2265861 Title: "Ink Jet Recording Apparatus of the Continuous Jet Type and
Automatic Ink Jet Jettina Axis Adjusting Method af::t he Sane BACﬁZEZé%EiE;
THE INVENTION 1. Field of the Invention Thils invention relates 63'1
jet recording apparatus of the conti.nuous jet type and a net hod of
automati'cal |y adjusting an ink jet jetting axis (nozzle axis) of a

continuous jet type ink jet recording dpparatus, and nore particularly to a

continuous jet type ink jet recording apparatus wherein a jet of ink jetted
froma nozzle is selectively chargetd and deflected to record an i nage on a

record nmedi um and an aytopati ¢ ink et | t sl Of
same. 2. Descrl'B%T:gﬁ of If’F?Eel Igrqﬁ &ecﬁhél\fg‘? %?Bgfﬁﬁu rﬁ‘t&r g'%dﬁ'apparﬁt%ésaarype
of the continuogfdj RhtbiAat idy e mEntJeiad hy knmwnAduuspnlm iMetihad (@Bdthe Sam

An exenpl ary one of such conventional continuous jet type ink jet recording
apparatus is disclosed, for exanple, in U S Patent No. 3,961,421 and shown

in FIG 4. Referring to FIG 4. étg;dﬁﬁﬁﬂﬁ“@FBTHEtINVE@TE@W jet recording
apparatus shown is fornmed as an of the rotary
drum type and incjudese1ds o¥ ivhd PRvePRonent s thereof, a nozzle 1 into
whi ch pressurized ink is supplied, an ink el ectrode 2 f or hol di ng the

potential of ink in the This invention relates to an ink jet recording
apparatus of the continuous jet type and a method of
automatically adjusting an ink jet jetting axis (nozzle
axis) of a contirniyous jet tyﬁe'ink jet recording
apparatus, and more parficularly to a continuous jet
type ink jet recording apparatﬁs wherein a jet of ink
jetted from a nozzle is selectively charged and
deflecfed to reéord an image on a record medium and an
automatic ink jet jetting axis adjusting méthod of the
same.
2. Description of the Prior Art

Various ink jet recording'apﬁaratus of the

continuous jet type are conventionally known and_

’ practically used. An exemplary one of such conventional
continuous jet type ink jet recording apparatus is
disclosed, for examble. in U.S. Patent No. 3,961,421 and
shown in FIG. 4. Referring to FIG. 4, the continuous
Jet type ink jet recording apparatus shown is formed as

an ink jet recording apparatus of the rotary drum type

and includes, as prinbipal coﬁponents thereof. a2 nozzle
1l into which pressurized ink is supplied, an ink

électrode 2 for holding the potential of ink in the



nezzle 1 at the ground level a controlling electrode 3 having a circular

opening or a slit-like opening coaxial wth the nozzle 1 and connected to
receive a controlling signal Sc to control charging of a jet of ink, a

groundggg el ectrode 4 disposed in front of the controlling electrode 3 and

gr ound itself a knife edge 5 nounted on the grounding el ectrode 4, a

defl ecting high voltage dc power source (hereinafter referred to as

defl ecti ng power source) 6, a deflecting elegtrode 7 connected to the

defl ecting power source 6 for cooperating with the grounding electrode 4 to
roduce t herebetwee inte eIect ic fieldp end ular o an ink_jet

1I‘OI ying axis to Bglezg(?t aactnzf?’g%cfrw e the® %;’FB’EJ?I ’n‘bge?gﬁffﬁﬂgeﬁ

si de, a-recordlgg %?al enerat or SG connect ed q@ ut er i

li ke signal sourcd’ hisidl g°e°né}16f{‘f nf & rd ’olfd*’h s?%%'é ngaﬁﬁaﬁ ﬁf'gh

vol tage swtch W§ Q% ar;%llfylg% hdecvorlltacgtee&)ftétpe{ c‘%déngoﬁ*]g%ghfrom

the recording S|gnal genera uce a contr |ng S

necessary for 09@%58 f A GG o c"’lﬁrl Kid € AN Apﬂlg)prp,pkchgrged by the
ctrode

controlling ele is flown to recor medi un’ wr apped around a

rotary drum DR glreu%taq*a.gccal\ee&lﬂmu GPY [ SHAOISi b SFrd¥PCot Nnd et
controlling electrode 3 and grounded itself, a knife
edge 5 mounted on the grounding electrode 4, a
deflecting high voltage dc power source (hereinafter
referred to as deflecting power source) 6., a deflecting
electrode 7 connected to the deflecting power source 6
for cooperating wifh the_groﬁnding electrode 4 to
produce therebetween en intense electric field
.perpendicular to an ink jet flying axis to deflect a
charged ink drop to the grounding electrode 4 side, a
recording signal generator SG connected to a host
computer or a like signal source not.shown for
generating a recording signal, and a'high voltage switch
\_/ HVS for amplifying.the voltage of the recording signal
from the recording signal generator_SG to produce a
controlling signal St necessary for control of charging
of an ink jet. An ink drop charged by_the controlling
'elecfrbde 3 is flown to a record medium RM wrapped
afound a rotary drum DR.

In such conventional continuous jet type ink jet



-

- 3 - recording apparatus, when a positive voltage is applied to the
controlling electrode 3, an ink jet is charged with the negative charge and
is disintegrated into a train of ink drops. Wen the ink drops charged with
t he negative charge pass a deflecting electric field generated by ands
between the controlling electrode 3 and the grounding el ectrode 4, they are
reflected to the grounding electrode 4 side by the deflecting el ectrode 8
so that they are thereafter intercepted by the knife edge 5. On the other

hand, when the voltage to the control%ing el ectrode 3 is 0 volt, the ink
jet Is disintegrated into a train of ink“drops mhile It is not charged, and

consequently, e ink drops theregafter nce st htformar W t hout
bei ng |hf|ﬁ&§&%§i%& thk2f FF%CtVﬁﬁ“eFeBPFggévf F fﬁeaﬁggé%gy t he

ot ary dr cift ES ASBHERROL DE P Srggsaﬁiﬁﬁﬁfﬁ”ﬁd'%e bas LhaBRga o ound the
relati onsiy pepeiigene &Qmek QLggehkanqsaé'@mqgwa%elanmoe%e 5is an

| mport ant Fact or artlcu e positional relationship nmust be such

%EﬁfCLQFggﬁﬂﬁﬁ%CQ??gﬁghﬁfﬁ?$éﬁLF§5336§ECPﬂ&e?ﬁEB§?§S§*§§?§“E?“Iﬁ£%ﬁ2?f2 o

edge 4.  Geogielly chBPg@BHBE a deflecting electric field
generated by And between the coﬁtroiiing electrode 3 and
the grounding electrode 4, they are reflected to the
grounding electrode 4 side by.the deflecting electrode g
so that they are thereafter intercepted by the knife
edge 5. On the other hand, when the voltage td the
controlling electrode 3 is 0 volt, the ink jet is
disintegrated into a train of ink drbps while it is not
charged, and consequently. the ink drops thereafter -
advance straightfcrwardly withput being influenced by
the deflecting eiectrode 7T so that fhe pass by the knife
edge 5 and are recorded onto the record medium RM
wrapped around the rotary drum DR.- \.)

Accordingly, it is appargnf that the poéiyional

relationship between the ink jet jetting axis and‘the
knife edge 5 i; an important f;ctor. Iﬁ particular, the
positional relationship must be such that ink drops
charged and deflected be intercepted by the knife edge 5
but non-charged and stralghtforwardly advancing ink

drops pass by the knife edge 4. Generally, the amount
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of <defl ection of a charged ink drop ranges 0.1 to.0.4 mmor so at the
position of the knife edge 5. Accordingly, the positional relationship
between the ink jet jetting axis and the knife edge:5 nust be adjusted
delicately. Such adjustnent of the positional relationship between the ink
] et jet%fng axis (nozzle axis) and the knife edge is disclosed, for
exanpl e, in Japanese Patent Lai d-Open Application No. 1322/1990. The
docunent di scl oses a continuous jet type inkHTet recordi ng appar at us
wherein an ink jet jetting axis (nozzle axis) and a gutter nenber

(correspondi ng te¥ tdef kédf Lo®0QE ®)cRiLgs@Vahkedrepatrargeso0eachoophar ygnd
adj ustnent of the positional relationship between themis perfornmed by
manual operati oror Wienat hehé eped i veoposft the hkaiveeadgs 6nk jetoaddnighe,
gutter nenber is to be adjusted. the substantial anmount of deflection of
the ink jet by tthe dedd ctiomal efekatignshibdbesweedutbd (hbr jetappkteingo
one half) conparing with that upon normal recording. Further, a charge
anount det ector axicambctiee kni féhecedget 2rmuebbbe addushedodepitadvelyhe
charge anmobunt detector is nonitored so that it can be discrimnated readily
whet her or not ink dropsSteeadiustrertiteérthenpesitinneheredaténnsbaal

continuous jet type ink jet ,
between the ink jet jetting axis (nozzle axis) and the

knife edge is disclosed, for example, in Japanese Patent
Laid-Open Applicatioh No. 1322/1990. The document
discloses a continuous jet type ink jet reéording
apparatus wherein an ink jet jetting axis (nozzle axis)
and a gutter member (corresponding to the knife edge 5)
are movable relative to each other and adjustment of the
positional relationship between them is performed by
manual operation. When the relative position between an
ink jet and the gutter member is to be adjusted. the
substantial amount of deflection of the ink Jjet by the
deflecting_electric field is reduced (for example, to
Ky/ one half) comparing with that upon normal recording.
Further, a charge amount detector is connécted to the
gutter member and the output of the charge amount
detector is monitored so that it can be discriminated
readily whether or not.ink drops come to the guttér
member.

