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I NVENTION Title: "lInk Jet Recording Apparatus” TH S | NV tes to
.an ink jet recording apparatus, and nore particularly to%'ﬁnhéﬁf
recordipg apparatus of the continuous jet type wherein ink is jetted

continuously froma nozzle of an ink jet recording head. Various I nk
] et recordi ng apparatus. are conventionally known and practically
used. One of such conventional ink jet recording apparatus is of the
continuous jet pxpeNHacheN io¥g is jetted continuously froman ink jet
recordi ng head. An exenpl ary one of such conventional continuous jet type

ink jet recording head is shown in Figure 8. Referring to Figure 8 the

continuous jet AgpatstkReference:diQ73 05eB+HyO@yacncl udes an ink bottle 91
in which ink is acconmmodated, an ink punp 92 for applying a pressure to ink
fromthe ink bottle 91 and sendlng out the thus preéssurized ink, an ink
tube 93 for supPRESCRIPIION OFMINVENTIONounp 92 t heret hrough, a nozzle 94
having a circular orifice of a very small dianmeter, an ink el ectrode 95 for
hol ding the potential of ink in the nozzle 94 at a ground | evel , a

vi brating el eneBitdesi n"Ink ﬂ@ﬁnﬁ@poxdénszbsp@S@Fné

THIS INVENTION relates to an ink jet recording apparatus,
and more particularly to an ink jet recording apparatus of
L,/ the continuous jet type wherein ink is jetted continuously -

from a nozzle of an ink jet recording head.

Various ink jet récbrding apparatus are
cohventionally known and practically used. One of such
convehtional ink jet recofding apparétus is of the
continuous jet type wherein ink is jetted continuously_from
an ink jet recording head. ' An exemplary one of such
conventional continuous jet'type ink jet recording head is
shown in Figure 8. Referring to Figure 8 the continuous
jet typé i.nk. jet recording head shown includes an ink
bottle 91 in which ink is accommodated, an ink pump 92 for
applying a pressure to ink from fhg ink bottle 91 and
sending_éut the thus pressurized ink, an ink tube 93 for
supplying ink from the ink pump 92 therethrough, a nozzle
94 having a circular orifice of a very small dlameter, gnl
ink electrode 95 for holding the potential of ink }n the
nozzle 94 at a ground level, a vibrating ele?ént 96 in tﬁe

form of a piezoelectric




-

2 vibrating el ement nmounted on the nozzle 94, a vibrating el ement driving
vi brator 97 for applying an exciting signal to the vibrating el enent 96, a
controlling el ectrode 98 having a circular opening or a slit-1ike opening
coaxial with the nozzle 94-for receiving a controlling signal to contin
charging of a jet of ink, a grounding electrode 99 disposed in front of the
controlling el ectrode 98 and grounded2itself, a knife edge 100 nounted on

t he groundi ng el ectrode 99, a deflecting high voltage dc- power source
(hereinafter referred to as deflecting power source) 101. and a deflecting

el ectrode 1Qp, Dneck egh ey 0ef L £614 00 POV uree 101 far, . erating
with the gr %’n%?ﬂgﬁgé eg%%ggé,@d@g 0 %%oé ucéppf\r,@{ze%& \/\'7e'én]aan:lv‘Ibﬁl}{ae"rc%g1 el ectric

field perpen‘ﬂigyg 501 #nk Kb Eh e 8 b Yoz AXi S _.q’eaII ct. .3 (Gharged ink drop
to the grounding rgfec_trodek-QQl s{ede. T%e tﬁscﬁe%l_lec eag-lcczehar grelgislgnk drop is
flown to a recaish negli vie 104b M A0PEde BEHYE 08,7 Gl {0k 1M H@3- I n such
conventional oontinuous jet type ink jet recording apparatus, ink
pressuri zed dlyedtrod@ k8P uigpv Oz i & ¢ Iteulirc e day ngayw rofa tshia ti-nl kleube 93 into
the nozzle 94, at which a jet of the ink is formed fromthe orifice
thereof. Thpentng etodxiall switlegried abzaiter 54 tfoai meofe lividhgdrops with a
spont aneous disintegrating frequency . -
controlling signal to control charging of a jet of ink,
a grounding electfodeles diéposed'in front of the '
contrbliihg electrode 98 and grounded itself. a knife
edge 100 mounted on the grdunding élgctrode 99, § .
deflectihg h1gh 6oltage dc power source (hereinafter
referred to as'deflecting power source) 101, and a
 deflecting electrode 102 connected to the deflecting
power source 101 for cooperating with the grounding
electrode 89 to produce therebetween an 1nténse electric
field perpendicular to an ink jet flying axis to deflect
2 charged ink drop to the grounding electrode 98 side.
The thus'deflected charged ink drop is flown to a record
- m_édiuﬁ 104 wrapped arcund a rotary drum 103. - _ \J
In such.conventional continucus jet type ink jet
recording apparétus. 1hk preasurizéd by the ink pump .9'2 .
is introduced Bj way of the ink tube 93 into the nozzle
84, &t which a Jét of ‘the ink is formed frbm the orifice

thereof. The ink Jet 18 disintegrated into a train of

ink drops with a spontaneous d:sintegrating ffeéuehqy



3« whi ch depends upon a dianeter and a flow rate of the ink jet and physical
properties of the ink. In this instance, if the exciting frequency of the
vibrating el ement 96 nounted.on the nozzle 94 is set: to a value at or
aroundyt he spontaneous disintegrating frequency, then disintegration will
be synchroni zed with excitation of the vibgating el ement 96, and
consequently, ink drops of -a very.uniformsize are produced in accordance
with the exciting frequency. Ink drops disintegrated in this manner are
charged. upon separation fromthe ink jet, by electrostatic induction by
way of an integWatlichy danenfs Whds < aFfe <87 SP&cer ifdoMeSP3LardetRE 4RKt he
ink jet and an el ectrostatic capaci tance between the ink_jet and the
control ling el ed@tod@d@hyshfal nronefd iegndothengnk: gndP T818 rectangul ar
wave having an anplitude Leré%c. t hen ,a p%tential of ,an, i nk grop,

i medi atel y bef 6R& *d@0Sient ddr Ao Xcd iinferd TR LEnCE, PE Fhet KLOHAFEBAM i nk
ool TP g g hp AR 3e, Modnslad oh THY 063041081 €0 bR 2600 008G, LT 2
control ling S|gnaF frecordlng[nﬁse signal’) Synchronrzed in phase wth an

exci ting SignalortQ?Sg%Hth%h%$$%%ﬁnQ%uqrQR%iH&Eer%iﬂEfk?sﬁggné?.t@ﬁen
groundi ng el ectrode
disintegration will be synchronized with exciltation of
the vibrazing elemeﬁt 96, and consequently, ink drops of
a very uniform size are produced in accordance with the
N\ _ - exciting frequency. . __' .

Ink drops disintegrated in this manner are
charged, upon separation from the ink jet., by
electrostatic induction by wa& of an inteérating circuit
composed of an electric resistance RJ of_the'ink jet and
an electrostatic capacitance between the ink jet and thé
controlling electrode 88. Thus, if the controlling -
signal is 2 rectangular wave having an amplitude ¢c,
then a potential of an ink drop immediately before
diainteg}-ation_is given by

¢35 = @®c(l - exp{(~-t/CiRJIN)

If the uniform ink drope eeparated from the ink
Jet are chafge modulated in accordance with a
.contrélling slgnal'(recorqing pulse signel) synchrenized
in phase with an .gx_cltlns signal, then sucl; charged ink

drops will be deflected to the grounding electrode 99



4 side by an action of the deflecting electric field and cut by the knlfe
edge 100 while only non-charged ink drops are allowed to advance

strai ghtforwardly and pass by the knife edge 100 so that they form dots_of
ink on the record nedi um 104 w apped around the rotary drum 103. Now, i
the exciting frequency (disintegrating frequency) is set to fd and an ink
jet is pulse width nodul ated by a frequency of fd /n. then a picture inmage
of n gradations with a controlled dot dianeter can be recorded at the
frequency of fd/n. In the conventional continuous jet type ink jet

recordi ng app rﬁ Upy descld f) wapov.eh the: R d P % 1 Al ¢ 110 dINE A Prating

el enent 96 an e control [1hg S|gna (record"ng pul se) to the controlling

el ectrode 98 guisthperpy ek H&i Zogle Vi 60" e IS B -EHrEeW @kcertain
optical phase relationship. = In particular, while.an ink dot is produced

i n synchroni sqRoy $ he o £XCokedI0tSighadncea §41ma it tofio rwdairedl yara nidnlp ajsat
disintegrates into an ink drop is varied delicately during one period of an
exciting sigrhat the skniafé atdom X0 par afatertefidioras datisemfedaturoe, an i nk

pressure and phyS|caI<Propert|es of ink. . If such timng of disintegration
and the the record medium 104 wrapped around the rotary drum

103.

o Now, ifrfhe exciting frequency (disintegrating
frequency) is set to fa and an ink jet is pulse width
modulated by a frequency of fa /n. then a picture image
of n gradatiohs with a controlled dot diameter can be
recorded at the frequency of'fa/n;

In the conventional continuous jet type ink Jef
recording apparatus described aBove{'the exciting signal
to the vibrating element 96 and the'cohtrolliﬁé'signal
.(récordinz pulse5 to the contfqllfng electrode 98 must
be synchronized with each other'm#ihtaining a certain.
optical phase relationship. In particular, while an ink

- dot is produced in synchronism with.an exciting signal, \J)
& timing at which an ink jet disintggéatoé into an ink
drop 1s varied delicately during §n6 pericd of an
exciting siénal by a variation of parameters such as a
temperature. an 1nk pressure and physical properties of—
ink.  If such timing o? dlsintegraticnfand'the'

‘controlling signel (recording rulse) are displaced in

A



controlling signal (recording pulse) are displaced in 5 phase from each
other, then the electric resistance R of an ink jet presents a very high
val ue i medi ately before disintegration, and consequently, an edge of the
controkld ng signal (recording pulse) cones within a region (hereinafter
referred to as forbidden region) wheregthe resistance is very high.
Accordingly, charging of an-ink drop takes place but inconpletely, and an
i nconpl etely charged _ink drop is produced. If an inconpletely charged ink
drop is produced, .then_ it is inpossible to individually control ink drops

accurately. As aPP8SE 7O S5 199R8 MoitHe™ $a6r §AGEEAL RaFRFYSERREe BRI
Synchr ont zhng. anddxam AAE Segmarsssats @oferdi FARY SPUNEI TRREEOREPLY pul se)
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is charged either I'n accordance with a probe pulse having a smaller
where the resistance is very high. Accordingly,
charging of an ink drop takes place but incompletely,
and an_incompietely charged ink drop is produced. If an
\ incompletely charged ink drop is produced; then {t is
impossible to 1individually control ink drops accurately.
As a result, a spot-like noise is produced mainly a2t a
highlight portion of-a recorded picture image.

A techrique of merely synchronizing an_exciting
signal and a controlling signal (recording pulse) with
each other is disclosed, for example, in Japanese Patent
Laid-Open Application Nd. 62-225363; Japanese Patent
Laid-Open Application No. 63-264361 and so forth.

- ;Meanwhilo. a method of détermininz an optimum
phaee between an exciting signal and a controlling
signal (recording pulse) is diseclosed. for example. in
U.S. Patent No. 4,838,685, wherein am ink jet is charged
either 1in accordance with a2 probe pulse having a smalla;
width than a period (1/fs) of en exciting eignal or

another probe pulse haviﬁg 2 pair of pulses having an



-

width than a period (1/fa ) of an exciting signal or another probe pulse
havi ng a pair of pulses having an 6 equal anplitude and an equal pul se
wi dth within one period of such exciting signal but having the opposite
polarities to each other while changing the phase of the probe pulse, whd a
current which flows together with-an_ink jet (such current wll be
hereinafter referred to.as jet"curreﬁt) i s successively neasured to find
out an opti mum phase from neasured values of the jet current. However, such
Jet current is a very low current (10 to 100 nA) and a current source is

exposed t0 \fudUSadlfl S65de at¥ 1dn ALt UALL JBGd Wiled:s P icult to
shield such current source fromexternal noises. Particularly noises

(huns) frompra@aTei£ialcPoses: SiPl s ffal fiart evenpe that obpodsivatter. A
met hod of measuring a jet current is also disclosed in U S. Patent No.
4.835. 665 mpmtlisoriadt esbote el i ther oulrirlentchdaighaig rther @hiasteon fi She

I nt erposed between an ink electrode and the ground to convert a jet current
‘into a volt Rge&be Ridksfer afd HoFuiiTand hdieh il omse tiogedders *dGhnasted to a

o Vol t- age 1EBda deiel G tod 11 N3, WaCR-nadarosseterred 19 2e” MM
jet current) is successively measured to find out an ' '
optimum phase from measured values of the jet current.

However, such'Jet'curfent is a very low current (10 to oy
100 nA) and é'é&rrent source is-exposed to various
noises. ‘With an actual machine, if is difficult to
shield such'cufrent source from external noises.
Particularly., noises .hums) from a coﬁmefciél pAWer
supply of, for example, ac 100 V matter.

