if data to be printed is present (step
S17) and a sufficient qua'mtity of ink is left, the printing
operation is executed (step S19). Subsequently, the print:_'.rig
operation continues while repeating the above sequence of
operations.

.10 . At the completion of the ink-expelling restoring
operation, if there is no data to be printed or a residual
quantity of ink is present in the cartridge, the carriage 2 is

- . moved again to the position of the capping member 8, and the
recording head is capped (step S20, VI in Fig. 6). With the

15 capping, the opening of the nozzle will be kept wet with the
solvent of the ink contained in the ink absorbing member 12,

If the residual quantity of ink in the ink cartridge ¢ is
~considerably small during the course of restoring the ink-
expelling: capability (step S7), the operation of the pump 25 is

20 ~ stopped for a shqrter time than the preset time T2 (step S9).
Therefore, useless consumption of ink in a state where the
recording head fails to print, even if it is subjected to the
ink- expelling restoring operation, is eliminated. The ink-
expelllng restoring operation is terminated before the residual

25 ink in the ink cartridge 4 is completely e:@élled. In a

- 20 -




10 iserotatably coupled with a base menber 9 by neans of ;:shafts 10a and -
10a. The cappi ng menber 8 contains therein an ink absoﬂbmsgxnmﬂB&mRhﬁmaf a

si'’ze | arge enough to provide a fixed space between the c and
the nozzle opening. A lever 13 is rotatably coupl ed at
t he base nenber 9 by neans of a shaft 13a, and is couple

end with the free end of the frame 10. The lever 13 is nor- mally urged by

4 spring sléageo- v?hsezteo tijc|:l|1 éfa%acnatplq__lyp %f ink as to prevent the ink in the

recording head 1 from being dried is left in the ink supply
path 3, the recording head stands ready for replacement of the
ink cartridge.

S The capping of the recording head 1 with the capping
member 8 continues until a preset time T3 elapses after the
pump 25 stops (step SlO) and the negative pressure within the
capping member 8 has dropped sufficiently. Subsequently, the
valve 21 is opened and the pump 25 is operated to execute air

10 suction (step S11). Consequently, the ink left in the capping
member 8 is expelled to the outside.
After removal of the capping member 8, the recording head
- . 1 is moved to the position of the blade member 6 where it is
wiped (step S13). In this example, the quantity of ink in the
15 ink cartridge 4 is considerably small (step S14). The capping
member 8 is brought into contact with the recording head 1,
without carrying out a flushing operation (step §20).
Accordingly, even in a case where the quantity of ink is
considerably small, the recording head can st;nd ready for the_
20 - next printing operation in a state where ink.is left in the ink
supply path and the recording head, and the ink is removed from
the nozzle front end face by the ink suction operation. ~
The peristaltic pump, which is used as negative pressure
generator in the above-described embodiment, may be replaced

25 with another type of pump such as piston pump.

- 21 -
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nenber 8 away fromthe path of novenent of the recordi ng head. The

suction port of a suction punp (to be described |ater

)
The hole 16, connected to a-'valve 21 through a tube 2Q, '
As s

cappi ng nenber 8 has two holes 15 and 16. The hole 15hi£ﬂ:ea¢lanlé@¥%@i§%‘ -a

comuni cates with the outside atnosphere via the valve ) hown in
FIGS. 4(a) and 4(b), a peristaltic-type '

10

15

20

25

While in the embodiment described above, the ink cartridge
is mounted on the base member, it and the recording head as
well may be mounted on the carriage.

As described above, the ink- expelling restoring device for
an ink jet printer of the invention includes a capping member
for capping the front face of a recording head, an ink-residual
quan';:ity detector for detecting the residual quahtity of ink in
an ink container, a wiping device for physically wiping the
front face of the recording head, and a control unit which
operates to restorel the ink expelling capability by a sequence
6f a wiping operation, a ink-suction operation, and a flushing
operation, which checks the residual quantity of ink with the
use of the ink-residual guantity detector during the operation
of restoring the ink- expelling capability, and stops the ink
suction operation when the residual quantity of ink is smaller
than a preset quantity of ink, while at the same time capping
the recording head with the capping member. In the ink-
expelling restoring device thus constructed, when the residual
quantity of ink is considerably small during the ink- e;qaellj_ng

restoring process, the ink-expelling restoring device prevents

.the useless consumption of ink. Further, in the ink- expelling

restoring device, the ink- expelling restoring process
automatically procee'ds through a prescribed sequence of
restoring operations including the final operation of wiping.

Following this, the ink-expelling restoring device is in a

- 22 -
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suctjon punp 25 includes an elastic tube 26 arcuately shaped by a frane,
‘with the outer peripheral side thereof fixed to a guide nmenber 27. The

i nner periph- eral side ofthe tube 26 is squeezed by a plural nunber of
.follers 28 and 28. The rollers 28 and 28 for squeezing the elastic tube 26
~are inserted into el ongated grooves 33 forned in a drive disk 32, which is
connected through a transm ssion nechanlsn130 to.the notor 24, and gui de

groovessj;:;ﬁg Isgaief.l Xi(cj:c%lrs kJ.nsg y, PR 'J.§1l§ $df waits for the

next printing operation in a state where the head is kept wet

and no air flows into the ink supply path.

. This Sheet Has Been Rep! laced
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di sposed opposed to the fixed disk 34. Each of the grooves—33—is shaped so
t hat the di stance fromthe groove to the center of the disk
The QUIthﬁsmﬁMB@Baﬁkamethaped simlar to the elo

changes.

33. Wth such a str he notor 24 turns countercl otkvi sé (&CW
the shafts of the rH ch are fixed at positions spaced apart
S

fromthe center

tube 26. Wen the nDtor 24 turns clockmnse

1.

CLAIMS

An ink-expelling restoring device for an ink jet printer
comprising:

a capping member (8) for capping a front face of a
recording head (1);

an ink-residual quantity detector (41) for .detecting a
residual quantity of ink in an ink contalner (4) supplylng

ink to said recording head (1);

a wiping device (6) for wiping said front face of said
recording head (1); and

a control device (44) for restoring the ink expelling

capability’ of said recording head (1) by controlling

operations of said capping member (8), said ink-residual
quantity detector (41) and said wiping device (6) by a
sequence of a wiping operation, an ink-suction operation,
and a flushing operation, said control device (44) checking
a residual quantity of ink with said ink-residual quantity
detector (41) while restoring said ink-expelling
capability, and stopping said ink suction operation when
the residual quantity of ink is smaller than a preset
quantity of ink, said control device (44) capping said
recording head (1) with said capping member (8) after said
flushing and wiping operations.

The ink-expelling restoring device of claim 1, wherein said
control device (44) performs said operation of capping said
recording head (1) with said capping member (8) immediately
after said flushing and wiping operations. '

intermttently contact the elastic
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, sthe rollers 28 ane tomard the center of the drive disk-32 to

gFﬁ%ngage fromthe! An ink-cartridge dgtect
i ik residual - quanti 1 are | ocated near the ink c" H H"I
i nk- cartridge detec whet her or not an ink cartr4

| oaded. The ink residual-quantity de- Rector 41 detects the re5|dua
quantity of ink in the car- tridge. A control unit 44, mainly |nplenented

with a m-

3. A method for restoring ink expelling in an ink jet printer,
comprising the steps of:

wiping a front face of said recording head;
sucking ink from nozzle openings of said recording head;

detecting an amount of residual ink in an ink container
supplying ink to said recording head;

if said amount of residual ink is greater than a
predetermined amount, continuing said step of sucking inf
from nozzle openings of said recording head for a
predetermined period of time;

if said amount of residual ink is less than said
predetermined amount, immediately discontinuing said step
of sucking ink from nozzle openings of said recording head;
and |

flushing said recording head with ink

- 4. The method for restoring ink expeiling of claim 3, further
comprising the steps of:

detecting whether or not printing data is present for
driving said recording head;

if no printing data is present, capping said recording
head; and

if printing data is present, driving said recording head
with said printing data.
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5. The method for restoring ink expelling of claim 3 or 4,
wherein said step of sucking ink from nozzle opening of
said recording head comprises the steps of:

moving said recording head to a capping position;
capping said recording head with a capping member; and

applying a negative pressure within said capping member.

6. The method for restoring ink expelling of claim 5, further
comprising the steps of:

releasing said capping member from said recording head; and

expelling excess ink from said capping member.

7. The method for restoring ink expelling of claim 6, further
comprising, subsequent to said step of expelling excess ink
from said capping member and prior to said step of flushing
"said recording head with ink, a second step of wiping said
face of said'recording head.

8. The method for restoring ink expelling of claim 7, further
comprising, subsequent to said second step of wiping said
face of said recording head and prior to said step of
flushing said recording head with ink, the steps of:

detecting an amount of residual ink in said ink container
supplying ink to said recording head; and

if said amount of residual ink is less than a second
predetermined amount, capping said recording__head and

|/ THHB. SHEET HAS BEEN
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crocoffput er,

contrm

receives outputs from the home position detector '

i nk-cdrtridge deﬂbeﬂ@ﬂlhﬁBanEQWnﬁlreS|duaI quantity de
unit 44 | so as to control, in ac}ﬁi‘m" ” u
re- ceived S|gna rations of the ink-expe

process So as to w pe t

e recordlng hegd 1 and suck ink by a negative

pressure applied fromthe punp 25 when the capping nenber 8 is brought

into

onitting said step of flushing said recording head with
ink.

An ink-expelling restoring device for an ink jet printer
comprising:

a capping member (8) for capping a front face of a
recording head (1);

an ink-residual quantity detector (41) for detecting a
residual quantity of ink in an ink container (4) supplylng
ink to said recording head;

a wiping device (6) for wiping said front face of said
recording head (1); and

a control device (44) for restoring the ink-expelling
capability of said recording head (1) by controlling
operations of said capping member (8), said ink-residual
quantity detector (41) and said wiping device (6) by a
sequence of a wiping operation, an ink-suction operation,
and a flushing operation, said control device (44) checking
a residual quantity of ink with said ink-residual quantity
detector (41) while restoring said ink-expelling
capability, stopping said ink.suction operation when the
residual quantity of ink is smaller than a preset quantity
of ink, and capping said recording head with said capping
member (8) immediately after stopping said ink suction
operation.
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resili%ent contact with the nozzle face of the recordi ng__head———FJ—G——l-Jr%—a
bl ock di agram showi ng the functions carried out by the njc ,OCQ ﬁmd
aeting as the con- trol unit. The mcroconputer is pro

realize, by appropriate software and hardware tech- g m
of a timng signal generator 50, cartgidge presence/ ab e

residual -quan- tity detector 52, honme position detector!53, carri age

ABSTRACT

An ink-expelling restoring device and method capable of
reliably restoring the ink-expelling restoring capability of
an ink jet type recording head (1) and coping with the case
where the ink supply is exhausted during the ink-expelling
restoring process. The inventive ink-expelling restoring
device for an ink jet printer includes a capping member (8)
for capping the front face of a recording head (1), an ink-
residual quantity detector (41) for checking the res:.dual
gquantity of ink, and blade member (6) for wiping the front
face of the recording head (1). The ink expelling capability
restoring operation is carried out by a sequence of a wiping
operation, ink-suction operation, and flushing operation. The
residual-quantity detector (41) checks the residual quantity
of ink during the operation of restoring the ink-expelling
capability. When the residual quantity of ink is smaller than
a preset quantity, the ink suction operation is stopped. The
recording head is capped with the capping member (8) after the
flushing and wiping operations. With such a construction,
when a small quantity of ink is left in the ink container
during the ink-expelling restoring process, the ink suction is
stopped, preventing useless consumption of ink.
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inver pu np driver 55, valve driver 56, and flushing unit 57. The
t|n1ng Al Rﬁﬂﬂﬂ@ﬂﬁﬂoEﬁtganerates timng sig- nals to determne the
peri od m?1rﬁPR$&ﬁﬁ¢4¢ﬁ)restor- ing operation, the timng for noving

& he caﬁ% ER he timng for flushing, the timng for opening and closqu}
t he val ve, and the timng for driving the punp. The cartridge

presence/ absence detector 51 determ nes whet her an |nk cartridge 4 is
| oaded or not by a signal
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f rom tshe ink-cartridge detector 40. The residual -quan- tity detector 52
detects the residual quantity of ink by a signal fromthe ink residual
quantity detector 41. The hone position detector 53 detects the arriva pof
the carriage 2 at the home position by a signal fromthe home position/%
detector 5. The carriage notor drive unit qu\rmves the carriage fromthe
honme position to the bl ade nenber 6. The recerding head 1 is noved to the

position of the blade menber 6 the capping position,

ONIT W—dd.

