| Liquid-Di scharge Recordi ng Apparatus 5 The present invention rgiii %%ﬁ%f)ca
| i qui d-di scharge recording apparatus and, nore particularly, to ff) D=
lqu|d di scharge recordi ng apparat us haV|ng the nechanismto maintain a

cosity of an ink 10 to be enmitted so as to be fitted foor enission at
IeaSL,mhen the ink is enmtted. Accordi-glte I'i qui d-di schar ge recordlng
apparatuses, a recording liquid (for exanple, ink) is 15 held in an ink
vessel, the ink is led to a recording head unit fromthis ink vessel, a
nozzl e provided in the recording head unit is driven in response to a print
pattern signal, and at the sane tinme the ink is emtted froma discharge
opening at the head of the 20 -“nozzle, thereby performng the recording
such as the printing O&'l#d-]ﬁ%%éé %H#%q‘ﬁfﬁéﬂit@m as a paper or
the like. The ink emtte deposited on
the recording material. As nethods of emtting the ink onto the 25
recording material, the nethod whereby an el ectro- nechanical converter
such as, e.g., a piezoelectri.c device or the |like is used, the nethod
wher eby an -2- electrothermal energy converter is used, and the like

5

The present inventiéﬁ relates to a
.liguid-discharge recofding apparatus and, more
particularly, to a liquid-~discharge recording apﬁaratus
having the mechanism to maintain a viscosity of an ink

10 to be'emiﬁted.so as to be fittéd for emission at least

when the ink is émitted.

According to liquid-discharge recording
- apparatuses, a recording liquid (for example, ink) is

15 held in an ink vessel, the ink is led to a recording

@

head unit from this ink vessel, a nozzle provided in
the recording head unit is driven in response to a
print pattern signal, and at:the same time the ink is
emitted from a discharge opening at the head oflthe

20 nozzle, thereby perfbrming the recording such as the
printing ér the like on a recording material such as a )
paper or the like. The ink emitted forms a jet liquiad-
droplet and is deposited on the recording material.

As methodé of emitting the }nk onto the

25 recording material, the method whereby an electro-

mechanical converter such as, e.qg., a piezoelectric

device or the like is used, the method whereby an



onverter is used, the ink in the nozzle is heated by the el ectrothermal
nergy 5 converter to cause a charige in pressure of the ink, thereby
emtting the ink. In the |iquid-discharge recording apparatuses to which..
t he above-nentioned emtting nethods and other conventional emtting </
net hods are applied, it is a 10 general manner that the di scharge opening
at the head of the nozzle to emit the ink is always open into the open air
I rrespective e a i er.atin r nof. .Therefore, in
t he case mhé?%é? egéggg?%?naa?gago%ggeF%gg%e&%f8?%?%(ﬁﬁ?tﬁqﬁ;i wat er 15
and vol ati| e; 04 gaRbé §°|3885r85n§h@olkh8 HRLRR P LReldB CYRonent s of the
i nk evaporate I nto tﬁe open alr Tromthe Inks renaynina a ﬁrmadischarge
openi ng and dleétfolRéihall BRAEqYNBAYEERAEOZSORRUAN e MY (i1e Vi Scosity
of the residual ink increases antd exceeds a range of 58 Vi Scosity
necessary f ofth&mészDa. i ' apPr e ' J S, emtted in
spite of the fact that gggﬁfﬁFagiggaFH#sH%%SF?ggngkﬁégiEEEFJ after the
appar at us Omrﬁieﬂt@ﬂd‘téh@aﬁ@éOédbﬁﬁn?ésiﬁeéi'ééhﬁge b2 afid riggr), there is
al so anot her problem such 25 that a Tenperature of the I nk decreases at
| ow t enper atthexsebyn emhiteingee@nink.the like, so that the viscosity of the
i nk al so increases. - - S

In the liquid-discharge recording apparatuses

‘ Zre known. According to the nethod Vhéreﬁy the el ectrothermal energy

to which the above-mentioned emitting methods and other
conventional gmitting meﬁhdds are apélied, it is a
10 general manner that-the dischﬁrge 6penihg at the head
of the nozéle to emit the ink ié always open into the
open air irrespective of whether the aéparatus is ”
operating or not. Therefore, in the case where the
recording is not performed for a long time, the water
15 and VOIaﬁile oréanic solvent orlthe like which are the
compohents of the ink evéporate.into the open air from o/
the inks remainihg at the discharge opening aﬁd in the
portion near the discharge opening; Thus, the viscosity \;1
of the residual ihk incfeases and.exceeds a raﬁge of
20 viscosity necessary for émission, causing a problem
- such that no ink is emitted in épiﬁe of the fact that a
print signal is applied immediately after the apparatus
operated_and the recording was restarted. )
In addition, tﬁere is élso.another problem such
25 that a temperature of the ink decr;ases at low

temperatures in winter season or the like, so that the

viscosity of the ink also increases.



- 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
heated just before the recording is restarted, nanely, just before 5 the
ink - again emtted, and the tenperature of the ink is increased, thereby
re&&gﬁng the viscosity and maintaining it to a predeterm ned viscosity
range. Even when the environmental tenperature is constant, the heating
conditionis also |argely 10 changed depending on the use state of the _
recordi ng apparatus. Nanely, due to the use of the.recording apparatus, al
of the thermal energy applied fromthe el ectrothermal energy converter to
emt the ink droplets fromthe- di scharge opening, for exanple, is not .
necessarj |y used tofor e.dnk droplets b a .par f [ her mal energy .
I ncreases the tenpe?%iEgg%%ffb%ep%g%ﬁgﬁbégl%hghﬁggggg ethg %P%ctrothernal
ener gy convelkehe s TRCLE W shRCneaTIBhalLEk | RRRE" hiagnUler & (he

di scharge opening i ormed inmmedrately after tHe conpletion of the

recording | 5bapaely HiARIEoasWHATERY NN Lk S hEHRRAGUEE before the

start of the i ing, so that there”is a problemsuch that, for instance,
when the inkeirsrBeghed rabokiengessarksehrtba,r aaaediy N jhyet bakbee the end
of the recording, the ink is overheated and the viscosity overdecreases.
) the ink is again emitted, and the temperature of the
ink is increased, thereby reducing the viscosity and

\ maintaining it to a predetermined viscosity range.

Even when the environmental temperature
is constant, the heating condition is also largely
- 10 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

electrothermal energy converter to emit the ink.

O droplets from the discharge opening, for example, is

C

not necessarily used to form the ink droplets but a
part of this thermal energy increases the temperature
of the peripheral members of the electrothermal energy
converter. Therefore, the temperature of the portion
where the discﬁarge opening is formed immediately after
the completion of the recording is largely changéd as
compared with the temperature before the start of the
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.



In order to take account of thé above problem the present invention
provi des a |iquid-discharge recordi ng apparatus conprising: a recording
head having el ectrothernmal energy 5 converting nmeans for generating ¥
an energy which is used to emt aliquid in response to an em ssion ™
(signal ; emission signal generating neans for generating said em sSiorfw’
signal; 10 heating signal generating neans for generating an

el ectrical signal which has a level within a range such as rot to enmt any
liquid but which is of a sufficient. leevel to cause the liquid to be heated
and is applied to said electrothermal energy converting 15 means; and
wherein the content ofn Sodde®! €st€dkdl astomat @b €hel SabbRbl egrabilkin) t he
range such as not to emt any liquid-droplet is made to differ to bring

about a first Radi ngressiet Wnbvémeigpnweprovp@es oa saiduid-discohaigyeat us

I's turned on and a second heating node when recording is started after an

i nterruption wirdcditinyvepparpity cémphbsitpgaratus turned on. -5-

During preheating, the heating condition.is |argely changed due to the

ci rcunst ances under atretoxding ecchead nghavbpar aseliectrothermal exengyy,

t here Es a

converting means for generating ‘an energy which is

used to emit a liquid in respdnse to an emission
signal;

emission éignal generating means for generating -/

said emission signal;