A method-of measuring 2 Jet éurrent'is”aISO
disclosed in U.S. Patent No. 4,835,665 mentioned above
wherein a current détecting'resistbf is interposed
between an ink'electfode and the ground to cdnvért é jet

-eurrent into 'a voltage. Another method wherein an ink ~;y
electrode is cannectgd to a virtual 2rounding point of

an eperationsl smplifier constituting & current to
voltage converter 1s disclosed in No. PCT/USBB/03311.
The two methods are advantageous fn'that. where a _
continuous jet type ink jet fécofdihéﬁapparatus.includes

a plurality of nozzles like a color ink Jet printer, a



The two nethods are advantageous in that. where a continuous jet type ink
jet recording.apparatus includes a plurality of nozzles like a color ink
jet printer, a 7 jet current can be detected independently for each of
t he nogzl es. However, In ordeir to introduce all of jet curren s to a
current detector, entire ink supplying systenms fromink bottles to nozzles
i ncl udi ng i nk punps nust be kept in an efectrically isolated condition.
Further, each of such ink supplying systems includes .a very long ink tube
and so forth and accordingly nmakes a very harnful noi se source.
Accordingly, it Jetdeerrenttces headatecaefleindeperdnntly afut et et atio.
A further method of detecting a jet current flow ng between a groundi ng
el ectrode and a He# | ReErhgsel cHpFeueri sifj QekesetP i iU lugmiad No. Jet

4.839. 665 mentioned herei nabove, The nmethod is superior to the method
whi ch makes use T BRPFRKERI %c?fﬁﬁ%nf’nd?ﬁ‘a‘r AT AT TG etk PR Hdasur ed
o O SN T IR e DB VR foctfo AR NEL L Y Bhn
ol ectrode. whi ol EP Y PEF R SR Pt B e D S ond N STt e
Further, each of such_ink supplying systems includes a
very long ink tube and so forth and accordingly makes ;
very hérmful noise source. Accordingly, it is difficult
N to measure z jet current at ﬁ ﬁigh 8/N ratio. SR
A further method of detecting a jet current
flowing between a grounding electirode and a deflecting
electrode is disclosed in U.S. Patent No. 4,838,663
mentioned hereinabove. The method is superior to the
method which makes use of an ink electrode in that a jet
current can be measured at a high S/N ratic with low
noiées._ However, it has the following problems that:
(1) while measurement is easier on the grounding
-electrode side to which no high voltage is applied, in
such instance. the grounding electrode. which is soiled
with wa#te liquid, must be kept in an isolated
condition: and
(2) even in a continuous Jet type ink Jet reoqrdinél
apparazus such-.as a color 'nﬂc Jet printer whioh includes

a8 plurality of nozzles, only one deflecting electrode



condition; and (2) even in a continuous jet type ink jet recording 2
apparatus such as a color ink jet printer which includes a plurality of '
nozzl es, only one deflecting el ectrode and only one groundi ng el ectrode
are provided, and in this irnstance, 'since waste liquid fromthe nozzl ee
cone to the single grounding electrodg, a jet current cannot be neasured

i ndependently for each of the nozzles? Also a nethod is disclosed in US.
Patent No. 4,839, 665 nentioned herei nabove wherein an electrically isclated
conductive ink catcher is provided in front of a grounding el ectrode and a
defl ecting elmCtonlide, omddg 0o €ad I ©fite Il ©E6 d G FESIrdWIddS igHEerposed

bet ween the conductive ink catcher and the ground to detect a jet current.
Wii |l e the nethied imstaider 4iece thes $ev0l 1@l DA gie whd G ARV Rons NCe a
signal source has a high inpedance of 10[err] to 10[err] also the current
det ecting r &9 sther sungl begtmupding reasicstiraades. aljieth curkrenti tcaaast to admi t
noi ses. Consequently, neasurenent of a jet current at a high SINratio
cannot be ali &peFuredrhindenandanthafiqr eardalr ithe mezrddsusi ng an ac
techni que, that is.. met hod wherein a Drobe pulse in anplitude nodul ated
and a jet current i Sottat rf’gs(?fl"é rlrnoilf:ﬁangaéﬁﬁlti flrer s

4,839,665 mentioned hereinabove vherein an electrically
isclated conductive ink catcher 1s provided in front of
a grounding electrode and a'defiecting electrode, and a
-current-detecting-resistor is interposed between the,
conductive ink catcher and the ground to detect a jet
current. While the method is better then the two
methods described above, since a sighél source has a
high impedance of 10° to 1012 0, also the current
" detecting resistor must be high-in'resistance; which
makes it easy to admit nolses. -Cohsequentlyp
measurement of a Jjet cufrent at & high S/N ratio cannot
be achieved. Thus, an alternative measuring method
.using an ac technique, that is, a method wherein a probe ~Q;V
pulse is amplitude modulated and a jet current is
detected by means of @ narrow-band amplifier, 1is o
disclosed in U.S. Patent No. 4,839,665 mentioned above.
Thlg'yethod. however, s%ill has a probiem’that a oircuit
Systenm 1s complicated and expensive and the staﬁility is

low because an amplituce modulated probe pulsﬁ'is'used.



dirsclosed in U S. Patent No. 4;83.9.665 nentioned above. Thi's nethod,
however, .still has a problemthat a circuit systemis conplicated and
expensive and the stability:is | ow because an anplitude nodul at.ed probe
pul se 4s used. 9 As described above, an ink jet printer such as a color
ink jet printer normally includes a pluraligty of nozzles. In particular,
where the conventional. continuous.jet type ink jet recording apparatus
descri bed herei nabove with reference to FI'G 19 is constructed as such ink
jet printer, it includes a plurality of such continuous jet type ink jet
recordi ng heads as descrirBedeglsvbed RAC¥Ri saRnsklantet RN ehtSURIDLES jet
type ink jet recordi ng heads are provided independently of each other while
the grounding el 88tPBdénsojeknpréntagenadnal Hef i eetydRs povikurstirtoe a1l and
defl ecting el ectrode 102 a&e royide? commpnly to the ink jet recording
heads. In such Pﬂﬁzﬂéf'pr'ﬁtgFT'fﬁB ﬁﬁzzYE%r%4FQﬁ MY 9 9%t r ecor di ng

heads di din | i ther in. Lal, directi her,ej naf
eterrot to av drtheARPAREQTPECETRR) BF Tt X el O ABRTR N T oot on
(herei nafter ref&éé@?iBQdaﬁefﬁyﬂL866guﬁiEaeﬁﬁféﬁﬁﬁgéE¥§'F¥@.‘¥9‘ﬁ@e rotary

drum 103. By the way, Since e nozzles are erent
constructed as such ink jet printer, it includes a
plurality of such continuous jet type ink jet recording
heads as described above. In this insfance..the
N continuous jet type ink jet recording heads are provided
independently of each othér while the grounding
electfode 89, knife edge 100, deflecting power source
101 and deflecting electrode 102 are provided commonly
to the tnk jet recording heads. In such ink jet
printer, the noz;les 94 of the ink jet recording heads
are disposed in line either in an axial direction
(hereinafter referrgd to as drum axial direction) or in
a circunferential direction fhereinafter referred to as
.drum eircunferential direction) of the rotary drum 103.
By the way, since the nozzles 894 are different
in directions of axes of ink jete therefrom (nozzle
axes) and in flying speeds of such ink jets, they must
be adjustable in registration. However, where flying
. speeds of 1ink Jess are different, even if a controlling

signal is received simultaneously by the controlling



in directions of axes of ink jets therefrom (nozzle axes) and in flying
speeds of such ink jets, they nust be adjustable in registration. However.
where flying speeds of ink jets are different, even if a controlling signal
i's received sinmultaneously-by the controlling 10 el ectrodes 98, tiwes
required for ink jets to reach a surface of the rotary drum 104 are
different from each other. Cbnsequeﬂ‘%y the ink jets will be flown to

di spl aced positions. Adjustrment in alignment of.such nozzles 94 where they
are arranged in lI'ine in an axial direction of the rotary drum 103 incl udes,
as adj ust neretl datrodhurBdixial el rretuiorgd nechaike Jle tisefrionared cana ri ght ward
adj ustment (in the drum.axial direction) of the nozzles 94 and tinme | ag

adj ust nent esfurdfaqeeadf ditryy pitany amireidd ad®t diffderends doonl exchd (by a

di stance between the nozzles 94). and includes, -as adjustnment in a drum

ci rcunf er enpitdierdi r LansaRuean | atg“adjflkstdﬁéﬁt wad 1y deofdiomy siect ure el enent
data for ths ad:es 94. Ad ustnment in registration in a drum - .
ci r cunf er enitEP creé’ctﬂc’(?rf 5°’hsonvent i onal |y achieved by either of the

follow ng two registratiqn adi q%tQQQg”%%E§n5§q§uch nozzles 94 where

they are arféngéd in 1ine in an axial direction of the

rdtary drum'103 includes, as adjustménf in a drum axial

direction; mechanical leftward and rightward adjustment e
(in the drum axial direction) of the nozzles 94 and time ~/
lag adjustment of of recording pittuf?zelehént_data for
the nozzles 94 (by a distance between the nozzles 94).
and includes, as adjustment in a drum circumferential
diréction. time lag adjustment of recordiné picture
element data for the nozzles 84.

Adjustment in registration in a drum
circumferential direction is convenffdﬁaliy achieﬁed by
either of the following two'registratiOn adJusting

_mechanisus: : S u
(1) Aeccording ¢o such registration adjusting ﬁechaﬁism
as disclosed, for example, in Kent Biadh. Report 1;
Dept. Electr. Meas., Lund Inst. Tech..'1982; pp; 112-114
of in Japanese Patent Laid-Open Applicati;on No. 82.—_.
2258638, deley circuits having delay.timoe.adjustable

-independently of each other are provided fer nozzles for



(1) According to such registration adjusting nmechani smas disc]osed for
exanple in Kent Bladh. Report 1. Dept. Electr. Meas., Lund Inst. Tech.,
1982. pp. 112-114 or in Japanese Patent Laid-Open Application No. 62-
225863,%fel ay circuits having delay tinmes adjustable independently of each
ot her are provided for nozzles for fqqur different colors (C (cyan), M
(magenta), Y (yellow) and BK (black)). Each-of the delay circuits is
conposed of a serial-in/serial-out type shift register and an oscill ator
havi ng a vari abliesus bdof feredt espbirey A dyaniing ¥artmagepse )t oYb&ysuppkp ed
as a shift clock signal to the shift register. A tine required until
picture inmage datred Bk Chlapeitted fEaxrh tdfe thie fdelrggicsreniabt és bawpngeBeen
inputted to the shift register, that is, a delay tine, can be adjuusted by
varyi ng an cnn[nﬂff&eﬁﬁnyﬁﬁf<ﬁ/ﬁ¢ﬂ>&ﬁﬂﬂqﬂ éwww S%szAEesﬁawﬁg gbdt AB ot her
regi stration adjustlng nechanlsn1d|sclo%$q Vd apanese Pat ent Lai d- Open

Appl i cation No. SGEIFIFFERT RAHAE S PAT Qﬁeﬁ°ﬁp5f?83??8ﬁ Rpd
whi oh picture | THgE M R Lfsﬁ%ap’iﬁe?%‘%%iﬁflsaﬁi csteek, Fpapfc”
:Np?,?fggd?m Lytag:r%rﬁjeers%rqeeésa“ter'Y in ..im reunyedcgne ldSEthrr'g
image data are outputted from the shift register after
having been inputted to the shift register, that is, a
L delay time, can be adiusted by varying an output
frequency of the oscillatof.
(2) According to the other registration'adJusting_
mechanism disclosed in Japanese Patent Laid-Open
Application No. 62-33647, Japanese Patént Laid-0Open
Application No. 62-68761 and so forth, buffer memories
(line'buffera) are provided into which picture image
data can be written at different addresses variable
independently for fcur colors.(C. N, Y and BK). Four
color data are written into the buffer memories at
difforont addresses which are displaced f;oﬁ each other
by_d_istances co_rrespon:?ing to distances between them.
and reading out (printing) of data from the buffer
memories is performed simult.aneous"y for the four éolorsi
To compensate for the displacemen s of the nozzles

¥ith the first registratien ad.justzng mechanisn



di fferent addresses which are displaced fromeach other by distances :
correspondi ng to distances between them and reading out (printing) of data
fromthe buffer menories is perforned sinmultaneously for the four colaors to
conpensate for the displacéenents ofy4 he nozzles. Wth the first A
regi stration adjusting nmechani sm 12 described above if it is intended
to raise the resolution.for registration adjustnent to assure a w de range
of adjustment, then the oscillator frequency of the oscillator nust be

raised and té%épuqzeg é)gmpéts Aus fp%ijtrpcé'?@éfdm Accg%dérgﬁgly, a shift

regi ster whi I n nunber” S and can operate a high speed

(for exanpl g, saoﬁpy«em"{w LErieet R0 La) AN 16 YUdird LG V01 o

operates by ‘several” negahertz) 1S requ “SUch Shift register.

s expensi Ve g icy Ny JLalAY, é: osfmcarzfumgézyeq@n@ ‘@l ity of

shift reglsters mhlch 0 not %ave a sufficiently large nunber of bits nust
be connect edhg ¢yl tdt UBEst FBY theysedidind dHe mak@rutdoniigs tine is a

reci procal nunber to an oscillation frequency of the oscillator. if such
frequency vansds be hercrdesedsolAndomding kwgiss tatatfitor egdjstsmaniti cbhs vari ed.
is high in number of bits and ean”oﬁeraﬁe at a high
speed (for'exéﬁplé.'a several hun&féds to several
kilobits shift register which aperAfés by several
megahertz) is required. Hoﬁévéf;’such shift register is L&)
- expensive and is not readily available. ‘Accordingly, a
plurality of éhif} registers which do not heave a.
sufficiently large number of bitsumust be connected in
series in use.

