2264023 Title: "Ink jet recording apparatus of the continuous jet type"
BACKGROUND OF THE I NVENTION 1. Field of the Invention LSl QY. I Qn
relates to an ink jet recording appar ai,us of the cont ééém% and
nmore particularly to an ink jet recording.apparatus of the continuous j®&&
type wherein the nunmber of drops of ink to be placed into a picture.el&gaent
i s variablTitbet rofInkl jetadpoerdihg dppawatusoofa thec ogdd ndwusof i nkKvih .
order ‘to achi eve ajeeptegpelitation with the density of ink. 2. Description:
of the Related Art Ink jet recording apparatus .of the continuous jet type-
are already known and di sclosed. for exanple. in U S. Patent No. 4,620, 196

or Japanese Patent Laid- g;gﬁgggyﬂmcaripmghmnvﬁﬁTzaﬁ362 wherei n the nunber
of drops of ink to be placed into a picture elenent is variably controlled
t o adj ust tlhe Fdiednkteefr tdfe alnweeotted dot of ink in order to achieve a
representation with the density of ink using the technique of ink jet
recording of the cditismuouwsention ypelafesetoiag 1okFj&t Pecbh@ifigi s shown
general construction of an exenplary one of conventional ink jet recording
appar at us @PprefFatasntdhudhe jantinpeuenpébytnpgea andangrerum The :

continuous jet type ink jet : _
- particularly to an ink jet recording apparatus of the

‘continuous jet type.wherein the numbgr of drops of ink
to be placed into a picture element is vari;bly
| controlled to adjust the diameter of a recorded dot of
ink in order to achieve a represenfatioh with the
density of ink. |
2. Description of the Related Art
Ink jet recording apparatus'of the continuous
Jet type are already known aﬁd disclosed, for example,
in U.S. Patent No. 4,620,196 or Japanese Patent Laid-
Open Application No. 62-225362.whérein the number of
drops of ink to be placed into a picture element is
variably controlled to adjust the diametér of a recorded
dot of ink in order to achieve a repreéehtation with the
density of ink using the technique of ink Jet'recofding
of the continuous jet type. '
Referring to FIG. 2, there is shown general
construction of an exemplary one of conventional ink Jet
recording apparatus of the continuous jet type ehponing

a rotary drum. The continuous jet type ink jet



-

recordi ng apparatus shown includes, as principal conponents thereof. a
nozzle 1 to which ink under pressure is supplied by known neans not shown,
an ink electrode 2 for connecting the potential of the ink in the nozzle 1
to the-ground potential |evel. a piezoelectric vibrating el enent 3 nounted
on theg pozzle 1. an oscillator OSC for generating a disintegrating
frequewey signal fd having a fixed. disintegrating frequency fd (in the
foll owi ng description. a same reference character is applied to both of a
signal and a frequency), a vibrating elerenf eériver CD for anplifying the
di sintegrating frequency signal fd fromthe oscillator OSC to drive the

pi ezoel ectric vrécardbhggehppenatl8sastiospndncdncies,y agi pimiteyipale a j et of
the ink (which nmay be hereinafter referred to as jet or ink jet), a
control ling el ecompdredthathrgeafci rcobarlepdnitog which dink -ynder openi ng
coaxial with the nozzle 1 for receiving a charging controlling signal to
control chargi ngressune iakspepligdabyokaaide miahs inedgShRRy, an ghWandi ng
el ectrode 5 disposed in front of the controlling electrode 4 and grounded
itself, a knifeekegtredaoantfed sANRREtINGutien@odiedtirdde T the dé%fe’cfti ng
hi gh vol tage dc power source hSLeinafter referred tqQ sinply as deflecting

power source) 7the nozgle| l.tpnghel 8ELLBdePEtERTHEd: 8Vt e defl ecting

power piezoelectric vibrating element 3 mounted on the nozzle
1, an oscillator 0SC for generating a disintegrating

\vg frequency signal.fd having a fixed disintegrating
frequency f¢ (in the following description, a same
reference character is applied to both of a signal and a
frequency), a vibrating element driver CD for amplifying
the disiptegrating frequency signal fa from the
oscillator 0SC to drive the piezoelectric vibrating
element 3 and synchronously disintegrate a jet of the
ink (which may be hereinafter-feferred to as jet or ink
jet)., a controlling electrode 4 having a circular
opening or a slit-like opening coaxial with the nozzle 1
for receiving a qharging controlling signal to control
charging of the ink jet in accordance with image data, a
grounding electrodels disposéd in front of the
controlling electrode 4 and grounded itself, a knife
edge 6 mounted on the grounding electrode 5, a
deflecting high voltage dc power source (hereinafter

referred to simply as deflecting power source) 7. a



source 7 for cooperating with the grounding electrode 5 to produce

t herebet ween an intense electric field perpendicular to an ink jet flying
axis to deflect a charged ink drop to the grounding electrode 5 side, a
line buffer LB for storing therein picture element data for one rotafi-on
of a rotary drumDR a pul se width nmodul ator PWM for nodul ating pictyeé

el enent data read out fromthe line buffer LB in synchronismwth anjﬁ?;
encoder clock signal fE froma shaft encoder SE coupled to a shaft of the .
rotary drumDR into a width of a pulse in synchronismw th the encoder
clock signal [err] and the disintegraBi-hg frequency signal [err] outputted
fromthe oscillator OSC. a high voltage switch HYS for converting a

char gi ng ¢ohteetinggeleghardeuBpaernagctedmtohdhgurded lgicdimerpanes or PW
into a high voltage, a frequency divider DV for frequency dividing the

di si nt egraRy¥rRe f 7 efPBnEQOBRFAAL NEd¥dGhptheegrrusfhinge ed€EitinogteoS OSC to 1/n
(nis a positive integral nunmber), and a drumnotor controlling circuit DMC
f or recei%?er??ﬁP%u?%ﬁfe?éFFfPﬁ 8h dR&epseqadReyracyifdeddpy as an

i nstruction iqgﬁt an t he encodﬁr_clo%i signal fE fr§n1§he shaft encoder SE
as a feedBIREREbEELARdtRoARr OPKi A§ Tt ALYABBaRRSR &P 4edr&Gtndt or DRM

