i-nvention. relates to an ink jet printer enploy-
for preventlng the nozzles of a print’

INK JET PRINTER

™ s JET PRI NTER W TH A CLEANI NG APPARATUS FOR RE I NG HAmEbiﬁ\IK o
FROVI 2 NOZZLE PLATE OF @PRI NT HEAD BACKGROUND O THE ENTI ON The present:-.
i

g-a (‘I eaning technique.

REPLACED SHEETS SG
M Description : paged ..\.... to paged ..2..... {
i Claim(s) :paged ’- io paged .. %5....
[¥f Drawing(s) : paged...!a. to paged "

[4 Abstract  : paged i to paged ..
DATE OF RECEIPT ......................

The present invention relates to an ink jet printer.

In a known ink jet prinfer, a print head includes a
plural number of combinations each including a pressure
geherating chamber, a nozzle commpnicating with the p:essure'
generatihg chamberq and a pressure generating element for
varying the pressure within the'pressure generating chamber.
Print data signals drive the pressure generating elements to
cause fhe discharge of a stream of ink droplets through the
noizles; An image is formed by the ink droplets discharged.
 This type_of ink jet printer requires a smaller number of
_mo§able parts than a wire impact type printer. Iﬁ this
respect, the former is superior to the latter. Accordingly,
the former printer has advantages of generation of less noise
and raduction of the size andecoat. However, the_former is
inferior to the latter fq: the reason that since ink in ligquid
form is ﬁsed to print images on a print paper, acme types of
print paper blot easily, deteribrating print quality.

U;Sl Patent No. 4,538,156 succeeds in solving the

blotting prdblem. As disclosed therein, an intermedia;e
recording medium is provided in the form of a drum or a belt.

Ink droplets from the print head are received by the
.inte:mediate recordingl medium. After ink solvent is
volatilized to' some. extent, the. inkl image formed on the
recording medium is transferred to the print paper. With this

arrangement, the paper does not blot, regardless of its type,

and good print quality is secured.
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head-f rom bei ng.cl ogged, .particularly in an ink jet printer of the type
whi ch#uses hi gh vi scosi t3i nk which hardens easily so ao | mprove print
quality. In a known .ink jet printer, a print head includes a plural nunber

of combinations eachHowedvedi Ngha gf?ﬁﬁ&&%ﬁ% abovelhen?aThG pateaAtZhest
communi cating with the pressure generating chanber, and a pressure

gﬁne[) ating eh@ninkOlbfvahYgRErt RA RISy ethbANiah §HEnPELS WikhIePLs 7étEY
CHAmDEr - streams of ink droplets tdward the print paper directly in
order to securé reliable transfer of the ink image from the
intermediate recording medium to the print paper. 1Ink mistl
genérated when ink ié jetted through nozzle openings and ink
spray bouncing froﬁ the intermediate récording medium collect
on and adhere to the front face of the nozzle and form stiff
'filmsxtheredn._ The thus-formed films can cause the jets of ink
droplets to deviate from the intended course, leading to
deterioration of print quality. To avoid this,'the ink films

must be removed at appropriate-intervals of time.

The ink jét printer of the type in which ink is
directly jetted toward the print paper suffers from the sﬁme
problem. To cope with this, many tYpes of cleaning devices
have been proposed to remove ink adhering to the front faceé of
the nozzle plates. However, in general these cleaning devices
have been found to insufficiently remove the ink which contain$

compositions such as certain emulsions or sugars added thereto

so as to increase the viscosity of ink and make it easy to form

ink films of a type which attains improved print guality.
In light of the above problems of the prior art

printers, it is an object of the present invention to provide
"an ink jet printer which is capable of reliably removing iﬁk

£ilms adhering to the front face of a print head.
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f orffred by the ink drop ets di scharged. This type of ink-jet printer
requires a smaller number of novable parts than a wire inpact type printer.
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former printer has advantages of generatlo S r @ of
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aspects and detaxls o
dependent claims, the description and the drawings.
are intended to be understood as a first non-limiting approach

£ the anentlon are evident from the
The claims

of defining the invention in general terms.

The invention prov1des an ink jet printer

employing a cleaning technique for preventing the nozzles of a
print head from being clogged, particularly in an ink jet
printer of the type which uses high viscosity ink which hardens
easily so as to improve print guality.

~According to a preferred aspect of ﬁhe invention, there is provided an ink
jet printei comprising: a print head including a plural number

of pressure generating chambers communicating with nozzle

openings and pressure genetating elements each for varying a

.pressure to cause the ejection of a stream of ink droplets from

the pressure chamber through the nozzle openings, the pressure

generating chambers and the pressure genera;ing elements being
arrayed in the width direction of a print paéer; head drive

means for selecﬁively outputting a first signal to cause a

stream of ink droplets at a speed suitable for printing and a

second signal to cause ink to ooze through each nozzle opening;

cleaning means usually positioned in a nonprinting region, but
movable in. the longitudinel direction of the print head and
with respect to a noizle plate; drive means for moving the
cleaning means in the'longitudinal”direction of the print head;
and control means for causing the head drlve means to output

the second signal in connection with the position of the

clean;ng.means.
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”?? L TEgés on a pREAt paper, some types of print er blot-easily,
dererloratlng pri nt quallty U.S. Pat. No. 4,538, 156 succeeds in solving
~the blotting problem As disclosed therein, an intermediate recording
mediumis provided in the formof a drumor a belt. Ink droplets fromthe
print head are received by the internedi ate recordlng medi um After ink
solvent is volatilized to sone

In the ink jet printer thus constructed, ink is
discha#ged to such an measure as to moisten the front face of
the nozzle plate before the cleaning means is operated.
Accordingly, the ink hardened with time on the nozzle plate can

easily be dissolved by the ink solvent.

Fig. 1 is a perspective view showing an ink jet printer
constructed in accordance with a preferred embodiment'of the
present invention; |

Fig. 2 is a cross-sectional view showing an embodiment
of a print head appliceble fot the ink jet printef of Fig. 1;

Fig. 3 is an enlarged view showing a cleaning device
used in the ink jet printer of.Fig.'l;

Fig. 4 isla block diagram showing the afrangement of a
control unit for the cleaning device in'Fig. 1;

Figs. 5(I) to 5(II1) are diagrams showing the operation
of the cleaning device; | |

Eig. 6 is a graph comparatively showing the number of
cleaning operations vs. the time elapsed after the application
of ink for coating;

Fig. 7 is a perspective view showing another cleaning
device according to the present invention;

Fig. 8 is a sectional view showing the details of the

cleaning device of Fig. 7;
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print paper

fERed’ ol The recording medi um transt.fh“':

“Wth thid= rrangenent t he paper does nok | ot, regérafe

its type, and good print quality is secured. However, the prlnter of the
- above-nenti oned patent nust use ink of higher vrscosrty than a printer
whi ch projects streans of ink droplets toward the print paper dlrectly in
order to secure reliable transfer of the ink image fromthe .

Fig. 9 is a perspectlve view showing yet another
cleaning device aecording to the presenﬁ invention;

Figs. .10(a) and 10(b) are sectional views showing
another type'of the first cleaning member of the cleaning

device in the ink jet printer of the invention;

Figs. 1ll(a) to 11(d) are perspective views showing

'~ examples of cleaning units applicable for the first cleaning

- member; and

Fig. 12 is a perspective view showing an ink jet
printer according to another embodiment of the present

invention.

Preferred embodiments of the present invention will be
described with reference to the accompanyihg drawings.

Fig. 1 is a perspective view showing an ink'jet printer
constructed in accordance with a first preferred embodiment of
the present invention. In the figure, reference numeralll
designates a priﬁt head for emitting a jet of ink dropléts
toward an intermediete recording medium (to be described
later). The recording or print head 1, which has an elongated
form, includes an array of nozzle openings extending in the
width direction of a print paper so as to form a plural number
of dots arrayed in a similar fashion by one time emiseion 6f

ink.
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”]g&nﬁﬂa&%&~Pecordlng nedi um to-the print :paper. kSt genﬁrai‘"'c
Btt"ed thr ough (<h FANC openi ngs and ink spray bo“hC|ng fromth

25

i nt+& nedi at e recordi ng medi um col | ect on and adhere to the front face of
the nozzle and formstiff films thereon. The thus-formed filns can cause

the jets of

ink droplets to deviate fromthe intended course, |eading

In Fig. 2 showing an example of the print head 1,

reference numeral 11'designates a nozzle plate. About 2,000

' nozzle openings 12 are arréyed linearly or in a zig-zag fashion

in the nozzle plate 11. The array of the nozzle opening 12 is
long enough to cover the width of a print paper of the maximum
size. A plural number (e.g., 400) of nozzle openings are
arrayed at the pitch of a plural number (e.g., five) of dots in
the row direction. The pfint head 1 is shifted one dot every
turn of an intermediate recording medium 3 so as to complete
the image formation of one page when it is turned five times.

Alternativély, the print head 1 may be constructed

‘shorter than the print paper width, having, for example, 100

nozzle openings 12 arrayed at a pitch of five dots. In this
case, five cyéle motions of the print head 1 completes the
formation of an image of length eQual to the width of the print
head 1. Then, the print heéd 1 is moved a distance of the
entire length of the head, and the abové steps are repeated to
form an image of the print paper width.

A spacer 13, when mounted on the printer while
separating the adjacent nozzle openings 12, defines pressure
generating chambers 14 equidistantly arrayed in the horizontal
direction. A vibrating plate 15 having a thick part facing

each pressure generating chamber 14 is supported by an ink

- supply member 16. A piezoelectric vibrator 17 is constructed

such that a piezoelectrié vibrating member is sandwiched by

electrodes so that it vibrates in a longitudinal vibration mode

BT —




f:;t@ deLerl or at i-on of “print. qual ity. . "To avoid this, @e i nk fl'{-—"i’:‘_ P
Te Ved at approprlate§ tefvals of tinme. The ink Jet i nter of-the t¥p
in*®hich ink is dlrectly jetted toward the print:pdper suffers fromthe
sanme problem To cope with this, many types of cleaning devices have been
proposed_to renove ink adhering to the front face of the_
by a drive voltage.as low as possible.' The éame number of
piezoeleétric vibrators 17 as £hat of the nozzle openings 12
are fixed to a base 18 in a étate that the forward en&s of the
-plezoelectrlc vibrators 17 are in contact with the vibrating
plate 15. Each plezoelectrlc v;brator 17 is operable in two
modes. In the first ‘mode, when_rece1v1ng a drive signal, the
piezoelectric vibrator 17 pioduces enerqgy sufficiént to cause
ink droélets to strike against the surface of the intermediate
.recording medium 3 at the speed of 6 m/s or ﬁore. In the
second mode, it produces such a small energy as to cause ink to
 only ooze through the nozzle opening 12.
In order.;o smoothly supply ink.to the entire elongated
print héad 1, the print head 1 is connected to an ink tank 6 by
. way of ink flow paths 4 and 5, such as tubes. A pump 8 is
inserted in the ink flow path 5. A valve 7 is inserted in the
ink flow path 4. Through the ink flow circuit, ink is supplied
to the print head 1 in a ciréulating manner. In the print head
1, ink is suppligd to the preésure,generating chambers 14
through support members 19. Because of the elongated shape of
the print head }, it i§ mounted on a suppbrt member 9. A drive
device 20 is provided at one end.of the support member 9, while
a spring Zi is connected to the oﬁher énd of the support member
9. when the drive device 20 is turned in the direction of an
arrow C, it cooperates with spring 21 fo move the support
member 9 or_the print head 1 a small diéténce reciprocatively

in the directions of arrows G and F (paper width direction).
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nozzle~prates Havieve

certain enul sions or sugars added thereto so as to increase the viscosity

of

ink and make it easy to formink films-of a type which attains inproved

print quality. SUMVARY OF THE INVENTION In |ight of the above problens of
the prior art printers, it

In this way, the print head 1 can emit ink at an appropriate
position.
The intermediate recording medium 3, which receives ink

droplets from the print head 1, is constructed with a drum of

such a length as to be able to receive ink droplets from the -

print head 1. A layer of silicone rubber is formed on the
surféce of the drum so that an ink image formed thereon can
easily be transferred to a recording paper 26. - The
intermediaté recording medium 3 is coupled with a motor 24
through a power tfansmission 22 and 23. The intermediate
recording medium 3 is rotated in the direction of an arrow H in
syhchronism with the emission of ink droplets by a drive system
including thé motor 24 and the power transmission 22 and 23.

Above the intermediate recording medium 3, the pressure

roller 25 is supported by bearings such that it may come in

contact with and be moved away from the intermediate recording

medium 3. At the completion of the formation of an ink image

on the intermediate recording medium 3, paired springs 27 and

27 push the pressure roller 25 in the direction of an arrow I

so that the pressure roller 25 presses the recording paper 26

against the intermediate recording medium 3.

A cleaning device 30 is mounted on a carriage 34. The

¢arriage 34 is supported by a pair of guides 31, and coupled
with a motor 33 by a timing belt 32. 1In a print mode of the

printer,-the Carriage 34 carrying the cleaning device 30 stays

This Sheet Has Been Re[ilaced
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ilS 3 oBJect of the pres:
i's capabl e of reliabl

‘ent 1 riyént i ‘on.“t-o- pr ovi. de -an’ |B#%1et prinfm
‘2 enovi ng ink filns adhering t o<the front fac

pPInt head. To achi eve the above object, there is provided an ink jet
printer conprising: a print head including a plural nunber of pressure
generating chanbers communicating with nozzl e openings and pressure
generating elenents each for varying a pressure to cause the ejection of a

stream of

i nk droplets

outside a printing region, and in a cleaning mode, it is -
movable over the entire length ;f the priht head 1.
In.?ig. 3 showing the details of the cleaning device
used in the'ink jet printer, reference numeral 40 designétes a
first cleaning member whose function is to rub the front face
of the nozzle plate 11. In the construction of the first
cleaning member_40, a roller 43 made qf elastic material, for
examéle, rubber, is formed on a rotary shaft 42 that is
connected through a power transmission means 41 to a drive
source (not shown). A léyer 6f unwoven cloth 45, which is made
of fine fibers and hence free of pieces of thread, is layered
on the surface of the roller 43. The rotary shaft 42 of tﬁe
roller 43 is rotatably supported by a base member 44. |
Reference. numeral 46 designates a second cleaning
member whose function is to.wipe the front face of the nozzle
plate 11. The second cleaning member 46, which is to be in
resilient contact with the front face of the print head l,'is
formed with a plate of Chlorpprene rubber approximately 1 mm
thick. The second cleaning member 46 is located adjacent the
first cleaning member 40 as viewed in the carfiage moving
direction. An ink guide member 48 is provided for guiding the

ink wiped off by the second cleaning member 46 to the first

_cleahing member 40. The ink guide member 48 is slantingly

disposed such that one end of the ink guide member 48 is:

located under the lower end of the second cleaning member 46,

while the other end thereof is disposed at a location below the

is Sheet Has Been Re laced -9 -
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fron1the-pressure cha r t hrough the nozzl e gpeni ngs,«4 he pressure .
generatlng chanbers a he pressure generatlng el ene being arrayed in
the”width direction of a print ° pet H nmeans for selectively '
outputting a first signal to cau ﬂl Llnk droplets at a speed
suitable for printing and a seco use ink to ooze through each

nozzl e opening; cleaning means usually p03|t|oned in a nonprlntlng regi on,
but novable in the |ongitudinal direc-

lower end of the second cleaning member 46 in a state such that

it is brought into contact with the surface of the first
cleaning member 40.
Returning to Fig. 1, reference numeral 50 designates a
control unit for controlling the cleaning operation of the
'print_head 1. The control unit 50 controls both a first drive
circuit 51 and e second drive circuit 52 for moﬁing the
cleanihg device 30.
As shown in Fig. 4, the control unit 50 is composed of
'a signal discriminator 60, a cleaning device control unit 61,
a position detector 62, an ink-feed signal generator 63, and a
timer 64. The signal discriminator 60 discriminates a cleaning
instruction contained in a signal received from an external -
device. The cleaning device contfol unit 61 controls the
rotatiop and the positioning of the cleaning device 30. The
position detector 62 detects the position of the cleaning unit
30}-for example, with a counter for counting the number of
drive pulses supplied to the motor 33. In connection with the
position of the cleaning device 30, the ink-feed signal
generator 63 produces a signal for causing the print head 1 to
discharge ink with an ink drive energy of such magnltude as to
moisten the prlnt head 1, e.g., an energy approxlmately 1/10 to
1/2 as large as the drive energy for printing. The timer 64
- sets the time_interyel of the cleaning bperation.
The opefation_of the ink jet printer thue constructed

will be described. 1In the ink jet priﬂger, in response to a .