Further, since the resolution iﬁ tiﬁe ig a
reciprocal number to an oscillation frequenﬁy of the
oscillator. 4f such frequency varies, then the’
resolution_in registration adjustment is varied.

,Aoécrdingly; in case registration adjustment is
performed wifh 8 higher oscillafton frequency so thét a
resolution for registration adjustment necessary at a
minimum frequeﬂéy may be assured, the resélutibn'ih
registration adjustment mazy be unnecessarily high.

On the other hand, with tﬁe second regiatration

adjusting mechanism described abeve., four ¢slor (L. M, Y



Accordingly, in case registration adjustnent is perforned mnth a hi gher
oscillation frequency so that a resolution for registration adjustnent
necessary at a mni mum frequency nay be assured, the resolution in

regi s{rati on adjustnment may bé unnecessarily hlgh On the other hand, with
the second registration adjusting nechani smdescribed above four color (C

MY . 13 and BK) picture data are witten into the buffer nmenories at
different addresses, and they are read out, upon printing, in synchronism
with a picture elenment recording clock. 13ccordingly, a- resolution in

regi stration adjustnment is a reciprocal nunber to a frequency of. a picture
el enent recor diamgd dBR kpictume datlai arecwyilidenrninta divwe dbufiféncrehoriase
it is provided by recording dots on the recording face.

Accordingly, tae d&iffarentgiaddressss.adjaust i vheyechasi srepd veny,| owpeon
resolution in regjstration adjustnment- and accordingly |s not suitable for a
hi gh resol uti oPpinting, in EMFcBBOBéﬁﬂlﬂﬁtb R R /&ﬁﬁmﬁkﬁlﬁﬁcﬂﬁdlng

9125474.8 (GB 2251710) there is_gdescribed and clipnpd an i nk recorg
appar atus, ch&¥RERri sed 3FFPFAINGIY confr i RSO R al Ay eﬂbﬁ*z'?ég By

jetting theref ro&n usr]tment is a reciprocal nunmber to a frequency of a

plcture element recordlng clock signal and is very low on
a recording face because it is provided by recording dots
W on the recording face. ~ Accordingly, | the second
registration adjusting mechanism is very low in resolution
in registration adjustment and accordingly is not suitable

for a high resolution printer.

In our co-pending U.K. Patent Application No.
9125474.8 (GB 2251710) there is described and claimed an
ink jet recording epparatus[' characterised in that it
comprises:

a plurality of nozzles for jetting therefrom ink
jets;

| exciting means provided for each of said: nozzles
for causing an ink jet from the nozzle to disintegrate into
drops of ink in response to aﬁ' ez':citing clock signal;
charging means provided for each of said nozzles
for selectively charging such drops of ink from the nozzle
in accordance with a controlling s1gna1,

said nozzles being arranged such that drops of ink

formed from ink Jjets therefrom may impinge in an

overlapping relationship at a location on a record medium



jets; exciting nmeans provided for each of said nozzles for causing an ink
jet fromthe nozzle to disintegrate into drops of ink in response.-to an
exciting clock signal; charging nmeans provided for each of said nozzles-.for
sel ectively charging such drops of ink fromthe nozzle in accordance wwh a
controlling signal; .said nozzles being arranged such that drops of ink
formed fromink jets therefrommay inpinge in an overl apping relationship
at a l'ocation on a record medi um 14 supported . on a rotary drum when al

of said charging means for said nozzles gge controlled by a sane
controlling signal; and a registration adjusting systemincluding dot

cl ock gener agypgofBeAs ohOh Potd¥y Btum When! aliCoifr 8adlae Bharg it nédis
clock signal froma rotary drum position signal representative of a .
rotational ppertisHidf ndzzdest ary otitroHield r by sar adame adntricXidmy st em
further including registration adjusting neans provided for. each of said
nozzl es, eackighalhe amdi stration adjusting nmeans including frequency

mul tiplying means for nultiplying a frequency of the first picture el ement
recordi ng cl ock si gnalregiptvatienadjustinggysten inchuling det cdleck '
signal, start position . L 5 _

' generating means for producing a first picture element
recording clock signal from a rotary*drum position signal
representative of a rotational position of said rotary
drum, said registration adjuStin9'éYstem'further including \¢)
registration adjusting means. provided for each of said
nozzles, each of'the"regiétraticn adjusting means including
frequency multiplying means for:multipiying a frequency of
the first picture element recording clock signal to produce
a first registration adjusting clock signal, start.position
delaying means-for'producing; fromjthe"first3regietration
adjusting clock signal, a second ‘registration adjusting
clock signal which is delayed by a time COrrespbnding to
external variable instruction 'data from an original
position pulse signal representative of an original
position of said rotary drum, synchronizing means for
producing, from the first picture-elemept recording clock
signal, a second picture eleméht_reCOrding'cloek'signal
synchronized with the second registration adjusting clock
signal and the exciting clock sighal; a line buffer for
storing picture image.data therein and for-being'COntrOIIed '
in accordance with the second picture element recording

clock signal to recall the stored data therefrom,

controlling signal generating means for generating, from



del ayi ng nmeans for producing, fromthe first registration adjusting clock
signal, a second registration adjusting clock signal which is delayed by a
tinme corresponding to external variable instructien-data froman origi nal
posi tiigpn pul se signal representative of an original position of said rotary
drum synchroni zing neans for producing, fromthe first picture el ement
recordi ng clock signal, a second picture el enent recording cl ock signal
synchroni zed with the second registration qﬂgusting.clock signal and the
exciting clock signal, a line buffer.for st®?ing picture inage. data

L oment focor QERE chkcend | picture alghent  Erpordihsc igeRs Bighdls, o,
trolli i l.. ati i . .t

o ire ol oA YA i dFialed By §°PERARLABnIREA  ine) "By PEE Wiaen
Lure eiement ! al = : delayed

Gl orent | dat o r SSAUATEing Hedhd FBE oty fIRGTP1cEre TeTCoRE Rt Fea

~signal to outpyy,a f&l&uﬁ%a\wtlwgﬁﬁwanSi.—a,aabnhavi;agtﬁe%&&wgdéhgnal

corresponding to the thus received picture i mage -data, and high voltage

o e S o SIYPLSEe g dang kbuksay sty spanst
an object of tRgquesedrrespondiog ttopthé dethus received picture image
| data, and high voltage switching means for voltage
L controlling the pulse width modulating signal to produce a
controlling signal for the corresponding charging means.
It is an object of the presenﬁ invention to provide
an ink jet recording apparatus of the continuous jet type
wherein an optimum phase between disintegration of a jet of
ink and a recording pulse signal is automatically adjusted
to assure high quality printing.
According to one aspect of the present invention,
- there is provided an ink jet recording apparatus of thg
continuous jet type comprisingﬁ
Y jet forming means including a nozzle for
pressurizing ink to form a jet of ink;
exciting means (FD, DG, MP2, VD) for exciting a
vibfating element mounted on said nozzle in response to an
applied periodic excitatipn signal at a frequency at or
around a spontaneous disintegratinq'frequency of the ink
jet to cause an ink jgt.from said jet forming means to be

disintegrated into ink_ ~drops in synchronism with such

excitation;



an ink jet recording apparatus of the continuous jet type wherein an
opti mum phase between disintegration of a jet of ink and & recording pul se
signal is automatically adjusted to assure high quality printing. Accordi ng
to one aspect of the present invention, there is provided an ink jet '«
recordi ng apparatus of the continuous jet type conprising: jet formng
means including a nozzle for pressurizing ink to forma jet of ink;
exciting neans (FD, DG MP2, VD) for exciting a vibrating el enent nounted
on said nozzle in response to an appliedeeriodic excitation signal at a
frequency at or around a spontaneous disintegrating, frequency of the ink
jet to cause an i nk chardgingnmsins jfor foausing reslected bza id sink edrapsd
into ink drops in synchronismw th such excitation; 16 chargi ng neans
for causi ngtoel bet celleatricaklyr ophargede %h@ctﬂ@%nﬁlyf@hargehéehgvatnns
for selectivelﬁ qpplygggivolta e pulse signals to. said charging neans, for
el ectri cal | $PPRNAHEN YO aa%aqlg@ﬁa. signals & said icharging jaesns, 1 ger -
sel ectively _prodycin a_deflecting electric firgld and deflecting a
charged i nkeaﬁﬁgr\?oﬁérﬁﬂ FarEng, & decﬁ-?]r%"fr?‘ilﬁ"*s&ﬁ?ﬂﬁbced but al | owi ng

:  def1ecting means fdr;'séléCtiVely producing a
deflecting electric field and défiéCting a charged ink drop
when a deflectihg eiéctric'fiefd-is”prOGuced but allowing
a charged ink drop to advance straightforwardly when no .\q) '
deflecting electric field is produced; | 2

an electrically isolated conductive drop catcher

. operable, in an optimum~-phase-determining mode of the
‘apparatus to catch said ink drops,

a current detector and intégrator (SW2, SW3, SW4, 
C, OP) connected to said electrically isolated conductive

" drop catcher for measuring the . electrical current (I3)
carried by the charged ink drops reaching the drop catcher,
and herein referred to as the jet.'current, and for .
integrating said current 6vef_a ﬁfedetermined period to
afford a value indicative of the charge per ink drop over
that period; and -

computer - means controiling' said means for
selectively applying said voltage pulse signals or
controlling said exciting means for controlling the phase

" relationship between said voltage pulse signals and said
excitation signals, said computer means including means for
‘storing a pluraiity of said values, said computer means

being operable, in said optimum-phase-determining mode, to



a: charged ink drop to advance straightforwardly when no deflecting electric
field is produced; an electrically isolated conductive drop catcher
operabl e, in an optinmm phase-determ ning node of .the apparatus to catch
said ik drops, a current detector and integrator (SW2, SWB, SWi, C, OP)
connected to said electrically isolated conductive drop catcher for
measuring the electrical current (lj) carried.by the charged ink drops
reaching the drop catcher, and herein referred to as the jet current, and
for integrating said current over a predet etfi ned period to afford a val ue

control 11ng . sAREREIAS, p?&#r?ﬁqa%%ﬁpe%Yeratp mﬂ?'%"gi‘%" :t‘er%sfm "
' | t t t

relati onshi §°Eéﬁé%#£é"x? L E%tgt’éa“?wa@ o8, i oL “putse

Signals: sald SmMFL JEEnd eladg Oper Yille o4y s@grz b’ 2ebbbctive

sai d val ues, sal onpu neans

opti mum phase- mgﬂ?
plurality of suc perloggs |f%é§%$ﬁﬂg ase rg ggfon |i) etmeé% tﬂnd to
vol tage pul se sigiiéde ) bptimax PHadd %lﬂﬁr&iﬂsﬁiﬁ 4 nShecdrdatdec W eH! ithe

ranking of the stored values by magnitude, said computer
means being arranged ‘to maintain the optimum phase
relationship thus selected during a subsequent period of

operation of the apparatus in a normal operating mode.

With the. ink jet recording apparatus of the
invention, ink drops can be controlled individually with
ceftainty. Accordingly, drop noises which may otherwise be
.causéd principally at a highlight portion of a recorded
picture image by incoinpletely’ .charged ink drops can be

eliminated.

