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RANDOM DROPLET LI QUI D JET APPARATUS AND PROCESS f FI ELD OF THE | NVENTI ON

Thi s/myention relates to the field of non- contact fluid marki ng devices
whr commonly known as "ink jet" devices. 5 210wy '
THE ART Ink jet devices are shown generally in U S. Patent. No.

+ 3,3737437, issued March 12, 1968, to Sweet & Cunmming: No. 3,560,988, issued
February 2, 1971 to Krick; No.. 3,579,721, issued May 25, 1971 to 10

Kal t enbach; and No. 3, 5. t o b -SS UEDmJ | A .
t hose devices, jets (MrP#&gﬁ.ﬁzﬁgégﬁeﬂ?eg%éﬁ%fﬁr%?%gggagﬁgﬁ3[
of recording fluid or ink froma nmanifold through- a series of fine
orifices or nozzles. The chanbgkphy ad I nk or the
orifices by which the jets'areg;§i§¥§£%2§§%Hggg§§228é§"stinulated so t hat
the jets break up intoThisplincention frelatsgectantheefirdd gfaciom- Each
stream of dro ' or, | LR i d ' gi ng
el ectrode V\/ﬂlgﬁ E%CE gg‘t%gbq {lg%égfgge?t%ﬁ%agcﬂgg‘ggssgﬁ ?Eghg%ip‘g e%{s;gtahey
are formed. T@® Finghded" tdaviicess to a receiving substrate is controlled
by interaction with an electrostatic deflection field through which the
drops pass, which selectively deflects themin a trajectory 25 toward-t he
substrafe, or to an ink coll ection THB PREORCART i on apparatus (comonly
called a "gutter") which prevents themfromcontacting the substrate. Wile

it has been known that a fine 1iquid jet will break into_discrete droplets
under its 30 inher enEMhdiekl davdcasorre shenn ogereEally itk TBence of

2%0??} g;lnfi; PEEENELRD.05,373, §37, e Mas@nel ) | 19886 thpigweed that
. & Cumming: No. 3,560,988, issued February 2, 1971 to
Krick; No. 3,579,721, issued May 25, 1971 to
10  Raltenbach; and No. 3,596,275, to Sweet, issued July
' 27, 1971. In all of those devices, jets (very narrow
stfeams) are created by forcing a supply of recording
fluid or ink from a manifold through a series of fine
orifices or nozzles. The chamber which contains the
15  ink or the orifices by which the jets are formed are
vibrated or "stimulated® so Ehat_the jets break up
into droplets of uniform size and regular spacing.
Each stream of drops is forme8 in proximity to an
associated selective chargihg electrode which
20  establishes electrical charges on the drops as they
are formed. The flight of the drops to a receiving
substrate is controlled by interaction with an
electrostatic deflection field through which the drops
_ .pass, which selectively deflects them in a trajectory
25 toward the substrate, or to an ink collection and
recirculation apparatus (commonly called a "gqutter”)
which prevents them from contacting the substrate.
While it has been known that a fine liquid
jet will break into discrete droplets under its
30 inherent thermal and acoustic motion even in the
absence of any external perturbations, it has
heretofore generally been believed that specifically
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2 calibrated separate perturbation at or near the natural frequency of .-drop

formation was a practical necessity to produce droplets that are Bfgggzryy.

spaced, sized, and,tined across the orifice array to 5

permt

of the apparatus. Printing with chargedadrops reguires relatively ct se

control of the droplet paths to the ultimate positions on

t he receiving

substrate, and drop size, spacing, and charge |evel 'have generally been ~
regarded as critical 10 factors. Thus, Sweet requires perturbation nmeans)

for “Ssuring tbalibramed sAsséphtélge _Spégﬁﬁi:bhttﬁ:ﬂﬁ'h @Eﬁj < 1 nri]egu;agét m erval s

d are uniform]j LhZe. not e n, Sweet,, ream ha
?gndgncy? due ﬂ?kpéggt%q??ﬂﬁqcxcP#hg:QErkgayéiﬁhﬂcﬁE§Sa PSRGHEFuid, to
br eak U]P into _aese_ssté.tyi ;tm griﬂmedgqﬁllﬁme;\tﬁratzﬁnf:ggg%gﬁllgfze;\r/gd in
a jet of water Lt e rpu rde Qs
orJdi nar i I% not séﬁ#?ét’m%a{'ﬁtégf %’h‘ingslaﬁgpﬁcﬁ”%%.éfiE"SFd@F_rlaé' aRure
that the Xropl pesmik| praper hrseubft thei appp_mﬁﬂrp%mdt:mgsw?mtggd
f ency, Swe i n | a refer
Fegu arly spechabidl HIoel dWay f¥es eI ML Wl ot CobnEeid He i
undulationsirﬁhﬂedtopi$t Qath3nt% ﬂheenitdmaﬂétpusitiouSregnfm$Zrlng
fromthe 25 : e i r or e
frequency of fﬂ?ﬁ%%?éﬁgo?aﬁ§¥€§€§§fﬁéa 8%@% #igﬁﬁﬂég$gﬁé fr3§egncy may be
_typically on teRargeecilevell have@enerallyebeen aregarded desvariittical

T ckut e SR ErCoTEY, SR YIRS BRI - (oo

fromthe sour RSSUring &ppdr dnepletal in khet stzeem ate spaced ajtect ed
t hr ough Or'f'QﬂégﬁPéfegntervals and are uniform in size.

o As noted in Sweet, the stream has a natural
| tendency, due at least in part to the surface tension
15 of the fluid, to break up into a succession of

d:opiets. However, as is easily observed

in a jet of

water squirted through a garden hose nozzle, the
droplets are ordinarily not uniform as to dimension or
frequency. 1In order to assure that the droplets will

20 be substantially uniform in dimension and

frequency,

Sweet provides means for introducing what he refers to
as "regularly spaced varicosities”™ in the st:eam;
These varicositiés_create undulations in the cross-
sectional dimension of the jet stream issuing from the

25 nozzle. They are made to occur at or near

the natural

frequency of formation qf.the droplets. As in Sweet,
this fiequency may be typically:on the order of

120,000 cycles per second.

A wide variety of varicosity inducing means

30 are now known in the art. FPor example, Kr

ick utilizes

a supersonic vibrator in the piping through which ink
is fed from the source to the apparatus; and in

- Raltenbach, the ink is eiéctéd through orifices formed
in a perforated plate which is vibrated continuously

35 at a resonant frequency.

“use -

-
-



.in a perforated plate which is vibrated continuously 35 at a resonant

fregugrcy. 3 Since the adventof the Sweet approach, non- contact marking
devj utilizing fluid droplet streans have beconme commrercially devel oped. &

Howevéfd <o far as is known to nme, it Jas been a characteristic.5 of ink
a\jjces that all- of themutilize sone type of varicosity inducing means--

lator" to induce regular vibrations into the streamto provide

regularity and uniformity of.the droplets. As noted in Stoneburner U.S. « .