- 10 -
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gtuon of t he print headrand "W-th respect to a nozzl e~—pt : ¥>e

*nmoying the cleani ng” s'in the | ongi t udi nal directi n of the pri nt e TR
antl control neans for cau5|ng t he head drive neans t

signal in connection with the position of the cleanln HE“ |nkJet
printer thus constructed, ink is discharged to such a

noi sten the front face of the nozzle plate before the cleanlng nmeans i s
operat ed. Accordingly, the

print instruction from an external device, the motor 33 is
operated to retract the cleani;g device 30 to a nonprinting
.region, while at the same time the motor.24 is operated to turn
the intermediate recording medium 3 in the direction H. When
the.rotation of the intermediate recording medium 3 settles to
a stationary speed, the first drive eifcuit 51 produces a drive
signal which drives the piezoelectric vibrator 17 designated by
print data to cause the discharge of the stfeems of ink
droplets for printing. In response to the drive signal, the
print head 1 discharges jets of ink droplets toward the
intermediate recording medium 3, thereby forming an image of
~ink as the mirror.image of an image to be printed. When the
intermediate recording medium 3 is rotated one turn, a signal
is supplied to the drive unit 20. In response to this signal,
the print head 1 is moved a predetermlned distance in the paper
width dlrectlon, for example, the direction F. As a result, an
image of ink is formed at the position designated by the print
data as previously stated. |
At the completion of forming the ink image of the print
data on the intermediate recording medium 3, a recbrding paper
56 is supplied from a paper cassette (not shown) to a transfer
region, i.e., & region under ehe pressure roller 25. Then, the
pressure :dller 25 presees the'recording'paper 26 against the
intermediate recording medium 3 in cooperation with the springs
27. Under this condition, the recording peper 26 is forwarded

in synchronism with the movement of the half-dried ink image on

- 11 -



“ink hardened foﬁﬁfrﬁﬁ_63~?ﬁg*ﬁaézle pl ate.can easi | e dissol ved by the

ink sol vent. eOF THE DRAWNGS FIG ¥ds a perspective view
e
the surface of the intermediate recording medium 3. As a

result, the ink image is transférred to the recording paper 26
with the assistance of its increased viscosity.

When the prinﬁing prﬁcess as mehtioned above has been'
cdntinued'for a period of time, ink spray is attached to the
surface of the nozzle plate 11 of the print head 1 and dried.
The ink spray attached and dried can possibly changé the speed
and direction of the streams of ink droplets. Accordingly, the

- print quality gradﬁally deteriorates.

At an appropriate ﬁime beforé the print quality
deterioration starts, in a nonpfinting mode of the printer, an
operator pushes a button for issuing a cleaning instruction or
the timer 64 produces a cleaning instruction signal when a
count reaches a preset value. The signal discriminator 60
discriminaﬁes the cleaning instruction, and outputs'a signal to
the control unit 61. The control unit 61 outputs a signal to
the second_drive circuit 52, which then causes the motor 33 to

. turn. With the turning of the motor, the cleaning device 30 is
moved from the nonprinting region to the printihg regibn.'_At
the same time, the second d;ive unit drives the first cleaning
member 40 to turn. | |

The output signal of the signal discriminator 60 is
also input to the ink-feed signal generatoi 63. The ink-feed
signal generator 63 receives a signal indicative of the present
position of the cleéning:device 30 from t@e position detector

62, and selects the nozzle opening 12 ccnfronted by the first.
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constructed I n accorda e Wth a. preferred enbodi ment =
invention; FIG 2 s aég}oss sectional view showi ng afe?nbodrnent -of a
print head applicable for the ink jet printer of FIG 1; FIG 3 is an
enl arged view showing a cleaning device used inthe ink jet printer of FIG
- 1; FIG 4 is a block dragrantshomnng the arrangenent of a control unit for
the cleaning device in FIG 1,

cleaning member 40 and several nozzle openings 12 pfeceding and

‘subsequent to the formerfopenieg. Then, theeink-feed signal'
generator 63 drives the first drive Eircuit 51 to oﬁtput a

drive signal to the piezoelectric vibratorsl17 corresponding to

the selected nozzle openings 12 through which ink is to be

forcibly discharged.

Dried ink spots 70 located forward of the first
cleaning member 40 (on the left side of the first cleaning
member 40 in Fig. 5) are moistened and softened by ink droplets
71 discharged from the nozzle openings 12. The first cleaning
member 40 rubs ﬁhe moistened ink seots 70 off the front face of
the nozzle plate 11 using as a lubricant ink droplets. 71
exuding through the nozzle openings 12 (Fig. 5(I)). The ink
thus rubbed off is wiped away by the layer of unwoven cloth 45
of the first cleaning member 40 (Fig. 5(II)).

In the region of the front face of the nozzle plete 11
after it has experienced the ink rubbing-off operation by the
first cleahing member 40, the nozzle opénings 12 located
forward of the second cleaning member 46 also discharge ink.
Accordingly, the region where rubbing has been eompleted is
further moistened by the ink. In this state, if the cleaning
device 30 is further ﬁoved forward, the second cleaning menber
46 nOW'passes the rubbieg—off completed region to wipe away ink
72 left after the cleaning by the first cleanlng member 40 and
the lnk dlscharged from the nozzle openlngs 12 (Figqg. S(III))

In this way, ink left after the cleaning by the first cleaning

This Sheet Has Been Reﬂ
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I GS. 5(a),

?cleanlng device;, FIG &ji s a graph conparatively sho

'5(b), and 5(c) are diagrams showing the opeyation of the
mggé t he nunber of

cleanlng operations vs. the tine elapsed after the application of ink for
coating; FIG 7 is a perspective view show ng another cleaning device:

~according to the present invention; FIG 8 is a sectional V|em15homnng ‘the

detail s of

t he

member 40 and ink residue attached agéin are.wiped away by the
second cleaning member 46. Thé ink and the ink residue thus
wiped off drop into the ink guide member 48 and flow to the
first.cleaning member 40. The ink is then absorbed by ;he

unwoven cloth 45 of the first cleaning member 40, and used to

~moisten the front face of the nozzle plate 11. The use of the

ink thus collected eliminates an additional supply of fresh ink
for cleaning.

When the cleaning device 30 moves along the nozzle

‘plate 11 and reaches the other end of the nozzle plate 11, the

control unit 61 detects this and rotates the motor 33 in the
reverse direction, and move the cleaning device 30 to the
nonprihting region. This cleaning operation is repeated until
the prinﬁ head 1 regains the normal ink discharge function.

When a prellmlnary cleanlng 0peratlon is carried out because of

'small amounts of the ink spray and residue on the front face of
'the nozzle plate 11, the first cléaning member 40 is rotated at

a reduced speed.

In this émbodiment,'the ink is continuously discharged
from the nozzle openings 12 located in the cleaning region. If
required,'it may be discharggd interﬁittently.

A cleaning device including a first cleéning member and
a second ;leaning memsér was used. In the first cleaning

member, a layer of unwoven cloth covered the surface of a

- rubber roller 16 mm in diameter. The first cleaning member was

. rotated at a speed of 120 rpm. The second cleaning member was

This Sheet Has Been laced
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cleanlng device of FIG' 7, FIG 9 is.a perspective vie howi ng- yef,ﬁhﬁ$hé¥#w
cl-eani ng devi ce accordifg to the present invention; FI 10(a) and 10(b)-
are* sectional views shomnng anot her type of the first cl eani ng nmenber of
the cleaning device in the ink jet printer of the invention, FIGS. 11(a).to
11(d) are perspective views shomnng exanpl es of cleanlng units appllcable
for the first cleaning :

a rubber plate 1 mm thick. Thé frpnt face of a nozzle plate of
a print head was coated wiﬁh ; predetermined amount of ink.
Cleaning operations were carriedlout while exuding ink through
the nozzle openings. The same operations weré also carried out
while not flowing ink therethrough, that is, in the
conventional manner. The ﬁumber of cleaning operations
repéated until the normal print function of the print head was
‘restored was measured for different times elapsing after the
nozzie plate was coated with ink and left to stand. The
results of these méasurements were as shown in Fig. 6.
As seen from Fig. 6, when the cleaning operation of the
- invention was used whgreih cleéning was carried out in a state
where the nozzle openings and the adjacent areas are moistened
with.ink oozing through the nozzle openings, only one cleaning
operation was required until the printing capabilitf of the
‘print head was restored to normal when a@proximately 5,000
seconds (1.4 hour) elapsed after ink was adhered to the nozzle
plate. Even after 12 hours elapsed, only about five cleaning
operations were required until the print head regained its
normal-print capability.
~In the conventional cleaning technique wherein the
nozzle plate is not moistened with ink, f£five cleaning
'operations were required for a lapse of 30 seconds, and ten
cleaning operations, for a lapse of 60 seconds.
From these teSt'results, it is seen that when the

cleaning operation of the invention is applied to an ink jet
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sArember | and FIG 12 is a perspective view show ng an hgg jet printer
accprdlng to anot her ef@pdi ment of the present invent i

" THE PREFERRED EMBODI MENTS Preferred enbodi ments of the present invention
wi Il be described with reference to the acconpanying drawings. FIG 1 is
per spective view showing an ink jet printer

printer using ink of the type which tends to harden Quickly and |
has a high viscosity, the normel ink discharge capability of
Ithe print head can be restored remarkably quickly.

In the embodiment described above,_the first and second
cleaning members are constantly brought into contact with the
.print head. Alternatively, the cleaning members may be
selectively brought into contact with the print head. 1In this
case, a drive unit, such as a solenoid,-is coupled with the
support for the cleaning members so that it selectively moves
the first and second cleaning members toward and from the face

- of the print head. Thus, the cleaning device operates
selectively in a wiping rnode and e rubbing mode, ﬁhereby
securing further complete cleaning.

Fig. 7 is a perspective view showing another cleaning
device according to the present invention. In the figure,
reference numeral B0 designates a first cleaning member, and
numeral.Bl repieSEnts a second cleaning member. These first
and second cleaning members 80 and 81.are_supperted by a
carriage B3. The carriage 83 is guided by a guide member 31,
and 31 by means of a rack-pinion mechanism, in the direction in
which the nozzle openings are'arrayed, A pinion (not shown) in

. the cairiage 83 is in mesh with a rack 89 disposed also in the
direction of the nozzle opening array. |

In the firsﬁ cleaning'member 80, as shown in Fig. 8, a
pad 86 made of a water absorbing material not generating pieces

of thread, such as unwoven cloth,_is placed on the surface of .
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e st whcthd i ‘aGeoF dangk: Wit'h “a. first™preferred embodigent oft
Fhnvention. In thé f1gur‘§'§ reference numeral 1 deS|gnata print Head o -
em'tting a jet of ink droplets toward an internediate recording ned|un1(to
be described later). The recordi-ng or print head 1, which has an el ongated
form includes an array of nozzle openings extending in the width direction
~of a print paper so as to forma plural nunber of dots arrayed in a simlar
fashion by one tine em ssion of
the parallelepiped base 85 made of elastic material, such as
rubber.- The member body propef ;s fastened to a drive shaft 90
engaging an eccentric cam éB,_thch is coupled with a rotary
drive unit 87. The member body proper is mOunted.on a base 93,
;which is constantly pressed downward by springs 92, whiéh are
inserted between the other end of the member body proper and a
frame 51.

In operétion, when the rotary driye unit 87 is rotated
in a state such that the cleaning device is in contact with the
print head 1, the eccentric cam 88 moves the drive shaft 390 in
the direction vertical to the array of the nozzle openings 12'
(vertically in the drawing). Consequently, the ink layer
attached adhering the surface of the print head 1 is rubbed
with ﬁhe pad' 86. When the cleaning device moves in the
longitudinal direction of the print head 1, the ink adhering to
the print head 1 is wiped off with the.second cleanihg member
81. |

In the cleaning device as described above, a pair of
'cleahing members, the first and second cleaning members, are
mounted on the carriage 83. In a cleaning device shown in Fig.
9, two pairs of first and second cleaning members 95 and 96,
and 97 and 98.are disposed side by side in their direction of
movement. The use of two pairs of cleaning members provides
further improved cleaning performances.

Figs. 10(a) and 10(b) are sect%bnal views showing

another type of the first cleaning member of the cleaning

I
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Jn;fLG} 2" sﬁowgng -an ex nple of the pri.nt ~head 1, refergpce hureral 11.° . ...
‘destghates.‘a’nozzl e pl . About 2,000 = -4- nozzle oégglngs 12 are
arrayed linearly or in a Zi g- zag fashlon in the nozzle plate 11. The array
of the nozzle

device with a rubbing functibn, which can be used in the ink
jet printer of the invention. As shown, a main body case 100
exﬁends along thé array of the nozzle openings 12 of the print
head 1. Thé body case 100 has an elongated opening in the side
thereof facing the arrayed nozzle openings 12. Through the
elongated opening a cleaning unit 101 (to be described later)
is exposed to the outside. A cavity'loz for_receiving ink
residue is formed in the bbttom of the main body case.

The cleaning unit, designated by reference numeral 103,
is constructed such that, as shown in Fig. 1ll(a), a layer 106
formed of an'ﬁnwoven cloth, for example, is provided on the
surface of a roller 105 made cﬁ elastic material, and tﬁe
roller 105 is fastened to a rotary shaft 104, which is driven
by an external device. A blade 107 resiliently contacts the
surface.of the cleaning unit 103 so that ink and ink residue
adhering to the surface of the cleaning unit 103 are scraped
off the surface.. |

In operation, the cleaning unit 101 is.rotated bylméans
of a drive unit (not shown) thle exuding ink droplets through
the nozzle openings 12. The area around the nozzle openings is
rubbed with the unwoven clpth layer 106, thereby scrapiﬁg the
hardened ink from the area,_ The ink residue scrapped off
through the pibcess of cleaning drops into the cavity 102, and
is thus confined within the main body case 100.

The cléaning unit 103 may use a brush as shown in Fig.

11(b). As shown, the brush, long and circular in cross
o isllsiiifltlilﬁlﬂeleln i




‘openings:_ 12 U8nlBng engligh- to gover Thé. width of a prig{ paper -otiFhhaNasisg
mexj mum si ze! * A pl ural -%.m‘b"e'r “(é.g., 400) of nozzle oi ngs 12 -are’ array€d=~=3
at* the pitch of a pIurgi nunber (e.g., five) of dots in the row direction.
The print head 1 is shifted one dot every turn of an intermedi ate recording
medium 3 so as to conplete the image formati on of one page when it is

turned five tinmes. Alternatively, the print head 1 may be constructed

shorter ' -

section, includes resilient bristles 111 fastened to a rotary
shaft 110. The resilient b;iséles lll.aré made of.synthetic
resin.or é_natural'material which will not damage the nozzle
plate 11. |

Cléaning units constructed as shown in Figs. 11(c) and.
11(d) are suitable for the cleaning unit of the ty?e in which
the shaft is reciprocatively.turned. In the case of Fig.
11(c), a rubbing member 114 is mounted on a base plate 113,
which is reciprocatively turned by an extefnal device. The
rubbing member 114 is constructed su;h that the surface of a
long resilient member fixed to the.base plate 113 is covered
Qith unwoven cloth. In the case of Fig. 11(d), resilient
bristles 115 are plénted in the base plate 113.

In the above-mentioned embodiment, ink dropleté for
cléaning are sﬁpplied as in the ink discharging operation in
the print mode. Ih another ink jet printer shown in Fig. 12,
the ink jet printer hés the ink flow'control;circuit 120, which
controls the operatidn of the pump 8, for supplying ink from
the ink tank 6 to the print head 1 at a slightly higher‘speed,
and/or the'operation of the valve 7. 'Ih the operation of the
ink jet printer including the iﬁk flow control circuit 120, the
ink pressure Qithin the_print head 1 is-inCreased by a éignal
from a control unit 121 similar to that of the previous case.
Under this éondition, the ihk is discharged through all of the

nozzle openings 12 immediately before the cleaning operation

This Sheet Has Been Rvﬁaced
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sthgn-the print, paper w dth, having, for exanple, 100 ngzzl e openings 12--"-
’arrayed at -a pitch of ,r e dots. In this case, five cy¥ notions of the
prtnt head 1 conpletes the formation of an inmage of length equal to the
width of the print head 1. The -the print head 1 is noved a distance of the
entire length of the head, and the above steps are repeated to form an

I mge of the print paper MAdth A spacer 13, when nounted on the printer

while- Separ%tarts, and then the cleaning operation by the second drive
circuit 52 starts. | |
In the above-described émbodiments, iﬁk is used for
moistening the nozzle plate l;. The ink may be replaced with
a ligquid which will not harden the ink when it is applied
through the nozzle opening 12 to the print head 1. An example
of such_a'liquid is ink solvent. In this case, the cleaning
operation by the first and second cleaning members is carried
out after the nozzle plate 11 is coated with such a liquid
.using & suitable coating device.

