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<1 TITLE OF THE | NVENTI ON Li qui d- Di scharge Recordi ng Apparatus an thod
of. OQperation thereof. BACKGROUND OF THE I NVENTION 5 Field of the Invention
~The present invention relates to a |iquid-discharge recordi ng appar at us
*and, nore particularly, to a |iquid-dilseharge recordi ng apparatus having
t e Ymechanismto maintain a viscosity of .an ink 10 to be emtted so as to
be~itted for .em ssion at |east when the ink is emitted. Description of the
Prior Art According to liquid-discharge recording apparatuses, a recording
liquid (for exams oF mHE) INVENTIONE! d in an ink vessel, the ink is led to a
recording head unit fromthrs 1nk vessel, a nozzle provided in the
recording head unit iILdquiidvBdsichargepReserding Rpbpatragakt @nd & gnal , and at
the same tine the ink is emitted froma di scharge opening at the head of
the 20 nozzMethed of PRerpEiHtRemRPLs he recording such as the printing or
the like on a recording material such as a paper or the like. The ink
em tted for mBARKGROUNDqQFJ THEQANVWENTA@N) s deposited on the recording

material’.5 As _nret hods %L enitting the ink onto the 25 recording material,
t he met hdd OintaLINVRNtARRhaNi cal converter such as, e.g., a

| ezoel ri Vi r the like,i h h wher n
piezoel ectric de CeTge %rgsentelngegiggh_}e?a@gg gg a e.eby a

liquid-discharge recording apparatus and, more
particularly,‘to a liquid-discharge recording apparétus
U havihg'the mechanism to maintain a viscosity of an ink
10 to be emitted so as to be fitted for emission af least
when the ink is emitted.

Description of the Prior Art

Acéording to liquid-discharge recording
apparatuses, a tecofding liguid (for example, ink) is
(:}15 held.in an ink veésel, the ink is led to a recording
he$d unit from this ink_vgssel, a nozzle provided in -
the recording head unit is driven in response to a
prinf pattern signal, and.at the same time the ink is
emitted from a discharge opening.at_the head of the
20 nozzle, thereby performing the recording such as the
printing dr the like on a :ecording material such as a
paper or fhe_like. The ink emittedfforms a jet liquid
dropiet and is deposited on the recoraing,material.
As methéds of emitting the:ink onto the
25 recording matérial, the.method whereby an electro-
mechanical .converter such as, e.g., a piezoelectric

device or the like is used, the method whereby an



-2- electrothermal energy converter is used, and the |ike are known.
+According to the nethod whereby the el ectrothermal energy converter is
used, the ink in the nozzle is heated by the el ectrothermal energy 5

converter to cause a change in pressure _of the ink, thereby emtting the,

ink. In the |iquid-discharge recordi ng apparatuses to which the

- above-nentioned emtting nethods and other conventional emtting nethods
are applied, it is a 10 general manner that the discharge opening at the
head of the ngzzle the ink is alwa air
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necessary for em ssion, causing a em suc at . no ink 1S emtted in

spi te of st hechbaghriBat t8 Bahllk $ ¢hAngeS iAPRIreREruRA aliftl W ter the

apparatus operated and the recording was reStarted. In addition, there is

al so_anot her tpegbbgnemititiay thatink.tenperature of the ink decreases at

15

e viscosity

| ow tenperatures in winter season or the like, so that the viscosity of the

ink al so increases. In the liquid-discharge recording apparatuses
to which the above-mentioned emitting methods and 6ther
conventional gmitting:methods are applied, it is a
10 general manner ﬁhat”the'diSCHarge opening at the head
of the nozzle to emit the ink is aiways open into the
open air irrespective of whethef the apparatus is

operating or not. ‘Therefore, in the case where the

v

recording is not performed'for a long time, the water t:)

15 and volatile organic solvent or the like which aré the
components of thé ink evaporate into the obén air from
the inks remaining at the discharge opening and in the
portion near the discharge 6pening. Thus, the viscosity
of the residual ink increases and exceeds a range of

20 viscdsity necessary for emission, causing.a problem
such that no ink is emitted in spite of the fact that a
print signal is applied immediately after the'apparatus
operated and the récording.was restarted.

In addition, there is also another problem such

25 that a ﬁémperature of the ink decreases at low

temperatures in winter season or the like, so that the

viscosity of the ink also increases.

o/
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~3- To solve the problemof the increase of the viscosity of the ink
ment i oned above, there has been proposed the nethod whereby the ink is
keated just before the recording is restarted, namely, just before 5 the
ingng'agarn emtted, and the-tenperature of the ink is increased, thereby
reased ng the viscosity and mai ntaini ng Pt to a predeterm ned viscosity
range. However,® for«such a preheating, the heating condition is largely
changed due to the circunstances 10 under which the recording apparatus is
used. Nanely, there is a drawback such that if the preheating condition is
determ ned so as to .obff& Fod¥ed the pyoblest afhdheninpregse: 9ot under | ow
t enperature envi.ronnent (for_ exanple egr]) the viscosity of the 15 ink

becones too | oNt8G@SEEY RE KBSt Wﬁ&%ﬂ Regh 3POYSer FhEre BRFi P&Rent

. g., t hat .the ink, yi ' | S . .h f
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envi ronnent . BeteEe nd B8R0 NaP0s KeRERYCLE,  BAGEAY 0 Jubt BREBLY' ©
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the use state ghx!hg 1RePedEBE, thereby reducing the viscosity and
maintaining it to a predetermined viscosity range.
However, for such a preheating, the héating
- condition is largely changed due to the circumstances
10 under which the recording apparatus is used. Nameiy,

- there is a drawback such that if the preheating
condition is determined so as to obtain good emission
of the ink droplets even under low temperature

{:j -environment (for -.example, 5°C), the viscosity of the
e 15 ink becomes too low due to the heating under high
temperature environment (e.g., 35°C),'so that the ink
viscosity is out of the range necessary for good
\/ emission. On the contrary, in the case where the
preheating condition is set so as to derive a good. ink
20 viscosity under high temperature enyironment, the
necessary viscosity cannot be derived under low
temperature environment.
Further, even when the environmental temperature
is constant, the heating condition is also largely
25 changed depending on the use state of the recording
-apparatus. Namely, due to the use of the recording

apparatus, all of the thermal energy applied from the



apparatus. Nanely, due to the use of the recording apparatus, all of the
‘thermal energy applied fromthe -4- electrothermal energy converter to
emt the ink droplets fromthe discharge opening, for exanple, is not -
necessarily used to formthe ink droplets but a part of this thermal enepgy

I ncreases the tenperature 5 of the'pérrpheral menbers of the .

el ectrothermal energy converter. Therefore, the tenperature of -the portion
where the discharge opening is formed i nmediately after the conpletion of

the recording is largely changed as conpared with the tenperature before

the start ofelegtyothermaldengro¥ocenvertrsr &0 emitptbll dMksuch that, for

I nstance, when the ink is heated at the restart of the recording just after
the end of tRECPEebPdfrgm the figchargeocpPRERiBY afQTt REAPPILosHEyY

over decr eases. As anot her nethog for revegtimg tHg Oﬁc rrﬁnce 15 of the
probl em due R8ttRECPABAELLIE Bpe hE°vF§EHsF ¢ Pki AZOPARES; RBEeahas been
proposed t he_ne hog_ eregg thelink i s _always heat%g when t he aggaratus S
used and t hePfhk ? tat bPerre aFR§§gykéBF EBREEaT S FEBREAEEF St ion of a

change 19, L SgPeLALULE By LIE) CALAROEL 6PVLLETIRL 20 .n AN ENERK (O cOP

wi th the foregorng apanese Pa unéxam ne I ca
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where the discharge opening is formed immediately after
the completion of the recording is largely changéd as g;
compared with the temperature before the start of the
10 recording, so that there is a problem such that, for
instance, when the ink is heated at the restart of the
recording just after the"end of the recording, the ink
is overheated and the viscosity overdecreases.
As another method for'preventing the occurrence (:}
15 of the problem due to the increase of the viscosity of
the ink, there has been proposed the method whereby the
ink is always heated when the apparatus is used and the
ink temperature is always kept conétant in consideration
of a change in temperature of'the external environment
20 and thereby to cope wiﬁh the foregoing problem
(Japanese Patent Unexamined Publication No. 187364/
1983). As the ink heating means in this case, there
are considered the method whefeby"the electrothermal
energy converter which is used to form the flight ink
25 droplets is used, and the method whereby another

electrothermal energy converter is separately provided

to always heat the ink.



‘energy converter which is used to formthe fliéht Ink 25 droplets is used,
and the net hod whereby another el ectrothernmal energy converter is

separately provided to always heat the ink. However, the use of only t he
aboyve, met hods al so causes the problem sych that it takes a tine to heat the
I n en the recording is restarted. Nafrely, in the case of using the

el ectrothermal -energy 5 converter provided to formthe ink droplets, it is
possible to apply the electrical signal only within a range such as not to
formany ink droplet. Therefore, an electrical signal of a high Ilevel

cannot be applied and HPEeYRE: | tHhetnse PHeoninbthenabanesmeshgds In the 10

case of using the electrotggrnal e ergé converter separatelg,ﬁrovided, such
Al &
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recording apparatus I's l[‘ocated at the home position n the recording is
interrupted angbddys1éli 66 R, OB et Sr COYET £HgR¥1 SorBP withe hHome

posi tion. | _
range such as not to form any ink droplet. Therefore,
- an eiectrical signal of a high level cannot be applied
~ and the heating time inevitably bécomes iong. In the
10 case of using the eleétrothermal energy converter
separately provided, such a 1imitati§n.does_not occur;
however, since the heat is concentrated to on1y a
single portion, the peripheral poftion is influenced by
{:> : the heat and the durability deteriorates. Thus;.even
15 in this case as well, an electrical signal of a fairly
high level cannot be applied. |
In éddition to the fbregoing heating methods,
& : there has béen further proposed the method whereby the
recording head provided with tﬁe discharge opening in
20 ﬁhe recording apparatus ié located at the héme position
when the recording is interrupted and this discharge
opening is covered by a cap at_thg home position.
| waever, the usé of both the heating of the ink
and the capping of the discharge opening causes the
25 viscosity of the ink to exceed the viscosity range -

