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Tifle: "Ink Jet Recording Apparatus of the Continuous Jet Type" BACKGROUND

OF THE INVENTION 1. Field of, the Invention This invention relates to an ink

jet recording apparatus of the_ continuous jet type, and nore particularly

to adjq;;nent of an ink jet jetting axis «(nozzle axis) of a continuous jet

type inK jet recording apparatus. 2. Description of the Prior Art Various

ink jet recording appargtus of the contjnuous jet type ar .
conventionalIy-W%Gﬂﬁﬁan_EﬁFh&ﬁﬁxﬂqﬁpﬁﬁiﬁﬁ AEBaEﬁEHﬁI&FYﬁaﬁBQﬂnE&RPPuS Jet Typ
conventional continuous jet type ink jet recording apparatus Is shown in B
FIG 9. Referring to FIG 9, the continuous jet type ink jet recording

appar atus shown includes an i rBAGKEROBNBIOFNTHEBI ENVENK IION acconmodat ed, an

i nk punp 92 for applying a pressure to ink fromthe ink bottle 91 and

sendi ng out thelt h#selddesfuribzedrivénthoni nk t ube 93 for supplying ink:from

the ink punp 92 therethrough, a nozzle 94 having a circular orifice of a

very small dianmeter, anThils dlnagnbien 95eliateboltdi g timk pgetentéadrdfngnk

in the nozzle 94 at a ground level, an oscillating element 96 in the form

of a piezoel ect eppacadiusl &tfi el combinvoust ddtotiypee BodzImo19, an

oscillating elenent driving oscillator 97 for applying
: particularly to adjustment of an ink Jjet jetting axis

(nozzle axis) of a continuous jet type ink jet recording

apparatus.
ij 2. Description qf‘the Prior Art

Various ink jet recording apparatug'of the

continuous jet type ‘are conventionally known -and
practiéélly used. An exemplary ohe of such conventional
continuous jet type ink jet recording apparatus is_shown
in FIG. 9. Referring to FIG. 9, the continuous jet type
ink jet recérding apparatus shown includes an ink bottle
91 in which ink is accommodated, an ink pump 92 for
applying a pressure to ink from the ink bottle 91 and

sending out the thus pressurized ink, an ink tube @3 for

Qf

supplying ink from the ink pump 92 therethrough, a
nozzle 94 having a circular orifice of a very small
diameter, an ink electrode 95 for holding the potential
of ink in the nozzle 94 at a ground level, ;q
oscillating elgment 86 in the form of a piéioelectric,
oscillating element mounted on the nozzle 94, an

oscillating element driving oscillator 97 for.applying



2 an exciting signal to the oscillating elenment 96, a controlling el ectrode’
98 having a circular opening or a slit-like opening coaxial wth the nozzle
94 for receiving a controlling signal to control charging of a jet of ink

a grounding el ectrode 99 di.sposgd in front of the controlling el ectroflg 98
and grounded itself, a knife edge 100 nounted on the grounding el ectrtde
99, a deflecting high voltage dc power source (hereinafter referred to as
defl ecti ng power source) 101. and a deflecting el ectrode 102 connected to

t he defl ecting power source 101 for cooperating with the grounding

el ectrode 99 to produce therebetween an intense electric field
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the ink jet.ang goysi calg PEOREThECR 1Lt ¥o dikfd¥&d 1n front |
of the contrblling electrode 98-$nd gfounded itself. a
knife edge 100 moﬁnted on the grounding electrode 99, a e
deflecting high-voltage dc pdwerJSOurce (hereinaftér B
referred to as deflecting power sburgé) 101, and a
defiecging eieéﬁrodé-lﬂz connected tblthe deflecfing
power ;ource 101 for coopefating witﬁ the grouhding
electrode 99 to produce-therebetweeh.an intense electric
field perpendicuiar to an ink jet fiyiné axis to deflect
- a charged ink drop to'the grounding electrode 99 side.
The thus deflected charged ink drop is flown to a fecord
medium 104 wrappéd around a rotary drﬁm 103. .
In sgch.conventional continuous jet type'ink jet }gj
recording apparatus, ink pressurized by fhe ink pump 92
is introduced by way of the ink tube 93 into the nozzle
94, at which a jet of the ink is formed-frop'the...
orifice. The ink jet is disintegrated intoma tfain of
ink drops with a spontaneous disintegfat;ng frequency

which depends upon a diameter and a flow rate of the ink

jet and physical properties of the ink. 1In this



instance, if the exciting ffequency of the oscillating elenment 96 nounted
on the nozzle 94 is set to a value at or around the spontaneous
di sintegrating frequency, then disintegration will be synchronized with
gxcitatjon of ‘the oscillating el ement 96, and consequently, ink drops of a
very un*forn1size are produced wth the exciting frequency. If such uniform
ink drop train is binary charge nodul ated in accordance with a controlling
signal (recording pul ses) having a phase synchronized with the exciting
signal, then a charged ink drop will be deflected toward the groundi ng
el ectrode 99 side by an action of the deflecting electric field produced by
the deflecting electrode 102 and then cut by the knife edge 100, but an
unchar.ged i nk divptascencdst stheiehei bingr drpausocy offe the resetfdatdonst o
record a dot on the record medi um 104 w apped around the rotary drum 103.
Accordingly, ifelesesdnt3®oinounted gpal the paasleoPledforfet ot dryvaduggat
signal or an inmage signal, then a character or an inage is recorded in_ a
binary fashion 8f eFeunstdrhe rPRRrRSAUs| 18l adeerd tid& rigTePheRFY. ofthen
recording correctly and stably with a contr IIing si gnal, or volta?e
supplied to t heddsAMtAanal o ekt boke ogYnphrpaized  ¥ith xcitaplgpi ad a
sufficient anount of deflection ' .
: the oscillating element 96, and consequently., ink drops
of a very uniform size are prqdﬁced with the exciting
frequency.
If such 'uniform ink drop train is binary charge
|- modulated in accordance with a controlling signal
(record}ng pulses) having a phase synchronized with the
exciting signal, then a charged ink drop will be
-deflected toward the grounding electrode 99 side by an
action of the deflécting'electric field produced by the
deflecting electrode 102 and then cut by the knife edge
100, but an uncharged ink drop advances
straightforwardly above the knife edge 100 to record a
dot on the record medium 104 wrapped around the rotary
drum 103. Accordingly, if the controlliné signal is
made correspond to a printing signal or an image signal,
then a character or an image is recorded in,a binary
fashion on the record medium 104.
In order to control on-off of recording

correctly and stably with a controlling signal or

voltage supplied to the controlling electrode 98, it is



to an ink jet and to set the positional relationship between a jetting axis
of the ink jet (nozzle axis) and the knife edge 100 to an opti mum one. The
anount of deflection of an ink jet is designed, with a conventi onal
continuous jet type ink jet recording apparatus which has been put'iggp
practical use, such that an ink jet is charge nodulated with 40 to 1

volts and the anount of deflection above the knife edge 100 ranges from
0.1 to 0.4 M In order to allow adjustnent of the ink jet jetting axis
(nozzl e axis), a conventional continuous jet type ink jet recording
apparatus whi ch has been put into practical use has such a structure, for

‘exanple, as shown in FIG 10 wherein the nozzle 94 i or urged by a
conpressPBﬁe§§ﬁﬁ%;?EU?TRN@.ﬁl? FHfgﬁélgﬁft?FQﬂﬂﬁaef afgﬁaééﬁﬂﬂustlng

113 so that it d tl t d a.ful ¢rum 111
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designéd. with.a conventional céntinUous Jet t&pe ink
jet recording apbaratus which has been put into
practical use..suéh that an.ink Jet is.charge modulated
with 40 to 150 volts and the amount of deflection above
the kn;fé“gaié-IOD ranges from D.I'té 0.4 mm.

" In order to allow adjuStment'éf.thé ink Jef
Jetting axis (nozzle axis), a conventional continuous
Jet type ink jet recording apparatus which has been put
into préctical use has such a-structﬂfg. for example., as
shown in FIG. 10 wherein the nozzle 94 is normally urged
by a compression spring 112 upwardly in.FIG. 10 to
contact with.an adjdsting scréw 113_so_fhat it can be
independently adjusted around a fulcrum 111 with respect
to the knife edge 100 by means of the adjusting screw
113. Thus, the ink jet jetting axis (nozzle axis) is .
adjusted manually and méchanically.

The amount of deflection of ah-ink jet increases
in proportion to a controlling_voltége.applied'td the

- controlling electrode 98. Accordingly, the pdsifion of



pof nt between ink jet flying axes that the ink jet presents when the
controlling voltage is on and off. However, it is alnbst inpossible to
adjust, in a real machine, the ink jet jetting_-axis (nozzle axis) by
observation of an ink jet flying axis by’nmeans of a m croscope. Actually,
therefore, the continuous jet type ink jet recordi ng apparatus is rendered
operative to performtest printing while the adjusting screw 113- is
operated manual ly to adjust the position of the nozzle 94. Also an ink jet
recordi ng apparatus of the continuous jet type has been proposed and is

di scl osed, for exanple, in Japanese Patent Laid-Qpen Application No. 2-1322

wherein the ammﬁﬁeofm%ug%t@r)té@dixsi@fé;es:&l @no%l@nalxri%)l ats bp e sieh | #EERND
electric field en relative positions of such ink jet and a gutter nenber

(whi ch correspongs badobfi *HRAWNAENEdES 20BNchenedde)s afieh Ca bpegetmand
adjusted is reduced (for exanple, to one half) fromthat when nornal :

recording is perjgifedbe\Whidensuaik cpat i ALUPURig) akekyrhaitnkheetinlecpsti ng
apparatus, a determ nation of whether or not an ink drop collides with the

gutter nmenber caprbeef@@e wheadidlye bontredbnagt vog tagehdsgeomnadto el ect or
to the gutter menber and nonitoring an output of the charge anount
detector. Wth theweerventiitonal hmésubupopetiblypeoi akdjust, in a real
ﬁachine._the ink jet jetting axis (nozzle axis) by
observation of an ink jet flying axis by means of a
microscope.