In the conventignal'continuous Jet type ink jet



recordi ng apparatus, when the positional relationship between the ink jet
and the gutter nenber is to be set and adjusted, the substantial anmount of
deflection of the ink jet by the deflecting electric field is reduced. from

. -

that when normal recording is performed as descri bed above. However, \gi nce
t he nunber of paraneters of deflection upon adjustnent is only one there
are drawbacks that it cannot be confirped by what degree of accuracy the
anount of deflection has been adjusted, that precise adjustnment cannot be

achi eved vBkes ihie dPERIYSR! W aicy ;sésmg&ha;hlaélaﬂoﬁsmﬁh degree of
mechani cal accuracy is achieved, then the production cost of the product

W 'l increagqean RHE 1ad jéx faid kh&Espeptat |enbéy | estbe et et nenber
must have an insulating structure when a charge anmount detector is

connect edahd tbldgugulddsr vhibs tdmcial hem@uit es f néebbéct sonl ways exposed
to ink, there is a problemthat nmuch difficulty and conplication in

struct ur ethee inkvgletedy rtlsuae flnset atg ngl ¢ tuice uf el daks ngedbweefior egoi ng
into consideration, the inventor of the present invention has proposed, in
Japanese Papentthiati awb@remoxppli coadord e 15 1PEfdwed asconti nuous j et
type ink jet recording apparatus wherein, while a rotary drum and a

carri age deechdbgdstadmpead wilaveven.hesinge i the fpﬂ%‘?ﬂ'oﬁgd in a region

wi t hin which nornmal _
parameters of deflection upon adjustment is only one,

there are drawbacks that it cannot be.confirmed by what
degree of accuracy the amount of deflection has been o/
adjusted, that precise adjustment éannpt be achieved
unless the mechanical accuracy is high, that, 1f a high
degree of mechanical accuracy is adhieved. then the
production cost of the producf will inﬁrease as much,
and so forth. Especially, while the gutter ﬁember must
have an insulating structure wheh a charge amount
detector is connected to the ghtter mehber. since the
gutter member is always exbosed to ink..there is a
problem that much difficulty aﬁd complication in . &‘)
structure are involved in such insulating structure.
Taking the foregoing into consideration., the
inventor of the present invention has proposed, in
Japanese Patent Laid-Open Application ﬁo. 151251/1992, a
continuous jet type ink jet recording apparatus ﬁherein.

while a rotary drum and a carriage are held stopped with

M



recording is not perfornmed (such position of the carriage will be
hereinafter referred to as- hone position), the continuous jet type ink jet
recordi ng apparatus is rendered operative to performtest printing in which
an ink jet is jetted and deflected a little with respect to a niddle point
‘bet weerm™two pat hs al ong which the ink jet foll ows when the deflecting
electric field is operative and inoperative @gnd the charge (electric
current) carried by the ink jet having passed by the knife edge is-detected

to detect the ition of the ink jet jetting axis (nozzle axis). Another
Cont tnuous | et EhBe SATE JARE RaSGrHoRS it i 1Bl Gt bt G SRR by
the inventor of the present pat.ent | i cat} a S di.sclossed i n Japanese
Pat ent Lai d- Cpeﬁeﬁﬁﬁl%lic?ét iqésn%ﬁ(}. pffgpéf'/el‘ngqpv%he;Lg?éniE%eécéoﬁtfhneuous j et

type [k J et Teegidlng AR ot GRS PRIAY % QAR T (oot

printing wherein an'i IS Jjette 'S su efl ection which

vari es continuo oSt AWM &S & o4 | o€ i £@rried
by the ink jet Eg\%%ir?goggs's%fé%y thé‘%sfgqgggte}(lfés%g{e% e'%’t e(LjFE{%&fjaeltrg%t t he

posi tion of ani alppia¥a thdl LilsNG edvd et WA 109 S )to perd W RedF Pitbnting
INVENTION It is an object of the present invention to provide an ink jet
recordi ng appar ahuwhafch @ Q@K ijRtoUus jetted and deflected a little

with respect to a middle point between two paths along

which the ink jet follows when the deflecting electric

LJ field is operative and inoperative and the charge

(electfic current) carried by the ink jet having passed
by the knife edge is detected to detect the position of
the ink jet jetting axis (nozzle axis).

Another continuous jet type ink jet fecording
apparatus has also been proposed by the inventor of fhe
present patent application and.is disclosed in Japanese
Patent Laid-Open Application No. 173151/1992 wherein the
continuous jet type ink jet recording apparatus is
rendered operative to perform test'printing wherein an
ink jet is jetted and is subject to deflection which
varies continuously or stepwise and the charge (electric
current) carried by the ink jet having passed by the

knife edge is detected to detect the position of an_ ink

Jet jetting axis (nozzle axis).
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jet type and an automatic ink jet jetting axis adjusting nmethod of the sane
wherein the position of an ink jet jetting axis or nozzle axis can
automatically be adjusted to an optimum position by a deflecting electric
field. In order to attain the object described above, according to ans
aspect of the present invention, there is provided an ink jet recording
apparatus of the continuous jet type, which conprises disintegrating neans
for jetting pressurized ink froma nozZle along an ink jet jetting axis to
disintegrate the ink into a uniformtrain of ink drops, charging neans for
sel ectively charging the iSkiMARPSOF NTRECDNVERTEOM th a controlling signal
defl ecting neans for deflecting charged ones of the ink drops
perpendicul arly td 4 his idik diefedtdf N"thaxpsesenpalavengisrans f or
selectively intercepting the ink drops in accordance with the anount of

def | ect i opriow itdee adefimctjelg meeorsd i mg bappapates sbutbe Eontgenenati ng a

bi as potential, a high voltage switch for receiving and vol tage anplifying
a recordi dgtsitywel andl andivkpraiel & bk pbebnd ¢tk ipeat pXii scddipaminge bi as
power source to the anplified recording signal to produce a controlling

si gnal , ameddodsiafhdtheyetaiatdreroin abiie N helep asfpabehbkal edut put ted

fromthe bias power source to a first test signal. having a |evel
jetting axis or nozzle axis can automatically be

adjusted to an optimum position by a deflecting electric
field.

In order to attain the abiect described above,
according to an aspect of the present'invention. there
is provided an ink jet recording apparétus of thé
continuous jet type, which comprises disintegrating
means for jetting pressurized ink'from a nozzle along an
ink jet jetting axis to disintegfate thé ink into a
uniform train of ink drops, charging means for
selectively charging the ink'drops in éccordance with a
controlling signal, deflecting means for'deflecting-
cﬁarged ones of the ink drops perpehdicularly to the ink !\J
Jet jetting axis, separating means for'sélectively
intercepting the ink drops in accordance with the.amount
of deflection by the deflecting means; a bias poawer
source for generating a bias potential, a high voltage
switch for receiving and voltage amplif&ing a recording

signal and adding the bias potential outputted from the



hi.gher than 0 but |ower than a voltage anplitude of the recording signal
anplified by the high voltage switch to generate a second test signal, a
change-over switch for selectively applying one of the controlling signal
outputted fromthe high voltage switch and the second test signal outputted
fromt test signal generator as a controlling signal to the charging
means, a conductive drop catcher disposed behind the separating neans for
catching those ink drops which have passed W the separating neans; current
‘detecting neans connected to the conductive drop catcher for detecting the

hi I ed h d ' her, he ink, .d - d
Cont fol | 1ng meaRLPoPCRaR: PRRFERq Phe™s AEAadrdRd G YIRS o
t he bi [ ] t QUL t ti
mans. 1n che | BRorape) B BPRERETRRS Kl drl, O e e (IR I U RRa i oot 10

pressuri zed inkeps hghiRg 2hang Ll poRnitala) Shithhe R0 FidPRid e 2! e

and is disintegrated into a uniformtrain of ink drops, and the charging

neans sel eCtiVG#M\VGPaEGQ$cfeh%oi AK fd-QRS tieBt s iFHRAr dARA%K M h & ontrol ling
signal. The deflecting neans deflects charged ones of the ink drops

perpendi cul arl yhi ghehethalk jpebujtelioweg ahiah adved lttages euplaltude ERNthe
selectively intercepts the ink drops in accordance wth the anount of
defl ection by thecording signal amplified by the high voltage switch to
generate a second test signal, a change-over switch for
selectively applying one of the controlling signal
outﬁutted from the high voltagefswitch and the second
test signal outputted from the test siénal generatof as
a controlling signal to the charging means, a conductive
drop catcher disposed behind the separating means for
catching those ink drops which have passed by the
separating means, current detecting means connected to
the conductive drop catcher for detecting the chgrge
carried to the conductive.drbp catcher by the ink drops,
and controlling means for controlling the bias potential
\/ ‘to be outputted from the bias power source in accordance
with "an output of the current detecting means.