Patent No. 10 3,88 1 t béeh
oﬁeegf t he nost di ff?%gﬁ?‘?epkgéug%é}wt t%% gﬂg ggéggera tﬂdgﬂc;?o;)&rgejclgfders
For high qudaxti;acﬂeamdki\ggl ﬁelvasetsaextnbtegng\r flunhdt da:lotpl,leats be

t | at d

folggugeebr o?gifé ?ﬁgsggyeans i N %fhf??¥g§ﬁ?ib¥ z€d an figgFafﬁyer
spaced dropso Fﬁtn s nbs ek nowni Eonamms st yhaﬂabeanop ghasasttemisbiche”
accompgni <o dy G IQL] a0 okesuRdd (11 SpStned it11akd ork cBknip Of (he

reans I n OpSsS occur at a termne ocation In prOX|mty to
the char gi ngfemmmbomducim cmeaen% e plstinulagonte o vkndyce

del i ver att%g%P t n (Qﬁ%rgf#@ o] a travelin

wave algng th df*YFE%QQEBP%kQ?E%gly mani ?% E?ggg%&Q3%|gh an OrIfICg '

pl ate fornBﬂGﬁylﬂﬁity 4&@ wadEogmiky of rhecdreslessered or progressively

decreased in width algg dlqﬁgg@fﬂébﬁfhggeaagt ggqehgg4ﬁ§ the natural
r

t endency toward attenuatlon op stinmulating bendi.ng waves as they
traveld Omn39m§2 508, issued May 6, f§75, proper. stxmulé%ion has
been one of the most difficult problenms in the
operation of jet drqp recorders. For high guality
recording it has been necessary that all jets be
stimulated at the same frequency and with very nearly
15 the same power to cause break-up-oE a11_the streams
into uniformiy sized and regularly spaced drops.
Furthermore, it is nécessary that drop
generation not be accompanied by generation of
'satellite drops®, and that the break-up of the
20 streams into drops occur at a predetermined location
o in proximity to the-charging électrode{ both of which
are dependent on the powe: of deiivery at each'jet.
Stoneburner shows means for generating a traveling
wave along the length of an ink supply manifold of
25 which an orifice plate forms one side. The wave guide
- so formed is tapered or prdgressiveiy-decreased in
width along its length, to counteract and reduce the
natural tendency toward attenuation of the drop
stimulating bending waves as theY-travel_dogn the
30  length of the orifice plate. |

BRIEF DESCRIPTION OF TEE PRESENT'INVENTIdN .

In practice, there is often an undesirable
interaction between the stimulator and the structure



| NVENTI ON I.n practice, there is often an undesirable interaction b

gthe stinulator and the structure 4 of the_ ink delivery system
“adverse ef f ect may show up as a tendendy for the overall systemto

30 | ength of the orifice plate. BRI EF DESCRI PTI ON OF THE PRESENT
Eéggj
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Hl eve

non-uni form stinul ati on across the orifice array due to reflected and .
interfering waves (as 5 referred fo in Stoneburner, just discussed),

such. that certain orifices do not receive apgﬁoprlate stiinul ati on while

ot hers have ©fo thecHnk deliverymsystemaTh

refl ected as

"Furt hernore,
dropl ets tenécbéeM&wﬁQ¢r%%i§E§ﬂ §$ému%atien|%@§e$8dtbs|a&s cause -

i1 oul t 5 apirgly 198 yPd ETbER el Und flq&s@effaeiﬁgoah 9k t@yl to escape

~and be
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of stlnulatlon |s furt er cgfg i cat ed.  Anot her and

the 20

| sper sed |nto he surroundi ng area, or beyon
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he

.)

.are
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very 'sm droplets ten orm éen each of
the larger droplets and cause difficulties within the
system in that these fine droplets tend to escape and
be dispersed into the_surrounding area or beyond the
acceptable target area limits. Satellite droPIet
formation is a sensitive function of the properties of
the ink or treating liquid being used so that the
problem of stimulation is further complicated.

Another and major limiting factor of the
known perturbed ink je: systems resulting from the
stimulator is that the traveling waves generated by
the external or artificial perturbation means substan-
tially limit the length of those devices. From a
practical standpoint, such known devices are limited
to cross-machine orzfxce plate lengths no greater than
10.5 inches (26. 67 cm) where there are 120 jets to the

~ inch and the artificial perturbation means is

operating at 48 kilocycles,_ At higher frequencies the
possible length of the orifice plates is reduced,

- while at lower frequencxes the length might be

lengthened

There are numercus disadvantages associated
with such orifice platenlinifations. The primary
disadvantage is encountered in trying to build a
perturbed orifice system suxtable for treatment of

limting factor of -

I-S

where there %re 120](H§ii0 the inch . .an t rtlfi geteerturbatlon nmeans

"From ™~



operating.at 48 kilocycles. At higher frequencies the possible |ength of
™Nice plates is reduced, 30 while at | ower frequencies-the,length
'| engt hened. There are nuneroug di sadvantages associated with such.
orifi\d®plate limtations. The primary disadvantage is encouritered in
tryi.n\ o build a 35 perturbed or if ice systemsuitable for treatnent of
continuous | ength br oad wiit h .goods,” for exanple including those in the

texti]e f'e'éhne%ﬁ@aeeu.en@wrbma@wmtno?bbaqud;emtimmead width » . -

oods or in ¢co yously or -intermtten ns_aqf, ot her wide 5 T\t
gubstrates<ﬁ“¢éﬂ€%ﬂﬁl °ﬁﬁeﬁ9 sﬂ%ﬁ %8 ?qe Wéik% AREL i PERSS s I

range in w dgg étmabeuhm&smleﬁ nbbnbaaewdaadh yoods oExperience
Tmposs! bl e (SPREMRAESLE rq}%ﬁe@ﬁeﬁﬁﬁ%praﬁ'ﬁ af | kel sl
. orificg pl até_*&b@@f&ﬁﬁst be ﬂﬁﬂs&d{ﬂst awherénanymsuclr gdadsyi || pernmit the
O L8 k¥ S £l R AR g B8R R 1S o
the 15  ef fmditOf:ot Bbbutmstemldaa Qréfésentzxperatemlshnwsethat ilg _
naner of "ofh LR ERéntmny: Aidedh iR A, pRERIIANIY S ERkLDGZ) | 0°
increasi ng valitdst oimpossihle o tcembine 9o or more ofiithethe present
VST AR PURYEL RER RN RAhe PERK BN SNENR bR LS oL
or the extemeeded Msdzlaneleclimra fmamserakhat mid.é. pexinibl| théor use across
the m”dth(ﬁuﬁiform continuous treating of such goods or materials
sufficiently to mask the separation between the
_ perturbed orzflce plate sections, and/or to mask the '
15 effect of their mutually different qperatxonal_
' patterns, It becomes increasingly difficult to obtain
a satisfactory result as the number of such short
length perturbed'orifice plates is increased to span
increasing widths of goods to be treated. °
20 | With the present invention, however, where no
~artificial or external perturbation is being used,
there is virtually no limitation on the length of the
orifice plate or the extent over which such orifices
can be made available for use across the width of a
25 wide or narrow subst:ate or receiving medium. Thus,.
textile paper or other substrates having widths
~ varying from a few feet to many yards can be treated
as they are moved or ctherwise indexed beneath a
single, machine-wide orifice structure. A plurality
30 of such machine-wide orifices can of course be
operated in tandem or in some predetermined manner or
sequence to accomplish any desired result. '
"I have found that although droplet break-un
in an unperturbed, coneznuous jet system is a random
35 precess; the distribution of raﬁdom"droplet sizes and




“25 “wide or narrow substrate or receivi ng nmedium Thus,. textile pé
ot her substrates having widths varying froma few feet to many yay
5treat ed as they are noved or otherw se.i ndexed beneath a single,
machi ne-wi de.orifice structure. A pl urglity 30 ° of such machi ne- w-de”
orifices can of course be operated in tandemor in sorre pr edet er m ned :
-manner or sequence to-acconplish any deS| red result have found that .e.