necessary to emit the ink, so that the emission of the

ink and the formation of the ink droplets are not
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However, the use of both the heating of the ink and the capping of the
di scharge opening causes the 25 viscosity of the ink to exceed the

vi scosity range necessary to enmt the ink, so that the em ssion of the ink «
and the formation of the ink droplets are not -6- always accurately »~
performed. Further, in the case where the recording is interrupted e
along tine, there is a risk that the portion of the i nk which 5
evaporates wll Ileak from the cap, so that the concentration of the
remai ning i nk near the discharge qpgning increases. The problem w th which
the present inventionis 10 - concerned is the provision of a Iliquid
di schar ge recopdwagsARptuiately) pdrfdrmfd.ectiurdhese | s imdecd hwdde

heati ng means for maintaining the viscosity of the ink and capping neans

for preventi ngwiieaeor atheon ndordirgy r deorititerriuptiad eforid exbngd Stime, one

aspect, the invention provides a l|iquid- discharge recording apparatus
conprising: a thesw dishg riskad hekhiaty theaportdmmmiok) the cinkliwkich gi ng a
liquid; 20 di schargi ng neans for discharging liquid fromthe

openi ng5 heati ®yaparakes Wikl leaki dfgFomidhel gap, saisp that the
concentration of the remaining ink nea: the discharge

opening increases.

The problem with which the present .invention is b
10 concerned is the provision of a liquid discharge
recording apparatus_iﬁ whieh effeetive use is made of
both heating means for maietaining the viscosity of
the .ink. and capping means for preventiné evaporation
when the recording is interrupted. _
. _ (:)
In one aspect, the inﬁention provides a liquid-
discharge recording appargtue comprising:
a recording head having an opening for
discherging.a liquid; | |
20 discharging means for discharging liquid from the
opening;' | : |
heating | meehe for heaiing liquid in said

recording head prior to a recordihg process:-



:recordi ng head prior to a recording process; - 6a- cappi ng neans for
covering the discharge opening; and control neans operable to control the
heating neans so that the heating neans is deactivated at all 5 times
when, the -capping neans covers the discharge opening. In a second
aspegt the invention provides .a Ligy d-discharge recording apparatus

conprising: 10 a recording head having  an opening for
di scharging liquid; heating neans for heating |liquid in sai d
recording- head, sappinghesiansg foreamuverionprite nil stlatgetdpendxg:
energy converting neans for generating 15  energy which is used to
di scharge |iquidand response to an enission signal and which is used to
heat the liquid without discharging the liquid in response tg a heatjn
signal ; cappi ng’ means STy e MEANS hORA gD pifgrobothe hegiin

control neans operable to contrql the heating signal,so at, t he_ heatjng
means is deacti v&@d’%@n&?\?& ﬁ?ﬂa%%%ﬂ%d“éq?ﬁ%%gs %%?/%#J;va‘ﬁé a'@diésicgarge
openi ng. %5 times when the capping means covers the discharge

opening.

In a second aspect. the invention provides a
L,) o liquid-discharge recording apparatus comprising:
10 a recording head |Thaving 'én opening for
discharging liquid; |
heating means for heatihg liguid in said
recording head,  said heating méans comprising
electrothermal energY'converting means.for generating
i:) 15 energy which is used to'disdﬁafgé liquid in response
to an emission signal and which is ﬁséd to heat the
liquid without dischérging the'liqﬁid in response to a
heating signal;. ‘
capping means for covering the dischafge opening;
20 and |
dontrol means operable to dontfdl the heating
signai so that the heating meénS- is deéctivated
whenéver-.the. capping means covers the discharge
opening.

25



-7- In a third aspect the invention provides a method of operating a

| i qui d-di scharge recordi ng apparatus in which there is provided a recording
head having a 5 - di scharge opening for emtting a liquid, and heating’
means in said recording head for heating the liquid prior to a recordi g}
process and cappi ng neans for covering said di scharge opening,. wherein e.
heating neans is deactivated whenever an internal side of the 10

cappi ng neans is not substantially comunicated to the atnosphere. In a
fourth aspect the invention provides a method of operating a liquid

di scharge recon 49+ARRAl AhBactSthe (GOBREISHNGr0R10680R" fEchBAd oavi ng

an opening for |sc argln ating neans conprising

e|eCtr0ther”B|oﬁ@%&ﬂin&on&erlh&ﬁlﬁeaﬁ§chﬁkgﬁen@éébh&ﬂn&“&ﬁﬂ&r&ﬂhﬁh1h$ used
to discharge liquid in"responsé to an emsSion signal and which is used to

heat |iquid 20whichwichéedt isdpgebitednda | redbédihg r Rea@nshaveng haating
signal ; and capping neans -for covering the opening, wherein the heating
means i § deact disthdrge abpehings foenemiietapgnangigaidybandnheakingnot
comuni cated to the atnosphere. 25 Reference is directed to United
Ki ngdom Pat emeaApplincaaidnrechrdigg?2dedd. or( CBeal20§828Ae Miquid is

prior to a recording process and capping means for

covering said discharge opening,_wherein the heating

means is deactivated whenever an. internal side of the v
10 capping means is not substantially communicated to the
atmosphere.

'In a fourth éspect the invention provides a method
of operating a liquid,discharge recordiné apparatus

15 comprising: a recording head - having an opening for (;}
dischérging a _liquid;. heating means comprising
electrotherﬁal energy converting means .for generating
‘energy which is used to dischaﬁge liquid in response
to an emission signal and which is used to heat liquid

20 withouf discharging liquid in résponse to a heating
signal; and capping means for covering the opening,
yherein_ the heating means is deactivated at all times
when the opening. is substantially not coﬁmuﬁicéted to
the atmosphere.

25 .
Reference is directed to United Kingdém Patent
Application No 8828777.6 (GB 2208829A) which is

divided from this application.



di vided fromthis application. - 7a - BRI EF DESCRI PTI ON OF THE DRAW NGS
10 Fig. 1 is a schematic perspective view of a recordi ng head
#nit of a |iquid-discharge recording apparatus for explaining the first
enbodi nent of the present invention; Fig. 2 is an enlarged diagramof a
nozklé unit 15 of Fig. 1; Fig. 3 is a flowhart showing the heating and
pre-ink-jet controls in the apparatus of Fig. 1; Fig. 4 is a schematic
perspective view of a recording head unit for use in another exanple; 20
Fig. 5is a schematic perspective view of a recording head unit in a

| i qui d-di scharge recordi ng apparatus for use in the second enbodi nent; Fig.
6 is an enl arged perspective view of-azgozzle unit in Fig. 5; 25

Fig. 7 is a rear perspective view of the main.part of a |iquid-discharge
recordi ng apparatus according to the thlrd enbodi nment ; -8- Fig. 8is a
front perspective view of a '

BRIEF DESCRIPTION OF THE DRAWINGS

10 Fig. 1 is a schematic perspective view of a-
recording head unit of a liquid-discharge recording
apparatus for explaining the first embodiment of the
present invention;

Fig. 2 is an enlarged diagram of a nozzle unit

15 of Fig; 1;

| Fig. 3 is a flowchart_showihg the'heating and
pre-ink-jet controls in the apparatus of Fig. 1;
Fig. 4 is a schematic perspective view of a

recording head unit for use in another example;

@

20 Fig. 5 is a schematic perspective view of a
recording head unit in a liquid-discharge recording
apparatus for use in the second embodimeht;

- Fig. 6 is an enlarged perspective view of a
nozzle unit in Fig. 5;

25 Fig. 7 is a rear perspective view of the main

part of a liquidfdischargelrecording apparatus

according -to the third embodiment;



recording head unit in Fig. 7; Fig. 9 is a timng chart show ng exanpl es of
“operation timngs of capping neans and heating neans; 5 and Fig. 10 is a

fl omchart showi ng an exanpl e of an operation procedure for controlling the «
operation of the heating neans on the hasis of the operation of the capping
means. 10 DETAI LED DESCRI PTI ON OF THE PREFERRED EMBODI MENTS In the case ‘ai/
the first enbodi nent of a |iquid-discharge recordi ng apparatus according to
the present ‘invention, a tenperature sensor to detect a 15 tenperature of a
recordinp head unit _i,n which a di scharge opening is; forned is provided and
the heating conditi §%-s sdffed dF Wt BFF S weyet’ktd on signal of

this tenperature sensor. An el ectrqti.hernpl energy converter for heating 20
can al so seFF&§°XLLRY §F§€?F59ﬁé &géheﬁgy converter for emission. Nanely,

heating and expandl RGohe. o o PHED e 0 ol SERETR L, (O Tor
hesting g¥ne i _ | Conver t
Changi ng a PESERtaPm, Mg o2 bty AiRHld e Mo MRS oot

thermal snegpgy converter. In this case, as conpared
Fig. 10 is a flowchart showing an example of an
operation procedure for controlling the operation of
the heating means on the basis of the operation of the

capping means.

10

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
In the case of the first embodiment of a
liquid-discharge reéording apparatus according to the

present invention, a temperature sensor to detect a 7

15 temperature of a recording head unit in which a
discharge opening is formed is provided and the heating
condition is selected on the basis of a detection
signal of this temperature éensor.