In the ink jet recording apparatus of the
continuous jet type, pressurized ink is jetted along the
ink jet jetting axis from the nozzle and is |
disintegrated into a uniform train of ink drops, and the

charging means selectively charges the ink drops in



defl ecting means. The bias power source generates a bias potential, and the
hi gh voltage switch receives and anplifies a recording signal by voltage
anplification and adds the bias potential outputted fromthe bias power
source to the anplified recording signal to produce a controlling si gwal
The test signal generator adds the bias potential outputted fromthe bias
power source to a first test signal having a | evel higher than 0 but | ower
than a voltage anplitude of the recordgng signal anplified by-the high
voltage switch to generate a second test signal, and the change-over swtch

| ecti p f th LI j i_gnal -Qut put romthe high
Vol tage. SiTER ANGSE RS BcRnAOPECD It B LA « A0 AR UEEL o gnal
t t Th duct
rop cat cHEreRs ARELSPRCanERARE, shBe, A% MW IR0 IR, T Separ at i ng
means. a”dp%fh;? &&'{Eﬁ Srﬁgt %Bt kAg TR&NS eqetj%(%tt%ntgh%xqf&ar%d:ﬁfr{é ed to the

conductive drop catc he i nk drops. controlling nmeans controls

the bias p@é&&lﬁa@ingombsneusem%edv%ﬂ@mihh%rbse@&spw 15IIdregd) gEcor dance
with the output of the current detecting nmeans. Wth the ink jet recording

apparat us pécéPe€afifdt whYAUSheehnbype, otfhaemsaetmwlbyr alhaf i onshi p bet ween

the ink jet jetting axis and the knife edge can
deflecting means. The bias power source generates a
bias potential, and the high voltage_switch receives and
amplifies a recording signal by voltage amplification .\)
And adds the bias potential outputted from the bias
power source to the amplified recording signal to
produce a controlling signal. The test signal generator
adds the bias potential outputted from the bias power
source to a first test signal:having a level higher than
0 but lower than a voltage amplitude of the recbrding
signal amplified by the high voltage switch to ggnefate
a second test signal, and the change-over switch
selectively applies one oflthe controlling signal
outputted from the high voitage switch and the second
test signal outputted from the test signal génerafor as
a controlling signal to the charging means. The
conductive drop catqher catches those ink drops which
have passed by the separating means, and the Curreht
detecting means detects the charge carried to the

conductive drop catcher by the ink drops. The’

Il



automatically be adjusted to its optimum position by applying the
controlling signal in which the bias voltage is included, to the charging
means to effect adjustment of the ink jet jetting axis. According to

anot her. aspect of the present invention there is provided an ink jet
recordirg apparatus of the continuous jet type which conprises

di sintegrating neans for jetting pressurized ink froma nozzle along an ink
jet jetting axis to disintegrate the ink intgma uniformtrain of ink drops,
charging nmeans for selectively charging the ink drops in accordance with a

controlling signal efl ecting neans for def|ectjng charged ones of the ink
dr ops perpendlcuﬁ&qﬁfQ%}&WﬁEW%ﬂPﬁeﬁ°?¥ﬁ?}%gt%&léig§eBQFgPFﬁ§Tn§8ngefor

I I d d ith_ th t
def oot i on’ byt nE B Gad i HFoatts Ean ROTET CRETP cbh BFCHEABRAE A
bi as potenti al tghged%gy 44 q tgmquwéﬂp &Q@eg£§b§t§g£§§|ng means a high

vol tage switch for Trecei'ving an yihg a récordi ng signal by voltage

anplification to produceqﬁgﬁngﬂéﬂldg1 éﬁf¥§§°r@'ﬁfsg bggehsgg@eQﬂgor for

generating a test signal having a eve an 0 | ower than a
vol tage a”D"tUd%dﬂiﬂﬁﬁ%dgﬂyéfﬂﬂyﬂElE%KH“ﬂoQPEP&ﬁ&?drélQﬂlBB@h@bQBeYQEbﬂge

switch, a change-over switch for selectively applying one of
Controlllng Signalhe ink jet jetting axis and the knife edge can
automatically be adjusted to its optimum position by
applying the controlling signal, in which the bias
voltage is included, to the cha;ging means to effect
adjustment of the ink jet jetting axis.

According to another aspect of the present
invention, there is provided an ink jet recording
apparatus of the continuous jet type, which comprises
disintegrating means for jetting pressurized ink from a
nozzle along an ink jet jetting axis to disintegyate the
ink into a uniform train of ink drops, charging means
for selectively charging the ink drops in accordance

1\ with a contro;ling signal, deflecting means for
é deflecting charged ones of the ink drops perpendicularly
| to the ink jet jetting axis, sebarating means for
selectively intercepting the ink droﬁs in accordance
with the amount of deflection by the deflecting means, a
bias power sourée for generating a bias potential to be

applied to the ink in the disintegrating means, a high



outputted fromthe high voltage swtch and the test signal outputted from~
the test signal generator as a controlling signal to the charging neans, a
conductive drop catcher disposed behind the separating neans for catghing
t hose i nk drops which have passed by the separating neans, current
detecting neans connected to the conductive drop catcher for detecting the
charge carried to the conductive drop catcher by the ink drops and
controlling nmeans for controlling theMias potential to be outputted from
t he bias power source in accordance with an output of the current detecting
means. | nvbleaigek sjwatt che fardinet edppian fit awsd cdmp hef g0 | aupesof @i ngype,
pressurized ink is jetted fromthe nozzle along the ink jet jetting axis
and is di sighedr dyedolttagea anplficfimdtoom ©éd pmkddceps, cantirbbiiakgar gi ng
nmeans sel ectively charges the ink drops in accordance with a controlling
signal . Thésgdedleat itegt simnads arsfdratar chor geenenating aheeshk drops
perpendicularl{ to the ink jet jetting axis, and the separating neans

te

) haddng tahd gvad dvidgher ntharof kweel 9¥eh thenapount of

sel ecti vePFyE&na
defl ection 3¥ t he defl ecting neans. The bjas power spource generates a bias
B

pot ent i al VPo tB&CagPPildd uds e thik Gan TRl Ling it k8pat i ytehked and the

hi gh voltage switch receives and anplifies a recording si
- # % T

nal by vol tage
om the high voltage swi o¥ g

ch, a change-over swigch f
selectively applying one of the controlling signal
outputted from the high voltage switch énd the test
signal outputted from the test éignal geﬁerator as a
controiling signal to the charginé méans. a conductive
drop catcher disposed behind the separating means for
catching those ink drops which have passed by the
separating means, current. detecting means connected to
the conductive drop catcher for_detecting the charge - -
carried to the conductive drop catcher by the ink drops,
and controlling means for controlling the bias potential
to be outputted from the bias power source in accordance
with an output of the current detecting means. o/
In the ink jet recording apparatus of the
continuous jet typ35 pressurized ink is jetted from the
nozzle along the ink jet jetting axis and is
disintegrated into a uniform train of ink §rops. and the
charging means selectiyely charges the ink drops in

accordance with a controlling signal. The deflecting

m



anplification to produce a controlling signal. The test signal generator
generates a test signal having a |l evel higher than 0 but |ower than a

vol tage anplitude of the controlling signal outputted fromthe high voltage
switch; and the change-over switch selectively applies one of the
controﬁ?ing signal outputted fromthe high voltage swtch and the test
signal outputted fromthe test signal generggor as a controlling signal to
t he chargi ng means. The conductive drop catcher catches those ink drops

whi ch have passefbds (d@r FEPRS ALk DPg 0820Res28¢ tHe GHk' ﬁ?tog@et ecting means

detects the charge carried to the conductive drop catcher by the ink drops.

The control ling y@asn QT By 1HE PhesSi ARt §8EI btit@nle aQkPUlaingd tieom the
bi as power source in accordance with the output of the current detecting

neans.  Wth tdepdrdcid d6£0s dsdleaPPREAYUS NG rtlp te0RhieNQAUS drefpst RE
the positional relationship between the imk jet jetting axis and the knife

edge can aut omatdcxedtdaree awlj tist ehlet ambustopti demlpesibnobybythappl yi ng t he
bias potential to ink of the disintegrating neans to effect adjustnent of
the ink jet jettdelexting seawsdi NnDhéobaasupbler aspece genkelra tpisezent
i nvention, there is provided an automatic ink jet jetting axis adjusting
met hod, whi ch cdnias sestembial eps be applied to Fhe ink in the
' disintegrating means, and the high voltage switch
receives and amplifies a recording signal by voltage
wa amplification to produce a contfolling signal. The test
signal generator generates a test signal having a level
higher than 0 but lower than a voltage amplitude of the
controlling signal outputted from the high voltage
switch, and the change-over switch selectively applies
one of the controlling signal outputted from the high
voltage switch and the test signal outputted frog the
fest signal generator as a controlling signal to the
charging means. The conductive drop catcher catches
those ink drops which have passed by the separating
means, and the cﬁrrent detecting means detects the
charge carried to the conductive drop catcher by the ink
drobé. The controlling means controls the bias
potential to be outputted from the bias power source in

accordance with the output of the current detecting

means.



of detecting a jet current while a first test signal which is a sumof a
bi as potential and a second test signal having a first |evel higher than 0
but | ower than a voltage anplitude of a controlling signal is applied.to
chargi ng nmeans, detecting a jet current while a third test signal whi S
a sumof the bias potential and a fourth test signal having a second | evel
hi gher than 0 but | ower than the vol 29e anplitude of the controlling
signal is applied to the charging nears, changing, when a jet current is
detected at both ﬁr nei t her %{_the first and second detegting steps the

bi as potential anditdpdde dgk et ineqothiP& ARRAF ALY 2P f nEh8teps and

fixin when a jet current is tected at o ejther one of the first and
Cosond aebontd RlShscte tips dheqanttanal rela{findhfahebroenk | ot

L9, 5843, SRS TRl L et oG g T |3 det et
Seoone. ! TP IAREAITN B8 B 0 R TR PR hoer than the
g A T L el
having thgegREORE leg¥ele thia@ls thitdit G HPUihd oW }Jﬂﬁnjé@@n?{é" LR9s, .
According to a further aspeét of fhe presént
invention, there is provided an autométic ink jet |
Jetting axis adjusting methoq; ﬁhich comprises the steps
of detécting a jet current while a first test signal
which is 2 sum of a bias potentiai_ahd a Second_fest
signal having a first level higher than 0 but lower than
a voltage amplitude of a controlling'signal'is applied
to charging means, detecting a jet current While a third
test signal which is a sum of the bias potehtial.and'a
fourth test signal having a second level higher than 0
but lower than the voltage amplitude of the controiling
signal is applied to the charging means.fchanging. when k_)
a jet current is-detected at both or.neither-of the
first and second detecting steps. the biaé potential and
repeating the first and second detecting stebs. and
fixing, when a jet current isldetected at only either
one of the first and second detecting steps, the bias

potential.