Actually, therefore, the continuous jet type .ink
jet re?ording appar;tus is rendered operative to perform
test printing while the adjusting screw 11&~1Sno§erated
~manually to adjust the position of the nozzle 94.

. Also an ink jet recording apparatus of the
continuous jet type has Eeen proposed and is disclosed,
for example, in JapaneSe.Patent Laid-Open Application
'No. 2-1322 wherein the amount of substantial deflection’
KJ' pf an ink jet.by a deflectiﬁg electric field when

relative positions of such_ink jet and a gutter member
(which corresponds to or is equivalent to a knife edge)
| are to be set and adjusted is reduced (for example, to
| one half) from that when normal recording is performed.
With such continuous jet type ink jet recording
apparatus._a detgrmination of whether.or not an ink drop

collides with the gutter member can be made readily by



jet recording apparatus described first herei nabove, since actually it is
rendered operative to performtest printing and the adjusting screw 113 is
manual | y operated. during such test printing, to adjust the position of the
ink jet jetting axis (nozzle-axis)4y there is a problemthat such adju§tent
Is qualitative and identification of such-nedium point between ink jet¥-
flying axes as nentioned herei nabove is inpossible. In particular, since an
instant at which an ink jet collides with the knife edge 100 can be
identified in the process of adjustnment, it will be alimt in reduction to
practice to presume a position of the nozzle 94 froma rotational angle of
t he adj ust position of .the knife edge

13 h f h
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adj usti ng §%r nua Y operat e p05|t|on f the

nozzl e 94 mhlle t hg; ggN: hgug%ﬁdéﬁfﬂ&ﬂy&léﬂ%dfﬂ £0J. E igpqgﬁgus S

operating, there is anot . problemt hat nec ani ca dP8 efftical risks
are | nvol et Féﬁ@@f}ﬁrgrspp?m%sad %chrici,eraedmrgfshgpawmv&f adj ust ment
of the po |t|on e nozzle 94 her e

since actually it is rendered operative to perform test
pfinting'and the adjusting screw 113 is manually
operated, during such test printing, to adjust the
positlon of the ‘ihk jet jetting axis (nozzle axis).
there is a problem that such adjustment is qualitative
g

and identification of such medium point between ink jet
fiying.axes as mentioned hereinaboVe is impossible. In
particular, since an instant at which an ink jet
-coliides with the knife edge 100 can be identified in
the process of adjustment, it ﬁillzbe a limit in
reduction to practice to presume a position of the
nozzle 94 from a rotational angle of the adjusting screw
113 with reference to the position of fhe knife edge 100
then. If the adjusting screw ilSIhas'soﬁe backlash,
then identification of the medium-point.ﬁill be'further
inaccurate.

Further, since actually the adjusthg screw 113
is manually operated to adjuet the position of the
nozzle 94 while the continuous jet'fype'ink“jet

recording apparatus is operating, there is another
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isca further problemthat it is uneconom.cal. In addition, it is also

di sadvant ageous that, if an ink jet collides with an end of the knife edge
100 in a record area, then the rotary drum 103 or the like will becone
soiled, On the other hand, with the second conventional continuous jet type
i nk jeﬁ'?ecordlng appar atus wherein the anount of substantial deflection of
an ink jet by a deflecting electric field when relative positions of an ink
jet and a gutter nenber are:to be set and adjusted i's reduced fromthat
when normal recording is perforned since the nunber of paraneters of

defl ect.ion upon adjustrment is only one, there are drawbacks that it cannot
be confirmed by wh

f
adj ust ed, -t hat g"]t]seém fﬁgt?'r"’rﬁﬁ %52 %épys?@l %Irioelm% %%eﬂﬁég g%: ggl ¢ chu'r acy

i s not high th%nvolv%&e mechani cal accuracy is made high, then the
continuous jet type’ink jet recording apparatus will be high in production

cost, and so forth. Espeﬂﬁ%hgmwwes%%e%t tﬁcmdwﬁtleaﬁ%n% med8

|nsulat|ng structure when a charge anount detector Is connected to

gutter menber, %#J@s%&ﬂ@ro@%@ plo® 13114y D 4IRS Sto 2 21 b N4, Hﬁ{eerés a

probl em t hat nuch d lculty and conplication in structure are i nvol ved in
is a further problem that it is uneconomical.

In addition, it.is alsEldisadvantageous that, if
an ink jet collides with an end of the knife edge 100 in
a record area, ‘then the rotary drum 103 or the like will
become soiled.’

Ognihe other hand, with the second conventional
continuous jet type ink jet recording apparatus vherein
the amount of substantial deflection.of an ink jet by a
deflecting electric field wvhen relative positions of an'
ink jet and a.gufter member are to be set and adjuéted
is reduced from_that-when normal recording is performed,
since the number of parameters of deflecfion.upon
KJ adjustﬁent {s only one, there are drawbacks that it

cannot be confirmed by what degree of accuracy the -
amount of.deflection is adjusted, fhat.pregise
adjustment is impossible if the'mechanicalaaccuracy is
-not high, that, if the mechanical accuracy is made high,
then the continuous jet type ink jet recording appafétus
will'be high_in production cost, and sé forth.

Especially, while the gutter member must have an



such insulating structure. SUMARY OF THE INVENTION It is an object of the -
present invention to provide an ink jet recordi ng apparatus of the
continuous jet type wherein the position of an ink jet jetting axis or
nozzle axis can be detected readily with a sinplified construc{ion.
According to the present invention, there 1i.ss provided an ink jet v
recordi ng apparatus of the continuous jet type, conprising: nozzle neans
for receiving pressurized ink and form ng the received pressurized ink into
a uniformink jet which issues fromthe nozzle along an axis of the nozzle
and which ink jet disintegrates into a8train of ink drops; charging neans

I ncl udi ng a controllingﬁglectrode so disposed in relation to such nozzle

nmeans t hainsutagings structuye: (vhen Fusehayas amount: r detegtorchisged to
an ext ent csfihebtearesdthepgattes wemrde FIHIELANS Fattet! READEEC]S

defl ecting ,neans for formng a deflecting electric freld through which said
i nk dropsg’WPYspa§§paF?gr 'g‘gs;'ﬂb si&ifrc%nﬁysolﬁ n§re g@f‘ro ,a%anﬂ i ch
~electric aigfdcuityermmhdcompbicationi dnvgtruritutéuaractinvalvied| dat

char ged |2§ rggﬁuigtingl%ﬁ&&kﬁﬂuﬂﬁrpend'CU|ar to said axis; 9

It is an object of the present invention to provide ..
an ink jet recording apparatu_‘é of the cé___ntinuou_s jet type \“/
wherein the p_osit'ion" of an'-ink- jet jé-tting axis or nozzle "

axis can Dbe detected readily with a simplified
construction. = '

According - to _ th_e_ pi'eseriﬁ;. invention, there is
provided an ink jet recording apparatus of the continuous
jet type, comprising:

nozzle means -for ‘receiving pressurized ink and :
forming the receiveq pressurized ink into a uniform ink jet
which issues from the nozzle along an axis of the nozzle \J
and which ink jet disintegrates into a train of ink drops;

charging means including a controlling electrode so
disposed in relation to such nozzle means that ink drops,
in said train,- paSsing said electrode are charged ‘to an
extent which depends upon the wvoltage ‘applied to said
electrode; ' o _ '

deflecting means for forming a deflecting electric
field through which said ink drops will pass after passihg
said controlling electrode, and which electric field is
perpendicular to said axis and thus acts to deflect charged
ink drops in a direction perpendicular to said axis;
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separating nmeans for intercepting ink drops which have been deflected to
nore than a predeterm ned extent by said field but allow ng ink drops which
have not been deflected by said field to pass; recording signal generating
means for generating a controlling voltage in response to a recording input
signal;‘fest signal generating nmeans for generating a controlling vol t age
whi ch I ncr eases or decreases progressively with tinme over a period;
swi tch neans which in one position, occupied in a test node of the
apparatus, connects said test signal generating neans to said controlling
el ectrode of said charging neans and which, 9 n anot her position, occupied’
in a recording node of the apparatus, connects said recording signal .
generating means to saigeRarating imears cforodnterceptdnchank rdrepanvhigh

e ci1cal | | 3 e ot e o 2SS S haCogTant iy
i i ich hav y said, i ¥ ctin
means connect &9 oTieddy Bk gaddoyd o’p"’éat‘&%s { ¥high; hayey nok bee

el ectric curredeflggtéed by ot df Leldiues i pasgf op cat cher by the charged
i nk drops reaching said drop catcher; and neans for determ ning the
positional relationship between said axis of said nozzle neans and said
separating means in sairecmsdimgpdsigrial rgengrat ingsnéans) for geheratingha

controlling voldaa6 SPP{AFd JDItHYd 4sS! réspddlse to a recording input
signal;

/ test signal generating means for generating a
controlling voltage which increases or decreases
progressively with time over a period; '

switch means which in one position, occupied in a
test mode of the apparatus, connects said test signal
generating means to said controlling electrode of said
charging means and which, in another position, occupied in
a recording mode of the apparatus, connects said recording
signal generating means to said controlling electrode of
said charging means;

_ an electrically isolated conductive drop catcher
| for catching ink drops in said train which have passed by
said separating means; '

current detecting means connected to said
conductive drop catcher for detecting the electric current
supplied to said conductive drop catcher by the charged ink
drops reaching said drop catcher; and

means for determining the positional relationship
between said axis of said nozzle means and said separating
means in said test mode of the apparatus from the value of
the controlling voltage applied by said test signal
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10 generating neans to said controlling el ectrode when a significant change
Is detected in said current. Wth an ink jet recordi ng apparatus enbodyi ng
the invention, since the position of the ink jet jetting axis (nozzle axis)