\ \ BN L ]

Ve e v o v e e e e o S o ———— S m— — —— —

-~
CoNTRoL,

This Sheet Has Been Replaced

i

. . THIS SHEET HAS BEEN |,
' REPLACED |



e
—

and the flushing position in seguerce—byoperation of a notor drivgsunit
o
(thin

329.fThe punp driver 55 operates:t e AR eV¥pRceihe recordi ng hea

" capped. The val ve driver 56 opens 4f | suck excess ink t

*t he cappi ng nenmer 8 when the recor ]m‘ ﬂm‘\i\agcapped. The flushing unit ~
57 drives the recording head 1 for i when the recording head

«reaches the flushing position. The operation of the ink-expelling
restoring device




- thus constructed will be described with reference to FIG 5 showing a flow
Chart. When the printing operati on—hascontinued—for a fixed period of '

t.fme, "the printing operation is br(-)uﬂn}ShteeQHgsBeenReplaced | %_

| i

Fig. U (b
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—6” ’st’hop at a proper place, for- exanple, the—place-where the present line-
or ra paragraph ends, and then the carriage Z‘LTS oy d out_ of the pri n&g
il

Iegion. During Ihl s process, t he control ﬁﬁlmﬁ

GENERATE START
2% ALARM l

IS THE CARTRIDGE LOADED?
AND IS INK LEFT?

—’\- MOVE THE CARRIAGE TO THE HOME POSITION

END l

§3
<5

/ . MOVE TRE CARRIAGE TO THE BLADE POSITION,
AND WIPE THE HEAD WITH THE BLADE

S4

4

2 IME LAPSE Tl Nv

- . . S8 'Y MOVE THE CARRIAGE TO THEZ CAPPING POSITION
AND SUCX INX FROM THE NOZZLE OQOPENING

MOVE THE CARRIAGE TO THE.
FLUSHING POSITION AND
FLUSHES THE RECORDING EE2D

Si4 WITH INX /
i

STOP THE SUCTION ' ]
OPEZRATION

OPEN THS VALVE AND 11
START THE SUCTION  \
OPERATION

(reETUas )

S19 |

MOVE THE CARRXRIAGE TO : /i\

THE BLADS POSITION AND |~ _ I
WIPE THEZ HEAD WITH THE MOVE THE CARRIAGE
BLADE 1 TO THE CAPPING

i } POSITION AND CAP T=:=
- THIS SHEF MAS BF"N k 2AD WITH THZ CA?
l
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é

or -ndt “an ink cartridge 4 has been loaded in response to a signal fromthe -
|nk-cart|dge det ector 40, and ,checks whether or not ink is left in the
cartridge in resgpomses0 a sifnal fromthe ink residual -quantity detedq,

41 (step S1). n i s fo that no ink cartridge 4 is | oaded or one9€%
| oaded but the resigdyal quantlty of ink is consider- ably small, a nessage
or an alarmto replace the ink cartridge 4 with a new one is issued {step
S1). By issu- ing such a cartridge-replacing nessage or alarm the
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“nfavenable ci rcunst es whereby the ink is entlrely consuned durlng the -
Fnk-€ pelllng restorifng pperation, the recording head 1 and the ink supply

path errp , and congequently the ink-expelling restoring operation ij

Tint erruptf e ayoide Wien aRsif¥e S@rkiddddBosbebS Aade dnangkzrak 1

remai‘ns he fcarri age I's nmoved to the hone position. In turn, the honme -

position ector 5 produces a signal § At this tinme (I in FIG 6), the

notor 24 staris to rotate gcouhi-e+ -
2 é START 5 '

GENERATE At ALARM N Al - ' .

fﬂ'l'__Js Y
—

a3

[ i S15. | Y =~ -
MOVE THE CARRIAGE
/— - - TO THE FLUSHING
MOVE THE CARRIAGE TO THE ggggg;gurgn
HOME POSITION S3 <
HOME POSITIONZ RECORDING HEAD
N WITH INK
s4 1Y | :

MOVE THE CARRIAGE TO THE
BLADE POSITION, AND WIPE L.

THE HEAD WITE-THE BLA\DV ;

s
MOVE THE CARRIAGE TO THE s1s Y ]
Casensc postrioN a suck | | B s
OPENING \_/ |

- . < C RETURN )

s20 |
: MOVE THE CARRIAGE TO
l { | == caseinc zostrion
AND CAP THE HEAD WITE
I N~ TEz cap-
END
OPEN THE VALVE AND START
THE SUCTION OPERATION \___+
= - e S13 |
MOVE THE CARRIAGE TO THE :
z ND WIPE TH
3LADE POSITION AND WIDE 'rs{/_ This SheetHas Been Rep

HEAD WITH THE BLADE \/
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cl ockwi se for a short tinme, for exanple, approximately 0.1 s
result. the carriage 2 disengages fromthe arm7 to all ow th aced
move to the left side (as viewed in the drawi ng). The carrlag u I

preset distance fromthe hone position until the nozzle fe pf
head 1 confronts the bl ade nenber 6. Then, the notor 24 turns cl ockw se
(CW to nove the blade nenber 6 toward the recording head 1 and to bring
the bl ade nenber 6 into contact with the front

25
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face ,of the recording head 1 (Il in FIG 6). Under this condition, the
carricage 2 is futher noved to the left, and the recording h Sheet Has\He laced
with the blade nem ber 6 so that dust and ink residue are re H I

front end face of the recording head 1 (step S4). In the pres '
enbodi nent, the wi ping operation is carried out in the course of noving the

carriage 2 fromthe hone position toward the cappi ng nenber 8.
Al ternatively, the recording head 1 can be noved to the left in a state

CONTROL UNIT |14




wher e the bl ade nenber 6 has been retracted fromthe path of _the recording

head 1. After the recording head | passes the bl ade nenber 6, The brade____
nmenber 6 advances into the path of the recording head. Sub3gSieatd,yp..nHen

the recording head 1 i-s noved in the direction (right in th T laceq
return the recording head 1 to the hone position, the recor ’ I I

w ped with the bl ade nenber 6. After a preset tine T1, the W '

operation term -

12 16 8
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This Sheet Has Been Replaced

FIG. 4(a)
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-7- nates. The cariage 2 noves until it reaches the cappi ng position. The
carriage 2 pushes the lever so that the capping nenber 8 s pressed agalnst
the front end face of the recordi ng head 1, thereby to sealThistBheet BsBeah a

head with the capping nmenber (IIl in FIG 6). In this stat
rotates in the CCWdirec- tion so that a negative pressure f
is applied to the inside of the capping nenber 8 (step S6).

FIG. 5
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Under™this condition, ink is sucked fromthe opening of the nozzle of the —

recordi ng head 1, thereby renoving any dust left after the w.pi Replaced
operation. Further, bub- bles remaining in the recordi ng h&% \ P R
tube 3 connecting to the ink cartridge 4 are di scharged i nti ) ﬁn
menber 8. The di scharged ink and bubbles are extracted by t

di scharged into a used-ink tank (not shown). Also during the sucking
process, the residual quantity of ink is nonitored using a signal from

FIG. 6
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t he Lﬁk residual -quantity detector 41 (step S7). Aft er—t-he-sucking—
prdcess has continued for a preset tinme T2 (step S8), t Eﬁt 4 IS

stopped and conse- quently the supply of the negative pr s Becn pl 5?)
ping nenber 8 is stopped. A preset tine T3, e.g., two sec
the state where the capping nenber 8 is pressed aga| nst t ead
1, during which tine the negative pressure within the capping rrenber 8
drops ‘to a cer | ev (step S10). At this tinme, the
F76 7 - { START
|
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val ve 21 s opened t0O COmnNi cate the capping nember s with the St &iv
at nospher e. Ther e@iit $ireet HagBeemBepbaced24 turns again in the CCWdireckdsp+fo

start the sucking 1 _ ' 1). As a result, used ink still left in
the cappi ng nenber | : nk absorbed by the ink absorbi ng nenber 12
are di scharged outside e cap- ping nenber 8 (step S11). In this air

suction process, the inside of the cappi nd’menber 8 is held at atnospheric
pressure. Accordingly, no ink flows out of the record-
INK- EXPELLING RESTORING DEVICE lfb.fD METHOD

FOR INK JET PRINTER

The present invention relates to an ink-expelling
restoring device and method for restoring, when ink-expelling
failure occurs, the'ink-empﬂlhg' capability of an ink jet
printer of the type in which a pressure generating device
applies pressure to the ink in an ink chamber to e&xﬁ a
stream of ink droplets through the opening of a nozzlé from the-
ink chamber. | |

In an ink jet printer, a piezoelectric element.and a
bubble generating device, which are located between an ink tank
and the opening of a ndzzle, apply a pressure pulse to the ink
in the ink tank to expel a stream of ink droplets toward a
recording media, thereby recording dots on the recording

. -medium. The diameter of the nozzle opening is extremely small,
e.g., several tens of M . , so as to obtain a good
resolution of an image recorded with patterns of such dots.
However, if dust, ink residue, etc., sticks to the nozzle
opening, the picture quality is remarkably deteriorated.

| To avoid the deterioration of the picture quality, the
conventional printer has an ink-expelling capability restoring
function. In the ink-expelling restoring process, after

continuous printing has been carried out for a certain period

REPLACEMENT SHEET

. [ AV 1dTy 21 SEP 199
| Naag SVH 1agus sipp | |




ing head 1. Aftera preset tine T4, e g., five se '

S12), the operati 9gs SheerHarBEPRMacedd i S st opped and RE Qﬁmg gn
operation is stopp y, the notor 24 turind 1n the CWdi tion,
t he rol I-_ers 28 of mugmnﬁﬁ%&ar ate fromthe el astiic tzubsF_EGlC)% n,
the carriage 2 is e home posi- tion detlector 5, and tih

W ping operation is carried out as in the manner preyietusty described |(step
S13, IVin '

- -

of time, the printiﬁg operation is brought to a stop and a
cappiné member is applied to the front face of the recording
head to apply a negative pressure thereto and to forcibly
expel the ink therefrom.

To ensure complete cleaning of the recording head, the
restoring operation j.s performeci in combination with both a
wiping operation and a flushing operation. The wiping
operation is employed to wipe dust from the front face of the
recording head by rubbing with a resilient plate piece. The
flushing operation 1is to flush the nozzle with ink for:
restoring the meniscus that was destroyed by the wiping
operation.

When the ink in the ink tank is used up during the ink-
expelling restoring operation, bubbles tend to enter the ink
supply path and the recording head. Also, ink in the ink

supply path can solidify, making it difficult to remove the ink

therefrom.

Taking the- above problems into account, the present
invention has as an object the provision of a novel ink-
expelling Testoring device and method free from the problems
which occur when the ink supply is entirely consumed during the
ink- expelling restoring operation.

This cbject is solved by thbe ink expelling restoring device of independent claim
1l or 9 and the method of independent claim 3. Further advantageous features,
aspects and details of the invention are evident fram the independent claims,

the description and the drawings. The claims are intended to be understood as
a first non-limiting approach of defining the invention in general terms.
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FIG 6). By the w ping operationR | nk that has stuck to the front end face
of the recording heafus Shegt SebegeSel i ng restoring process is renoved.
As .a result of thi s'o;i tl l H ubsequent jetting of ink droplets is

-3

According to a specific aspect of the invention,

there is érovided an ink-expelling : restoring device for an ink
jet printer comprising a capping member for capping the front
face of a recording head, an ink-:ésidual quantity detector for
checking a residual quantity of ink in an ink container, a
wiping device for physically wiping the front face of the
recording head, and -a control device for restoring the ink
expelling . capability by a sequence of a wiping operatiom, an
ink-suction operation, and a flushing operation, checking the
residual quantity'of ink by ;he_ink-residual quantity detectoxr-
during the operation of restoring the ink-expelling capability,
and stopping the ink suction operation when the residual
quantity of ink is smaller than a preset quantity of ink, while
at the same. time capping the recording head with the capping
member after the flushing and wiping operations.