COuPt €0 (A ged TP Lk, BLab ol ALY HRATLBR RRaerchlAel Bideren Vel SLna
medi um RM {5 V§@PPEF PROFSP LEBEriAktKeeYN PRoture g¢lement data -
for one rotation of a rotary drum DR. a pulée”width. Y
moduiator PWM for modulating picture élément datﬁ.rééd \hd-
out from the line buffer LB in synchfdnism with an =

‘encoder clock signal fe from a shéft'éhcbder SE coﬁpled

to a shaft of the rofary drum DR 1n£¢'a.width of a:pulse_

in synchroﬁism with the encoder clock signal fe and the
disintegrating frequency signal fd outﬁufﬁed froﬁ.thé

oscillator 0SC, a high'voltage_switch Hvs.for'conﬁerting

a charging controlling signal outputted from the pulse
" width modulator PWM into a high voltage,-a'fréqﬁehcy _
dividér DV for freduency dividing fhe'disiﬁfegratiné ' '\Q&
frequency signal fd outputted from the oscillator OSC to

1/n (n is a positive integral number)., and a drum'qbfor
controlling circuit DMC for receiving the dutput f¢e /n of

the frequency divider DV as an instruction input and fhe

encoder clock signal fe from the shaft enéodér SE as a

feedback input and controlling the rotétion.qf.a dfym

motor DRM coupled to the shaft of the.rdtary druﬁ DR so



In the continuous jet type ink jet recording apparatus of the construction
descri bed above, a picture elenment is recorded on the record mediumRMin
synchronismw th the encoder clock signal FE. Meanwhile, an ink drop is
formed.in synchronismwth the disintegrating frequency signal fd outputted
fromtke oscillator OSC. Further, the drumnotor controlling circuit DMC
contréh@ the rotation of the drun1nntor DRN so that the relationship [err]

[err]/n may be satisfied. Accordingly, the maxi num nunber n of ink drops
mhich can be deposited in any picture el emesd depends upon the frequency
dividing ratio n of the frequency divider DV. (In the follow ng

descri ption Ofthzf@e t&‘é)nié&&h'l%al & PGha 1O US, /inet ahdl Pery nhayetsanemf;dl the
apparatus, the value,n will be hereipafter_reterr dto rrgﬁa m i nk dr
nurmber per-. pi ct(ﬁ%a’é?-%ﬂéh%? Fgach fe/dhn of -Bi EEGPE elné?‘%’n‘fmd o?”&?ﬁpﬁ

the |ine bufferakfuh@ptrecprbtagynaptnr pRL i nk drops which are to be
deposited in a respective picture el ement, and the pul se wi dth nodul at or

PWM operates in accordance with such pi cture el ement data so that a shaded
i mage, that is, an i nagenhatheg cpriimuowsi rieendiype iink edetdeFegonding

record medi um R%p%%?{:gés 8'15”%}1‘%‘C@on%ﬁ?ﬁ‘#:lﬁﬁnﬁers%?ﬁwtﬁéw of Eu.cture

gradations can al ne € conventional conti nuous. | et Lype
ink jet recordi elenentr is xecondednennthei KRCQFSpnadiNE: RY 4B, synchyon

el ement coi NCi Aggyii ¢ té}ﬁ'cm@%ldék Bl grm@ﬁmﬂﬁepfaxﬁienﬂt drderis
picture elenent. By the way maxi mum,i_nk rop n‘%ﬁ ture
el enent with wherned dﬁbr%&??ﬁ?@niﬁﬁgé"%sf: gﬁﬁi egueéﬁ:y

appbprl ate adhgigfalnk, aWtiitted from the osc111ator osC. Further, the
drum motor controlling c1rcu1t DMC controls the rotation of
the drum motor DRN so that the relationship fy = fd/n may be
satisfied. Accordingly, the maximum number n of ink drops
which can be deposited in any picture element depends upon
‘the frequency dividing ratio n of the frequency divider DV.
(In the following description of the conventional
continuous jet type ink jet recording apparatus, the value
n will be hereinafter referred to as maximum ink drop
number per picture element). Each item of picture element
data stored in the line buffer LB represents a number of
ink drops which are to be deposited in a respective picture
_ element, and the pulse width modulator PWM operates in
W, accordance with such picture element data so that a shaded
image, that is, an image having gradation in density, is
recorded on the record medium RM. In this instance, a half
tone representation of n gradations can be obtained. Thus,
with the conventional continuous jet type ink jet recording
apparatus, the maximum ink drop number n per picture
element coincides with the number of available gradations

of density per picture element.

By the way, the maximum ink drop number n per
picture element with which an appropriate image density is
obtained (that is, an appropriate adhered ink amount)
varies to a great extent depending upon the picture element



varies to a great extent dependi ng upon the picture el enent density and -
the i nk absorbing capacity of the record nedium For exanple, when a |ight
transnmtting original such as a filmfor an OHP (overhead projector) is to
be produced, the amount of ink equal to alnost twi ce that of ink used fqr a
light reflecting print of ordinary paper or the like nust be adhered_g®4t he
film The conventional continuous jet. type ink jet recordi ng ’ﬁ%
apparatus descri bed above is dlsadvantageous in that it can record onIy on
very limted record media such as ordingry paper since the maxi mum ink drop
nunber n per picture elenent is a fixed value. It is further. '

di sadvant 3&8@#:& N 4t ﬁlie I anverabbewlhgf I eapbbhtyy bf tm; Ve d he |
ﬁ&XIﬁUﬁ]Ink nunber %g ! heture chan ed a
¢ f

el.ene %
Tt med L oR, N H en Bham 1ol Erangni hinanenies
| NVENTI ON $tichSasn sobf i  @brt lan (OB efbverheatl prdjeqtew) d&sateonsé nuous

I nk jet ap c r a
appropri até&ag‘ﬁgg?y gﬁ %@“&ﬁv oﬁgt re éfj %@d#gﬁg & %@%%@ ffgf
i nventi on, 1mhemsedsf9roa|Eeqhanreﬁleptdngepvnntngfappdnmaay'@hpenaor
Cont'”Uousthétliﬁgemugenﬁé'ﬁbﬂgreﬁ'%bﬂEﬁ&fﬁﬁ!Qﬂ frequency si gnal generatlng
means for outputting a d|S|ntegrat|ng frequency S|gnal haV|ng a
The conventional continuous jet type ink jet
recording apparatus described above is dlsadvantageous_in-3
that it can record only on very limited-record media such &/
as ordinary paper since the maximum ink drop number n per
picture element is a fixed value.