_ In the ink jet printers described above, ink droplets
discharged from the print head are received by the.iniermediate
recofding medium, and then the image formed by the ink droplets
is transferred.from the intermediate_recoiding-medium to a
print paper. It is evident though that the present invention
is applicable for the ink jet printer of the type in which an
image is directly formed on the print paper by ink droplets
discharged fro@ the print head.

As described above, the ink jet printer according to a preferred _

aspect of the present invention includes a print head including a plural

number of pressure generating chambers communicating with nozzle openings

and pressure generating elemenis each for varying a pressuré to
within a.corresponding pressure generating chamber to jet from
the respective nozzle opening a stream of ink droplets, the
pressure generatihg chambers and the gressure: generating

elements being arrayed in the width direction of a print paper;

is Sheet Has Been Re[ilaced
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2T e

ingthe aaj acent Z-F’J pegq"ngsmlz defrnes pressure ‘; " er at j
|brat|ngnp

14 equrdrstantly array in the horizontal direction. B
having a thick part facing each pressure generating chanber 14 is supported
- by an ink supply nenber 16. A piezoelectric vibrator 17 is constructed such
that a piezoelectric vibrating nmenber is sandw ched by el ectrodes so that
It vibrates in a longitudinal vibration node by a drive voltage as | ow as

possi bl e. The sane nunber of
head drive means for selectively outputtlng a flrst signal to
cause a stream of ink droplets at a speed suitable for print
and a second signal to cause ink to ooze through each nozzle
‘opening; cleaning means being usually positioned in a
nonprinting region, but movable in the_longitudinal.direction
of the print head and with respect to a nozzle plate; drive
means fbr moving the cleaning means in the longitudinal
' direction of the print head; and.a control unit for causing the
head drive means to output the second signal in connection with
a position of the cleaning means. With such a construction,
dried ink adhering to the print head can be completely removedr
without any speciai detergent, even if thé ink of a type having

an increased viscosity and which is easily hardened, which is

used where print quality improvement is required.

__—————_——_-———_— .
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piezoel 8ctyic vibrators
base+18 in a state that g
are in contact with the V|brat|ng pl at e 15. Each pi ez
is operable in two nodes. In the first node, when rece|V|ng a drive signal,
the piezoelectric vibrator 17 produces energy suffici entThis

3 at.'the speed of . 6 mis or nore. In the | ﬁlﬁiﬂﬁ

droplets to strike against the surface of the internedi at

10

15

20

25

30

35

1.

lmxd

An ink jet printer comprising a plurality of ndzzle
openings (12) through which in each printing operatlion
ink is ejected upon actuation of pressure generating
members (17), cleaning means (30) for cleaning the nozzle

LATM.

openings during a specific cleaning operation, means (314
34) to engage said nozzle openings (12) and said cleaning
means (30) for said cleaning operation and means (50, 51,
52) to ooze ink through selected ones of said nozzle
openings (12) immediately before the cleanipg operation.

An ink jet printer especially accordlng to claim 1
comprising:

a print head (1) including a plurality of pressure

generating chambers (14) communicating with respective
nozzle openings (12) and a plurality of pressure
generating' elements (17) each for varying a pressure
within a corresponding one of said pressure generating
chambers (14) to jet a stream of ink droplets from a

respective one of said nozzle openings (12), said

pressure generating chambers (14) and said pressure
generating elements (17) being arrayed in a width
direction of a print paper (26); |

head drive means for selectively outputting a first
signal to said pressure generating elements (17) to cause
a stream of ink droplets to be ejected from said nozzle
openings (12) at a speed suitable for print and a second
signal to cause ink to ooze through said nozzle openings

(12);

cleaning means (30) disposed in a nonprinting region
during normal printing operations of said printer, and

* [ L M H * _

17 as that of.-the nozzle openings 12 are fixed to-a
e forward ends of the pi ezoel®Ptric vibrators 17

7
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s&cond .noge, roduces suen™ snah1 “Energy as to cau ink to only aoze. .

through t he na%ﬁﬁ &ﬁ@e In order to snnothly S ﬂ“ y ink to the-

enfire el ongat the print head 1 is connected to an ink tank
6 by way of and 5, such as tubes. A punp 8 is inserted in
the ink fIOM/path 5 7.is inserted in the ink flow path 4. Through
the ink flowcircuit, |nk IS supplled to the print head 1 in a circulating
manner. In the print head

movable in a longitudinal direction of said prlnt head
(1) and with respect to a nozzle plate (11);

drive means (31-34) for moving said cleaning means (30)
5 in said longitudinal direction of said print head (1) to
wipe ink from said nozzle plate (11); and

control means (50, 51, 52) for causing said head drive
means to output said second signal when said cleaning
10 means (30) is wiping ink from said nozzle plate (11).

3. The ink jet printer according to claim 2, in which said

~ second signal is output to said pressure generating
‘elements (17) present in a noncleaning region during a

15 cleaning period. | ' '

4. An ink jet printer especially according to claim 1
comprising: ' |

20 a print head (1) including a plurality of pressure
generating chambers (14) communicating with respective
nozzle openings (12) and a plurality of pressure
geherating elements (17) each for varying a pressure
within a corresponding one of said pressure generating

25 = chambers (14) to jet a stream of ink droplets from a
respective one of said nozzle openings (12), said
pressure generating chambers (14) and said pressure
generating elements (17) being arrayed in a width
direct;on'of a print paper (26):

30 . .
pump means (7) for forcibly supplying ink to said print
head (1); head drive means for selectively outputting a.
signal to said_preésu;e generating elements (17) to cause
a stream of ink droplets to be ejected from said nozzle
35 openings (12) at a speed suitable for printing;

R O | S——
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1=+ jaik |s supplled to. t he.pressure generating chanbers 4
menber §° 19, Because of ; e el ongat ed 'shape of the printZ
nmounted on a support menber 9. A drive device 20 is provided at one end of
t he support nmenmber 9, while a spring 21 is connected to the other end of
the support nenber 9. Wen the drive devite 20 is turned

cleaning means (30) disposed in a nonprinting' region
during normal printingﬁoperations of said printer, and
movablé in a 1ongitudinal direction of said print head
and with respect to a nozzle plate;

drive means (31-34) for moving said cleaning means (30)
in said longitudinal direction of said print head (1)
perform a cleaning operation to wipe ink from said nozzle
plate (11); and. |

10

control means (120, 121) for causing said pump means ( 7)
to ooze ink through the nozzle opening (12) immediately

before a cleaning operation.

15 5. The ink jet printer according to any one of the preceding
claims, in which said cleaning means (30) comprises a
first cleaning member (40) for performing a rubbing
operation and a second cleaning member (46) for
performing a wiping operation. ' |

20 '

6. The ink jet printer according to any one of the preceding
claims, further comprising an ink guide member (48), said
first and second cleaning means (40; 46) being connected
to each other by said ink guide member (48), said ink

25 guide member (48) guiding ink wiped off by said second
cleaning member (46) to said first cleaning member (40).

- —
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ST he direction Gf** arfow G~ it cooperatees w th gpring: 21‘£jﬁ

t he support nenber 9 or &Phe print head 1 a small di star% r eci procati v
‘in the directions of arrows G and F (paper width direction). In this vvay,
the print head 1 can emt ink at an appropriate position. The internedi ate
recordi ng nedium 3, which receives ink 4 .

ABSTRACT

An ink jet printer in which hardened ink is readily' and
reliably removed from a nozzle plate (11). The ink jet
5 printer includes a Print head (1) having a plural number of
nozzle openings (12) arrayed in the width direction of a
recording paper (26), a head drive circuit '(30; 51, 52) for
seléctively outputting a first signal to cause a stream of
ink droplets at a speed suitable for print and a second
10 signal to cause ink to ocoze through each nozzle opening (12),
and a cleaning device (30) with a rubbing function and which
is usuélly positioned in a nonprinting region, but is movable
~in the longitudinal direction of the print head (1) and with
respect to a nozzle plate (11). In a cleaning mode, the
15 cleaning device (30) is operated while oozing ink from the
nozzle openings (12). The hardened ink on the nozzle plate
is dissolved by the oozing ink, and then removed therefrom
through the rubbing and wiping operations of the cleaning
device (30).
20 |
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as to be abl e to_recei lets fromthe print hggdl 1. A | ayer of
si I'i cone r§§5§ #ﬁﬁAfﬁgﬁsurface of the drumso that an ink ;;?ge

droﬁIEis from t he . prlnﬁggfad 1, is constructed with a 2§§n1of such a length-
formed the gggg ?? §1BR transferred to a recording paper 26. Th¢

w;r

i

i nt me- di aP dlng nedlun13 i's coupled with a notor 24 through a

transm ssion 22 and 23. The internediate recording nmedium3 is rotat di
the direction of an arrow

Flg. [
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Hin synchronismwi th.the emission of ink droplets by a_drive systent:
i ncluding the notor 24 &#Y the power trans- mssion 22 §@d 23. Above the -
intérnedi ate recording nedium 3, the pressure roller 25 is supported by
bearings such that it nmay conme in, contact with and be noved away from,t he,
i nternedi ate ‘recordi ng medi im 3. At the conpletion of the formatig@n an
ink inage on the internediate recording nedium 3, \l

Fig *
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pai red springs.27 and-2_7g_3ﬁush-the pressure roller 25 in<the direction of an
arrow | so that the pres%ure roller 25 presses the recéidi ng paper 26
agai nst the intermedi ate recording medium 3. A cleaning device 30 is
nount €d on a carriage 34. The carriage 34 is supported by a pair of
31, and coupled with a nmotor 33 by a timng belt 32. In a print
‘printer, the carriage 34 carrying the'cleaning device 30 stays -
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out side.a printing regd
.entike.dength of the pr
cl eani ng device used in the &nk jet printer,
designates a first cleaning:
of the*nozzle plate 11.
40, a roller 43 made of elasvutmnaterlal

a rotary shavrﬂge qhat S

sacond drive
ving

52

s TovAbl e ovr, i

and in a cleanlng nDde g
&idetails of” the"

3 shomﬁng t

referenngnunera
genber whose function is4g rub the fro
In the construction of the fig st cleanlng me
for exanplemzrubber

head 1.
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drive
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for dr
clean
first
forddr
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ing
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connected throygh a powel transm ssion nmeans 41 to a driye source (not
showa). ‘A layer of unwoi/gh cloth 45, which is nmade of féie fibers and hence
free of pieces of thread is layered on the surface of the roller 43-T
rotary shaft 42 of the roIIer 43 is rotatably supported by a base

44. Reference nuneral 46 designates a second cl eaning nem ber whose ll
function is to wipe the front face of the nozzle plate 11. The second

“cl eani ng menber 46, which is to be in

Sheet Has Been RTlaced
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with.a plate of chlorop
cleanlng menber 46 is | ocated adjacent the first cleanlng menber 40 a ,

viewed in the

resflien% contact with e front face of the print headﬂ% 3 e,
e rubber  approximately 1 nn1thack The secog%///r

107 -
by the conventional technicgus
/
number of T /
cleaning 1
N e —— L_
operation ¥ T T T e e e e e
by the invention
i B o A =
=4

\ .n -. _, — o - 3 < -
) 32 =015¢ 500 1C03 3C201g0gg o 12
sec. tige

time elapse after’'ink coating
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carriage.npving directiqn. An ink guide nenber 48 is prqvidéd for- guiding
the iink wiped off by the&#second cl eaning menber 46 to t4d first cleanj

neitber 40. The ink gui de nmenber 48 is slantingly dlsposed such that on nd
of the-ink guide member 48 js |ocated under the | ower end of the second [ (
cl eaning menmber 46, ,while the other end thereof is disposed at a- | ocati‘on

bel ow the | ower en ﬁye second cl eani ng nener 46 in ‘a state such that
it istbrought into

. e

FiE p
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congiatt, wi t-h t'he sur Eicgsof "t heftitst .« eani ng menber. 4Q..- Ref urnjpyf
1, reference huneral ‘5@zesignates a control unit for é%]tro'l |7 gt HE
cl €ani ng operation of the print head 1. The control unit 50 controls both™a-~>"
first drive circuit 51 and a second drive circuit 52 for noving the

cl eani ng device 30. As shown in FIG. 4, the control unit 50 is con‘p& dIc{f

a signal discrimnator 60, a cleaning device control unit 61, a
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pOSI{iOD de%ector 62, -ap.i nk-feed signal - generator 63, gnd:a tinmer 64. The' Sl
si gnal di scrim nator 60 8 scriminates a cléan- ing ins€ipction contained in
a stgnal received froman external device. The cleanlng devi ce control,unit

61 controls the rotation and the positioning of the cleaning. devic .. The
position detector 62 detects the position of the cleaning unit 30, q L
exanple, with a counter for counting the nunber of .drive pul ses supplied to

the notor 33. In connection with

Flf o (b)
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t he” poshtlpn “Ofa the c{e ng UGV|ce 30, the ink- feed si gpal - - gene
produces a ‘signal for c%gilng the print head 1 to disc gbge ink V-E
drive energy of such magni tude as to noisten the print head 1, e.g.,
energy approximately [err] #e [err] as large as the-drive energy for
printing. The tiner 64 sets the time interval of the cleaning operation.
The operation of the ink jet printer thus constructed will be described. In
the ink jet printer, in response to a print

& () () B 27270

"¢ ' AR (N
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|nstru0170n framan extgLnal device, the notor 33 is opgrated to retract

t he, cleanlng devi ce 30 a nonprinting region. while ;-the sane ti the

notor 24 is operated to turn the internmediate recording nmedium3 int
direction H Wen the rotation of the internediate recording medium 3 ]
Ssettles to a stationary speed, the first drive circuit 51 produces a drfive

signal which drives the piezoelectric vibrator 17 designated by print data .

to cause the dischgrge of the streans

fla-1Z
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of ink droptets. f0r pikinting: 1™ response to the drive-signal, the print: = - .*
head.1 di scharges jets d)ink droplets toward the interi ate recording: =~ -
medi um 3, thereby forming an image of ink as the mrror 1nmage of an image

to be printed. Wen -7- '
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tﬁéﬁihtg}ﬁéﬂhéﬂe~hecbtdi g medi um3'i% rotated -one turn,_ a signal is

supphi‘ed to"the drive u@if} 20.

In résponse to this sigrad,

is nmoved a predeterm ned distance in the paper width direction, for
exanple, the direction F. As a result, an inmage of ink i's formed at the
position designated by the print data as previously stated. At the
conpletion of formng the ink inmage of the print data on the internedi ate
recordi ng medium 3, a recording ' '
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a paper cassette (not shown)

er the pressure roller

paper 26 is..suppkied. f.r o

~ -

a transfer .
t he pressure
t he

&
RS

25. Th
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Under this condition,

£

roll er 25 presses the recordi ng paper 26 against the internediate recording

a region

the ink inmage is traprsfer-ey

.e.,

hal f-dried ink image on the surface of the internediate recording medium 3

recordi ng paper 26 is forwarded in synchronismwth the novenent of the
As a result,

medi um 3 in cooperation with the springs 27.

region,
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to: the recordlng paper, 26 with the-assistance of its increased viscosity.
Wien. the - printing proceﬁ%}as menti oned above has been dgijti nued for a
period of time, ink spray is attached to the surface of The nozzle plate 11
of the print head 1 and dried. The ink spray attached and dried can

possi bly change the speed and direction of the streans of ink droplets.
Accord- ingly, the print quality gradually deteriorates.
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At an apprapri.ate tifige-béefore’the print quality deteriora- tion s;agg$ﬁgggifgi_'
a nonprinting node of tﬁﬁgpiTnTér[”an operat or pushes d@gutton for i'ssding = %
a cleaning instruction of the tinmer 64 produces a cleaning instruction
signal when a count reaches a preset value. The signal discrimnator 60
discrim- nates the cleaning instruction, and output a signal to the
~control. unit 61. The control unit 61 outputs a signal to the second drive
circuit 52, which then causes the nbtor 33 to

FIG 6

[~~BY THE CONVENTIONAL TECHNIQUE

BY THE INVENTION
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tarn, W.ith the turning o%{ he not or " tHE"El éani hg devi cex30 i's moved. from...
the monprinting region t@ghe printing region. At the % time, the second
drive unit drives the first cleaning nenber 40 to turn. The output signal

of the signal discrimnator 60 is also input to the ink-feed signal
generator 63. The ink-feed signal generator 63 receives a signal indicative
of the present position of the cleaning device 30 fromthe position '
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62, “and. sel ects-the nazzlg opening .12 confronted-by the, .
menber 40 and several n | e openings 12 pre- ceding a i'ubsequent to the"
former opening. Then, the ink-feed signal generator 63 drives the first

drive circuit 51 to output a drive signal to the piezoelectric vibrators 17
corresponding to the selected nozzl e openings 12 through which ink is to be

forcibly discharged. Dried ink spots 70 | ocated forward of the first
cl eani ng

i rst cleaning .