"With such a cénstruction, during the ink-expelling
restoring operation, when the residual quantity of ink in the
ink container is smaller than a predetermined quantity of ink,
the ink suction operation is brought to a stop. Then, the
wiping operation and the flushing operation, and finally.the
capping operation are carried out. Therefore, there is no
further consumption of ink, and the recording head is ready for
a new ink supply in a state wherein the ink has been expelled

from the recording head by the ink suction operation.

2 1 SEP 1996
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-8- stable, and further ink will not stick to the nozzle face after a |ong

rest of the recordi ng head. Subsequently the carriage 2 1s m)ved to t he
‘hone position (on the right side hectaeBeeaReptaoed ar ge
to allow the enission of a st ream of i nk III III'” ,l ,"l

-4 -

As a consequence, the recording head stands ready for
another recording operation while ink is left in the ink supply
path and the recording head, and the opening of the nozzle is

maintained in a normal state.

Fig. 1 is a block diagram showing the functions
implemented with contral means for controlling an ink-
.expe]_l:ing restoring process wh:Lch control means can be a microcamputer;

Fig. 2 is an exploded view in perspective of a me.chanisx.n""
used for an ink-expellingy restoring operation in an ink jet
printer to which the present invention is applied; |

Fig. 3 is an exploded view in perspective of a capping
member used by the ink-expelling restoring device of the
invention;

Fig. 4(a) is a partial cross sectional view showing a pump
used by the inventive ihk-expelling restoring dev:.ce,

-Fig. 4(b) is a perspective view showing an idle roller
drive section;

Fig. 5 is a flow chart showing the operation of the ink-
expelling restoring device;

Fig. 6 is a set of expla’hatory diagrams used in explaining

the operation of the ink- expelling restoring device; and
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droplets is formed 4 ecordlng head 1 and the cappi ng member 8 (V
in FIG 6), the nnve‘astle"é@teﬁ &pi' gef lage 2 is stopped, and a print signa

is applied to the;re to flush the recording head 1 (step
S14). After a preset es (step S15), the out- put of the print
signal is stopped to tern1nate the flush- ing operation. Here, the neniscus
of the nozzle which has been destroyed by the w ping operation is restored
to the nornal state suitable for printing. At the sane

Fig. 7 is a flow chart showing the operation of the ink-

expelling restoring device according to a second embodiment of

the invention.

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

Fig. 1 is an exploded_view in perspective.of a mechanism
used for carrying out an ink-expelling restoring operation im
an ink jet printer to which the present invention is applied.
In the figure, an ink jet recording head 1 is constructed such
that ink droplets are forcibly expelled - from the opening of
nozzle by applying data signals representative of characters or
other information to be recorded to piezoelectric elements or
heat-generating elements. The recording head 1 is.mounte¢ on
a carriage 2, which is movable along a path P-P coincident with
a platen roller shaft. The recording head 1 is coupled-with.an :
ink cartridge 4 by way of a tube 3, and receives ink from the ..
ink carriage 4. |

A home position detector 5, located outside but in the-
vicinity of the printing region, produces a signal when the
carriage 2 is at the home position. A blade member 6 and a
capping member 8 are mounted in this order at locations which

are further outside the printing region (on the left side in

Ay
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time, a prescribed quantity of ink, which has been dis- charged by the
flushing operation, is absorbed by the ink absoriisEhedtBEIREN RAtabdd t he
cappi ng nenber 8. The absorbed ink will be used f recordi ng
head when the head rests. When t he operationftﬂﬂ'@"ﬂ!’ﬂjﬁﬂ'ﬂ

e
I nk-expel ling capability is conpleted, FP’data;to pr esent

(step S16) and a sufficient quantity of ink is'left, the printing operation
is exected (step S17). Subsequently,
the drawing) than the home position detector 5 and are spaced
by fixed distances from the home position.
The blade member 6, which includes a resilient plate made
of rubber, for example, is rotatably mounted on the base of a
shaft 7a. The blade member 6 is fastened to an arm 7, which is
éonnected to a motor 24 for driving a pump 25 (to be described
later) by means of a transmission mechanism (not shown). In
the wiping mode, the blade member moves toward the recording
head and resiliently contacts the nozzle face of the recording
head.
As shown in Fig. 3, the capping member 8 is mounted on a
frame 10 in a such a manner that the middle frame 11 is
interposed therebetween. The frame 10 is rotatably coupled
with a base member 9 by means of shafts 10a and 10a. The
capping member 8 contains therein an ink absorbing member 12 of
a size large enough to provide a fixed space between the
capping member and the nozzle opening. A lever 13 is rotatably
coupled at its base end with the base'member 9 by peans_of a .
~shaft 13a, and is coupled at its forward end with the freé end .
of the frame 10. .The lever 13 is normally urged by a spring 14
so.as to pull the c§pping member 8 away from the. path of
movement of the recording h?ad.
The capping member 8 has two holes 15 and 16. The hole 15

is connected to a suction port of a suction pump (to be

described later) through a tube 18. The hole 16, connected to
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the printing operation conttnues while repeating the above sequerice of

oper ati ons. Atmskmeecgmﬂegm qf the ink-expelling restoring oper-
ation, if there:is prlnted or a sufficient residual quantity
of ink is present U the carriage 2 is noved again to the
position of the'ca and the recording head is capped (step

S19, VI in FIG 6). Due to the capplng operation, the open- ing of the
nozzle will be kept wet with the solvent of the

-7-
a valve 21 through a tube 20, selectively communicates with the
outside atmosphere via the valve 21.

As shown in Fig{ 4, a periitaltic-type suction pump 25
includes an elastic tube 26 arcuétely shaped by a frame, with
the outer peripheral side thereof fixed to a guide member 27.
The inner peripheral side of the tube 26 is'squeezed by a
plural number of roliers 28 and 28. The rollers 28 and 28 for
squeezing the elastic tube 26 are inserted into elongated
grooves 33 formed in a drive disk 32, which is connected
through a transmission me;hanism 30 to the motor 24, and guidé*
grooves formed in a fixed disk 34. The drive disk 32 is
disposed opposed to the fixed disk 34. Each of the grooves 33
is shaped so that the distance from the groove to the center of
the disk graduélly changes. The guide grooves 35 are shaped
similar to the elongated grooves 33. With such a structuré,
when the motor 24 turns counterclockwise (CCW), the shafts of
the rollers 28, which are fixed at positions spaced apart from
the center of the drive disk 32, intermittently cqntact_thé
elastic tube 26. When the motor. 24 turns clockwise .(CW), the- -
rollers 28 move toward the center of the drive disk 32 to
disengage from the elastic tube 26.

An ink-cartridge detector 40 and an ink residual-quantity
detector 41 are located near the ink cartridge 4. The ink-

cartridge detector 40 detects whether or not an ink cartridge
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i nk contained in the ink absorbing nenber IZ. [T, however, the residual
quantity of ink in the ink cartridge 4 is dgfSkBiHisb&n RGid& consi derably

smal | dur- ing the course of restoring the i N apability (step
S7), the operation of the punp 25 is stoppﬁd mﬂ Eﬂm ti.me than the
preset tine T2 (step S9). Wien a preset ti d the pressure in

t he cappi ng nenber 8 has becone equal to:iatnobspheric pressure (step S10),
‘the valve 24 is opened to allow aifgsuction to

4 is loaded. The ink residual-guantity detector 41 detects the
residual quantity of ink in the cartridge.

A control unit 44, mainly implemented with a
microcomputer, receives outputs f;:om the home position detector
5, ink-cartridge detector 40 and ink residual-quantity detector
41. The control unit 44 is programmed so as to control, in
accordance with the r'eceived signals, various operations of the
ink-expelling restoration process so as to wipe the recording
head‘ 1 and suck ink by a negative pressure applied from the
pump 25 when the capping member 8 is brought into resilient
contact with the nozzle face of the recording head.

Fig. 1 is a block diagram showing the functions carried
out by the microcomputer acting as the control unit44. The
microcomputer is programmed so as to realize, by appropriate
software and hardware techniques, the functions of a timing
signal generator 50, cartridgé presence/absence detector 51,
residual-quantity detector 52, home position detector 53,
carriage driver 54, pump driver 55, wvalve driver 56, and _:_
flushing unit 57.

Th.e timing signal generator 50 generates timing signals to
determine the period of the ink- expelling restoring operation,
the timing for moving the carriage, the timing for flushing,
the timing for bpening and closing tﬁe valve, and the timing

for driving the pump. The cartridge presence/absence detector

TIDY A OTRA
ALTLAL Et

REPLACED

THIS SHEET HAS BEEN J 2 1SEP 1996

[ VU PR

e Aoare aspa 6



continue for a preset time T4, e.g., five seconds (step S12).
Subsequently, the carrll'ha eEHas§eemR¢piabedl oward the hone position detector 5,
and the wi ping operatlo Iﬂut in the manner previously described

(step S13, IVin FIG" 6 i nk that has stuck to the nozzle
face during the ink- expe ng res orlng process is renoved, thereby to
cl ean the nozzle f ace.

_9_
signal from the ink-cartridge detector .40. The residual-
quantity detector 52 detects the residual quantity of ink by a
signal from the ink residual quantity detector 41. The homé
position detector 53 detects the grrival of the carriage 2 at
the home positioﬁ by a signal frém the home position detector
5. The.carriage motor drive unit 29 moves the carriage from
the home position to the blade member 6. The récording'head 1
is moved to the position of the blade member 6, the capping
position, and the flushing position in sequence by operation of
a motor drive unit 29. The pump driver 55 operates the pump 25
when the recording head 1 is capped. The valve driver 56 opens
the valve 21 to suck excess ink within the capping member 8
when the recording head 1 is capped. The flusﬁing unit 57
drives the recording head 1 for idle discharge when the
recording head reaches the flushing position.

The operation of the ink-expelling restoring device thus
constructed will be described with reference to Fig. 5 showing
a flow chart.

When the printing operation has continued for a fixea
period of time, the printing operation is brought to a stoé at
a proper place, for example, the place where the present line
or a paragraph ends, and then the carriage 2 is moved out of
the printing region. |

During this process, the control unit checks whether or

not an ink cartridge 4 has been loaded in response to a signal
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Tlus Sheet Has Been Replaced

-10~

from the ink-cartridge detector 40, and checks whether or not
ink is left in the cartridge in response to a signal from the
ink residual-quantity detector 41 (step S1). When it is found
that no ink cartridge 4 is loaded or one is loaded but the
residual quantity of ink is considerably small, a message or an
alarm to replace the ink cartridge 4 with a new one is ‘issued
(step S1’). By isqu;.ng such a cartridge-replacing message or
alarm, the .unfavorable circumstances whereby the ink 1is
entirely consumed during the ink- expelling restoring operation,
the recording head 1 and the ink supply path are empty, and.
consequently the ink- expelling restoring operation is
interrupted are avoided.

When an ink cartridge 4 is loaded and ink remains, the
carriage 2 is moved to the home position. In turn, the home
position detector 5 produces a signal. At this time (i in Fig.
6), the motor 24 starts to rotate counterclockwise for a short
time, for example, approximately 0.1 sec. As a result, the
carriage 2 disengages from the arm 7 to allow the carriage 2 to
move to the left side (as viewed in the drawing). The carriage
2. moves a preset distance from the home position until the
nozzle face of the recording head 1 confronts the blade member
6. Then, the motor 24 turns clockwise (CW) to move the blade
member 6 toward the recording head 1 and to bring the blade

member 6 into contact with the front face of the recording head

1 (II in Fig. 6). Under this condition, the carriage 2 is
{REPLACEMENT SHEET
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The carriage is aned to the home position (on the right side in the

drawi ng). Wien a g hmﬂo allow the em ssion of a stream of ink
droplets is forned ordlng head 1 and the capping nmenber 8 (V
in FIG 6), the nov rrlage 2 is stopped, and a print signa

is applied to the recordlng head 1 which in turn is flushed (step S14).
After the preset tinme T5 el apses (step S15), the output of the print signal
is stopped to termnate the flushingiqperation. A

further moved to the left, and the recording head 1 is wiped
with the blade member 6 so that dust and ink residue are
removed from the front end face of the recording head 1 (step
S4). In the present embodiment, the wiping operation is
carried out in the course of moékng the carriage 2 from the
home position toward the capping member 8. Alternatively, the
recording head 1 can be moved to the left in a state where the
blade member 6 has been retracted from the path of the
recording head 1.