10 heating signal generating means for generating an
electrical signal which has a 1level within a range

such as not to emit any 1liquid but which is of a
sufficient level to cause the liquid to be heated and

is applied to said electrothermal energy converting

I
15 means; and o’/
wherein the content of said electrical signal
which is applied within the range such as not to emit o

any liquid droplet is made to differ to bring about a
first heating mode when the power supply of said
20 apparatus is turned on and a second heating mode when
recording is started after an interruption with the

power supply of the apparatus turned on. - .



drawback such that if the preheating conditionis 5 determned so as
to obtain good em ssion of the ink droplets even under | ow tenperature
environment (for exanple, [err]), the viscosity of the ink becomes too | ow
dugrf\to the heating wunder high tenperature environnment (e.g., [err]),
so thhat the ink viscosity is 10 out of the range necessary for good
emssion. On the contrary, in the case where the preheating condition is
set so as to derive a good ink viscosity under high tenmperature

envi ronnent , the necessary viscosrtﬁsdhnnot be derived under | ow
tenperature environnment. In order to take account of this problem in
t he appar at us oDuringe preheadiiing, nvthe i deatinqaronditiqgneier dbrgely
provi ded neans for detecting a tenperaturé of the liquid in the recording
head, the heatingchanged slughaltqerthent igigrourstancdsg undexn whiche thasis
of the tenperature I nformation det ect ed by said tenperature
detecting neans. Trecoxrding canRaratus dsgcused. t o Namgled theFedoks 2

Pat ent Application No 8531677 (GB 2169856A) from which this %Bglipation i's
di vi ded. BRI EF9peybrchkT syehothal gfawthes preheating condition is

5 determined so as to obtain good emission of the ink

droplets even under low temperature environment (for

example, 5°C), the viscosity of the ink becomes too '

Al low due to the heating under high temperature

environment (e.g., 35°C), so that the ink viscosity is
10 | 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 viscosity under high
temperature environment, the necessary viscosity

cannot be derived under low temperature environment.

1
In order to take account of +this problem, in the
U/ apparatus | of the present invention, there is
preferably provided means for detecting a temperature
of the 1liquid in the recording head, the heating
20 signal generating means being driven on the basis of

the temperature information detected by said

temperature detecting means.



Various enbodi ments of the invention will now be described, by way of
exanple only, in the acconpanying drawings, in which Fig. 1 is a schematic
perspective view of a recording head unit of a |iquid-discharge recording
apparatus for explaining the first enbodi ment of the present invention;
'Fig. 2 is an enlarged diagramof a nozzle unit of Fig. 1; Fig. 3 is a N\
fl owmchart show ng 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; Fig. 5 is a s&hematic perspective view of a
recording head unit in a |iquid-discharge recording apparatus for use in
the second enbdRefenencéi gis6 direotedl atgedupdtedect KitgdomV OofpakdipEgzl e -
unit in Fig. 5, Fig. 7 is a rear perspective view of the main part of a

| i qui d- di schar gsppbteatiion aNear 8583627c (GBI 2369856 tfviond winividitrers ;

-8 Fig. 8 is a front perspective view of a recording head unit in Fig. 7,
Fig. 9 is a timtPRrtRarionhdsi ddvidedpl es of operation timings of capping
nmeans and heating neans;



5 ardd Fig. 10 is a flowchart §homﬁng an exanpl e of an operation procedure
far jcontrolling the operation of the heating means on the basis of the
operation of the capping neans. 10 DETAI LED DESCRI PTI ON OF THE PREFERRED
EVMBODI'WENTS I n the case of the first enbodk?pnt of a |iquid-discharge

recoré¥ ng appar at us according to the prese i nvention, a tenperature
sensor to detect a 15 PEgerature of a recording head unit in which a

di scharge openi ng -BR CRIPTION @I THEI DRAWINGS i ng condition is

sel ected on the baS|s of a detection si gnal of this tenperature sensor. An
el ect r ot her mal ene6§¥i§onvert forn3ﬁ$t|n can al so serve as an

el ectrot hermal ener Sfvell s&%on. %nél'}yeﬂﬁiqme widklor dialg be

apparatus of the t9pscribati chyi waydiodplexamplies oIy ed dtHE Hddbingily in
expandi ng the ink graiifggl e¢hr ghighm®l energy converter for em ssion, o
roles for emtting and Zg heating can be achi eved by changing a | evel of
an electrical signal which is applied to the electro- thermal energy
converter. In this case, afidnpariéda schemagic perspeetivherearet her

el ect r ot her mal ener y converter for heating is s<farately provi ded onIy
t he recording head unit of & liquid-dischdrge recordin

apparatus for explaining the first embodiment of the
present invention;

Fig. 2 is an enlarged diagram of a nozzle unit

U
of Fig. 1;
Fig. 3 is a flowchart 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 example;
Fig. 5 is a schematic perspective view of a
i:} recording head unit in a liquid—diécharge'recording.
| apparatus for use in the second embodiment;
o Fig. 6 is an enléfged perspective view of a
/

nozzle unit in Fig. 5;
Fig. 7 is a rear perspective view of the main
part of a liquid-discharge recording épparatus

according to the third embodiment;



ni ni m4m portion whi ch needs to be heated can be heated, so that the
influence of the heat to the peripheral 5 portion of the el ectrothernal .
energy converter can be suppressed to the mnimum degree. Various kinds of *
controlling nethods can be consideredgwith regard to how to control the~

el ectrothermal energy converter for heating in 10 dependence on the
tenperature of the head unit detected by the tenperature sensor. However,

it is the nost general nethod that the electrical signal for heating is
applied to the electrothernmal energy converter for heating until the
tenperature of the r%%%rd?nbshéaérgﬁtuHPFsﬁéﬁFlﬂﬁeVHGY?I Becones a
predeterm ned tenperature, The heat%m ig ordinarily perforned i medi ately
before the rERSRTAHF Read ppLf. ipg Fg'd édirable that the control of the

el ectrot hermal energy, conyerter gor;ZO Hea%in i g _carried.out 3% changi ng
the level of the el &ct¥t cal*8i JnatPiRdcSREF fe PROVIRILXAMP LS. §5di ng

embodi nont  QETRCRo CEPhBoRTbF ErbATab RRRAEIRrel nARRERE, nediRii i i

referencg t o, 1gs. 1 to 3. Fig. 1 is a schematic perspective view of the
recording head unit of the |iquid-discharge recording apparatus - 10 -
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
capéing means.

10

DETAILED DESCRIPTION Oé\THE PREFERRED EMBODIMENTS

In the case of the first embodiment of a
liquid~-discharge recording apparatus according to the
present invention, a temperature sensor to detect a
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 sensor. | v
An electrothermal energy converter for heating
20 can also serve as an electrothermal energy converter
for emission. Namely, in the recording apparatus of
the type in which ink droplets are formed by heating,
and expanding the ink by the electrothermal enerxgy
converter for emission, two roles fgr emitting'and
25 heating can be achieved by chahging a level of an

electrical signal which is applied to the electro-

thermal energy converter. 1In this case, as compared



according to the first enbodinent. Fig.. 2 is an enlarged diagram of the
nozzle-unit in Fig. 1. In Fig. 1, an ink is led froma main tank (not
shown) for storage of the ink to a sub-tank 2 for 5 tenporary storage of
the i-nk by an ink supply tube 1. The ingk a quality of which deteriorated
and yhi ch could not be used is inhaled into a recovery punp (not shown)
fromthe sub-tank 2 or the like through a suction tube 3. The sub-tank 2 is
comuni cated with.a liquid 10 chanber 5 provided behind a nozzle unit 4

t hr ough anliﬁk. Ly tube unit 6, thereby allowing the ink to be supplied
and i nhal ed. Iﬂiﬁp&%’z,gﬁﬁe -‘?%lﬂn‘h%k"z’}' ?cﬁ%t}g%if‘!'?%a???r%’ranged in
front of the |iquid,chanbe The head of each, of the_ao zles. 7 forne a 15

5.
dischgrge opefoNy &t T %}“?qQ}Q§ﬁ%§e§F3?fﬁﬁ?}¥eEF%E% ¢Je Op¥i Hes
t [ terial .. T | it f | 7 ' h
nosat & ani ¢4 mipanD Piaon Mt Meddh, ¢ B8 fffed otn REBeA: ' (he
t f f | 9. I e f t t | head. Al
ol octr of her P oo iERE the SHEIUGRE dF " ndle | OF dhe FEEOMGER NG

heating the i %gritidﬂr QF 8¢ il eRAGh) EET 7en§:§§][é&’f@ér§él.gn@$x§ Be €

supplied to t converters 11 through an electri W ring section 12. The

W ring secti ogupprasdedRR %hed milnifuntidgedl € together supported to a
base plate 13. tenperature sensor 14 consisting of a thermstor is

attached near the |iqyagioh@anrinds RPO\GdikdIiddandassad! dde ¥e.