- According to another aspect of the invention, there
is provided a method of operating an ink jet recording
apparatus of the continuous jet typé comprising:

jet forming means -including a nozzle = for
pressurizing ink to form a jet. of ink;

exciting means (FD, DG, MP2, VD) for exciting a
vibrating element mounted on said nozzle in response to an
applied periodic excitation signal at a frequency at or
around a spontaneous disintegrating frequency of the ink

jet to cause an ink jet from said jet forming means to be



sai d val ues and correspondi ng .phase rel ati onships and to select an opti mum -
phase rel ationship in accordance with the ranking of the stored val ues by '
magni t ude, said conputer means being arranged to maintain the optinmum phase
relati onship thus selected during a subsequent period of operation of twe
apparatus in a normal operating node. Wth the ink jet recordi ng apparatus

of the invention, ink drops can be controlled individually with certainty.
Accordi ngly, drop noises which may ot herwi se be caused principally at a

hi ghlight portion of a recorded picture iygage by inconpletely charged ink
drops can be elimnated. According to another aspect of the invention,

there is prodid¢dtegraiiedd ohtepeimki dops i ik | SYnERFOATERT WPRAT Y, Of
the continuous jet type conprising: jet formng ™ neans 1including a _
nozzle for exedsationig ink to forma jet of ink; exciting nmeans (FD, DG
MP2, VD) for exciting a vibrating el ement nounted on said nozzle in
response to an appl i ebapgingdmeaascifoxt cansingnselacted saddeiek arops
around a spontaneous disintegrating frequency of the ink jet to cause an
ink jet fron¥Qaikejcelectnicalhyarcharget andli sieansyr £oed selecitdkedyops
i n synchronismw th such excitation; , o L _
applying voltage pulse signals to said charging means, for
electrically'charginq said selected ink drops;
deflecting means for selectivély producing a
deflecting electric field and deflecting a charged ink drop. ‘;)
when a defleétinq electric”fieid'is“producéd but allowing
a charged ink drop to advance straightforwardly when no
deflecting electric field is produced;
the method including detéfﬁining the optimum phase
relationship between said voltage pulse signals and said
excitation signal by applyihg_a said Qoltage'bulse signal.
for each said ink drop' produced over a testing period
whereby each said ink drop produced over the festing period
is an electrically charged ink drop, catching said charged
ink drops by an electrically isclated conductive drop
catchér,"
‘integrating, over said testing period, the
-electrical current (Ij) carried by the charged ink drops
reaching the drop catcher, and herein referred to as the
jet current, to afford a value indicative of the charge per
ink drop over that period;
‘varying the phase relationship between said voltage |
pulse signals and said excitation signals, so that said

phase relationship is different over a series of such test



chargi ng means for causing selected said ink drops to he electrically
charged and neans for selectively applying voltage pul se signals to said
chargi ng neans, for electrigcally charging said seleected ink drops;

defl egting neans for selectively producing a deflecting electric field and
deflecting a charged ink drop when a deflecting electric field is produced
but allow ng a charged ink drop to advance straightforwardly when no
deflecting electric field is produced; the nethod including determ ning the
opti mum phase rel ati onshi p between said vol tgge pul se signals and said
excitation signal by applying a said voltage pul se signal for each said ink
drop produced ovperfodestaml @detie@thinidgebyheadptsidiuh | plageoprelfticéRship
over the testing period is an electrically charged ink drop, catching said
charged i nk dropbebween aaia r vodthygei mileedsigndist iamd dsajdcagexditation

I ntegrating, over said testing period, the electrical current (Ij)
carried by the chigpalsi by detprmivivgi thet randieo@fc #ushephasas €oxiwhich
referred to as the jet current, to afford a value indicative of the charge
per ink drop ovefaifayaleeiir relatively Adghhand pelactanghi asotRecept buumn
vol tage pul se siggals and said excitation signals, so that said1g?ase

rel ati onship i s BRRFRr cft PHREL Fedation wd that; range, and thereafter

maintaining the optimum phase relationship so determined

during a period of operation of the apparatus.

l\./'

Embodiments of the invention are described below by
way of example with reference to the accompanying drawings,
in which:-

FIGURE 1 is a block diagram of an ‘ink jet
recording apparatus embodying the present invention;

FIGURE 2 is a block diagram of a synchronizing

. signal generating circuit for generating a synchronizing

signal for the synchronous control of a current detector of

the ink jet recording apparatus of Figure 1;

'FIGURE 3 is a time chart illustrating operation of

the synchronizing signal generating circuit of Figure 2;

FIGURE 4 is a time <chart illustrating a
relationship among production of ink drops, an exciting
signal and a controlling'signal (probe pulse signal) in the

ink jet recording apparatus of Figure 2;



13

19 periods and determ ning the opti num phase rel ati onshi p between said

vol tage pul se signals and said excitation signals by determ ning the range
of such phases for which said value is relatively high and sel ecting, as

t he opti num phase, a phase.relation within that range, and thereafter w:
mai nt ai ni ng the opti num phase rel ationship so determ ned during a period of
operation of the apparatus. Enbodi nents of the invention are described
bel ow by way of exanple with réeference to the acconpanying draw ngs, in
which:- FIGURE -1 is a block diagramof,an ink jet recording apparatus
enbodyi ng the present invention; FIGURE.% Is a block diagramof a

synchroni zi ng si gnal pgepREaty ngscq Cllilnef Oéhmerﬁiﬁ&ﬁ%waonhﬁh t
0 e i Je

signal for the synchronous control. of a current detector

recordi ng aprel@¢ienshipi BetGedn 5 PrBbe3 pulse idighainand | dh Uekeating
operation of the synchronizing signal generating circuit of Figure 2;

FIGURE 4 is signa® Dhathei ihksjedtregordingatppasatnsasgngigueduct;i on of
ink drops, an exciting signal and a controlling signal (probe pulse signal)
in the ink jet recording apparatus of Figure 2; - S
FIGURE 6 is a graph showing a result of measurement
of a relationship between an'eXCitinQ-signal'and a jet

current in the ink jet recording apparatus of Figure 2,

FIGURE 7 is a block diagram similar to Figure 1 but

showing a modification of the apparatus of Figure 1, and

FIGURE 8 is a block diagram showing a conventional

- continuous jet type ink jet recording apparatus.

Referring to Figure 1 there is shown a continuoua_
jet type ink jet recording apparatus to which the present
invention is applied. The ink 3jet recording apparatus
includes a nozzle 1 having a circular orifice (not shown)
of a very snmall diaﬁeter, an ink electrode 2 for holding
the potential of ink in the nozzle 1 at a ground level, a
vibrating element 3 in the form of a piezoelectric
vibrating element mounted on the nozzle 1, a controlling
electrode 4 having a circular opening or a slit-like

opening coaxial with .the nozzle 1 for receiving



20 FIGURE 5 is a tinme chart illustrating a phase rel ati onship between a
probe pul se signal and an exciting signal in the ink jet recording
apparatus of Figure 2, FIGURE 6 is a graph showi ng a result of measurenent
of a gelationship between an exciting signal and a jet current in the ink
jet recording apparatus of Figure 2, FIGURE 7 is a block diagramsimlar to
Figure 1 but showi ng a nodification of the apparatus of Figure 1, and
FIGURE 8 is a bl ock diagram showi ng a conventional continuous jet type ink
jet recording apparatus. Referring to Figurll there is shown a continuous
jet type ink jet recording apparatus to which the present invention is

appl i ed. The a ridontatol iy b igh£l) Ry Tontriole charyihgnozz aejéthati igkain
circular orifice (not shown) of a very small dianmeter, an ink el ectrode 2
for hol di ng t herespamse aktoofpiicturen ihageodata,l atgrognding lededtrade 5
vibrating element 3 in the formof a piezoelectric vibrating el ement

mount ed on t he diksposed  in cSwrondl | pfig thecoontxolling nelectrode at and
opening.or a slit-like_ opening coaxial with the nozzle_1 for receiving, a
control | ing si @kAunded ohtsellchar fndfeoredgs & Beunked; eny &hey @rownding

icture image data, a grounding_.electrpode 5 disposed in front of the
Eontrollingga(ﬁﬁ?QEﬁPé?aﬁd agheflectfhg powerpsource El, a deélecting

electrode 7 connected to the deflecting power source El1 for
cooperating with the grounding electrode 5 to produce
W therebetween an intense electric field perpendicular to an

ink jet flying axis to deflect a charged ink drop to



1

grounded itself, a knife edge 6 nounted on the grounding electrode. 5, a
defl ecting power source El, a deflecting electrode 7 connected to the
defl ecti ng power source El for cooperating with the grounding el ectrode-5
to produce therebetween an 1intense ebggtric field perpendi cular to an iwk
jet flying axis to deflect a charged®ink drop to t he groundi ng el ectrode
5 side, a swwtch SW for alternatively connecting the deflecting el ectrode
7 to the deflecting power source El or the ground, a reference oscillator
CG for genera§thgeacrefergneésckooke sP gnate Cla swi feieBWENClodi vi der FD for
frequency dividing such reference clock signal CLK into one NNth (Nis a
posi tive int&ger§TRdE by dbuiceonmeekergi tiye cdeotlest igmle IR@dcode delwy pul se
generator DG for successively delaying the exciting clock signal PCLK to N
stages i.n respths¥e 1L hin e cPeyenceceTer ELignatheCige oundor aduce a train of
pul ses [err] fuml prr% ,‘a_nultiglqger (2) for selecting one of the

del ayed pul s&€ HF1%e 1851313895 1¢6 Tonygpnenating @ medeneges ebowk driver

Tl pl oxer (o T ol s S8 AP REL R BT o TEGHBBR: ng. pi ot ur e

pul e gener acer ‘R, Mg Gl S CERINRE Baehad, GERY ibePERRO -2  Prove
{N is a:positiye integer) to_praduee.an exciting clock
signal PCLXA, a delay pulse generatoér DG for successively
delayipg the.excjting clock signal,PﬁLK to. N stages in ;;j
response to the reference. clock éignil_CLK to'prdduc; 2
train of pulses fa, 81. §2, ... andléu;:._a multiplexer
(2) for selecting one of the delayed pulses 63, 61,
#2., ... and fn-1, a vibrating elément dfiver VD for
driving the vibrator 3 in response to a pulse selected
by the multiplexer (2) MP2, a pulse width modulator PWM
for converting picture image data into a pulse width

corresponding to a density gradation, a prdhe pulse

generator PG for producing, in synchrohism %¥ith a rising

or falling edge of the exciting clock signal PCLK, a
probe pulse having a sufficiently small pulse width
comparing with a period of the exciting clock signal
PCLK, a synchronizing cirouit SC fcf synchronizing a

- Tising or felling edge of an output of the pulse width

modulater PWM with a rising or falling edge of the



or falling edge of the exciting clock signal PCLK, a probe pulse having a
sufficiently small. pulse width conparing with a period of the exciting
clock signal PCLK, a synchronizing circuit SC for synchronizing a rising or
falling:edge of an output of the pulse width nodulator PAM with a rising or
falling edge of the exciting clock sBghal PCLK, another nultiplexer (1)
MP1 for selecting one of a probe pulse from the probe pul se generator PG
and an out put of the synchronizing circuit SC, a high voltage switch HVS
for voltage anplefyihgnancdatpusieghalhBChEil t apbeker $d)tifPlexer pf LUUERL a
controlling signal to be applied to the controlling electrode 4,  a
conductive drop fer chelestiingposedofit 2aprobat Puhs¢hiren ntliie Arokd arvkse t o

as home position) forwardly of the grounding el ectrode 5 and deflecting
el ectrode 7 anc®Bere¢veaheraPGoand andeptrrtngfetaetsHRRErenLhing 1okl B

havi d ted to th d ' itcher 8 ! t

ot eotor or cur rn 1 huBht KBLEBRVEPEFA CBRROLER BT M LTS S

SWB d SW, ' i | bt , d |
Co drgital (A DGty BRI Blete L L T T ent

gg;gf;g’grf o 2%%?%%?%%”@#%#91 0+4 Bk Oippd 188 9PR! she Neorfis A S S
electrode 4, a conductive drop catcher 8 disposed at a
location (hereinafter referred to as home position)
forwarqu of the grounding electrode 5 and déflecting
electrode 7 and'serving also as a detecting electrod;, a2
shield line ¢ having an end connected to the conductive
drop catcher 8, a current detector or current to voltage
converter compdsed of three switches S¥2, 8W3 and S¥4,
an integrating capacitor C and an integrator OP..and an
analog to digital (A/D) converter ADC for converting an
output of the curfcnt detector from an analog signal
into a digital signal. |

The delay pulse generator DG is constructed, for -

k{’ 'examnle. from a serial-in parallel-out type N-bit shift

| rggister.
The probe pulse generator PG is constructed, for
example, from a m;nostableﬁmultivibratof whieh is
triégered-by an edge of-;n exciting eloék signal PCLK.

The integrating capacitor C suitably has a



exanple. froma serial-in parallel-out type N-bit shift register. The probe .
pul se generator PG is constructed, for exanple, from a nonostabl e.

mul tivibrator which it triggered by an edge of an exciting clock signal
PCLK. The integrating capacitor C suitably has a capaci tance of 1 tawl0
oF or so and preferably has a high insulation resistance such as a

pol ystyrol or pol ypropyl.ene capacit&@?% The integrator OP is constructed
froman operational anplifier of an FET (field effect transistor) input

with which a®ReaR:GarFenri( less lllanFlonAyocandbpregansbllychaparing With a-
jet current J{, and the input thereof is connected to a virtual grounding
poi nt t her eo®l 8l §BsuhB LSRNt EBESSSRREE STRCANES SWipalps trcdl const ruct ed from
an FET with whjch a | eak current can be ignored conparing with the jet
current 1j. %&#%???HblﬁBﬁ/FBPFF€$°Q-, there is shown a synchronizing signal *

generating circuit f generating a synchroni zing signal to cause the
switches SW2, SWS angﬂgwﬁ;FBEBngﬁt%Eith??Rﬁﬁ%Hﬁ?ﬁﬁVﬁ%?ﬂ(ﬁﬁnmwciaI power

~ supply of, f%erem 15’??}9?‘ é/r 'JP%EYMTP{Y&?%%&@' generating

circuit is conmposed 0 anst or ner _
transistor) input with which a leak current (less than 1

nA) can be ignored comparing with a jet current Ij, and
the input thereof is connected to a virtual groundihg
Doint.thereof;.“. '\;)

AlsO'the switches S¥W2, SW3 and SW4 are each T '
constructed fronm an.FET-wifh which a ‘leak current can be
ignored comparing with the jet current Ij.