-

is automatically measured using a controlling -voltage which varies = '
progressively with tinme over a period, identification of a nediun1poi¥ﬁ
between ink jet flying axes provi ded when such controlling voltage presents
its mnimum and maxi num val ues can be perforned quantitatively and readily,
and consequently, the position of the ink jet jetting axis, that is, the
axi s of the nozzle neans, can be adjusited accurately. Further, since such
adjustnent of the ink jet jetting axis (nozzle axis) can be perfornmed while
a rotary dgemeratisyg cmeansectod said unontmalling Electrodeagthem wahi ch

t he nozzl ' 1.1 | L ORaAE Y, - kLcal or electrical
risk |Z§ %i%’lﬁi&# rﬁ? ;aﬁsﬂtﬁ jé%%%%%e%?& i%eglaggsgg?%glltg’uch adj ust nent | can

be performed in a region in which recording does not take place such as,
for exanple, at a honme position of the carriage or. the Iike, there is no
necessity of performng test pripting usi,ng a record nmedi um ich.is
econoni cal . Furt héfiid} &R edBFdFR °§§é‘9 ARPaFAtyR %’BPPQUW]B? ithe ni st .
Further, \inverfiicmKk siice ethe dpogitppar affuthe ink jet jetting axis

(nozzle axis) is automatically measured using a controlling
voltage which varies progressivelY-with time over a period,
identification of a medium point between ink jet flying
axes provided when such controlling voltage presents its \/
minimum and maximum values can be performed quantitatively

and readily, and consequently, the position of the ink jet
jetting axis, that is, the axis of the nozzle means, can be
adﬁusted accurately. '

Further, since such -adjﬁsﬁment of the ink jet
jetting axis (nozzle axis) can be performed while a rotary .
drum on which a record medium is carried or a carriage on
which the n@z#leQ means is carried is stationary, no
mechanical or electrical risk is involved in such
adjustment. Besides since such adjﬁsfment can be performed Q;J
in a region in which recording does not take place such as,
for example, at a home position of-the-Carriage'or the
like, there is no necessity of performing - test printing
using a record medium, which is economical. Furthermore
the recording area will not be soiled by ink mist.

Further, with an ink jet recording apparatus
embodying the invention, as compared with a conventional
ink jet recording apparatus of the ccntinuous jet type as
described hereinabove, since the amount of deflection upon
adjustment varies continuously, it is poésible to identify
by what degree of accuracy the adjustment is made.



enbodyi ng the invention, as conpared with a conventional ink jet recording
apparatus of the continuous jet type as descri bed herei nabove, since the
anount -of defl ection upon adjustnent varies continuously, it is possible to

identif{y by what degree of accuracy the adjustnent is made.
Consequent |y, such adjustnent can be perforned readily w thout any
i nprovenent in mechani cal accuracy. Particularly, since the current

detector is connected to the.conductive drop catcher. to effect detecting of
ajet current, a knife edge need not be constructed in an insulating
structure, and consequently, the ink jet ritordi ng apparatus of the :
continuous jet produced . ilv. The_ahove _and. ot her objects
features and fé/%%%%g%&;tﬁ'tﬁé" [y eggﬁﬁg%ﬁtiﬁﬂnm ¢ PERARE a gﬁ(laalflryom
t he follow ng wikhoutptany, tmproviemeppeived clains, taken in conjunction

wi th the acconmpanying draw ngs in which |ike parts or elenents are denoted
by like reference characters. BRI EF DESCRI PTION OF THE DRAWNGS FIG 1 is a
di agrammatic representation of a continuous jet type ink jet recording
appar at us show ng
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a first preferred enbodi ment of the present invention: FIG 2 is a graph
showi ng a rel ationship between controlling voltage instruction data froman
MPU of the continuous jet type ink jet recording apparatus of FIG 1 and a

controlling voltage: FIG 3 is an illustration showi ng a relationship =
between a knife edge and a controlling voltage in the continuous jet type
i nk jet recordi ng apparatus of FIG 1: FIG 4 is a circuit diagram

showi ng a current detector, a square wave generator and a synchroni zi ng
signal generating circuit suitably enployed in the continuous jet type ink
jet recording apparatus of FIG 1; FIG 5 is a timng charge illustrating
operation of the current detector, square generator and synchroni zi ng

si gnal geRechamiczl reeFErafIwn FRTHIGUILr .G sbnee hg syrdifmtic
representation of another continuous jet type ink j'et recording apparatus
showi ng a 98P rit ef PRACEABdit e il fcAHI G LERNETPRVERLRET FHG 7 is a
gr aph shomﬁqg a relationship _between a tine and a cgntrglling vol t age

out put t ed efff®fta detPebbRR RAva d&fecttdrent thekRbhei A8Ss Maad (B i nk

jet recording apparatus of FIG 6: :
J %e %ogg%ructed_in an insulating structure, and. -

consequently, the ink jet recording apparatus of the
continuous jet type can be prodﬁced readily.
The above and other objects, features and

advantages of tlhe present invention will become.apparent

ffaﬁ'tﬁ;;fﬁﬂioﬁiﬁg description and the appended clainms,

....... o

taken in conjunction with the accompanying .drawings in
which like parts or elements are denoted by:like .

reference characters.

BRIEF_DESCRIPTION OF THE DRAWINGS

FIG. 1 is a diagrammatic representation of a
continuous jet type ink jet recording apparatus showing
a first prefgrred embodiment of the present invention:

FIG. 2 is a graph showing a relatibnship between
controlling voltage instruction data from an MPU of the
continuous jet type ink jet recording apparatus of
FIG. 1 and a controlling voltage: e |

FIG. 3 is an illustration showing a relationsﬁip
between a knife edge and a controllihg voltage in the

continuous jet type ink jet recording apparatus of



FIG 8 is a diagrammatic representation of a further continuous jet type
ink jet recording apparatus showng a third preferred enbodi nent of the
present invention: FIG 9 is a diagrammatic representati on of an exenplary
one of ,conventional continuous jet type ink jet recording apparatus: .and
FIG 10" s an adjusting nechanismfor a nozzle of the continuous jet type
ink jet recaording apparatus of FIG 9. DESCRI PTI ON OF THE PREFERRED

EMBODI MENTS Referring first 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 of the present
enbodi nent includes a nozzle 1 having an orifice having a very snall

di ameter, an i nkl@ edtrode 2 for holding the potential of ink in the nozzle
1 at a ground level, a controlling electrode 3 having a circular openfng or
a slit-like opening coaki& Wi tf thef syl 41aRH2PeEBOYIIRE £ OHITSPEi ng
signal to control charging of a jet of ink gﬁssing t he openi t her ei n,

a
groundi ng el ect$®HRCECH sBoSAYHTE FHOIR HFD %tEBnPPBIPiﬁdqﬁ A HERE and

[ | f koi f h [ I 4.
grounded i teel T, o ki T2 2008 5 OUTLES, o1, L PE, 95 9RdL 18, 2Py o 4 @

continuous jet type ink jet recording apparatus of
FIG. 1: )

‘FIG. 5 is a timing charge illustrating operation
of the current ‘detector, square generator and
syncﬂfonizfng éiéngl generating circuit shown:in FIG.-4; .:.

| FIG. 6 is 5 diagrammatic representation of -
another continuous jet type ink jet recording -apparatus .. - .._
showing a second preferred embodiment of the present
invention:

FIG. 7 is a graph showing a relationship between
a time and a controlling voltége outputted from a saw
tooth1wave_generator of the continuous jet type ink jet
_recording.agparafus of FIG. 6:

FIG. 8 is a diagrammatic represeﬁtation of a
further continuous jet type ink jet recording apparatus
showing a third preferred embodiment of the present
invention: -

FIG. 9 is a diagrammatic repregentation of aﬁ

exemplary one of conventional continuous jet type ink

jet recording apparatus: and



dc power source (hereinafter referred to as deflecting power source) 6, a
deflecting électrode 7.connected to the deflecting power source 6 for
cooperating with the grounding el ectrode 4 to produce therebetween:an
intense electric field perpendicular to an ink jet flying axis to -
deflect a charged ink drop to the grounding el ectrode 4 side, a conduéﬁfve
drop catcher 8 disposed at a hone position of a carriage (not shown), on
which the nozzle 1 is carried, in front of the grounding el ectrode 4 and
the deflecting electrode 7 and serving also as a detecting electrode, a
shielding line 9 connected to the conductive drop catcher 8, a fulcrum 11l
for the nozzle 1, an adjusting screw 13 for adjusting the position of the
nozzle 1 (inclinatF&f- oflladsad@ns adientingzreshanisa damraseesrRlispring 12
for urging the nozzle 1 to contact with the adjusting screw 13 to all ow
adjustnenwiﬁthﬁecﬁﬁiiP§°Pﬁnﬂ%?mﬁ%ﬂfUEPFnQe§cF@ﬁ9E§%QSr%kb?ﬁ?ﬁgssignm
generator PSG _a high voltage swwtch HYS to which the recording signa
gener at or ¥53&'1G. c8nnected, a digital to analog (D/A) converter DAC
connected to a mcroprocessor (MPU) not shown which serves as controlling
means, a high voltage anplifier HVA connected to the digital to anal og
converter DAC, a switch | L YE annecting. one gf'the hi gh

vol tage switch HvSRES&R Do ENBOVINENT

Referring first to FIG. 1, there is shown an ink

jet recording apparatus of the continuous jet type to _ Qj

which the preséhf invention is applied. The continuous

-~

jét E;ﬁtﬁiﬁiégétﬁrepording apparatus of tBevpresanf;:

-embodipent i;cludes a nozzle 1 having an orifice having
a very small diameter, an ink eleéfrode 2 for holding
the potential of ink in the nozzle 1 at a ground level,
a controlling electrode 3 having'a'cifcular'opening or a
slit-like opening coaxial with the nozzle 1 and
receiving a controlling signal to control charging of a
jJet of ink passing the opening therein, a grounding
electrode 4_dispoéed in front of the controlling -
electrode -3 and grounded itself. a knife edge 5 mounted
on the grounding electrode 4, a deflecting High voltage
dc power source (hereinafter referred to as deflecting
power source) 6, a deflecting eiectrode 7_cohne§ted to
the deflecting power source 6 for cooperating with the

grounding electrode 4 to produce tHerebetween én'intense

electric field perpendicular to an ink jet flying axis



the controlling electrode -3 in response to an instruction signal fromthe
MPU, a current detector CD connected to the shielding line 9, and a square
wave generator SWG for generating a square wave in response to an out put
of the;current detector CD and outputtirlg’the thus generated square wave to.
the MPO” In order to adjust the ink jet jetting axis (nozzle axis) with the
continuous jet type ink jet recordi ng apparatus of the construction

descri bed above, rotation of a rotary drum (not shown) around which a

record nmediumis renovably wapped is stopped first, and the carriage is
noved to and stopped at the home position. Then, ink is pressurized by

means of an ink punP not sho and, i ntroduced by way o I nk t.ube

y y of aH be no

shown into th&hdtetkeatsd cREFeedAniHidroR FAKthE FEPLBG A ALERETRIS! e
1. The continuous,jet type . nk jet recordi apparatus is thys I nt &i ned
in a nornal c&‘ncﬁjt‘?%-n.'adglgf‘ﬂé‘c&iﬁ’eer a%,c%lﬁglbggi'gl g%?ﬁasgﬂeﬁ&ntan?}ﬂﬂe
shown) nounted on the nozzle 1 is exci{edtb¥ an gscillabiog frequengylequal
to or around ®%HbhtoMedlis2drariidfat ihyt 13RtRALy OBt YAA Ay EheM02Z1e
Consequently, the ink jet ,jetted fromthe, nozzle 1.is disintegrat I n
synchront sm it TRAERTEEPEh OF (ROTRCH | BOF o SHARARE . o7 REER PG dhdTd on,
the NPU wihi ch Servese PgcEoRt 1ld i dBaT [haSkeFhERgeR108Ch s he Switeh St

detecting electrode, a shielding line 8 connected to the

conductive drop catcher 8, a fulcrum 11 for.the ﬁozzle

1, an adjusting screw 13 for adjusting the position .of

the nozziewiﬁﬁfnélin?tion of an axis of the nozzle 1), a
compfesgion spring 12 for urging_the nozzle 1 to contact
‘with the adjusting screw 13 to allow adjustment of the
nozzle 1 by the adjusting screw 13, a recording signal
generator PSG, a high voltage switch HVS to which the
recording signal generator PSG is connected, a;digit#l
to analog (D/A) converter DAC connected to a
microprocessor (MPU) not shown which serves as
controlling-mgans. a high voltage amplifier HVA
connected to the digital to analog converfer DAC, a;
switch SW1 for selectively connecfing one of the high
voltage switch HVS and the high voitage amplifier HVA to
the controlling electrode 3 in response to an’
instruétion_signal from the MPU, a current detector CD
connected to the shielding linesgf-aﬁd a square wave

generator SWG for generating a square wave in response



2,

connect the high voltage anplifier H/A to the controlling electrode 3. It ~
is to be noted that, during normal recording, the swtch SW. assunes
anot her position at which the high voltage switch HVS i s connected to
the. controlling electrode 3. Subsequently, the MPU successively outpqgﬁ
controlling voltage instruction data [err] to [err], which gradually ¥®
i ncrease (or decrease) in value in such a stepw se condition as shown in
FIG 2, to the digital to anal og converter DAC while successively checking
an out put of the square wave generator SWG to detect an inversion of such
output. In particular, outputting of controlling voltage instruction data
and checki ng of an output of the square wave generator SW5 to detect an
i nversion ¢t swchuopupubfarthe epatriénvedgtantibrslbcessi vl yppetiogned such
that controlling voltage instruction data [err] are outputted and the
out put of the shuar genave tgpehevqtaore i ¢ stehebkedPUand t hen controlling
voltage instruction data D2 are outputted and the output of the square wave
generator SWG i s chlieckederarno tdmhidsketlmtinkameltmisrtshm odxt$e out put of
t he square wave generator SWG is detected with.' certain controlling
voltage|rwnazmleoaxdaﬂawﬁamqtkﬂ.&nmtkanus Ihustyaauﬁnkcﬂ¢tng vol t age
[err] at which an ink jet is cut by an end of the knife edge 5 is
recording apparatus of the construction described above,

rotation of a rotary drum (not shown) around which a
record medium is removably wrapped is stopped first, and LJ

the car@;_ - moved to and stopped at thechome::@:::

positienaﬁﬁﬁhen. ink 15'preésqrized'by me&nSaof an ink

pump not shown_and-;ntroduced bf way of an _ink tube not
shown';nto'tHeZnOZZle-l so that a jet of the ink t's

jetted from the nozzle 1. The cdntiﬁuous Jét tyﬁe ink

jet recording apparatus is thus maintained in a normal -
condition. On the other hand, an oscillating element
(not shown) mounted on the nozzle 1 is excited by an
oscillation frequency equal to or arohnd a spontaneous —
disintegrating frequency of an ink jet. Consequently, ~
the ink jet jetted from the ﬁozzle 1 is disintégfated in
synchronism with excitation of the oscillating element.

In this condition, the MPU which serves as
controlling means first changes over the switch SWI to
‘connect the high voltage amplifier HVA.to the ’
controlling electrode 3. It is to be ndted that, during

normal recording, the switch SWl'assumes another



determned fromthe controllingvoltage instruction data [err] then. Since
the anmpunt of deflection of a charged i nk drop increases substantially
in proportion to the controlling voltage [err], the MPU quantitatively
detects~rel ative positions of -an ink jet'flylng axi's and the knife edge 5
fromtPM controlling voltage [err]. The digital to analog converter DAC
successively converts such controlling voltage instruction data [err] to
[err] into anal og voltages. and the anal og voltages thus obtained are
successi vely high voltage anplified by the high voltage anplifier HVA and
applied as controlling voltages [err] to [err] to the controlling electrode

3Db f th tch SW. k t |

|ndﬁcr?gnochargﬂgx%Fgﬂntﬁ§ Eﬁﬁgggﬁﬁ 'Shb%?t E?@r%ﬁlﬁﬁafghﬁfefg%xg énount

f defl t f th h h t troll

\?ol tggeefni:?gag‘é%“?$8%1 FeFCPJ %th%e[ e%”#( J’ﬁ%ﬁ}' tCr ;%%‘% toglsen éggntcfgl IrlongI \r/ngl t age
, the ink jet |1 t b b h

bontrary Cthe amsunt. of SHBFRGUERE Y ovnb MR TELECRIIT i o Jubiubp

decreases 1om{git}ol91hy Woredt¥ {hctpbeish W'al:]a fUlrStt_Phti? C14n P¥nt e

knife edge 5 at a certain-contro ng vo tage err

E&”]E reo'elj' ng VO'%P%&ué??Er] 1%:?%' &‘ﬁ aé'lérbﬁée Si?xUtvatDﬁet &, ek f 4t he
. ge 5 ca érmned fromthe control |ng vol t age lnstructlon
data Dk then. gtepwise condition as shown in FIG. 2. to the digital to
analog converter DAC while successively checking an
'output of the square wave generator SWG to detect an
_ 1nversi;n of such output In_particular,.outputting of
contro}ling.voltage instruction data and checking qf an
outpu£ qf the square wavé_generator SWG to detect an
inversion of such output are repetitively and
successively performed such that cbntrolling voltage
_%nstructicn data D1 are outputted and the output of the
square wave generator SWG is checked, and then
controlling voltage instruction data D2 are outputted
% and the outgut of the square wave generator SWG is
checked., and the like until an invérsion:of the output
of the square wave generator SWG is detected with .
certain controlling voltage instruction data D«
(; < k < m). Thus, a controlling voltage ¢k at which an
ink jet is cut by an end of the knife edge 5 is )

determined from the controlling voltage instruction data

Dx then._ Since tbe amount of deflection. of a charged



Subsequently, the MPU judges the adjusted position of the nozzle 1 from”~
the controlling voltage [err] and controls a display device or the like
(not shown). which belongs to the continuous jet type ink jet recordin
apparatus, to provide a display of such adjusted position. In particulgr,
when the controlling voltage [err] i81ower than one half the controlling
voltage [err] for recording, the MPU determnes that the ink jet jetting
axis (nozzle axis) is inclined relative to the knife edge 5 bel ow a nedi um
poi nt between an ink jet flying axis provided when the controlling voltage
is 0 volt and another ink jet flying aX|s provi ded when the controlling

voltage is equal to the controlling voltage of [err] volts for recording
-and controlaktﬁeoal§MQﬁﬁiﬁﬁ$c§Ubétﬂﬂéﬁl Eakﬂsﬂﬂ%@obFiPﬁsFPwﬁh%m upwar d
adj ustnent of the nozzle 1 (for exanple, the display of "UP"). Of the

contrary whentrid ldag ronldtage vt ¢ agde] dPY QQ?qﬁkﬁﬁﬁiYﬁbﬁ Sﬁéeﬁﬂq t he
controlling voltage [err] for r cordln the{ﬁ?Jig es that t I nk jet
jetting axTelgfdy® @osdhons p cFPnéB r die iﬁnFPg é 5 above
t he nedi um 30|nt bet ween_the ink Jet flﬁ % axi rOVI ed when the
control | i nkn¥&e 888 & FRAM T ﬁchﬁér ng axi s provided

when the controlli vo tage s, equal .to the .control | tage of [err] volts
for recording and %9?%£ &P 5P§§°§eﬂQﬂ¥%rt?ﬁcRX@esﬁgceSSi%elJ

converts such controlling voltage instruction data Dy to
D into analog'voltages. and the'aﬁalbg-voltages'thus \;,'
obtained are. successively high voltage amplified by the -
high Joltage ;hplif1er HVA and applied as controlling
_voltages ¢1 to ¢a to the controlling_electrode 3 by way
of the switch SW1. Consequently, the ink Jjet.is
successively induction charged with the conffblling
voltages ¢1 to ¢m. The amount of deflection of the thus
charged ink jet inc}eases as the controlling voltage
increases from ¢1 to ¢n, and at a certain COntroliing
voltage ®x. the ink jet will first be cut by the knife _
_edge.s., (O;lon'the_contrary. the amount of deflection '\J_
decreases as the controlling voltége decfeases from o¢n

to ¢1, and the ink jet will first be cut by the knife

edge 5 at a certain controlling voltage ¢x.) Thus, the
controlling voltage ¢« at which the’ink jet“is cut by

the end of the knife edge 5 can be deﬁermined from the

controlling voltagé instruction data Dx then.