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
N before the recording is started. It is desirable that
" the control of the electrothermal energy cbnverter 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 embodimént of the }nvention will then
25 Dbe described hereinbelow with reference to Figs. 1 to 3.
Fig. 1 is a schematic perspective view of the recording

head unit of the liquid-discharge recording apparatus



1 . A control nethod of the |iquid-discharge recording apparatus
-having the above-nentioned arrangenent will then be explained with
reference to Fig. 3. As described above, the el ectrothernal energy 5
converter 11 is used for both emtting and heating. The heating of the ¥nk
is carried out in two kinds of heattngOnedes; nanely, the first heati ngw
node in that the heating is perforned at the restart of the recording after
the stop of the recording when a power 10 supply of the apparatus is OFF;
and the second heating node in that the heating is performed at the restart

of the recoriaafifred ot 2ot LhBoAsREAULNOFYBEN2t he @A supply of

the apparatus is ON"In this exanple, the pre-ink-jet of ink droplets is

al so carri e(’érg.larg@_dﬁ&fﬁaﬁ%ﬂ%ﬁerﬂaﬂﬁléhﬁnﬁﬁt gal pRgl.Ni,.Ng.  The applying
| evel s of the foregoing Tirst and second heating el ecfrical signals and of

the emitting el ectrizplrsygnp a&neiskoy® 18aTebbR & md9n2Bank (A3t TABLE 1
Pul se - Applying tinme, Voltage width Frequency the nunber of

shown) for storage of the ink to a sub-tank 2 for

5 temporary storage'of-the ink by an ink supply tube 1.
The ink a quality of which deteriorated and which could
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 allowing the ink to be
supplied and inhaled. 1In Fig. 2, twenty-four nozzles
7 are vertically afranged in fron£ of the liquid
chamber 5. The head of each of the nozzles 7 forms a

15 discharge opening 8. The ink is ehitted from the C:
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 1l
for both emitting ink droplets and heating the ink ‘is
provided in each nozzle 7. Electrical signals are .
suppliea to the converters 1l through an electrical
wiring section 12. The wiring section 12 and supply

25 tube unit 6 are together supported to a base plate 13.
A temperature sensor 14 consisting 6f a thermistor is

attached near the liquid chamber S provided for the

base plate 13.



(KO [err] (kHz) pul ses, etc. 5' lét'heéting

Apply until the electrical 23.5 2 16 recordi ng head

si gnal t enperature becones [err] 2nd
heating el ectri cal 23. 5. 2 - 33 - Apply for one signal

seconpg Emtting 10 el ectrical 23.5 10 2 10 signal 1st pre
ink j et , Apply 100 el ectri cal 23.5

10 2 .. ypulses signal 2nd pre ink jet '

?gghﬁoésgiégs o?lfﬁér: E%oﬁﬁggISmEFF%gd?ﬁeEFebiiﬁﬁifnggL%%iég gnalzTaE%Shf
70 vei ght  par (ESTERETP9 apPRFarHe haxbRd: FhevabolEshpalpRethe 25 orF
Curned on, thettTeageRBat; Rt cEndRrae TS 1ARRER MR PORBRERAE Sect 1 cal
signal of a Fig. 3. As described above, the electrothermal energy
5 converter 11 is.used for both emitting and heating.
The heating-of the ink is carried out in two kinds of
heating modes} namely, the first heating mode in that
the heating is performed at the restart of the |
recording after the stop of the recording when a power
10 supply of the apparatus is OFF; and the second heating
mode in that the heating is performed at the restart of
the recording after the stop of the recording when the
power supply of the apparatus is ON. In this example,
the pre-ink-jet of ink droplets is also carried out
-~ 15 prior to performing the actual printing. The applying
- levels of the foregoing first and second heating

electrical signals and of the emitting electrical

—/ signal are shown in Table 1.

- 20

25




-13--voltage 23.5 V, a pulse width' 2 [err], and a frequency 16 kHz is
.applied until the tenperature of the recording head becones [err].
Thereafter, to performthe pre-ink-jet which is not used for printing, the
5 first pre-ink-jet electrical signal of a voltage 23.5 V, a pul se -w dt k- of
10 [err], and a frequency 2 kHz is-ap@ ired by 100 pul ses. The appar at us\e/
waits for a printing signal after conpletion of the prelimnary em ssion .of
the ink. Wien the printing signal is 10 applied, if the tenperature of the
recordi ng head exceeds [err], the second pre-ink-jet is carried out. This
I S because a consideration is madeapeg hg case where the recording
interruption period after the end of -the first pre-ink-jet becones |ong.
The second 15 pre-ink-jet is perforned by applying 100 pul ses of the
second pre-[NQK-J et _elrecfrrcal si il a voltagf ,2o.0.V, a.puarsejw dth 10

[err], and|a f uency pPvabtagéf QQmenby) Ry oﬁ&%gge- nk-j et,
the i nhererft em s3w\Qn o i25 dr ¢ * he|recordi ng
is started.l] Wien th 3119 rgtur % h 858 i £%6el ow err], the

second heatling 1's perfofnmed and the r ordlng hea r
control Ped [skstasheatimgpne 20C ¢r nore This sech i bﬁ %BQRH ghex=cuted by

appl yi ng tHeelecktoheaheht iddy 25{ &lectricd® sigh E gQCt age 3.5V, a
& cgﬁﬁgn

pul se mﬁdtﬂ gigral], anf a freqliency 35 kHz for pgg 5o¢

2nd heating
electrical 23.5 2 35 gggéidfor one _
signal ,
Emitting :

10 electrical 23.5 10 2
signal
1lst pre ink
jet Apply 100
electrical 23.5 10. 2 pulses
signal - S
2nd pre ink _
jet Apply 100

15 electrical 23.5 | 10 2_ pulses o
signal -

_ ‘s ' . \/
TABLE 2 (Compositions of the ink)
20 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 suppiy is turned on, the first heating is

performed and the first heating electrical signal of a



-14 - To explain the effect of this enbadi ment, the inventors of this
application have perforned the experinents to conpare the enbodi ment and
Conpari son Exanples 1 and 2, which will be explained later. 5. Experinmental
condi,thons: The environnmental conditiaqn upder which the |iquid-discharge
recoﬁd?ng apparatus is used was set to tWo kinds: one is the condition at
[err] and 209%RH, and the other is the condition at [err] and 20%H The 10
conpositions of the ink used are shown in Table 2. The condition before
the recordipg is restarted is set to three kinds: the first condition is
that the recor ¥PA§2E8s Z3ndeVrupt PRlse WidtR dmesy wnsh a Hreauesacysuppl y
of the apparatﬁg ﬁas QN, the second condition is that 15 the recordi ng was
ok82hd8r

interrupted fo apRei edhdntdde the fempesature afpdhe us was O\, and
the third conditiondLs tgat t he recor %$gémas stopped for 72 hours when the
power supply oF®FRECABHa SﬁﬂsgﬁﬁgmGFF. diThersafiteros toaperdeihe 24
di scharge openings_are.20 .50 x 40 [err nd the recording unit _in which
they are vertigggl?‘ﬁ?f&%géagiﬁhécpiﬁé bP Eﬁﬁgaﬁhthé 29 t9€141 nm was
used. It h b onfLr hat en_the.,signal .,to _emt the ink_droplets
was appliegﬁfp?fgﬁgepﬁsﬁgsgsngsﬁfggFgﬁga}hggP@@&r8ﬁn§ iV &Fﬁﬁ rﬁ&pée&kor 25
stopped, the 'ngaggg'a&atp%@ #6CUERLS Un@Mal e dqulByC e jWas '
performed in accordance wth
applied by 100 pulses. The apparatus waits for a
printing signal after completion of the prelimin&ry
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
+~N 15 pre-ink-jet is performed by applying 100 pulses of the
second pre-ink-jet electrical signal of a voltage
25.5 Vv, 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 recofding head temperature is -
controlled so as to become 20°C or more. This second
heating is executed by applying the second heating
25 elecﬁrical signal of a voltage 23.5 V, a pulse width