FIG. 10(a) FIG. 10(b)
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"r?en'Ei@’r:élO( on the“Fefdy side of the fifst: clearing weber AUsEn::
‘5(a) ¥ 5(b); and 5(c) arezioi stened and softened by ink @rbplefs~71 "
di scharged fromthe nozzl e openings 12. The first cleaning nenber 40 rubs
t he noi stened ink spots 70 off _

-120

I
|
I
|
|
|
|
|
|
|
}
-
L ——~-J CONTROL
«— - —— | UNIT

_CIRCUIT
3

FLOW
- ——{ CONTROL |-~~~

/52
~--{2ND DRIVE
~~—————JCRCUIT

FIG. 12

26

This Sheet Has Been Re:

NN




the’front face of the nozzle prate IT Using as a | ubricant ink d¥OFre¥s 71

exudi ng through the nozzle openiyifshect Aad BebiRephtead) ) - The I nk thus rubbed

is wiped away by the |layer of un

o bkt PN
o IIIQL \llbull

NN

ﬂ\

q

s TN 4~
. dic . ?’?.’- o

e e ef——
s-uiped avay by the f | PLALEMENT SPEETS
( LACBD) SHERTS he 1 8@l Onl gkmﬂm MM“ Eer aﬁ hgrb*z};"\\tzﬂep?gqast £3 maged 2.

tzeresdnpuh.a fReni epcsged e i W g
[P ani:AG) TeTBRLa 40 . o2 ¢ openings 12 |ocat ﬁd
1 Drawing(s) : paged .5 10 paged . 1 / b

[l Abstract  :paged..x..to paged ...m....
INK JET PRINTER
DA
TE OF RECEIPT ..o 7 ‘DATE OF RECEIPT ...y

of f
SG

»md 2%,

- . 1o paued s,

The present invention relates to an ink jet printer.

In a known ink jet prinﬁer, a print head includes a
plural number of combinations each including a preésure
generating chamber, a nozzle communicating with the pressure
generating chamber, and a pressure generating element for
varying the pressure within the pressure generating chamber.
Print data signals drive the pressure generating elements to
cause the discharge of a stream of ink droplets through the
nozzles. Aan image is formed by the ink droplets discharged.
This type of ink jet printer requires a smaller .number of
movable parts than a wire impact type printer. In this
respect, the former is superior to the latter. Accordingly,
the former printer has advantages of generation of less noise
and raduction of the size and cosﬁ. However, the former is
inferior to the latter for the reason that since ink in ligquid
form is ﬁsed to print images on a print paper, some types of
print paper blot easily, deteriorating print quality.

U.S. Patent No. 4,538,156 succeeds in solving the

blotting problem. As disclosed therein, an intermediate
recording medium is provided in the form of a drum or a belt.

Ink droplets from the print head are received by the
intermediate recording medium. After ink solvent is
volatilized to some. extent; the ink image formed on the
recording medium is transfe*red to$§he prxnt paper. With this

- F

‘arrangement, the paper dies not btot, regarddess of its type,

d good t lit e |
and good print quality ’-? secured. This is the replacomnt sheet
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wartd of the second cl eaning menber 46 al so discharge ink. Accordingly, the
r.egi on where rubbi ng has been conpleted is further noistened by the ink. In
this state, if the cleaning device 30 is further noved forward, the second
cl eani ng nmenber 46 now pases .t he rubbing-off conpleted region to w pe away
ink 72 left after the cleaning by the first cleaning menber 40 and the ink
di scharged fromthe nozzle openlngs 12 4FIG 5(c)). In this way, ink left
after the cleaning by the

However, the printer of the above-mentioned patent must
use ink of higher viscosity than a printer which projects
streams of ink droplets toward the print paper directly in
order to secure reliable transfer of the ink image from the
intermediate recording medium to the print paper. Ink mist
generated when .ink is jetted through nozzle openings and ink
spray bouncing from the intermediate recording medium collect
on and adhere to the front face of the nozzle and form stiif
films thereon. The thus-formed films can cause the jets of ink'
droplets to deviate from the intended course, leading to
deterioration of print quality. To avoid this, the ink films
must be removed at appropriate intervals of time. |

The ink jet printer of the type in. which ink s
directly jetted toward the print paper suffers from the same
problém. To cope with this, many types of cleaning devices
have been proposed to remove ink adhering to the front faces of
the nozzle plates. However, in general these’cleaning devices
have been found to insufficiently remove the ink which contains

compositions such as certain emulsions or sugars added thereto

so as to increase the viscosity of ink and make it easy to form

ink films of a type which attains improved print quality.
In light of the above problems of the prior axt

printers, it is an object of the present invention to provide
an ink jet printer which is capable of reliably removing ink

films adhering to the front face of a print head.
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first cleaning nenber 40 and ink residue attached again are w ped away by

t e second cl eani ng nenber 46. The ink and the ink residue thus w ped off
drop into-the ink guide nenber 48 and flow to the first cleaning nenber 40.
The ink is then absorbed by the unwoven cloth 45 of the first cleaning
menber 40, and used to noisten the front face of the nozzle plate 11. The
use of the ink thus collected elimnates3an additional supply of fresh ink
for cl eaning.

This object is solved by the ink jet printer of

independent claim 1, 2 or 4. Further advantageous features,

aspects and details of the inveation are evident from the

dependent claims, the description and the drawings. The claims

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

of defining the invention in general terms.

The invention provides an ink jet - printer

employing a cleaning technique for preventing the nozzles of a

3 i ticularly in an ink Jjet

print head from being clogged, partic Y
printer of the type which uses high viscosity ink which hardens
easily so as to improve print quality.

According to a preferred aspect of the invention, there is provided an ink
jet printer comprising: a print head including a plural number
of pressure generating chambers communicating with nozzle
openings and pressure generating elements each for varying a
pressure to cause the eﬁéctipn of a stream of ink droplets from
the préssure chamber through the nozzle openings, the prassure
generating chambers and the pressurs generating elements being
arrayed in the width direction of a print paper; head drive
means for selectively outputting a first signal to cause a
stream of ink droplets at a speed suitable for printing anﬁ a
second signal to cause ink to ocoze through each nozzle o?ening;
cleaning means usually positioned in a nonprinting region, but
movable in the longitudinal direction of the print head and
with respect to a nozzle plate; drive means for moving the
dleaning'means in the longitudinal directién of the print head;
and control meané for causing the head drive means to output

- the second signal in connection with the position of the

cleaning means.
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When the cleaning device 30 noves along the nozzle plate 11 and reaches the
ot her end of the nozzle plate 11, the control unit 61 detects this and
rotates the notor 33 in the reverse direction and noves the cl eani ng device
30 to the nonprinting region. This cleaning operation is repeated until the
print head 1 regains the normal ink discharge function. Wen a prelimnary
cl eaning operation is carried out becausk of small anounts of the ink spray
and residue on the -

In the ink jet printer thus constructed, ink is
discharged to such an measure a; to moisten the front face of
the nozzle plate before the cleaning means is operated.
Accordingly, the ink hardened with time on the nozzle plate can

easily be dissolved by the ink solvent.

Fig. 1 is a perspective view showing an ink jet printer
constructed in accordance with a preferred embodiment of the
presént invention;

Fig. 2 is a cross-sectional view showing an embodiment
of a print head applicable for the ink jet printer of Fig. 1;

Fig. 3 is an enlarged view showing a cleaning device
used in the ink jet printer of Fig. 1;

Fig. 4 is a block diagram showing the arrangement of a
control unit for the cleahing device in Fig. 1;

Figs. 5(I) to 5(III) are diagrams showing the operation
of the cleaning device;

Fig. 6 is a graph comparatively showing the number of
cleaning operations vs. the time elapsed after the application
of ink for coating;

Fig. 7 is a perspective view showing another cleaning
device according to the present invention;

Fig. 8 is a sectional view showing the details of the

cleaning device of Fig. 7;
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front face of the nozzle plate 11, the first cleaning nenber 40 is rotated
at a reduced speed. In this enbodinment, the ink is continuously discharged
fromthe nozzl e openings 12 located in the cleaning region. If required, it
may be discharged intermttently. A cleaning device including a first

cl eani ng menber and a second cl eani ng nenber was used. In the first

cl eaning nmenber, a | ayer of unwoven closh covered the surface of a

Fig. 9 is a perspective view showing yet another
cleaning device according to thé present invention;

Figs. 10(a) and 10(b) are .sectional views showing
another type of the first cleaning member of the cleaning
device in the ink jet printer of the invention;

Figs. 11(a) to 1l1(d) are perspective views showing
examples of cleaning units applicable for the first cleaning
member; and

Fig. 12 is a perspective view showing an ink jet
printer according to another embodiment of the present

invention.

'Preferred.embodiment.s of the present invention will be
described with reference to the accompanying drawings.

Fig. 1 is a perspective view showing an ink jet printer
constructed in accordance with a first preferred embodiment of
the present invention. In the figure, reference numeral 1
designates a print head for emitting a jet of ink droplets
toward an intermediate recording medium (to .be described
later). The recording or print ﬁead 1, which has an elongated
form, includes an array of nozzle openings extending in the
width direction of é print paper so as to form a plural number
of dots arrayed in a similar fashion by one time emission of

ink.
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rubber roller 16 nmin dianeter. The first cleaning nenber was rot ated at a
speed of ‘120 rpm The second cl eaning nenber was a rubber plate 1 nmthick.
The front face of a - 9- nozzle plate of a print head was coated with a

pr edet er m ned

In Fig. 2 showing an example of the print head 1,
reference numeral 11 designate; a8 nozzle plate. About 2,000
nozzle openings 12 are arrayed linearly or in a zig-zag fashion
in the nozzle plate 11. The array of the nozzle opening 12 is
long enough to cover the width of a print paper of the maximum
size. A plural number (e.g., 400) of nozzle opening§ are
arrayed at the pitch of a plural number (e.g., five) of dots in
the row direction. The print head 1 is shifted one dot every
turn of an intermediate recording medium 3 so as to complete
the image formation of one page when it is turned five times.

Alternatively, the print head 1 may be constructed
shorter than the print paper width, having, for example, 100
nozzle openings 12 arrayed at a pitch of five dots. 1In this
case, five cycle motions of the print head 1 completes the
formation of an image of length equal to the width of the print
head 1. Then, the-print head 1 is moved a distance of the
entire length of the head, and the above steps are repeated to
form an image of the print paper width.

A spacer 13, when mounted on the printer while
separating the adjacent nozzle openings 12, defines pressure
generating chambers 14 equidistantly arrayed in the horizontal
direction. A vibrating plate 15 having a thick part facing
each pressure generatiﬁg chamber 14 is supported by an ink
supply member 16. A piezoélectric vibrator 17 is constructed
such that a piezoelectric vibrating member is sandwiched by

electrodes so that it vibrates in a longitudinal vibration mode
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amount of ink. C eaning operations were carried out while exuding ink

t hrough the nozzl e openi ngs. The sane opera- tions were also carried out
while not flowing ink there- through, that is, in the conventional manner.
The nunber of cleaning operations repeated until the normal print function
of the print head was restored was nmeasured for different tines el apsing
after the nozzle plate was coated with ”nk and | eft to stand. The results
of these nmeasurenments were as

by a drive voltage as low as possible. The same number of
piezoelectric vibrators 17 as éhat of the nozzle openings 12
are fixed to a base 1B in a state that the forward ends of the
piezoelectric vibrators 17 are in contact with the vibrating
plate 15. Each piezoelectric vibrator 17 is operable in two
modes. In the first mode, when receiving a drive signal, the
piezoelectric vibrator 17 produces energy sufficient to cause
ink droplets to strike against the surface of the intermediate
recording medium 3.at the speed of 6 m/s or more. In the
second mode, it produces such a small energy as to cause ink to
only ooze through the nozzle opening 12.

In order to.smoothly supply ink to the entire elongated
print head 1, the print head 1 is connected to an ink tank 6 by
way of ink flow paths 4 and 5, such as tubes. A pump 8 is
inserted in the ink flow path 5. _A valve 7 is inserted in the
ink flow path 4. Through the ink flow circuit, ink is supplied
to the print head 1 in a circulating manner. In the print head
1, ink is supplied to the pressure generating chambers 14
through support members 19. Because of the elongated shape of
the print head 1, iﬁ is mounted on a support member 9. A drive
de&ice 20 is provided at one end of the support member 9, while
a spring 21 is Connected to the other end of the support member
9. When the drive device 20 is turned in the direction of an
arrow C, it cobperates with spring 21 to move the support
member 9 or the print head 1 a small distance reciprocatively

in the directions of arrows G and F (paper width direction).
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shown in FIG 6. As seen fromFIG 6, when the cleaning operation of the
Invention was used wherein cleaning was carried out in a state where the
nozzl e openi ngs and the adjacent areas are noistened with ink oozing

t hrough the nozzl e openings, only one cl eaning operation was required until
the printing capability of the print head was restored to normal when
approxi mately 5,000 seconds (1.4 hour) &l apsed after ink

In this way, the print head 1 can emit ink at an appropriate

position.

The intermediate recording medium 3, which receives ink
droplets.from the print head 1, is constructed with a drum of
such a length as to be able to receive ink droplets from the
print head 1. A layer of silicone rubber is formed on the
surface of the drum so that an ink image formed thereon can
easily be transferred to a recording paper 26. The
intermediate recording medium 3 is coupled with a motor 24
through a power transmission 22 and 23. The intermediate
recording medium 3 is rotated in the direction of an arrow H in
synchronism with the emission of ink droplets by a drive system
including the motor 24 and the power transmission 22 and 23.

Above the intermediate recording medium 3, the pressure
roller 25 is supported by bearings such that it may come in
contact with and be moved aﬁay from the intermediate recording
medium 3. At ﬁhe completion of the formation of an ink image
on the intermediate recording medium 3, paired springs 27 and
27 push the pressure roller 25 in the direction of an arrow I
so that the preséure roller 25 presses the récording paper. 26
against the intermediate recoxding medium 3.

A cleaning device 30 is mounted on a carriage 34. The
carriage 34 is suppoftea by a pair of guides 31, and coupled
with a motor 33 by a timing.belt 32. In a print mode of the

printer, the carriage 34 carrying the cleaning device 30 stays
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was® adhered to the nozzle plate. Even after 12 hours el apsed, only about
five cleaning operations were required until the print head regained its
normal print capability. In the conventional cleaning technique wherein the
nozzle plate is not noistened with ink, five cleaning operations were
required for a | apse of 30 seconds, and ten cleaning operations, for a

| apse of 60 seconds. Fromthese test regults, it is seen that when the

cl eani ng '

outside a printing region, and in a cleaning mode, it is
movable over the entire length ;f the print head 1.

In Fig. 3 showing the details of the cleaning device
used in the ink jet printer, reference numeral 40 designates a
first cleaning member whose function is to rub the front face
of the nozzle plate 11. In the construction of the first
cleaning member 40, a roller 43 made of elastic material, for
example, rubber, is formed on a rotary shaft 42 ﬁhat is
connected through a power transmission means 41 to a drive
source (not shown). A layer of unwoven cloth 45, which is made
of fine fibers and hence free of pieces of thread, is layered
on the surface of the roller 43. The rotary shaft 42 of tﬁe
roller 43 is rotatably supported by a base member 44.

Reference numeral 46 designates a second cleaning
member whose function is to wipe the front face of the nozzle
plate 11. The second cleaning member 46, which is to be in
resilient contact with the front face of the print head 1, is
forﬁed with a plate of chloroprene rubber approximately 1 mm
thick. The second cleaning member 46 is located adjacent the
first cleaning member 40 as viewed in the carriage moving
direction. An ink guide member 48 is provided for guiding the
ink wiped off by the second cleaning member 46 to the first
cleaning member 40. The ink éuide member 48 is slantingly
disposed_such-that one end of the ink guide member 48 is

located under the lower end of the second cleaning member 46,

while the other end thereof is disposed at a location below the
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operation of the invention is applied to an ink jet printer using ink of
the type ﬂﬁTEﬁ—Féﬁag—fa—ﬁarden qui ckly and has a high viscosity, the normal
i nk d|SChar§ﬁhSﬁ$ﬁmmBam et he print head can be restored renarkably

qui ckly. In t descrlbed above, the first and second cl eani ng
menbers are c m ght into contact wth the print. head.