]



anpl i tude of the controlling signal is. applled to the chargi ng neans.

Then, when a jet current is detected at both or neither of the first and
second detecting steps, the bias potential is changed, and then, the first
and second detecting steps are repeated. But when a jet current is
detectied at only either one of the first and second detecting steps, the
bias potential is fixed. Wth the automatic ink jet jetting axis adjusting
met hod, the bias potential.w th which an opéf nmum position of the ink jet
jetting axis can be obtained can be determ ned readily by nmeasuring the jet
current while the first IhesheSadramathicChnks ja@ tsyrtafi nigha xiisas dyeisitn gl
and the second test signal having the first |evel higher than 0 but | ower
than the vol t ageethodpphkitt atie dfi rishe stept r @l |jietg cuirgrealt amsd dettertidde t hird
test signal which is a sumof the bias potential and the fourth test signal
havi ng the secowhlilevéhehifgrert ttlest @ilgniall ehdrcht lian at lsanvolft ade digs t ude
of the controlling signal are successively applied to the chargi ng neans.
According to a thﬁhtﬂaﬂtheﬂ 4bpesecond: kespr sdenali hearinigorthet Hdrsti s
provided an autonatic ink jet jetting axis adjusting nethod which
conprises the stepslo hleéte@cttinﬁg 4 patt dgwesnttham; rtgeavpilrtgteet agp 1ditaree
having a first | veI hi gher éhan 0 but | ower than % vol tage anplitude of a
control l'ing si gRal | the 5BB¢F@ ling signal is applied to the charging

means. Then at the second step, a jet current is
detected while the third test signal which is a sum of

Lw’ the bias potential and the'four£h test signal having the
second level higher than 0 but lower than the voltage
amplitude of the controlling signal is applied to the
charging means. Then, when a jet current is detected at
both or neither of the first and second detecting steps,
the bias potential is changed, and then, the first and
second detecting steps are repeated. But when a Jet
current is detected at only either one of the first and
second detecting steps, the bias potential is fixed.

k¢/ With the automatié ink jet jetting axis

adjusting method{ the bias potential with which an
optimum position of the ink jet jetting éxis can be
obtained can be determined readily by measuring the jet
current while the first test signal which is a sum“of
the bias potential and the second test sigﬁal having the

first level higher than 0 but lower than the voltage



to charging neans and a bias potential is applied to ink of disintegrating -
nmeans detecting a jet current while a second test signal having a second

| evel higher than O but | ower than the voltage anplitude of the contrqlling
signal is applied to the charging neans and the bias potential is appljed
to the ink of the disintegrating neans, changing, when a jet current is
detected at both or neither of the fiE t and second detecting steps the

bi as potential and repeating the first~and second detecting steps and
fixing when a jet current is detected at only either one of the first and
second det%’t‘ﬂhﬁug? ep§ thpecpnisopddast sdlenaln amse tharortdte cthiimd j et

jetting axis adj hod at the first step a jet current is

detected wiiit ﬁégér?EPiFgggsngﬁaﬂ_Hévﬁﬁﬁ'PH@SHHQﬁeqﬁiﬁﬂ andhdre t han 0
o the chd Dy nEshE ARHRzRcbarABersRensrgends eyl dd Shsh hoan Che
w6 the Ao SFEECndning khIFABST REPLISERS PaSh e AHEP® but
the. char g eans. ang" EREsEILEFxCroRIFaRCTe" B Mehal " Bt hr The

di sintegrating meafieod@eRe ¥HeR 2th®t GUFERBL L§pdRlieledyqt both or

nei ther of the first _
present invention, there is provided an automatic ink

Jet jetting axis adjusting.method. which comprises the
steps of detecting a jet cufrent while a first test
signal'having a first level higher than 0 but lower than
a voltage amplitude of a controlling signal is aﬁplied
to charging means and a bias potential is applied to ink
of disintegrating means, detecting a Jet.current while a
second test signal having a second level higher than 0
but lower than the voltage amplitude of the controlling
signal is applied to the charging means and the bias
potential is applied to the ink of the disintegrating
means, changing, when a jet curfent is detected at both o/
or neither of the first and second detectlng steps, the

bias potential and repeating the first and second

detecting steps., and fixing..when a jet current is

detected at only either one of the first and second

detecting steps, the bias'potential.

In the automatic ink jet jetting axis adjusting



and second detecting steps the bias potential is changed, and then the
first and second detecting steps are repeated. But when a jet current is
detected at only either one of the first and second detecting steps the

bi as potential is fixed. Wth the automatic ink jet jetting axis adjusting
met hottY the bias potential with which an optinmum position of the ink jet
jetting axis can be obtained can be determ ned readily by neasuring the jet
current while the first test signal'having”?he first level higher"than 0
but |l ower than the voltage anplitude of the controlling signal and then the
second t est méthsidgnalt hae g rishe steeond |j@telcdtrgher itshadetedudd | ower
than the voltage anplitude of the controlling signal are successively
applied to thewblhdegithg fezss wiesl tshenailahapdtngnttibed fapEt deeved t he i nk of

the disintegratin
advant ages of hhe

% nmeans. The above and ot her objects, features and
5

resban Onbert ilomew Ithalpeddree vadasentarpldmude dfol | owi ng

description and the appended clains, taken in conjunction with the
acconpanyi ng dtB®i A§3traldAngn sitigre lpdst apgrl igde hontthearchad@ioeedhenns i ke
reference characters. BRI EF DESCRI PTI ON OF THE DRAW NGS

and

the bias potential is applied to ink of the

disintegrating means. Then at the second step, a jet

current is detected while the second test signal having

the second level higher than 0 but lower than the

voltage amplitude of the controlling signal is applied

to the charging means and the bias potential is applied

to the ink of the disintegrating means. Then, when a

Jet current is detected at both or neither of the first

and second detecting steps, the bias potential is

changed, and then, the first and second detecting steps

are repeated. But when a jet current is detected at

only either one of the first and second detecting éteps.

the bias potential is fixed.

With the automatic ink Jet jetting axis

adjusting method, the bias potential with which an

optimum position of the ink jet jetting axis can be

obtained can be determined readily by measuring the jet

current while the first test signal having the first

level higher than 0 but lower than the voltage amplitude

of the controlling signal and then the second test



%

FIG 1 is a diagrammatic representation of a continuous jet type ink jet
recordi ng apparatus show ng a first preferred enbodi nent of the present
invention: FIGS. 2a and 2b are schematic views illustrating the princieple
of an automatic ink jet jetting axis adjusting nethod of the present ~e
invention: FIG 3 is a diagramnmatic representation of another continuous
jet type ink jet recordi ng apparatus shqowi ng a second preferred enbodi nent
of the present invention; and FIG 4 isla di agrammati c representation

show ng a conventional continuous jet type ink jet recording apparatus
of the rotaemilumivypey DESCReEThONL &Fe THEI RREFERRED BVBODI NEWES Ref erri ng
first to FIG -1 there is shown an ink jet recordinq appar atus of the

cont i nuous thetn tylpe tol whgehanhbi pudeenf theesonpdnoild iggpisiédalTsae
continuous jet type ink jet recordi ng apparatus of the present enbodi nent

i ncl udes a sz s {Ivéehyi #pp hhedr £ 0| égeha PRg 188y BRGNSl thyithebdR s or
jetting a jet of ink along an ink jet ketting aéls_or nozzl e axis an ink
el ectrode Potanthid i agplhedpbe ehheal nkr ofnkhen difd Y6252 108t the ground
| evel, a controlling electrode 3 having a circular opening or a slit-1like
openi ng co®&a&sS-with the nozzle 1 and connected to receive a controlling

si gnal -
g The above and other objects, features and

advantages of the present invention will become apparent
from the following description andfthe'appended claims,
taken in conjunction with the accompanying drawings in
which like parts or elements are denoted by like

reference characters.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a diagrammatic represeﬁtatidn of a
continuous jet type ink jet recording apparatus §howing
a first preferred embodiment of the present inﬁention:

FIGS. 2a and 2b are schematic views illustrating
the principle of an automatic ink jet jetting axis ' N
adjusting method of the present invention:

FIG. 3 is a diagrammatic représentation of
another continuous jet type ink_jet recording apparatus
showing a second preferred embodiment of the preSeht
invention: and

FIG. 4 is a diagrammatic representation showing



toicontrol charging of a jet of ink passing the opening therein in
accordance with a recording signal a grounding electrode 4 disposed in
front of the controlling el ectrode 3 and grounded itself a knife edge 5
mounted on the grounding electrode 4 a deflecting high voltage dc power
source Yhereinafter referred to as deflecting power source) 6 a deflecting
el ectrode 7 connected to the deflecting power source 6 for cooperating with
the grounding el ectrode 4 to 19 produce t{¥rebetween an intense electric
field perpendicular to the ink jet flying axis to deflect a charged ink
drop to the grougdj e i d Y catcher. 8

di sposed at a hoﬁebggggb?g%Egg égégﬁgﬁgﬁg ?%&t%ghghﬁfﬂrg%%&%%ﬁ?ﬁﬁﬁ?%mmzle
1is carried, inappapht@k bhet8eO¥RALRG - Qlreq! nqde 4 and the deflecting

el ectrode 7 and serving also as a detecCting eléctrode a shielding line 9
connected to the conductive drop catcher 8. a current detector CD connected
to the shielding line 9. an analog to digital (A/D) converter ADC connected
to the current detector GBSCRISTJOA o0geTHEAPREFEERED PUBODIMENTS a
recording signal a high voltage swtch HVS for anplifying the voltage of
the recording signal froRetfeersngndlirgenepaFdG.SE,t ahpireduse showdntamo!ildkng

signal Sc , a test
jet recording apparatus of the continuous jet type to

which the present invention is applied. The continuous
jet tybe ink jet recording apparatus of the preseht
embodiment includes a nozzle 1 having an orifice having
a very small diameter for jetting a jet of ink along an
ink jet jefting axis or nozzle axis, an ink eiectrode 2
for holding the potential of ink in fhe nozzle 1 at the
ground level, a controlling electrode 3 having a
circular opening or a slit-like opening coaxial with ‘the
nozzle 1 and connected to receive a controlling signal
to control charging of a jet of ink passing the opéning
therein in accordance with a recording signal, a

kv/ grounding electrode 4 disposea in front of the
controlling electrode 3 and grounded itself, a knife.
edge 5 mounted on the grounding electrode 4, a
deflecting high voltage dc power source (hereinafter
referred to as deflecting power source) 6. a deflecting
electrode 7 connected to the deflecting powef source 6

for cooperating with the grounding electrode 4 to



signal generator TSG for generating a test signal ST , a change-over swtch
SWfor applying one of the controlling signal Sc and the test signal [err]
as a controlling signal to the controlling electrode 3 a bias power _source
BS for applying a bias potential [err] to the high voltage HVS and t t est
signal generator TSG a test signal generator TSG for generating a test
signal in accordance with the output of the analog to digital converter ADC
and a microprocessor (MPU) 10 serving & controlling neans. for
controlling the change-over switch SWand the bias power source BS. It is
to be not gdrddixte therféletdeeni ke Cotposentietdrthofeedd the conventional
continuous jet type ink jet recordi ng apparatus shown in FIG 4 are denoted
by |i ke r efegrparohi cthbarmcterth¢thals setni fhyipgapplisesot deffhecaniaodi ment
shown in FIG 3). Wen the carriage (not shown) on which the nozzle 1 is
carried i sharash hwhedporito obhe tgrocodingt lectirogecst shde.8ai s

posi tioned behind the knife edge 5 in an opposing relationship to a rotary
drum (not csHiMOti vhedrinaeetever of opl ereererag ashapecpppdiiiop ofsul at ed

fromany other elenent except that it is connected to the input of the
current dét &&TdriagF biPhySRI¥Rhe SR BREFRgthEnROBZ1¢Nd 48t put of the

current def8S! e Dha e £ONECSE ofhd %L 88 dB; 08162708 3 and the

deflecting electrode 7 and serving also as a detecting
electrode, a shielding line 9 connected to the
conductive drop catcher 8, a éu;rent detector CD
connected to the shielding line 9, an analog to digital
(A/D) converter ADC connected to the current detector
CD, a signal generator SG for generating a recording
signal, a high voltage switch HVS for amplifying the
voltage of the recording signal from the signal
generator SG to produce a contrclling-signal‘Sc'{ a test
signal generator TSG for generating a test signal Sr*, a
change-over switch SW for applying one bf the .
controlling signal Sc* and the test signal St* as a o’
controlling signal to the controlling electrode 3, a

bias power source BS for applying a bias potential ¢s to

the high voltage HVS and the test signal generator TSG,

a test signal generator TSG for generatihg a test signal

in accordance with the output of the analog to digital

converter ADC, and a microprocessor (MPU) 10 serving as

"



«

cgnvefter ADC. The analog to digital converter ADC may be replaced by a
conparator. The digital output of the analog to digital converter ADC is
.connected to a data bus of the MPU 10 by way of a suitable interface not
'shown. The test signal generator TSG outputs a test. signal [err] having
isuch axwaveformas shown in FIG 2a in response to an instruction fromthe
MPU 10. The bi as 21 power source BS is connected to the test signal
generator TSG and the high voltage switch HVS. The bias power source BS may
be formed froma digital to anal og converter and is connected to another
data bus of the MPU 10 by way of anot her suiX®bl e interface not shown. The
bi as power source BS provides a bias potential [err] to the high voltage
switch HVS and tduntresll signméagentsat con¥B6l1The hhghchehBage vewm tsobi tIS
anplifies a recording signal outputted fromthe recordi ng signal generator
SG to obtain a &htamd | tng lsi gmaposer sduscehBShi agtpdésertoi dle poteld to t he
controlling signal Sc to obtain a controlling signal Sc , and outputs the
control ling sigrdiatsc ifrBl@r 1o Flige copponpatsedr $hgsal odetdeat or TSG
produces a test signal having a |level higher than 0 volt but |ower than
conventional continuous jet type ink jet recording
apparatus shown in FIG. 4 are denoted by like reference
characters (this similarly applies'to the embodiment
shown in FIG. 3).
\ ' When the carriage (not shown) on which the
nozzle 1 is carried is at the home position, the
conductive drop catcher 8 is positioned behind the knife
edge 5 in an opposing relationship to a rotary drum (not
shown). The conductive drop catcher 8 is electrically
insulated from any other element except that it is
connected to the input of the current detector CD by way
of the shielding line 9. The output of the current
detector CD is connected to the analog to digital
| converter ADC. The analog to digital converter ADC may
be replaced by a comparator. The digital output of the
analog to digital converter ADC is connected to a data
bus of the MPU 10 by way of a suitable interface not
shown. |
The test signal generator TSG outputs a test

signal Sr* having such a waveform as shown in FIG. 2a in

response to an instruction from the MPU 10. The bias



a voltage anplitude [err] of the controlling signal Sc adds the bias
potential [err] to the test signal [err] to obtain a test signal [err] and
outputs the test signal [err]. It is to be noted that the test signal _[err]
can have two two levels including a first level [err] and a secondylevel
[err] + [err] (refer to FIG 2a), where [err] is a threshold |evel and
[err] is an allowable error. The controlling signal [err] outputted from
t he hi gh voltage switch HVS and t®\test signal [err] outputted fromthe
test signal generator TSG are coupled to a pair of input termnals of the
change- ovieswé §66Gr&¥V BAndst bonnewted aut the ttysd nalgmdl t he change-over
swtch SWis connected to the controlling el ectrode 3. The change-over
switch SWeperates THGr eadomnhe ha gan violtagectswartdlr diNg.he MPU 10 to connect
a selected one of the controlling signal Sc and the test signal [err] to
the controlling eTbet bdde BowEBrGsoRarciel |IBfstmat & thrwed aftranshi p of the
ink jet jetting axis in the neighborhood of the knife edge 5 to the
control | i hggstghatoSenghagi sgnarrtent age difpldannee ivd )tamhaetker est signa
[err]. The threshold level [err] has a value satisfying O < [err] < [err].

and pref@tabbys afiefihpeMPP 10] bar pay ofe anathent whtabke axis coinci des
with the termipnal end of the knife %dge 5 as seen fromFIG 2a. However, in
t he contihﬁBﬁEffgﬁ p95eshown. The bias power source BS provides

a bias potential ¢8 to the high voltage switch HVS and
the test signal geﬁerator TSG.

The high voltage switch HVS amplifies a
recording signal outputted from the recording signal
generator SG to obtain a controlling sigpal Sc, édds the
bias potential ¢8 to the controlling signal S¢ to obtain
a controlling signal Sc*, and outputs the controlling
signal Sc* (refer to FIG. 2b).

The test signal generator TSG produces a test
signal having a level higher than 0 volt but lower than
a voltage amplitude ¢n of the controlling signal Sc,
adds the bias potential ¢8 to the test signal Sr to. hd
obtain a test signal Sr* and outputs the. test signal
Str*. It is to be noted that the test signal Sr can have
two two levels including a first level ¢th - A and a
second level ¢tn + A (refer to FIG. 2a), where Ptn is a

threshold level. and A is an allowable error.