2 usec, and a frequency 35 kHz for one second.



the fl'omchart of Fig. 3 as the éxpe}iﬁgnfal condition of the enbodi nent.
=, 15 - 1 For Conparison Exanple 1, the recording was restarted
wi t hout performing the first and second heating operations nor executing

the first and second emtting opera[jqﬁén_S For Conpari son .
Exanple 2, in the case of restarting t recording in the recording stoR,/
state, the signal of the sane voltage, pulse wdth, and frequency as those
of the first heating electrical signal of the enbodi nent was heated for
twenty seconds, 10 and the sane signals as the electrical signals for the
pre-ink-j®et of the eFpogxpdrinuthe mfifieatd ofarkthisheentsadimentanoths e- i nk-j et
were carried out. In the case of rqstahtin%lthe recording in the recording
inter- rupti dAVeREPES Pfe thiscappddicatiigmahasfe wear formed the/ol t age, pul se
w dth, and frequency as those of the second heating electrical signal of

t he embodi rreﬁ{‘PﬁlﬁéméBﬁFi &8 rerpaxe $beoerbadiment ot iGappeasises f or med.

The results gf thgse hr e SxpeLLngnt,exanples are shown in Table 3 for
conpari son. ¥amples an . Wwhich will be explained later.

5 Experimental conditions:
The environmental condition under which the

ligquid-discharge recording apparatus is used was set to
two kinds: one is the condition 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 condition is that the recording
was interrupted for five seconds when the power supply
of the apparatus was ON; the second condition is that

15 the recording was interrupted for one hour when the T
power supply of the apparatus was ON; and the third |
condition is that the recording was stopped for 72
hours when the power supply of the apparatus was OFF.
The dimensions of each of the 24 discharge openings are

20 50 x 40 uym and the recording unit ih 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 recording i§ interrupted or

25 stopped, the ink droplets were accurately emitﬁed»

The control was performéd in accdrdance with

the flowchart of Fig. 3 as the experimental condition

of the embodiment.



_16- TABLE 3 The nunber of ink droplets which are not emitted until the
ink droplets are emtted fromall of 24 discharge openings Recording inter-

Environ- Experi- Conparison Conparison ruption or stop ment ment 1
Exanple 1 Exanple 2 [err] Recording i_ntl%r-_ 2090H o] o]
0 ruRtd on when the power supply of No
dropl et the recording Is emtted
apparatus is ON [err] o] o] from5 10
2098H di scharge (5 second;@ .
openi ngs Récordi ng i ntEPT CopparispppExaRpiecd t kde reggmding was o
2,000 0 power SUp§L§POf t he recotdin%aapparatus is ON[err] o]
0 o 1zestarted wighput perfouming, thepsissty and) second i s
em tted Recordj ng stop 2090H 0 gJrom3 _. o _when t he
pover dh?gtlng operaa;geﬁapgg 9566P§189 ghg first and second
opent ngs recorg%{%king operations.

5 For Comparison Example 2, in the case of

restarting the recording in the recording stop state,
the signal of the same voltage, pu;se width, and
frequency as those of the first heating electric&l
signal of 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 applied, and the
heating and pre-ink-jét were carried out. In the case
of restarting the récording in the recording inter-
ruption state, the electrical signal of the same
. 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.
% The results of those three experiment examples

are shown in Table 3 for comparison.

20

25




-appar-atus is OFF ) . No droplet [err]

‘is emtted 20 (72 hours) 209RH di schar ge
openings It has been found fromthe results of the experinents shown in
Table 3 that the case of the 25 enb nent of the invention in which the
control was perfornmed in accordance w h the flowchart of Fig. 3is o
superior to Conparison Exanples 1 and 2. - 17 - 1 In the above
enbodi ment, when the power supply of the apparatus is turned on in the
recordlnp stop state, the heating electrical signal is applied until the
tenperatuure of the recordlng head TBIFres> a set 5 value, and in the case
where the recordlng restarted |n the recordl interruption state, the
content (voltage, nﬁ&hﬁ? rhﬁf Ri3%8 of the heating
el ectrical - signal mo@b«iitﬁt&timmqnwlame dtdgldte dwaperature of the
recordi ng head. Furth 1 as fjed. formof this enbodinent, the
recordi ng stop or |ﬁpégﬁﬁﬂt%ﬁ?ﬂxgl%xég)dﬁtﬂi%ﬁﬂﬁﬁ%ﬁ RPN int ed and t he

supply of the heating electrical signal may be controlled on the basis of

the count gete—ef—t-he—f-ecoreiRg—stop—of LDL€"§;+'cnper¢ d—anRd—he—15
terrperatureRelaoadDhgt hateeeo @nqg_%q‘ad | 29 b § A5 sémw ]H_‘lsgA g. 4
Ex e .'L- o) 1 ’
the el ect rortpthan emesgppco YT megt 1 Exagple 1 |Example 2
period
Recording inter- 10°C o o )

ruption when the _ZO%RH _
power supply of \/
the recording : _ . No d:ggteg
apparatus is ON 40°C ° o ;io:m; e

10 | 20%RH ;
(5 seconds) g;Z§?2;ge

Recording inter- 10°C
ruption when the 20%RH o 2,000 o
power supply of -
the recording

apparatus is ON

. 40°C o o o
15 (1 hour) 20%RH '
s
_ No droplet o
o 10°C is emitted
Recording stop 20%RH o from 3 o
when the power - - |discharge -
supply of the openings. v,
recording -k
apparatus is OFF No droplet
40°C ' is 'emitted
20 203RH o . o f;om 5 '
(72 hours) discharge
openings

It has been found from the results of the

experiments shown in Table 3 that'tpe case of the
25 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.



~fer heating may be replaced by an exterpal heater 15 which is separately
pgovidéd. In the case of the second enbodi nent of a 20 | i qui d-di schar ge
recordi ng apparatus of the present invention, the foregoing object is
accoyml i shed by a constitution conpristny? first heating signal generating
“meanig_Mhi ch has an el ectrothermal energy converter for heating a liquid to
emt the liquid in 25 response to the supply of an electrical signal and
whi ch generates an electrical signal which is applied within a range such
as not to et any |liqund the ddve embodimartt ) i Nthe epewey <oppbyter;

and second heating signal generating neans for generating an electrical
signal which i afathe apparatunseliscithntrned ront fwetlyy recordimgy prawi ded to
heat the |liquid separately from5 the foregoing el ectrothermal energy
converter, whestiatet, hehei heltimy sedesrtteiwk isigmahnks appkied iwntidkans are
constituted by the sane neans. Nanely, the el ectrothermal energy converter
provi ded to fotiret rempelratuae oifs thel rewprdiong riedd rbadonds enctefly
converter separately provided to preheat are used to preheat the ink. The
|'i qui d- di séhar yelueeordidndnafibe sage sheaneli the t¥eerRding okl E9HRF FGt of
the invention will then be described with reference to Figs. 5 and 6.
in the recording interruption state, the content
(voltage, pulse width, frequency, applying time) of the
heating electrical signal is determined in accordance
(N 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
recording stop or interruption period and the
15 temperature data of the recording head. In addition,
{vj as shown in Fig. 4, the electrothermal energy converter
for heating may be replaced by an external heater 15
\_ which is separately provided.
In the case of the second embodiment of a
20 liquid-discharge recording apparatus of the present
_invention, the foregoing object is accomplished by a
coﬁstitution comprising: first heating signal .
generating means which has an electrothermal energy
converter 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