Referring now to FIG. 2 , there is shown a
synchronizing signal generating circuit for éenerating a
synchronizing signal to cause the swifches SW2, SW3 and
SW4 to operate.in synchronism with commercial power
supply of, for example, ac 100 V. Thé3synchronizing
;signal_zenerating circuit is composed of a transformer

T;_a;resistcr R. a-bair-of diodes D1 and D2. a ﬁresef
counter PSC, and a pair of flip~-flops FFl and FF2.-

The preset counter PSC can be set to a variabl;
preset value by way of a route not shoewn, and the

integration time of the integrator OP ecan bs arbitrarily

set to & value an integral number of times the period of



T. aresistor R a pair of diodes D1 and D2. a preset counter PSC, and a
pair of flip-flops FF1 and FF2. The preset counter PSC can be set to a

vari abl e preset value by way of a route not shownn, .and the integration
time obithe integrator OP can"be arbitrgrily set fo a value an integral
nunber ‘of times the period of t he adﬁnercial power supply of ac 100 V by
changing such preset value of the preset counter PSC. In the present
continuous jet type ink jet recording apparatus, the integration tine is

set to three timne chazReld:ad Yoddie sePPIBT GealacPavRr ySUPPLY 2k 1005V as
seen fromFIG 3. A reset signal RESET, an integration starting. 5|gnar

HOLD and an i ntpgesekonadnd kg ThenreldetDcaua tRrodsced THOBhENSresent
synchroni zing signal generating circuit. Such reset signal RESET,

i ntegration stacthngnaogsaljetiOtppandnknijegr akticordengi agpsrgoas, HELD are
"fixed to one period of the comrercial power supply of ao 100 V, and when
they present a hngdgrarionetome tikesshi tohsbrewitiowd tine BVPiad cot| thed,
but when they present a |low ("L") level, the smntches SWI, SWB and SW2 are
open respecti vEPUBETRiBbePAFPSNSURRLH BAvAF 180 Kdes ssesRafT@mto the

conti nuous jet }Y&F&Ig?(j et pecordlng apparatus.lan
A reset signal RESET. an integration starting
signal HOLD and an integration ending signal HOLD are
W : produced from the synchronizing signal generating
circuit. Such reset signal RESET. integration starting
signal HOLD and integration ending signal HOLD are fixed
to one period of the commercial power supply of ac1100
V, and when they present a high ("H") level, the
switches S¥4,- SWS and SW2 are closed, but when they
. present a low ("L") level, the switches SW4; sw3 ﬁnd S¥W2
are open. respectively. i
In operation, when power i{s made available to
the continuous jet type ink jet recording apparatus, an
operating voltage {s supplied to the circuit systen
shown in FIGS. 1 and 2, whereupon the circuit system
starts its operation. First, a phase adjusting
operation is pérformed. It 48 to bs noted that Euch'
Phase adjusting operation is normally performed when a

carriage (not shown) on which the nozzle 1 is carried is
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operating voltage is supplied to the circuit Systen1shomn in FIGS. 1 and 2,
whereupon the circuit systemstarts its operation. First, a phase adjusting

operation is perfornmed. It is to be noted that such phase adjusting .
operation is nornmally perforned when a carriage (not shown) on which t e
nozzle 1 is carried is ‘posi ti d at its hone position and i mediately

before a recording operation is started. Were the continuous jet type ink
jet recording apparatus is constructed as a color ink jet printer, it

i ncl udes foukpd1diymed Sakeh: POZHORS Jod PF: 6P UWnd O 12 IGY V20 o
(rmagenta). Y (yellow) and BK (black)) or three colors (C, Mand Y) and a
phase adj ust ireg g | Ay tH« Poxi T D¢ neth:pesdil | ditler o @het RROMftAWuos t hree
nozzles 1. First, ink is pressurized by an ink punp (not shown) and

i ntroduced i gtea ttypendzdt ej dt hye caryd iofg aappariaiushd s( ransTirawted as a
Consequently, an ink jet is jetted fromthe nozzle 1. and the nozzle 1 is

t hereaf t er k&gt om iguch st gutinesndi it dimcdnadesi foan iomk theeei sulsdi ng
jetted. Meanwhil e, anJWPUH%pot sQomm) Ch%Q%FS over the. switch SW to the
groundi ng si B8Z&3 ¢hdndeent HeYe\RAL i tHfe (FFRRdet Mndnaeeatrddet7 to a |

ground | evel. sequently. the deflecting electric field, bet n the:
groundi ng el éé’gﬁg(‘j‘é"% ey Hier(bd@s d QredHir&8ecplors -(%' M and ¥) :

and a phase adjusting operation is performed parallelly
for the four or three nozzles 1.

'Flrst,_ink is pressurized by an ink pump (not  ;;}
,shown).and introduced into the nozzle 1 by way of an ink
tube (not shown). Consequently, an ink jet is jetted
from the nozzle 1, and the nozzle 1 is thereafter kept
.in such steadi condition whereih an ink jet is being
Jjexted. Meanwhile, an MPU (not showﬁ) changes over fhe.
switch SW1 to the grounding side to change the level of
the deflecting electrode 7 to a ground level.
Consequently, the deflecting electric field between the

gr?unding electrode 5 and d;flecting electrode 7
disappears.  Consequently, also a charged ink drop ¢an
pass by the knife edge 6. Further. the MPU controls the
nultiplexer (1) ¥Pl to select an output of the prabe
pulse generator PG. Furthermors, tha carriaée on which

the nozzle 1 is ocarried is set to the hoeme positisen by a

carriage motor (not shown).



disapbears. Consequently, also a charged ink drop can pass by the knife

edge 6. Further. the MPU controls the nultiplexer (1) MP1 to select an
out put of the probe pul se generator PG  Furthernore, the carriage on which
the nogzle 1 is carried is set' to the home position by a carriage notor
Meanwhi | e. the referencel@scillator CG devel ops a reference
cl ock signal CLK, and such reference clock signal CLKis divided in
frequency into one N-th (1/N) by the frequency divider FD thereby to form

(not shown).

an exciting pul

se signal HPLhKh:iSUCBheXEet ePgndsll S&c 81 G r RE K das o

exciting frequency PCLK (in the foll ow ng description, a signal and a
frequency of such 1s¢ feedn s ec listlot £dghy] aCSRTea & f S e G rme &ocdk Ven

by CLK/N. For exanpl e,

when the reference clock frequency CLK is CLK = 16

MHz and the divigigigpY aCL s odivheed r epjubreyuéhoy daitdBres MN+h 1@./¥he -

exciting signa

pul se signal PCH ctheuirtegudnam 4ivel derdimiyerdibyi der fleDan ani eetittadat o

t he del ay pul se generator robe pul se generator PG and synchroni zi ng

frequency PCLK is PCLK = 1 Mz (= 16/16). The exciting

DG,
circuit SC. The Ridiss $ignel -at OYRGHG $%ict A e o Bdiemiadg PELEC kasi gnal
PCLK as data and the reference cl ock Siéﬂ%ﬂ CLK . as a ihift cl ock si gnal

outputs a

(in the following

an exciting frequency P
description, a signal and a frequency of such signal are
denoted by a same reference character) given by CLK/N.
For example., when the reference clock frequenéf CLK is
CLK = 16 Mdz and the dividing ratio N of the frequency
divider FD is N = 16, the exciting signal frequency PCLK
is PCLK = 1 MHz (= 16/16). The exciting pulse signal
PCLK outputtea fronm the frequency divider FD is inputted
to the delay pulse generator DG, probe pulse generator
PG apﬂ synchronizing circuit SC.

The delay pulse generator DG receives the

~exciting clock signal PCLK as data and the reference

clock signal CLK as a shift clock signal and outputs z

-~

train of N_pulses 6s, B¢, Be., ... ?nd -1 having a2 same
period as the exciting clock signal PCLK but having
phases delayed shccessively'by 2n/N from the exciting
elock signal PCLK. .Ono of the N.pulses 6g, 6y, Be,

and Ok-1 ic selected by the MPU by way of the

multiplexer (2) MP2 and transmitted to the vibrating

and



train of N pulses [err]. ... and [err] having a sane period as the exciting~
cl ock signal PCLK but having phases del ayed successively by 2[err]/N from
the exciting clock signal PCLK. One of the N pulses [err] and [err] s

sel ected by the MPU by way. of the nmultiplexer (2) MP2 and transnitted™fo
the vibrating el enent driver VD. 2¥he vibrating el enent driver VD
excites the vibrating elenent 3 in response to an output signal of the

mul tiplexer (2) MP2. Consequently. a jet of ink.jetted fromthe nozzle 1

is disintegrated into ink drops in synchronlsnlmnth such excitation of the
vi brating el%eneEntas. uThléeprbBe pupgevgéﬁéréfére#%?ﬁ%ﬁe?ei%%’ Yh a

synchroni zed. relatlonshl wWth a rlg or _falling edge (which is sane as

that upon r&SHtidi$Ry)* 'E)? hRrextngi aye Ek354©n%1?sm5l@ QP PYp¥RIbe pul se
having a pulse width, s iciently short_co ring wiwth a erlod of the
excl t1ng o) comaaed pes wulfialeten HEEE ' Yags aidnf .

exciting cl S K; f 1 S 1y t 1 N+E

t he pul ge %gkh ol‘19 fén""e gg%u se #ér%%%é)he p’}rjo‘%dsi(rpflS éexug%nngfiaa%r PG i )s 0,1

to. 0.3 [errlmwedrp.{me-zp%?@cmrpm emﬂ %némeemqbﬁmsoef ggperator PGis

I nputted by way of the multiplexer (
vibrating element 3.

The probe pulse generatdr'PGfgenérates. 1nla
synchrohized relationship with a rié_ing or fal'ling edge
(which is same as thét uppn‘recérdiﬁé) 6f the exciting
clock signal PCLK., such a probe:pﬁlsé'ha#ingfa pulse
width sufficiently short comparlng with a period of the
exciting clock signal PCLK as seen in FIG. 3. For
example, when the exciting clock"Siggal PCLK has a
period of 1 usec'(osciilated at 1.MH2$. the pulse width
of~the prob>e pulse from the proBe ﬁulsé generator PG is
0.1 to 0.3 msec. ) | | |

The probe pulse outputted ffom the pfobe pulse

_generator PG is inputted by way of the multiplexer (1) R
MP1 to the high voltage switch HVS. at which it is |
voltage amplified to form a COntfdliihz si:nél. aﬁd such
_controlling signal is applied to the controlling
" electrode 4. Accordingly, e drop of '.ink aiﬁintegraﬁed
in synchroniam witS excitation of'th§ vib§atins.el§nent

3 is charged in respense te such pfbbo pulﬁo; Vhen the -



MP1 to the high voltage switch HVS, at which it is voltage anplified to
forma controlling signal. and such controlling signal is applied to the
controlling electrode 4. Accordingly, a drop of ink disintegrated in
synchrgpi smwith excitation of the vibrating element 3 is charged in
response to such probe pulse. Wen the, continuous jet type ink jet
recordi ng apparatus operates in such a nner as illustrated in FIG 3 an
ink drop is always charged, but a charging voltage is renoved only while a

probe pulse is apphteluassajeontEpe| il S YN cdritie HPall=Qhdsi B eHatGlsr 0de
4 (for exanple, for 0.1 to 0.3 [err]sec). Since the deflecting electric
field is not presengduckvemnmaenséargediiNsiratyd defAlect 8 and paksdsopy the
knife edge 6 so that it is caught by the conductive drop catcher 8 located
~at the honme posiis oxlways e¢lextged.al byt s adiedragh ofg omlithgeotilsereabsedr i C

- conponents. Charge of charged ink drops caught by the conductive drop
catcher 8 is inRRYed" bl 3 RroRg rehise ji s @RPd eduefest °Géf§eﬂe#nSM| chis

conposed of the switches SW. SWB a i ntegrating capacitor C
integrator oP. Bt ot® t?ﬂ?sﬁﬁ%ﬂrrxiHﬂ§ glﬁﬁfr qf|§ CXABEF &t e °For a

fixed period of 0tilma_wby0 :-pusec)

Since_the deflecting electric field is not
present, even a charged ink is not.deflected and passes
Q“) ' by the knife edge 6 so that it is caught by the -
conductive drop catcher 8 located at the home position

and electrically isolated from the other electric

components.