It is further disadvantageous in that it is very
~low in flexibility in that, when the maximum' ink Qrop
number n per ©picture element. is to be. changed, a
modification to the hardware or firmware is required.

S OF TH NVENTION
It is an object of the present invention to provide
a continuous ink jet recording apparatus which can record
an image always with an appropriate density on any of .
various record media. I NS

According to the invention, there is provided an
ink jet recording .apparatus of the continuous jet type,
comprising: : b
disintegrating frequency signal generatlmg means

for outputting a d1s1ntegrat1ng frequency s1gnal having a
frequency £,; _
disintegrating means for disintegratinq a jet of
_ink into a series of ink drops in synchronism with the
disintegrating frequency signal; L

pulse width modulating means for producing a

charging controlling signal comprising a series of pulses



frequency [err]; disintegrating neans for disintegrating a jet of ink into
a series of ink drops in synchronismw th the disintegrating frequency
signal; pulse width nodulating neans for producing a charging

controH ing signal conprising.a series of pulses - each of a width
corresypendi ng to a respecti Ve integral nunmber nd of ‘periods of the

di sintegrati ng frequency signal, where the nunber nd for any such pul se
conprises the product of a picture el eénent data nunber d specific to that
pul se and presented by picture el enent data 2besenting means and a density
coefficient mstored in density coefficient storing neans in the apparatus,
means for varyi egchheofieasiwidthecorriesporstingdton sarespestivg integral

coefficient storj ans, argj angef C h | S | '
accordance wt h-kpﬁlgegﬁa{raai néecoﬁ%?g?glgngégi g%%? addgﬁlg%% n%gér@ nsﬁ?%é’@%nb{?
defl ecting the &igpalef wherehthegenumberamd FRF gRRY FEShs PURe reewprises

medi um supporti gge tOlofS WRAKHUTE 21efettd dael WambeY i dli sedific to
recordi ng surface extendi ng through a target aéea of . said |$K%£e , to . .

recei ve ink drofbats BRlERcandkPyesentgd by RigEure elepent data Reerenting
surface rel ati vaehfist handnkaj eensftyoveoettieiente pi cstoredl eimntdensity

R
' means for varying the density coefficient stored in
said density coefficient storing means,
- charging means for charging the drops of ink in
accordance with the charging controlling signal;
deflecting means for deflecting the drops of ink
charged by said charging means; and
record medium supporting means for supporting a
record medium providing a recording surface extending
through a target area of said ink jet, to receive ink drops
from the ink jet, motor means for moving the recording
surface relative to the ink jet, to move successive picture
element areas on the recording surface successively through
said target area, and motor control means controlling said
motor means such that the motor means moves such recording
surface through said target area at a rate which is
Q_J o proportional to the frequency F of a picture element
recording frequency signal produced by frequency dividing
means which receives said disintegrating frequency signal
from said disintegrating frequency signal generating means
and said density coefficient data from said density
coefficient storing means and providing said picture
element recordihg frequency signal with a frequency
corresponding to f;/mn where n is a predetermined integer,
and wherein the apparatus is so arranged that said pulses
in the charging contfdlling signal have a maximum width
corresponding to mn periods of the disintegrating frequency
signal, whereby the product mn corresponds to the maximum
number of inkdrops which can be deposited in a picture element.



not or nmeans such that the notor neans noves such recording surface through~
said target area at a rate which is proportional to the frequency F of a
picture el ement recording frequency signal produced by frequency -dividing
means whi ch receives said disintegrating frequency signal fron1sa|d f\
di sintegrating frequency signal generating neans and said density .. 3%
coefficient data fromsaid density coefficient storing nmeans and provralng
said picture element recording frequency signal wth a frequency
corresponding to fd/m where n is a prideterm ned integer, and wherein the
apparatus is so arranged that said pulses in the charging controlllng
si gnal have a maxiggim %gthlﬁgrre)sgpndfggoi.glﬂa P& f!ﬁq.%

m corres on&s to the

di sintegrating frequenc mhere t he produc

n
maxi mum ndmyEnton i th p@lgAPEﬁgESﬁlﬂ langy | signal CGGPSréFéﬁgnt
In the imdlang eéutp@ﬁ@r di Wisiatenniting Ofreéhénb?V@l@rﬁﬂ td8d the

di sintegrating.fre nal gen t|n neans Qu i S egratlng
frequency%&l dﬁ}jﬁegr rf emﬁsgﬁnt g‘i‘? 3’?15 i gf'ﬁ é’g‘fa?‘@g 1 nk
into a sesieasiesf aﬁﬂankwﬂnnps1rnusynthqnﬁsmtﬁnthetubsdhségtegraglﬁgequency
si gnal . a % si- ating
frequency spﬁﬁ%&% nt o gl ng contr *#Engr}?is‘?ﬁgénal%éual\l/?'%glgb égﬂ\%\ﬁ dth
whi ch |n099£¥§¥ﬁﬂ1rﬁh$or@i% ntegratingnbEreguencyps skgnak rbthrea f.or.
the parti eiaiigiH taaﬁtebsnm; bei gt f OMIANG ahd phIkd RAldth e@HRbnt 0

i cture el.enent data,nunb

P increases in proport:.on to the number ‘of drops of ink _
- required for the particular picture element being formed, ki)
said width being equal to picture element"data number 4, |

represent:.ng gradation, multiplied by a den51ty coefflclent

m, n being a positive integral number, n




rrepresenting gradation, nmultiplied by a density coefficient m n being a
positive integral nunber, m being equal to 1, 2, 3. ... or 1/2. 1/3.