al.t-hough dro ak-u S mis-a
'rahdon?35 %#%%égég Fﬁe%ﬁkQFﬁﬂﬁ%ﬂ$ ran 3#0 I %gg%sxg%§
spacings is fnundthhaésatqmmailenramuficehsdceslamd hzghe: fluidind that
at small er n u e ons anong -
randomy. ge% % grgb ?g%s%ﬂn%{%é%e&gapél zugér‘ﬁ“l’t Ia\?r%‘iﬁ}‘v%ésgé hat the 5

resul ting racmwleltspccn ber gade mubhicientldy, namroauasq)lbhatnthppl yi ng

col or Batlernsed]v2fy LURAH dddpld B0sRERRs0bRUHY dLebEX! ELES OF OT
appl ying indicra or eat a varitety of other sur?face enpl oy| ng a
variety of |e%AmBLe., 1bﬂ applying calpg pagtreswe &rlfdcﬂﬁ}tll%!??bgﬁl on" effect
s utilized gfeat thatablnt Reolydrblls @b Makeilled BErEod ?%1giﬁapar at us

havi ng: a source eating lirqui app hi gher

pressure tha#f“?%ci]%rﬁﬁl Fyeasaents 'é%u?v%ﬂ‘éﬁ?tgc&fr f8her supfaeesis

pl acenent ; d)ffn?f al Yarqlety @8 pigsiakler dianeter than usual, for
_equi va&gnt dropl € nment accuracy, throu whi-ch orifices the treatl ng

r coloring. rre'ahgﬁl i 9%@@&%@%@3#%&%%‘% efkeRtr dsdonl y
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charges to thi {)gs as th m and defl ecti on ans foy directing the
appara avzng- a source of treating liquid

which is to be applxed under higher pressure than is
normally used for equivalent accuracy of droplet
15 placement; a series-of'jet orifices of smaller
diameter than usual, for equiVaient droplet placement
‘accuracy, through which orifices the treating liquid '
or coloring medium is forced as fine streams that
break randomly into discrete droplets; electrode means
20  for imparting electrostatic charges to the drops as -
they form; and deflection means for directing the
paths of selected droplets in the streams toward a
receiving substrate or "toward a gutter or other
"collecting means., Further, the charging'electrode is
25  more extensive than with a stimulated system since the
break-off point may vaty-more in both space and time.

. Neither the apperatus nor the process has
perturbation means that would impart regular cyclical
vibrations or cause the iiqdid being applied to break

30 into droplets more uniform than their unperturbed,
raridom size distribution. | B
~ -To achieve a given accuracy of droplet - -
placement, or 'droplet m1sregistration value," an
. _ unperturbed system with the same flow rate requires a
35  different orifice size and pressure than a perturbed




pat hs of selected droplets in the streans toward a receiving substrate or

towarg=~g gutter or other collecting nmeans. Further, the charging el ectrode

i qYore extensive than with a stimulated systen15|nce t.he break-of f

poi n !; vary nore in both space and tTne Nei t her the apparatus nor the

process“has perturbation neans that would inpart regular cyclical

vi brati ons or cause the liquid being applied to break 30 into droplets

~nore uniformthan their unperturbed, random size distribution. To achleve‘a
gi ver( accura é%eﬂrOpEﬁE BE%%Q tszéE mﬂsﬁpbétsﬁéﬂf&%fﬁﬁﬁﬁ'ﬁaula|Ue

unperturbed s ste with the same flowrate requires ,a 35 different

orifice size dmdsedstar achigne %tiﬁ%dacc“FaWstié’ma mV%?F#PEékl ze
- nust be S”a”¢¥ttﬁ¥ﬁbaoﬂ Ldeha,u ﬂéhfﬁ?'ﬂdembbé thEh HBMEcyoRnNthe

.conventi onal rturbed, system |caII re than about 70%the orifice
di aneter of Pk i%b@ﬁ@?ﬁ*&wﬂ%\ﬁ @%%&‘ Hgsxstemaémm Bhod PPt
pl acemegt or fEcprfdy nbsreebguea: glla&ﬂerltédtleor amﬁﬂwlﬁwwwa&ure is-
al so or alterr}églveli subs 1%/ %& greferag.% Ieast about four
times that oftiPhefdtrBed ?§ 4, RFBAFRES Ft f SEurther, it
:s deSILablesgﬁrﬂﬁtivemy,csmmw%al ehbghblr]ghgseﬂyr&bigiclatr of aL
east about ti Qses t hi sgspeci fi.ca cl aj t he
term "dropl et sast %E?Fah’g %Qage?gn d 5§W§%§]f§% tﬁ?syg}%@e
variation frmﬁééporxdingl_abtdnm. mPsritkdri,n it dis e:tésmlphepth&tcul ar
to the gbrectlon V6|$8ﬁ§ h%:ﬂﬂxhréhgr'ogy s“iﬁétékt§f ggbstrate

- when al Jets
least about 1.5 times. .

For purposes of this specification and

claims, the term "droplet misregistration value” is

_ defined as the offset distance or variation from a

15 st:aight line, measured in a direction perpendicular

" to the direction of travel of the substrate, of a mark

on the substrate when all jets in an array perpen-
dicular to the direction of motion of the substrate
are swztched at the same time from being caught by the

20 gutter to being delivered to the substrate.

- The perturbations that cause drop break-off
in unstimulated jets generally arise from the
environment in which the system is found. Generally
these fluctuations are produced by the normal sound

25 and acoustic motion that are inherently present in the
fluid. Eoweve:, in some "noisy environments,
unwanted external perturbations, for example, factory
whistles, v1brations from gears and other machine
movements, and even sound vibrations from human

30  voices, can have an overpowering influence and cause a
change in the 12an break-off point of the jets in an
unstimulated system. In a“modified embodiment of this
invention, the system can be irregularly stimulated,
as by a noise source which generates random vibra-

35 tions., 1 believe this embodiment can be found useful .
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dircular to the direction of notion of the substrate are switched a
sanme time fromrbeing caught by the 20 gutter to being delivere
gsSubstrate. The perturbations that cause drop break-off in .unsti
'general ly ari.se fromthe environnent i 8 whi ch the systemis fou
Generally these fluctuations are produced by the normal sound 2 .
~acoustic notion that are inherently present in the fluid. However, | n soie
"noi sy' environnents, unwant ed'ex er nal ge ert. ur?ainons for exa fact o)y

| e,
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35 ti e this enbodl nent can be found usef ul 8 where the

appar at s |s°¥8ﬁﬁ-@%§e’&ﬁt ﬂ%i‘sy area. In such an environnent, the

application of the irQghénrobpecesyi lfledumsf\; Iénaucmaracrtglnigﬂmce nore

regular resu m et _than pl i regul ar clica
vi brations. %Ikhg’}’ gﬂ&%g_‘ntf ’A‘{ﬁ?gg° & a?;ria&%rég?l §°8FSFHe ﬁf‘r‘isent
i nventi on asopethtdsrt m'ld)rfxmtioasdoipm izelated f ehements @ind he '
related el e onq@m es of 10
nanufacturenga% Fgﬁéﬁﬁﬁiﬁéﬁﬁagg%égg Fﬁgnﬁﬁﬁfgﬁkrgﬁiﬁé §gscription and
the apphhdedmahaﬁaebungmrwikleheeomg mbe ea @ppeaceryt nfrdmawhegs, al |l of
which form agRafbh,9hd *Hessézpf&ibﬁashanth‘@‘%’p?éhéé&eciaims with

reference to the accompanying drawings, all of which

form a part of this specification, wherein like

reference numerals deszgnate corresponding parts in

15 the various figures. - ‘

BRIEF DESCRIPTION OF THE DRAWINGS
In the accompanying drawings:

FIGURE 1 is a diagrammatic cross-sectional
illustration of a binary continuous fluid or liquid
20 jet apparatus in accordance'with the invention;

. FIGURB 2 is a d*agrammatic perspective
illustration showing the d:oplet charging means and
the droplet deflecting means;

PIGURE 3 is a'séhematib illustration of a
25 modified embodiment of the invention wherein the
- apparatus is stimulated by~a3random noise generator
that drives an acoustic horn; and
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ref er enge nunerals desi gnat e correspondlng parts I n 15 t he vari ous

figu BRI EF DESCRI PTI ON OF THE DRAW NGS I n the acconpanyi ng draw ngs:

FI &G .E§£»IS a diagrammatic cross-sectional illustration of a binary: v
contAn¥ays fluid or liquid 20 jet apparatus in accordance with the

i nventi-on; FIGURE 2 is a diagrammuatic pegrspective illustration shomnng the --
dr épl et-chargi ng neans and the droplet deflecting neans; FIGURE 3 is a -
schenatlc illustration of a 25 nodi fi ed enbodi ment of the invention =

wherein the apparatus is stinulated by a randomnoi se generator that dri WS
an acoustic horn; and pIGoRE @Hs 4ai aiagdamraammtinustnatiaw euf of

_anot her enbodi nent of a,r ndon1n0| e pertyrbed syste mnth
“the inventiorP® Q\ﬁé?& ﬁma"géﬂe&t & p?EEBBaB& Wc}yqﬁ ﬂ%ﬁ?‘ég%%

noi Sﬁ IrOTgFt ur bﬂ'xTAE?_corﬂaﬁB% mﬁh vt é gﬁvéng:zblml d:tmréiquadsemipls?/_lg%g:zg(é:\#
‘or chanber.

| NVENTI ON WhiPAe3PRserRE ngft F&ﬁ' $l EP%! 5%%5@%} Ezgg%rﬁg:t? nown i nk
jet recgrdi ngebgmar tbua wallhaif stive | fluidsort diguidesupplyyvednifioldasi c

operating FWI§? gk%?ga the present invention offers radically from such
known i nk' ﬁg systens. As shown diagrammtically in Figure | and

2, 15 the apparatus. i ncludes a supply: or source of treating liquid 10 -
under pressure in a | r [P [ ifice plate 12
under Pressure i Of"§ggﬂﬂe8 pESRRR¥TTOH of e BRERE A

EMBODIMENT OF THE PRESENT INVENTION

, _ While this invention may be similar to
10 previously known ink jet recording apparatus in that
similar results can be achieved, the. basic operating
princ1p1e of the ptesent invention offers radically
from such known ink jet recording systems.
'As shown diagrammatically in Pigure 1 and 2,
15 the apparatus includes a supply or source of treating
liquid 10 under pressure in a manifold or chamber that
supplies an orifice plate 12 having a plurality of jet
orifices 14, Streams or jets of liguid 16 forced
through the orifices 14 pass through electrostatic
20 droplet charging means 18, 18, which selectively
imparts to'the'liquid charges that are retained on the
droplets as the streams break into discrete droplets.
- The charging plates 18, 18 must be
, sufﬁicientiy extensive in length and have a dimension
25  wide enough in the direction of jet flow to charge
droplets regardless of the random points at which
their break-off occurs. In prior art apparatus, the
'perturbations caused break-off to coccur in a narrow
~ zone, downstream of the orifices. Here, without Y
30 regular or separate artificial or external’ |
perturbation, the point of break-off varies more .
widely. In order to assure that all late-to-break-off
droplets are charged, the ribbon liké chatging plates
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orifices 14. Streans or jets of liquid 16 forced through the orifi
pass through el ectrostatic 20 dropl et chargi ng neans. 18, .18, whi _
selectivelly inmparts to the liquid charggs that are retained on the opl et s
as the streans break into discrete droplets. The charging plates 18, 18
must be sufficiently extensive in length and have a dinension 25 wde °
enough in the direction of jet flow.to charge droplets regardl ess of t he

random poi nt §.aqt 190 infils € thévbaeah File1 WS eifwas%oa&heam?éﬂs the
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- direction 5

of breagoff of hb(th‘lirdwhﬁiérela Esa‘thlecearitf!ﬁ:éI@bﬂﬂetekeihhdrrmh“ﬂsp' at es
shoul d preferabS% ve a dlneq¥ si,on boutﬁ# che (k 0 dcm in-the
Q%8RS whef BEAT |§ %EFQﬁ € nches or

centineters. dIbecrtiwmltdf drophetsEdow m:ddlsa damgéi 6ﬂomf adscﬂzleet flow
could range, RS i BRSL SHAT B aSWhAR S5 B0 (2000,
50 to about ehargdhnigs voXtageshtogchargehelirted c18,18 preferablyn pass a
cell eotias [ Lahgh Bl Wiodb 881 €3 Dk 30q%grbdy of he charged
toward a 15 receivi Aftebsthatgifg, theldicpkekpoineflbghindhay
pass a deflecting ribbon or means 20 which directs the
paths of the charged droplets toward a suitable gutter
or collector 22. Uncharged drops proceed toward a
15 receiving substrate 24, which is suppor ted by and may
be conveyed in some predetermined manner by means not
 shown, relative to the apparatus, in the direction of
arrow 26. The deflector ribbon or means 20 is
preferably operated at voltages :angzng from about
20 1000 to about 3000 volts. -
- " Reference may be had to known ink jet devices
for further details of structural elements sultable
for use in such apparatus.
In part, the structure of the present inven-
25 tion differs from the prior art in that the streams
~ break up into droplets in response to a variety of
factors including internal factors such as surface
tension, internal acoustic motion, and thermal motion,
rather than regular external perturbation. No regular
30 varicosity inducing means are utilized, in contrast to
what has heretofore been believed essential., Droplet
formation takes place randomly.
Lord Rayleigh explored the dynamics of fluid
jets around the beginning of the 20th century. ‘He
35  found that a fluid stream issuing under pressure from
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be co ed in sone predeterm ned manner by nmeans not shown, relative to

t he- atus, in the direction of arrow 26.. The defl ector ribbon or neans
20-is erably operated at voltages ranging fromabout 20 ., 1.000 to
about )0 volts. Reference nmay be had known ink jet devices for further

details of structural elenents suitabl e™for use in such apparatus. In part,
the structure of the present inven- 25 tion differs fromthe prior art in
t hat - the streanms break up into droplets in response to a vari ety of factors .
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experi ments since Lor s work I “have foun e average
spaci ng nompbg;pgrxmgmﬁg; qubgord Rayleigh's work I have fotnd

that the average spacing is now better represented by
the expression 4.51d with 4.51 being an observed or
measured number, Eot,example, in apparatus having an
ink pressure P of 12 psig and an orifice diameter of
15  ,002" (.0051 cm) the mean droplet size is about .004"
(.0102 cm). The normalized standard deviation of the
droplet sizes (that is, the standard deviation of
droplet size, divided by the mean droplet size) is
about .l; that is, 68% of the droplets are within
20 0004 (.0010 cm) of the mean droplet size of .004"
(.0102 cm). Further, the break-off point varies from
jet to jet by up to six drop spacings. These
variances are too wide for utilxty in many
.applxcatlons._ When 1ntending to print a horizontal
25  line across a substrate, all jets are commanded to
print at the séme time by :emoving voltage from the
charge plate at all jet positions. It can be seen
that if all jets break up into droplets at the same
time and at the same distance from the orifice plate,
30 the 5ystem wi11 simultaneously cause all jets to start
issuing uncharged drops and these drops will proceed
to the paper in step. o
- FPor. the norma11zed standard deviation of .
droplet size of approximately 0.1, as is encountered
35 in practice, this corresponds to about a 32% chance