Charge of charged ink drops caught by the
conductive drop catchgr 8 is inputted as a jet current
Ij to the current detector, which is composed of the
.switches SW2, SW3 and SW4, integrating capacitor C and
integrator OP, by way of the shield line 8, so that it
is integrated for a fixed period of time by the
integrator OP. The thus integrated charge appears as a
voltage across the integrating capacitor C.

The switches SW2, S¥3 and SW4 operate in
synchronism with the commerciazl power supply of ac 100 V.
in order to remove noises included in the camme;eial

Power supply of aec 100 V and any other noises fram an



i ntegrator OP. The thus integrated charge appears as a voltage across the -
Integrating capacitor C. The switches SW2, SWB and SW operate in
synchronismwi th the commercial power supply of ac 100 V in order to renove
noi ses included in the comercial power supply of ac 100 V and any ot hes
noises froman  input current to tﬂg,integrator OP so that only the jet
current |j may be integrated by the 'ntegrator OP and transmtted to the

- A/D converter ADC. More particularly. in the synchronizing signal

“generating Cig Uit shpYR.i 0, ELG (2reglREoF0 Cia) . po uppl y, of ac 100
V is stepped down cby t he t?ans%%rnergT aﬁd C a%gegﬁ%f %E{?Zﬁ@gs' by the

di odes DI and; /¥ n@ng; ?‘mi?:lﬁeciﬂnpéﬂaﬁw?ﬁ&-'%EeSHPP{;%P&éP R UL gat e

SG at which a clock 'signal CK of a TIL (transistor-transisto ogic) |evel

synchronize&ﬁgﬂghgfﬁg@oﬂQE{ggah/powsﬁvgyp@+y3@¢;aq 100 V' I's produced. From
the clock signal CK, such an integration ending signal HOLD, an integration

starting signal HOLDM@wmel paresedlsrinal i REGHT s@ncihmmizind 3 ghal are
produced by the preset counter PSC and flip-flops FF1 and FF2. \Wen the
reset signalgeRESER haingesctii brslovow » UEE. 20 a $iglcdmesigidlhe switch SW
Is closed to short-circuit the integrating capacitor C -
power supply of_ac_lDD is stepped down by the
transformer T and claaped af 0V and 5 V.bjfthe'diodes
D1 and D2. and a thus'clamped-signélszsjsupplied'to a
Schmitt gate SG, at which a glock signal CK of e TTL. o/
(transistor-transistor logic) level éynchrOnized with
the camﬁercial pawer supply of ﬁcIIODIV is_prdduced.
_From the clock signal CK, such an 1nfegratién“end1ng
signal HQLD.-an infegration starting'Signal-ﬁﬁfﬁ and a
reset signal RESET as shown in FIG.3 are produced by
the preset counter PSC and flip-flops FF1 and FF2.
¥hen the reSetlsignal'RESET'éhanges'frum a low
level to a high level, the switch SW4 s cloSed o
_short-circuit the integrating capacitor C. U
Consequently, the output of the integfator'OP is reset
to 0 V. _
' When the reset signal RESET changes from a high
level to a low level affer one period of.thd commercial

power supply of ac 100 V, the switéh SW4 iz opanaed.

Since the integration ending signal HOLD 1egaf a low



Consequently. the output of the integrator OP is reset to O V. Wen the
reset signal RESET changes froma high level to a low |level after one
period of the comrercial power supply of ac 100 V.. the switch SM is
openedw=Si nce the integrati'on ending signal HOLD is at a | ow | evel (the
switch SW2 is open) and the integration i{arlng signal HOLD is at a high
level (the switch SWB is closed) then, t jet current 1Ij wll thereafter.
flowinto a virtual grounded point of the operational anplifier

constituting the ints: t or b tartin n.integrating operation
of fh:a :Jnlt egratg'rI 5 ﬁ'é?l %\Y\"fﬁ%eﬁl y%?‘”ﬁ??;a & a‘I"Iet d 7iHif é";ﬁlxgaéltoerm Ined
iMeraInmmm t hr in th in Fl G
per i gd of the c {) fe@m‘e’yﬁ i [%el}‘] q’lgtfv\? el‘éﬁ‘?eg"éﬁf:g ég artl ng-
of ch inte rat e n a
fro?nua I Iow I gvel #%g@{%ﬁ] e hﬁ%)é t“;e? c[a'%e esq’vﬁ {}éilh 'gd@' QZ' Fg?ga V\R?F t he
i ntegration Startdh asugmlum%&nmwwm% bahqhobws 1bBad | oW | evel

c ene

so that the swit SWB I1s o Consequent | e jet current lj is
i nterrupted, an@dﬁkﬁﬂﬁﬂr(BHﬂéﬂﬁtdﬁxﬂH“ﬂHb|¥%%d@9%&ohn099réheﬁeby t he

i ntegrating capacitor Ctill then is thereafter held as a voltage out put of
t he starting an 1ntegrat1ng_ope;auion_o; the integrator OP.
When an interval of time equal to tﬁe
predetermined integral number of times (three times in
- " the case shown in FIG. 3 ) the period of the commercial
povwer supply of ac 100 V elapses after ssvarting of such
integrating operation, the integration ending signal
HOLD changes from ; low level to a high level so'th;t
the switch SW2 is closed while the integration starting
signal HOLD changes from a high level to a low level so
that the switch SW3 is opened. Consequently, the jet
current Ij is interrupted, an& the jet current Ij which
has been‘integrated by the integrating capacitor C'fill
.then is thereafter held as a voltage output of the
integrator OP. Now, since an ink Jjet is charged in
accordance with a controlling signal (probe pulsé)
applied to the controlling electrode so that it may have
a negative ehargo.-tho,}et'currantlIJ flows in the
diroctién indicated by an arrow mark in FiG. 1 'info the

integrating capacitor C, and the output of the



I ntegrator OP. Now, since an ink jet is charged in accordance with a
controlling signal (probe pulse) applied to the controlling el ectrode so
that it nmay have a negative charge, the jet current Ij flows in the .
direction indicated by an arrow mark in FIG 1 into the integrating Yot
capacitor C. and the output of the s3)..ntegrator OP presents a high
voltage. By the way, it is alnbst inpossible with an actual nmachine to.
perfectly shield a route betweén the conductive drop catcher 8 to the

i ntegrator OP from noi ses. -'Therefore,'duringuah I ntegrating operation.

noi ses i ncl utRHSEHRZFRE EBnREPEPEESPBWAE 83uBBEY288. ac 100 V and hi gh
frequency noi ses produced fromperipheral electronic: appliances are

over| apped in an outg&ttBF'Fﬁ@-lﬁFeQFaﬁgP°EP.im&mbﬁbb%%cﬁiﬁbi%%s, hi gh
frequency noisps-ﬁre averaged and do*notﬁggti$r-becauSe the-intﬂgrating
time is | ongtF-YhantBdRR PR FBAPBF TBRE: RofimbPte ot TOMES REPHISP ot 100 Vv

and suffici enfly,d pige oMEBNEBLLE.-N0I 26ScRL Lie SOIUB Gl iger supply of

ac 100 V are averaged durrnhg an integrating perio accord?ngly are

removed aut @dd&@l | YTREPERoEDE HOF B A "Dntd§Pat fnd pdith @by, Nt €Qr al
nunber of tines the period of the commercial power supply of ac 100 V.
After an intfaisdd NgnOPEEE! PR tBe COIPLEL £l IfGwer supply of ac 100
v aﬁd:high'ffequeﬁcy noises produced from peripheral
electrohic appliaﬁces are overlapped in an output of the )

.intéérator OP. Among such noises.;hiéh'frequency.no}ses : \hJ
are éﬁeraged and do not matter because the integrating

time is longer than one period of the commercial.power

.supply of ac 100 V and sufficientiyrlong. Meanwhile,

hoiées.of the commercial power suppl# of ac 100 V are

éveraged dufing:ah integrating peribd'and accordingly

are removed automatically since the integrating time is

set to an integral number of times the period of the

commercial pdwef supply of ac 100 Vf
;" : After an integrating operafion.is'cpmpleted.'the W/
iqtezrafidn starting signal HOLD changes from a hiéﬁ

level to a low.level so that the switch SW3 is opened,

2nd consequently, simultaneously when the jet current IJ

ig inférrupted. als§ hoises cominé to the integrator oP

from the input'side are interrupted. .Lccnrdingly..if

only the integrator OP is intorruﬁted sufficiently, <then

Coe



i.ntegration starting signal HOLD changes froma high level to a | ow | evel
so that the switch SWB is opened. and consequently, sinultaneously when the
jet current 1j is interrupted also noises comng.to the integrator OP from
the imput side are interrupted: Accordina%y. if only the integrator OP is
interrupted sufficiently. then noi ses ich may matter are only those
whi ch are generated in the inside of the integrator OP. and consequently,
the jet current 1j can be neasured with a very hi gh .degree of accuracy. In
this manner, a curi®fs wbkiebt veyhasther aavergndy ghgre Mvimdn@eecan be
constructed using sinple and i nexpensive devices. The jet current 1]
converted into agenéragedbiynt hhei mepdataf W iinteans ioon bt @éad nt o
digital data by the A/D converter ADC and outputted into a data bus_(not
shown) to the MEPRsequentipy. heheolel ¢yrnent Hdugimde Feapyred #ith a

I ntegration endi€g ngnal HOLD i s Pu lied to the MPU, and the: MPU
instructs the A/YFTHMERR cfealRe 1Y p%&f‘ﬂ'rarﬁyan %G St Fa8PGrt a? EBRVEPEI ng
operatlon i oY ERESRLSM Mt e SR Srtidaagest dagl pEOLD. Such
measurenment of a Je? cUr rent -1 Yesth ved adove s performed for each of

e by 5 b A et #e L duao g MR pASRIRS M cdusol aced I
The jet current IJj converted into a voltage by
the integrator OP is then converted into digital data by
.the A/D converter ADC and outputted into a data bus (not
shown) to the MPU. It is to.be noted that, though not
shown, the integration ending signal HOLD is supplied to
the MPU, and the MPU instructs the A/D converter ADC to
perform an analog to digital converting operation in
synchronism with the integration ending signal HOLD.
Such measurement of a jet current Ij described
above is_ﬁerformed for eaéh of the pulses 6s. 61.
62, ... and On-1, which are successively displaced in
.. phase by 2#n/N (n = 0. 1, 2, ..., R-l) from the exciting
K«/ :’clock eignal PCLK. by successively changing over the
multiplexer (2) MP2 so that the vibrator $§ may be
successively driven in response to the-pulseslaa. 61.
8z, ... and 6u-1 to excite the Qozzlo l as saen frém
FIG; 5; _

A value o0f the jet current Ij measured for each



-

cl ock signal PCLK. by successively changing over the nultiplexer (2) MP2 so
that the vibrator S may be successively driven in response to the pul ses
[err] [err], .. and [err] to excite the nozzle 1 as seen fromFIG . A
value of the jet current 1Ij neasured for each of the phases is con™rted
froman anal og value to a digital val# by the A/D converter ADC and stored
into a RAM (random access nenory) (not shown) of the MPU. FIG 6 .shows. a
result of plotting of values of the jet current 1j neasured for the -

i ndi vi dual phaseRe UhRgebest BbELIF Led NSO 0 Sana I £SPNGEe Of g aPsence of an
i nconpl etely charged ink drop is determ ned by observation on a stroboscope

using a n Crosgopsl daltud 5fethe MK Sont EPIESATC AP anred ko 2
i nconpl etely charged ink drop while another small mark [err] represents

presence of FAM i NeanPd et £ ye chad @osry NK(Ab OB howkhe dachd heru.t he result of
nmeasur ement ind| cates such a tendency as shown in FIG 6 can be understood
because suCh forbi doE¥r egyi ovhems remé et diersiotdtioee qf.pp@alnsesi o f
synchroni smw th an exciting signal an the j et current i s | ow when

i nconpl et el f‘t%ajr?g*eoc‘f"rfke’&ﬁ%)k BE &S Yy linéhﬁrigj’d’a\%é’r?aﬁ(?s '

| ncoml ot el v, char aed 1y dr.op. 1 5, BESENs <r%f..%;etn%euo?- BYeil

an incompletely charged ink d_ro'p is det'efmi_ned by
observation on a stroboscope using a microscope, and a
small mark O represents absence of an incompletely | \J
charged ink drop while another sma_.'ll"m'_a"rk @ re’brééents
presence of an incompletely charged ink drop. The fact
that the result of measurement indicates such a .te'x}dency
as shown in FIG. 6 can be unde.rstood"'because such
forbidden region as mentioned hereinabove appears in
synchronism with an exciting signal and the jet current
15 is low when incompletelly ch'irgé'd'_'_ink' drops are
_ present, but is h‘igh' when no incompletely charged ink
. drop is present (refer to U.S. Patent No. 4, 839, 665 and \H
’C._Hu Hertz and B. A. Samuelsson. J. Imag. Tech., 15,
141, .1989). - |
‘The MPU deterzines, in:acéordahca vith algorisa
in the form of software, an optimum phase (81e or 81s in
FIG. . g) with which charged ink drops and non-ehafdod

ink drops are separatsed completely from ocach other wi<zh



C. H Hertz and B. A Sanuel sson, J. Imag. Tech., 15. 141. 1989). The MPU
determ nes, in accordance with algorismin the formof software. an optinum
phase ([err] or [err] in FLG, 6) with which charged ink drops and

non-chesr ged ink drops are separated conpletely fromeach other with

respect to a rising or falling edge of & controlling signal against a
varjation in phase and no i.nconpletely charged ink drop is produced. Then,
the MPU controls the nultiplexer (2) MP2 to select the phase [err] or