The controlling signal Sc° outputted from the



ink jet recording apparatus, [err] A is allowable. Wiether the extremty
of the knife edge 5 is included within the range of the variation of the
ink jet jetting axis defined by [err] - [err] < [err] < [err] + [err] can
be exam ned by charging the ink jet in accordance with the test signal ST.
In part™ular, if ink drops pass by the knife edge 5 when [err] = [err] -
[err] but ink drops are intercepted by the knife edge 5 when [err] =
[err] + [err], then the extremity of the kné%f edge 5 is included within
the range of the variation of the ink jet | ing axis. Since the ink drops
are charged in q%ther C t he cngrge can be nmeasured .then the

S

i f
position of the 'h%hjg??ﬁggﬁ:ﬁﬁiaﬁp gnapd Fbecdesd signNat (Ae threshol d

oy beent the BuEPUELEH FE0n] ERe CERER, FTRbAY ehe b Al oA e
/2. Wil Il L | . K the S/N ratio of th
Lo int Ctet oot s P e pafFaRe CABPLST sbFRihaN S0 oy tHRC iaEe Y es 'y} ¢¥h ' 1

illustrates tkm2§wingL@I?hgfcgghgﬁtEEELE%??grégggﬁnggiq%é(§ﬂgﬁ {ggé%is

di spl aced so that the extrem 5°goes out 0O range

of the variationgpfelResynks) EbnhEEEEAY B tHeCk on® ol 11 ng elect dodld I3, I M
such an instance, If the bras potenti al Ferr] IS a53£& to the controlling
signal Sc and thend eShange-over switch_SW!operates in response to an
instruction from the MPU 10.td connect a selected one of
the controlling signal S;‘ and the test signal Sr* to
the controlling electrode 3. |
FIG. 2a illustrates the relationship of the ink
Jet jetting axis in the neighborhood of the kﬁife edge 5
to the controlling signal Sc (ha;ing an voltage
amplitude ¢n) and the test signal Sr. The threshqld
level ¢tn has a value satisfying 0 < Q;h < ¢n, and
preferably, when ¢ = ¢tn, the ink jet jetting axis
‘coincides with the terminal end of the knife edge 5 as
seen from FIG. 2a. However, in the continuous jet type-
o/ ink jet recording apparatus, ¢tn £ A is allowable. |
Whether the extremity of the knife edge § is inéludéd
within the range of the variation of the ink jet jetting
axis defined by ¢£5 - A <P < Ppth + A can.be examined by
charging the ink jet in accordance with the test signal
Sr. In particular, if ink dféps pass by the knife edge

5 when ¢ = ¢tn - A but -ink drobs are intercepted by the



signal [err] to convert theminto a controlling signal [err] and a test
signal [err], respectively, and the bias potential [err] is adjusted, then
the entire ink jet jetting axis is shifted parallelly relative to thg knife
edge 5 by an action of the deflecting electric field. Consequently, K the
bias potential [err] is adjusted to a sui tabl e value, then the
positional relationship between the knife edge 5 and the ink jet jetting
axis can be adjusted to such an opticah, position as shown in-FIG 2b. In
the continuous jet type ink jet recording apparatus of the present

enbodi Menfen jtele (Y rPldHd ¢oi0mal, SC AhosRe Ot ha0Ex BRPRL EYdE [ k] varies
within the range of 30 volts [err] 100 volts is used. In this instance, it

is effectikng fle0leddte Pias RBMdRIwi{eiid tehP¥Rgd @l YgeW thin the range
of -500 volts [err] 50 volts. Subsequently, operation of the continuous jet

type ink jveiriae@a@nlidl wHEpar Use hayd 11 seIChix LONSt S uné e othasifrscri bed

above and an automatic ink jet jetting axis adjusting nmethod for the

conti nuoudrijopts tayfee dhdrged Trecnirthery appear at fisthe | thbegedesani bed. (1)

First, the carriage is positioned to its honme position, and jetting of an

ink jet fmemsturediozdien lthe misitioth dhethPU o tehnéettinkeashange- over
can be detected.

While the threshold level ¢tn is a value
determined experimentally so that a prihted image may
present the best quality, the control margin is maximum
when ¢th = ¢n/2. While the allowable error A‘relies
upon the S/N ratio of the current detecting system,
suitably A &% (1/10 to 1/5)¢n.

FIG. 2b illustrates the principLe.of adjustment
when the ink jet jetting ax;s is displaced so that the
extremity of the knife edge 5 goes out of the range of
the variation of the ink jet jetting axis of ¢tn - A < ¢
< ¢tn + A, In such an instance, if the bias potential
¢s is added to the controlling signal Sc and the test
signal St to convert them into a controlling signal Sc¢°
and a test signal Sr®, respectively, and the bias
potential ¢ is adjusted, then the entire ink jet
jetting axis is shifted parallelly relative to the knife

edge 5 by an action of the deflecting electric field.

Consequently, if the bias potential ¢ is adjusted to a



switch SWto the test signal generator TSG side so that a test signal [err]
outputted fromthe test signal generator TSG may be applied to the
controlling electrode 3. (2) The MPU 10 delivers an instruction so that

the test signal generator TSG alternately generates a test signal ST, that
is, twe¥level voltages of the first level [err] and the second level [err].
(3) The MPU 10 checks the output of the analog to digital converter ADC (to
det ect presence or absence of a jet .curren to measure whether a train of
ink drops charged with the alternate voltages of [err] and [err] and thus

defl ected pass ;w'fgbfggﬁgﬂﬁgrc€ﬁéﬁdtﬁ¥ LBEiKTbBQlqu§aﬁloﬂQ§19' $oltwopat es

t he positional atlon I p of eink jet jetting axis e knife edge 5

based on.a resulfe ofnfpe Q@é‘?usegﬁﬁ'tthlaniﬂﬁr?bﬁu @&uﬁg) a$isn can bet

current is detected at an the voltages of [err] [err] both of ink

drops which aredfid€&d e@lo bélué‘hCQm)élFéibXQ' }sokart%naaeuehoaad 1Nk 181 ops
which are deflected by a conparatively small anmount (or are not defl ected)

are interceptedthy the knife edge 5 - and accordingly, the ink jet jetting
axis nmust be corrected upwardly: (b) when a jet current is detected at both
of the voltages of [errInathle|[eontihobbsofetnkydeopskwiethracerding
apparatus of the present embodiment. the controlling
signal Sc¢ whose voltage amplitude ¢an varies within the
range of 30 volts £ ¢n $ 100 volts is used. In_this
instance, it is effective for the bias potential ¢8 to
have a value within the range of -500 volts £ ¢ s 50
volts.
Subsequently, operation of the continuous Jef
fype ink jet recording apparatus having such
construction as described above and an automatic ink Jet
Jetting axis adjusting method for the continuous jet
type ink ;et recording apparatus will be described.
(1) First, the carriage is positioned to its

\_/ home position, and jetting of an ink jet from the nozzle

1l is started. The MPU 10 connects the change-over

switch SW to the test sigpal generator TSG side so that

a test signal Sr outputted from the test signal

generator TSG may be applied to the-controlling

electrode 3.

(2) The MPU 10;delivers an instruction so that



defl ected by a conparatively |arge anount and i nk drops which are defl ected
by a conparatively small anmount (or are not deflected) pass by the knife
edge 5 and accordingly, the ink jet jetting axis nmust be corrected .~
downwardly: and (c) when a jet current flows at the voltage of [err] ~ut no
jet current flows at the other voltage of [err], ink drops which are

defl ected by a conparatively |arge anount are intercepted by the knife edge
5 whereas ink drops which are defl ect by a conparatively snmall amount (or
are not defected) pass by the knife edge 5 and accordingly the ink jet

he vp0 10t 0 feft +hBRPRRSREEBrarSE ATt RAL R S Bl O The' ¥

bi as_pover, soureeg By Basedngl 2ol e3ybl 180 eiNGodisyddnigatinn Alrdhie step

(3) above. sehds out the data to the bias power source BS by way

of the datpedys, e aNd-t ReaRHa%HROWRE0RAUN S eBSpeRNUER S the data into a bias
potential [err] %y digital to analog conversion. In particular, when the

MPU 10 discrinminates)ytigef upat 10288y 2BQVRutiplutCAISGHd HhdiFs power
source BS to successively output negative bias potentials GCat. [err] ..

whi ch increasgi gt AWM 66n0er @Rt ADOOUSLY dehtielce iplr eGRIRG S DY OF

absence of a jet current at the
of a jet current) to measure whether a train of ink
drops charged with the alternate voltages of ¢tn ~ A and
¢th + A and thus deflected pass by or aTe'intercepted by g
the knife edge 5, and discriminates the'positional
relationship of the ink jet jetting axis to the knife
edge 5 based on.a result of the measurement. Iﬁ
particular, (a) when no jet current is detecied'at any
of the voltages of ¢tn - A and ¢tn + A, both of ink
drops which are deflected by a comparatively large
amount and ink drops which are deflected by a
comparatively small amount (or are not deflected) are
intercepted by the knife edge 5, and acéordingly, the
ink jet jetting axis must be corrected upwardly: (b)
when a jet current is detected at both of.the voltages
of ¢thn - A and ¢tn + A, both of ink drops which are
deflected by a comparatively large amduht and ink drops
which are deflected by a comparatively small amount.(or
are not deflected) pass by the knife edge 5, and

accordingly, the ink jet jetting axis must be corrected



vol tages of [err] and it repeats such discrimnation of the ink jet
jetting axis simlar to the step (3) described above. Then, when it 27
~finds out a bias potential [err] with which no jet current is detected any
"nmore at.the second level of [err] [err] it fixes the bias potential [err]
to thexValue [err]. It is to be noted that the process of searching such
potential value [err] is progranmed as firmware.in advance in the MPU 10.