After the recording head 1 passes the blade member 6, thé.
blade member 6 advances into the path of the recording head.
Subsequently, when the recording head 1 is moved in the
direction (right in the drawing) to return the recording head
1 to the home position, the recording head 1 is wiped with the
blade member 6.

After a preset time Tl, the wiping operation terminates.
The carriage 2 moves until it reaches the capping position.
The carriage 2 pushes the lever so that the capping member 8 is .
pressed against the front end face of the recording head 1,
thereby to seal the recording head with the capping member (III
in Fig. 6}).

In this state, the motor 24 rotates in the CCW direction
so that a negative pressure from the pump 25 is applied to the
inside of the cepping member 8 (step S6). Under this

.condition, ink is sucked from the opening of the nozzle of the
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typical quantity of ink necessary for the flushing opera- tion is

approxi mately 0.03 cc, which is negligible when compared with the residual
quantity of ink. The neni scus of the nozzl e Vi Sheet HasBedeRphhaded by t he
Wi ping operation is restored to the normal ‘stat I printing so
that the ink within the nozzle opening will not | ,'rlﬂn he i nstant
exanpl e, an extrenely small anmpbunt of ink is le I'n el cartridge 4
(steps S16 and S17). Accordingly, the carriage is '

-12-
recording head 1, thereby removing any dust left after the
wiping operation. Further, bubbles remaining in the recording
head 1 and the tube 3 connecting to the ink éartridge 4 are
expelled. into the capping membé; 8. The empélhaa ink and
bubbles are extracted by the pump 25 and expelled into a
used-ink tank (not shown). Also during the sucking process,
the residual quantity‘of ink is monitored using a signal from
the ink residual-quantity detector 41 (step 57).

After the sucking process has cdntinued for a preset time
T2 (step S8), the motor 24 .is stopped and consequently the
supply of the negative pressure to the capping member 8 is
stopped. A preset time T3, e.g., two seconds, elapses in the
state where  the capping member 8 .is pressed against the
recording head 1, during which time the negative pressure
within the capping member 8 drops to a certain level (step
S§10). At this time, the valve 21 is opened to communicate the
capping member 8 with the outside atmosphere. Thereafter, the
motor 24 turns again in the CCW direction to start the sucking
action (step S11). As a result, used ink still left in the
capping member 8 and excess ink absorbed by the ink absorbing
member 12 are expelled outside the capping member 8 (step
S1l1). 1In this air suction process, the inside of the capping

member 8 is held at atmospheric pressure. Accordingly, no ink

flows out of the recording head 1.
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noved to the cappi n_g_"positiaﬁ_v\here the recording head L is capped with the
ng nenber Srmﬁmepﬂﬁmﬁl Replaced result, the recording head 1 is kept wet

V\n!toﬁthe i nk whi ¢ ' ‘ rbed in the ink absorbing nmenber 12 through
t he flushing oper%t‘ﬂ“ﬂ state of the recording head is maintained
al so when the rec I'ng I's at rest. When a state of "ink end" is

det ect ed, because the bottom area of the ink cartridge is relative |large,

if several cc of ink is left, data in~drM anount corre-

After a preset time T4, e.g., five seconds, elapses (step
S§12), the operation of the motor 24.is stopped and hence the
air suction operation is stopped. Subsequently, the motor 24
turns in the CW direction, the rollers 28 of the pump 25
separate from the elastic tube 26.

Then, the carriage 2 is moved toward the home position
detector 5, and the wiping operation is carried out as in the
manner previously described (step S13, IV in Fig. 6). By the
wiping operation, ink that has stuck to the front end face of
the recording head in the ink- expelling restoring process is_.‘
removed. As a result of this operation, the subsequent jetting
of ink droplets is stable, and further ink will not stick to
the nozzle face after a long rest of the recording head.

Subsequently, the carriage 2 is moved to the home position
(on the right side in the drawing). When a gap large enough to
allow the emission of a stream of ink droplets is formed
between the recording head 1 and the capping member 8 (V in
Fig. 6), the movement of the carriage 2 is stopped, and a print
signal is applied to the recording head 1l to flush the
recording head 1 (step S14). After a preset time TS elapées
(step S15), the output ‘of the print signal is stopped to
terminate the flushing operation. Here, the meniscus of the
nozzle which has been destroyed by the wiping operation is
restored to the normal state suitable for printing. At the

same time, a prescribed quantity of ink, which has been
REPLACEMENT SHEET
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sponding to the residual quantity of ink is al Fowed to be priutcd~ As can
be understood fromthe foregoing description, them;s@hee % stori ng
operation is termnated be- fore the residual ink |dge 4 1is
conpl etely discharged and in a state where ink is lﬂiii k supply -
path 3 and the recording head 1. Further, the reco ose " nozzl e
have been restored to be operable for printlng, st ands ready for anot her
recor d- ' '

-14-
expelled by the flushing operation, is absorbed by the ink
absorbing member 12 in the capping member 8. The absorbed ink
will be used for wetting the recording head when the head
rests. ’

when the operation for restoring the ink-expelling
capability is completed, if data to be printed is present (step
S1l6) and a sufficieﬁt quantity of ink is left, the printing
operation is executed (step S17). Subsequently, the printing
operation continues while repeating the above sequence of
operations. | =

At the cdmpletion of the ink-expelling restoring
operation, if there is no data to be printed or a sufficient
residual quantity of ink is present in the cartridge, the
carriage 2 is moved again to the position of the capping member
8, and the recording head is capped (step S19, VI in Fig. 6).
Due to the capping operation, the opening of the nozzle will be
kept wet with the solvent of the ink contained in the ink
absorbing member 12.°

If, however, the residual quantity of ink in the_ ink
cartridge 4 is determined to be considerably small during the
course of restoring the ink- expelling capability (step S7), the
operation of the pump 25 is stopped for a shorter time than the
preset time T2 (step S9). When a preset time T3 elapses and
the pressure in the capping member 8 has become egual to

atmospheric pressure (step S10), the valve 24 is opened to

THIS SHEET HAS BEEN
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i ng operation. Actordingly, the recording head can be operated for printing
by nerely repl aci nghlggil@etm;g@egﬂ( latddi dge with a new one. A second

enbodi ment of the p de- scribed with reference to FIG 7
showi ng a fl ow chartm“ muﬁ trl nting operation continues for a fixed
period of tine, the tiron is brought to a stop at a proper

place, for exanple, the place where a page or paragraph ends, and the
carridge 2 is aned out

-15=~

allow air suction to continue for a preset time T4, e.g., five
seconds (step S12).

.Subsequently, the carriage 2 is moved toward the home
position detector 5;.and.the wipirig operation is carried out in
the manner previously described (step S13, IV in Fig. 6). As
a result, ink that_has stuck to the nozzle face during the ink-
expelling restoring.process is removed, thereby to clean the
nozzle face.

The carriage 2 is moved to the home position (on the right
side in the drawing).. When a gap large enough to allow the
emission of a stream of ink droplets is formed between the
recording head 1 and the capping member 8 (V in Fig. 6), the
movement of the carriage 2 is stopped, and a print signal is
applied to the recording head 1 which in turn is flushed (step
S14). After the preset time TS elapses (step S15), the output
of the print signal is stopped to terminate the flushing
operation. A typical quantity of ink necessary for the
flushing operation is approximately  0.03 c¢cc, which 1is
negligible when compared with the residual quantity of ink.

The meniscus of the nozzle which was destroyed by the
wiping operation is restored to the normal state suitable for
printing so that the ink within the nozzle opening will not be
dried. 1In ﬁhe instant example, an extremely small amount of
ink is left in the ink cartridge 4 (steps S16 and S17).

Accordingly, the carriage is moved to the capping position

r//] REPLACEMENT SHEET
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of the printing region. During this process, the control unit checks

whet her

or

not an ink cartridge 4 has been Ioaded us+ng—a—s+gﬂa¥~—————
| This Shect Has B=en Pe laced

[T
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where the recording head 1 is capped wiﬁh the capping member 8
(step S19). As a result, the recording head 1 is kept wet with
the ink which has been absorbed in the ink absorbing member 12
through the flushing operation. The wet state of the recordlng
head is maintained also when the recording head is at rest.
When a state-of "ink end"” is detected, because the bottom area
of the ink cartridge-is relative large, if several cc of ink is
left, data in an amount corresponding to the residual quantity
of ink is allowed to be printed.

As can be understood from the foregoing description, the

- expelling restoring operation is terminated before the

residual ink in the ink cartridge 4 is.completely expelled
and in a state where ink is left in the ink supply path 3 and
the recording head 1. Further, the recording head, whose
nozzles have been restored to be operable for printing, stands
ready for aﬁother recording operation. Accordingly, the
recording head can be operated for printing by merely replacing
the ink cartridge with a new one. -

A second embodiment of the present will be described with
referepcé.to Fig. 7 showing a flow chart.

When the printing opveration continues for a fixed period
of time; the printing operation is brought to a stop at a
proper place, for example, the place where a pége or paragraph

ends, and the carriage 2 is moved out of the printing region.

REPLACEMENT SHEE

2 1 SEP 1996

THIS SHEET fas
REPLACED

S BEEN

ET




- 10 - fromthe ink-cartridge detector 40, and checks whether or not ink is
left in the cartridge usingTigs ShegHa Bebri Ruplatcie | nk resi dual - quantity

detector 41 (step S1). Wen ts  show that no ink cartridge 4
is not | oaded or one is |oad |

dual quantity of ink is con-
-17-

v

During this process, the control unit checks whether or
not an ink cartridge 4 has been loaded using a signal from the
ink-cartridge detector 40, and checks whether or not ink is
left in the cartridge using a s%gnal from the ink residual-
quantity detector 41 (step Sl). :When the check results show
that nb ink cartridge 4 is not loaded or one is loaded but the
residual quantity of ink is considerably small, a message or an
alarm to replace the ink cartridge 4 is issued (step Sl1’).

When an ink cartridge 4 is loaded and ink is left, the
carriage 2 is moved to the home position. In turn, the home,
position detector 5 produces a signal. The carriage 2 moves a
prescribed distance from the position where the home position
detector 5 produces a signal (I in Fig. 6) and the nozzle face
of the recording head 1 confronts with the blade member 6.
Then, the blade member 6 is moved toward the recording head 1
and to bring the blade member 6 into contact with the front
face of the recording head 1 (II in Fig. 6). Under this
condition, the carriage 2 is further moved to the left, and the
recording head 1 is wiped with the blade member 6 so ﬁhat dust
and ink residue are removed from the front end face of the
recording head 1 (step S¢4).

After a preset time T1l, the wiping operation terminates.
The carriage 2 is moved until it reaches the capping position.

The capping member 8 is then pressed against the front end face
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siderably small, a nessage %sgﬁgeglla@gggntkgplgc@pl ace the ink cartridge 4 is
I ssued (step S1). When an | Is loaded and ink is left, the
carriage 2 is noved to the hoH“lﬂMHl“[ mﬂn turn, the hone position
detector 5 produces a S|gnal 2 nmoves a prescribed distance
fromthe position where the hone position detector 5 produces a signal (I
in FIG 6) and the nozzle face of the recording head 1 confronts with the
bl ade nenber 6. Then, the bl ade -18-
of the recording head 1, thereby to seal the recording head
with the capping member 8 (III in Fig. 6).

In this state, a negative pressure from the pump 25 is
applied to the inside of the capping member 8 (step S6). Under
this condition, ink is sucked froﬁ the opening of the nozzle of
the recording head 1, thereby removing any dust left after the
wiping operation. Pufther, bubbles remaining in the recording
head 1 and the tube 3 connecting to the ink cartridge 4 are
expelled into the capping member 8. Thus, the expelled ink
and.bubbles are extracted by the pump 25 and discharged outside,
the system. During the sucking process, a residual quantity'of
ink is monitored using a.signai from the ink residuél-quantity
detector 41 (step S7).