t he expression 4.51d with 4.51 being an observed or neasured nunb
exanpl e, in apparatus having an ink pressure P of 12 psig and an
»di aneter of 15 . 002" (.0051 cm the nepan droplet size is about"
(.0102 cm. The normal i zed standard de¥2ation of the dropl et. si ze
is,.the standard deviation of droplet size, divided by the nean dropl et
size) is about .1; that is, 68@6of the droplets are within 20 0004 'j)

bi-bekof 1) poi tRe VAFPES o SIS, 19 FyShes Bt ka1l S pik Berunkle
variances ar earidJOtMedsprr silze Idzy tie rrmalrarsealaaluecaatillo.ns:c:z:ﬁlﬂkspoh&at-enélila ggt g o .
DTNt at the LHBEY (TREYhy R REYGre dotar tofiohe ich it YPREECHE a1 | ot
- positions. |tusifommitgedft Aahorizdnta kbt 3ihecak Thisi réﬂffes&@pkeuhbte thteern
o R M et o AR e A S Pt aRi ol B v arhpS o2
t hese drops vitdphetcefd.004t*hel JON02 am)sinpdiﬁmatbh%Itﬁeﬁ&azﬁdgiggnda{ﬁ
gre\é::flltlcgn ?ng@grﬁggoﬁgs @8 abo&%@%%ﬁ(tgangé'as Ilg etnﬁgum g:ﬂeet. w I 'b.e
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a devi alfon dfo .theithisddpopeat of t®4itatio16f thieirn diamseters.t he
variation W lgpongy, P& dQQQmEc(§3¥§§(¥QOm passage through air that
: tends to slow them down is proportzonal to the square
of the ratio of their diameters so that larger drops
tend to maintain faster speeds in travelzng to the
15 substrate. Assuming, however, that all jets break off
| at the same time, for an orifice diameter of .003"
(.0076 cm), a distance to the substrate of one inch, a
jet veloczty of 400 inches per second (1000 cm/second)
and a deviation of .l inch (.254 cm) drop diameter, -
‘20 the misregistration on the substrate is less than two
thousandths of an inch (.00S1 cm).

In the event one jet breaks off closer to the
orifice plate than the mean break-off point of all
jets by some number n of mean drop spacings (half the

25 total spread) the resulting droplet (which I shall
call the "late droplet”) will have a farther distance
‘to travel to the substrate than a droplet from the
mean breakoff point (which I shall call the "mean
d:oplet'). To date, the total spread of d:op spacings
30 I have noticed is about 6 or +3 and -3 about the |
mean, ,However, drop spacings can vary from this, for
- example, from about 2 to about 8 but will generally be
greater than about 1. If V is the jet velocity in
inches per second (or cm/Second), d the orifice
35 diameter in inches (or cm), and V' the rate of




In flight fromthe point of break-off, |larger drops have nore mass than
smal | gr drops, in proportion 10 to the third power of the ratio of their.
The fluid dynamic force from passage through air that tends to
dewn is proportional to the s@8are of the ratio of their N
5§ so that larger drops tend to nmaintain faster- speeds in traveling
substrate. Assum ng, however, that all jets break off at the
sanme tinme, for an orifice dianmeter of .003"-(.0076 cm, a distance to the~s
substrate of moeemenlt quthevstbstr;hﬁ 140d nchesspeer secomdl (4000 g
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arrival of the late droplet at_the substrate will occur about, n (4,51d/V)
seconds after.003 nches (.0076 cm), and with n = §, the misregi-
stration error is .0061 inches (. 0155 cm). It is to
"be noted that if 4 were /2 times larger and V twice
smaller, the error would be zvﬁf'larger,'or about .017

15 inches (.0432 cm). Thus, the use of the smaller
diameter orifice and the higher pressure fluid in an
unstimulated system can achieve smaller - |
misregistration errors than a perturbed system of
conventional orifice diameter and pressure.

20 In devices heretofore available, perturbatxon
means have been required to narrow the distribution in
drop size to essentially zero, to achieve acceptablé
misregistration error. However, I have found that
errors due to the'distribution of d:op sizes can be

25 - gubstantially reduced by certain conditions. This can
be seen from the following analysis. The normalized
standard deviation oderopiet'size_remains constant as
the diameter of the 6rifice is made smaller and also
as the pressure P is increased, in the absence of

30 perturbing means. If the orifice diameter is reduced N
by, say, a factor of the square root of two (v2), the ..
area of the orifice is accdtdingly decreased by a
factor of two. If at the same time stream velocity is
increased by a factor of two, the net flow from the

35 orifice remains constant, |
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the arrival of the nean droplet.. During this tine S I.nterval the nmpwy

substrate will *have travel ed a d| stance of n(4.Sld) [err]/V inches fg
scm . By way of exanple, at a substrate speed of 60 inches per second 4
~cm second) (corresponding to a substratjgg noving at 100 yards per m

jet velocity of 800 inches 10 per second (2032 cnfsecond), an or|f| e
‘di aneter of .003_inches (.0076 cm, and with'n = 6, the msregi- strat]on
error is . 0061 i{Dches (.0155'cm. It is to be noted that if d were )
[ eRe] ti nes Iar ger and Ebr.t vé £l sael chargehamd rdeflecktione £1dlads [thear ger’,

or about 432 cm,.. Thus h r di ameter
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seen fromt h&of ahleoma@mahqtuse ofthdreakraip z s sisanofitenddlienti on of .
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constant.  grror only 1/2/7 as great, that is, 2.12 instead of
six or only 35% of the error above. Furthermore,
fluctuations in denéity'yould now be averaged over 2/7
15 drops; if there is a 32% chance that_thé drop radius
for the larger orifice case varied 10%,-with a
. corresponding volume variation of 33%, there would
only be a 9% chance the smaller orifice system would
so vary. ' ' | |
20 Though a stimulatéd'system can in principle
be designed to deliver with high accuracy, in practice
errors occur of up to two drop spacings. With an
‘unstimulated system, the break-off point can vary over
six to seven drop spacings, but by reducing orifice
25  size and increasing pressure, this error canm be
reduced to that of a stimulated system with the larger
orifice size, while still offering the advantage of
substantially unlimited orifice plate length.
In general for this purpose, the orifice size
30 may be in the range of .00035 to .020 inches (.0008 to
.05 cm) and the fluid or liqﬁid pressure may be in the
range of 2 to 500 psig (0.14 to 35 kg/cmz). The value
of droplet misregistration error can be less than
about 0.1 inch (.254 cm) for applications. on
35 substrates having a relatively smooth surface while




imlar charge and deflection fields the drop traj-ectories remain-
WAt\, but the natural frequency now_,s 2[err]higher and there are now
2/2 any drops forned per unit tine, 13nd. t he time of 5 flight to the
substyate i's halved. If the breakup point with a full sized jet .varied six
~drop._spaces due to the-random nature of break-up, as is often the case, a