_Subsequently. the MPU judges the-adjustéd



di‘'spl ay of ‘instructing downward adjustnent of the nozzle 1 (for exanple,
the display of "DOMN'). On the other hand, when the controlling voltage
[err] is substantially equal to one half the controlling voltage [err] for
recordifig, the. MPU judges that" the ink jet jetting - axis (nozzle axis) is -
adjusted relative to the knife edge 5 to or around the medi um poi nt between
the ink jet flying axis provided when the controlling voltage is 0 volt and
the other ink jet flying axis provi ded when the controlling voltage is
equal to the control voltage of [err] volts for recording and controls the
di splay device to provide a display that adjustnent of the nozzle 1 is
conpleted (for exanple, the display of "OK"). An operator who intends to
adj ust the ink pefsijtdtdn nof atkhes Kovzitelafirsh wihlel ciomts aldlhimg | yobpegat ¢«
the adjusting screw 13 while observing the display on the display device or
the like of theamdntdomtouslg eda dysplankdpei ceeoor diheg ldjar Gies $howed.t he
nozzle 1 for a short period of time to an optinmum position at which the end
of the knife edghith dglamigs chedthe thetimdoum gedi ttiypre adtnlvhieh an angl e
between the ink jet flying axes when the controlling voltage is 0 volt and
[err] volts forreecording dappairatded docpravéldg iantdd spday |of osimekr wor ds,
the nozzle 1 can be adjusted so that the ink jet

adjusted position. In particular, when the controlling

voltage ¢« is lower than one hilf the controlling
9oltage ¢n for recording, the MPU determines that the

ink jet. Jjetting axis (nozzle axis) is inclined relative
er s

to the khTfe-edge § below a medium point between an ink
Jet f;ying axis provided when the controlling voltage is
0 volt and another ink jet flying axis provided when the
controlling voltage is equal to the controliing voltage
of ¢n volts for recording and controls the display
'device to-provide a display of instructing upward
‘adjustment of the nozzle 1 (for example, the display of
"UP"). . On the contrary when the controlling voltage o«
“is'highef than one half the controlling voltage ¢n for
recording. the MPU judges that the ink jet jetting axis
(nozzle axis) is inclined relative to the knife edge 5
above the medium point between the ink jet‘flying axis
provided when the controlling voltage is 0";olt and the
other ink Jet flying axis provided when the cbntroll;ng
voltage is equal'te'the”control voltage of @('volte for

recording and controls the display device to provide a



flying axis is positioned to the end of the knife edge 5 at the controlling -
voltage [err] equal to one half the controlling voltage [err] for

recordi ng. Then, when a display that .adjustment of the nozzle 1 is
conpleted is provided on the display device or the-like, it is determ figd
that the adjustnent is conpleted. By the way. in the continuous jet'tyﬁg

i nk jet recording apparatus of the present enbodi nent, the current
detector CD nust be able to neasure a very low jet current (10 to 100 nA).
For exanple, if it is assuned that the controlling voltage [err] is equa

to [err] = [err]/10 and the controlling voltage varies from[err] to [err],
an electric current produced by charged ink drops ranges 1 to 100 nA.
Accor di ngl ¢isgden lodw inFtinet hagt dABRBASEr .m%i%ém%u%dthmnoaczﬁmh S/N
ratio. Referrlng now tao FIG, 4, the curr nt, ect or nd square wave
generator SWETEF @ RPoHft:i ntR%isd} 8p1 Nj’pg nIP%'%[t %reccﬂ‘bllﬁb BbaLAt us shown
in FIG 1 are sho ther wt C It mhlch Is used suita as a
synchr oni zRABdsi & dg'ff‘er%‘??hﬁg} fEEl yo 56&%8’?‘ i Y Sl?]%'ﬁ‘?n?ﬁé?&&rrent
detector CD in | udes. an .i gratin i.tor an integ ator OP for which
an oper at i BA4P aﬁﬁHqQ%ﬁh{E£ eaﬁgPﬁBE?&§P§gg°3&ﬁﬁﬁt?h °¥rom an FET

recording, the MPU judges that the ink Jgt Jetting_axis
(nozzle axis) is adjusted relative to the_knife_edge 5

to or around the medium point between the ink Jet flying
axis provided mhen the controlling voltage is 0.volt and
the other .ink Jgt_flying axis provided wbgn;the_;
contrqlling voltage is equai to the.c0ntrol Qoipage 6f

®n .volts for recording and controls-the display dévice

to provide a display that adjustment of the nozzle 1 is
completed (for example, the display of 'OK;).

An operator who intends tb adjust the. ink jet
jetting axis (nozzle axis) will thus manually operate
the adjusting screw 13 while observing thé display on
the display device or the like of the continuous jet
type ink jet recording apparatus fo set fhe nozzle 1 for
a short period of time to an optimum'position at which
the end of the knife edge 5 is positioned at the medium
position at which an angle between the ink'jet.flying
axes when the controlling voltage is 0 volt and ¢a volts
for recording is divided accuratel§ into two. In other

words, the nozzle 1 can be adjusted so that the ink jet



(Field effect transistor) is enployed, and three switches SW2, SWB and SW
cconstituted from FETs which operate in synchronismw th a frequency of an
‘avai | .abl e commercial ac power of, for exanple, 100 volts. Meanwhile, the
‘squar e; wave generat-or SWG i ncl-udes a conparator CP; a reference power
source™E0, a resistor RL and a NAND gate ND. Further, the synchronizing
signal generating circuit includes a transfornmer T, a resistor R2, a pair
of diodes D1 and D2, a Schmitt trigger ‘gate SG a presettable counter PSC,
a pair of delay type flip-flops FF1 and FF2, an inverter IN and an AND gate
AD. The presettable counter PSC can be set with a variable preset val ue by
way of a route nhot shown so that an integrating tinme can be varied with a
period of the coigdemei akiacipowositidanedite bheaandneégithie kadfa edgethe
integrating tinme is increased, then the SINratio is inproved naturaliy. In
the present entastlitieeit conticolddag Malkpge e /3 gaualotphpae hiadds the
period of the commercial ac power as seen froma timng chart of FIG 5. A
reset signal RESBTtrahlipgeypdtia®e Smart9ngr eFYRALREOLD and an integration

endi ng signal HOLD to be supplied to the current detector CD are fixed to
one _ Then, when a display that adjustment of the

nozzle 1 is completed is provided on the display device
or the like, itzis determined that the adjustment is
completed.

... By the way, in the continuous jet type ink jet

recofdiﬁgi pﬁaratus of the present embodiment. the

current détegtor @D must be able to measure a very low
jet current (10 to 100 nA). For example, if it is-
assumed that the controlling voltage ¢1 is équal to

@1 = ¢u/10 and the controlling voltage varies from ¢1 to
¢a., an electric current produced by charged ink drops
ranges 1 to 100 nA. Accordingly, such low current must
necessarily be measured with a high-S/N ratio.

: Refgr%ing_now-to FIG. 4, the current detector CD
and square wave generator SWG of the confinuous Jet type
ink jet recording apparatus shown in FIG. 1 are shown
together with a circuit which is used suitably as a
synchronizing signal generating circuit togéfhef with
them. The current detector CD includes an integratiﬁg
capacitor C, an integrator OP for which an operational

amplifier having an input stage constituted from an FET



period of the commercial ac power, and when they present a high ("H")

| evel , they close the switches SW, SWB and SW2, respectively, but on the
contrary when they present a low ("L") level, they open the swi tches SW,
SWB and SW2, respectively. Meanwhi l e, a sanple holding signal S/IH is™7
outputted fromthe synchronizing signal generating circuit in synchronrsm
with the latter half of a hold period when the integration ending signal
HOLD presents the "H' level, and is delivered to one of a pair of input
termnals of the NAND gate ND of the square wave generator SWG and al so to
the MPU. In the synchroni zing signal generating circuit, the voltage of 100
volts of of the comrercial ac power is dropped by the transforner T, "and an
out put of ¢fweldaesfectetransd stampetls aemPpluyadd 2nMd bhrtde di odes D1 and
D2. Then, a clock signal CK of a TTL (transistor- transistor logigc) |evel
synchroni zadi wehést 882coSWSr cird W4 posms ti Supedddced fREMs thieichus cl anped
vol tage. Then, fromthe clock signal CK, such integration starting signa
HOLD, int ependbe endsngcedirgmdisHoLth reséreghgnsly RESER ane shaple hol di ng
signal S/H as shown in the timng chart of FIG 5 are produced by neans of
the presetaaunerebaht ac PSEen af.fIferfexpsrirl 488 mod ts.nverter IN and

AND ¢gate AD. When the reset signal RESET changes fromthe "L"
Meanwhile. the square wave generator SWG

includes a comparator CP, a reference power source E0, a
resistor Rl and a NAND gate ND.

_Fyfther; the synchronizing signa1_generating .
circuithgﬁiiszg a transformer T, a resistor:R2; a pair
of dioQés D1 apd D2; a Schmitt trigger gate SG, a
presettable counter PSC, a pair of delay type'flip*flﬁps
FFl and FF2, an inverter IN and an.AND gate"AD.