After the suction process has been continued for a

- predetermined time T2 (step S8), the pump 25 is stopped,
thereby stopping the supply of the negative pressure to the
capping member 8.

| A preset time T3, e.g., two seconds, elapses in the state
where the capping member 8 is pressed against the reéord;ng
head 1, during which time the negative preséure within the
cépping member 8 drops (step S10). At this time, the valve 21
is opened to communicaté the capping member 8 with the outside
atmosphere. Thereafter, the pump 25 is operated again to start

the sucking operation (step S11). As a result, used ink still

left in the capping member 8 and excess ink absorbed by the ink
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mender 6 is noved toward the recording head 1 and to bring the bl ade nmenber

6 into contact with the front face of the recording head 1 (Il in FIG 6).
Under this condition, Eheﬂva&hﬁ eRﬁmmsifurther moved to the left, and the
recordi ng head 1 iSsmnp de mem ber 6 so that dust and ink
resi due are reaned'fro face of the recording head 1 (step
). After a pres et tlne t e W pi ng operation term- nates. The
carriage 2 is aned until it reaches t he cap-
-19-
absorbing member 12 are sucked and expelled outside the

capping member 8 (step Sl1ll).

After a preset time T4, e.g., five seconds, has elapsed
(step S12), the operation of the ,pump 25 is stopped and hence
the.air suction operation is stopped.

Then, the carriage 2 is moved toward the home position
detector 5, and the wiping operation is carried out as in the

- manner previously described (step S13, IV in Fig. 6). As a
result of the wiping operation, ink that has stuck to the front
end face of the recording head in the ink-expelling’ restoring
process is removed.

After the control unit confirms that ink is still left in

. the ink cartridge 4 in response to a signal from the ink
residual-guantity detector 41 (step Sl4), the carriage 2 is
moved to the home position (on the right side in the drawing).
When a gap large enough to allow the emission of a stream of
ink droplets is formed between the recording head 1 and the
capping member 8 (V in Fig. 6), a print signal is applied to
the recording head 1, which in response is flushed with ink
(step S15). After a preset time T5 elapses (step S16), the
output of the print signal is stbpped to terminate the flushing
operation. The meniscus of the nozzle which has been destroyed
by the wiping operation is restored to the normal state
suitable for the printing. At the same time, a prescribed

quantity of ink expelled during the flushing operation is
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pi ng position. The cappirg-—+renber8-is then pressed against the front end -
face of the recording hqﬁg 1 thereby to seal the recording head with the

capping nenber 8 (Il i m een R, ‘¢his state, a negative pressure from
the punp 25 is _appILeq a ﬁ HL“% f_the cappi ng nmenber 8 (step S6).
Under this condition, in m't he opening of the nozzle of the
recordi ng head 1, thereby renmoving any dust left after the w ping
operation. Further, bub-
—20-

absorbed by the ink absorbing memb.er 12 in the capping member

8. The absorbed ink is used for wetting the recording head

when the head rests.

When the opez;ation for :éestoring the ink- expelling
capability is completed, if data to be printed is present (step
S17) and a sufficient quéntity of ink is left, the printing
operation is executed (step S19). Subsequently, the printing
operation continues while repeating the above sequence of
operations.

At the completion of the ink- expelling restoring
operation, if there is no data to be printed or a residual
quantity of ink is present in the cartridge, the carriage 2 is
moved again to the position of the capping member 8, and the
recording head is capped (step S20, VI in Fig. 6). With the
capping, the opening of the nozzle‘ will be kept wet with the
solvent of the ink contained in the ink absorbing member 12,

If the residual gquantity of ink in the ink cartridge 4 is
considerably small during the course of restoring the ink-
expelling. capability (step S7), the operation of the pump 25 is
stopped for a shorter time than the preset time T2 (step S9).
Therefore, useless consumption of ink in a state where the
recording head fails to print, even if it is subjected to the

ink- expelling restoring operation, is eliminated. The ink-

expellmg restoring operation is terminated before the residual

ink in the ink cartridge 4 is complstely expe
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bl es remai ning i n the +reecordi-ng—head—t—-and the tube 3 connecting to the
ink cartridge 4 are disg a%ﬁeg I N o pF cappi ng nenber 8. Thus, the

di scharged ink and bub- il desBeehepiaceio " by the punp 25 and di schar ged
out- side the system Duf ﬁ ] g process, a residual quantity of
ink is nonitored using a | I nk resi dual -quantity detector

41 (step S7). After ithe suction process has been continued for a
predetermned time T2 (step S8), the punp 25 is

-21-
state where such a quantity of ink as to p?event the ink in the
recording head 1 from being dried is left in the ink supply
path 3, the recording head stands;ready for replacement of the
ink cartridge. .

The capping of the recording head 1 with the capping
member 8 continues until a preset time T3 elapses after the
pump 25 stops (step SlO) and the negative pressure within the
capping member 8 has dropped sufficiently. Subsequently, the
valve 21 is opened and the pump 25 is operated to execute air
suction (step S11). Consequently, the ink left in the capping
member 8 is expelled . to the outside.

After removal of the capping member 8, the recording head
1l is moved to the position of the blade'member.s where it is
wiped (step S13). 1In this example, the guantity of ink in the
ink cartridge 4 is considerably small (step S14). The capping
member 8 is brought into contact with the recording head 1,
without carrying out a flushing operation (step S20).
Accordingly, even in a case where the quantity of ink is
considerably small, the recording head can st;nd ready for the
next printing operation in a state where ink is left in the ink
supply path and the recordiﬁg head, and the ink is removed from
the nozzle front end face by the ink suction operation.

The peristaltic pump, which is used as negative pressure

generator in the above-described embodiment, may be replaced

with another type of pump such as piston pump. REPLACENH%“TSHEET
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stopped, thereby stopping the supply of the negative pressure to the
cappi ng nenber 8. A preset tine T3, 'e.g., two seconds;,—etapses—+n—the—

state where the capping nenber 8 is pressed agai nst the r_ﬁggghg;t_ eea'E,iI'ai‘ed
during which time the negative pres- sure within the cappi nmﬁq[ﬁﬂm‘ﬁps
I ' ( ng

(Step S10). At this time, the valve 21 is opened to cor‘mu'n'i
menber 8 with the outside atnosphere. There- I
..22._

While in the embodiment described above, the ink cartridge
is mounted on the base member, it and the recording head as |
well may be mounted on the carriage.

As described above, the ink- expell]_ng restoring device for
an ink jet printer of the invention includes a capping member
for capping the front face of a recording head, an ink-residual
quantity detector for detecting the residual quantity of ink in
an ink container, a wiping device for physically wiping the
front face of the recording head, and a control unit which -
operates to restore the ink expelling capability by a sequence
of a wiping operation, a ink-suction operation, and a flushing
opei'ation , which checks the residual quantity of ink with the
use of the ink-residual quantity detector during the operation
of restoring the ink- expelling capability, and stops the ink
suction operation when the residual quantity of ink is smallex
than a preset quantity of ink, while at the same time capping
the recording head with the capping member. In the ink-
expelling restoring device thus constructed, when the residual
quantity of ink is considerably small during the ink- e;{pelling
restoring process, the ink-expelling restoring device prevents
the useless consumption of ink. Further, in the ink- expelling
restoring device, the ink- expelling restoring process
automatically proceeds through a prescribed sequence of
restoring operations including the final operation of wiping.

Following this, the ink- expelling restoring device is in a
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standby state.

Accordingly, the recording head waits for the

next printing operation in a state where the head is kept wet

and no air flows into the ink supply path.

This Sheet Has Been Replaced
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after, the punp 25 is operated again to start the sucking operation (step
S11). As a result, used ink still left in the capping nenber

i ggsorbs %ﬁmm e 52" Sk o RGN

five seconds, has e 812) the operation of the punp 25 is
st opped and hence the air suct | on opepgtion is stopped. = Then, the
carriage 2 is noved toward the home posi -

CLAIMS

1. An ink-expelling restoring device for an ink jet printer

comprising:

a capping member (8) for capping a front face of a
recording head (1);

an ink-residual quantity detector (41) for detecting a
residual quantity of ink in an ink container (4) supplying
ink to said recording head (1);

a wiping device (6) for wiping said front face of said
recording head (1); and

a control device (44) for restoring the ink expelling
capability of said recording head (1) by controlling
operations of said capping member (8),.said ink~residual
quantity detector (41) and said wiping device (6) by a
sequence of a wiping operation, an ink-suction operation,
and a flushing operation, said control device (44) checking
a residual quantity of ink with said ink-residual quantity
detector (41) while restoring said ink-expelling
capability, and stopping said ink suction operation when
the residual gquantity of ink is smaller than a preset
quantity of ink, said control device (44) capping said
recording head (1) with said capping member (8) after said
flushing and wiping opefations.

2. The ink-expelling restoring device of claim 1, wherein said
control device (44) performs said operation of capping said
recording head (1) with said capping member (8) immediately
after said flushing and wiping operations. REPLACENE%UTSHEET
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wige *

tion detector 5, and the wiping operation is carried out—as-in the nmanner
previ ously descri bed ThistShyet Ik BeenlReplaced. FI G 6). As a resul ;'m

in
operation, ink that ha iR {81 i8le front end face of :tf{ }HM; f,) (fﬁm
in the ink-expelling. ' W8ess is renoved. At chey g1
unit confirns that ink TS stil in the ink cartriﬁge 4 in response to
a signal fromthe ink residual-quantiL&SQetector 41 (step S14), the

carriage 2 is noved to the hone position (on the right side in the

3. A method for restoring ink expelling in an ink jet printer,
comprising the steps of: ‘

wiping a front face of said recording head;
sucking ink from nozzle opehings of said recording head;

detecting an amount of residual ink in an ink container
supplying ink to said recording head;

if said amount of residual ink 1s greater than a
predetermined ambunt, continuing said step of sucking ink
from nozzle openings of said recording head for a
predetermined period of time;

if said amount of zresidual ink is less than said
predetermined amount, immediately discontinuing said step
of sucking ink from nozzle openings of said recording head;
and
flushing said recording head with ink

4. The method for restoring ink expelling of claim 3, further

comprising the steps of:

detecting whether or not printing data is present for
driving said recording head;

if no printing data is present, capping said recording
head; and

if printing data is present, driving said recording head

with said printing data. " REPLACEMENT SHEIET
THIS SHEET HAS BEEN 2 1 SEP 1995
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drawi ng) Wien a gap | arge enpugh—%e—a%%emﬁ%he—eﬁis--sion of a stream.of ink

response is flushed with ink

droplets is formed between the and th raggﬁ; 5:
in FIG 6), a print signal iE Lllﬂlll’ﬂlllllﬂllﬂﬁﬁﬂ’llﬂcorm ng| Ngad-—1,-

(step S16),

the output of th .
flushing operation. The neniscus of the nozzle which hngpggﬂwgggLLgye by
the wi ping operation is restored to the nornal state |

TORRER] (V

(steptSlb) .» Alster a prese ﬁlne T5 ela ses
print signal is stopped toit e bl §%%he]

o com s i s i e A e e s

The method for restoring ink expelling of claim 3 or 4,

"wherein said step of sucking ink from nozzle opening of

said recording head comprises the steps of:

moving said recording head to a capping position;

capping said recording head with a capping member; and
applying a negative pressure within said capping member.
The method for restoring ink expelling of claim 5, further
comprising the steps of:

releasing said capping member from said recording head; and
expelling excess ink from said capping member.

The method for restoring ink expelling of claim 6, further

comprising, subsequent to said step of expelling excess ink
from said capping member and prior to said step of flushing

'said recording head with ink, a second step of wiping said

face of said recording head.