Al ternatively, eani ng nenbers mayid®e sel ectively brought into contact
with the print head. In this _

lower end of the second cleaning member 46 in a state such that

it is brought into contact with the surface of the first
cleaning member 40.

Returning to Fig. 1, reference numeral S0 designates a
control unit for controlling the cleaning operation of the
print head 1. The control unit 50 controls both a first drive
circuit 51 and a second drive circuit 52 for moving the
cleaning device 30.

Aé shown in Fig. 4, the control unit 50 is composed of
a signal discriminator 60, a cleaning device control unit 61,
a position Aetector 62, an ink-feed signal generator 63, and a
timer 64. The signal discriminator 60 discriminates a cleaning
instruction contained in a signal received from an external
device. The cleaning device control unit 61 controls the
rotation and the positioning of the cleaning device 30. The
position detector 62 detects the position of the cleaning unit
30, for example, with a counter for counting the number of
drive pulses supplied to .the motor 33. 1In connection with the
position of the cieaning device 30, the ink-feed signal
generator 63 produces a signal for causing the print head 1 to
discharge ink with an ink drive.energy of such magnitude as to
moisten the pr;nt head 1, e.g., an energy approximately 1/10 to
1/2 as large as the drive energy for printing. The timer 64
sets the time interval of the cleaning operation.

The operation of the ink jet prin?er thus constructed

will be described. 1In the ink jet printer, in response to a
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case,

¢l eani ng nenbers so that

menbers toward and fromthe face of the print head. Thus, the cl eaning
devi ce operates selectively in a w ping node and a rubbi ng node, thereby
securing further conplete cleaning. FIG 7 is a perspective view show ng

anot her cl eani ng device according to theipresent invention.

print instruction from an external.device, the motor 33 is
operated to retract the cleani;g device 30 to a nonprinting
region, while at the same time the motor 24 is operated.to turn
the intermediate recording medium 3 in the direction H. When
the rotation of the intermediate recording medium 3 settles to
a stationary speed, the first drive circuit 51 produces a drive
signal which drives the piezoelectric vibrator 17 designated by

print data to cause the discharge of the streams of ink

droplets for printing. In response to the drive signal, the

print head 1 discharges jets of ink droplets toward the .

intermediate recording medium 3, thereby forming an image of
ink as the mirror image of an image to be printed. When the
intermediate recording medium 3 is rotated one turn, a signal
is supplied to the drive unit 20. In response to this signal,
the print head 1 is moved a predetermined distance in the paper
width direction, for example, the direction F. As a result, an
image of ink is formed at the position designated by the prin£
data as previously stated.

At the completion of forming the ink image of the print

data on the intermediate recording medium 3, a recording paper

26 is supplied from a paper cassette (not shown) to a transfer

region, i.e., a region under the pressure roller 25. Then, the
pressure roller 25 presées_the recording paper 26 against the
intermediate recording medium 3 in cooperation with the springs
27. Under this condition, the recording paper 26 is forwarded

in synchronism with the movement of the half-dried ink image on

[l

| owe 19 0CT 6

In the figure,
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reference nuneral 80 designates a first cleaning nenber, and nuneral 81
represents a second cl eaning nenber. These first and second cl eani ng
‘menbers 80 and 81 are supported by a carriage 83. The carriage 83 is guided
by a guide nmenber 31, and 31 by neans of a rack-pinion nechanism in the
direction in which the nozzle openings are arrayed. A

12

the surface of the intermediate recording medium 3. As a
result, the ink image is transférred to the recording paper 26
with the assistance of its increased viscosity.

When the printing process as mentioned above has been
continued for a period of time, ink spray is attached to the
surface of the nozzle plate 11 of the print head 1 and dried.
The ink spray attached and dried can possibly change the speed
and direction of the streams of ink droplets. Accordingly, the
print quality gradually deteriorates.

At an appropriate time before thé print gquality
deterioration starts, in a nonprinting mode of the printer, an
operator pushes a button for issuing a cleaning instruction or
the timer 64 produces a cleaning instruction signal when a
count redaches a preset value. The signal discriminator 60
discriminates the cléaning instruction, and outputs a signal to
the control unit 61. The control unit 61 outputs a signal to
the second drive circuit 52, which then causes the motor 33 to
turn. With the turning of the motor, the cleaning device 30 is
moved from the nonprinting region to the printing region. At
the same time, the second drive unit drives the first cleaning
member 40 to turn.

The outpu£ signal of the signai discriminator 60 is
also input to the'ink-feed_signal generator 63. The ink-feed
signal generator 63 receives a signal indicative of the present
position of the cleaning device 30 from the position detector

62, and selects the nozzle opening 12 confronted by the first
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- X0 - pinion (not shown) in the carriage 83 is in nesh with a rack 89
di sposed also in the direction of the nozzle opening _array. In the first
cl eani ng menber 80, as shown in FIG 8, a pad 86 nmade of a vvater absorbl ng

mat eri al not generating pieces of thread, such as unwoVigsSheét
on the surface of the parallel epi ped base 85 nade of el1 ‘I“ﬂ“‘l‘ such
as 13

cleaning member 40 and several nozzle openings 12 preceding and
subsequent to the former openigg. Then, the ink-feed signal
generator 63 drives the first drive circuit 51 to oﬁtput a
drive signal to the piezoelectric vibrators 17 corresponding to
the selected nozzle openings 12 through which ink is to be
forcibly discharged.

Dried ink épots 70 located forward of the first
cleaning member 40 (on the left side of the first cleaning
member 40 in Fig. 5) are moistened and softened by ink droplets
71 discharged from the nozzle openings 12. The first cleaning
member 40 rubs the moistened ink spots 70 off the front face of
the nozzle plate 11 using as a lubricant. ink droplets 71
exuding through the nozzle openings 12 (Fig. 5(I)). The ink
thus rubbed off is wiped away by the layer of unwoven cloth 45
of the first cleaning member 40 (Fig. 5(II)).

In the region of the front face of the nozzle plate 11
after it has experienced the ink rubbing-off operation by the
first cleaning member 40, the nozzle openings 12 located
forward of the second cleaning member 46 also discharge ink.
Accordingly, the region where rubbing has been completed is
further moistened by the ink. In this state, if the cleaning
device 30 is further moved forward, the second cleaning member
46 now passes the rubbiﬁg-off completed region to wipe away ink
72 left after the cleaning by the first cleaning member 40 and

" the ink discharged from the nozzle openinqs 12 (Fig. 5(III)).

In this way, ink left after the cleaning by the first cleaning
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rubber. The nenber body proper is fastened to a drive shaft 90 engagi ng an
eccentric cam 88, which is coupled with a rotary drive unit 87. The nenber

body proper

is mounted on a base 93, which is constantly pressed downward

by springs 92, which are inserted between the other end of the nenber body

and a frame 91. In operation, when the rotary drive unit 87 is

proper

rotated in a state such that the cleaning device is in contact wwth the

pri nt

member 40 and ink residue attached again are wiped away by the
second cleaning member 46. Thé ink and the ink residue thus
wiped off drop info the ink guide member 48 and flow to the
first cleaning member 40. The ink is then absorbed by the
unwoven cloth 45 of the first cleaning member 40, and used to
moisten the front face of the nozzle plate 11. The use of the
ink thué collected eliminates an additional supply of fresh ink
for cleaning.

When the cleaning device 30 moves along the nozzle
plate 11 and reache; the other end of the nozzle plate 11, the
control unit 61 detects this and rotates the motor 33 in the
reverse direction, and move the cleaning device 30 to the
nonprinting region. This cleaning operation is repeated until
the print head 1 regains the normal ink discharge function.
When a preliminary cleaning operation is carried out because of
small amounts of the ink spray and residue on the front face of
the nozzle plate 11, the first cleaning member 40 is rotated at
a reduced speed.

In this embodiment, the ink is continuously discharged
from the nozzle openings 12 located in the cleaning region. If
required, it may be discharged intermittently.

A cleaning device including a first cleaning member and
a second cleaning member was used. In the first cleaning
member, a layer of unwoven cloth covered the surface of a
rubber roller 16 mm in diameter. The first cleaning member was

rotated at a speed of 120 rpm. The second cleaning member was
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head 1, the eccentric cam 88 noves the drive shaft 90 in the direction
vertical to the array of the nozzle openings 12 (vertically in the

drawi ng). Consequently, the ink |ayer attached adhering the surface of the
print head 1 is rubbed with the pad 86. \Wen the cl eaning device noves in
the longitudinal direction of the print head 1, the ink adhering to the
print head 1 is wiped off with the secoRd cl eani ng nenber 81

a rubber plate 1 mm thick. The front face of a nozzle plate of
a print head was coated with ; predetermined amount of ink.
Cleaning operations were carried out while exuding ink through
the nozzle openings. The same operations were also carried out
while not flowing ink therethrough, that is, in the
conventional manner. The number of cleaning operations
repeated until the normal print function of the print head was
restored was measured for different times elapsing after the
nozzle plate was coated with ink and left to stand. The
results of these méasurements were as shown in Fig. 6.

As seen from Fig. 6, when the cleaning operation of the
invention was used wherein cleaning was carried out in a state
where the nozzle openings and the adjacent areas are moistened
with ink oozing through the nozzle openings, only one cleaning
operation was required until the printing capability of the
print head was restored to normal when approximately 5,000
seconds (1.4 hour) elapsed after ink was adhered to the nozzle
plate. Even after 12 hours elapsed, only about five cleaning
operations were required until the print head regained its
normal print capability. |

In the conventional cleaning technique wherein the
nozzle plate is hot_ moistened with ink, £five cleaning
operations were required for a lapse of 30 seconds, and ten
cleaning operations, for a lapse of 60 seconds.

From these test results, it is seen that when the

cleaning operation of the invention is applied to an ink jet
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In-the cleaning device as descri bed above, a pair of cleaning nenbers, the
first and second cl eaning nenbers, are nounted on the carriage 83. In a

cl eani ng device shown in FIG 9, two pairs of first and second cl eani ng
menbers 95 and 96, and 97 and 98 are di sposed side by side in their
direction of novenent. The use of two pairs of cleaning nenbers provides
further inproved cleaning performanceslieFI GS. 10(a) and 10(b) are secti onal
vi ews show ng ' :

printer using ink of the type which tends to harden quickly and
has a high viscosity, the norm;l ink discharge capability of
the pfint head can be restored remarkably quickly.

In the embodiment described above, the first and second
cleaning members are constantly brought into contact with the
print head. Alternatively, the cleaning members may be
selectively brought into contact with the print head. In this
case, a drive unit, such as a solenoid, is coupled with the
support for ‘the cleaning members so that it selectively moves
the first and second cleaning members toward and from the face
of thé print ‘head. Thus, the cleaning device operates
selectively 'in a wiping mode and a rubbing mode, thereby
securing further complete cleaning.

Fig. 7 is a pefspective view showing another cleaning
device according to the present invention. In the figure,
referehce numeral 80 designates a first cleaning member, and
numeral 81 represents a second cleaning member. These first
and second cleaning members 80 and 81 are supported by a
carriage 83. The carriage 83 is quided by a guide member 31,
and 31 by means of a rack-pinion mechanism, in the direction in
which the noizle openings are arrayed. A pinion (not shown) in
the carriage B3 is in mesh with a rack 89 diéposed also in the
direction of the nozzlé opéping arréy.

In the first cleaning member 80, as shown in Fig. 8, a
pad 86 made of a water absorbing material not generating pieces

of thread, such as unwoven cloth, is placed on the surface of
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anot her type of the first cleaning nenber of the cleaning device with a
rubbing function, which can be used in the ink jet printer of the

i nvention. As shown, a main body case 100 extends al ong the array of the
nozzl e openings 12 of the print head 1. The body case 100 has an el ongated
opening in the side thereof facing the arrayed nozzl e openings 12. Through
t he el ongated opening, a cleaning unitl703 (to be described later) is
exposed to the outside. A cavity 102 for receiving

the parallelepiped base 85 made of elastic material, such as
rubber. The member body proper ls fastened to a drive shaft 90
engaging an eccentric cam 88, which is coupled with a rotary
drive unit 87. The member Eody proper is mounted on a base 93,
which is constantly pressed downward by springs 92, which are
inserted between the other end of the member body proper and a
frame 91. '

In operation, when the rotary drive unit 87 is rotated
in a state such that the cleaning device is in contact-with the

_print head 1, the eccentric cam 88 moves the drive shaft 90 in
the direction vertical to the array of the nozzle openings 12
(vertically -in £he drawing). Consequently, the ink léyer'
attached adhering the surface of the print head 1 is rubbed.
with the pad. 86. When the cleaning device.moves in the
longitudinal direction of the print head 1,.the ink adhering to
the print head 1 is wiped off with the second cleaning member
81.

In the cleaning device as described above, a pair 6f
cleaning members, the first and second cleaning members, are
mounted on the carriage 83. In a cleaning device shown in Fig.
9, two pairs of first and second cieaning members 95 and 96,
and 97 and 98 are disposed side by side in their direction of
movement. The use of two pairs of cleaning members provides
further improved cleaﬁing pérformances. |

Figs. lO(a)_ and 10(b) are sectional views showing

another type of the first cleaning member of the cleaning
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ink'residue is forned in the bottom of the main body case. The cl eaning

desi gnated by reference nuneral 103, is constructed such that, as

shown in FIG 11(a), a layer 106 fornmed of an unwoven cloth, for exanple,
is provided on the surface of a roller 105 nmade of elastic material, and
the roller 105 is fastened to a rotary shaft 104, which is driven by an
external device. A blade 107 resilientl§ contacts the surface of the

cl eaning unit 103 so that ink and ink residue adhering

device with a rubbing function, which can be used in the ink
jet printer of the invention. As shown, a main body case 100
extends along the array of the nozzle openings 12 of the print
head 1. The body case 100 has an elongated opening in the side
thereof facing the arrayed nozzle openings 12. Through the
elongated opening a cleaning unit 101 (to be described later)
is exposed to the outside. A cavity 102 for receiving ink
residue is formed in the bottom of the main body case.

The cleaning unit, designated by reference numeral 103,
is constructed such that, as shown in Fig. 11(a), a layer 106
formed of an unwoven cloth, for example, is provided on the
surface of a roller 105 made o£ elastic material, and tﬂe
roller 105 is fastened to a rotary shaft 104, which is driven
by an external device. A blade 107 resiliently contacts the
surface 6f the cleaning unit 103 so that ink and ink residue
adhering to the surface of tﬁe cleaning unit 103 are scraped
off the surface.

In operation, the cleaning unit 101 is rotated by means
of a drive unit (not shown) while exuding ink droplets through
the nozzle openings 12. The area around the nozzle openings is
rubbed with the unwoven cloth layer 106, thereby scraping the
hardened ink from the area. The ink residue scrapped off
through the process of cleaning drops into the cavity 102, and
is thus confined within thé main body case 100.

The cleaning unit 103 may use a brgsh as shown‘in Fig.

11(b). As shown, the brush, long and circular in cross
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to the surface of the cleaning unit 103 are scraped off the surface. In
operation, the cleaning unit 103 is rotated by neans of a drive unit-(not

'shown) whi | e exudi ng i nk droplets through the nozzl e openings 12. The area
around the nozzl e openi ngs

19

section, includes resilient bristles 111 fastened to a raotary
shaft 110. The resilient briséles 111 are made of synthetic
resin or a natural material which will not damage the nozzle
plate 1l1.

Cleaning units constructed as shown in Figs. 11(c) and
11(d) are suitable for the cleaning unit of the type in which
the shaft is reciprocatively turned. In the case of Fig.
11(c), a rubbing member 114 is mounted on a base plate 113,
which is reciprocatively turned by an external device. The
rubbing member 114 is constructed such that the surface of a .
long resilient member fixed to the base plate 113 is covered

. with unwoven cloth. In the case of Fig. 11(d), resilient
bristles 115 are planted in the base plate 113.

In the above-mentioned embodiment, ink dropleté'for
cleaning are supplied as in the ink discharging operation in
the print mode. 1In another ink jet printer shown in Fig. 12,
the ink jet printer has the ink flow control circuit 120, which
controls the operation of the pump 8, for supplying ink from
the ink tank 6 to the print head 1 at a slightly higher speed,
and/or the operation of fhe valve 7. In the operation of the
ink jet printer including the ink flow control circuit 120, the
ink pressure within the print head 1 is increased by a signal
from a control unit 121 similar fo that_o% the previous case.
Under this condition, the ink is discharged through all of the

nozzle openings 12 immediately before the cleaning operation
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I's Tubbed wth the unwoven cloth | ayer 106, thereby scrap- ing the hardened
ink fromthe area. The ink residue scrapped off through the process of

cl eaning drops into the cavity 102, and is thus confined within the main
body case 100. The cleaning unit 103 nmay use a brush as shown in FIG

11(b). As shown, the brush, |ong and 'r:zl rcular in cross section, includes
resilient bristles 111 fastened to a 6&ary shaft 110. The reS|I|ent

bristles 111 are nmade of synthetic
starts, and then the cleaning operétion by the second drive
circuit 52 starts.