The presettable counter fSC can be set with a
variable preset value by way of a route not shown so
that an integrating time can be varied with a peridd of
the commercial ac power multiplied by an integral L
number. " If the integrating time is 1ncreased.'then the i
S/N ratio is.improved naturally. In the-present
embodiment, the integrating time is set tc three times
the period of the commercial ac pbwér as seen from a
timing chart of FIG. 5. |

A reset signal RESET. an integration startiné

signal HOLD and an integration endiﬁg signal HOLD to be

supplied to the current detector CD are fixed to one



tdgthe "H' level, the swwtch SWM is changed over into a closed condition so
that the integrating capacitor Cis short-circuited. Consequently, the
output of the integrator OP is reset to O volt. Wien the reset signal RESET
changes~fromthe."H' to the *L" |evel af4ér one period of the commercial ac
power , She switch SWM i's changed over to an open condition. Since the
I ntegration ending signal HOLD is at the "L" level (the switch SW2 is
open) and the integration starting signal HOLD is at the "H' level (the
switch SWB is closed) then, a jet current [err] flows into an inmagi nary
grounded point of the operational anplifier constituting the integrator OP.
thereby starting int %g the I.n egrator '

[

k jet is
charged by a cdftfif §nﬁ mBghcitad £ tpr?é'etfdnﬁ'bcplﬁﬁnefzgeylr (5’d'ee‘°t‘f”s%
L SRR, T Y W O o ) B

t th t {
Vol tage Vo {@tzc'gﬂgte%?%ﬁ tﬁ/ oh &J%thoro“&he'r%&n@i 8 ®hRy @Y{erﬁ?gelﬁft o
|t lied b nb h
5) basses ai e 10w e TeFdLe KRR %&ré’[weee SRIETS o e Tl L ER

signal HADis M”QFQSSXSMB%&“G } 'éranw% E.}lle.(t aslmfghholding signal

S/H is outputted from the synch}onizing signal
generating circuit in synchronism with the latter half
of a hold period when the integration ending signal HOLD
presencef%;:=:ﬁ' level. and is delivered to one of a
pair of input terminals of the NAND gate ND of the
square wave generator SWG and also to the MPU..

In the synchronizing signal'generating circuit,
tnejvoltage of 100 volts of of the commercial ac power
is dropped by the transformer T, and an output of the
transformer.T is clamped at 0 V and 5 V by the diodes D1
and D2. Then, a clock signal CK of a TTL (transistor-
transistor lpgic) level synchronized with the'commercial
ac power is produced from the thus-clamped voltage.-
Then, from the clock signal CK, such integration .
starting signal HOLD, integration ending signal HOLD,
reset signal RESET and sample nolding signaf.S/H as
shown in the timing chart of FIG. 5 are produced by
means of the presettable counter PSé; two flip-flops FF1

and FF2, inverter_IN and AND gate AD.



SW is closed) and the integrating starting signal HOLD i s changed over the-
"L" level (the switch SWB is opened), and consequently, the jet current
[err] is interrupted. As a result, the jet current [err] which has been
integrated into the integrating capdtftor Ctill then is held as an oquut
voltage Vo of the integrator OP. The output voltage Vo held by the
integrator OP is conpared with the reference power source EO by the
conparator CP of the square wave generator SWG, and if Vo > EO, then the

out put of the conparator CP presents the "H' |evel, which is supplied to
the NAND circuit ND. Consequently, if the sanple holding signal S/IHis at

the "H' level, theﬁ%ggﬁgh%sae%%;tet eDgriaSl Cﬁ?ﬁﬁ?ddg\é%[?a?}son%{]%em {'he: f}-l-?ls’

which is inputted way, Th an-act 11 nE,

almost | magssipl e-§0 PEULEC! loheS WAl chf NwgT FEULhaSUTPSHA P11 ¥BE! gUS

el ement's f1o conductive drop catcher 0 g from

noi ses.  TheJ &l 9" Eonl ékgg g%iﬂ?é%ﬂéH'ngh?@&?ﬁ%hﬂﬁhdgggﬁiﬁéﬁa ne

. s
conmmer ci al” "ac power .and -sonme other hig requency nois ed from

Some ot hers i rLPPLE1RRRL | ARCES AL § NeLEONbLANAS dledyPe | Nk ] et

recordi ng apparatus are inclu In an over | appi ng rgfatronship in the
out put of gthg d ML £GFaber 1 OPr e AONG, UL NRI Ses, the high frequency noises

are averaged and do not matter because thq Integrating time )
When the reset signal RESET changes from the "H"

to the "L" level after one period of”thé commercial ac
power; the switch SW4 is changed over to an open
condition. Sipce the integration.ending-sigdal HOLD 1is
at tﬁeJ'L' level (the switch SWZlis.open) and the
integration starting signal HOLD is at the "H" level
(the switch 5¥3 is closed) then. a Jet current Ij flows
into an imaginépy grounded point of the operational
amplifier constituting the integrator OP, fhéreby
starting integration by the integratdr'bP,

| Since an ink jet is charged by a controlling
signal applipd to the controlling electrode 3 so that it
may have a negative éharge. the jet éurrént Iy_fLows in
the.direction indicated by an arfow mark in FIG. 4
through the integrating capacitor C, and cqnsequgﬁtly.
the integrator OP provides a positive oUtput'voltage Vo.

| After an interval of time équal to one period of
the comﬁerqial ac power multiplied by ;n integral nﬁmber

(three in the case shown in FIG. 5) passes after.



I $ longer than one period of the conmmercial ac power and hence sufficiently
| ong. Further, since the integrating tine of the jet current [err] by the
present current detector CDis set equal to a period of the commercial ac
‘power nU|tIp|Id by an integral nunber, "al so noises of the commercial ac
‘power ¥'e averaged for the lntegratlng period and accordingly are renoved
automatically. Meanwhile, the conparator CP in the square wave generator
SWG nornmally remains in an operative condition and hence operates even
during an integrating operation of the integrator OP in which such noises
as nentioned above are included in an overlapping condition (operation in
error). In order to renove such noi ses,” an output of the conparator CP is
connected to onetaftangaiof cfudmpintéegrathahs dhet hotRAXR tdore ol smet hat

it may be outputted in synchronismw th the sanple holding signal S/ H-which
is produced in ¢hgnkat HOLDhdlsS clamgédl odven pertbd oH"t Aevadt plkheosvhgeh
[err] of the integrator OP. Also, the MPU fetches an output of the square
wave generator SWE is S)mcsrerdinlastm wkhé thtesanprlae staT tHiaadisdgna hniPLB/ H.
Further, when the integrating operation of the je currenté%grr] conmes to
an end, the intkgrahrogesi aemgthe "L° level (the switch 3 is

opened), and consequently, the jet current I; is
interrupted. As a result, the jet current Iy which has
been integrated into the integrating capacitor C till

then.:is.cheld as an output voltage Vo of the-integrator

OP.-~The=output voltage Vo held by the integrator OP is

compared with the reference power source EO by the
cgmparator CP of the square wave generator SWG, and if
.Vd > EO..then the output of the comparator CP presents
the "H" level, which is supplied to the NAND circuft ND.
Conséquently. if the sample holding signal S/H is at the.
"H" level, then the NAND gate ND is changed'over to the
"L" level, which is inputted to the MPU.

By the way, in an ‘actual machine, it is almost
impossible to perfectly shield the'ciréuit composed of
various elements from the conductive drop catcher 8 to
the integrator OP from noises. Therefore, .during én.
integrating operation, noi;es of the commeréial aé pover
and some other high frequency noises génerated from ;ome
other électronic appiiances around £he continuous Jet

type ink jet recording apparatus are included in an



signal HOLD is changed over to the "L" level to open the switch SWB, and
consequently, the jet current [err] is interrupted and al so noi ses which
may be introduced into the integrator O°P fromthe input side are
interrupted. Accordi-ngly, at a time at which the MPU reads out an outP t
of the square wave generator SW5 the output of the integrator OP is f
from noi ses, and consequently, the jet current [err] is read out correctly.
Therefore, if only the integrator OP is shielded sufficiently, then onty
.noi ses produced in the integrator O°P will be included in the output of the
integrator OP, and consequently, the jet current [err] can be neasured with
a very high degree of accuracy. In this nmanner, current detecting neans of
a hi gh perdveripeeis@anr bkatonashuet dch wiHd sutvpbt afidtheexparsgveter enent s.
Now, where the jet current is [err] (anperes), the capacitance of, the

i ntegrati Of.capaon@rs@hsn@igkear adde dnikh hEreqeegceat nod stesmans T
(seconds), the output Vo (volts) of the integrator OP is given by [err] =
[err] T/ Cawdrarged famdesdanpbé, npdrtelr beaayde atiper éntégrAjting time
capaci tance C of the integrating capacitor C and the integrating tinme- T
are set tdsClofjger|thanadnelpedd®@dp®f dhtk Tcon@etciedond wvivdr nayd be five
periods of the AC 100 volts, respectively, then the output voltage Vo of
the integihatnoye GRufEi¢eently Qohgvol tFuritdemV)singauthet Hmtegrating

time of the jet current I; by the present current

detector CD is set equal to a period of the commercial \;J
ac power multiplied by an integral number.-also-noises

of the co;$er;;al ac power are averaged for the
integraﬁing perioq"and accordingly are~removed
automaiically.