: On the other hand, when the MPU 10 di scrimnates the second case (b), it
~causes the bias power source BS to successi®vely output positive bias
‘potentials [err 082. ... which increase stepwi se or continuously while it
operates in a sAeWRWRATdhknernds (Fh FhendrsdetnCHAFRSt FéP“STﬁGsthFhe MPU 10
finally fixes the bias potential However, when the NPg 10 dlscr|n1nates t he
‘third case (c),Veitageeafabery-fAxbuti pe’ BPis CHSTERti ALoBS B [tae Pthey

(5) Subsequently, the MPU 10 changes over the t ter of t
change- over swiYeht "SWfP nPthe*t Bst lg}‘gﬁﬁf’péeﬁb Sor”?sg rs}i(?é’ eahl gh

vol tage switch HVS side an?y Een executeﬁ an or
h
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are started a”QdEe 5 whereas ink drops which are deflected by a

. comparatively small amount (or are not defected) pass by
the knife edge 5, and accordingly., the ink jet jetting
axis is at its apprspriate position and must not be
displaced.

(4) The MPU 10 adjusts the bias potential ¢z,
which is the output of the bias power source BS, based
on a result of the discrimination at the step (3) above.
The MPU 10 sends out the data to the bias power source
BS by way of the data bus, and the bias power source BS
convérts the data into a bias botential ¢s by digital to
analog conversion.

In particular, when the MPU 10 discriminates the

\_/ first case (a) above, it causes the bias power source BS
to successively output negative bias potentials ¢g1.
Ps2, ... which increase stepwisé or continuously while
it detects presence or absence of a jet current at the
voltages of ¢tn — A + ¢p and Pth + A + ¢s, and it
repeats such discrimination of the ink jet jetting axis

similar to the step (3) described above. Then, when it



recordi ng signal generated fromthe recording signal generator TSGis first
anplified by the high voltage swtch HYS by voltage anplification. A
bias potential [err] fromthe bias power source BS is added to the .
recording signal fromthe high voltage switch H/S to forma control | g
signal [err]. which is then applied to the controlling el ectrode 3 by way
of the change-over switch SW Meanwhile, ink is jetted fromthe nozzle 1
and disintegrated into ink drops. Theghgk-drops are charged by and under
the control of the controlling electr 3. and then those ink drops which
have been charged strong are deflected by a great anmount toward the
groundi ng Bieesrowe a Bias pytentiadsPeet PAFheMBdchi Bof J@Itd cuTd edvte t hus
intercepted by the knife edge 5. Meanwhile those _ ink drops which have been
charged webk {®FeRhee ABY BRER ehatBhedFese8d B¢vede nPte ddde s and are

recorded opnto a, regord i um (not shown) ~wrapped , around the rotary drum
In this i 'ancb£ fhéngEgﬁrgkészP?SRFf%é PﬁEQPeF%FeW?ﬂﬂﬁ ers mh?ch has

i manct® ThE *rBPFEi Tel el HE 8Ps whi ch |
Ret orring Mol Tor 68 HSLE, LRati EngRbLAeR® R’ s8R BhaBR s M ppar at us of

ot S i YEPLSCER 000t e RE LIS SVRRL THPRUVR, of 11
in the MPU 10.°
On the other hand, when the MPU 10 discriminates
the second case (b), it causes the bias power source BS )
to successively output positive bias potentials ¢s1,
$s2, .;. which increase stepwise or continuously while
it operates in a similar manner as in the discrimination
(a). Thus, the MPU 10 finally fixes the bias potential
¢s .

However, when the MPU 10 discriminates the third
case (c), it immediately fixes the bias potential ¢ to
¢ = 0.

(5) Subsequently, the MPU 10 changes over the o
input terminal of the change-over Switch SW from the -
test signal generator TSG side to the high voltage
switch HVS side and then executes an ordinary printing
operation. In particular, rotation of the rotafy'drum
and translation of the carriage are started, and a

recording signal generated from the recording signal

generator TSG is first amplified by the'pigh'voltage

]



recordi ng apparatus of the present enbodinent is a 29 nodification to
and is different fromthe continuous jet type ink jet recordi ng apparatus
of the first enbodinent only in that the bias power source BS is connected
to the.ink electrode 2 while the bias power source BS in the first
enbodtxent is connected to the high voltage switch HVS and the test signal
generator TSG Wth the nodified structure, the high voltage switch HVS and
the test signal TSG can be constructed si e. It is to be noted that an

i nsul ating structure nust be provided arouhrd the nozzle 1. In the
continuous jet type ink jet recording apparatus of the second enbodi nment
havi ng such conk¥tekih a%yd%%EF?QEdaPBEif&ﬁé@é?“sinéebaa5i§§tﬁ§ﬁéﬁﬂial

[err] is applied directly to ink, or in other rds, ,since the bias
potential - [err¥e i rﬂ%ttgﬁfP%ﬁ?eﬂ°§§rasFHEF8rBg?iﬁhédaﬁao§Ptéiﬁolarity to

) o T AR PP 38 TRl hCREL AR PR IR
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switch SW. Meanwhile, ink is jetted from the nozzle 1
and disintegrated into ink drops. The ink drops are
charged by and under the contro; of the controlling
electrode 3. and then, those ink drops which have been
chargea strong are deflected by a great amount toward
the grounding electrode 4 side by the deflecting
electric field and are thus intercepted by the knife
edge 5. Meanwhile, those ink drops which have been
charged weak (or have not..been charged) pass by the
knife edge 5 and are recorded onto a record medium (not
shown) wrapped around the rotary drun. In this
instance, the ink drops follow the ink jet Jetting axis
o/ which haé automatically been adjusted to its optimum
position as described above.
Referring now to FIGS. 3, there is shown an ink
Jet recording apparatus of the continuous jet type
according to a second preferred embodiment of the
present invention. The continuous jet type ink jet

recording apparatus of. the present embodiment is a



discrimnation is the case (b) which is a significant di fference of the’
continuous jet type ink jet recordi ng apparatus of the present enbodi nent
fromthe continuous jet type ink jet recording apparatus of the first __

enbodi ment. Except this, the continuous jet type ink jet recording &g:
apparatus of the present enbodi ment operates in a simlar manner as the
continuous jet type ink jet recording apparatus of the first enbodi nent.
Accordingly, detailed description of ggeration of the continuous jet type
ink jet recording apparatus of the present enbodinent is omtted herein to

avoi d rEdW@PP¥caEYﬂBh€oV\@¥d Egedh?tfe?'lénﬁ:e@ro(mcrﬁ{tg}et ec{%"rF Yi & Char_ged

ink jet) is very wea and accordi ngly, e current s required

to have a tyg0 Pk gL HELEFhIAG ggg%gpp sl sl i M0 Y MM getator

proposed i n Japanese Paten ation No. 151

173151/ 199 by {hethBYepher bohst B%wﬂrre§%'ﬁtrc'enwti'sorb&ﬂfb<p@e&' _
effectively as such weak current detector. is to be noted that, while

the presenghé NVERtEPBctBodBPLi R LN thize bfllalrsstpoahrzsaL sanpsh eRog ment's, to a
continuous jet type ink jet recording apparatus of the Hertz type mhereln
drops of itte chargedesboangenteisecronadcwid aodrides fgh nkolefwdged weak (or

switch HVS and the test signal generator TSG. With the

modified structure, the high voltage switch HVS and the

test signal TSG can be constructed simple.' It is to be J

noted thaf an insulating structure muét be provided

around the nozzle 1.

In the continuous jet type ink jet recording

apparatus of the second embodiment having such

construction as described just above..Since a bias

potential ¢8 is applied directly to ink, or in other

words, since the bias potential ¢8 is not reflécted as a

factor of the opposite polarity.to that of induction

charging by a test signal Sr* and a controlling signal

Sc* as in the continuous jet type ink jet recording

apparatus of the first embodiment, upon automatic

adjustment of the ink jet jetting axis. a positive

potential ¢ is used when the result of the

discrimination is the case-(a) whereas a negative

potential ¢8 is used when the result of the

discrimination is the case (b), which is a significant



drops of ink not charged) are used to record, naturally the present

i nvention can be applied sinmlarly to another continuous jet type ink jet
recordi ng apparatus of the binary deflection Sweet type wherein drops of

i nk charged weak (or drops of ink not charged) are intercepted by a knife
edge While drops of ink charged strong are used to record. Having now fully
described the invention, it will be apparﬁgt to one of ordinary skill in
the art that many changes and nodificatio “can be made thereto wrthout
departing fromthe spirit and scope of the invention as set forth herein.
32 CLAIMS 1. diffareinge jodt thec oditigumparie st vte t bk cheit i necesd]eg
type, conprising: ‘disintegrating neans for jetting pressurized ink froma
nozzl e al ong aAPPAKajtais jodt ttiheg Paeisenty eibaditmephtiramet herkcomt bnwousi f orm
train of ink drops; charging neans for selectively charging the ink drops

i n accordance WethtyPeodikolieitngesiogidding rafnana thy Hkatke fHEreikf| ecting

charged ones of Lhe; .
embodiment. Except this, the continuous jet type ink

Jet recording apparatus of the present embodiment
operateé in a similar manner as the continuous jet type
ink jet recording apparatus of the first embodiment.
Accordingly, defailed description of operation. of the

A continuous jet type ink jet recording apparatus of the
present embodiment is omitted herein to avoid
redundancy.