1/4, ... under the condition that m is an integral nunmber equal to or
greater than 1. The chargi ng means charges the drops of ink in accordance
wi thxt he charging controlling signal, and the deflecting neans deflects the
dropé‘bf-lnk charged by the chargi ng neans. The record face noving neans
frequency divides the disintegrating frequency signal by a nmaxi numink drop
nunber M per picture el enment obtained by nultiplication of the gradation
nunber n by the density coefficient mto produce a picture el enent
recording frequency signal, and noves a” rebord face of a record medium
relative to the deflecting nmeans_ at_a speed in Eccg{gance with the picture

el ement recor Fﬁ@gfﬁﬁﬁﬁﬁh c§P stogn@ . 3VV1h't%§ th redéfdi ng-a tus of
t he conti nuou et by wvariably sett t he densi coeff|C|ent m from
the outsi do - EHE RBRGhIA SRR bR b bssrﬁfcnawé¥=5| gfsad to or
appropriate applied ink anmpunt). with whjch an_ appropriate density can be
f)bfgl ngd can Sgp@&f‘tro’ﬁ rf ')W NI LRE | Reap oFggFiE@swi ?‘ﬁ i obs of

characteristi ?H?‘f id raeccoorxddar;}e um%segle %anggggoébn%ﬁg%gq gj ?tig ng.ordl ng

appar at us of e conti nuous y pe I's a record

an image in aQn%pE%%P@é¥f%é¥¥H%tm%éﬂhfﬁﬁ?f@cts the drops of ink .

} éhamgéd by the charging means. The record face moving
means frequency divides the disintegrating frequency
"signal by a maximum ink drop number mn per picture
'element obtained by multipllcation of the gradation
number n by the density coefficient m to produce a
picture element recording frequency signal, and moves a
record face of a record medium relative to the
deflecting.means at a speed in accordance with the
picture element recording frequéncy signal.

With the ink jet recording apparatus of the
continuous jet type, by variably setting the density
coefficient m from the outside, the maximum ink drop
number mn per picture element (appropriate applied ink
amount) with which an appropriate density can be
obtained can be controllea in a wide range in accordance
with a characteristic of a record medium used.
Accordingly, the ink jet recording apparatus of the
continuous.Jet type is advantageoﬁs in that it can

rgcord an image in an appropriate density on any of



~various record nedia. Particularly where the density coefficient mis set -
to 2, a transm ssion inmage of a good i nage density can be recorded onto an .
OHP film The above and ot her objects features and advantages of the

present invention will becone apparent fromthe follow ng description and

t he appended clains. taken in conjunction wth the acconpanying dramnnggéln
which like parts or elements are denoted by like reference characters.

BRI EF DESCRI PTION OF THE DRAWNGS FIG 1 is a diagramatic representatlon

of an ink jet recording apparatus of the continuous jet type showing a . -
~preferred enbodi nent of the present nVénfion: and FIG 2 is a similar view
but showi ng a conventional ink jet recordlng apparatus of the contlnuous

jet type. BES'GNWSTI’G\FQ]:‘* THEd PREFERREDL ENBEDL VEMIeRef e ensd 11 G s
there is shown an ink j recordlng appar atus of the continuous jet type to
whi ch the @Q£££ﬁ°§%ﬂ&wﬂ|%m 3t abpl fed? ETABSBAASIAROUSFES afye ink j et

recor di ng appay at us sh cl udes as rincipal - onents t her eof ,
sinilarlg é@P:La d%ns1 y can be reccrdgd ontg an, ng . .

The above and other cbjects.ufeatures and
advantages of the. present invention will become apparent_*
from the following description and the appended claims
taken in conjunction with the accompanying drawings in
which like parts or elements are denoted by like

reference characters

BRIEF DESCRIPTION OF THE DRAWINGS

‘FIG. 1l is a diagrammatic representation of an
ink jet recording'apparatus of the continﬁcus-jet type
showing a preferred embodiment of the present lnventlcn:
and | _ |
FIG. 2 is a similar view bnt.showing a
conventional ink jet recording apparatus of the -'}' B .':‘dﬁ

continuous jet type.

DESCRIPTION OF THE PREFERRED EMBODIMENT -

Referring to FIG. 1, there is shown an ink jet
recording apparatus of the continuous jet type to which
the present invention is applied. The continuous jet

type ink jet recording apparatus shcwn includes, as.



conventional continuous jet type ink jet recording apparatus described
herei nabove, a nozzle 1 to which ink under pressure is supplied by known
means not shown, an ink electrode 2 for connecting the potential of the ink
in the_nozzle 1 to the ground potential |evel, a piezoelectric vibrating

el enegt, 3 mounted on the nozzle 1, an oscillator OSC for generating a

di si nteeegr at i ng frequency signal [err] having a fixed disintegrating
frequency [err] a vibrating elenent driver CD for anplifying the

di sintegrating frequency signal fd fromthe oscillator OSC to drive the
piezoel ectric vibrating el ement 3 and symch€®orrously disintegrate an ink jet
a controlling electrode 4 having a circular opening or a slit-1like opening
coaxial with thpainzizpal lcémponents vimgraothasgmhdacdot msl lisnghsi gnal to
control charging of the ink jet in accordance with i mage data, a grounding
el ectrode 5 di yoseshtioiabneontinbeusohetotypagiskedetodechraimgyr ounded
itself, a knife edge 6 nmounted on the grounding electrode 5 a deflecting
power- source 7 arpakrftustdesce}eed rheieenebanect adnegzdige lddm abdioly iduwer
source 7 for cooperating with the grounding e|lectrode 5 to pro?#ﬁf