_print error uld ocgyr of, six tines.the breagk-off ti | ptegval tines the
speed of t'heV\ger 39933193}(@“ Wtﬁuéﬁ rates ,Vitﬂ%ife?nf?)#égﬁg?e jet, the -
sanme error inghspoltdl,) ruglnee Fobkduseswrficesintee rdrophek |/ 2[err] ay

great, that is, 2.12 instead of six or_only .35% qf e eLrpr .ahove. -
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drops; if éh%ﬁcha_sa'éazcbmm)e,tbpt ev_hnl o9 irmchies (zx?tbm())l uhgrreh orif : ge
case varie Wi a cor,respondi ng. .\ e var.i o] 5 Lhere wou
only be & 9% §H§hc@5ﬁ‘7§g§oﬁtﬁ%$fﬁgi ?38!&&& Mﬁ)’ v$§1{ 5% |
Though a stinwheted thestprimeing nopr imagel erilid dslyrivel vhewedi momid h

hi gh accuracyg§é¥8%rc%§:.tlce' errors occur of up to two drop spacings. Wth an

unsti nul at ed he break-off point can vary over six to seven drop
spaci ngs, but by reducMarerspecif28allyi Ic hawe i faundisthatpgeperad, this
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plate | eyt h. anogéfdce dimmetes ofir pbout hH0k i inchesi £e0302 omly be in
| au " or eost S F0E0 ceftbs E0T3eh tRROSpaR il SMoclE4SO8 bltnlg 0T o)
The val ue of sbopked.fls dgichest {0B486r em)can The | idaheadout 0.1 inch
(.254 cm) forppppL|;ald BehiHd the orifices can vary from about 2 to
‘about 30 psig (0.14 to 2.1 kg/cm?). However, the
15 preferred pressure range varies f£rom about 3 to about
7 psig (0.2 to 0.5 k’g/cm’z). The substrate can move at
a velocity (V') of about 0 to about 480 inches per
second (1300 cm/sec) with a preferred narrower range
varyi'ng'f-ro_m about 5 to about 150 inches per second
20 (12 to 380 cm/sec) and the most preferred rate being
about 80 inches per second (152.4 cm/sec or 100 yards
per minute). . | |
More general ranges for the parameters
involved, including the orifice and pressure ranges,
25  are a jet velccity (V) ranging from about 200 to about
3200 inches per second (500 to 8200 cm/sec} with the -
more preferred velocity range varying from about 200
to about 500 inches per second (500 to 1300 ém/sec)_
for a general purpose liquid applicator and the most
30 preferred jet velocity being about 400 inches per
second (1000 cm/sec). Also, in certain instances
substrates could be moved at rates faster than 480 .
. inches per second (1300 cm/sec), such as speeds of -
800-1000 inches per second (2000 to 2600 cm/sec), and




ssurfaces the droplet msregistrati.on egygor can be | ess than about 0.4
-inches (1.016 cm), or even 0.9 inches (2.3 cm where .5 such

m sregi stration could ‘be acceptable, such as where the printing or inmage:
will only be viewed fromdistance. Mre specifically | have found that ™

general applticid i appacatasd icowld tlmueappaieabiu.ri&tye tepgittifg azn -’
or¥Tce dia [ of 0. inches (.0102 cm., with the center to .
center spacﬁﬁﬂc P?E g? é%é%;%ﬁﬁﬁﬁ *0.016 inches (.0406 cn). The l'iquid
head pressures behlndFlhe gmﬂhﬁxng;xubkerynggoanawmﬂ Imdgimpoof 30 psig
0.14 2. e_varies
from about  SUEFEEBHe s 8hB{Tax, O i, cPhE} B ot iRa S SR Ca 0 ove -
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about 60 i nchanped.80t3ndnches A 0033 ccm) wﬂﬁhyapﬁxqm:.arhmma)temre
rossur e 1 anans Res SPAEIRG. P I S dEber bRty Be SR GhBAL,
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to 1300 cm sec $r a gener al - purpose he nost 30
preferred j &9 (intvlﬁbl Qeam&ﬁfaﬂlﬁdrﬁhé§sbéﬂ being about 30

psig (2 kg/bm ). Here, jet velocities will preferably

'va:y from about 6§00 to about 1000 inches per second

-{1500-2500 cm/sec) with the preferred velocity bexng
135 about 800 inches per second (2000 cm/sec).

_ The viscosities of the ink, colorant or. -
treating liquid are limited only by the characteris-
tics of the particular treating 1liquid or colering

: medium relative to the orifice dimension. From a
20 practical standpoint, the liquid or medium will
generally have a viscosity less than about 100 ¢ps and
preferably about 1 to about 25 cps.
Since the present invention can produce
applicators of virtually almost any orifice plate
25 length, as discussed previously, the range of
application, unlike the preéiously'discussed'perturbéd '
systems, is éxtremely broad. - This is because the jet
orifices can not only be constructed in very short
lengths, such as a few centimeters or inches,'they can
30 also extend for any desired distance for example. .1
inch to 15 feet (.254 to 460 cm) or longe:.
Accordlngly, the present invention is uniquely
suitable for use with wide webs or where relatively.
_ large surfaces are to be colored or printed with
35 indicia of some type. One example is printing,

L4 * - .
35 substrates having a relatively snooth surface while’ 15 for g
application to'substrates having rel atively unsnooth, rough or fi brous

“ 2



second (1000 cnisec). Also, in certain instances substrates could be noved
7Tl es faster than 480 inches per second (1300 cnisec), such'as speeds of
9%?00 i nches per second (2000 to 2600 cnifsec), and t hi s apparat us
d/have applicability to printing at such substrate feed rates.. Fine
printing, coloring, and/or imaging of sbbtrates sinilar to the results

obt-ai nable froma 5 - perfurbed systemcan be obtained with the present

i nvention by using an orifice having a di ameter of about 0.0013 inches ™ .
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chemically resistant materials or combinations
thereof; and are compatible as well with the orifice
dimensions which are desired to be used. (Large

. particle materials can cause unwanted clogging.)

15 Suitable textile dyes include reactive, vat, disperse,
direct, acid, basic, alizarine, azoic, naphthol,
pigment and sulphur dyes. Included among suitable
colorants are inks, tints, vegetable dyes, lakes,
mordants and mineral colors. - ,

20 . "Inclndéd'among the types of treating liquids
are any desired printing, calbring_or image forming
agents or mediums, including-fixatives, dispersants,
salts, reductants, oxidants, bleaches, resists,
fluorescent brighteners and gums as well as any other

25 known chemical finishing agents such as various resins
and reactants and components thereof, in addition to
numerous additives and modifing agents. It is
believed that all such materials could be effectively
employed according to the prgsent'invention to produce

30 desired effects on a variety of substrates, as for
example, all types of paper and paper like products,
cloth and textile webs of various woven, knitted,
needled, tufted, felted, batt, spun-bonded and other
non-woven types, metal sheet, plastics, glass, gypsum .