An electrothermal energy converter for heating

20 can also serve as an electrothermal energy converter
for emission. Namely, in the'tecording apparatus of
the type in which ink droplets are formed by heating-
and expanding the ink by the electrothermal energy
converter for-emissipn, two roles for emitting and

25 heating can be'achieved by changing a level of an
electrical signal which is applied to the electro-

thermal energy converter. In this case, as compared



-9- with the case where another el ectrothermal energy converter for heating
is separately provided, only the m nimum portion which needs to be heated
carr be heated, so that the influence of the heat to the peripheral 5

porti pnyof the electrothermal energy canwerier can be suppressed to the

m ni degree. Various kinds of .controlling nethods can be considered with
regard to how to control the electrothernal energy converter for heating in
10 dependence on the tenperature of the head unit detected by the
tenperature sensQry, . HUWeV. b s t st general_.met had that the

el ectrical si gnZ'}Il o%acfa{sﬁg%s?r}pﬁm%&gp %o e[qﬁé:qz oeté}waﬁermr%’nergy
converter for heaives i r:at. I ' A uni t
near the nozzle beconeeséga fl[?rrte %tatet?%el %%gaé{elt}&e.p%%ﬁe@éft P’E’Sﬂ’. it?ue
ordinarily perf i BHALA Ynithoneeldde tLHY Hitdd HrP e Sealted,S
desirable that the control of the electrothermal energy CoRvert er for 20
heating is carriged thdlt RheChaFauaacehed el nefatl B® URCPdFhetadnal in
consideration of the recording interruption or stop period before the .
recording i 5 st poredonTE fthes elecheditierinall enaegyn\comivedted Idant Ben 25
be described hereinbelow with reference to Figs. to 3. Fig. 1is a
schemati c per speuppressiegwtofl theemiadmusth dggyead unit of the '

| i qui d-di scharge recordi ng appar at us

Various kinds of controlling methods can be
9 considered with regard to how to control the
electrothermal energy converter for heating in
10  dependence on the temperature of the head unit detected
by the temperature sensor. However, it is the most
general method that the electrical signal for heating

is applied to the electrothermal energy converter .for

heating until the temperature of the recording head

@

15 unit near the nozzle becomes a predetermined
temperature.
. The heating is ordinarily performed immediately
— before the recording is started. It is desirable that
the control of the electrothermal energy converter for
.20 heating is carried out by changing the level of the
electrical signal in consideration of the recording -
interruption or stop period before the recording is
started.
' The first embodiment of the invention will then
25 Be described hereinbelow with reference tbiFigé; 1 to 3.
Fig.-1l is a schematic perspective view of the recording

head unit of the liquid-discharge recording apparatus
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-10- according to the first Enbbdfneni. Fig. 2 i.s an enl arged diagranIOf.
the nozzle unit in Fig. 1. In Fig. 1, anink is led froma nmain tank (not
shown) for storage of the ink to a sub-tank 2 for 5 tenporary storage of .
the ink by an ink supply tube 1. Thgyink a quality of which deteriorated
and which could not be used is inhaled into a recovery punp (not shows)y
fromthe sub-tank 2 or the like through a suction tube 3. The sub-tank 2 is
comuni cated with a liquid 10 chanmber 5 provided behind a nozzle unit 4

t hrough an ink supply tube unit 6, thereby allowng_the ink to be supplied
and i nhal eacﬁcql?#%i?%.g‘ﬁ;u}"v\eﬁﬂiﬂoﬂ?bm% +7 B}@- v&r3$ @1y arranged in
front of the |iqujd,chanber 5. The head of gach of.the nozzles 7 forms a 15
di schar ge %g@rﬁ‘%gé 8‘?1%&? n%éigh%rﬁ‘?f FHHE 4R Bt Senhe ge opening 8 toward

di ial ...Th I [,it) I ' I
it The nozsl et Fo ik 5 ed ofiag A pRRTatIM OChe cant or
of a frontopl e firdanaedl ide apatiml {06 Aateciiliaoegead. An

em k™ dr

el ectrot hermal ‘energy converter f'or bo trng in opl ets and
heating th&pdded F&ﬂﬂé’{é’ df aaeh -3 LRl eahgnpl s are .
supplied to tl#;r c’%{werter 11 tﬂ?%ugﬂpﬂaectrrﬁ%%ﬁ%\n&fi ng section 12. The
W ring secidNinkl &uSUPR} Yo £whichedeesidraEEd t 98tel cipuppeIded to a
base plate 13. A tenperature sensor 14 consisting of a thermstor is

not be used is inhaled into a recovery pump (not shown)

from the‘sub-tank 2 or the like through a suction tube

3. The sub-tank 2 is communicated with a liquid

10 chamber 5 provided behind a nozzle unit 4 through an
ink supply tube unit 6, .thereby allbwing the ink to be
supplied and inhaled. 1In Fig. 2, twenty-four nozzles

7 are vertically arranged in front of the liquid

chamber 5. The head of each of the nozzles 7 forms a

C

15 discharge opening 8. The ink is emitted from the
discharge opening 8 toward a recording material. Those
plurality of nozzles 7'constitute the nozzle unit 4.
The nozzle unit 4 is fixed to a bushing 10 locating at -/
the center of a front plate 9 arranged in front of the

20 recording head. An electrothermal energy: converter 11
for both emitting ink droplets and heating the ink is
provided in each nozzle 7. Electrical sidnals are
supplied to ﬁhe converters 11 through an electrical:
wiring section 12. The wiring section 12 and supply

25 tube unit 6 are together supported to a base plate 1l3.
A temperature sensor 14 consisting of a thermistor is
attached near the liquid chamber 5 provided for the

base plate 13.



attached near the | i quid chanmber 5 provided for the base plate 13. 1
A'conttol nethod of the |iquid-discharge recordi ng apparatus having the
above-nmenti oned arrangenent will then be explained with reference to Fig.

3. As.described above, the electrothegnﬁh energy 5 converter 11 is used
for th emtting and heating. The heatinhg of the ink is carried out in two
ki nds of heating nodes; nanely, the first heating node in that the heating
is perforned at the restart of the recording after the stop of the

recordi ng en a power_ 10 supply of the apparatus is OFF; and the second
heating node in that tﬁe°%%%£?£gm¢§h®@r¢6rhbq biquhé-diéschargef the
recording after the _stop of the recordi ng when the power supply of the

apparatus is GECIRAANT 2REETREES RAELRY cth@kabayeomenkkoredpl ets i s al so
carried out 15 _prior to perfpriing the aciual pripting. _  The applying
level s of the q‘%#)aébqﬁ‘?ﬁf'? ?V’s{fa#be’ge%%n‘ﬁx hedt PR e t??é%?eg?ﬁn Ps and of
the"em £41n0" G4 o351 Ak 758 80| "lE L FoderBdFa obioy

5 conve:ter 11 is used for both emitting and_heating;

The heatihg of the ink is carried out in two kinds of
héating modes; namely, the first heating mode in that
the heating is performed at the restart of the.
recording after the stop of the recofding when a ﬁower
10 supply of the apparatus is OFF; and the second heating
mode in that the'heating is performed at the restartlof
the recording after the stop of the recording when the
power supply of the apparatus is ON. 1In this example,
&;) the pre-ink-jet of ink droplets is also carried éﬁt '
| 15 prior to performing the actual printing. The appiying
| levels of the foregoing first and second heating

electrical signals and of the emitting electrical

- signal are shown in Table 1.

20
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TABLE 1 Voltage

pul se Frequéncy Appl ying tine,

(V) Wi dt h

the nunber of ([err]sec) (kHz) pul ses, etc. 5 1st heating

Apply until the electrical 23.5 2 16 recordi ng head

si gnal : - j12tenperature becones [err] 2nd
heating el ectrical 23.5 2 35 Apply for one signal

second Emtting electrical 23.5 10 2 signal 1st pre ink jet
23.5 10 2 Apply 100 el ectri cal - pul ses signal 2nd pre ink
j et 23 5 10 Apply 100 15 el ectrical _

pul ses signal TABLE 2 (Cbnp05|t|oH§A%¥ thg ink) 200 C. 1. direct black 19

-2 weight parts D ethylene glycol

30 weight parts Vater

70 V\B| ght p Y P&Cu.—:%!%’, o'Fter th Jnr\nrrh nn uwnc (<4 nnnnrl |n thﬂ 25 OFF
state of thg p r suppl f égaEq&se*%qéu thpplpbngrtSmeply S
turned on, tthe fin™st he |é%f% width GMH%} the number of
- (V) (usec) ] (kHz) pulses, etc.
5 1st heating ' _Applydyntiﬁ tge
electrical 23.5 2 16 recording hea
signal temperature
becomes 45°C
2nd heating '
electrical | 23.5 2 35 apply for one
signal - second o
Emitting -
10' electrical 23.5 10 2
signal .
lst pre ink ' '
jet _ Apply 100
electrical 23.5 10 2. pulses
signal
2nd pre ink . _
jet o - Apply 100
15 electrical 23.5 10 2 pulses K‘J
signal '
TABLE 2 (Compositions of the ink) S
2 C.I. direct black 19 ‘2 weight parts
Diethylene glycol 30 weight parts
Water 70 weight parts
Namely, after the recording was stopped in the
25 OFF state of the power supply of the apparatus, when

this power supply is turned on, the first heating is

performed and the first heating electrical signél of a



Berforned and the first heating electrical signal of a -13- voltage 23.5
V, ‘a pukse width 2 [err] -and a frequency 16 kHz is applied until the
t'enperature of the recording head beconmes [err] Thereafter, to performthe
prerink-jet which is not used for printijng,_the 5 first pre-ink-jet
ele&L/ical signal of a voltage 23.5 V, @& pulse width of 10 [err] and a
frequency 2 kHz is applied by 100 pul ses. = The apparatus waits for a
printing signal after conpletion of the prelimnary enm ssion of the ink.
When the printing signal is 10 applied, if the tenperature of the

recordi ng head ¥ %[3er5r V't Re PHEES It iTigaq, iand @ rfreguRncy This is

because a consi,detatiqn i de to the case where the recording
i nterruption p&%i% zaFFePPPnggh&Wﬁlkiﬁ?qiqgﬂPﬁﬁﬁiqqﬁoQQHtﬁﬁwones | ong.