The method for restoring ink expelling of claim 7, further
comprising, subsequent to said second step of wiping said
face of said recording' head and prior to said step of
flushing said recording head with ink, the steps of:

detecting an amount of residual ink in said ink container
supplying ink to said recording head; and

if said amount of residual ink is less than a second

. Ppredetermined amount, capping said recording head and
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suitable for the printing. At the sane tine, a prescribed gquantity of—+tk

di scharged during the flushing operation is absorbed by tzth"m '
menber 12 in the cap- ping nenber . The absorbed ink is us ”ma"lﬂlm ,",
t he recordi ng head when the head rests. Wien the operatioh for tre8tofing
the ink-expelling capability is conpleted, if data to be printed is

present (step S17) and a sufficient quantity of ink is left, the printing
operation is executed (step S19) Subsequert’ly,

omitting said step of flushing said recording head with

ink.

9. An ink-expelling restoring device for an ink jet printer
comprisings:

a capping member (8) for capping a front face of a
recording head (1):;

an ink-residual quantity detector (41) for detecting a
residual quantity of ink in an ink container (4) supplying
ink to said recording head; '

a wiping device (6) for wiping said front face of said
recording head (1); and

a control device (44) for restoring the ink-expelling
capability of said recording head (1) by controlling
operations of said capping member (8), said ink-residual
quantity detector (41) and said wiping device (6) by a
sequence of a wiping operation, an ink-suction operation,
and a flushing operation, said control device (44) checking
a residual quantity of ink with said ink-residual quantity
detector (41) while restoring said ink-expelling

" capability, stopping said ink suction operation when the
residual quantity of ink is smaller than a preset quantity
of ink, and capping said recording head with said capping
member (8) immediately after stdpping said ink suction
operation.
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the printing operation continues while repeating the above sequence of
oper ati ons. At the conpletion of the ink-expelling restoring oper-
ation, if there is no data to be printed or a residual quan- tity of ink
is present in the cartridge, the carriage 2 is noved agai fhis Shegtithas @stpla@ed
of the capping menber 8, and the recording head is capped (

FIG 6). Wth the capping, the opening of the nozzle‘w

with the solvent of the ink contained in the ink

-28~

INK-EXPELLING RESTORING DEVICE AND
METHOD FOR INK JET PRINTER

ABSTRACT

An ink-expelling restoring device and method capable of
reliably restoring the ink-expelling restoring capability of
an ink jet type recording head (1) and coping with the case
where the ink supply is exhausted during the ink-expelling
restoring process. The inventive ink-expelling restoring
device for an ink jet printer includes a capping member (8)
for capping the front face of a recording head (1), an ink-
residual quantity detector (41) for checking the res;dual
quantity of ink, and blade member (6) for wiping the front
face of the recording head (1). The ink expelling capability
restoring operation is carried out by a sequence of a wiping
operation, ink-suction operation, and flushing operation. The
residual-quantity detector (41) checks the residual quantity
of ink during the operation of restoring the ink-expelling
capability. When the residual quantity of ink is smaller than
a preset quantity, the ink suction operation is stopped. The
recording head is capped with the capping -member (8) after the
flushing and wiping operations. With such a construction,
when a small quantity of ink is left in the ink container
during the ink-expelling restoring process, the ink suction is
stopped, preventing useless consumption of ink.

FIGURE 2
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- 12 - time T2 (step S9). Therefore, useless consunption of ink in a state
where the recording head fails to print, even if it is subjected to the

i nk-expelling restoring operation, is elimnated. The ink-expelling
restoring operation is

| e e e e e - = = — e
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term nated before the residual ink in the ink cartridge 4 is conpletely
di scharged. In a state where such a quan- tity of ink as to prevent the ink -

in the recording head 1 frombeing dried is |eft in the- Vi Shespidds BespReplaced
the recording head stands ready for replacement of the i nkH “ miul‘lm_he |
| a

capping of the recording head 1 with the cappi ng nenber. 8§ - ,
preset time T3 el apses after the punp 25 stops (step S10) ang the negative
pressure . '

-3-
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wi thin the capping nmenber 8 has dropped sufficiently. Subsequently, the
~valve 21 is opened and the punp 25 is operated to execute ar+—stet+on—{step
S11). Conse- quently, the ink left in the capping nenber B:&.dbss ggeg

;
to the outside. After renoval of the capping nenber 8, (s " 10
head 1 is noved to the position of the blade nenber 6 whel mlmmu Mmr '
(step S13). In this exanple, the quantity of ink in the i [ S

-4-

consi der abl y

FIG. &4 b
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INK-EXPELLING RESTORING DEVICE AND
METHOD FOR INK JET PRINTER

BACKGRQUND OF THE INVENTION

The present invention relates to an ink-expelling re-
storing device and method for restoring, when ink-
expelling failure occurs, the ink-expelling capability of
an ink jet printer of the type in which a pressure gener-
ating device applies pressure to the ink in an ink cham-
ber to discharge a stream of ink droplets through the
opening of a nozzie from the ink chamber.

In an ink jet printer, a piezoelectric element and a
bubble generating device, which are located between an
ink tank and the opening of a nozzle, apply a pressure
pulse to the ink in the ink tank to expelling a stream of
ink droplets toward a recording media, thereby record-
ing dots on the recording medium. The diameter of the
nozzle opening is extremely small, e.g., several tens of
microns, SO as to obtain a good resolution of an image
recorded with patterns of such dots. However, if dust,
ink residue, etc., sticks to the nozzle opening, the pic-
ture quality is remarkably deteriorated.

To avoid the deterioration of the picture quality, the
conventional printer has an ink-expelling capability
restoring fanction. In the ink-expelling restoring pro-
cess, after continuous printing has been carried out for -
a certain period of time, the printing operation is
brought to a stop and a capping member is applied to
the front face of the recording head to apply a negative
~ pressure thereto and to forcibly discharge the ink there-
from.

To ensure complete cleaning of the recording head,
the restoring operation is performed in combination
with both 2 wiping operation and a flushing operation.
The wiping operation is employed to wipe dust from
the front face of the recording head by rubbing with a
resilient plate picce. The flushing operation is to flush
the nozzle with ink for restoring the meniscus that was
destroyed by the wiping operation.

When the ink in the ink tank is used up during the
ink-expelling restoring operation, bubbles tend to enter
the ink supply path and the recording head. Also, ink in
the ink supply path can solidify, making it difficult to
remove the ink therefrom. '

SUMMARY OF THE INVENTION -

Taking the above problems into account, the present
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invention has as an object the provision of a novel ink-
expelling restoring device and method free from the
‘problems which occur when the ink supply is entirely
consumed during the ink-expelling restoring operation.

To achieve the above and other objects of the inven-
tion, there is provided an ink-expelling restoring device
for an ink jet printer comprising 2 capping member for
capping the front face of a recording head, an ink-

residual quantity detector for checking a residual quan-
tity of ink in an ink container, a wiping device for physi-
cally wiping the front face of the recording head, and a
control device for restoring the ink-expelling capability
by a sequence of a wiping operation, an ink-suction
operation, and a flushing operation, checking the resid-
ual quantity of ink by the ink-residual quantity detector
during the operation of restoring the ink-expelling capa-
bility, and stopping the ink suction operation when the
residual quantity of ink is smaller than a preset quantity
of ink, while at the same time capping the recording
“head with the capping member after the flushing and
wiping operations.

With such a construction, during the ink-expelling
restoring operation, when the residual quantity of ink in

~ the ink container is smaller than a predetermined quan-
tity of ink, the ink suction operation is brought to a stop.
Then, the wiping operation and the flushing operation,
and finally the capping operation are carried out
Therefore, there is no further consumption of ink, and
the recording head is ready for a new ink supply in a
state wherein the ink has been expelled from the record-
ing head by the ink suction operation.

As a consequence, the recordmg head stands ready
for another recording operation while ink is left in the
ink supply path and the recordmg head, and the opening
of the nozzle is maintained in 2 normal state.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a block d:agram showing the functions
implemented with a microcomputer for controlling an
ink-expelling restoring process;

FIG. 2 is an éxploded view in perspecﬁve of a mecha-

. nism used for an ink-expelling rstormg operanon inan
ink jet printer to which the present invention is applied;

FIG. 3 is an exploded view in perspective of a cap-
ping member used by the ink-expelling restoring device
of the invention;

FIG 4(a) is a partial cross sectional view showmg a
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pump used by the inventive ink-expelling restoring
device;

FIG. 4(b) is a perspective view showing an idle roller
drive section;

FIG. § is a flow chart showing the operation of the
ink-expelling restoring device;

FIG. 6 is a set of explanatory diagrams used in ex-
plaining the operation of the ink-expelling restoring
device; and

FIG. 7 is a flow chart showing the operation of the
ink-expelling restoring device according to a second
embodiment of the invention.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

The preferred embodiments of the present inveation
will be described in detail with reference to the accom-
panying drawings.

FIG. 2 is an exploded view in perspective of a mecha-
nism used for carrying out an ink-expelling restoring
operation in an ink jet printer to which the present
mvenuonxsapphed. In the figure, an ink jet recording
head 1 is constructed such that ink droplets are forcibly
discharged from the opening of nozzle by applying data
signals representative of characters or other informa-

- tion to be recorded to piezoelectric elements or heat-
generating elements. The recording head 1 is mounted
on a carriage 2, which is movable along a path P—P
coincident with a platen roller shaft. The recording
head 1 is coupled with an ink cartridge 4 by way of a
tube 3, and receives ink from the ink carriage 4.

A home position detector 5, located outside but in the
vicinity of the printing region, produces a signal when
the carriage 2 is at the home position. A blade member
6andacappmgmember8arcmomtcdmth:sorderat

" locations which are further outside the printing region
(on the left side in the drawing) than the home position
detector § and are spaced by fixed distances from the
home position.

The blade member 6, which includes a resilient plate
made of rubber, for example, is rotatably mounted on
the base of a shaft 7a. The blade member 6 is fastened to
an arm 7, which is connected to a motor 24 for driving
a pump 25 (to be described later) by means of a trans-
mission mechanism (not shown). In the wiping mode,
the blade member moves toward the recording head
;n: resiliently eontacts the nozzle face of the récording

d. ;
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As shown in FIG. 3, the capping member 8 is
mounted on a frame 10 in a2 such a manner that the
middle frame 11 is interposed therebetween. The frame
10 is rotatably coupled with a base member 9 by means
of shafts 16z and 10a. The capping member 8 contains
therein an ink absorbing member 12 of a size large
enough to provide a fixed space between the capping
member and the nozzie opening. A lever 13 is rotatably
coupled at its base end with the base member 9 by
means of a shaft 13g, and is coupled at its forward end
with the free end of the frame 10. The lever 13 is nor-
mally urged by a spring 14 so as to pull the capping
member 8§ away from the path of movement of the
recording head.

The capping member 8 has two holes 15 and 16. The
hole 15 is connected to a suction port of a suction pump
(to be described later) through a tube 18. The hole 16,
connected to a valve 21 through a tube 20, selectively
communicates with the outside atmosphere via the
valve 2L

As shown in FIGS. (@) and 45), a peristaltic-type
suction pump 25 includes an elastic tube 26 arcuately
shaped by a frame, with the outer peripheral side
thereof fixed to 2 guide member 27. The inner periph-
eral side of the tube 26 is squeezed by a plural number of
rollers 28 and 28. The rollers 28 and 28 for squeezing the
elastic tube 26 are inserted into elongated grooves 33
formed in a drive disk 32, which is connected through a
transmission mechanism 30 to the motor 24, and guide
grooves formed in a fixed disk 34. The drive disk 32 is
disposed opposed to the fixed disk 34. Each of the
grooves 33 is shaped so that the distance from the
groove to the center of the disk gradually changes. The
guide grooves 35 are shaped similar to the elongated
grooves 33. With such a structure, when the motor 24
turns counterclockwise (CCW), the shafts of the rollers
28, which are fixed at positions spaced apart from the
ceater of the drive disk 32, intermitteatly contact the
elastic tube 26. When the motor 24 turns clockwise
(CW), the rollers 28 move toward the center of the
drive disk 32 to disengage from the elastic tube 26.

‘An ink-cartridge detector 40 and an ink residual-
quantity detector 41 are located near the ink cartridge 4.
The ink-cartridge detector 40 detects whether or not an
ink cartridge 4 is loaded. The ink residual-quantity de-
tector 41 detects the residual quantity of ink in the car-
tridge.