35 and similar composition board, various laminates



’Iengfhs, such as a few centineters. or inches, they can 30 also extend for
any desired distance for exanple, .1 inch to 15 feet (.254 to 460 r"a:["ﬁ
4 A
i!gi,

slonger. Accordingly, the present invention is uniquely suitable fg

- emma—-

Wi th wide webs or. where relatively. |adfe surfaces are to be col o
printed with 35 i ndicia of sone type. One exanple is printing, 7
- coloring or otherw se placing images, on ‘textiles but it should be clearly’
understood this is .not the only application of this invéntion. In a simljar

meqeer the cHAacladdng plyweedy heepeesisy M inhrard: cvanhoys Lipar
mar kedl y. 'nahaxtaéﬁfﬁkgéx‘hgaﬂeag alilkd Mdddrbi el £SoRNEngyBther s and
col orants can be used, Dbel 81

elther naturgl. or synthetiC, sqQ |qng,as they
are conpati bPatREdd% RS Metli a8 PRoA WMATHE YR L r$9¥€%°5§ag§QL§aﬂP9

construct ed, g3ud) Fusied | ShSothGek g, Beyasibis ethezant
materigl s or _.conbi nations thereof, and are tonpatible as well wi.th the
Corifice di nefOFB®®s which are desired to be used. (Large particle materials

can cause unwanted cl cmgar paiﬁgusswuuuﬁgiﬁegqgﬁgégygsahachqu reactive,

Vel G et oty ASehin S G Daaicy g, SEOiC MRG0 ot i

dyes, |akes, othetamibrtionseinl thel area I use can thehnsellvéeyl anong the

Ypes of {1 oblf el S5 S SYedERL I Haldf apd ChhBRT | 1P°

reduct 3@ts, anddsirabld ezzhibablectestltd. uFikpored Iragdt énghowaral guns -

as well as aﬁ&d?%@%ﬁ,embodiment of the apparatus, wherein the :
system is not regulérly perturbed, but 1s'subject to
irreqular o:'noisé_perturbation, which overrides or
masks such background vibration. -

15 In Figure 3 the noise source includes an
amplifier 30 which applies moise from a resistive or
other electrical source 32, to a transducer such as an
acoustic-horn 34. The horn imparts the noise
vibrations to the £luid or the manifold. These random

20  perturbations may be applied to the fluid using prior

"art transducers; but the perturbation they apply
herein is irregular, not regula:.' :

In Pigure 4, the noise transducer is a set of
piezoelectric crystals 40 which are mounted to wall 42

25  of the fluid manifold 12. Other types of transducers
may be used, as known in the art. The difference is
that they are operated in a narrow band of random
frequencies, not at regular frequencies. |

It is desirable thﬁt the central frequency of

30 the noise approximate the natural_frequehcy of droplet
breakup. This is about V/4.51 d cycles per second
where d is the jet diameter in_inéhes or cm and V the
velocity of the jet in inches per sécond. The band
width is desirably less than about 12,000 cycles/




cnown chemical finishing agents such as various resins and reactants
_onents thereof, in addition to nunerous additives and rodifing
C‘

. It is believed that al] such materials could be effectively

enpl &ed according to the. present inventliSon to produce 30 desired effects
on a variety of substrates, as for exanple, all types of paper and paper
| i ke products, cloth and textile webs of various woven, . knitted, needl ed,

tufted, felted, batt, spun-bonded and other non-woven types, netal sheet, ™
pl astics,. gl asecogdes sa Fhat abbesicandom cuihrat ions aver westari ous N

I am nat es ' ' ' nee j@poard, various f iber: an-d .
. - esin conposi Fgggﬁm%%?eyﬁagnﬁ&%@nhteri a?./ als \l/JveII _:as on-a
variety of -surfaces i ndéhidlegtheainvention hawdeenrdegacibed dn various
other 5 fOESﬁneZBﬁ{)ig%?& sgoye é%g.&ﬁgﬂaérﬁg g?;o‘ifé Wipgd. As

previ ou\%y ment| one ground or otfer v ions 1nt ea of use can

themsel vbs soRestndsashiical pand upEefrsired ambodinentsucdtids to be
undesirabl e vahiablstoc@ WHst theI¥hoentidH ik fo B4 &iﬁgtgé)% ment
of the apparatEs, ﬁherelsrnﬁjhe system 1s_not reqularly perturbed, but is
subject to i_rF Qu_ﬁ scdo s@%@%’ﬂﬁﬁﬁi S‘_r\',t VR CHR®\RPREEREYor inﬁas_ks such
backgrf)upd Vi g%e%xaaﬁ ¥ cover vari?h% M&rﬁé’?ﬁf@ng%ﬁahé&u&;‘v@éﬂ u;ies
an anplitier I C ap 1 S oS T, a resistiyve, or ogner el ec | Ca
Source 32, toARTARGRBARYS inrhiged .y iHhia Ehe (RiF B8 andSCABe, Qfmar t s
t he noibsw_ vi benei @ @&Ge}&%ﬁ-éi&ﬁ.oﬁﬁihﬁd%é@'ik dbese aeadealdea) the ]
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mdifications. and equivalent structures.



herein is irregular, not regular. In Figure 4, € transducer is .a

set of piezoelectric crystals 40 which are nnunha l“m“nlﬂﬂmb of the.

;fluid manifold 12. O her types—eﬁ_trangﬁucers, 4 |ﬂﬂ“ﬂﬂ MMown i.n 'ty
art. The difference is that they are opéPated in a ndrréw Banl of rando
frequencies, not at regular frequencies. It is desirable that the centra
frequency of 30 t he noi se approxi nate t-he natural frequency of dropler)
bregakup. This is abo:&eﬁiéL51 d cycles per second where 'd is the jet -
di ageter in inches o d Vthe velocity of the jet in inches. per

- second. The band wi dthli.s dediqhid fjessdebvdeenlfor pPiABdngycles/ 19

Fecond, 50, b bIEnG ORI ALL8 R R BLE IS, SR BBRURNT, .
. presently conplaeeddtheriearder nconppiadngcaleansd forfmnddndybodi nents, it -
i schosed ontSEIRERES R, Ardpid¥E EioH b0 1180 ld Urddd’ £8180r008om
nodi fi c8ti on_sgelmdraqilhgamnsarhmbngeans unddimited @2dss machéperit and
Thterpretats SESERCSACHUIHY JluSE136A8E' Redhis’ AFIIAG a' B8aRcATCTR
structures. of2pressupdzed Aiquiddandt otdfice means idefiging a
’ " plurality of jet orifices having a diameter d through
which said liquid issues so that droplets are randomly
10  formed having differing sizes and spacings
therebetween, said pressure and orifice dimensions
being controlled so that droplet break up occurs
substantially within a predetermined distribution -
around a mean droplet size, '
15 - : electrode means for selectively imparting
charges to droplets, | '
- .collection means for collecting droplets; and
deflection means for deflecting the paths of
predetermined droplets away from the receiving
20. substrate to said collection means.

2. A liquid jet device for applying the
liquid to a substrate placed thereunder with a droplet
‘misregistration value less than about 0.9 inch

- comprising means for randomly generating droplets from
5 a liguid stream, said random generating means
including means defining a source of pressurized
liquid and orifice means defining a plurality of jet
orifices having a diameter d through which said liquid
issues so that droplets are randomly formed having
10 differing sizes and spacings therebetween, said
| pressure and orifice dimensions being controlled so
that droplet break up occurs substantially within a
predetermined distribution around a mean droplet size,



colorlng or otherw se -treatij

CORPH] Si ng

ng conpti s&d bf neans defi ning

ng a receiving substrate placed thereunder
0 A4 nef“ﬂl ﬁ“&l Hﬂgenetating droplets froma liquid stream
sat'dPandom 5 ans havbgg an unlimted cross nmachine w dth
source of pressurized tiquid and

orifrce neans defining a plurallty of jet orifices having a dianeter d

t hrough which said liquid:.issues so that droplets are randomy .10
having differing siz

di nensi ons

w thi gsa preliztgesi tod dtiopletsif i on around a nean droplet size, 15

el ectrode neans for A oC ction
means for collecti ng%§b'§%Fett1§'¥a¢|%R§ Fggt ?(%ﬁ'l%e%%% Qé?% 94 qudfhe
pat hs of predetern ndefleqtinn newysf £om tdeilres:teim ngheopatblsbg:& ate to