The second 15 _pre-ink-jet is. perfor LY appl ying 100 pul ses of ‘the
second pre-i nkﬂgggrgf'é‘ F’F@gl b F&H‘eflsmég ?vo%%&%"\/&%%ﬂ%% dth 10
r] and a fr e . ra.C | etion he secqnd pre-ink-jet,
'Eﬁre ? nher ent e%ﬂgsggﬁ-opﬁ:ﬁftﬁ%hglcgt g‘g}:)é'%gaﬂslegj ftc?lﬁ pd’rfd&zd’get &é‘er ecJor di ng
[ tarted. h e [ r recqrdi d._j el o r t he

;chnd heatsi n\g;\klggs%e. f%rgg §%§ tg%gcrtgg%ra&i %39%3;13 otr}g?fapé}roa t%rgg \ias?’['% R’]‘
control led so gsphlsBeq@Rn| Bk L00LisERY,€ anfias SRR NES ki 13 execut ed

by applying the second heating - _ T
applied by 100 pulses. The apparatus waits for a
w printing signal after completion of the preliminary
‘emission of the ink. When the'printing signal is
10 applied, if the temperature of the recording head
exceeds 20°C, the second pre-ink-jet is carried out.
This is because a consideration is made to the case
where the recording interruption period after the end
&;> of the first pre-ink-jet'becomes long. The second
15 pre-ink-jet is pe:formed'by appiying 100 pulées of the
second pre-ink-jet'electrical éignal of a Qoltagé
25.5 V, a pulse width 10 usec, and a frequency 2 kHz.
— After completion of the second pre-ink-jet, the
inherent emission of ink droplets is carried out and
20 the recording is started. When the temperature of the
recording head is below 20°C, the second heating is
performed.and the recOrding'heéd temperature is
controlled so as to becomeé 20°C or more. This second
heating is executed by:applyihg the second heating
25 electrical signal of a voltage 23.5 V, a pulse width

2 usec, and a frequéncy'35 kHz for one second.



.25 el ectrical signal of a voltage 23.5 V, a pulse wwdth 2 [err] and a
frequency 35 kHz for one second. - 14 - To explain the effect of this
enbodi ment, the inventors of this application have perforned the
experinments to conpare the enbodi nentléand Conpari son Exanples 1 -and 2
-which will be explained |ater. 5 Experinental conditions: The

envi ronnental condition under which the |iquid-discharge recording
apparatus is used was set to two kinds: one is the condition at [err] and

209RH, and the ot herpd St GONdid | OPFSe [S¥ r%hf&%&_?_%ﬂ.’fneﬂ@,e e

conposi tions of the ink used are shown in Table 2. e condition before
the recor di AGentcs B athis Sl icutiseadiadseredhfediens condition is

that the recording was interrupted for five seconds when the power supply
of the appareaipenrinim S\ td heonienn delte nehibid dimerst tawd ddmpafbssgcor di ng was
interrupted for one hour when the power supply of the apparatus was ON; and
the third c@xhnples il drndit2 b whict i hpeveexpslaipsd Iater?2 hours when the
power supply of the apparatus was OFF. The di nensi ons of each of the 24

di schar g¢ ofxpemimentaloorslitdiotBs{err] and the recording unit in which
they are vertically arranged in a line at regular intervals of 0.141 nm was
used. It has been cdi¥s ensdizanmentiich qandistigmiundeewhiehethek droplets

was applied _for five . .
llquld-dlscha:ge recording apparatus is used was set to

two kinds: one is the copdition_at 10°C and 20%RH; and
the other is the condition at 40°C and 20%RH. The

10 compositions of the ink used are shown in Table 2. The
condition before the recording is restarted is set to
three kinds: the first cohdition is that the reoording
was interrupted_for'five seconds when the power supply

of the apparatus was ON; the second condition is that

15 the recoxding was interrupted for one hour_when the ~
power supply of the apparatus was ON; and the third
condition is that the recording was stopped for 72
hours when the powerlsupply of the apparatus was OFF. \_}
The dimensions of each of the 24 discharge openings are
20 50 x 40 um and the recording unit in which they are
vertically arranged in a line at regular intervals of
0.141 mm was used. - It has been confirmed that when the
signal to emit the ink'droplets was applied for five
minutes just before the reco:ding is inter;upted or
25 stopped, the ink droplets were éccurately emitted.
The control was performed in.aocordance with

the flowchart of Fig. 3 as the experimental condition

of the embodiment.



m hut-es jgst before the recording is interrupted'or 25 stopped, the ink
droplets were accurately emtted. The control was perforned in accordance
wi tth the flowhart of Fig. 3 as the experinental condition of the

enbodi nent . -15- 1 For Conpar &8§on Exanple 1, the recording was
restakied w thout performng the first and second heating operations nor
executing the first and second emtting operations. 5 . For

Conpari son Exanple 2, in the case of restarting the recording in the
recording stop state, thposiQompapisbheEsanpleol|agre pEL&LdLhgt Rasand
frequency as those of the first heating electrical signal of the enbodi nent
was heated for tywestgrtedowilthod® penflorihéngathesEfpatsand sbeorliectrica
signals for the pre-ink-jet of the enbodi ment were applied, and the heating
and pre-ink-jet heatingrepedabtions|norhexeasting thet firshganfieseeonddi ng
in the recording inter- ruption state, the electrical signal of the sane 15
vol tage, pul se wemiktingdoperytidrs.as t hose of the second heating

el ectrical signal of the enbodi ment{ was applied for one second and the
heating was gerf or med. Wr%@’ﬁ??%lﬁ?ntﬁﬁé@l’%ﬁr ge inpkhengasecRanpl es are

shown i n Tabl e 3rég artng

he recgrdlng in the recording stop state,
the signal of the same voltage, pulse width, and
frequency as those of the first heating electricai
— ' signalfof the embodiment was heéted for twenty seconds,
10 and the same signals as the electrical signals for the
pre-ink-jet of the embodiment were épplied, and the
heating and pre-ink-jet were carried out. In the case
- of restartlng the recording in the recordlng inter-
_ ruptlon state, the electrical signal of the same
\“j 15 voltage, pulse width, and frequency as those of the
second heating electrical signal of:the embodiment was
applied for one second and the-heating was performed.
o The results of those three experiment examples

.are_shown in Table 3 for comparison.

20

25




25

i nter-

-16- TABLE 3 The nunber
the ink droplets are emtted from al
Conpari son Conparison ruption or

Environ- Experi -

of

ink droplets which are not enitted until -

of 24 di scharge openi ngs Recording

ment 1 Exanple 1 Exanple 2 periodig0C

Recording inter-

No dropl et the recording

apparatus is ON

[err] 10

from5,(5 seconds)

i nter-

10C ruption when the

209RH No dropl et [er

10

15

20

the recording app ﬁgLﬁhﬁﬁé£)$£eiﬁﬁ dr%?letg which are© o (1 hour)
not emitted untll the ink droplets are
emitted from all of 24 discharge openings
ﬁﬁgzzg;ngrlgtgg' Environ- |Experi- Cémparison Comparison
period : - ment mgnt 1 |Example 1 E*ample 2
Recording inter- '%8;§H o o o
ruption when the | - ' '
power supply of j
the recording - ?:-Zzggtzg -
apparatus is ON 40°C o o £ 5
e ' 20%RH di::harge
(5 seconds) openings
Recording interxr- 10°C _ _
ruption when the 20%RH o 2,000 o
power supply of g :
the recording '
apparatus is ON o _ oo
] 40°C o o o T
(i hour) 20%RH | o/
o No droplet
10°C is emitted
Recording stop 20%RH o from 3 e
when the power discharge
supply of the |openings
recording ' : o/
apparatus is OFF No droplet
40°C is emitted
20%RH o o from S5
(72 hours) : discharge
openings

25

209

LE 3

0

209%H ruption when the power supply of

209RH

stop ment

: 0

is emtted
o)

di scharge Recording
2, 000 power supply of

It has been found from the results of the

experiments shown in Table 3 that the case of the

embodiment of the invention in which the control was

performed in accordance with the flowchart of Fig. 3

is superior to Comparison Examples 1 and 2.



Reeordi ng stop 209:H o] from3 ' 0 when the power
di scharge supply of the openi ngs recordi ng appar at us

i‘'s OFF
o : .fromb5 20 - (72 hours) 20987 -

No droplet is emtted [err] o]

di schar ge

opehpﬁgs It has been found fromthe results of the experinents shown in
Table 3 that the case of the 25 enbodi nent of the invention in which the
control was perforned in accordance with the flowhart of Fig. 3 is

superi or to 1Conparison ExagRkesbdvangmBodiment]- whin! Bie2B8YECHRRHI YN |
when the power supply of the apparatus:is turned onin th

state, the heatofigtkeesppacatusi g8aturfedPshi € YHE kebB8aiRGPSESHUr € Of
the recordi ng head becones a set 5 value, <and in the case where the

recording i s restatépdthe héatirgoeleotrioakr sighabnist
(vol tage, pulse width, frequency, applying tine) of the

*

recordihg stop

pliédeusiepient
eating electrical

signal is deterbthectenperatereanfethet hetbedirgpheadubecohes he setor di ng
head. Furthgr, 10 as a nodified formof this enbodinent, the recording
rr

stop or int

Uy Hesr paRd otn othe heasgpenaresthe tegerding is restarted

in the recording interruption state, the content

(voltage, pulse width, frequency, applying time) of the

heating electrical signal is determined in_éccordance

with the temperature of the recording head. Further,

10 as a modified form of this embodiment, the recording

stop or interruption period of the apparatus is counted

and the supply of the heating electrical signal may be

controlled on the basis of the count data of the

15  temperature data of the recording head.

I

recording stop or interruption period and the

n addition,

as shown in Fig. 4, the electrothermal energy converter

for heating may be replaced by an external heater 15

O which is separately provided.