A control unit 44, mainly implemented with a mi-
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crocomputer, receives outputs from the home position.
detector 5, ink-cartridge detector 40 and ink residual-
quantity detector 4L. The control unit 44 is pro-
grammed so as to control, in accordance with the re-
ceived signals, various operations of the ink-expelling
restoration process so as to wipe the recording head 1
and suck ink by a negative pressure applied from the
pump 25 when the capping member 8 is brought into
resilient contact with the nozzle face of the recording
head. _

FIG. 1 is a block diagram showing the functions
carried out by the microcomputer 44 acting as the con-
trol unit. The microcompater is programmed so as to

~ realize, by appropriate software and hardware tech-
miques, the functions of a timing signal generator 50,
cartridge presence/absence detector 51, residual-quan-
tity detector 52, home position detector 53, carriage
driver 54, pump driver 55, valve driver 56, and flushing
-unit 57.

The timing signal generator 50 generates timing sig-
nals to determine the period of the ink-expelling restor-
ing operation, the timing for moving the carriage, the
timing for flushing, the timing for opening and closing
the valve, and the timing for driving the pump. The
cartridge presence/absence detector 51 determines
whether an ink cartridge 4 is loaded or not by a signal
from the ink-cartridge detector 40. The residual-quan-
tity detector 52 detects the residual quantity of ink by a
signal from the ink residual quantity detector 41. The
home position detector 53 detects the arrival of the
carriage 2 at the home position by a signal from the
home position detector 5. The carriage motor drive unit
29 moves the carriage from the home position to the
blade member 6. The recording head 1 is moved to the
position of the blade member 6, the capping position,
and the flushing position in sequence by operation of 2
motor drive unit 29. The pump driver 55 operates the
pump 25 when the recording head I is capped. The
valve driver 56 opens the valve 21 to suck excess ink
within the capping member 8 when the recording head

-1 is capped. The flushing unit 57 drives the recording
head 1 for idle expelling when the recording head
reaches the flushing position.

. The operation of the ink-expelling restoring device
thus constructed will be described with reference to
FIG. § showing a flow chart.

‘When the printing operation has continued for a fixed
period of time, the printing operation is brought to a
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" stop at a proper place, for example, the place where the '
present line or a paragraph ends, and then the carriage
2 is moved out of the printing region.

During this process, the control unit checks whether
or not an ink cartridge 4 has been lcaded in response to
a signal from the ink-cartridge detector 40, and checks
whether or not iok is left in the cartridge in response to
a signal from the ink residual-quantity detector 41 (step
$1). When it is found that no ink cartridge 4 is loaded or
one is loaded but the residual quantity of ink is consider-
ably small, 2 message or an alarm to replace the ink
cartridge 4 with 2 new one is issued (step S1'). By issu-
ing such a cartridge-replacing message or alarm, the
unfavorable circumstances whereby the ink is entirely
consumed during the ink-expelling restoring operation,
the recording head 1 and the ink supply path are empty,
and consequently the ink-expelling restoring operation
is interrupted are avoided.

When an ink cartridge 4 is loaded and ink remains,
the carriage 2 is moved to the home position. In turn,
the home position detector 5§ produces a signal. At this
time (I in FIG. 6), the motor 24 starts to rotate counter-
clockwise for a short time, for example, approximately
0.1 sec. As a result, the carriage 2 disengages from the
arm 7 to allow the carriage 2 to move to the left side (as

‘viewed in the drawing). The carriage 2 moves a preset
distance from the home position until the nozzle face of
the recording head 1 confronts the blade member 6.
Then, the motor 24 turns clackwise (CW) to move the
blade member 6 toward the recording head 1 and to
bring the blade member 6 into contact with the frost

face of the recording head 1 (I in FIG. 6). Under this
condition, the carriage 2 is further moved to the left,
and the recording head 1 is wiped with the blade mem-
ber 6 so that dust and ink residue are removed from the
front end face of the recording head 1 (step S4). In the
present embodiment, the wiping operation is carried out
in the course of moving the carriage 2 from the home
position toward the capping member 8. Alternatively,
the recording head 1 can be moved to the left in a state

- where the blade member 6 has been retracted from the
path of the recording head 1.

After the recording head 1 passes the blade member
6, the blade member 6 advances into the path of the
recording head. Subsequently, when the recording head
1 is moved in the direction (right m the drawing) to
return the recording head 1 to the home position, the
recording head 1 is wiped with the blade member 6.

After a preset time T1, the wiping operation termi-
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position. The carriage 2 pushes the lever so that the
capping member 8 is pressed against the front end face
of the recording head 1, thereby to seal the recording
head with the capping member (III in FIG. 6).
. In this state, the motor 24 rotates in the CCW direc-
tion so that a negative pressure from the pump 25 is
applied to the inside of the capping member 8 (step S6).
Under this condition, ink is sucked from the opening of
the nozzle of the recording head 1, thereby removing
any dust left after the wiping operation. Further, bub-
bles remaining in the recording head 1 and the tube 3
connecting to the ink cartridge 4 are discharged into the
capping member 8. The discharged ink and bubbles are
extracted by the pump 25 and discharged into 2 used-ink
tank (not shown). Also during the sucking process, the
residual quantity of ink is monitored using a signal from
the ink residual-quantity detector 41 (step S7).

After the sucking process has continued for 2 preset

time T2 (step S8), the motor 24 is stopped and conse-
quently the supply of the negative pressure to the cap-
ping member 8 is stopped. A preset time T3, e.g., two
seconds, elapses in the state where the capping member
8. 1s pressed against the recording head 1, during which
time the negative pressure within the capping member 8
drops to a certain level (step S10). At this time, the
valve 21 is opened to communicate the capping member
8 with the outside atmosphere. Thereafter, the motor 24
turns again in the CCW direction to start the sucking
action (step. S11). As a result, used ink still left in the
capping member 8 and excess ink absorbed by the ink
absorbing member 12 are discharged outside the cap-
ping member 8 (step S11). In this air suction process, the
inside of the capping member 8 is held at atmospheric
pressure. Accordingly, no ink flows out of the record-
ing head 1.

After a preset time T4, e.g., five seconds, elapses (step
S12), the operation of the motor 24 is stopped and hence
the air suction operation is stopped. Subsequently, the
motor 24 turns in the CW direction, the roflers 28 of the .
pump 25 separate from the elastic tube 26.

. Then, the carriage 2 is moved toward the home posi-
tion detector S, and the wiping operation is carried out
as in the manner previously described (step S13, IV in
FIG. 6). By the wiping operation, ink that has stuck to -
the front end face of the recording head in the ink-
ex?ellmg restoring process is removed. As a result of
this operation, the subsequent jetting of ink droplets is
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Subsequently, the carriage 2 is moved to the home
position (on the right side in the drawing). When a gap
large enough to allow the emission of a stream of ink
droplets is formed between the recording head 1 and
the capping member 8 (V in FIG. 6), the movement of
the carriage 2 is stopped, and a print signal is applied to
the recording head 1 to flush the recording head 1 (step
S14). After a preset time T5 elapses (step S15), the out-
put of the print signal is stopped to terminate the flush-
ing operation. Here, the meniscus of the nozzle which
has been destroyed by the wiping operation is restored
to the normal state suitable for printing. At the same
time, a prescribed quantity of ink, which has been dis-
charged by the flushing operation, is absorbed by the
ink absorbing member 12 in the capping member 8. The
absorbed ink will be used for wetting the recording

head when the head rests.

When the operation for restoring the ink-expelling
capability is completed, if data to be printed is present
(step S16) and a sufficient quantity of ink is left, the
printing operation is executed (step S17). Subsequently,
the printing operation continues while repeating the

above sequence of operations.

At the completion of the ink-expelling restoring oper-
ation, if there is no data to be printed or a sufficient
residual quantity of ink is present in the cartridge, the
carriage 2 is moved again to the position of the capping
member 8, and the recording head is capped (step S19,
VI in FIG. 6). Due to the capping operation, the open-
ing of the nozzle will be kept wet with the solvent of the

ink contained in the ink absorbing member 12.

If, however, the residual quantity of ink in the ink
cartridge 4 is determinate to be considerably small dur-
ing the course of restoring the ink-expelling capability
(step S7), the operation of the pump 25 is stopped for a
shorter time than the preset time T2 (step S9). When a
preset time T3 elapses and the pressure in the capping
member 8 has become equal to atmospheric pressure
(step S10), the valve 24 is opened to allow air saction to
continue for a preset time T4, e.g., five seconds (step

S12).

Subsequently, the carriage 2 is moved toward the
home position detector 5, and the wiping operation is
carried out in the manner previously described (step
S13, IV in FIG. 6). As a result, ink that has stuck to the
nozzle face during the ink-expelling restoring process is

removed, thereby to clean the nozzle face.
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_ The carriage 2 is moved to the home position (on the
right side in the drawing). When a gap large enough to
allow the emission of a stream of ink droplets is formed
between the recording head 1 and the capping member

8 (V in FIG. 6), the movement of the carriage 2 is

stopped, and a print signal is applied to the recording
head 1 which in turn is flushed (step S14). After the
preset time TS elapses (step S15), the output of the print
signal is stopped to terminate the flushing operation. A
typical quantity of ink necessary for the flushing opera-
* tion is approximately 0.03 cc, which is negligible when
compared with the residual quantity of ink.

The meniscus of the nozzle which was destroyed by
the wiping operation is restored to the normal state
suitable for printing so that the ink within the nozzle
+ opening will not be dried. In the instant example, an
extremely small amount of ink is left in the ink cartridge
4 (stcps S16 and S17). Accordingly, the carriage is
moved to the capping position where the recording
head L is capped with the capping member 8 (step S19).
As aresult, the recording head 1is kept wet with the ink
which has been absorbed in the ink absorbing member
12 through the flushing operation. The wet state of the
recording head is maintained also when the recording
head is at rest. When a state of “ink end” is detected,
because the bottom area of the ink cartridge is relative
large, if several cc of ink is left, data in an amount corre-
sponding to the residual quantity of ink is allowed to be
printed. :

As can be understood from the foregoing description,
the ink-expelling restoring operation is terminated be-
fore the residual ink in the ink cartridge 4 is completely
discharged and in a state where ink is left in the ink
supply path 3 and the recording head 1. Further, the
recording head, whose nozzles have been restored to be
operable for printing, stands ready for another record-
ing operation. Accordingly, the recording head can be
operated for printing by merely replacing the ink car-
tridge with a2 new one. _

A second embodiment of the presemt will be de-
scribed with reference to FIG. 7 showing a flow chart.

When the printing operation continues for a fixed
period of time, the printing operation is brought to a
stop at a proper place, for examplé, the place where a
page or paragraph ends, and the carriage 2 is moved out
of the printing region.

During this process, the control unit checks whether
or not an ink cartridge 4 has been loaded using a signal
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from the ink-cartridge detector 40, and checks whether
or not ink is left in the cartridge using 2 signal from the
ink residual-quantity detector 41 (step S1). When the
check results show that no ink cartridge 4 is not loaded
or one is loaded but the residual quantity of ink is con-
siderably small, a message or an alarm to replace the ink
cartridge 4 is issued (step S1').

When an ink cartridge 4 is loaded and ink is left, the
carriage 2 is moved to the home position. In turn, the
home position detector 5 produces a signal. The car-
riage 2 moves a prescribed distance from the position
where the home position detector 5 produces a signal (I
in FIG. 6) and the nozzle face of the recording head 1
confronts with the blade member 6. Then, the blade
mender 6 is moved toward the recording head 1 and to
bring the blade member 6 into contact with the front
face of the recordmghud 1 (II in FIG. 6). Under this
condition, the carriage 2 is further moved to the left,
and the recording head 1 is wiped with the blade mem-
ber 6 so that dust and ink residue are removed from the
front end face of the recording head 1 (step S4).

After a preset time T1, the wiping operation termi-
natﬁ.Themmagersmoved untilltreachsthecap-
pmg position. The capping member 8 is then pressed
against the front end face of the recording head 1,
thereby to seal the recording head with the capping
member 8 (II1 in FIG. 6).