" Meanwhile, the comparator CP in the square wave
generator SWG normally remains in an operative condition
'and hence operates even during an integrating operation
of the integrator OP in which such noises as mentioned
above are included in an overlapping condition
(operation ig error). In order to remove such noises,
an output of the comparator CP is connecféd to one of a
- pair of input terminals of the NAND gate ND so that it
may be outputted in synchronism with the sample holding
signal S/H which is produced in the latter -half ;f a
holding period of the output voltage Vo_of the

integrator OP. Also, the MPU fetches an output of the

square wave generator SWG in synchronism with the sample



ci'rcuit can be practically used sufficiently. Referring nowto FIG 6.
‘there is shown another ink jet recordi ng apparatus of the continuous jet
type to which the present invention is applied. The continuous jet type ink
‘jet recording apparatus of the present emwbodinent is a nodification to the
conti ngdus jet type ink jet recording apparatus of the preceding enbodi ment
shown in FIG 1 but-is different only in that, while the test signal
generating neans of the continuous jet type ink jet recording apparatus of
the first enmbodinment is constituted fromthe digital to anal og converter
DAC and the high voltage anplifier HVA. the test signal generating neans of
the continuous jet type ink jet recording apparatus of the present

enbodi nent i s boddfilintgutsddgrfalbn$AHsaw t ooth wave generator -SWO and a hi gh
voltage anplifier HVA. The saw tooth wave generator SW starts osciliation
t hereof in response to Fursther.i nghensthectinde gnadningcomnsxr bhangedertdiees
such a saw tooth wave as shown in FIG 7 wherein it rises at such a rate
that a control ieffgcurnesit alye cheesotopessends [Wre [integrathenastar Higme
of an interval of ti rr] after the starting of oscillation. For

exanpl e. in caségnisd dflnks deherepdgomeans o ddiaudds” stevetutpenpedettdis or

DC (C=1Jerr] F. T =10.1 sec) of the continuous jet type i.nk jet recording
switch SW3, and consequently, the jet ‘current I; is

interrupted and also noises which may be introduced into

the integrator OP from the input side are interrupted.

the infegrator'OP_is free from noises, and consequently,
the jet current Iy is read out correctly. Therefore, if
only-the_integratbr DP is shielded éufficieﬂfly. then
only noises prbduced in the integrator OP will be
included in the output of the ‘integrator OP, and
consequently, the jet current I can be measured with a
very high degree of accuracy. In this manner, current
detecting ﬁegps of a high performance can be constructed
yith simple and inéxpenéive elements. -

Now, where the jet current is Ij'(amperes). the
capacitance of the integrating capacitor C.is C (farads)
and the integrating time is T (seconds), théioutput Vo
(volts) of the integrator OP is given py Vo = I, T/C:
When, for example, I; =109 ampere'(l nA), if the

capacitance C of the integrating capacitor:C ahd-the



apparatus of the first enbodinment, it is desirable to set the saw tooth
wave generator SWD so as to satisfy the relationship [err] > 10 T (1 sec)
in order to achieve tine division sanpling. In operation. the MPU outputs a
starting instruction . to the saw tooth wave generator SWO at the time t r O
to'start checking of an output of the square wave generator SW5 to detect
the "L" level. Then, when an "L" level output fromthe square wave
generator SWG is detected at the timet = [erf], the MPU cal cul ates a
controlling voltage [err] then in accordance with the expression [err] =
[err] using a proportional relationship between them If the controlling

EEI ta?.gﬁn[sﬁ%]e@é%éﬁ?é‘?hlﬁﬁ?nﬁ?%? %F&?ﬁ&fiﬂ?stgﬁé HEr R R4 iﬁgﬂf"@“"”i'
determ ned UL L Ve Lo d ERELR. ST o PEUN B e 0k et

jet type

o 1P 4By etlhtéfé"fé" ERESAVR Fer HEP 1Te &t%&m?ﬁassg‘?&r als of the
conti nuou hj et ,é/é;i g,p%y\hbfh Lh@o pregent |/ rlvenélld)q‘u ‘Hs]) aperlh%% -rﬁ;odl et

contlnuou Jet feécor di ng-apparatu e’ présent e

Is a nDd'ng@Uf¥]é t@g EPQEknggﬂiy used sufficientlym

" Referring now to FIG..S,,therg is shown another
ink Jet recording apparatus of the continuous jet type
to which the présent invention is aﬁplied, fThe
continuous~jet type ink jet recording apparatus of the
present, embodiment is a modification tb the confinuous
jet type ink jet recording apparatus of the preceding
embodiment shown in FIG. 1 but is different éniy in
that. while the test signal generating means of the
continuous jet type ink jet recording apparatus of the
first emquiment'ié constituted from the digital to
analog converter DAC and the high voLtage_amplifier HVA,
the test ﬁigqal generating means of the continuous jet
type ink jet recording apparatus qf.the.pfesent |
embodiment is constituted from a saw tooth wave
generator SW0 and a high voltage amplifier ﬁVA.  The saw
tooth wave generator SWO starts oscillation thereof in ‘
response to a starting instruction frdm the:MPU aﬁd n
generates such a saw tooth wave as showg_in FIG. 7

wherein it rises at such a rate that a controliing



jeét type ink jet recording apparatus of the second enbodi ment shown in FIG
6 inthat it additionally includes tine neasuring neans as a hardware
element. In particular, while a built-in tinmer of the MPU.is enployed as
time neasuring neans in the continuous jet type ink jet recording apparatus
of thesgecond enbodi ment shown in FIG 6, in the continuous jet type ink

j et recording apparatus of the present enbodi nent, tinme neasuring neans
including a timer circuit TC-and an analog to dlgltal (A/ D) converter ADC
is provided separately fromthe MPU in order to reduce the load to the MPU.
In the continuous jet type ink jet recording apparatus of the third

enbodi nent haV|qg'such construction as described just ?bove t he tyﬂnr
circuit TC stdcdtige ?W%eESUHFPﬁﬁn&ﬁeP&tl%m anbhne e EPTi AGPERsH AT on

is received fromthe NPU and when gn inverted output fromt are'wave
generating cirdfarval K Finpele \'7‘3&35\'5 %t%ﬁﬁ%gn?ngfrﬂéfpgﬁa Ot ops

its time coun |ng operation, Then, the thus coun of the tiner
circuit TCis Gﬁbé*ﬁﬂSi t elinj RS editdie AVTdRN é ?ﬁ%*gE§|BGaP8 digital

converter ADC and then outputted tq the VPU. pon o.sugh d t he
MPU det er mi ned "E14ARS P RERgSYEF €3 [egrer‘itqrheﬁca gﬁt% tBti &el yaﬂt Z]t ects

a relative positiona
P sec) of the continuous jet type ink Jet recording

apparatus of the first embodiment, it is desirable to
set the saw tooth wave generator SWO0 so és to satisfy
the relationship tn > 10 T (1 sec) in order to achieve
time divis;qggggqplipg. Caaw

JIh operation, the MPU outputs a starting
instruction t0o the saw tooth wave generator SWO at the
time t = 0 to start checking of an output of the square
wave.generafor SWG to detect the "L" level. Then, when
an "L” level output from the square wave generator SWG
is detected at the time t = tc. the MPU calculates a
controlling voltage ¢x then in accordance with the
expression @k.= ¢$a tk/te using a proportional
reiationship between them. - If the controIling voltage
¢k is found out, then this means that the relative
positional relationship between the Lnk Jet flying axis
and the knife edge 5 is determined quantitativelf.
Therefore, after fhen. adjustment of the ink jet jetting
axis will be performed in a similar manAer as with the

continuous jet type ink jet recording apparatué'of'the



rel ati onship between the ink jet flying axis and the knife edge 5.
Accordingly, with the continuous jet type ink jet recordi ng apparatus of
the third enbodinment, simlar effects to those of the continuous jet type
ink jet recording apparatus of the second enbodi ment are attai ned S
naturally. Further, though not specifically shown, if an output of an -
ast abl e nultivibrator, whi ch oscillates at a fixed frequency, is inputted
to a clock input of an adding counter by way of a gate which is opened in
response to a starting instruction fromthe MPU but is closed in response
to a stopping instruction fromthe square wave generating circuit SWs then
an out put of the adding counter can be used as it is as an output of tinme

measuri ng mpapgt Habodwimewtful |y described the invention, it will be
apparent to one of ordinary skill in the art that many changes and

nodi fications can bRemsteringreo® vot ROGt @epayHdry f& oghéWp &pirit and
scope of the invention as set forth herein. 33
- further ink jet recording apparatus of the continuous
jet type to which the present invention is applied. The
continuous jet type ink jet recordihg apparatus'of the
ﬁresent embodiment is a modifiéation.to the continuous
Jet typa ink jet recording apparatus of the'aecond ;J)
embodiment showa'in FIG. 6 in that it additionally
1nc1udesﬁtime'measgring means as a hardware element. In
partigular. while a built-in timer of the MPU.is
employed as time measuring means in the cantinuous jet
type_ink Jet recording apparatus of the second
embodiment shown in FIG. 6, in the continuous jet type
ink jet recording apparatus of thé present embodiment,
time measuring means including a timer circuit TC and an
analog to digital (A/D) converter ADC is provided o
separately from the MPU in order to reduce the load to ~
the MPU. |
In the continuous jet type ink jet recording
Nappafatus of Fhe third embodiment having such
construction as described just abové} thentimef circuit
TC starts its time counting opération'when a startiﬂg
instruction is received from the MPU, and when an

inverted output from the square wave generating circuit



CEAI M5 1. An ink jet recording apparatus of the continuous jet type,
conprising: nozzle neans for receiving pressurized ink and formng the
received pressurized ink into a uniformink jet which issues fromthe
nozzl e al ong an axis-of the nozzle and which ink jet disintegrates into a
train ® ink drops; charging nmeans including a controlling electrode so

di sposed in relation to such nozzle neans that ink drops, in said train,
passing said electrode are charged to an extent whi:ch depends upon the
voltage applied to said el ectrode; deflecting neans for formng a
deflecting electric field through which said ink drops will pass after
passing-said controlling el ectrode, and which electric™field is

per pendi cul ar t3WGalis agreized tux actoppingefhetruchioged litmlsthppsita a
direction perpendicular to said axis; separating neans for intercepting ink
drops whi ch haveimeeaodrtlisgt ot era timm t Hilre pthedetbusi coandedritiby ehid
field but allowi ng ink drops which have not been deflected by said field to
pass; recordi ngtk¢ ghhregenéraniitg Tfedss dnge gepeyartag andentdiditaly data
voltage in response to a recording input signal; test signal generating
nmeans for generk¥itheaanahegoltici g eiidk grnventen ADChapdadden o

decreases progressively with tine over a period; switch neans which in one
position, occupf@tPuhtgd to the MPU. In response to such data. the MPU

determines a controlling voltage ¢k then and

quantitatively detects a relative positional

~ relationship between the 1nk jet flying axis and the
knife edge 5.