In the above-described embodiments, ink is used for .
moistening the nozzle plate-ll. The ink may be replaced with
a liquid which will not harden the ink when it is applied
through the nozzle opening 12 to the print head 1. An example
of such a liquid is ink solvent. In this case, the cleaning
operation by the first and second cieaning members is carried
out after the nozzle plate 11 is coated with such a ligquid
using a suitable coating devica.

In the ink jet printers described above, ink droplets
discharged f;om the print head a?e raceived by the intermediate
recording medium, and then the image formed by the ink droplets
is transferred from the intermediate recording medium to a
print paper. It is evident though that the present invention
is applicable for the ink jet printer of the type in which an’
image is directly formed on the print paper by ink droplets
discharged frgm the print head.

As described above, the ink jet printer according to a preferrec

aspect of the present invention includes a print head including a plural

number of pressure generating chambers communicating with nozzle openings

and pressure.generating elements each for varying a pressure to
within a corresponding pressure generating chamber to jet from
the respective nozzle opening a stream of ink droplets, the
pressure generating chambers and the pressure generating

elements being arrayed in the width direction of a print paper;
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resin or a natural material which wll not damage the nozzle plate 11.

Cl eaning units constructed as shown in FIGS. 11(c) and 11(d) are suitable
for the cleaning unit of the type in which the shaft is reciprocatively
turned. In the case of FIG 11(c), a rubbing nenber 114 is nmounted on a
base plate 113, which is reciprocative5¥ turned by an external device. The
rubbi ng menber 114 is constructed such®Chat the surface of a | ong

head drive means for selectively outputting a first signal to
cause a stream of ink droplets at a speed suitable for print
and a second signal to cause ink to ooze through each nozzle
opening; cleaning means Eeing usually positioned in a
nonprinting region, but movable in the longitudinal direction
of the print head and with respect to a nozzle plate; drive
means for moving the cleaning means in the longitudinal
direction of the print head; and a control unit for.causing the
hggd drive means to output the second signal in connection with
a position of the cleaning meaﬁs. With such a construction,
dried ink adhering to the print head can be completely removed
without any special detergent, even if the ink of a type haviné
an increased viscosity and which is easily hardened, which is

used where print quality improvement is required.
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resilient menber fixed to the base plate 113 is covered with unwoven cloth.
I.Ln the case of FIG 11(d), resilient bristles 115 are planted in the base
plate 113. In the above-nenti oned enbodi nent, ink droplets for cleaning are

supplied as in the ink discharging operation in the—print—node—tmanot her

ink jet printer shown in FIG 12, the ink jet printer_hag t e'nn flage\g

control circuit 120, which controls thé%peration of CH e

supplying ink from o | " “ I|| '
CLAIMS

1. An ink jet printer comprising a plurality of nozzle
openings (12) through which in each printing operation
ink is ejected wupon actuation of pressure generating
members (17), cleaning means (30) for cleaning the nozzle
openings during a specific cleaning operation, means (31-
34) to engage said nozzle openings (12) and said cleaning
means (30) for said cleaning operation and means (50, 51,
52) to ooze ink through selected ones of said nozzle
openings (12) immediately before the cleaning operation.

2. An ink jet printer especially according to claim 1
comprising:

a print head (1) including a plurality of pressure
generating chambers (14) communicating with respective
nozzle openings (12) and a plurality of pressure
generating elements (17) each for varying a pressure
within a corresponding one of said pressure generating
chambers (14) to jet a stream of ink droplets from a
respective one of said nozzle openings (12), said
pressure generating chambers (14) and said pressure
generating elements (17) being arrayed in a width
direction of a print paper (26);

head drive means for selectively outputting a first
signal to said pressure generating elements (17) to cause
a stream of ink droplets to be ejected from said nozzle
openings (12) at a speed' suitable for print and a sécond
signal to cause ink to ooze through said nozzle openings
(12);

cleaning means (30) disposed in a nonprinting region
during normal printing operations of said printer, and
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the ink tank 6 to the print head 1 at a slightly higher speed, and/or the
operation of the valve 7. In the operation of the ink jet printer including
the i nk fl ow ThnSheesHagBeen Beglacd?0, the ink pressure within the print head 1
I S increased b1 a control unit 121 simlar to that of the
previ ous case dition, the ink is discharged through all of

the nozzl e openings 12 I nmmedi ately bef8re the cl eaning opera- tion starts,
and then the cl eaning operation by the second

movable in a longitudinal direction of said print head
(1) and with respect to a nozzle plate (11);

drive means (31-34) for moving said cleaning means (30)
in said longitudinal direction of said print head (1) to

wipe ink from said nozzle plate (11); and

control means (50, S1, 52) for causing said head drive
means to output said second signal when said cleaning
means (30) is wiping ink from said nozzle plate (11).

3. The ink jet printer according to claim 2, in which said
second signal is output to said pressure generating
elements (17) present in a noncleaning region during a
cleaning period. '

4. An ink jet printer especially according to claim 1
comprising:

a print head (1) including a plurality of pressure
generating chambers (14) communicating with respective
nozzle openings (12) and a plurality of pressure
generating elements (17) each for varying a pressure
within a corresponding one of said pressure generating
chambers (14) to jet a stream of ink droplets from a
respective one of said nozzle openings (12), said
pressure generating chambers (14) and said pressure
generating elements (17) being arrayed in a ‘width
direction of a print paper (26):

pump means (7) for forcibly supplying ink to said print

head (1); head drive means for selectively outputting a

signal to said pressure generating elements (17) to cause

a stream of ink droplets to be ejected from said nozzle
openings (12) at a speed suitable for printing;
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dri've circuit 52 starts. In the above-descri bed enbodi nents, |nk |s used
f or i i

Which will not harden the ink when it is applied thr ug @%T@;kgplagaem ng

12 to the print head 1. An exanple of such a liquid In this
case, the cleaning operation by the first and second s S
carried out after the nozzle plate 11 2% coated with

cleaning means (30) disposed in a nonprinting region
during normal printing operations of said printer, and
movable in a longitudinal direction of said print head
and with respect to a nozzle plate;

drive means (31-34) for moving said cleaning means (30)
in said longitudinal direction of said print head (1)
perform a cleaning operation to wipe ink from said nozzle
plate (11); and

control means (120, 121) for causing said pump means ( 7)
to ooze ink through the nozzle opening (12) immediately

before a cleaning operation.

5. The ink jet printer according to'any one of the preceding
claims, in which said cleaning means (30) comprises a
first cleaning member (40) for performing a rubbing
operation and a second cleaning member (46) for
performing a wiping operation.

6. The ink jet printer according to any one of the preceding

" claims, further comprising an ink guide member (48), said

first and second cleaning means (40; 46) being connected

to each other by said ink guide member (48), said ink

guide member (48) guiding ink wiped off by said second
cleaning member (46) to said first cleaning member (40).
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i quid using a suitable coating device.

In the ink jet printers described

above, ink droplets discharged fromthe print head are received by the

i nt er me-

- 12 - diate recording nedium and then the inmage fornmed by the

25

"INK JET PRINTER

ABSTRACT

An ink jet printer in which hardened ink 1is readily and
reliably removed from a nozzle plate (11). The ink jet
printer includes a ?rint head (1) having a plural number of
nozzle openings (12) arrayed in the width direction of a
recording paper (26), a head drive circuit (30; 51, 52) for
selectively outputting a first signal to cause a stream of
ink droplets at a speed suitable for print and a second -
signal to cause ink to ocoze through each nozzle opening (12),
and a cleaning device (30) with a rubbing function and which
is usually positioned in a nonprinting region, but is movable
in the longitudinal direction of the print head (1) and with
respect to a nozzle plate (11). In a cleaning mode, the
cleaning device K3d) is operated while oozing ink from the
nozzle openings (12). The hardened ink on the nozzle plate

" is dissolved by the oozing ink, and then removed therefrom

"through the rubbing and wiping operations of the cleaning

device (30).

FIGURE 1
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ink droplets is transferred fromthe internediate recording nediumto a
print paper. It is evident though that the present invention is applicable
for the ink jet printer of the type in which an image is directly formed on
the print paper by ink droplets discharged fromthe print head. As

| et printer of the present invention includes a

descri bed above;
nunber of pressure generating chanbers
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op€ni ngs and pressure generating el enents each for varying a pressure to
within a correspondi ng pressure generating chanber to jet fromthe
respective nozzl e opening a streamof ink droplets, the pressure generating
chanbers and the pressure generating elenents being arrayed in the width
direction of a print paper; head drive neans for selectively outputting a
first signal to cause a streamof ink dBoplets at a speed suitable for
print and a second signal to cuase ink to

| FIG. 2
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ooze t hrough each nozzl e opening; cleaning neans being usually positioned
in a nonprinting region, but novable in the |ongitudinal direction of the
print head and with respect to a nozzle plate; drive neans for noving the
cl eaning neans in the longitudinal direction of the print head; and a
control unit for causing the head drive nmeans to output the second signal
in connection with a position of the cl2aning means. Wth such a
construction, dried ink adhering to the
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pri'nt head can be conpletely renoved w thout any special detergent, even if
the ink of a type having an increased viscosity and which is easily

har dened, which is used where print quality inprovenent is required.
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What 'is claimed is: 1. Anink jet printer, conprising: a print head

I-ncl udi ng a nozzle plate, a plurality of pressure generating chanbers
respectively communi- cating with an array of nozzl e openings, and a
plurality of pressure generating elenents each for varying a pressure

Wi thin a correspondi ng one of said pres%yre generating chanbers to jet a

stream of ink droplets

FIG. 6

—
T
T

~BY THE CONVENTIONAL TECHNIQUE

BY THE INVENTION

P Y § Fan Y ¥
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NUMBER OF CLEANING OPERATION
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10 30 80100 300 1000 5000 100000 12
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froma respective one of said nozzle openings, wherein said pressure
generating chanbers and said pressure generating elenents are arrayed in a
width direction of a print paper; head drive nmeans for selectively
outputting a first signal to said pressure generating elenents to cause a
stream of ink droplets to be ejected fromsaid nozzle openings at a speed
suitable for print and a second signal t® cause :
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ink to ooze through said nozzle openings; cleaning means for cleaning said
nozzle plate, wherein said cleaning neans is disposed in a nonprinting
region during normal printing operations of said printer, is novable in a
direction of said array of nozzle openings and with respect to said nozzle
pl ate, and intersects a horizontal plane substantially defined by said
stream of ink droplets sprayed during s&id normal printing opera-
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tions; drive means for noving said cleaning means in said |ongitudinal
«direction of said print head to wipe ink fromsaid nozzle plate; and

control neans for causing said head drive nmeans to output said second
signal when said cleaning neans is wping ink fromsaid nozzle plate,
wherein said cl eaning neans conpri ses % first cleaning
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o REPLACEMENT SHERTS
mefrker for perform ng a rubbing ope?w‘fsl&onﬂand ﬂq‘é\ NG q men ¥ Srcb

;performng a w ping operation and wherein sai d rwp {.1g -' peréj n, an’d fid;'
Wi pi ng operation are-simltaneously perforned Cbnmsfq,"_q,_ _,6zzl
ink jet printer according to claim1 further cd |hga’n ‘d‘eﬁ”' ----

menber, said first cleaning nenber and said sego d}%:‘f“é‘anl ngp%ﬁﬁber OpBASHE -----
connected to each -1 -
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INK JET PRINTER WITH A CLEANING
APPARATUS FOR REMOVING HARDENED
INK FROM A NOZZLE PLATE OF A PRINT

HEAD

BACKGROUND OF THE INVENTION

The present invention relates to an ink jet printer employ-
ing a cleaning technique for preventing the nozzles of a print
head from being clogged, particularly in an ink jet printer of
the type which uses high viscosity ink which hardens easily
80 as to improve print quality.

In a known ink jet printer, a print head includes a plural
number of combinations cach including a pressure generat-
ing chamber, a nozzle communicating with the pressure
generating chamber, and a pressure generating element for
varying the pressure within the pressure generating chamber.
Print data signals drive the pressure generating elements tor
cause the discharge of a stream of ink droplets through the
nozzles. An image is formed by the ink droplets discharged.
This type of ink jet printer requires a smaller number of
movable parts than a wire impact type printer. In this respect,
the former is superior to the latter. Acco:dingly, the former
prnter has advantages of generation of less noise and
reduction of the size and cost. However, the former is:
inferior to melattetforthemsonthatsmcemkmhqmd‘
form is used to print images on a print paper, sometypaof
pdnt paper blot easily, deteriorating print quality.

U.S. Pat. No. 4,538,156 succeeds in solving the blotnng
problem. As disclosed therein, an intermediate recording
medivm is provided in the form of a drum or 2 belt. Ink -
droplets ﬁomtheprintheadarereceivedbyttwintctmediate
recording medium. After ink solvent is volatilized to some
extent, the ink image formed on the recording medium is
transferred to the print paper. W‘nhthxsmangement.the'
paper does not blot, regardless of its type, and good print
quality is secured.

However, the printer of the above-mentioned patent must
use ink of higher viscosity than a printer which projects
streams of ink droplets toward the print paper directly in
order to secure reliable transfer of the ink image from the
intermediate recording medium to the print paper. Ink mist
generated when ink is jetted through nozzle openings and
ink spray bouncing from the intermediate recording medium
collect on and adhere to the front face of the nozzle and form
stiff films therean. The thus-formed films can cause the jets
of ink droplets to deviatc from the inteaded course, leading
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othéﬁ by'said i nk gui de menmber, said ink guide nenber guiding ink w ped off
5y said second cleaning menmber to said first cleaning member. 3. An ink jet
printer, conprising: a print head including a nozzle plate, a plurality of

to deterioration of print quality. To avoid this, the ink films
must be removed at appropriate intervals of time.

The ink jet printer of the type in which ink is directly
jetted toward the print paper suffers from the same problem.
To cope with this, many types of cleaning devices have been
proposed to remove ink adhering to the front face of the
nozzle plates. However, in general these cleaning devices
have been found to insufficiently remove the ink which

- contains compositions such as certain emulsions or sugars
added thereto soas to increase the viscosity of ink and make
it easy to form ink films of a type which attains improved
print quality.

SUMMARY OF THE INVENTION

In light of the above problems of the prior art printers, it
is an object of the present invention to provide an ink jet
printer which is capable of reliably removing ink films
adhering to the front face of a print head.

To achieve the above object, there is provided an ink jet
printer comprising: a print head including a plural number of
pressure generating chambers communicating with nozzle
openings and pressure gencrating elements each for varying
a pressure to canse the ejection of a stream of ink droplets
from the pressure chamber through the nozzle openings, the
pressure generating chambers and the pressure generating
elements being arrayed in the width direction of a print
paper; head drive means for selectively outputting a first
signal to cause a stream of ink droplets at a speed suitable
for printing ard a second signal to cause ink to ooze through
cach nozzle opening; cleaning means usually positioned in

. a nonprinting region, but movable in the longitudinal direc-
tion of the print head and with respect to anozzle plate; drive
means for moving the cleaning means in the longitudinal
direction of the print head; and control means for causing the
head drive means to output the second signal in connection
with the position of the cleaning means.

In the ink jet printer thus constructed, ink is discharged to
such an measure as to moisten the front face of the nozzle
plate before the cleaning means is operated. Accordingly, the

ink hardened with time on the nozzle plate can easily be
dissolved by the ink solvent,

BRIEF DESCRIPTION OF THE DRAWINGS
FIG.1isa perspective view showing an ink jet printer
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- 14 - pressure generating chanbers comunicating with respective nozzle
openings, and a plurality of pressure generating el enents each for varying
a pressure within a correspondi ng one of said pressure generating cham
bers to jet a streamof ink droplets froma respective one of said nozzle

openi ngs, wherein said pressure gener- ating chanbers and said pressure
generating el enents -3 -

constructed in accordance with a preferred embodiment of
the present invention;

FIG. 2 is a cross-sectional view showing an embodunent
of a print head applicable for the ink jet printer of FIG. 1;
FIG. 3 is an enlarged view showing a cleamng device used
.in the ink jet printer of FIG. 1;

FIG. 4 is a block diagram showing the anangement of a
control unit for the cleaning device in FIG. 1;

FIGS. 5(a), 5(b), and S(c) are diagrams showing the
operation of the cleaning device;

FIG. 6 is a graph comparatively showing the number of
cleaning operations vs. the time elapsed after the application
of ink for coating;

FIG. 7 is a perspective view showing another cleaning
device according to the present invention;

FIG. 8 is a sectional view showing the details of the .
cleaning device of FIG. 7;

FIG. 9 is a perspective view showing yet another cleaning
device according to the present invention;

FIGS. 10(a) and 10(b) are sectional views showmg
another type of the first cleaning member of the cleaning
device in the ink jet printer of the invention;

FIGS. 11(a) to 11(d) are perspective views showing
examples of cleaning units applicable for the first cleamng
member; and

FIG. 12 is a perspective view showing an ink jet printer
according to another embodiment of the present invention.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Preferred embodiments of the present invention will be
described with reference to the accompanying drawings.