15 Fi.g. 5is a schematic perspectlve V|em10f a recording head unit in the
-1iquid- di scharge recordi ng apparatus and Fig. 6 is an enlarged di agram of a
nozzle unit in Fig. 5. In Fig. 5, theink is led froma main tank 20 (not
shown) for storage of the ink to a sub-tank 502 for tenporary storage of-
the ink through an ink supply tube 50 8 The ink a qual ity of which o/
deteriorated and which could not be used is inhaled to a recovery punp (not
shown) fromthe sub-tank 502 or the |ike through a 25 suction tube 503.
The sub-tank 502 is communicated with a |iquid chanber 505 (see Fig. 6)

arr anged! belekerttotheomik emérgyOdontiestgh; aandnkesopd heathagunit 506,
-19- thereby allowing the ink to be supplied and inhaled. In Fig. 6, a
nozzl e 507 issigr@lngenerstiong m@anﬂefbrqgeuechaubgraBOEleE@rlenanple
twenty-four nozzl es 507 are vertically arranged. The head of each nozzle 5
507 forns arfignaldivtind g cjpplied tanenyeleatsethesmaldognerhy ink is
emtted toward a recording material fromthe orifice 508. Each nozzle 507
const it ut es qATVerey Previded sto Theahotheeligpidseapasateiedfrema bushi ng
510 | oc at the center of a front plate 509 10 arranged in front of
the reco d|%§QNiﬁfegﬁiqgeﬁ§9?ﬁ¥ﬁﬁmﬁﬁm§%e?ﬁ?r€bnGEPYEFtSIl vYBe&RiP t he ink

and formink _droplets is_provid each
5: he éQrst and IOsecox:u:f c{'uaatlng s:.gnal generatlng means

are constituted by the same means.
Namely, the electrothermal energy converter
provided to form the-ink dropiets'add the electrothermal
10 energy converter separaﬁgly provided tq.preheat are
used to preheat the ink.
| ' The liquid-discharge recording apparatus
according to the sécond embodiment of the invention ;

will then be described with reference to Figs. 5 and 6.

@

15 Fig. 5 is a schematic perspective.view of a recording
head unit in the'liquid—discharge recording apparatus
and Fig. 6 i$ an enlarged diagram of a nozzle unit in
Fig. 5;

In Fig. 5, the ink is led from a main tank

20 (not shoﬁn) for storage of the ink to a sub-tank 502
for tempérary storage of the ink through an ink supply
tube 501. The ink a gquality of.which deteriorated and
which could not be used is inhaled to a recovery pump
(not shown) from the sub-tank 502 or the like through 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,



nozzi e 507 and serves to enit the ink. Another electrothermal energy
conyerter 514 I s arranged near -15 the liquid chanber 505. Electrical
sighals are supplied to the el ectrothermal energy converters 511 and 514
through an electrical wring section 53219The electrical wiring section 512
and gupply tube unit 506 are together supported by a base plate 513. 20
According to the |iquid-discharge recordi ng apparatus shown in Figs. 5 and
6 described above, the el ectrothermal energy converter 511 provided to form
the ink dropl etg, &, et r y e 14 lyded
i) LRRRG LI Ik B0 GRS tna  fnfla®th

separately to preheat” are 25 oget her use e in _ he use of
both of those capveidere, Bkeszile PSSP L eed Pme8UYRaCeLEREPHENERET N ti ne

and to prevent the heat from being -20- concentrated to a single
portion, so thatiduial kithndd BOBE ook NexARG1ENCERenPRLESuf Ao PBles
prevented. On one hand, the electrical signa ich is applied is

determ ned i n @Ol afriida by | Dia i tiTHE Be&d &f adaéhenéPplyi ng
condition of the ink:jet signal in the |iquid-discharge recording

appar at us, ¥ enS@7atferrnscaar dotierdidcinarie tdgenivkg Wnaels, us®dorifice
particularly, the tenperature characteristic of the viscosity of the ink,
vi scosity chand®8&harThet dmkstiisc exi tted | towaid tderdfording dnageriderrupti on
or stop state, and the |ike.
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 is arranged near
15 the liquid chamber 505. Electrical signals are supplied
L to the electrothermal energy 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 liquid-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 enerxgy
converter 514 provided separately tq preheat are

25 together used to preheat the ink. %he use of both of

those converters makes it possible to reduce the

preheating time and to prevent the heat from being



For exanple, it is necessary to indideuaIIy control the voltage,

frequency, pulse width, and the |like of the electrical signal to .
(predet ermined val ues and then apply the signal. 15 As the heating
el ectrical signal generating nmeans fo20applying the electrical signals ta
those two kinds of electrothermal energy converters 511 and 514, one |‘w

el ectrical signal generating neans is commonly used. The heating el ectrical
signal to heat the electrothermal 20 energy converter 511 to formthe ink

dropl et s angl P’\'&Penq:‘i%tﬂé@ 3 eétéixgqgeaﬁﬁ@ioﬁo bgatnht- Ene gagheat) the

el ectrot hermal energy converter range such as not to emt any

[k dropl et 33/e Jede! ORI WIRIYEE O pRPLS OEHHaneﬁiréOQﬁhﬁC”' cal

signal generating 25 neans. arlous timngs to preheat the ink

are Cons'debﬂdon@ﬁh@%ﬁ(ﬁtﬂéméleéfﬁiéﬁfhfféhﬂﬂ §ﬁ98@|1§a¥p lied?is- 1 be
applied i medi atel y before the i nk- jet sighal i.s applied Eh one hand, the

preheating dededmified % Adcordamys BN | $&ridus heomﬁiaﬁg 8hchhe power

supply of the recordi ng apparatus although no recording is 5 performed (in

the recdd di ng ithiecapplliing ddtiddtioYof tHite pimieiét Ngighghain MeNebe
applied for a tenporary period when the power supply is again turned on

after the stigaidardisichariye peerdimyl gppdrates j ecempéengture

characteristic of the ink which is used, particularly,

>

the temperature characteristic of the viscosity of the
ink, viscosity change characteristic of the ink in the
10 recording interrﬁption or stop state, .and the iike.
For example, it is necessary to individually control
the voltage, frequency, pulse width, and the 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 generating means is commonly used. \)
The heating electrical signal to heat the electrothermal
20 energy converter 51l to form the ink droplets and the
heating electrical signal to heat (i.e., preheat) the
electrothermal energy converter 514 within a range such
as not to emit any ink droplet are togéther 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



.apparatts is OFF (after the recording stop state). 10 Further, the
recordi'ng interruption period is automatically counted in the recording
knterruption state and after an expiration of the recording interruption
period I onger than a predeterm ned ti#e2lthe preheating signal may be al so
apphied. 15 To which extent the ink is preheated, nanely, to which
degree the |l evel of the preheating electrical signal is controlled differs -
dependi ng on various conditions. Nanmely, various cases are considered in

dependence;jon g{?ﬁﬂ‘ﬁfﬁi@%ﬁtﬂ%t@gfﬁg%% h?%%.Qge@pQ??ﬁLESist he

physi cal proper e environnen ondrtron such as the

t enperat ure, 110k 3/, | ' t regordin
apparatus is %lglel[&/e'd ?n}g %ﬁgﬁéﬁbﬁgégﬁt%l?&ﬁiéﬂgrge\ﬂg‘g%nlgs%lg%tri calg
signal may be propelyays ag;ggf&i N;Ex{‘%é NORCSLALENGE Yhé lhpétb‘érré‘ﬁﬁﬁ ive

conditions or the I1ke™ - xt, an explanation will” be made wth

respect to theys adid Wedrdity EPPEFrd 6 £XABUIRMS Fécd PEik@SES Where the
recording is restarted after the'ink was preheated according to the

enbodi ment 5 of dd¥eFcrmddVET itHe Usddurdiieg | inrkefirdh SIdwr geateror ddng
apparatus shown in Figs. 1 and 2 and where the recording is restarted
wi t hout perfortien@rddheating signal may be applied for a temporary
‘period when the power supply is again turned on after
the state whereby the power supply of the recoxding
— apéaratus is OFF (after the recording stop state).