By the way, the jet current (charge carried by a
charged ink jet) is very weak, and accordingly, the
current detector CD is required to have a high current
detecting capacity of 1 to 10 nA. The integrator
ﬁroposed in Japanese Patent Laid-Open Application No.
151251/1992 or No. 173151/1992 by the inventor of the

\,/ present invention can be used effectively as such weak
current detector.

It is to be noted that, while the present
invention is applied, in tbe first and second
embodiments, to a continuous jet type ink jet recording
apparatus of the Hertz type_wherein drops of ink charged

strong are removed while drops of ink charged weak (or



i nk drops perpendicularly to the ink jet jetting axis; separating means for
selectively intercepting the ink drops in accordance with the anount of
defl ection by said deflecting nmeans; recording signal neans for appl yiR
bet ween said nozzle and said charging neans a chargi ng voltage A
corresponding to the sumof a bias voltage and a recordi ng signal voltage;
test signal neans for applying between said nozzle and said charging
nmeans a test charging voltage corrgﬁponding to the sum of -said bias
vol tage and a test voltage, said test voltage having a | evel higher than

zero but | Quins AN {ille dRK SRR Y8hyIeapL a8kd kECPeH0Rd, Shdtdlrald y
SWtc sel e

change- over for ctively applying one of the charging voltage

outputted fhampzaiddh{€CHvhAY oh 988h PEARPpTEd! Benli 28k 19Nak0I Ng Vol tage
outputted fromsaid test signal neans as a controlling signal to said

chargi ng mMaRsher CHWHGH s gw@ E%Eh%kdﬁéﬁoﬁdobahh@d apPlad a%efRAr ati ng
means for catching those ink drops i ch have passed by said separating

nMeans; cur ig@ntthela)afd i de AESEE1 on CONBEEL €fpe Wheredai droprdedt ijwg drop
catcher for detecting the charge carried to said conductive drop catcher by
the ink dr ehsrgddl weald3(or drops of ink not charged) are

intercepted by a knife edge whiIe arops of ink charged

strong are used to record. '

Having now fully described the invention, it "
will be apparent to one of ordinary skill in the art
that many changes and modifications can be made thereto

without departing from the spirit and scope of the

invention as set fdrth herein.



controlling means for adjusting said bias voltage in accordance with an

out put of said current detecting neans whilst the changeov

its position applying the test charging voltage to said chﬁlmllmll“ﬂlllglll
An ink jet recording apparatus of the continuous jet type a8 ctai'med id *
clai m*, wherein the test voltage has two | evels higher than zero and

I ndi vidual |y equal to val ues obtai ned by subtracting and addi ng a
predeterm ned value fromand to a predeterm ned test value. 3.

Appar atus according to claiml or claim2 i3 uding a bias power source for
generating said bias voltage, and wherein said recording signal neans

i ncl udes a hi gh Gk ge switch for producing, as said recording signal

vol tage, a voltage which is either a predeterm ned high voltage or zero’
according to a signal provided to said switch, and neans for adding said
bi as voltage to said recording signal to produce the charging signa
applied to saidaighargi ngareinis. jét recor@ingkapgdraeesr 8Enghzpsdrit ifuous
according to cl ig%%:or claim2 wherein said recording signal nmeans and
said test signal Sreans Hav e "Bt 28 on, neans for appl yi ng said bias

vol tage to said nozzl e tdisintmgptateichg omeansi ifior njgttingli pressyriziedg ink

eapoct | ve moand e o bopetdadbnlEaRC LR SR Tt Ehh S r IR
char gi ng vol t ag&heedidketint \a tunikomm dHage-of nk\@XPSFor appl i cati on,
sel ectively, to said chmiimfinfaféans for selectively charging the ink
drops in accordance with a controlling signal;

kv/ deflecting means for deflecting charged ones of the

ink drops perpendicularly to the ink jet jetting axis;
separating means for selectively intercepting the

ink drops in accordance with the amount of deflection by
said deflecting means; _

recording signal means for applying between said
nozzle and said charging means a charging voltage
corresponding to the sum of a bias voltage and a recording
‘signal voltage; .

test signal means for applying between said nozzle
and said charging means a test charging voltage
corresponding to the sum of said bias voltage and a test
voltage, said test voltage having a level higher than zero
but lower than the maximum value of said recording signal;

a change-over switch for selectively applying one
of the charging voltage outputted from said recording
signal means and the test charging voltage outputted from
said test signal means as a controlling signal to said
charging means;

a conductive drop catcher disposed behind said
separating means for catching those ink drops which have
passed by said separéfing_means; . .

- current detecting means connected to said
conductive drop catcher for detecting the charge carried to
said conductive drop catcher by the ink drops; and



5. An automatic ink jet jetting axis adjusSting nmethod applicable to an

Lk cordino_apperatus of 1he contnuous it Ly ENRIAN'S. o

nozzle along an ink jet jetting axis to disintegraté the ¥nkk into a unhﬁorm

conpri ses

train of

I nk drops;
I n accordance with a controlling signal

chargi ng nmeans for selectively charging the ink drops
defl ecting neans for deflecting

charged ones of the ink drops perpendicularly to the ink jet jetting axis;

separating neans for selectively interce
wi th the amount of deflection by said deflecting neans; a conductive drop

i ng the ink drops in accordance

cat cher di sposed beh'é&‘i‘\tg%ﬂﬁfgo%ééﬂé]gfé;'?agéglﬁgflﬁﬁt %la'l'&g ﬁlté‘ssevdi\lﬁaéié ops

whi ch have passed by sa

separati ng neans rosin

of detectlnngM@?@Qr@%m¢%nNHﬁ%s¢ﬂgQHFRREd°€oﬁﬁk§|VErHPBE(ﬂﬁ#iﬁ#lng

vol tage whil geanisesynenstgitie vahhﬁ@eowzchswst&he sImief atBi groyticwe
and a test volta e ha¥%¥9 a flri | evel her t.han zeyo.but | ower than a

pr edet er mi neBPRAYY
sai d nozzl e and said chargi ng neans;

sai d
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2. An ink jet recording apparatus of the continuous
jet type as claimed in claim 1, wherein_the test voltage
has two levels higher than zero and individually equal to
values obtained by subtracting and adding a predetermined
value from and to a predetermined test value.

3. Apparatus according to claim 1 or claim 2 including
a bias power source for generating said bias voltage, and
wherein said recording signal means includes a high voltage
switch for producing, as said recording signal voltage, a
voltage which is either a predetermined high voltage or
zero according to a signal provided to said switch, and
means for adding said bias voltage to said recording signal
to produce the charging signal applied to said charging
means. '

4. An ink jet recording apparatﬁs'ascording to claim
1 or claim 2 wherein said recofdinq'signal means and said
test signal means have, in common, means fcr'applying said
bias voltage to said nozzle to be appiied to the ink in
said disintegrating means; '

and said recording signal means and said test
signal means comprise respective means for applying said
recording signal voltage and said test charging voltage
respectively to said change-over switch for application,
selectively, to said charging means.

5. An automatic ink jet jetting axis adjusting method
applicable to an ink recording apparatus of the continuous
jet type which apparatus comprises

detecting the jet current passing to

st eps

“
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of said bias voltage and a fourth test voltage having a seco uﬂwp
than zero but | ower than said predetermnm ned maxi mum recordi ng signalt
voltagg,is applied between said nozzle and the chargi ng neans; changi ng,
when a~fet current is detected at both or neither of the first and second
detecting steps, the bias potential and repeating the first and second
detecting steps; and fixing, when a jet current is detected at only either
one of the first and second detecting steps, 3i4ghe bias potential. 35 6.
An ink jet recording apparatus substantially as hereinbefore described with
reference to and as showdligirfiegiratsin tmednof folre FetcOimpNpragsudiaedndisnk

%5 herei nbefor e 858 obgearehSrehBraRctt ofds i ie AT s 5 BT rate
acconpanyi ng dr alihegdnk into a uniform train of ink drops;

charging means for selectively charging the ink
drops in accordance with a controlling signal;

deflecting means for deflecting charged ones of the
ink drops perpendicularly to the ink jet jetting axis;

separating means for selectively intercepting the
ink drops in accordance with the amount of deflection by
said deflecting means; .

a conductive drop catcher disposed behind said
separating means for catching those ink drops which have
passed by said separating means;

the method comprising the steps of

detecting the Jjet current passing to said
conductive drop charger voltage while a test charging
voltage which is the sum of a bias voltage and a test
voltage having.a first level higher than zero but lower
than a predetermined maximum of a recording signal voltage,

is applied between said nozzle and said charging means;
detecting the jet <current passing to said
conductive drop charger while a third test charging voltage
W which is a sum of said bias voltage and a fourth test
voltage having a second level higher than zero but lower
than said predetermined maximum recording signal voltage is
applied between said nozzle and the charging means;
changing, when a jet current is detected at both or
neither of the first and second detecting steps, the bias
potential and repeating the first and second detecting
- steps; and
fixing, when a jet current is detected at only
either one of the first and second detecting steps, the
bias potential.
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6. An ink jet recording apparatus substantially as
hereinbefore described with referenqe'to and as shown in
Figures 1 to 3 of theﬁaccompanying7drawings.-

7. An automatic ink jet-jetting-axis adjustihg method,

substantially as hereinbefore described with reference to
Figures 1 to 3 of the accompanying drawings.

i