Acéordingpy; with the continuous jet type 1ink
jet recording apparatus of the third embodiment, similar
effects to those of the continuous jet type.ink Jjet
recording apparatus of the second embodiment are
attained naturally.

Further, though not specifically shown. if an
output of an astable multivibrator, which oscillates at

a fixed frequency. is inputted to a clock 1n§ut of an
adding counter by way of a gate which is'opened in-
response to a starting instruction from the MPU but is
closed in response to a stopping instruction from the
square wave generating circuit SWG. then an’butﬁut of
the adding counter can be used as it is as an outputﬂof
time measuring méans,

Having now fully described the invention, it



-

test node of the apparatus, connects said test signal generating neans to
said controlling electrode of said chargi ng neans and whi ch, in another

posi tion, occupied in a recordi ng node of the apparatus, connects said_
recordi ng 34 signal generating nmeans to said controlling el ectrode ?j
said charging neans; an electrically isolated conductive drop catcher for
catching ink drops in said train which have passed by said separating
means; current detecting means connected to said conductive drop
catcher for detecting the electric current supplied to said conductive drop
catcher by the charged ink drops reaching said drop catcher; and neans for
det €rm ni ngit hebposippaaréit rebabhenstii prdatnwen Hei Il akh Sthe aaitd nozzle
means and said separating neans in sai.d test node of the apparatus fromthe
val ue of tdRratcaanyoldhidrge®! sAadenocdpliicadt inhs Sednl bé epadesitherleto
generating nmeans to said controlling el ectrode when a significant change is
detected imishbdtcudepantti®g fromAthienlspieti tr eont 8 cigp @pPar ahes of the
continuous jet type as clained in claiml1l, wherein said test signal

gener ati ngineans iiomclasdesea tiogthahetre ianal og converter and a hi gh vol tage
anplifier. 3. An ink jet recording apparatus of the continuous



jet type as c

| ai med in cIa|n11 wherein said test signal qeneratlnq nmeans

I ncl udes a saw tooth wave generator and a high voltage anplifier

- An ink jet recording apparatus according to claim3 wherei
si gnal- generating nmeans is operable to apply to said char

ranp wél tage which increases or decreases at a predeterm néd Ffaté w

respect to ti
apparatus inc

during generation of a said ranp,

me, over a period froma ranp starting tinme, and mhereln the
| udes time neasuring means for neasuring the tinme el apsing,

to the time at which said current detecti P means detects a significant

35 change in
nmeasur e of el
the controlli
sai d control
det ected. 5.

arranged to opgarate fmmmxmkajet xupﬂnﬂlnguhpwaratwssefdthereontﬁnueu5|ng
5 i? 5HWP¥* ult controll ed by a synchronising signa
cui t -arr'ange 0 pr V|de I n sequence and in synchronismwth

nmeans i ncl ude
generating ci
such a.c. su

said current, the apparatus being arranged to derive, fromthe

i me, made by said tine nmeasuring neans, the val ue of
ng voltage applied by said test signal generating neans to
I ng el ectrode when said significant change in current is

An ink jet recording apparatus as clained in claim1l

pply, amozzle)r Bepbs sfort ineredvying  prgssurized ink and
forming the received pressurized ink into a uniform ink jet

which issues from the nozzle along an axis of the nozzle
and which ink jet disintegrates into a train of ink drops;

charging means including a controlling electrode so
disposed in relation to such nozzle means that ink drops,
in said train, passing said electrode are charged to an
extent which depends upon the voltage applled to said
electrode;

deflecting means for forming a deflecting electric
field through which said ink drops will pass after passing
said controlling electrode, and which electric field is
perpendicular to said axis and thus acts to deflect charged
ink drops in a direction perpendicular to said axis;

separating means for intercepting ink drops which
have been deflected to more than a predetermined extent by
said field but allowing ink drops which have not been
deflected by said field to pass;

recording signal generating means for generating a
controlling voltage in response to a recording input
signal; '

test signal generating means for generating a
controlling voltage which  increases or decreases
progressively with time over a period;

switch means which in one position, occupied in a
test mode of the apparatus, connects said test signal
generating means to said controlling electrode of said
charging means and which, in another position, occupied in
a recording mode of the apparatus, connects said recording

Jmﬂﬂﬂﬂulmﬂlﬂlllull

fromthe respective said initiation tine



I ntegration ending signal and a reset signal, tWit being ~
arranged to hold the value of its output at the Tevel reac t he

i ntegration signal occurs until the occurrence of mmmm\lm“ \met — _
signal, the tine el apsing between a said integrat i\ y si gnal apd
the i mmedi ately succeeding integration ending signaf, ¢ and constitut¥ng
an I ntegration period, corresponding to a predeterm ned integral

mul tiple of the period of said a.c. supply, the duration of said

i ntegration period being small in relation to the period over which the
controlling signal generated by said tes$#4 signhal generating neans is

i ncreased or decreased progressively, the output signal of the integrating
circuit aft8igpadhgsnerating rneang peorisaidbcrontnediing eectedetof as
an indi catigaiaf chAPgiRg medhsent supplied to the conductive drop catcher

ouer e T eSPeCt Ve L UL IR $Searan conBhoPhS! ot SitBher oo <
bi nary out pfbrdeateniny unkn dsopshein tdeidutpainf whitchahhve pEsdd by S
donnect e vFERd: REBBEASAPEGReBRE: "compar at or and connect od Wi th said .
synchroni si ng ci rcucurrentis t8ebectinyl edneanst r sremnected bibary saidal
fromsaid gonductive drop catcher for detecting the electric current
supplied to said conductive drop catcher by the charged ink
drops reaching said drop catcher; and - _ i
_ means for determining the positional relationship N
between said axis of said nozzle means and said separating
means in said test mode of the apparatus from the value of
the controlling voltage applied - by said test signal’
generating means to said éontrolling ‘electrode when a
significant change is detected in said current.

2. An ink jet recording apparatus of the continuous
jet type as claimed in claim 1, wherein said test signal

. generating means includes a digital to analog converter and
a high voltage amplifier. o

3. - An ink Jjet recording apparatus of the continuous \d
jet type as claimed in claim 1, wherein said test signal )
generating means includes a saw tooth wave generator and a
high voltage amplifier. '

4. . An ink jet recording apparatus according to claim
3 wherein said test signal generating means is operable to
apply to said charging electrode a ramp vb‘ltége" which
increases or decreases at a p_redetez_'mine_d rate with respect
to time, over a period from a ramp starting time, and
wherein the apparatus includes time me'a'Sur_ing means for
measuring the time elapsing, d_u_r-ingl_ genéfation of a said
ramp, from the respective said initiation time to the time
‘at which said current detecting means_ detects a significant



conparator, only in the interval between each integration-ending signal and

the subsequent reset signal and to be disabled, to block pa
out put signal fromthe conparator, during-each said int egraﬂi@ﬂ“ ii ﬁlﬁ”"l
An |nk;,1 et recording apparatus of the continuous jet type a i g e
claim™I, wherein said test signal generating neans generates a controlling

signal which increases or decreases progressively in a step-w se nmanner

over said period. 8. A ink jet recording apparatus substantially as
her ei nbefore described with reference to, and as shown in, Fi gures 1 to 5
of the acconpanyi ng draw ngs. 9. An i8R jet recording apparatus

substantially as herei,nbefoye descri th reference to, and as shown in,
Fi gures 6 and &‘%’F ?héna&qﬂ'f'ﬁaﬁ REgn ra\ﬁ\i\!ﬁgsap?ﬁra us heing perapgedr kg

appar at us subsdexrive) | from 'H:l&!ﬁté&miﬁ coflepsadl tind), nRidy B sdiA tHKk as

shown in, Fi g%@aéu?in&h%ﬁrfé) rrp%li% ngaqhaevm Of° the controlling voltage
applied by said test signal generating means to said
controlling electrode when said significant change in
current is detected.

5. an ink jet recording apparatus as claimed in claim
_ _ 1 arranged to operate from an a.c. supply, and wherein said
\/ current detecting means includes an integrating circuit
controlled by a synchronising signal generating circuit
arranged to provide, in sequence and in synchronism with
such a.c. supply, an integration starting signal, an
integration ending signal and a reset signal, the
integrating circuit being arranged to hold the value of its
output at the level reached when the integration signal
occurs until the occurrence of the following reset signal,
the time elapsing between a said integration starting
signal and the immediately succeeding integration ending
signal, and constituting an . integration period,
coi:responding to a predetermined integral multiple of the
period of said a.c. supply, the duration of said
integration period being small in relation to the period
over which the controlling signal generated by said test
signal generating means is increased or decreased
progressively, the output signal of the integrating circuit
after each said integrating period being used by the
apparatus as an indication of the mean current supplied to
the conductive drop catcher over the respective integrating
period.

6. An inkjet recording apparatus according to claim 5
including a comparator arranged to provide a binary output
dependant upon whether the output from said integrator is
greater or less than a predetermined reference voltage, and
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a gate connected with the output of said comparator and
connected with said synchronising circuit so as to be
enabled, to transmit the binary signal from said
comparator, only in the interval betweén each integration
ending signal and the subsequent reset signal and to be
disabled, to block passage of the output signal from the
comparator, during each said integrating period. |

7. An ink jet recording apparatus of the continuous
jet type as claimed in claim 1, wherein said test signal
generating means generates a controlling signal which
increases or decreases progress1ve1y in a step-wise manner
over saiad period.

8. An ink jet recording apparatus substantially as
hereinbefore described with reference to, and as shown in,
Figures 1 to 5 of the accompanying drawings.

9. An ink jet'recording'apparatus suhsténtially as
hereinbefore described with reference to, and as shown in,
Figures 6 and 7 of the accompanying drawings.

10. An ink jet recording apparatus substantially as
hereinbefore described with reference to, and as shown in,
Figure 8 of the accompanying drawings.