10 Further, the recording interruption period is
automatically counted in the recording interruption'
state and after an expiration of the recording
interruption period longer than a predetermined time,
the preheating signal may be also applied.

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

R to which degree the level of the preheating electrical
signal is contrelled differs depending on various
O conditions. Namely, various cases are considered in
dependence on the characteristic of the recording
20 apparatus, the physical property of the ink, and the
" environmental condition such as the temperature,
humidity,.and the like at the location where the .
recording apparatus is installed and used. The level
of the preheating electrical signa{ may be properly

25 determined in accordance with the respective conditions

or the like.



preheating at all. As the ink used in the experiments, 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,4ine at regular intervals of 0.141- _
mm The |iquid-discharge (i.e., ink-jet) recordi ng apparatus was used wader
the 15 environnent at [err] and 30%H. The ink-jet recordi ng apparatus
was kept in the recording interruption state for one hour. In this exanple,
the electrical signal to heat (preheat) the ink was _sent to the el ectro-
thermal é&nergy convéiaXk. =N exPkanation Wikl dpeprade whth(¥esRaft the ink)

ot her el oct A8t fterHe iy P & o FOMOAELE U SKPSFUBGUCR LR aths wi thin a
range such as not to emgt any ink,. As ihe conpayi gon_exanp]e,.the nethod
wher eby t hoS&SES artsh ?ﬁQEQ&V?N%§eﬁ%?%gkéﬁér?ggﬁﬁd he %T? was used
0L St oV o8 850" o e LA EIRRUSp SR, L1052 1,
(0, L0 oAl Bl "B SRR pagsabcsgnrter o1
apparatus shown in Pigs. 1 and 2 and where the
recording is restarted without peffo;ming 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 are 50 x 40 um. These
orifices are vertically arranged in a line at regular
intervals of 0.141 mm. The liquid-discharge (i.e.,
ink-jet) recording apparatus was used under the
15 environment at 25°C and 30%RH. The ink-jet recording o
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- S
thermal energy converter 511 to form the ink droplets
20 (toemit the ink) during this interval and the heating
electrical Signal was also sent to the other
eleétrothermal energy converter 514 which always
operates within a range such as ﬁot to emit any ink.
As the comparison example, the methpd whereby those
25 preheating operations are not performed at all was used.

Table 4 shows the voltages, pulse widths, and

frequencies of those heating electrical signals and of



Inkrﬁet el ectri cal si gnal 23.5 ,iO ;' ' " 2 to the converter 511 Ink

heat{i ng ‘el ectri cal 23.5 5 signal to the converter 511 10

Heating el ectrical signal 23.5 to the converter 514 The results are as
showr in Table 5. TABLE 5 15 Recordi ng- 23The nunber of ink droplets

i nt efxdpti on which are not emtted until period the ink droplets are
emtted fromall of 24 orifices The enbodi nent One hour

0 Conpari son One hour 1000 20 exanple In the case of the

third enbodiinme f d r appar,atu sent
I nventi on, trﬁ;%ﬁgd%geétﬂf?g%h%§§n€i9€0n§$%% ﬁgd 83 ég §8 %SFIRHE t he
operation of h | e og o] | g9, means.

Due to this, tﬁ?%ﬁ‘n%%%%@?y%ﬁ?ﬁﬁf?iﬁﬁm?%k e bk oBoflueF288, it

-24- interruption period can be prevegjgfirapd the V|sc03|ty range of t he

I nk can be maintained to the necessary

S Voltage 5§é:§ Frequency
(V) |(usec) kHz
Ink-jet electrical signal
to the converter 511 23.5 10 2
. Ink heating electrical
— signal to the converter 511 23.5 3 10
10 Heating electrical signal 23.5
to the converter 514

The results are as shown in Table 5.

TABLE 5
15 The number of ink droplets
o/ Becordlng. which. are not emitted until
interruption . .
period the ink droplets are emitted
from all of 24 orifices
T The
o/ embodiment One hour _ 0
Comparison : :
20 example One hour 1000

In the case of the third embodiment of a
liguid~-discharge recording apperatus of the present
invention, the viscosity of the.ink’is maintained by

25 controlling.the operation of heating meens in.response
to the'operation of capping means. Due to this, the

unnecessary heating of the ink during the recording



fange. The ink heating nmeans nmenti oned above includes 5 the neans in which
a heat generation level of an el ectrothermal energy converter (heating
(device) which is used to emit the ink and to formthe ink droplets is
-reduced and this converter is used, the neans in which a separate auxiliary
heating device is used, and the 10 n#4ns in which both of those N

el ectrothermal energy converter and auxiliary heating device are used. The
cappi ng neans, on one hand, is not limted to the foregoing cap but an
evapor ating device containing an ink evaporation conponent may be

posi tiorded mtteridptiloncpaerjedopan be pieventsd amd thetvimdagigyf the

| i qui d-di scharge recordi ng apparatus according to the third enbodi nent of

t he i nventixange | ¢ft the bakerphabecdaintaineidertendha mdéagsary and 8. The
ink is supplied froma main tank 20 (not shown) for storage of the ink to a
sub-tank 70gam@e.tenporary storage of the ink through a supply tube
arranged in a tube 701. A suction tube, which will be explai ned
hereinafter, to i nHEhe ink heaking meansomeantdionedaabovepdmailndes the |ike
is also arranged in the 25 tube 701 and connected to_a suction punp (not
shown) . SThethgireank imowhichoanheprsagenexation (Leyeld ofhaver arranged

behi nd a nozzle, which will be explained  -25- . .
electrothermal energy converter (heating device) which

is used to emit the ink and to form the ink droplets is
reduced and this converter is used,=the means in which U
a separate auxiliary heéting devicé is used, and the

10 means in which both of those electrothermal energy
converter and auxiliary heating device are used. The
capping means, on one hand, is not limited to the
foregoing cap but ah evaporating device containing an
ink evaporation component may be positioned at a

15 discharge opening. | _ ;-{

An example of a structure of the liquid-discharge

recording apparatus according to the third embodiment of
the invention will then be exblained with reference to
Figs. 7 ahd 8. The ink is supplied from a main tank

20 (not shoﬁn) 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 ke
explained heréinafter, to inhale the choked ink from a
discharge.épening or the like is ai§o arranged in the

25 tube 701 and connected to a suction pump (nbt shown) .
The sub-tank 702 is communicated with a liquid chamber

arranged behind a nozzle, which will be'éxplained



1 hereinafter, by a supply tube unit, 703 A plurality of nozzles are
vertlcaily arranged in front of the liquid chanber. The heads of the
mozzl es are supported by a bushing 704 and open. The bushing 704 is fixed 5
to a front plate 705 and constitutes a. mpgzle unit 706. An el ectrotherm
energy converter 707 provided in the liquid chanber (not shown) is used to
keep the tenperature of the ink constant. Electrical signals to apply
energies to the el ectrothermal energy converter 10 707 and to a heating

d ded d d n

i et AR B R R il
t t ERC (fl bl d h
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o nin sl T (R e g

the |ike consti ng head

unit moves al oBy 4 dﬁﬂék%.n 190%”%&‘9%&:%.61 Eﬂr?:‘fgdre tstli r#;?ﬁ@%fsatf

This recordi ng uni t s returne one posi |on when

the recordigg g hnk%ﬁ%pFiQteT%s”Qﬁ@ %ok'%éxt?ﬁ%é S GREIRI Wit Agap 711

at the home position, preventing the evaporation conponent of the
i nk from bei ngAﬁVéPQEGESQh85mBD.0Ehb&@yh%@w@‘rﬁéle TOZ Poviee! @t tedeal