t her ebet ween a#ﬂqﬂ%ﬁﬂﬁﬁ%ﬁﬁﬁﬁr¥%f¥?%¢ﬂiﬁérgﬁnHPEHPaPeﬁBS notn sho¥n.qran
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rotation of a'¥¥e¥ﬂé nozzle 1 to the gfound potential level, a -
_pieioelectric vibrating element 3 mounted on the nozzle
N\ - 1, an oscillator 0SC for generating a disintegrating
frequency signal f4 having a fixed disintegrating:
frequency fu..a vibrating element driver CD for
amplifying the disintegrating frequency signal f« from
the oscillator 0SC to drive the piezoelectric vibrating
element 3 ahd synchronously disintegrate an ink jet, a
controlling electrode 4 having a circular opening or a
slit-like opening coéxial with the nozzle 1 for
'receivlng a charging coqtrolling signal to control
i./ chargigg of the ink jet in accordance with image daté. a
- grounding electrode 5 disposed in front of the |
controlling electrode 4 and grounded itseif. a knife
edge 6 mounted on the grounding electrode 5, a
deflegting power source 7, a deflecting electrode 8
connected to the deflecting power source 7 for
cooperating with the grqundlng electrode 5 to produge

therebetween an intense electric field perpendiéular to



drum DR, a pul se width nodul ator PWM for nodul ating picture el enent data in
synchronismwi th an encoder clock signal [err] froma shaft encoder SE
coupled to a shaft of the rotary drumDR into a width of a pulse in
synchronismw th the encoder clock signal [err] and the disintegrating
frequency signal [err] outputted fromthe oscillator OSC, a high vol-;_,:t__%ge
n-the

A

switch HVS for converting a charging controlling signal outputted from:the
pul se wi dth nodul ator PWMinto a high voltage,.a frequency divider DV 'for "
frequency dividing the disintegrating f{équency signal [err] outputted from
the oscillator GSCto 1/n (n is a positive integral nunber), and a drum

not or contamlinkgiet rElyindMkisnto def hect e charmgednink drop o taheor DRM

coupl ed t t otear y. dru 0 didm R i -apped
ar ound thgg%%@?ﬁ(ﬁ%gskg%e 5|an%l %t nrhgcli&rrlfr%%lgr%uggg} |-°§§'rn 1
di ffers fréhexeinppictunet element dats forere iIrohathan ofnal mio¥lany MP i s

i nt er posedyRgh e, 4 [Puldd Wit Hodil AtuY (BiM RS hodudalt iR piditnre™VM

and a frequency converter FC is interposed between:the frequepcy divider DV
and the dredemeRbrdzta:in SYRGREPRLIER VERE an eperdey eleckigigmlnfran be
;/ari ablhy Sﬁoxpgabe]g:bftf éﬂtﬁ:ldéﬁ']ESW baﬁp_wadartd_'-tdwesﬂaﬂﬁuoﬂ.c%neoww FC
romthe oytsi L0r__exanpl r an_qperation, panel or_by a _hosgt '
conput er. %’f%esﬁhé”(}roaoﬁw 6ﬁthur#renra np'(‘gﬁet A& f%ﬁ%ﬁ%%sﬁ*ﬁt ?’g’ﬁ of the
cont i nuouseneodeypeliock jsignakofgi apdame disintegiat ings requenoyi nent
n represe r 2dat QR L1 dEP | I{7i1%% dr o al e  density
coeffi ci e%f%\ﬁ%gné%gh;tg’& to. a?l)aor' ﬁ:th%a?%%&r%\%fd#he ! a. ﬁ'i% %ﬁ'g%e. _
switch HVS for converting a  charging controlling signal 9
outputted from the pulse width modulator PWM into a high -
voltage, .a frequency divider DV for frequency dividing the
disintegrating frequency signal f; outputted from the
oscillator OSC to 1/n (n is a positive integral number),
and a drum motor controlling circuit DMC controlling the
rotation of a drum motor DRM coupled to the shaft of the
rotary drum DR. A record medium RM is wrapped around the

‘rotary drum DR.

The ink jet recording apparatus of Figure 1 differs
from the prior art apparatus of Figuré 1 in that a
multiplier MP is interposed between the line buffer LB and
the pulse width modulator PWM, and a frequency converter FC  \/
is interposed between the frequency divider DV and the drum
motor controlling circuit DMC. A density coefficient m can
be variably set to both of the multiplier MP and the
frequency converter FC from the 'outside,. for example, from
an operation panel or by a host computer.

Since the -gradation number n (in the following
description of the continuous jet type ink jet recording
apparatus of the present embodi'me'nt, n represents' a
gradation number) is a positive integral number, the
density coefficient m can be set to an arbitrary one of the
values m = 1, 2, 3, ... and 1/2, :_1/3, 1/4, +++ Under the



values m=1, 2, 3, ... and 1/2, 1/3 1/4 ... under the 12 condition
that the HHX|nun1|nk dr op nunber - per plcture el ement (in the fol | owi ng
description of the continuous jet type ink jet recording apparatus of the
present embodi ment, in represents a maxi mumink drop nunber per picture

‘el enegt) is an |ntegral nunber equal to or greater than 1. In operation,
the o C|Ilator OSC oscillates in a fixed disintegrating frequency [err]
‘and outputs a disintegrating frequency signal [err]. The vi brating

‘el enent driver CD anplifies the disintegratiji frequency signal fd fromthe
oscillator OSC to drive the piezoelectric vibrating elenent 3 and
di sintegrate ancohllijtdionethatedHte miimmoiﬂkediopnhumbe&emgaeﬁ pnkture

drops in synchr b_t ency.si.gnal_[.err

Veanuhi e, the BAERRBL SimEAR, Fo1bvERS adber LBEHERIE iY Poniaens ek,
the |ine buffertypei ianky]hehrmﬂ:enqurappiu'e‘huecmt the)q:lreae;ﬂalen{mdijmém
the shaft encod fst 05t o h ar.

density coeffi cﬁ%nsgrerﬁggtggﬁhere?o e %ﬁit{sf%fag d‘%})ut put ?%ﬁe pro&bc‘?
as an ink drop ﬁ&ﬁ@éﬂtbe#spﬁét&ﬂ&eérﬁﬁeﬂpm er equal to or greater than 1.