In the case of the second embodiment of a

.20  liguid-discharge recording apparatus of the present

invention, the foregoing object is accomplished by a

constitution comprising: first heating signal

generating means which has an electrothermal energy

cphverter for heating a liquid to emit the liquid in

25 response to the supply of an electrical signal and

which generates an electrical signal which is applied

within a range such as not to emit any liquid to the



and the supply of the heating electrical signal may be controlled on the
‘basis of the count data of the recording stop or interruption period and
the 15 tenperature data of the recording head. |In addition, as shown in
Fig. 4, the el ectrothermal energy conﬁ rter for heating nmay be repl aced by,
an external heater 15 which is separately provided. In the case of the
second enbodi nent: of a 20 |iquid-discharge recordi ng apparatus of the
present invention, the foregoing object is acconplished by a constitution
conprising: first heating signal generating neans which has an

el ect r ot Her nelechrpghermaleenergioconyerites ;a andggiegond deattinge |iquid in
25 response to the supply of an electrical. signal and_which generates an
el ectrical sfighalwapaarasipgpmeanswion generatdadsadhedechsicad enit any
liquid to the, -18- .el ectrot hermal energy_converter; and second heating
si gnal gener&t9Ralnhichs 4f geRLSE %9 an elestrriher¥adngrerdvch s

applied to an el ectrothernal, energy converter, prqvided to heat the |iquid
separately f?%ﬂYsrtFﬁePFBVégﬁgngoeﬁééﬁr ﬁeiﬁﬁﬁl néﬁgﬁré&ﬁgerEPP wher ei n

(ne 1115 @t S6andeREal) a9 sk dnah ey’ Bhant TERRGSHS CORpELLhe Y (e
the ink drOp{ﬁgsffggttgﬁdegggaﬁatHgﬁqghg signal generating means |
are constituted by the same means. ' i
"Namely, the electrotﬁermal éhergy cohveféér. | v
provided to form thé ink dropletgiénd the eleétrothermal
10 energy converter séparately.prbviaéd to pfehéat are
used to preheét the ink.
The liquid-discharge .recording apparafus
according to the second embodiment of the invention
will then be described with reference to Figs. 5 and 6. t—/
15 Fig. 5 is a schematic’perSpective view of a recording
head unit in the liquid;aischarge recording apparatus
and Fig. 6 is an enlarged diagram of a nozzle unit in
lFig. . _ _ . L
In Fig. 5, the ink”islied.from'a main tank
20 (not shown) fcr'storage of the ihk to a Sub-fank 502
for temporary storage of the ink'through_an ink supply
tubé 501. The ink a qﬁality of which deteriorated and
which could not be used is inhaled to a récovéry ?ﬁmp
(not shown)'frbm thé éuthank 562'or the like ﬁhrough a
25 suction tube 503. The sub-tank 502 is communicated
with a liquid chamber 505 (see Fig. 6) arranged behind

the nozzle unit 504'through'an“ink*supply tube unit 506,



"10. energy converter separately provided to preheat are used to preheat the
i nk. The |iquid-di scharge recordi ng apparatus according to the second
enbodi ment of the invention will then be described with reference to Figs.
5gnd 6. 15 Fig. 5is a schematic perspective view of a recording head
uni{_4 n the liquid- dlscharge recording apparatus and Fig. 6 is an.enlarged
di agram of a nozzle unit in Fig. 5. In Fig. 5 theink is led froma min
tank 20 (not shown) for storage of the |nk to a sub-tank 502 for

temporary gt oragerdly the1dipind NEANONNRNEL e SLRBLYs LHEE Oana TlE 1 1K 2

qual ity of whi det’eri or at ed” and cou e used Ts 1nhaled to a
recovery punmp im@uffhoam)a fﬁmiéleséwbiéaféfréga Ph EPSnt i &£ ¢ ough a 25

suction tube 503. e sub-tank 502 is communicated with a |1 quid chanber

505 (see Fig. Xquid alytber 608, t ko 0g%ample)] t twddtyHFOulhedzidk supply
tube unit 506, -19- 1 thereby allowing the ink to be supplied and

inhaled. In FiSp7 Gre vextzica By asrdmged®d iThé ripedd odf tdech inpgzilehanber
505. For exanple, twenty-four nozzles 507 are vertically arranged. The head

of each no2zl & fsi¥insd amelnn dikehisgd aopeen ipei mame g ety oxinfioze f i ce
508. The ink is emtted toward a recording material fromthe orifice 508.
Each nozzl e 530&on&he ik ishemitted toward a recording material

‘from the orifice 508. Each nozzle 507 constitutes the
. nozzle unit 504. The nozzle unit 504 is fixed to a
bushing 510 locating at the center of a front plate 509
10 arranged in front of the recording head.

An electrothermal energy converter 511 to emit
the ink and form ink droplets is provided in each
nozzle 507 and serves to emit the ink. Another
electrothermal energy converter 514 i§ arranged near

15 the liquid chamber 505. Electrical signéls ére supp;ied
to the electrothermal énergy converters 511 and 514
through an electrical wiring section 512. The

U electrical wiring section 512-and supply tube unit 506

are together supported by a base plate 513.

20 According to the liguid-discharge recording
apparatus shown in Figs. 5 and 6 described above, the
electrothermal energy converter 511 provided to form
the ink droplets and the electrothermal energy
converter 514 provided separately to preheat are

25 together used to preheat the ink. The use of ‘both of
those converters makes it possible to reduce ‘the

preheating time and to prevent the heat from being



.nozzle unit 504. The nozzle unit 504 is fixed to a bushing 510 | ocating at
the center of a front plate 509 10 arranged in front of the recording
head. An el ectrothernmal energy converter 511 to emt the ink and formink
droplets is provided in each nozzl e-58F and serves to enit the ink. Another
el ectrothermal energy converter 514 is arranged near 15 the liquid chanket
505. Electrical signals are supplied to the el ectrothermal energy
converters 511 and 514 through an el ectrical Wi ring section 512. The

el ectrical woridentystiddtdhl? sy beippdytiohp sivi thatobehe ebddget her
supported by a base plate 513. - 20 According to the

| i qui d- di scHarfijaemaEorati rithe eriphesrahoparts. ¢agsbe SpreveBtei@scri bed
above, the el ectrothermal energy converter 511 provided to formthe ink
dropl et s an®n lenes|hagid ottthe el ectmicgl cobgral ewhbdl s capplbiledepmratel y to
preheat are 25 together used to preheat the ink. The use of both of those
converters rfa&erninegshsd tﬂq;cqnﬂamdeltmevaprm@awwgdnmammlo prevent

t he heat _from being - - concentrated to,a single portion, so that the

bad infl¥%en@® dhe. @Wﬁ%&%dwqrs Eirthre Inkvist csionsl ok ¥héd, the
el ectrical nal %Qécpﬁﬁf agflled IS detern1nqg |qeaccordapce wi th various
condi ti ons ;}gﬂ”ﬁi P SFITS IR ARPIFABES ¢ HESTRKEFEEER i gnal in the
characterlstlc of the ink which is used, particularly,
the temperature characteristic ofithe viscosity of the
ink, viscosity change characteristic of the ink in the
10 recording interruption or stop state, and the like.
For example, it is necessary to individually control
the voltage, frequency, pulse width, and ﬁhe like of
the electrical signal to predetermined values and then
apply the signal.
15 | As the heating electrical signal generating
means for applying the electrical signals to those two
kinds of electrothermal energy converters 511 and 514,
one electrical signal genefating means is commonly used. \;)
The heating electrical signal to heat the electrothermal |
20 energy converter 511 to fprm the ink droplets and the
heating electrical signal to heat (i.e., prehgat) the
electrothermal energy converter 514 within a range such
as not to emit any ink droplet are together generated '
from the common heating electrical signal generating
25 means. . |
Various kinds of timings to preheat the ink are

considered. As one of them, the preheating signal may



1i qui d-di scharge recordi nd apparatus, tenperature characteristic of the ink
which is used, particularly, the tenperature characteristic of the

vi scosity of the ink, viscosity change characteristic of the ink in the 10
recording interruption or- stop state, ~aRd the |like. For exanple, it is
neceshdary to individually control the voltage, frequency, pulse wi dth, and
the like of the electrical signal to predeterm ned val ues and then apply
the signal. 15 As the heating electrical signal generating means
for applyi Ag the apelied chatmedpaté by tbe fbpeethvoikkrgatosighatt it her mal
energy converters 511 and 514, one electrical signal generating nmeans is
comonl y used.apiiciedat iOny enechandal tségpreheathpgt sigpakl mayrbeher mal 20
energy converter 511 to formthe ink droplets and the heating el ectrical
signal to heata¥so alwaysmepliedein| therolhetate efiecthe powerrsuppby4
within a range such as not to enmt any ink droplet are together generated
fromthe comuff Hehe i FRFAITENG | apPpaxatws | althevakhi ng recording. isari ous

ki nds of tgnings to'prehfat the ink are copsidered., As one of them the
preheati ng®si FRAEqwRed (imthe,reeording MREeFavRFioResEREeY he PFk-j et

2ppled © n t e R (IR s yape fed "Por B epdrdty 7 VS
period when ﬁhe power supply is again turned on after
the state whereby the power supply of the recording
~ apparatus is OFF (after the recording stop state).

10 Further, the recording interruption period is
aﬁtomatically_counted in the recording interruption
state and after an éxpiration of the.recording
interruption period longer than a predetermined time,
the preheatihg signal may be also appliéd.

15 _ To which extent the ink is preheated, namely,

_to which degree the level of the preheating electrical
signal is controlled differs depending on various

U conditions. Namely, various cases are considered in

dependence -on the characteristic of the ;ecording

20 apparatus,. the physical property of the ink, and the
environmental_condition such as the temperature, -
humidity, and the like at the.logation where the
recording apparatus is installed and used. The level
of the preheating electrical signal may be properly

25 = determined in accordance with the respective conditions

or the 1ike.