[err]. In the cosepéét Nt d6rishrgjef fallemg ddgd SofsUCCRRsIr®ll: JEasured
whil e the phase [err] is varied in the direction indicated by an arrow mark
in FIG 6 . ancigrdkeragd ing tiea opdr maml ghaiee plfaseetando nd Ihoapliet@ yoy

t hree phase di stances or so to another phase at which the jet current Ij
presents a nmaxichansed uimk tdwedp i 55 produgese Tenor the APTurtondralerr]/ 16 -
3[err]/8 (67.5 degrees) to such phase. It is to be noted that an optinmum
phase set once % OHis iRbprar V\ﬁf)l M& te seHacdedheuphager 8cor dirngton one

o um i o perf PmaRY FU S HE raal: AneLs adoreendnlar tBuch phase
adj ust ment , th%u%%gs%quqys&@ggﬁgéyafﬁyi%cghgw%hggetBeigeLLﬁfghngnp%ﬂ%r
direction indicated by an arrow mark in FIG. 6., and
preferably the optimunm phasé is set to a phase prior by
three phase distances or so to another phase at whicP
the Jet current Ij presents a maximum value, that-is; to
a phase prior by amount 3:2%/16 = 3w/8 (67.5 degrees) to
such phase. it is to be noted that an optimhm phase set
once in this manner will not be changed during recording
on one page of a2 record medium. Consequently., recording
on one page of a record medium is performed 153a same -
phase. |
After completion of such phase adjustment, the
’MPU changes over the switch SW1l to the deflecting power
source E1 side to apply a deflecting voltage to the
deflecting electrode 7 in order to perform recording on
a record medium. Consequently, a deflecting electric
field is prodﬁced so that a charged ink drop passing
botlwoe._n the grounding electrode 5 and the deflecting

@lectrode 7 will be deflected to.the grounding electrode



k1

-

source El side to apply a deflecting voltage to the deflecting el ectrode 7
in order to performrecording on a record nedi um Consequently, a
deflecting electric field is produced so that a charged ink drop passifg
bet ween the grounding electrode 5 and the deflecting electrode 7 will W&
defl ected to the grounding el ectrode a side and cut by the knife edge 6.
Further. the MPU changes over thejMuItipIexer (1) MP1l so as to sel ect. an
out put of the synchronizing circuit SC. Consequently, a pulse width

modul ati ngs si gl 24 o1 i Ch M &, €1 iehend & 4 I'Ipmkjé}putgheéi ¥pq the hi gh
vol tage swtch H&%. d; t'he ot her hand.é%ﬁxw1recording. pictuﬁgjelenent j

data, Whi bzt YOS OFi @ afh M 451 & d¥ CELY QrFel Qs QL Wediggt ISt ructi on
signal DCLK produced from an output of a shaft encoder (not shown) directly

coupl ed t @utgwt Ay tHe B HIPINg AT ditaRRT t R sllq@@nd 1lyi, ng buffer
(not shown; a line nenory in which picture inmage data for one full rotation
of the rotparlysedrmindttdr ashudradng & itsne lpdlose pdicttiir emedemanar deWll at which
each picture inmage data are converted into a pulse width corresponding to a
gr adat i on %Wid lddesilinputitededio. the diwbuvoditagiee spdrtsh WVéi h nodul at or PWM i s
transmtted to the synchronizing circuit SC. The synchronizing circuit SC -
Synchronizes .a On the qther hand, upon recording._ picture
element data, which are synchronized with a picture
element recording-instruction signal DCLK produced from
an output of a shaft encoder (not showh) directly _ N/
coupled to a rotary drum (not shown), are transmitted
from a line buffer (not shown; a line memory in which
picture image data for one full rotation of the rotary
drum are stored) to the pulse width modulator PWM, at
which each picture image data are cohverted into a bulse
width corresponding to 2 gradation in density thereof.
An output of the pulse width modulator PWN is |
transmitted to the synchfcnizing circuit SC.
. The synchronizing circuit SC synchronizes a gui
rising or falling edge of the output of the pulse width
modulator PWN with a rising or falling edge of an |
excitiﬁg.clock signal PCLK.
An output of the synchronizing ¢ircuit SC is
inputted by way of the multiplexer (1) MP1 to the high.

voltage switch HVS, at which it is voltage amplified to




ri-sing or falling edge of the output of the pulse wdth nodulator PWK with
arising or falling edge of an exciting clock signal PCLK An-'output of the
synchroni zing circuit SCis inputted by way of the nmultiplexer (1) MP1 to
the high-voltage switch HVS, “dt - which it is voltage anplified to a
potential necessary for charging of an,,4+nk jet to produce a controlling
signal. Such controlling signal applié% to the controlling electrode 4. A
jet of ink is thus induction charged in response to such controlling

signal, and a dr@ppetehbeathiscebasgpdronkehsrginfd aot ech tini e wreindi ng
el ectrode 5 side by an action of the deflecting electric field and cut by

the knife edge Gpmbdihee 0al yoRtROD: CHAr E¢hd NK Budh icord oMbt @ igdwdnce
straightforwardly so that it passes by the knife edge 6 and forns a dot on
a record nmedi um v appeli ed thetliotasytrblimng Gdreetonesie |4y, rAederdiafg iok one
page of the record nediumcan be perfornmed while picture i mage .data (out put
of the pul se widi$h thdel trduc PVey chargadciy grisharss the sshexciting si gnal
PCLK and besides held in an.optinun1pq€aﬁ el ationship with disig;e ration

of an ink jet. 1998E Q! iRe HtERRIhaAR ofh 9fnkhecithus chaggedpd®F once.

particularly Wh%g:%£¥aé£¥§ﬁr%%néﬁgléﬁounding electrode 5 side by an '
action of the deflecting electric field and cut by the
knife edge 6 vhile only a non-charged ink drop is-

\ '~ allowed to advance straightforwardly so that it passes
by the knife edge 6 and farms a dot on a record medium
wrapped on the rotary drum. Consequently, recording on
one page of the record medium can be performed while
picture image data (output of the pulse width modulator

~PWM) are synchronized with the exciting signal PCLK and
besides held in an optimum phase relationship with
disintegration of an ink jet. _

It is to be noted that, wheh an ink jet is
interrupted once. particularly when such interruption of
an _ink jet continnes for 2 long time, an optimum phase
condition is varied delicately by a variation of
Physical property values of ink by variation of the.
:tempera_ture_ or by a variation of J.etting conditions, and
accordingly, it is dgairabie to perfaru.a phase

adjusting operation immediately before starting of each



an ink jet continues-for a long tine. an optinmum phase condition is varied -
delicately by a variation of physical property values of ink by variation

of the tenperature or by a variation of Jetting conditions, and -
accordingly. it is desirable to performa phase adjusting operation ™
I mmedi ately before starting of each -recording operation. Further, in

case the-integration tine is set to. tib&e times the period of the
comerci al power supply of ac 100 V as in the continuous jet type ink jet
recordi ng apparatu§ descri bed above. a resetting section and-a. hol ding
section nust*BECHHdBE °RAT3LSRBequently, a total of 5 periods of the
commerci al power supP£¥ of ac 100 V I'n the case of "a 50 Hz area,

, that .is. | C¢

‘a total of 0.1 sec. F88%0: r &8 FéﬁenﬁgguFEﬁEﬁFan°n Firecis rget 9 of one
phase. Accor di ng evep if neasur t is performed for a tojal of 16
Phases (N - Shfesat{nel enaeFadd Peache: “IARSEe bof ot SvashR of 1 o
seconds (the,proagsyi 09 Lh e8! cbBe1NEbuEATe DI POOIAE PEEAEEL ¢ ppor al €5
at a very high speed). Even in the case of a color 1nk Jjet printer, since
nmeasur enent aspLitesMBdsBRiBblChbYvEOr af PUEetOI PFSsdé3idh ahdryl BK) or
three colors (C, Mand Y). a tine required for phase adjustnent is equal to
that of a canéldiwgSsdetibuPRusBkbe added, and consequently, a total |

of 5 periods of the commercial power supply of ac 100 V,

that is, in the case of.a 50 Hz*afea. a total of'O.l

-

sec, is required for measurement 0f & jet current Ij of
one phase. Accordingly, even if.m§53urémeﬁt is J
performed for a total of 16 phases (N = 18), & total
time required for phase'adjusiment'ié only 1.6 seconds
(the processing time of the MPU can be ignored because
it operates at a very high speed). .Even in the case of
a color ink jet printer, since meisuféma_nt is performed
parallelly for four colors (C, H; Y and BK) or three
¢colors (C, M and Y), a time requ1red_fof phase
'adjustmant is equal to that of a continuous Jjet type ink U
jet recording apparatus for a single eolor. - '
_ Referring now to FIG. 7. there is shown a

modification to the continuous jet type ink jet
recording apparatus of FIG. 1 . The modified continuous
: jet_type ink jet recording appétatua ié eeh;trueted aueﬁ

that, while the continuous jst type ink jet recording-



] et fecording apparatus for a single color. Referring nowto FIG 7 . there
I's shown a nodification to the continuous jet type ink jet reécording

apparatus of FIG 1 . The nodified continuous jet type ink jet recording
apparafps is constructed such-that whije the continuous jet type ink jet
recordi'ng apparatus of FFG 1 is c¥nStructed such that, in order to

~determ ne an opti mum phase between disintegration of an ink jet and a
recordi ng pul se, an exciting clock signal PCLK is delayed to find out an

opti mum phase, ?%&e%?%tg%%n?ogﬁfg i 5 dgl a%/géi%%lgu%%%g Qi A APt 1 RIg agse.

In particular, I'nuous” J e j'et recordi ng appar at us

' dified t hat i L | ' I st
{1 equency di vi g AT h i b0t 1O | AR REURP A B SABA .
VD. and an out pgitnt of 1 &g 4d Pd e%‘?éox(ﬁn%vpxgucié?&: ntdesh ihd ha dyiobe pul se

generator PG an he 'synchroni zi ng circul so with the present
continuous jet tyimdinkpgiot {£CPETAyed apPaf Aldisowpnad raptiarha ipHaies ranner,
a phase between an exciting clock signal and a recording pulse is
automatical |y adjeedrading mul o@tisnde bapedito | tynd ot an fertiauwomhanseus
jet type ink jet recording apparatus of FIG 1 while it is only )
: In particular, the present continuous jet type ink jet

recording apparatus is modified such that an exciting

clock signal PCLK outputted from the frequency divider

FD is inputted directly to the vibrating element driver

VD. and an output of the multiplexer (2) MP2 is tnputted

to the probe pulse generator PG and the synchronizing
circuit SC. |
Alsc with the present continuous jet type ink
Jjet recording apparatus constructéd in this manner, a
phase betweeﬁ an exciting clock signal and 2 recording
pulse 13 automatically adjustéd to an.optimum one
similarly as with the continuous jet type ink jet °
: ' ~ recording apparatus of FIG. 1 while it is only- -
-/ ’different that a phase of a controlling signal (probe
pulse) is successively displaced by 2x/N ta different

stages when measurement ¢f the jet current Ij is

proceeded.

It is to be noted that seéeral examinations have

been conducted using & continuocus jet type ink jet



different that a phase of a controlling signal (probe pulse) is
successively displaced by 2w N to different stages when neasurenent of the
jet current Ij is proceeded. It is to be noted that several exam nations
have been conducted using a continuous jet type ink jet recordi ng
apparatus manufactured in accordance wi-th the present invention, and it has
been confirmed fromthe exam nations that a jet current |j can be neasured
at a sufficiently high SSNratio-so far as the integrating tine ranges from
1 to 10 periods of the comercial power s$t®ply. of ac 100V. CLAI M5 1.