In operation, the oscillator OSC oscillates in a
fixed disintegrating frequency f; and outputs a
disintegrating frequency signal £f,.

e oy
T

jL i )



The pul se wi dth nodul ator PWM generates a charging controlling signal
havi ng a pul se width, which increases in proportion to the ink drop nunber
per picture elenment obtained by nmultiplication of the picture elenent data
by the density coefficient mby the nultiplier MP, in units of the:perd-od
of the disintegrating frequency signal fd in synchronismwth the éng@%ér
clock signal fE. The pul se wi dth nodul ator PWM applies the thus generated

chargi ng control signal by way of the high voltage switch HVS to the .
controlling electrode 4 to charge the ink jet fromthe nozzle 1. -
Meanwhi | e, the frequency divider D\ djaides the frequency of the

di sintegrating frequency signal [err] by the gradation nunber n and out puts

the resulted sighathe Wb Fd EMENEVemORY edf ¥e FCHUsRPEL fdb¥i das t he
frequency of the output of the frequency divider DV by the density" -

coef fi ci emti shretekradtt ing Sfreequearicy es pgeaknfs r teomdihg bseqliacyrsi gna
fd/ i obtained by the frequency division. The drumnotor controlling
circuit DUSC doeidreisve Mcheimitanae kdatmeie viboating élegeshcy andnal fd/ mm
outputted fromthe frequency converter FC as an instruction input and the
encoder clddedndiegrate RIf righh that stmifttehchboer Hre anoazleelibdnkoi aput and
controls the rotation of the drum notor DRM coupled to the shaft of the
rotary dr 8@roRss®f Hetk tdrons |t jomehgrgiss |vith the | o

disintegrating frequency signal f¢.  . |
Meanwhile, the multiplier MP multiplies picture .-iwy
element data read out from the line'buffer LB in |
synchronism with the encoder clock signal f:.from the
shaft encoder SE ébupled to the sh#ft of the rotary drum_
DR by the density coefficient m set thereto from the
outside and outputs the product as an ink drop number
per picture element.
The pulse width modulator PWM generates a
charging controlling signal having a pulse width, which
increases in proportion to the ink drop number per _
picture element obtained-by multiplication of the .\'}
picture element data by the density coefficient m bi the |
multiplier MP, in units of the period of the
disintegrating frequency signal f¢ in synchronism with
the encoder clock signal fe. The pulse width modulator
PWM applies the thus generated charging control signal
by way of the high voltage switch HVS to the controlling

electrode 4 to charge éhe ink jet from the nozzle 1.



[err]/m may be satisfied. Now, when it is tried to produce, as an exanple.
areflection print of 16 gradations on ordinary paper with the

di sintegrating frequency fd of [err] Hz, the gradation nunber n is 16 and

t he density constant mis 1. and accordingly, the picture elenent recording -
frequepcy fd/m is 62.5 kHz and the tinme nmm/[err] allotted to recording of
one prcture elenent is 16 [err]. In this instance, picture el enent data of
the line buffer LB are -15- data of 4 Iyt s—per picture el ement.
Subsequently, recording of the same image as a transm ssion i mage havi ng an

appropriate density onj@,aRnh®rk, f the WrbhubRcyeaiviiled: pv ldl vilie: 1 £1pd ance,
If it is assuned that an appropriate transmssion density is obtained with

. the doubl e ampdq@énefhgtednenbisiieBghhe1d@ngirblyuen’h isQighdll Myl Hypet to
. 2. \Wien the density coefficient mis set to 2 since the gradation nunber

. n remai ns equathé ogdddatbenphahbee fl eAENbukpededithe reeguardy sfidfddl.i s

: 31. 25 kHz, and consequently, the speed of rotation of the rotary drumDR is
reduced to one half thBhewfieaqukecsgiensnivgriceef FCcifantheri il iaked tthee ti me
m/fd allotted to recording of one picture elenment is 32 [err] which is

twi ce that forfpequencyonfotha putbutt péntpei Arequepsnwidiiivd derhdVoibot ur e

el emrent data of the line buffer LB are doubled by the multiplier M

the density coefficient m and outputs a picture element
recording frequency signal fd«/mn obtained by the

frequency division.

The drum motor controlling circuit DMC receives
the picture element recording frequency signal f¢/mn
outputted from the frequency converter FC as an
instruction input and the encoder clock signal fg from
the shaft encoder SE as a feedback input and contrdlé
the rotation of the drum motor DRM coupled to the shaft
of the rotary drum DR so that the relationship fg =
fq/mn may be satisfied.

Now, when it is tried to produce, as an exémple.
L_) a reflection print of 16 gradations on ordinary paper

with the disintegrating frequency f« of 10% Hz, the
gradation number n is 16 and thé density constant m is

.1, and accordingly, the picture element recording

frequency fd/mn is 62.5 kHz and the time mn/fq allotfed

to recording of one picture element is 16 gsec. in this

instance, picture element data of the line buffer LB are



so that they are converted fromdata of 4 bits/picture elenent into data of ”
5.bits/picture elenment ( [err]= 32 at the maxi num. Consequently the pulse
wi dth of the charging controlling signal after conversion by the pul se

wi dt h nodul at or PWM changes from 16 [err] at the maximumto 32 [err] af~the
maxi mrum and the maxi nrumink drop nunber nm allotted to recording Ofﬁ@Q?