. of the recording apparatus although no recording is-5 perforned (in the
recording interruption state). O, the preheating signal may be applied for

a tenporary period when the power supply is*again turned on after the state -

wher eby the power supply of the recora® nrg apparatus is OFF (after the

recording stop state). 10 Further, the recording interruption period i Sk

automatically counted in the recording interruption state and after an

expiration of the recording interruption period |onger than a predeterm ned

time, the preheati nge??ltgngb %1 Ga¥ish R[N q%e e 1ﬂ} el\-/eeﬁ-géoc\f@i ch

extent the ink is prenheate nanely, to whicl gree the | t he
preheating gheghel ¢akult@Ndle ithe: VInigHl il dHifd i RN NGy vari ous

conditions. Nanely, various cases are considered in dependence on the

char act eri sthgesf wheer ef@r digtdril n@RRANAdaridie afvet cale rmperty of the
I nk, and the environnental condition such as the tenperature, humdity, and
the |ike atwhBeprehehited Weetoardig 1teCdhE Rinbydinieritisof sthestal | ed and

used. The level of the preheating electrical signal may be properly 25
det er mi ried inventdocdanséng tthet ld queshedischamendidcarding the |i ke.
-22- 1 Next, an explanation wll be nade with respect to the
resul ts of epparstpsr shownesipeFiigent d iand e and where the
recording is restarted without performing the
preheating at all. As the ink used in the experiments,
the ink of the compositions shown in Table 2 was used.
10 ‘The dimensions of each of the 24 orifices
(discharge openings) 507 aré 50 x 40 um. These
orifices are vertically arranged in a line'at regular
intervals of 0.141 mm. The liguid-discharge (i.e.,
ink-jet) recording apparatus was used under the :,ﬂ
15 environment at 25°C and 30%RH. The ink-jet recording >
apparatus was kept in the recording interruption state
for one hour. In this example, the electrical signal
to heat (preheat) the ink was sent to the electro- \;J
thermal energy converter 511 to form the ink drdplets
20 (toemit the ink) during this interval and the heating
electrical signal was also sent to the other
electrothermal energy convertér 514 which always
operates within a range such as not to emit any ink.
As the comparisdn example, the method whereby those
25 preheating operations are not performed at all was used.

Table 4 shows the voltages, pulse widths, and

frequencies of those'beating electrical signals and of



cases where the recording I's restarted after the ink was preheated
according to the enbodi nent of the 5 invention using the |iquid-discharge
-recordi ng apparatus shown in Fi'gs.”1 and 2 and where the recording is
restar'ted without performng the prehéa??ng at all. As the ink used in the
expsed/ nents, the ink of the conpositions shown in Table 2 was used. 10

The di nensi ons of each of the 24 orifices (discharge openings) 507 are 50 x
40. [err]. These orifices are vertically arranged in a l'ine at regul ar
interval s éf CthetlelegtAiwal isigrklischenpe theeinki (Koj £b¥mr eRer Jhrg
apparatus was used under ‘the 15 environnment at [err] and 30%RH. The ink

-j et recordi nfizgpletalustadhe eptectrotivermabrenewgy ntenvepténnsklate for
one hour. In this exanple, the electrical signal to heat (preheat) the ink
was sent to the electro- thermal end?ABLEchverter 511 to formthe ink
droplets 20 (to emt the ink) during this interval and the heating

el ectrical si gaslwa ent .to the other electrotherimml epergy
converter 514|whi ch~always operates within a range|sucde 4s not to erit any
ink. As the cénparison % Wllre‘iae%/ divae | BFePieRBat]i ng
operations ar¢ not perforned at d.cﬁhblquge&hqms tiez vol tjages,
pul se wi dt hs, tend S HHEREHES—E6 hos-e—Freaf--rg—et-eptii-cat—sghrals—afd of
- 23 - : Ink-jet electrical signal 23.5 10 2
to the converter 511 = _ _ :
. ‘Ink heating electrical 23.5 5 10
o/ signal to the converter 511 -
10 Heating electrical signal | ,; ¢
to the converter 514

Thg'results'are as shown in Table 5.

TABLE 5

\?/ 15 The number of ink dropléts-

. ?ﬁ:g;gtngion which are not emitted until

eriod'p the ink droplets are emitted
P from all of 24 orifices
; The | |
U podiment One hour _ 0
Comparison B
-20 example One hour . 1000

| In the casé of the fhird embodiment of a
liquid-discharge recording épparatus.oﬁ the present
invéntidn, the viscosity of the ink is ﬁaintained by

25 controlling the operatiqn of.heating means in response
to the opefation of cﬁéping means. - Due to this, the

-unnecessary heating of the ink during the recording



1 the electrical signal to emt the ink (to formthe ink droplets) to the
‘el ectrothermal energy converter 511. TABLE 4 Pulse 5

Voltage width Frequency (V) (usec) kHz* I nk-j et electrical signal o
23.5 10 2 to the converter 811 Ink heating el ectri cal -
23.5 signal to the converter 511 , 10 Heating electrﬂed
signal 10 Hai geet i asi nl 23.5 to the converter 514 The
results are as shown in Table 5. TABLE 5 Recording The nunber of ink
droplets interruption which are not emtted until period t he ink

dr opl et s! arén§ﬁ¥FPEélpﬁoﬁﬁﬁlpdopaﬂ4b§rPFE@@@tﬁﬁbaaﬁmﬁhanﬁﬂscoﬂaﬁy hour

0 Conpari son hou 1Q00: 20 exanple. In-the case of the
third enbodFAREE Bf &hﬁl ﬁBFdQBPsPﬁaF‘@é“Fé&M @ HFaNRCRESGEYt he present
i nvention, the viscosity of the ink is maintained by-25 controll'ing the
operation of2R€&ting means in response to the operation of capping neans.

Due to this, the unpgeesiR Nelethy "felhs' Ben'tdiondd a%%\}ehez.nrc Gded! N9
5 the means in which a.heat generation level of an
electrothermal energy cdnverter (heating device) whlch
is used to emlt the 1nk and to form the ink droplets is
reduced and this converter 1s_used, the means in whlch
a separate auxiliary heating detice is used, and the
10. means in which both of those eiectrothermal energy
converter and auxlllary heatlng dev;ce are used. The
capping means, on one hand, is not llmlted to the
foregoing cap but an evaporating device containing an
ink evaporation component may be positioned at a QJ
15 discharge’opening. |
An example of a structure of;the_iignidedischarge
.recording apparatus according*to the third.embodiment of
the invention will then be explained with reference to
Figs. 7 and 8. The ink is supplied from a main tank
20 (not shown) for storage of the ink to a sub-tank 702
for temporary storage of the ink through a supply tube
arranged in a-tube‘701.' A suction tube, which will be
explarned herelnafter, to inhale the choked 1nk from a
dlscharge opening or the like is also arranged in the
25 tube 701 and connected to a suctlon pump (not shown).
The sub-tank 702 is communicated with a liquid chamber

arranged behind a nozzle, which will be explained



224- I nterruption period can be prevented and the viscosity range of the

I nk can be nmaintained to the necessary range. The ink heating neans

nentioned above includes 5 the 'meahs in which a heat generation |level of an

elegtfothernal energy converter, (heattngSdevice) which is used to enit the
inkiapd to formthe ink droplets is reduced and this converter is used, the

means. in which a sepdrate-duxiliary heating device is used, and the 10

means in which both of those electrothermal energy converter and auxiliary

heati ng deVi cehereinstter THey cCappupmpl yetiilde aniengoBanda ptupalitynited to

t he foregoing cap but an evaporating device containing an ink evaporation

conponent may G mwozzlésnace avextilGallycanramgedeinnfrovh efathke of a

structure of the |iquid-discharge recording apparatus according to the

third enbodi nekiqwid t ¢hanbeent i Bre viteéads hefi the enpealesdavet suppbrtedce to

Figs. 7 and 8. The ink is swﬁglied froma main tank 20 énog shown) for

storage oOf the¥ rk ReshirgblQhndoeny Theorushingofbdeins fixedi nk

t hrough a gupply tube arranged in a tube 701, A suction tube, which will

be expl ai ndd He? & rEFeRt  Prare nifle ARt cRDREbuEeR 2rBA7518I YBhbr 26 openi ng

BLnEh?nL't kghgjﬁg! S AISNISEAT NSy SiPEAOF 909 SP89L5E§Y54 Ok SUCt T ON

liquid chamber (not shown) is used to keep the

temperature of the ink constant. Electrical sigﬂals to

— ~ apply energies to the electrothermal energy converter
10 707 and to a heating device, provided in correspondence

to each discharge opening, for emitting the ink and
forming the ink droplets are supplied through an
electrical wiring section 708 consisting of an FPC
(flexible printed circuit). The electrical wiring

\~ 15 section 708, supply tube unit 703, and nozzle unit 706
are supported by a base plate 709. The case plate 709
and sub-tank 702 and the like constitute a recording
head unit as a whole. This recording head unit moves
along a shaft 710 and performs the recording operation.

20 - This recording head unit is returned to a
predetermined home positidn when the recording is
interrupted. The nozzle unit' 706 is covered with a cap
711 at the home position, thereby preventing-the
evaporation component of the ink from being evaporated

25 - from the head of the nozzle. No electrical signal-is
applied to the electrothermal energy converter 707 at

the home position, so that the heating of the ink is



.The sub-tank 702 is comunicated with a |iquid chanber arranged behind a
nozzfe, which wll be explained hereinafter, by a supply tube unit 703.
A plurality of nozzles are vertically arranged in front of the liquid . .
chamber. The heads of the nozzles ar@ésapported by a bushing 704 and opén.
The bushing 704 is fixed 5 to a front plate 705 and’ constitutes a nozzhg/
unit 706. An electrothermal energy converter 707 ptrovided in the liquid
chanber (not shown) is used to keep the tenperature of the ink constant..