signal is applied to the electrothernal. energy converter 707 at the hone
position, so thaguilechambeRy (abt! BAowM i3 used to keep the
temperature of the ink constant. Electrical sigﬂals to
~ apply energies to the electrothermal energy converter
10 767 and to a heating de#ice, provided in correspondence
to each discharge opehing, for emitting the ink and
forming the ink droplets are supplied through an
electrical wiring section 708 conéisting'of an FPC
(flexible printed circuit). The electrical wiring
15 section 708, supply tube unit 703, and nozzle unit 706
are supported by a baée plate 709. The case plate 709
and §ub-tank 702 and the like constitute a recordin§
_K,/ head unit as a whoie. This recording head unit moves
along a shaft 710 and perfofms the recording operation.
20 This recording head unit is returned to a
predetermined home position when the recording is
intérrupted. The nbzzle unit 706 is covered with a cap
711 at the home poSition,‘theréby preventing the |
evaporation component of the ink from being evaéorated
25 from the head of the nozzle. No elgctrical signal is

applied to the electrothermal energy converter 707 at

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



+ 26 - stopped. Due to this, it is possible to prevent that the heating
device 707 further operates in the state in that the cap 711 was coupl ed
and the viscosity range of the ink €X2§GQ§ the necessary range. It is 5
further possible to prevent that the aporation conponent of the ink which
I's heated and is likely to be evaporated | eaks fromthe cap 711 when the,
recording is interrupted for a long tinme and the viscosity of the ink
contrarily increases. 10 In the above exanpl e, another heating
devi ce 707 dstPePedt fPufh fohshikngidediscpomsidiie Lpmuavent fthata nozzle
(not shown) and serves to formthe ink droplets was used as the ink heating
means. HowevEhe heating deuiceecdOfofmrthercopenates in e st@tenis 15
heating devige is set_ to a | ogw 1evel and_applied, thereby enabling the
heating devit® tRakoFhet AaP; Akldwasl ePyPledhang the ddsaesitye heating

Cap 711 vis TRME 2F ¢ WS iR BECREOAC tAS B CosIe Mo &ange 1 hdthder| 6-1 n t he
cont a1 ni o R TEUASE BRPBRE LB EBnEREVBRE REAk A P BPSHASMED (o exi'st In
w1+t s SaeSibnliof B BRR, Bt oBh 4t PRARA I 3 i dhanent i s
evaporal ed e [0, HOPR-LES1LLRE $RER tHE LAE7ANdrleh tH Yl yd the
i nk viscosity increases. _
is interrupted for a long time and the viscosity of the
ink contrarily increaseé._ g/
10 In ﬁhe_above ekample, another heating device
707 different from a heatiﬁg device which is.provided
for a nozzle (n9£ shown) and serves.to form the ink
droplets was used as the ink heating means. However,
in this modified fofm, an electrical signal to this
15 heatihg device.is set to a low level and applied,
thereby enabling the heating deQice to form the ink {;r
droplets to be also used as the heating means for |
keeping the ink temperature constant. On one hand,
although the cap 711 was used as the capping means at
20 the head of the nozzle in the foregQing example, in
another modified form, further, an evﬁéorating_device
containing an evaporation component of the iﬁk may be
allowed to exist in the cap 711 and may bé also used as
the capping means. In this case as well, it is
25- poséible to prevent that the ink e&aporatioh éomponent
is evaporated at the home position when the recording

is interrupted and the ink viscosity increases.



-é?-'Thérefore, the further heating of Lhe ink can be stopped, so that the
vigcosity range of the ink can optim zed. As the above-nentioned
gvaporating device, the 5 ink droplets emtted fromthe discharge opening
may be prelimnarily emitted into an abs®fpTion material such as a sponge.
or the<like and the ink yray perneate this absorption material. In this
case, it is preferable to performthe pre-ink-jet imediately after the 10
recordi ng head unit was returned to the hone position. The operation of the
heating meahs Mhenefione rihey furctiiek Hepiiqiof ethe gnkr 688t B&N ned val ue
-as nmentioned above is controlled by control means inresponse to the
operation of tséopped.ngoddet tie viscosity |rande sofothéoinkeaas, the
operation of the capping neans is discrimnated by, for exanple, an
operation sign8PtdmiZed.cappi ng means or the OV OFF of a switch which
operates interlockingly with the novenent of the capping neans, or the
i ke. 20 Fi gAsg the abave-mendtioned rawdporating devicef the
operation t'ning bstmeen t he capping neans and the heating neans. Under a
fixed condili oAfki Arrpledssiemidted &xom dhe discharge epemingiamay the
heating nmeans is Zet.to t.he i nqperative mode (OFF state) when the 25
cappi ng neans PESOPBLRRFAGY ORILtece inte &RnAPSarRtipn gnaterial such
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 of 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.
15 In this control means,_the operation of the
N 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 ~ PFig. 9 is a timing chart showing an example of
the operation timing between the capping means and the
heating means. Under a fixed condition, it is possible
to control in a manner such that the heating means is
set to the inoperative 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



F%g..lo is a flowchart show ng an éxaqple,of an operation procedure of the

* control neans in the case -28- of controlling the heating neans in .
response to the operation of the capping nmeans as shown in the timng chart *
of Fig. 9. In Fig. 10, when the pomew%gupply of thfe 5 apparatus is turned
on, in step S1001, the ink tenperatur® is first detected by a tenperatug—
sensor attached to the recording head unit, or the like, and a check is

"made to see if it is necessary to heat the ink or not. If YES, a check is
then made in step 10 S1002 to see-if the capping neans is operating or
not. |If % heofappnkgodding ithe heatingiomans iir responsed ho theration
signal is supplied, napely, if NOin step S1002, the heati'ng neans is
turned on tepfRtatipneofnkhen cappirgl oeans/\iam shewmebni tlge nbinings OV, the
15 operations in steps S1001 to S1003 are repeated and the heating '
operation i Shashkt PEUBdTun®i-l the ink tenperature reaches a predeterm ned
value. Wien it is deternineiﬂthat the .ink tenperature has increased and
reached the tenperalBrBige *RircWheme the noxan fPRRINRE rRRIired in step
S1001, step S1004 foILom% irggﬁpectLve of the presence and absence of the
cappi ng “opefBPRBAEE GRS “HARSCHO e dN ﬁ}qﬁﬁﬁkﬂqk'tEﬂ?m%P%ff to interrupt

the heatlngtemperature is first detected by a temperature sensor

attached to the recording head unit, or the like, and

a check is made to see if it is necéssary to heat the {
ink or not. If YES, a check is then made in step
10 S1002 to see if the ééppihg means is operating or not.
If the capping means is in'the inoperétive mode and no
operation signél is supplied, namely, if NO in step
S1002, the heating means is turned on to heat the ink
in step S1003. When the heating meahs is ON, the
15 operations in steps S$1001 to S1003 are repeated and the -
heating operation is continued until the ink temperature ~
reaches a predetermined value.
Whén 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
capbing operation signal and the heéting 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 S1002, namely,

when the capping means is operating, step S1004 follows



On one hand, even. if the ink tenperature does 25 not increase to the
prefdet erm ned val ue yet, when the capping operation signal exists in step
Slgsz, nanely, when the capping nmeans is operating, step S1004 folfows
-2% - 1 and the heating neans is turned 26 f-to interrupt the heating. Al
of the above-described exanples can be applied irrespective of the presence
and absence of the 5 sub-tank 2 or the presence and absence of the
carriage, or the like. As described above, the tenperature of the recording
head unit imp wy ' | ae - | re, f {g*&' cted and
the el ectrot h\(,a\,;yrr’a] égr%rﬂg%%{ni%’%ef%s? tﬁg‘gﬁ&n?ﬁg lg‘%m’%?o e"(llnﬁt&')ga]ti e basis
of this tenpergjdiGnglherefore, the ink can be heated in consideration of
the environmental condition under which the recording apparatus is used and
of the 15 recording i ntanr W ithHe Aboveiad I iBePUnplde captygt of the
recording. |In other words, since the operating environnental tenperature
and the recor diapgpliitice irdedpttid YORNRE Pradertie drff |dddtbd o £ Nene
tenperature of the recording head unit, the opti num 20 heating can be
carried outSby spieRemky 2 JreahdpridsentRatbnd) ab¥edidd O itheacanswiage, W t h
the tenperature of the recording head unit.

or the like.