pi cture el ement changes from 16 drops/picture elenent to 32 - 16 -
drops/picture elenment. In.this manner, only by setting the density oo
coefficient mto 2 fromthe outside, the picture elenent recording tine .
m/fd is increased to twice and al so- tf§ fmxi mum i nk drop nunber per '
picture elenent allotted to recording of one picture elenment is

si mul t aneodsity iofcdeddds tpernt wiicturande eventli ngl y, a transmi ssion i nmage
havi ng an appropriate density is recorded onto an OHP film It is to be
noted that, while Swdsgmirentlon dgfeqdrdiguitohiuthe jametimege nks| @t _
recordi ng apparatus of the present enbodi nent when the density coefficient
mis equal trénsuiss Lede i tadsc Maydd & fdy @ PRIPRTEREe cdendEtY centelednwi th an
appropriate_density on _any of various record nedia by variably setting the
density co8fPi diidm whidnder deserdhnd -t i o dEuks i RSt aneRe. i Byl thesway,

whil e the continuyous jet type ink _ :
. assume% fiét an.%%propriate transmission density is

obtained with the double amount of adhered ink, then the
density.coefficient m is set to 2. When the density QJ)
coefficient m is set to 2, since the Sradatioﬁ number n o
remains equal to 16, the picture element recording
frgquency fa /mn 15'31.25 kHz, and consequently, the

speed of rotation of the rotary drum.DR'is reduced to

one half that when the density coefficient m is 1 and

the time mn/fs allotted to recording of one picture
element is 32 pusec which is twice that for production of
a reflection print. Meanwhile, the.picture element data .
of the line buffer LB are“doubled by the multiplier MP

so that they are converted from &ataﬁof 4 bits/pidthre . 'QJ
element into data of 5 bits/picture element (2% = 32 at -
the maximum). Consequently, the pulsé width of the

chargipg controlling signal after cdnversion by the

pulse width modulator PWM changes frbm 16 usec at the

maximum to 32 sec at the ﬁaximum. and the maximum ink

drop number mn allotted to recording of one picture.

element changes from 16 drops/picture element to 32 °



j et “recordi ng apparatus of the present énb_odi ment i s described including
the multiplier MP and the frequency converter FC. the present invention is
not limted to the enbodi ment of the specific construction described above.

For exanple, instead of nmultiplying picture elenent data of the line
buf fey LB by the density coefficient musing the nmultiplier M, picture
el ement data may be witten into the line buffer LB after they are-

mul tiplied by mby a controlling circuit not shown of the continuous jet
type ink jet recording apparatus. O else, picture elenent data nmultiplied
by m by the host computer may be transfertled-to the continuous jet type ink
jet recording apparatus. Further, the frequency divider DV and the
frequency condecpsrpECtvme led ememitaced by a single conbined frequency
converter which produces a picture elenent recording frequency signal
[err]/m from a di si nflégrtdilisndgamnequetil BikjhAefingukhhedeSEtyvhile a
continuous jet type ink jet recording apparatus, of the Hertz type wherein
charged i nk dF8Ed fdrcd edds e d IF@ sy A B ot R LRtur fke LeBpRE ar e

used for recording js described jn the enbodi nent, the present_invention
can natural | y"ﬁ&°§ﬁ‘6l"‘iged‘ltm€ Bt itfud e RS §9) pif iW‘f%ta? el nblr‘]e

apparat us of e \BHSct 2 B ol Sl Phr DRSPS OFF1 8 L0858V

recording of one picture element is simultaneously

increased to twice, and.apcordingly. a transmission
image having an appropriate density i§ recorded ontq an

OHP film.

It is to Be noted that, while the operation of
the continuous jet type ink jet recording apparatus of
the present embodiment when the density coefficient m is
equai to 2 has been described above, an image can be
recorded with an appropriate density on any of various
record media by variably setting the density coefficient
m under the condition described above.

g_/ : By the way, while the continuous jet type ink
jet recording apparatus of the present embodiment is
described including the multiplier MP and the frequency
converter FC. the present invention is not limited to
the embodiment of the specific construction described
above. For example, instead of multiplying picfure
element data of the line buffer LB by the density

coefficient p'using the multiplier MP, picture element



recordi ng. CLAI M5 1. An ink jet recording apparatus of the
continuous jet type, conprising: disintegrating frequency signal. generating
neans for outputting a disintegrating frequency signal having a frequency
fd; disintegrating neans for disintegrating a jet of ink into a series_®f
‘ink drops in synchronismw th the disintegrating frequency signal; puI§E§
wi dth nodul ating neans for producing a charging controlling S|gnal ety
conprising a Series of pulses each of a wwdth corresponding to a respectlve“*
integral number nd of periods of the disintegrating frequency signal, where
the nunber nd for any such pul se conprkaes t he product of a picture'erenent
data nunber d specific to that pulse a presented by picture el ement data
presenting neans and a density coeff|C|e t m st. red LE éEnSIt coefficient
d

storing medisa Maheaphatbten, inbanthe of 198 PRAGSTh EPTythB8Ei i ci ent
char gi ng O dmﬁé‘s' tlyxemﬁe%'éé@?ﬁ%i%é’”m?}ﬂfﬁ‘ﬁiéaﬁg%?hﬁgsoﬁﬁ%p{ g
hargl ng mednene, AT COR At Pl plr bl To E8Re HebOsabharARRg L *'
Or else, picture element data multiplied by m by the '
host computer may be transferred to the continuous Jet
type ink jet recording apparatus.
Further, the frequency divider DV and the G*)
frequency converter FC.may be repleced by.e single
combined frequency converter which produces a picture
element recording frequency signal.fe/un.from a
dislntegratiné frequency signal fd -
Furthermore, while a continuous Jet type 1nk Jet
recording apparatus of the Hertz type wherein charged
ink drops are deflected and removed aud non-charged ink
drops are used for recording is described in the
embodiment, the present'inventlen can naturally be L;i
applied fe a continuous jet type ink'Jet recerding | )
apparatus of the sweet type wherein non-discharged ink
drops are removed but charged ink drobs are used for

recording.



record nmedium providing a recording surface extending through a target area
of said ink jet, to receive ink drops fromthe ink jet;
noving the recording surface relative to the ink jet,
pi ctyre.el ement areas .on the recording surface successi qmlmﬂmmﬁmwnL
targrls area, and notor control neans controlling said not:or cneanss suc

t he hotor neans noves such recording surface through said target area at a
rate which is 19 proportional to the freﬂggncy?F-of a picture el enent
recordi ng frequency signal produced by freq cy dividing neans which
receives said disintegrating frequency signal fromsaid disintegrating
frequency si gf3AIMEher ati ng neans and said density coefficient data from
said density coefficient storing neans and providing said picture

el enment recording frequency signal with a frequency corresponding to fd/ mm
where n.is a predeternined integer, and wherein the apparatus is so

arranged that 15ai d pulgesih® tlee @w&md@ap?aﬁt?e %?Hﬂie hauﬁtanm:srmm
I sintegrating frequency signa

wi dt h correspagﬂhgg to m erJods of the
wher eby 't he p#d *to the maxi mum nunber of inkdrops which
can be deposited in a ¢ns:integmtehag1t fraquency /eignal| genaratihqigmeans