FIG. 1 is a perspective view showing an ink jet printer
constructed in accordance with a first preferred embodiment
of the present invention. In the figure, reference numeral 1
designates a print head for emitting a jet of ink droplets

_ toward an intermediate recording medium (to be described.
later). The recording or print heaﬁ 1, which has an elongatcd )

form, includes an array of nozzle openings extending in the
width direction of a print paper so as to form a plural number
of dots arrayed in a similar fashion by one time emission of
ink. -

In FIG. 2 showing an example of the print head 1,
reference numeral 11 designates a nozzle plate. About 2,000
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aré-arrayed in a width direction of a print paper, punp neans for forcibly
Ssupplying ink to said print head; head drive neans for selectively
outputting a signal to said pressure generating elenments to cause a stream
of ink droplets to be ejected fromsaid nozzle openings at a speed suitable
for printing; cleaning neans for cleaning said nozzle plate, wherein said
cl eaning neans is disposed in a nonprintigg-region

nozzle openings 12 are arrayed linearly or in a zig-zag
fashion in the nozzle plate 11. The array of the nozzle
openings 12 is long cnough to cover the width of a print
paper of the maximum size. A plural aumber (e.g., 400) of
nozzle openings 12 are arrayed at the pitch of a plural
pumber (e.g., five) of dots in the row direction. The print
head 1 is shifted one dot every turn of an intermediate
recording medium 3 so as to complete the image formation
of one page when it is turned five times.

Alternatively, the print head 1 may be constructed shorter
than the print paper width, having, for example, 100 nozzle
openings 12 arrayed at a pitch of five dots. In this case, five
cycle motions of the print head 1 completes the formation of

- an image of length equal to the width of the print head 1.
Then, the print head 1 is moved a distance of the entire
length of the head, and the above steps are repeated to form
an image of the print paper width.

A spacer 13, when mounted on the printer while separat-
ing the adjacent nozzle openings 12, defines pressure gen-
erating chambers 14 equidistantly arrayed in the horizontal
direction. A vibrating plate 15 having a thick part facing
each pressure generating chamber 14 is supported by an ink
supply member 16. A piezoelectric vibrator 17 is constructed
such that a piezoelectric vibrating member is sandwiched by
electrodes so that it vibrates in a longitudinal vibration mode
by a drive voltage as low as possible. The same number of
piezoelectric vibrators 17 as that of the nozzle openings 12
are fixed to a base 18 in a state that the forward ends of the
piezaoelectric vibrators 17 are in contact with the vibrating
plate 15. Each piezoelectric vibrator 17 is operable in two
modes. In the first mode, when receiving a drive signal, the
piezoelectric vibrator 17 praduces energy sufficient to cause
ink droplets to strike against the surface of the intermediate
recording medium 3 at the speed of 6 m/s or more. In the
second mode, it produces such a small energy as to canse ink
to only ooze through the nozzle apening 12.

In order to smoothly supply ink to the entire elongated
print head 1, the print head 1 is connected to an ink tank 6
by way of ink flow paths 4 and §, such as tubes. A pump 8
is inserted in the ink flow path 5. A valve 7 is inserted in the
ink flow path 4. Through the ink flow circuit, ink is supplied
to the print head 1 in a circulating manner. In the print head
1, ink is supplied to the pressure genérating chambers 14
through support members 19. Because of the clongated
shape of the print head 1, it is mounted on a support member
9. A drive device 20 is provided at one end of the support
member 9, while a spring 21 is connected to "he other end
of the support member 9. When the drive device 20 is tumed
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duﬁiﬂg normal printing operations of said print, is novable in a
dongitudinal direction of said print head and with respect to said nozzle
plate, and intersects a horizontal plane substantially defined by said
stream of ink droplets sprayed during said normal printing opera- drive
means for noving said cleaning nmeans in said |ongitudinal direction of said
print head performa cleaning operation ta W pe ink fromsaid nozzle plate;

in the direction of an arrow C, it cooperates with spring 21
to move the support member 9 or the print head 1 2 small
distance reciprocatively in the directions of arrows G and F
(paper width direction). In this way, the print head 1 can emit
ink at an appropriate position.

The intermediate recording medium 3, which receives ink
droplets from the print head 1, is constructed with a drum of
such a length as to be able to receive ink droplets from the
print head 1. A layer of silicone rubber is formed on the
surface of the drum so that an ink image formed thereon can
easily be transferred to a recording paper 26. The interme-
diate recording medium 3 is coupled with a motor 24
through a power transmission 22 and 23. The intermediate
recording medium 3 is rotated in the direction of an arrow
H in synchronism with the emission of ink droplets by a
drive system including the motor 24 and the power trans-
mission 22 and 23.

Above the intermediate recording medium 3, the pressure
roller 25 is supported by bearings such that it may come in
contact with and be moved away from the intermediate
recording medium 3. At the completion of the formation of
an ink image on the intermediate recording medium 3,
paired springs 27 and 27 push the pressure roller 25 in the
direction of an arrow I so that the pressure roller 25 presses
the recording paper 26 against the intermediate recording
medium 3.

A cleaning device 30 is mounted on a carriage 34. The
carriage 34 is supported by a pair of guides 31, and coupled
with a motor 33 by a timing belt 32. In a print mode of the
printer, the carriage 34 carrying the cleaning device 30 stays
outside a printing region, and in a cleaning mode, it is
movable over the entire length of the print head 1.

In FIG. 3 showing the details of the cleaning device used
in the ink jet printer, reference numeral 40 designates a first
cleaning member whose function is to rub the front face of
the nozzle plate 11. In the construction of the first cleaning
member 40, a roller 43 made of elastic material, for
example, rubber, is formed on a rotary shaft 42 that is

. connected through a power transmission means 41 to a drive
* source (not shown). A layer of unwoven cloth 45, which is
made of fine fibers and hence free of pieces of thread, is
layered on the surface of the roller 43. The rotary shaft 42

- of the roller 43 is rotatably supported by a base member 4.

Reference numeral 46 designates a second cleaning mem-
ber whose function is to wipe the front face of the nozzle
plate 11. The second cleaning member 46, which is to be in
resilient contact with the front face of the print head 1, is
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and.control neans for causing said punp neans to ooze ink through the
.hozzl e opening i medi ately before a clean- ing operation, wherein said

cl eani ng means conprises a first cleaning nmenber for performng a rubbing
operation and a second cl eaning nenber for performng a w ping operation
and wherein said rubbing operation and said

-6 -

formed with a plate of chloroprene rubber approximately 1
mm thick. The second cleaning member 46 is located
adjacent the first cleaning member 40 as viewed in the
carriage moving direction. An ink guide member 48 is
provided for guiding the ink wiped off by the second
cleaning member 46 to the first cleaning member 40. The ink
guide member 48 is slantingly disposed such that onc ead of
the ink guide member 48 is located under the lower end of
the second cleaning member 46, while the other end thereof
is disposed at a location below the lower end of the second
- cleaning member 46 in a state such that it is brought into
contact with the surface of the first cleaning member 40.

Returning to FIG. 1, reference numeral 50 designates a
control unit for controlling the cleaning operation of the
print head 1. The control unit 50 controls both a first drive
circuit 51 and a second drive circuit 52 for moving the
cleaning device 30.

As shown in FIG. 4, the control unit 50 is composed of a
signal discriminator 60, a cleaning device control unit 61, a
position detector 62, an ink-feed signal gencrator 63, and a
timer 64. The signal discriminator 60 discriminates a clean-
ing instruction contained in a signal received from an

- external device. The cleaning device control unit 61 controls
sthe rotation and the positioning of the cleaning device 30.
The position detector 62 detects the position of the cleaning
-unit 30, for example, with a counter for counting the number
“of drive pulses supplied to the motor 33. In connection with
*the position of the cleaning device 30, the ink-feed signal
. generator 63 produces a signal for causing the print head 1
. to discharge ink with an ink drive energy of such magnitude
as to moisten the print head 1, e.g., an energy approximately
Yo to ¥ as large as the drive energy for printing. The timer.
64 sets the time interval of the cleaning operation.

The operation of the ink jet printer thus constructed will
be described. In the ink jet printer, in response to a print
instruction from an external device, the motor 33 is operated
to retract the cleaning device 30 to a nonprinting region,
while at the same time the motor 24 is operated to turn the
intermediate recording medium 3 in the direction H. When
the rotation of the intermediate recording medium 3 settles
to a stationary speed, the first drive circuit 51 produces a
drive signal which drives the piezoelectric vibrator 17
designated by print data to cause the discharge of the streams
of ink droplets for printing. In response to the drive signal,
the print head 1 discharges jets of ink droplets toward the
intermediate recording medium 3, thereby forming an image
of ink as the mirror image of an image to be printed. When
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Wi pi.ng operation are sinmultaneously perforned on said nozzle plate. 4. The
.nk jet printer according to claim3, further conprising an ink guide
menber, said first cleaning nmenber and said second cl eani ng nmenber being
connected to each other by said ink guide nmenber, said ink guide nenber
guiding ink wi ped off by said second cleaning nenber to said first

cl eani ng nenber. -7 -

the intermediate recording medium 3 is rotated one turn, 2
signal is supphedtothcdnveumtzo In response to this
ngnal the print head 1 is moved a predetermined distance
in the paper width direction, for example, the direction F. As
aresult, an image of ink is formed at the pasition designated
by the print data as previously stated.

At the completion of forming the ink image of the print

~data on the intermediate recording medium 3, a recording
paper 26 is supplied from 2 paper cassette (not shown) to a
transfer region, i.e., a region under the pressure roller 25.
Then, the pressure roller 25 presses the recording paper 26
against the intermediate recording medium 3 in cooperation
with the springs 27. Under this condition, the recording
paper 26 is forwarded in synchronism with the movement of
the half-dried ink image on the surface of the intermediate
recording medium 3. As a result, the ink image is transferred
to the recording paper 26 with the assistance of i its increased
viscosity.

When the printing process as mentioned above has been
continued for a period of time, ink spray is attached to the
surface of the nozzle plate 11 of the print head 1 and dried.
The ink spray attached and dried can possibly change the
speed and direction of the streams of ink droplets. Accord- °
ingly, the print quality gradually deteriorates.

At an appropriate time before the print quality deteriora-
tion starts, in 2 nonprinting mode of the printer, anopetator
pushes a button for issuing a cleaning instruction or the timer
64 produces 2 cleaning instruction signal when a count
reaches a preset value. The signal discriminator 60 discrimi-

... nates the cleaning instruction, and outputs a signal to the
:;;; control unit 61. The control unit 61 outputs a signal to the

> second drive circuit 52, which then causes the motor 33 to
mm.Withtheumnngoftkcmotcr the cleaning device 30

is moved from the nonprinting region to the printing region.
At the same time, the second drive unit drives the first
cleaning member 40 to tum.

The output signal of the signal discriminator 60 is also
input to the ink-feed signal generator 63. The ink-feed signal
generator 63 receives a signal indicative of the present
position of the cleaning device 30 from the position detector
62, and selects the nozzle opening 12 confronted by the first
cleaning member 40 and several nozzle openings 12 pre-

- ceding and subsequent to the former opening. Then, the
ink-feed signal generator 63 drives the first drive circuit 51
to output a drive signal to the plezoelectnc vibrators 17
concspondmg to the selected nozzle openings 12 through
which ink is to be forcibly discharged.

Dried ink spots 70 located forward of the first cleaning
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5. An ink jet printer conprising: a print head incIudfng a nozzle plate, a
.plurality of pressure generating chanbers respectively comuni- cating with
an array of nozzle openings, and a plurality of pressure generating

el ements each for varying a pressure within a correspondi ng one of said
pressure

- 8-

member 40 (on the left side of the first cleaning member 40

in FIGS. 5(a), 5(b), and 5(c) are moistcned and softened by
ink droplets 71 discharged from the nozzle openings 12. The
first cleaning member 40 rubs the moistened ink spots 70 off
the front face of the nozzle plate 11 using as a lubricant ink
droplets 71 exuding through the nozzle openings 12 (FIG.
5(a)). The ink thus rubbed off is wiped away by the layer of
unwoven cloth 45 of the first cleaning member 40 (FIG.
5(b)). -

In the region of the front face of the nozzle plate 11 after
it has experienced the ink rubbing-off operation by the first
cleaning member 40, the nozzie openings 12 located for-
ward of the second cleaning member 46 also discharge ink.
Accordingly, the region where rubbing has been completed
is further moistened by the ink. In this state, if the cleaning
device 30 is further moved forward, the second cleaning
member 46 now passes the rubbing-off completed region to
wipe away ink 72 left after the cleaning by the first cleaning
member 40 and the ink discharged from the nozzle openings
12 (FIG. 5(c)). In this way, ink left after the cleaning by the
first cleaning member 40 and ink residue attached again are
wiped away by the second cleaning member 46. The ink and
the ink residue thus wiped off drop into the ink guide
member 48 and flow to the first cleaning member 40. The ink
is then absorbed by the unwoven cloth 45 of the first
cleaning member 40, and used to moisten the front face of
the nozzle plate 11. The use of the ink thus collected
eliminates an additional supply of fresh ink for cleaning.

When the cleaning device 30 moves along the nozzle
plate 11 and reaches the other end of the nozzle plate 11, the
control unit 61 detects this and rotates the motor 33 in the
reverse direction and moves the cleaning device 30 to the
nonprinting region. This cleaning operation is repeated until
the print head 1 regains the normal ink discharge function.
When a preliminary cleaning operation is carried out
becanse of small amounts of the ink spray and residue on the
front face of the nozzle plate 11, the first cleaning member
49 is rotated at a reduced speed.

In this embodiment, the ink is continuously discharged
'from the nozzle openings 12 located in the cleaning region.
If required, it may be discharged intermittently. .

A cleaning device including a first cleaning member and
a second cleaning member was used. In the first cleaning
member, a layer of unwoven cloth covered the surface of 2
rubber roller 16 mm in diameter. The first cleaning member
was rotated at a speed of 120 rpm. The second cleaning
member was 2 rubber plate 1 mm thick. The front face of a
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- 15 - generating chanbers to jet a streamof ink droplets froma
respective one of said nozzle openings, wherein said pressure generating
chanbers and said pressure generating elenents are arrayed in a width

direction of a print paper; head drive neans for selectively outputting a
first signal

- 9-

nozzle plate of a print head was coated with a predetermined
amount of ink. Cleaning operations were carried out while

. exuding ink through the nozzle openings. The same opera-
tions were also carried out while not flowing ink there-
through, that is, in the conventional maaner. The number of
cleaning operations repeated until the normal print function
of the print head was restored was measured for different
times elapsing after the nozzle plate was coated with ink and
left to stand. The results of these measurements were as
shown in FIG. 6.

As seen from FIG. 6, when the cleaning operation of the
invention was used wherein cleaning was camied out in a
state where the nozzle openings and the adjacent areas are
moistened with ink cozing through the nozzle openings,
only one cleaning operation was required until the printing
capability of the print head was restored to normal when
approximately 5,000 seconds (1.4 hour) elapsed after ink
was adhered to the nozzle plate. Even after 12 hours elapsed,
only about five cleaning operanons were required until the
print head regained its normal print capability.

In the conventional cleaning technique wherein the nozzle
plate is not moistened with ink, five cleaning operations
were requu'ed for a lapse of 30 seconds, and ten cleaning
operations, for a lapse of 60 secounds.

From these test results, it is seen that when the cleamng
operanon of the invention is applied to an ink jet printét
using ink of the type which tends to harden quickly agd has_
a high viscosity, the normal ink discharge capability of the
print head can be restored remarkably quickly. o

In the embodiment described above, the first and second
cleaning members are constantly brought into contact with
the print head. Alternatively, the cleaning members may be
selectively brought into contact with the print head. In this
case, a drive unit, such as a solenoid, is coupled with the
support for the cleaning members so that it selectively
moves the ficst and second cleaning members toward and
from the face of the print head. Thus, the cleaning device
operates selectively in a wiping mode and a rubbing mode,
thereby securing further complete cleaning.