In this state, a negative pressure from the pump 25 is
applied to the inside ofthecappmg member8(step S6).
Under this condition, ink is sucked from the opemng of
the nozzle of the recording head 1, thereby removing
any dust left after the wiping operation. Further, bub-
bles remaining in the recording head 1 and the tube 3
connecting to the ink cartridge 4 are discharged into the
capping member 8. Thus, the discharged ink and bub-
bles are extracted by the pump 25 and discharged out-
side the system. During the sucking process, a residual
quantity of ink is monitored using 2 signal from the ink

_ residual-quantity detector 41 (step S7).

After the suction process has been continued for a
predetermined time T2 (step S8), the pump 25 is
stopped, thereby stoppmg the supply of the negative
pressure to the capping member 8.

A preset time 13, e.g., two seconds, elapses in the
state where the capping member 8 is pressed against the
recording head 1, during which time the negative pres-
sure within the capping member 8 drops (Step S10). At
this time, the valve 21 is opened to communicate the
capping member 8 with the outside atmosohere. There-
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operation (step S11). As a result, used ink still left in the
capping member 8 and excess ink absorbed by the ink
absorbing member 12 are sucked and discharged outside
the capping member 8 (step S11).

After a preset time T4, e.g., five seconds, has elapsed
(step S12), the operamon of the pump 25 is stopped and
hence the air suction operation is stopped.

Then, the carriage 2 is moved toward the home posi-
tion detector 5, and the wiping operation is carried out
as in the manner previously described (step S13, IV in
FIG. 6). As a result of the wiping operation, ink that has
stuck to the front end face of the recording head in the
ink-expelling restoring process is removed.

After the control unit confirms that ink is still left in
the ink cartridge 4 in response to a signal from the ink
residual-quantity detector 41 (step S14), the carriage2is
moved to the home position (on the right side in the
drawing). When a gap large enough to allow the emis-
sion of a stream of ink droplets is formed between the
recording head 1 and the capping member 8 (V in FIG.
6), a print signal is applied to the recording head 1,
which in response is flushed with ink (step S15). Aftera
preset time T5 elapses (step S16), the output of the print
signal is stopped to terminate the flushing operation.
The meniscus of the nozzle which has been destroyed
by the wiping operation is restored to the normal state
suitable for the printing. At the same time, a prescribed
quantity of ink discharged during the flushing operation
is absorbed by the ink absorbing member 12 in the cap-
ping member 8. The absorbed ink is used for wetting the
recording head when the head rests.

When the operation for restoring the ink-expelling
capability is completed, if data to be printed is present
(step Slﬂudaaxﬁiamtqmnmyofmkxsleﬂ:,the
printing operation is executed (step S19). Subsequently,
the printing operation continues while repeating the
above sequence of operations.

At the completion of the ink-expelling restoring oper-
ation, if there is no data to be printed or a residual quan-
'atyofmkrsprucntmthecartndge,thcmmngeZm
moved again to the posmon of the capping member 8,
and the reootdmg head is capped (step $20, VI in FIG.
6). With the capping, the opening of the nozzle will be
kept wet with the solvent of the ink conmmed in the ink
absorbing member 12,

If the residual quantity of ink in the ink cartridge 4 is
considerably small during the course of restoring the
ink-expelling capability (step, S7), the operation of the
pump 25 is stopped for a shorter time than the preset
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time T2 (step 89) Therefore, useless consumption of ink
in a state where the recording head fails to print, even if
it is subjected to the ink-expelling restoring operation, is
eliminated. The ink-expeiling restoring operation is
terminated before the residual ink in the ink cartridge 4
is completely discharged. In a state where such a quan-
tity of ink as to prevent the ink in the recording head 1
from being dried is left in the ink supply path 3, the
recording head stands ready for replacement of the ink
cartridge.

The capping of the recording head 1 with the capping
member 8 continues until a preset time T3 elapses after
the pump 25 stops (step S10) and the negative pressure
within the capping member § has dropped sufficiently.
Subsequently, the valve 21 is opened and the pump 25 is
operated to execute air suction (step S11). Conse-
quently, the ink left in the capping member 8 is dis-
charged to the outside.

After removal of the capping member 8, the record-
ing head 1 is moved to the position of the blade member
6 where it is wiped (step S13). In this example, the
quantity of ink in the ink cartridge 4 is considerably
small (step S14). The capping member 8 is brought into
contact with the recording head 1, without carrying out
a flushing operation (step S20). Accordingly, evenin a
case where the quantity of ink is considerably small, the
recording head can stand ready for the next printing
operation is a state where ink is left in the ink supply
path and the recording head, and the ink is removed
from the nozzle front end face by the ink suction opera-
tion.

The peristaltic pump, which is used as negative pres-
sure generator in the above-described embodiment, may
be replaced with another type of pump such as piston
pump. L '

While in the embodiment described above, the ink
cartridge is mounted on the base member, it and the
recording head as well may be mounted on the carriage.

As described above, the ink-expelling restoring de-
vice for an ink jet printer of the invention includes a
capping member for capping the front face of a record-

ing head, an ink-residual quantity detector for detecting

the residual quantity of ink in an ink container, a wiping
device for physically wiping the front face of the re-
cording head, and a control umit which operates to
restore the ink-expelling capability by a sequence of a
wiping operation, a ink-suction operation, and a flush-
ing operation, which checks the residual quantity of ink
with the use of the ink-residual quantity detector during
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. the operation of restoring the mk-expellmg cipabﬂity.

and stops the ink suction operation when the residual-
quantity of ink is smaller than a preset quantity of ink,
while at the same time capping the recording head with
the capping member. In the ink-expelling restoring de-
vice thus constructed, when the residual quantity of ink
is considerably small during the ink-expelling restoring
process, the ink-expelling restoring device prevents the
useless consumpde“ tion of ink. Further, in the ink-expelling
restoring ice, the ink-expelling restoring process
automatically proceeds thr.g?én a prescnbedgsequence'
of restoring aperations including the final operation of
wiping. Following this, the ink-expelling restoring de-
vice is in a standby state. Accordingly, the recording
head waits for the next printing operation in a state
where the head is kept wet and no air flows into the ink

- supply path.
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di schargi ng excess ink fromsaid cappi ng nenber. 7. The
restoring ink-expelling of claim®6, - 14 -
What is claimed is:

L Ap ink-expelling restoring device for an ink jet

printer comprising:
a capping member capping a front face ot' a recording
head;

ink-residual quantity detector detecting a residnal

" quantity of ink in an ink container supplying ink to
said recordmghad.,

2 wiping device wiping said front face of said record-

" ing head;

& pump sucking excess ink within said capping mem-
ber when said recording head is capped, by said
capping member;

a flushing unit driving said recording head for idle

+ discharge when said recording head is at a flushing
position; and

a controf device restoring the ink-expelling capatnlxty
of said recording head by controlling operations of
said capping member, said ink-residual quantity
detector, said wiping device, said pump, and said
ﬂushzngmﬂbyasequenceofampmgogmﬁon
by said wiping device, and ink-suction operation by
saidpump.andaﬂushingopemﬁonbysaidﬂush—
ing unit, said control device checking a- residual

. quantity of ink with said ink-residual quantity de-
tector while restoring said ink-expelling capability,
and stopping said ink suction operation by said
pump when the residual quantity of ink is smaller
than 2 preset quantity of ink, said control device
controlhngmdappmgmanbcrtoapsudte-
cording head with said capping member after said
ﬂush;ngandwxpmgopemnms.

2. The ink-expelling restoring device of claim 1,
wherein said control device performs said operation of
capping said recording head with said capping member
immediately after said flushing and wiping operations.

3. A method for restoring ink-expelling in ao ink jet
pmﬁet comprising the steps of:

wiping & front face of said recording head;

mo]:‘hngmk&om nozzle openings ofsa:dtecordmg
ead;

detecting an amount of residual ink in an ink con-
tainer supplying ink to said recording head;

if said amount of residual ink is greater than a prede-
termined amount, continuing said step of sucking
ink from nozzle openings of s2id recording head for
a predetermined period of time;

if said amount of residual ink is less than said prede-
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head with ink, rPﬁ
8. The nethod for restoring ink-exXpellihg bf %cldim7, furt
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subsequent “To said step of discharg- ing excess ink

ecordin

gmgswm

I aVal

subsequent to said second step of wiping said face of saild frecordi

of :

and prior to said step of flushing said rgcording head with i 24
e

hea
ens

termined amount, immediately discontinuing said
step of sucking ink from nozzle openings of said
recording bead; and
flushing said recording head with ink.
4;ThcnmﬂhodEbrnanonng:nk<upenhq;ofckﬂnL&
further comprising the steps of:
detecting whether or not printing data is present for
driving said recording head; -
if no printing data is present, capping said recording
head; and
if printing data is present, driving said recording head
with said printing data.
. 8. The method for restoring ink-expelling of claim 3,
wherein said step of sucking 1k from nozzle opening of
audxzconﬁngln=d<xmqpxmsthes&;scﬂ‘
moving said recording head to a capping position;
capping said recording head with a capping member;
and
applying a negative pressure within said aunnng
member.
G.Thenmnhodfbrnanonngud&en?ﬂhmgofchuns.
further comprising the steps of:
releasing said capping member from said recording
head; and
thmﬂumgnmgemamstnkfhmnAENicappuu;nnunber
7.ThenunhodfbrnanonngndbeqydhqgofdhunGL
farther comprising, subsequent to said step of d:scharg
ing excess ink from said capping member and prior to
said step of flushing seid recording head with ink, a
second step of wiping said face of said recording head.
8. The method for restoring ink-expelling of claim 7,
further comprising, subsequent to said secoud step of
wiping said face of said recording head and prior to said
auq:ofﬂmdnmgaudteoonhnghnudvnﬂmuﬂnthesu;u
of:
detecting an amount of residueal ink in said ink con-
tainer supplying ink to said recording head; and -
if said amount of residual ink is less than a second
predetermined amount, capping said recording
bcmdand¢nnunngsmdan>ofﬂuﬂnngsmdraund :
ing head with ink.
9. An ink-expelling restoring device for an ink jet
printer comprising:
a capping member capping a front face of a recording
head:
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front face of a recording

ink-residual quantity detector detecting a residual
utyofinkinaninkcontainermpplyinghkm
said recording head;

a wiping device wiping said front face of said record-
ing head;

a pump sucking excess ink within said capping memt-
ber when said recording head is capped by said
capping member;

a flushing unit driving said recording head for idle
discharge when said recording head is at flushing
position; and

a control device restoring the ink-expelling capability
ofsmdrecordmgheadhycon&oﬂmgoyeahonsof

' said capping member, said ink-residual quantity
detector, said wiping device, said pump and said
ﬂmhmgumtbyasequmeofawxpmgopenuon
by said wiping device, an ink-suction operation by
said pump, and a flushing operation by said flush-
ing unit, said control device checking a residual
quantity of ink with said ink-residual quantity de-
tector while restoring said ink-expelling capability,
stopping said ink suction operation by said pump

. when the residual quantity of ink is smaller than a

- preset quantity of ink, and controlling said capping
member to cap said recording head with said cap-
ping member immediately after stopping said ink
suction operation.
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ABSTRACT

INK-EXPELLING RESTORING DEVICE AND METHOD FOR INK JET PRINTER

An ink expelling restoring device and method capable
of reliably restoring the ink-expelling restoring capabil-
ity of an ink jet type recording head and coping with the
case where the ink supply is exhausted during the ink-
expelling restoring process. The inventive ink-expelling
restoring device for an ink jet printer includes a capping
member for capping the froat face of a recording head,
an ink-residual quantity detector for checking the resid-
ual quantity of ink, and blade member for wiping the
front face of the recording head. The ink expelling
" capability restoring operation is carried out by a se-
quence of a wiping operation, ink-suction operation,
and flushing operation. The residual-quantity detector
checks the residual quantity of ink during the operation
of restoring the ink-expelling capability. When the re-
sidual quantity of ink is smaller than a preset quantity,
the ink suction operation is stopped. The recording
head is capped with the capping member after the flush-
ing and wiping operations. With such a construction,
when 2 small quantity of ink is left in the ink container
during the ink-expelling restoring process, the ink suc-
tion is stopped, preventing useless consumption of ink.

FIG 1
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