Sﬁf?reaim”ét e R G e A e
frequency £;; o
disintegrating means for disintegrating a jet of

ink into a series of ink drops in synchronism with the
‘disintegrating frequency signal;
pulse width modulating means for producing a
charging cohtrolling signal comprising a series of pulses
each of a width corresponding to a respec‘(:ive integral
number md of periods of the disintegrating frequency
signal, where the number md for any such pulse comprises .
_the product of a picture element data number d specific to
that pulse and presented by picture element data presenting
means and a density coefficient m stored in density
" coefficient storing means in the apparatus,
means for varying the density coefficient stored in
~ said density coefficient storing means,
W, _ charging means for charging the drops of ink in
.accordance with the charging controlling signal;
deflecting means for deflecting the drops of ink
charged by said charging means; and
record medium supporting means for supporting a
- record medium providing a recording surface extending
through a target area of said ink jet, to receive ink drops
from the ink jet, motor means for moving the recording
surface relative to the ink jet, to move successive picture
element areas on the recording surface successively through
said target area, and motor control means controlling said
motor means such that the motor means moves such recording
surface through said target area at a rate which is



pi cture el ement data nunber d for HwtlmaM%%rwfﬁmﬁmﬂrﬁhepmﬂwe
el enent data presenting neans, by the denS| rand: a. pul se
wi dt h nodul ator for providing the respecti mﬁh“‘e‘! ﬂﬂﬂeﬂl th ‘a wdth
~corresponding to nd periods of the d|S|ntegra eney S|gnal and Fhus
into a charging controlling signal pulse of a pulse wi dth which is w+::f
proportional ta the output of said multiplier. 3. An ink jet recording.:
apparatus of the continuous jet type as clalned inclaiml or claim 2, K
wherein said record supporting nmeans conpfses a rotatabl e drunldrlven'by-a
drum notor constituting said notor nmeans, said notor control means being
oper abl e t oproparticrial dtom thea faéquencporFi @il a opietdrer eqilell'e'yltl:

20 o 4 moc Shcleasll FARIAAP BPAARE' e ORERAIND £ oodlahiy Lal0Theyg So ¢

record ﬁEdIUﬁ]SUppO arota ven:
not or neans neamswwixiain mqlwsntsnag digintegratingretraquencyi sngual

therewi t h a@?oﬁr LRl d Y RSRIHCF | Sghs) WibflePUE SRS hins
i ncrenents o rotatlon o the um~ t he, ot or neans elng arranged
to control tQQﬁ £Hirient E? [E¥PM ofaide dePRARY from

said shaft e:wtfarclws storimp akiis t and/ nProvidihgr esaidai giptuge

wi dt h nndulaé ﬁ ans | S ranggg tQ receive sai,d s qels fr9n1sa|d shaft

encodeér %ai %ﬂEPBFxg f&ﬁpf&llqé}

: correspondlng to fy;/mn where n 1s a predetermlned 1nteger,_
and  wherein the apparatus is so arranged that said pulses:
in the charging controlling signal have a maximuﬁ*widthw-\iJ
corresponding:to mn periods of the disintegrating freguency' |
signal, whereby the product-mn:corresponds.to the maximum
number of inkdrops which can be deposited in a picture
element. '

2. An ink jet recording apparatus Ofﬁthe-ebntinuous
jet type as claimed in claim 1, wherein said pulse width -
modulating means includes a mu1t1p11er for multiplying thes.
picture element data number d for the time being presented

by the picture element data presenting _means,' by the
density coefficient m, and a pulse width modulator f.'or.
providing the respective said pulse with a 'widthr_
corresponding to md periods of the disintegrating frequenCYs ,kud'
signal and thus into a charging controlling signal-pﬁlsé'ef |
a pulse width which is proportional to the output of said
multiplier. ' ' |

3. An ink jet recording apparatus of the continuous’
jet type as claimed in clain i or claim 2, wherein'said'

. record supporting means comprises a rotatable drum drivene
by a drum motor constituting said motor means, said motor:
control means being operable to rotate said drum at a rate
proportional to said frequency F.



sirgnalﬂ pul ses in synchronismwith said signals fromsaid shaft encoder————

means. 5. An ink jet recording apparatus as cl ai ned |{”ﬂ

claimwherein the density coefficient can be set to a firs "'mﬂyim ,’"“"’
recordizng on paper and can be set to a value equal to twice*sard firs

val uegfor recording a transm'ssion i mage on filmfor: an overhead proj ector.
6. - .An ink jet recording apparatus substantlally as hereinbefore
described with reference to and as shown in Fl.@”e 1 of the acconpanying

dr awi ngs.

4. ~ An ink jet recording apparatus ac'cording to claim

1 wherein said record medium supporting means comprises a

rotatable drum driven by said motor means and wherein saigd

drum has shaft encoder means associated therewith and

arranged to provide successive signals with successive”

increm'ents of rotation of the drum, the motor control means

being arranged to control said motor means so that the

frequency f; of the signals from said shaft encoder means is

also equal to f;/mn and wherein said pulse width modulating

means is arranged to receive said signals from said shaft

(O encoder means and to produce said charging controlling

| ' signal pulses in synchronism with said signals from said
shaft encoder means.

x 5. An ink jet recording apparatus as claimed in any
| ~ preceding claim wherein the density coefficient can be set
" to a firs_t“ value for recording on paper and can be set to
a value équal to twice said first value for recording a
transmission image on film for an overhead projector.

6. An ink jet recording apparatus substantially as
_ hereinbefore described with reference to and as shown in
| Figure 1 of the accompanying drawings.