FIG. 7 is a perspective view showing another cleaning
device according to the present invention. In the figure,
reference numeral 80 designates a first cleaning member,
and numeral 81 represents a second cleaning member. These =
first and second cleaning members 80 and 81 are supported ... ..
by a carriage 83. The carriage 83 is guided by a guide
member 31, and 31 by means of a rack-pxmon mechanism,
in the direction in which the nozzle openings arc arrayed. A
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to’said pressure generating elenents to cause a streamof ink droplets to
be ejected fromsaid nozzl e openings at a speed suitable for print and a
second signal to cause ink to ooze through said nozzle dpenings; cleaning
means for cleaning said nozzle plate, wherein said cleaning neans is

di sposed in a nonprinting region during normal. printing operations of said
printer, is novable in a direction of f&ig array of nozzl e openings

pinion (not shown) in the carriage 83 is in mesh with a rack
89 disposed also in the direction of the nozzle opening array.

In the first cleaning member 80, as shown in FIG. 8, a2 pad
86 made of a water absorbing material not generating pieces
of thread, such as unwoven cloth, is placed on the surface of
the parallelepiped base 85 made of elastic material, such as
rubber. The member body proper is fastened to a drive shaft
90 cngaging an eccentric cam 88, which is coupled with a
rotary drive unit 87. The member body proper is mounted on
a base 93, which is constantly pressed downward by springs
92, which are inserted between the other end of the member
body proper and a frame 91.

In operation, when the rotary drive urit 87 is rotated ina
state such that the cleaning device is in contact with the print
head 1, the eccentric cam 88 moves the drive shaft 90 in the
direction vertical to the array of the nozzic openings 12
(vertically in the drawing). Consequently, the ink layer
attached adhering the surface of the print bead 1 is rubbed |

_ with the pad 86. When the cleaning device moves in the -
longitudinal direction of the print head 1, the ink adhering to
the print head 1 is wiped off with the second cleaning
member 81. _

Tn the cleaning device as described above, 2 pair of :
cleaning members, the first and second cleaning members,
are mounted on the carriage 83. In a cleaning device shown
in FIG. 9, two pairs of first and second cleaning members 95
and 96, and 97 and 98 are disposed side by side in their
direction of movement. The use of two pairs of cleaning
members provides further improved cleaning performances.

FIGS. 10(a) and 10(b) are sectiomal views showing
another type of the first cleaning member of the cleaning
. device with a mbbing function, which can be used in the ink -
jet printer of the invention. As shown, 2 main body case 100
extends along the array of the nozzle openings 12 of the print
head 1. The body case 100 has an clongated opening in the
side thereof facing the arrayed nozzle openings 12. Through
the elongated opening, a cleaning unit 103 (to be described
later) is exposed to the outside. A cavity 102 for receiving
ink residue is formed in the bottom of the main body case.

The cleaning unit, designated by reference nu 103,
is constructed such that, as shown in FIG. 11(q), a layer 106
formed of an unwoven cloth, for example, is provided on the
surface of a roller 105 made of elastic material, and the roller
105 is fastened to a rotary shaft 104, which is driven by an
external device. A blade 107 resiliently contacts the surface
of the cleaning unit 103 so that ink and ink residue adhering
to the surface of the cleaning unit 103 are scraped off the
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and with respect to said nozzle plate, intersects a horizontal plane
substantially defined by said streamof ink droplets sprayed during said
normal printing opera- tions, and conprises a first cleaning nmenber for
per- form ng a rubbing operation and a second cl eani ng nenber for
performng a w ping operation; drive nearld for noving said cl eani ng nmeans
in said longitudinal direction of said print head to w pe ink

surface.

In operation, Je cleaning unit 103 is rotated by means of
a drive unit (not shown)while exuding ink droplets through
the nozzle openings 12. The area around the nozzle openings
is rubbed with the unwoven cloth layer 106, thereby scrap-

. ing the hardened ink from the area. The ink residue scrapped
" off through the process of cleaning drops inta the cavity 102,
and is thus confined within the main body case 100.

The cleaning unit 103 may use a brush as shown in FIG.
11(5). As shown, the brush. long and circular in cross
section, includes resilient bristles 111 fastened to a rotary
shaft 110. The resilient bristles 111 are made of synthetic
fesin or a natural material which will not damage the nozzle -
plate 11. ] .

Cleaning units constructed as shown in FIGS. 11(c) and
11(d) are suitable for the cleaning unit of the type in which
the shaft is reciprocatively tumed. In the case of FIG. 11(c),
a rubbing member 114 is mounted on a base plate 113, which
is reciprocatively turned by an external device. The rubbing
member 114 is constructed such that the surface of a long
resilient member fixed to the base plate 113 is covered with

" unwoven cloth. In the case of FIG. 11(d), resilicat bristles
115 are planted in the base plate 113.
In the above-mentioned embodiment, ink droplets for
" cleaning are supplied as in the ink discharging operation in
the print mode. In another ink jet printer shown in FIG. 12,
the ink jet printer has the ink flow control circuit 120, which
controls the operation of the pump 8, for supplying ink from
the ink tank 6 to the print head 1 at a slightly higher speed,
and/or the operation of the valve 7. In the operation of the
ink jet printer inciuding the ink flow control circuit 120, the
- -ink pressure within the print bead 1 is increased by a signal
from a control unit 121 similar to that of the previous case.
Under this condition, the ink is discharged through all of the
nozzle openings 12 immediately before the cleaning opera-
tion starts, and then the cleaning operation by the second
drive circuit 52 starts.

In the above-described embodiments, ink is used for
moistening the nozzie plate 11. The ink may be replaced
with a liquid which will not harden the ink when it is applied
through the nozzle opening 12 to the print head 1. An
example of such a liquid is ink solvent. In this case, the

.cleaning operation by the first and second cleaning members
is carried out after the nozzle plate 11 is coated with such a
liquid using a suitable coating device.

In the ink jet printers described above, ink droplets
discharged from the print head are received by the interme-

-~
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fromsaid nozzle plate; control neans for causing said head drive neans to
out put said second signal when said cleaning neans is wiping ink fromsaid
nozzl e plate; and an i nk guide nenber, wherein said first cleaning nenber
and sai d second cl eaning nenber are connected to each other by said ink
gui de nenber and wherein said ink guide nenber guides ink w ped off by said
second -12 -

diate recording medium, and then the image formed by the
ink droplets is transferred from the intermediate recording
medium t0 a print paper. [t is evident though that the present
Inventon 1 applicable for the ink jet printer of the type in
which an image is directly formed on the print paper by ink
droplets discharged from the print head. ]
] As described above, the ink jet printer of the present
invention includes a print head including a plural sumber of
pressure generating chambers communicating with 10Z
openings and pressure generating clements each for varying
a pressure to within a corresponding pressure'gcnetanng
chamber to jet from the respective nozzle opening a stream
of ink droplets, the pressure generating chamber. and the
pressure generating elements being arrayed in the widthi
direction of a print paper; head drive means for selectively |
outputting a first signal to cause a stream of ink droplets at'
a speed suitable for print and a second signal to cause ink to .
ooze through each nozzle opening; cleaning means being
usually positioned in a nonprinting region, but movabie in
the longitudinal direction of the print head and with respect
to a nozzle plate; drive means for moving the cleaning
means in the longitudinal direction of the print head; and a
control unit for cansing the head drive means to output the
second signal in connection with a position of the cleaning
means. With such a construction, dried ink adhering to the
prnt head can be completely removed without any special
detergent, even if the ink of a type baving an increased
viscosity and which is easily hardened, which is used where
print quality improvement is required.
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cl éaning nmenber to said first cleaning nenber. 6. An ink jet printer
conprising: a print head including a nozzle plate, a plurality of pressure
generating chanbers communicating with respective nozzl e openings, and a
plurality of pressure generating elenents each for varying a pressure

wi thin a correspondi ng one of said pressure generating cham bers to jet a
streamof ink droplets froma respectivejn¥% _

What is claimed is:
L An ink jet printer, comprising: ;
a print head including 2 nozzle plate, a plurality of
pressure generating chambers respectively communi-
cating with an array of nozzle openings, and a plurality
of pressure generating clements cach for varying a
pressure within a comresponding one of said pressure
generating chambers to jet a stream of ink draplets
from a respective one of said nozzle openings, wherein
said pressure generating chambers and said pressure
generating clements are arrayed in a width direction of
a print paper;

head drive means for selectively outputting a first signal
to said pressure generating clements to cause a stream
of ink droplets to be ejected from said nozzle openings
at a speed suitable for print and a second signal to cause
- ink to ooze through said nozzle openings;

cleaning measns for cleaning said nozzle plate, wherein
said cleaning means is d.tsposed ina nonpnntmg :egmn
during normal printing operations of said printer, is
movable in a direction of said array of nozzle openings
and with respect to said nozzle plate, and intecsects a
horizontal plane substantially defined by said stream of
ink droplets sprayed during said normal printing opera-
tions;

drive means for moving said cleaning means in said
‘longitudinal direction of said print head to wipe ink
from said nozzle plate; and

_ control means for causing said head drive means to output

said second signal when said cleaning means is wiping
ink from said nozzle plate,

wherein said cleaning means comprises a first cleaning

member for performing a rubbing operation and a

second cleaning member for performing a wiping

operation and wherein said rubbing operation and said

wiping operation are simultaneously performed on said
~ nozzle plate.

2. The ink jet printer according to claim 1, further
comprising an ink guide member, said first cleaning member
and said sccond cleaning member being connected to each
other by said ink guide member, said ink guide member

- guiding ink wiped off by said second cleaning member to
said first cleaning member.

3. An ink jet printer, comprising:

. a print head including a nozzle plate, a plurality of

‘) O
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of 'said nozzl e openings, wherein said pressure gener- ating chanbers and
said pressure generating elenments are arrayed in a width direction of a
print paper, punp neans for forcibly supplying ink to said print head; head
drive neans for selectively outputting a signal to said pressure generating
el ements to cause a stream of

- 14 -

pressure generating chambers communicating with
respective nozzle openings, and a plurality of pressare
generating clements each for varying a pressure within
" a comresponding one of said pressure generating cham-

bers to jet a stream of ink droplets from a respective one
of said nozzle openings, wherein said pressure gener-
ating chambers and said pressure generating elements
are arrayed in 2 width direction of 2 print paper;

pump means for forcibly supplying ink to said print head;

head drive means for selectively outputting a signal to
said pressure generating elements to cause a stream of
ink droplets to be ejected from said nozzle openings at
a speed suitable for printing;

cleaning means for cleaning said nozzle plate, wherein
said cleaning means is disposed in a nonprinting region
during normal printing operations of said printer, is
movable in a longitudinal direction of said print head
and with respect to said nozzle plate, and intersects a
horizontal plane substantially defined by said stream ef
ink droplets sprayed during said normal printing opera-
tions;

drive means for moving said cleaning means in said
longitudinal direction of said print head perform a
cleaning operation to wipe ink from said nozzle plate;
and .

control means for causing said pump means to coze ink
through the nozzle opening immediately before a clean-
ing operation,

wherein said cleaning means comprises a first cleaning

member for performing a rubbing operation and a
sccond cleaning member for performing a wiping
operation and wherein said rubbing operation and said
wiping operation are simultaneously performed on said
nozzle plate.

4. The ink jet printer according to claim 3, further
comprising an ink guide member, said first cleaning member
and said second cleaning member being connected to each
other by said ink guide member, said ink guide member
guiding ink wiped off by said second cleaning member to

said first cleaning member.
8. An ink jet printer comprising:

a print head inciuding a nozzle plate, a plurality of
pressure generating chambers respectively communi-
cating with an array of nozzle openings, and a plurality
of pressure generating elements each for varying a
pressure within a comresponding one of said pressure

A A
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- 16 - ink droplets to be ejected fromsaid nozzl e openings at a speed
suitable for printing; cleaning neans for cleaning said nozzle plate,
wherein said cleaning neans is disposed in a nonprinting region during
normal printing operations of said printer, is novable in a |ongitudinal
direction of said print head

-15_

generating chambers to jet a stream of ink droplets
from a respective one of said nozzle openings, wherein
said pressure generating chambers and said pressure
generating elements are arrayed in 2 width direction of
a print paoer; _ :

head drive means for selectively outputting a first signal -
to said pressure generating elements to cause a stream
of ink droplets to be ejected from said nozzle openings
at a speed suitable for print and a second signal to cause
ink to ooze through said nozzle openings; .

cleaning means for cleaning said nozzle plate, wherein
said cleaning means is disposed in a nonprinting region
during normal printing operations of said printer, is
movable in a direction of said array of nozzle opeanings
and. with respect to said nozzle plate, intersects &
horizontal plane substantially defined by said stream of
ink droplets sprayed during said normal printing opera-
tions, and comprises a first cleaning member for per--
forming a rubbing operation and a second cleaning
member for performing a wiping operation;

drive means for moving said cleaning means in said
longitudinal direction of said print head to wipe ink

" from said nozzle plate;

control means for cansing said head drive means to output
said second signal when said cleaning means is wiping

.ink from said nozzle plate; and

an ink guide member, wherein said first cleaning member
and said second cleaning member are connected to each |
other by said ink guide member and wherein said ink
guide member guides ink wiped off by said second
cleaning member to said first cleaning member.

6. An ink jet printer comprising:

a print head including a nozzle plate, a plurality of
pressure penerating chambers communicating with
respective nozzle openings, and a plurality of pressure
generating elements each for varying a pressure within
a corresponding one of said pressure generating cham-
bers to jet a stream of ink droplets from a respective one
of said nozzie openings, wherein said pressure gener-
ating chambers and said pressure generating elements
arc arrayed in a width direction of a print paper;

pump means for forcibly supplying ink to said print head;

_ head drive means for selectively outputting a signal to
. . said pressure generating elements o cause a stream of

N R | e o e roplaeRment shes!
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and with respect to said nozzle plate, intersects a horizontal plane
substantially defined by said streamof ink droplets sprayed during said
normal printing opera- tions, and conprises a first cleaning nmenber for
per- form ng a rubbing operation and a second cl eani ng nenber for
perform ng a w ping operation; drive nmeans for noving said cl eani ng nmeans
In said | ongitudinal direction of said pri?% head perform a

ink droplets to be ejected from said nozzle openings af
- 2 speed suitable for printing; :
cleamng means for cleaning said nozzle plate, wherein
said cleaning means is disposed in 4 nonprinting reglon
~-during normal printing operations of said printer, is
movable in a longitudinal direction of said print head
and with respect to said nozzle plate, intersects a
horizontal plane substantially defined by said stream of
ink droplets sprayed during said normal printing opera-
tions, and comprises a first cleaning member for per-
forming a rubbing operation and a second cleaning
member for performing a wiping operation;
drive means for moving said cleaning means in said
- longitudinal direction of said print head perform a
Cleaning operation to wipe ink from said nozzle plate;
control means for causing said pump means to ooze ink
through the nozzle opening immediately before a clean-
ing operation; and '
- an ink guide member, wherein said first cleaning member
-and said second cleaning member are connected to each
other by said ink guide member and wherein said ink
guide member guides ink wiped off by said second
cleaning member to said first cleaning member.

* [ L M 1 *
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cl earing operation to wipe ink fromsaid nozzle plate; control neans for
causi ng said punp neans to ooze ink through the nozzle opening i medi ately
before a clean- ing operation; and an ink guide nmenber, wherein said first
cl eani ng menber and said second cl eani ng nenber are connected to each ot her
by said ink guide nmenber and wherein said ink guide menber guides ink w ped

of f by said second -1 - -
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cl-eani ng nmenber to said first cleaning nenber.
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ABSTRACT

INK JET PRINTER WITH A CLEANING APPARATUS FOR-REMOVING HARDENED INK
FROM A NOZZLE PLATE OF A PRINV HEAD

An ink jet printer in which hardened ink is readily and
reliably removed from a nozzle plate. The ink jet printer
- includes a print head having a plural oumber of nozzle
iopcnmngszu:asmuiunthe*wudththrecuxnxofknnu::niuu;;uux:r
- ahead drive circuit for selectively outputting a first signal to
- cause a stream of ink droplets at a speed suitable for print
' andjtseoondjngnalto<xnuu:uﬂ:u:oozcthn:uﬂzeachxxnnﬂe
opening, and a cleaning device with a rubbing function and
which is usually positioned in a nonprinting region, but is
movable in the longitudinal direction of the print head and
with respect to a nozzle plate. In a cleaning mode, the
cleaning device is operated while 0ozing ink from the nozzle
openings. The hardened ink on the nozzle plate is dissolved
by the oozing ink, and then removed therefrom through the
rubbing and wiping operations of the cleaning device.
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