An ink jet recording apparatus of the continuous jet type conprising: jet

f i k | et
of ke exortearalid dpdtLbl tnfiuchotBeal F PHELELBINCRT b OFfET | F
(3) nount ecbrégbneali%véafeﬂre fhll if HaxPoBaen! o HRed ©Erida | RHlEC

excitation signal frequency at or -around a spontaneous disintegrating
examinations that a jet current Ij can be measured at a

sufficiently high S/N ratio so far as the integrating time
ranges from 1 to 10 periods of_thejGQﬁmercial power supply

of ac-1OOV;



o

frequency of the ink jet to cause an ink jet from said jet—fornmingrea
be disintegrated into ink drops in synchronismwth such int i MG -
. chargi ng neans for causing selected said ink drops to be ﬁm,m"aﬂgllgu"clm
charged and neans for selectively applying voltage pul se stgnal's o
chargi ng neans, for electriically charging said sel ected i nk drops;
defl.ecting neans (5, 7) for.selectively producing a deflecting electric
field and deflecting a-charged ink drop when a deflecting electric field is
produced but allowi ng a charged ink drop tgyadvance straightforwardly when
no deflecting electric field is produced; an electrically isolated
conductive drofIL&IMsSner (8) operable, -in an optimm phase-detern ning node
of the apparatus to catch said ink drops, a current detector and

i ntegrator (SW2, SWB, SWI, C, . OP) connected to said electrically isolated
conductive drop catcher (8) for neasuring the electrical current (1j)
carried by the charged i nk drops reaching the drop catcher, and herein
referred to as_the jet current, and fqr integrating said current over a
predet ermi ned period t &Mai¥R gIgty EPGOrAiNG:. ARRAF atus Hef ckhegcontiinuqus

drop oveﬁ thatj%%r%%%é 6%%%9%%?%&5” means controlling said ﬁeans for

n t o

Q
o LS4

jet forming means (1) including é nozzle (1) for
pressurizing ink to form a jet of'ink;

\ exciting means (FD, DG, MP2, VD) for exciting a
vibrating element (3) mounted on said nozzle (1) in
response to an applied periodic excitation signal at a
frequency at or around a spontaneous disintegrating
frequehcy of the ink jet to cause an ink jet from said jet
forming means to be disintegrated into ink drops in
synchronism with such excitation;

charging means for causing selected said ink drops

to be electrically charged and means for selectively

applying voltage pulse signals to said charging means, for
. electrically charging said selected ink drops;

deflecting means (5, 7) for selectively ﬁroducing

a deflecting electric field and deflecting a charged ink

drop when a defleéting electrié field is produced but

allowing a charged ink drop to advance straightforwardly
when no deflecting electric field is produced;

an electrically isolated conductive drop catcher

(8) operable, in an optimum—phase-determihing mode of the

apparatus to catch said ink drops,



sel ectively applying said voltage pulse signals or controlling said

exciting neans for controlling the phase relattonship—between said voltage

pul se signals and said excitation signals, Sjlﬂ iﬁmam[mgmﬂE i ncl udi ng,
operable, in said opti mum phase-determ ning : Em @ establish, over each

means for storing a plurality of said val ues

of a plurality of such peri ods,
vol tage pul se signals and the excitation signals,
sai d val ues and correspondi ng phase rel aglonshi ps

ans bei ng«

a different phase rel ationship between the
to store the respective
and to select an optinmm

phase relationship in accordance with the ranking of the stored val ues by
magni t ude, sai d conpat eargents detector ardnperegratorB{SW2| NSWihe swapt i mum
phase relationship thus selected during a subsequent period of operation of

t he apparat us, iOPp connettefdertat isadmalectrically Absobatedt condactiive
apparatus according to claim1l, which is adapted to be connected with a

‘commer ci al

is arranged to integrate jet current over an integqral
said a.c. suparyieqd by the mhanged dnk Srops ¥¢
1 or claim2 including a clock providing periodic clock pulse signals,
frequency didnQeherein vinrfarred itk a8 gtlis dfF prygrenty pGF‘ge

awop catchety(@hdfohemeasuring ther edectiviecailocuamneéntnt(@g)at or

5|gnaLs atiﬁééé%%ﬁ@f%g said current over a predetermined period to

afford a value indicative of thefcharge per ink drop over

that period; and

- -computer means controlling said means for
selectively applyihg said vdltaQe pulse signals or'
controlling said exciting means for controlling the phasef

relationship=bétween said voltage pulse signals and said

excitation signals, said computer means including means for
'storing a plurality of said values, said computer means

being operable, in said optimum-phase-determining mode, to

establish, over each of a ‘plurality of such periods, a

different  phase relationship Abetﬁeen the wvoltage pulse
signaIS'aﬁd the excitation signals, to store the respective
said values and corresponding phase relationships and to
select an optimnm phase relationship in accordance with the

ranking of the stored values by magnitude, -said computer

- means being arranged to maintain the optimum phase

relationship thus selected during a subsequent period of

- operation of the apparatus in a normal operating mode.

2. - An. ink jet recording apparatus according-to claim

1, which is adapted to be connected with a commercial a.c.

§erput

nunber of periods of

' the drepr erkghes,cl ai m

<



mhlch I's substantially greater than the frequency of said periodie—
excitation signal, said excitation signals being derived,fro

corresponding in phase and frequency with. said pul se outp ﬂm“gﬂ&w\m&“ﬂ“‘
said dkvider, and wherein delay pulse generating freans is

receives sald cl ock pul se signals and said pul se out put S|gnals fromsaid
di vider and produces output. pul ses of the same duration and frequency as
sai d pul se output signals fromthe divider but which are displaced in phase
relative to the latter by an anount deterniggdd by said conputer neans, and
wherein the pul ses fromthe del ay pul se generating neans provide said
vol t age pul se suppdlysand whetreim sgidgcurrentadetectoruandt integratdr ds
sai d frequency divider provide said excitation signals to said exciting
neans. 4. arrangedk Yatintegnatia el rurrent ;.e¥er dang insegralynunker
claim2 including a ¢lock providing periodic clock pulse signals, a
frequency divi 9€r PEXdOAs Rf &aid &-Sck SWPPA s and produci ng pul se out put
signals at a frequency which is substantially greater than the frequency
of said periodic excitation signal, said excitation signals being derived

f d di t .

i gnal o 1 rom sard at vi 48 LrBK 5k, eoP G pita tudtadoBiui gt thain

grg\r’];ﬁgdf‘r"gwh r%cxe'éfélﬁabd HOGa iy s 8188k prvidald ﬁ&lriﬁd%t Rilock
pulse signals, a frequency divider receiving said clock

| K./ signals and producing pulse output signals at a frequency
which is substantially greater than the frequency of said
periodic excitation signal, said excitation signals being
derived from, and corresponding in phase and frequency with.
said pulse output signals from said divider, and wherein
delay pulse generating means is provided which receives
said clock pulse signals and said pulse output signals from
said divider and produces output puises of the same
- duration and frequency as said pulse output signals from
the divider but which are displaced in phase relative to
the latter by an améunt determined by said computer means,
and wherein the pulses from. the delay pulse generating
means provide said voltage pulse signals to said charging
means and the output signals from said frequency.diVider

provide said excitation signals to said exciting means.

4. - An ink jet recording apparatus according to claim
1 or claim 2 including a clock providing periodic clock
pulse signals, a frequency divider receiving said clock

signals and producing pulse output signals at a frequencf



said divider and produces output pulses of the sane duration and frequency ~
as said pul se output signals fromthe divi del aced in
phase relative to the latter by an anount détermn orrputer —~

means, and wherein the pul ses fromthe del ay g\“\‘ m& rreans pr oi de
said excitation signals to said exciting nean ®utput” signals from

said frequency divider provide said voltage pulse signals to said charging
nmeans. 5. An ink jet recordi ng apparatus as set forth in claim1 or
claim2, characterised in that said curreq @t detector and integrator (SW2,
SWB, SWI, C, OP) includes an |ntegrat|ng circuit (OP), and a plurality of

swi tches (SWhich\Bis Midstanttallyogrieagest ahan &l dxeliawcyfofinsaid
i ntegrating operation and. resetting of said integrator (OP). 6. An i nk

j et recordi wmmmtmhsatmnfsighalm sladidmeic ittt ate peigimal s obethgi m 2,
characterised in that said switches (SW2, SWB, SW) operate. in synchronism
wth said cderrvedlfrom, qml/vaormmopdmg in ph@sel and freguency with A
met hod of operating an ink recordi ng apparatus of the continuous
jet type commidsiplse coutpuki m iriqmuﬁérlgdmlé%zzaryi(‘ﬂ}erem
pressuri zi n%lnk to forma jet of ink;

elay pulse generating means is prov:.ded ‘which receives

said clq,ck pulse s_ign_als and said p_ulse output signals from

said divider and prbduces o_utput pulses of the same

duration and frequency as said pulse output signals from U

the divider but which are displaced in phase relative to-

the latter by an amount determined by said computer means,

and wherein the pulses from fh"e ' delay pulse generating

means provide said excitation signals to said ‘exciting

means and the output. signalé- from said frequency 'divider-

provide said voltage pulse signalé to said charging means.

5. - An ink jet re'cording apparatus as .set forth in
claim 1 or claim 2, characterised in that said curfent |
detector and integrator (Sw2, SW3 , SW4, C, OP) includes an
integrating circuit (OP), and a plurality of switches (SW2, |
SW3, SW4) for controlling starting and ending of an .
integrating 0pefation and ‘resetting of said integrator

(OP) .

6. ‘An ink jet recording apparatus as set forth in
- claim 5, when dependent ‘on claim 2, characterised in that
said switches (SW2, SW3, SW4) operate in synchronism with

said commercial a.c. power supply.



exciting neans (FD, DG MP2, VD) for exciting a vibrating el enent (3)
nmount ed on said nozzle (1) in response to an applied perlodlc excitation
signal at a frequency at or around a spont aneous ;Ijl!ﬂmm’mlﬂﬂlmﬂmu
frequency of the ink jet to cause an ink jet from said

to be disintegrated into .ink drops in synchronismwth such exci tat i on;
char.gi ng neans for causing sélected said ink drop$ to be electrically
charged and neans for selectively applying vgltage pul se signals to said
chargi ng neans, for electrically charging s4$d sel ected ink drops;
deflecting nmeans (5, 7) for selectively producing a deflecting electric
field and defl étting a Zhamgtbodnkofir opperretingdefanectink) cjett rrecérding s
produced but allow ng a charged ink drop to advance straightforwardly when
no defl ecting rRaratusef dthe %@@G&%@qustmetnﬁynedcpnergaﬂng *det ermi ni ng
t he opti num phase rel atjonshi p' bet ween sai d vojt e ulse signals and said
excitation signal by apb?§|53r31§§|ﬁeﬁﬂﬁ %ﬂu 2d & (L BOF nk

drop produced over a tgsting, per mhereb eac d |nk drop produced
over the testi MFGRT ?E&F+%gaﬁ8% é%tf?%%]?y eha? eﬁg*hk drop, catching said

charged  ink drops by, gg; el 56! bbSak! Yrd Sha! P50 US | ¥er IR

vibrating element (3) mounted on said nozzle (1) in

response to an applied periodic excitation signal at a

\_ o frequency at .or around a spontaneous . disintegrating

frequency of the ink jet to cause an ink jet from said jet

forming means to be disintegrated into ink drops in

synchronism with such excitation;

charging means for causing selected said ink drops

to be electrically charged and means for selectively

- applying voltage pulse signals to said charging means, for
electrically charging said selected ink drops;

deflecting means (5, 7) for selectively producing

a deflecting electric field and deflecting a charged ink

drop when a deflecting electric field is produced but

allowing a charged ink drop to advance straightforwardly
when no deflecting electric field is produced;

- the method including determining the optimum phase
relationship between said voltage pulse signals and said
excitation signal by applying a said voltage pulse signal
for each said ink drop produced over a testing period
whereby each said ink drop prsduced over the testing period

is an electrically charged ink drop, catching said charged



i ntegrating, over said testing period, the electrical current (1))
carried by the charged ink drops reaching theWerei n
referred to as the jet current, to afford a v cative of the charge
per ink drop over that peri-od; varying the pha s“mm“ tween. sai d
vol t age pul se signals and sai d excitation sign T“L‘i}\ t‘m phase o
relationship is different over a series of such perl"'od§ and
deternmining the optinum phase rel ati onshi p between sai d vol tage pul se

signal s and said-excitation signals by ggiermning the range of such phases
for which said value is relatively high and sel ecting, as the optinum

phase, a phaak r@tepsoroyni el nelbétrliéaqg.g apdolheeaal éhaustival Wrdp t he
opti mum phase rel ationship so. determ ned during a period of operatiomn of

t he appar at catcBer, An ink jet recording apparatus substantially as
her ei nbef ore described wth reference to, and as show in, Figures 1 to 6

of the acconpanyi ngiotegraging, over said testing period, the
electrical cu:rent (Ij) carried by the cha’rgéd “ink drops
reaching the drop catcher, and herein: referred to as the
jet current, to afford a value 'indi'éati"ve-' of the charge per
ink drop over that period; - | ' |
varying the phase relatid_nship bé‘twee_n said voltage \AJ
pulse signals and said excitation signals, so that said
phase relationship is different over a series of such test
periods and determining the optimum phase .relationship
between said voltage pulse sigh'als and said éxcitation
signals by determining the .range of such phases for which
said value is relatively high and selecting, as the optimum
phase, a phase relation within that range, and thereafter
maintaining the optimum phase re'lationship' so. determined

during a period of operation of the apparatus. W

8. An ink jet recording apparatus_ substantially as
hereinbefore described with reference to, and as shown in,

Figures 1 to 6 of the accompanying drawings.