El ectrichl sktgppkd.toDappky ehdsgi 4% s poesibdel ol Paiev@nterdiagy converter
10 707 and to a heating device, provided in correspondence to each

di scharge opbei hgating dewticend07hé&uirtheandplemratiesg inhehienlstartepl ets are
supplied through an electrical wiring section 708 consisting of an FPC

(fl exi bl e pinpntbatcktheucap. 7IAewasecoupleald and thel ¥iseosidy 708, supply
tube unit 703, and nozzle unit 706 are supported by a base plate 709. The
case pl ate ¥@8ngenafsthet Ank exzegds the nekessexy: range.a Z&cdsdi ng head
unit as .a whole, This recording head unit noves along a shaft 710 and
perform® t hEUWFERBFJPR§SEBLPatPoRTEYENt that thergvappgadi@ing head unit is

etuned {0 SaeSaRLool B6S BAIE RSk 19 seatad 15 5N B nome
Do g ovnpoPe: SHpBEE¥ER" 180" BN RRE 8" 711 TRAR el HelB R T O
is interrupted for a long time and the viscosity of the
ink éontrarily increases. - , N\
10 : - In the above.exémple, another heating device
707 different frém.a heating device which is provided
for a nozzle (not shown) and serves to form the ink

droplets was used as the ink heating means. However,

in this modified form, an electrical signal to this

15 heating device is set to a low level and applied,
thereby enabling the heating device to form the ink
droplets. to be also. used as the heating means for
kegping,the ink temperature constant. On-one hand, W,

although the cap 711 was used as the capping means at

20 the head of.thé-nozzle in the foregoing example, in
another modified form, further, an evaporating device
containing an evaporation compohent of the ink may be
allowed to exist in the cap 711 and may be also .used as
the capping means. In this case as well, it is

25 possible to prevent that the ink evaporation component
is evaporated at the home position when the recording

is interrupted and. the ink viscosity increases.



25. fromthe head of the nozzl-e. No electrical signal is applied to the
el ectrot hernmal energy converter 707 at the honme position, so that the
heating of the ink is -26- stopped. Due to this, it is possible to
prevent that the heating device 707 fur2Rer operates in the state in that
the\cap 711 was coupl ed and the viscosity range of the ink exceeds the
necessary range. It is 5 further possible to prevent that the evaporation
conponent of the ink which is heated and is likely to be evaporated | eaks
fromthe cap 71thebeforég tlkeofdttifer Sheéateng upt echéoink £&RGbéi M and the
viscosity of the ink contrarily increases. 10 In the above
exanpl e, anot hestopped hgsodethat TF vistesbty fangecohethéninklegase which
is provided for a nozzle (not shown) and serves to formthe ink droplets
was used as t heop¥imizedi ng nmeans. However, in this nodified form an °
electrical signal to this 15 heating device is set to a |low |evel and
appl i ed, thereby enabl i®y the akevermeriiored tevarprating i devieepl the to be
' means for keeping the ink tenperature constant.

al so used as the heati _ ¢ r 1

On one hand’ al% d_g'FPH' 2 fiNEC kol ceh e dishakgni CREMRGIIAN DY  the

nead, of the norsle L Abe LTSRN ShAR &y W enotiier dpdLileg Loun

ink may be as a sponge or the like and the ink may permeate this
~absorption material. 1In this case, it is preferéble

o to perform the pre-ink-jet immediately after the

10 . recording head unit was returned to the home position.
The operation 6f the heating means for
maintaining the ink temperature to a predetermined
value as mentioned above is controlled by control means
in response to the operation of the capping means.
\“J 15 In this control means, the operation of the
. capping means is discriminated by, for example, an
operation signal of the capping means or the ON/OFF of
a switch which operates interlockingly with the
‘movement of the capping means, or the like.

20 . Fig. 9 is a timing chart showing an example of
the opergtion timing between the capping means .and the
heating means. Under a fixed condition, it is possible
to controllin a manner such that the heating means is
set to the inopérative mode (OFF state) when the

25 .capping means is operating (ON: state) as shown in Fig. 9.

Fig. 10 'is 'a flowchart showing an example of an

operation procedure of the control means. in the case



-allowed to exist in the cap 711 and may be al so.used as the cappi ng neans.

In this case as well, it is 25 possible to prevent that the ink
evaporati on conponent is evaporated at the ‘honme position when the recording .
is interrupted and the ink viscosityZ28nereases., -27 - Therefore, the’ '

further heating of the ink can be stopped, so that the viscosity range af,
the ink can optim zed. As the above-nentioned evaporating device, the 5 ink
droplets emtted fromthe discharge opening may be prelimnarily emtted
into an kbsefptbaersdlléhgakhauhkating Hean@e idf rie3poniske tandnkhe i nk may

perneate this absorption material. In this case, it is preferable to
per form t heopeeathbnj of thuedappihy abaas @ae shdownede diheg timdsguni t was
returned to the hone position. The operation of the heating neans for
mai nt ai ni ngchaeti of FigpePature to a predeterm ned val ue as. mentioned above
is controlled by control neans in response to the operation of the capping
means. 15 - InpFigisl@enwheh thenpowelre sepplyt iodnthe t he cappi ng
means i s discrimnated bz, for exanple, an operation signal of the capping
neans or’ t hBPPRFEFPS ot s atutineénonmi R §5epPatd§0lnt &heodkkngly with the
novenent of the. cappi ng, neans, or. the like. 20, Fig. 9is atimng
chart shomﬁﬁﬁmaﬁrégﬁﬁﬁlésoflrSt detected by a temperature sensor
attached to the recording head unit, or the like, and
a check is made to see if it is necessary to heaE the
ink or not. If YES, a check is then made in step \
10 81002 to see if the capping means is operating or not.
If the capping means is in the inoperative mode and no
operation signal is supplied, namely, if NO in step .
S$1002, the heating means is turned on to heat the ink
in Step.51003. When the heating means is ON, the Do
15 operations in steps S1001 to S1003 are repeated and the
heating operation is continued until the ink temperature
reaches a predetermined value.
When it is determined that the. ink temperature \_/
has increased and reached the temperature at which the
20 heating is not required in step S1001, step S1004
‘follows irrespective of the presence and absence of the
capping operation signal and the heating means is
turned off to interrupt the heating.
On one hand, even if the ink temperature does
25 not increase to the predetermined value yet, when the

capping operation signal exists in step S$1002, namely,

when the capping means is operating, step S1004 follows



the operation timng between t-he cappi ng neans and the heating neans. Under
a fixed condition, it is possible to control in a manner such that -the
heating nmeans is set to the indperative node (OFF state) when the 25
cappi ng neans is operating (ON state),as shown in Fig. 9. Fig. 10 is a
flowchart showi ng an exarnpl e of an opération procedure of the control neans
In the case - 28- of cdntrolling the heating neans in response to the
operation of the capping neans as shown in the timng chart of Fig. 9. In
Fig. 10, ;when the power supply of the 5. apparatus is turned on, in step
S1001, the i@ tMpdietinlg iReans dis duairned eI o tahsarmnl cheensor

attached to.the recording head unit, or the like, and a check is nmade to
see if it | GRH ‘ary to heat the ink or not. If YES, a check is then

de i t 10 S1002 .t if_.th ' g ' ti not. |f
Pﬁeecggp?ngprreans [ %%ﬁéﬁ%cﬁ?@r"%{“ﬁ@?l 3 &E??S‘S%'ﬂ'? Oerecif?ﬁ IcS’rrﬁ]agsiognglo IS
l'i ed, e T3 ' . . tin is t d t

heat 1 he i npEnted LraRspkcviih U e YiTATd Hhd BBnc B 35 O 1°

operati ons ighraliaink SLARL di R AP UM b el g qaner at | on

is continued until the ink ternperature reaches a predeterm ne ue. Wen
It Is deterwgmatd hatkkd.he i nk tenperature

As described above, . the temperature of
the recording head unit in which the ink discharge
10 . openings are formed is detected and the elecfrothermél
energy converter for heating is controlled on the
basis of this temperature. Therefore, thenink-cah be
heated in consideration of the environmental condition
under which the recording apparatus is used and of the
15 'recording interruption or stop period before the
restart of the recording. In other words, since the
operating environmental temperature and the recordiné .
\_ interruption and stop periods are reflected in the
temperature of the recording head unit, the optimum
20 heating can be carried out by properly selecting the
‘heating condition in accordance with the temperature of
the'recording head unit.
Further, . ac described abéve,-
recording—apparatus—of-the—inventieny the preheating of
25 the ink which is performed when the recording is
restarted is carried out using both the electrothermal

enerqgy converter provided to form the ink droplets and



¥

has increased and reached the tenperature at whichthe 20 heating is. not
required in step S1001, step S1004 follows irrespective of the presence and
absence of the capping operation signal and the heating neans is turned offs«
to interrupt the heating. On one-hggd: even if the ink tenperature does 25
not increase to the predeterm ned val ue yet, when t'he capplng oper at i ORe’
signal exists in step S1002, nanely, when the cappi ng nmeans i s operating,
step S1004 foll ows 29 and t he heating nmeans is turned off to interrupt

the haat! oge SlLoplothe-Als endesy! bORdePERNTLES,ER0C b 2pP! | ed

irrespectrve resence an bsenceé o €~ su 2 or the presence
and abse e t | i S : ghove, t he
t enper at Po@idéﬁetégégéggﬁg E%adhﬁﬁltkfhumhlcﬁs g%éﬁﬁgtéﬂgcharge 10

openi ngs emefeaﬂeﬂe'feéﬁésatsﬂaaﬂé wefekeﬁéf%hs{;aﬁtesnensi converter for
heating is controlled on the basis of this tenperature. Therefore, the ink

can be hegh@dnhéatceopsi feenbatingfis heorByhtpateat 86 &08dhglen under which
the recording apparatus is used and of the 15 recording Interruption or

stop periporbbdnf esbhehaesthetbad ihfluencedongthénpetripheralds, since the
operating environmental tenperature and the recording
parts can be prevented.

. In addition, @&s  described above,
there is provided the control means for controlling the
operation of the heéting means for holding.the ink
10 temperature to a predetermined value on the basis of
the operation of the capping means for covering the ink
discharge opening. Therefore, it is possible to obtain
the liquid—discharge recording apparatus which can |
automatically suppress that the ink viscosity changes i
15 to a value out of a desired viscosity range and can .

efficiently perform the recording with an excellent

guality.