As described above, the temperature of
~ the recording head unit in which the ink discharge
10 openings are formed is detected and the electrothermal
energy converter for heating is controlled on the
basis of this temperature. Therefore, the ink can 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
S restart of the recording. In other words, since the
operating environmental temperature and the recording
LV/E interruption and stop periods are reflected in the
temperature of the recording head unit, the optimum
20 heating can be carried out by properly seleéting the

heating condition in accordance with the temperature of

the recording head unit. v

Further, as described above, the preheating of
25 the ink which is performed when the recording is
restarted is carried out using both the electrothermal

energy converter pfdvided to form the ink droplets and"



Further, as described above, the preheating of 25 the ink which is

erformed when the recording is restarted is carried out using both the .

| ectrot hermal energy converter provided to formthe ink droplets and b
(-30- 1 the el ectrothermal energy converPer separat'ely provided to preheat.
the ink. Thus, the preheating tine can be reduced and.it is further. LN
prevented that the heat for preheating is concentrated to a-single 5
portion, so that the bad influence on the peripheral parts can be '

prevent ed.l | nthddeleotrothermalsenepyy dednvéeteonsephrareedg for controlling
t he operation of the heating neans for holding the ink 10 tenperature to a
pr edet er m nedpravidedntbhprbheat thet bk opeThuspnthé pheheappngg neans for
covering the ink discharge opening. Therefore, it is possible to obtain the
| i qui d- di schatiymereanrbengedppedasnd ibi LH Lanthetopmeveatey shppress that
the ink viscosity changes 15 to a value out of a desired viscosity range
and can effi ctheethgapeféorpreheatingrils ngontentnatedctd| ansingdeity. 20 25

5

10

15

20

25

portion, so that the bad influence on the peripheral
parts can be prevented.
In addition,

there is provided the control means for controlling the
\ !
"/

operation of the heating means for holding the ink
temperature to a pr;determined value on tﬁe basis of
the operation of the capping means for covering the ink
discharge opening. Therefore, it is possible to obtain
the liquid-discharge recérding apparatus which can
automatically suppress that the ink viscosity changes
to a value out of a desired viscosity range and can
efficiently perform the recording with an excellent

guality. - -



-“31 - CLAIMS 1. A Iiquid-discharge,recp}dfngfapparatus conprising: 5

a rgcording head having electrothermal energy converting neans for
genkrating an energy which is used to emit a liquid in response to an

em ssion signal; em ssion signal generating neans for generating 10
said_em ssion signal; heating signal generating nmeans for generating an

el ectrical signal.which has a level within a range such as not to emt any
liquid but which is of a sufficient level to cause the liquid to be heated
and 15 is applied to said el ecgnothermal energy converting neans;
and wherein the content of said electrical signal which is applied within
t he range such asCha8IMSo enmt any liquid droplet is nade to differ to bring
about a 20 first heating node when "the power supply of said
apparatus is turned on and a second heati ng node when recording is started
after an interruption with the power supply of the apparatus turned on.
-32 - 2. An apparadudiqudd-digcharge recorgiimg appamatusecarpmpisingy
means for detecting a tenperature of the

- 5 a recording head having ‘electrothermal energy
converting means for generating an energy which |is
used to emit a 1liquid in response to an emission

L_/ _ signal;
emission signal generating means for generating
10 said emission signal;
heating signal generating means for generating an
electrical signal which has a 1level within a range
such as not to emit any 1liquid but which is of a

sufficient level to cause the liquid to be heated and

\;J 15 is applied to said electrothermal energy converting
means; and
ry wherein the content of said electrical signal
/ '

which is applied within the range such as not to emit
any liquid droplet is made to differ to bring about a
20 first \heating mode when the power supply of said
apparatus is turned on and a second heating mode when
recording is started after an interruption with the

~ power supply of the apparatus turned on.

T



liquid in the recording head, the heating signal generating neans being

driven on the basis of the 5 tenperature information detected by said

{emperature detecting neans. 3. A |iquid-discharge recordi ng appar at us

éccording to claim?2, wherein said apparatus is arranged so that 10 when
power supply of said apparatus is turned on, a temperature of said \(J

recordi ng head reaches a set tenperature by said electrical .signal whichis
applied within the range such as not to emit any liquid droplet. 15 4. A
| i qui d-di scharge recordi ng appar at us 9§cording to any preceding claim
wherein a frequency of the electrical”signal applied within the range such
as not to emt any Iiﬂuid dr.opl et at the tine when said power suppl y

20
is turned on i s?towePft ARRATALNS, Ay climed e 10 o Q1AIM,| L grEHTEReY e
time when the recording is restarted. 5. A, liquid-discharge regcording
appar at us accorﬂ?ﬂ8r§§9ng Feangy %%Ebe&ﬁﬁf%ﬁﬁﬁqnai%ﬁﬂ&ﬁﬁ#%ﬁ%%u°f the
conductin t he laN t em ssSi lgnal_ s aprl.ied t. 1d _, -_33 -
el ectrot hgr nal ]e'lfigﬁ%? ggnvg:r%tel %%ﬁn%%ég?fggo%aesa‘f'o E:r%lengq’aepa&fna§ p?lé?rla%f,nary
emssion irrejgHaRhting® melah® " #INY NBriven on the basis of the

5 temperature'information detected by said temperature

‘detecting means.

3. A 1liquid-discharge recording apparatus according -/
to claim 2, wherein said apparatus is érranged so that

10 when a power supply of said apparatus is turned on, a
'temperature of said recording head reaches a set
temperature by said electrical signal which is applied
within the range such as not to emit any 1liquid
droplet. _ |

15 -
4, A liquid-discharge recording apparatus acco:ding
to any preceding claim, wherein a frequency of the \
electrical signal applied within the range such as not
to emit any liquid droplet at the time when said power

20 supply is turned.og is lower than a frequency of fhe
electrical signal at the time when the recording is

restarted.

S. A 1liquid-discharge recording apparatus according
25 to any preceding claim, wherein after conducting the

heating, the emission signal is applied to said

* . C L N N *

»
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5 6. A liquid-discharge recording apparatus according to claimb5
whergein the em ssion irrelevant to the recording S conduct ed
resdgnsive to different emssion signals at initial power-on and
aft¢r a period of interruption of recording. 10 7. A |iquid-discharge
recogdrng apparatus according to claim®6, wherein the signal for em ssion
irrelevant to recording after a period of interruption of recording
has a voltage |evel higher than that at 15 power on. 8. A

| i qui d-di scharge recording apparatus ac@gréing to any preceding claim
wher ei n anot her heating device different fromsaid el ectrothermal energy

converting 20 estactrotiherimdl eneartht cdrvertinyg medhns d solrap! €6 Sbrifg
provi ded for said recordi ng head. 9. A liquid-discharge recording
appar at us accordi ngbout anpreldsdedinyy eamismsion f uitdelevambnprtsi ngthea
25 subt ank. - 34 - 10. A liquid-discharge recordi ng apparatus

according to any prFeceddd®gdsl aim further conprising a plurality of
di scharge openings for emtting |iquids.

5 6. A 1iquid-discharge recording apparatus according
to claim 5, wherein the emission irrelevant to the
recording is conducted responsive to different

\*/ emission signals at initial power-on and after a
period of interruption of recording.

10
7. A 1liquid-discharge recording apparatus according
to claim 6, wherein the signal for emission irrelevant
to recording after a period of interruption of
recording has a voltage 1level higher than that at

15 power on.

by 8. A liquid-discharge recording apparatus according

to any preceding claim, wherein another heating device

different from said electrothermal energy converting

20 means which 1is used to form 1liquid .droplets is
provided for said recording head.

9. A 1liquid-discharge recording apparatus accordihg

to any preceding claim, further comprising a

25 subtank.

-

M



-~ 34 -

10. A 11quid-disché;gg‘recording apparatus according
to any preceding claim, further comprising a plurality

of discharge openings for emitting liquids.

C
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