20

25



knterruption and stop periods.are reflected in the tenperature of the
recordi ng head unit, the optinmum 20 heating can be carried out by properly
sel ecting the heating condition in-accordance with the tenperature of the
recording head unit. Further, = as described above, the preheating of 25
thelipk which is performed when the recording is restarted is carried out
usi ng both the el ectrothermal energy converter provided to formthe ink
dropl ets and -30- 1 the electrothernal energy converter separately
provided to preheat the ink. Thus, the3areheating tinme can be reduced and
it is further prevented that the heat for preheating is concentrated to a
single 5 portion, CE8IMSat the bad i nfluence on the peripheral parts can be
prevented. In addition, as descri bed above, there is provided the
control neans for controlling the operation of the heating neans for

hol ding the ink 10, te rature to a predeterm ned value on the basis of
the operation of tHhe @ggg %ﬁ9$ﬁ§ B8 FPELT R nGH BPPRF AR US: R 1Y ing.

Therefore, it is possible t btain the |liquid-di.,scharge recordi.n
appar at us whi ch can aut3haf%€§rpsn pp ggggthgﬁv?93 in%nVYsaﬁﬁqﬂﬁ%haﬂﬁﬁé
15 to a vakue OutdﬁEcﬁaQﬁih@eQ'ﬁhﬂ%Qﬁ:ty range and can -

discharging means for discharging liquid from the

-opening;
o heating means for heating 1liquid in said
recordiﬁg head prior to a recording process:;
10 capping means for covering the discharge opening:;
and |
contro; means operable  to control the heating
means so that the heating means is deactivated at all
\%/ | _ times when the capping means covers the discharge

15 .opening.

2. Apparatus according to claim 1 further comprising a
sub-tank for temporary storage of liquid from a main
tank, the sub-tank communicating with the discharge

20  opening.

3.  Apparatus acco:ding to claiml 2, wherein the
sub-tank communicates with.the discharge opening via
a liquid chamber.

25

4. Apparatus according to claim 3, wherein a

R A A



efficiently performthe recording mﬁth.an excel:-l ent quality. 20 25 - 31 :
- CLAIMS 1. A lliquid-discharge recordi ng apparatus conprising: a recording

‘ head havi ng an openi ng for 5 di scharging a |iquid; discharging*-
nmeans for discharging liquid fromthe.opening; heating means for ° -
heating liquid in said recording head prior to a‘recording process; 40

cappi ng neans for covering the discharge opening; ‘and cdntrol neans
operable to control the heating neans so that the heating neans is
deactivated at all times when the-cgpping means covers the discharge 15
opening. 2. Apparatus according to claim1 further conprising a sub-tank
for tenporary phwrenpetyf of quitedharga openihgskconhenscatéawkth the

comuni cating with the discharge 20 opening.. 3. Apparatus according to
~claim 2, whereliguid chdmbemnk communicates with the di schar ge opening via a
I|qU|d chamber .
5. Apparatus according to any preceding claim, wherein_
5 the discharging means 1is a member for generating

thermal energy.

6. A liquid-discharge recording apparatus comprising: \—/
‘a- recording head having' an opening for
10 discharging liquid;
heating means for heating 1liquid in said
recording head, said heating means comprising
electrothermal energy converting means for generating 1
energy which is used to discharge liquid in response \'/
15 to an emission signal and which is used to heat the
liquid without discharging the liquid in response to a
heating signal: J
capping means for covering the discharge opening;
and |
20 control means operable to control the heating
signal so that the heating means is deactivated
whenever the capping means covers  the  discharge

opening.

A



25 4. Apparatus accordi'ng -to claim 3, wherein a - 32 -
plurality of discharge openings conmunicate with the |iquid chanber. 5.
Appar atus according to any precedi'-ng claim wherein 5 the discharging
means is a nenber for generating thernmal energy. 6. A |iquid-discharge
reoQrdi ng apparatus .conprising: a recordi ng head havi ng an

.opening for 10 di scharging liquid; heating nmeans for heating

liquid in said recording head, sai d heati ng neans conprising
el ectrothermal energy converting neans 3®r-generating energy which is
used to discharge liquid in response 15 to an em ssion signal and which

is used to heat 7+ he ADRARatug targerding ko giain He funkher i ¢comprpsing to
a heating signal; capping neans for covering the_discharge opening; and 20

control neans operdifther o heaking (JavigR .t RLLfepantso tFEPmihe the

heating nmeans is delact‘é va%he enever the caé)f)i n means covers the
di scharge openi ng.8lectrothermal energy converting means. .

5 8. Apparatus according to claim 7, wherein the control
means is operable to deactivate said other heating

device.

—
9. Apparatus according to claim 7 or'8, wherein the
10 control means is operable to activate both the
electrothermal energy converting means and the other
heating device.
g&g o 10. Apparatus according to any preceding claim,
15 further conprising means for detecting a temperature
- of the liquid in the recording head, and wherein the
control means .fesponds to temperature information
" _ )

detected by the temperature detecting means to cause
the heating means, when not deactiVated, to heat the

_ 20 liquid.

'11. Apparatus according to claim 10, wherein emission
L"éignal generating means generates an emission signal

to which the electrothermal energy generating means is

25 | responsive, and heating signal generating means

forming part of the control means generates an

% [ L M S *



- 33 - 7. Appar atus according to claim®6 furt:her *conprising another

heat i ng devi ce di fferent from . the electrothermal energy
converting neans. 5 8. Apparatus accordimg to claim7, wherein the
control neans is operable to deactivat.e said other heating device. 9. ~
Apparatus according to claim7 or 8, wherein the 10 control neansfs

operable to activate both the el ectrothermal energy converting neans
and the other heating device. 10. Apparatus according to any preceding
claim 15 further conprising -m84dns for detecting a tenperature of the
liquid in the recordi ng head, and wherein the control neans responds to

t enper at ur e i nedes¥riceldesd@nad bwhiieh t daser & devedetwiditiing areeange o
cause the heating nmeans, when not deactivated, to heat the 20 | i quid.

11. Apparatus 8868 Gﬁn&qto‘iq st @nvddauid.o fedg @lestFigel guanak i ng

means generate n _em ssi_gn t o whi.ch he electrothernal ene
generati ng mea?f ipg 2?99 (}'el‘ié% %%gleciﬁ'ﬁ Fhermal; @neray sienve ating

means form ng %gﬁg the control means generates an - 34 -
electrical sigQ mhlch has a level wthin a range

5
12. Apparatus according to dlaim 10 or 11, .whereiﬂ
the control means operates so that when a power supply
of the apparatus is turned on and the heating means is \u)
not deactivated, the 1liquid in the recording head

10 reaches a set temperature.

13. An apparatus according to claim 12, wherein
control means is arranged to apply to the
electrothermal energy converting means a first signal \53
15 when a redording is restérted after a. recording
interruption in the state;in that a power supply of

said. apparatus is ON and a second signal when éaid

power supply of said apparatus is turned on.

20 14. A liquid-discharge recording apparatus according
to Claim 1 substantially as hereinbefore described
with reference to Figures 7 to 10 of the accompanying -

.drawings.

L



Jsuch as not to emt any l4quikd, said electri.cal signal being applied to the

‘el ectr ot her nal

210 or

11, wherein-the control

energy converting neans. 5 12. Apparatus according to claim

the apparatus is turned on and the heating neans is not deactivated,
|Iﬁ;}d in the recording-head 10 " reaches a set tenperature. 13. An .

appar at us

arranged to

first signa

according to ‘claim 12, wherein control means S
apply to the eleqi ot hermal energy converting neans a
15 when a recordi S restarted after a recording

interruption inghe nﬁﬁéﬁ‘aﬁ\ﬂs tJI?éoﬁhQ\g’J‘EEq %i%‘%gﬁ’ dai gmeQe1W%rﬂWe

and a second si‘gnal

t ur ned

f or
a

a

| i qui d-di scharge recording apparatus in which there is provided a

sal d power appar at us

t he

IS

‘means operates so that when a power supply of

ON

on. 2Qsuch hht nddhs d-iF S FRAECHA NG 2RRYANS fPr di ng
to daiml subsfg%tlallflgg herelngéfo described with Qﬁé#@?ence to

Figures 7 to 1QG-ddordingaegd@anyi ng draW| ngs. - 35 15. Apparatus
according to claiml1l, wherein a single such heating neans 1is provi
such recordi ng head. 5 16. A method of operating

single

5

10

20

16. A method of operating a liquid-discharge
recording apparatus in which there isé provided a
recording head héving a discharge opening for emitting
a liquid, and héating means in said recording head for
heating the liquid prior to a recording process and
capping means for covering said discharge opening,
wherein the heating means is deactivated whenever an
internal side of the JCapping means is not

substantially communicated to the atmosphere.

17. A method of operating a liquid discharge recording

ded

apparatus comprising: a recording head having an

opening for discharging a liquid; heating means
comprising electrothermal energy converting means for
generéting energy which is used to discharge liquid in
responée to an emission signal and which is used to
heat liquid without discharging liquid in response to
a heating signal; and capping means for covering the

opening, wherein the heating means is deactivated at

‘all times when the opening is substantially not

25

communicated to the atmosphere.

* [ L N S *



recordi ng head having a di scharge opening for emtting a liquid, and
heating nmeans in said recording head for heating the liquid prior to a
recor di ng process and 10 capping nmneans -for+ ‘covering said di'schargge
openi ng, wherein the heating neans is deactivated whenever an internal .
si de of the - capping means is not substanti-aally comunicated teuf
t he at nosphere. 15 17. A nethod of operating a’liquid discharge
recordi ng apparatus conprising:. a recggding head having an opening for
discharging a |liquid; heating means conpri sing el ectrot hermal energy

converting neansl8or ckppardtug eaecEddity ChedS HRpb4 cbﬁ'dﬁ@a%gﬁgljrgui din
0 ‘hea

20 response to an emssion signal and which is use Qquid
wi t hout di schar gfhRreinsalid n cappionge tears hapld NGrbi §dt %W{g
means for covering the opening, wherein the heating nmeans is deactivated at
all times when ﬂﬁ&hbpening is substantially not 25 communi cated to the
at nosphere. 11111111 111111 111111111111111 - 36 - 18. Apparatus _ :
according to any of clains 1 to 15, wherein said cappi ng nmeans has an ink
absor ptive body.
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