devl the liquid to a_.v
;é%%@%l%g@;gﬁédgﬁa\gwg %?%& g‘éo%esérﬂe%l % [ oﬁgval ue | ess-than
about 0.9 |mnhstnateltpnganthBDIbcctQQGOWPﬁmanerat|ng droplets from5
a liquid stream said random generating neans including neans defining a

source of pressurized |Ig$ld and orifice neans defining a plurality of jet
orifices having a di 3set

said colle
substrate

W auidujetvdevicsyias 1imuetainsdedrs that

fvor ned
and, orlﬁhce

bei ng c'ongi&qqgt?s‘ﬁéﬂﬁ%fsdE%BI %t%tlo\,&%v%@ o%%sl%éti tanti al'\by

~droplets ar&éa@ﬂg%h@ww%ﬂl ds qioIvid Grf| ER8 SBsTRAUL0S

t her ebet ween, sal

ressure and

around a napﬂcgroplet si ze,

4. A lzquid Jet device as-in any one of _
claims 1, 2 or 3 wherein said droplet misregistration
value is defined by the expression.n (4.514)V'/V where
n equals the number of mean drop spacings a droplet is-
formed away from the mean breakoff point, d equais the

. orifice diameter, V equals jet velocity and V' equals

the rate of substrate movement.

s. A liquid jet device as in claim 4 wherein
d ranges from. about 0.00035 inches to about 0.020
inches, n is greater than about 1, V ranges from about
200 to about 3200 inches per second and V' ranges from
about 0 to about 480 inches per second. |

6. A liquid jet as in claim 5 wherein the
pressure ranges from about-2 psig to about 500 psig.

7. A liquid jet device as in-claim 5 wherein
said orifice is about .004 inches, the pressure ranges
from about 2 to about 30 psig. and the jet velocity is
about 400 inches per second. -

nsi ons berng contralled so tﬁat
dropl et br ek @pdbeﬁﬂfﬁst Qé%t%\‘tﬁ%\ﬁ?lmt Niad ue pk%%%t%hﬂi‘néﬁ%h%tor-llbut i on

©



“el ectrode means for selectively inparting 15 charges te—droplets,
col l ection nmeans for collecting droplets; and defl ect
deflecting the paths of predetermnm ned droplets M“ﬂ

L
I vi
substrate to said collection means. 3. R2iquid ik mi!e as ih cla

ar ...
2 wherein said device applies droplets on the substrate at a dropl et .
m sregi stration value l.ess than about, 0.1 inch..4. Aliquid jet device ’)
as-in any one of clains .1, 2 or- 3 wherein said droplet nisregistration

valug is defined by thdexphebbquidniet sieyigeras imeebaimed whenein

nunber of nea Wefe) | ehait or ' t he nean
br eakof f  poi n'?'gqelag%m]@e gsr???égedrgr?éﬁariﬁcvéehugﬁ- g?gﬁie’fgg} ty and V

equal s the rafangessfiram abowbyvbfiche. abouts 70 peigjamddthecdeds in claim

LA wherein d T gagee {0 AL L. 80032 Achefie pd SLIRAY- 020 inches, n is

greater than about- 17 V ranges from about --"-200 to about 3200 inches per:
second and V' -ranges. from5 about O to about 480 inches per second. -6.. A

liquid jet as in_clai mg, Wigrpiguilie jakedeiicd awesn vy shauof? psig to
about 500 psi g 7. Ali %'I d jet "deviCe asg i-_n-c,lii m 5 wherein said_orifice
i s about .004CRAdREs 1 Hor # REUPe FHRZEIN SAAGRLIECErPdeBEARSIRAR . - -

‘and-the jet val eghigeh padiieH0foi BebPletere SRE Gitfich rdngds! Edednl j et
device as in clai m% sher ein salosl grg_f,l ce i.g abouj ,001‘? i nches, the
pressure rang@89R% OaB'&J_ @abeut 398 kines rhe orifice JLameLes.ity is
about 800 inches per second. ' -

| 10. A liquid jet device as in claim 9

wherein the preferred length of said electrode means

is equal to about 1004.

11. A liquid jet device as in claim 9 or 10
wherein the charging voltage applied to said electrode
means ranges from about 50 to about 200 volts.

'12." A liquid jet device as in any one of
claims 1, 2, 4 or 5, wherein the viscosity of the
liquid is less than about 100 cps.

13, A liquid jet device as in any one of
claims 1, 2, 4 or 5 wherein said substrate is moved
with respect to said orifices at a rate less than
about 480 inches per second. |

14. A liquid jet device as in any one of
claims 1, 2, 4, 5, 9 or 10 wherein said device is
operated at a charging electrode voltage which is at

least 1.5 times that of a regula;iy.}erturbed__.=- s
5 apparatus having the same_dtoplet misregistration -
value. '



-2, 4, 5 9

Al qui-djet device as in any -one of clains 1, 2, 4 or 5, wherein said
el ect{rode | ength parallel to droplet flow which ranges. from .
- athoedVR0 to EM‘M’I’" ﬂ he orifice diameter. 10.. Aliquid jet device .
iANglai m ferred Igggth of said el ectrode nmeans is equal
t a\abg " ood. 11. A|IC]UIdjet devi as in claim9 or 10 wherein the -

chargi ng vol tage applied to said el ectrode means ranges from about 50 to
abobut 200 volts. 12. A liquid jet device as in any one of clains 1, 2, 4—

or 5, wherein the VIS Slt e 10@ cps. 13N

Aliquid jet device: a éngyﬁﬁyaﬁjégl ﬁ%fﬁg §§ } F"@P&%%regg sai d

substrate H:luiusimutﬁ,rdspecs mhemnthosaidcean@pmaganexatssgthan about

480 i nches r I| VL ECARS 4l clains 1,.
%afbse\/éﬁ%ﬁéégal &g\lﬁ %egﬁsmgﬁgr’gt e lJ%a a%?nggel ectrode

vol t age whidhﬁe;nalIae:tutbatﬁnnameaus L a mpggm&nsfqﬁgubased appar at us

havi nggt he & I ' gis td: Bia j et

devi ce as in anyﬂ%énré ‘g;bg%éis dg é%r%&%gr é:an:isn;dlil ergl'g%% gglneratl ng

means oper atdsoplet rreakupece of an artificial or external perturbation

means for inparting regular.5 cycllcal vibration to said liquid to

~induce uniform dropl et breakup A liquid jet device as in any one of

claims 1, 2, 4, 5, 7, Q-orhléiﬂﬂéﬂellﬁ%aﬁﬁvgﬁﬁsﬁﬁaﬁ@ any one of °
‘claims 1, 2, 4, 5, 7, 8 or 10 wherein said substrate

is a textile,

17. A liquid jet device as in claim 1§
wherein said liquid is natural or synthetic textile
dyes or colorants or mixturés thereof.

18. a liquid jet device as in any one of
claims 1, 2, 4, 5, 7, 8 or 9 further including, a
random noise generator which applies irregular,
randomly varying vibrations to said liquid, to induce
5 said streams to break up more randomly than in the
- absence of such irregular vibrations.

19. A liqm.d ]et device as in claim 18
wherein said random noise generator 1mparts noise of a
random frequency having a band width less than about
12,000 cycles per second, to said ink.

20. A liquid jet device as in claim 18
whérein_said random noise generator has a central
frequency which approximates the natural jet breakoff
frequency of said streams. - : L

21l. A cploréd and/or imaged substrate having'
‘'a width varying from less than about 0.1 inch to about
15 feet formed from randomly generated and precisely



“is atextile. 17. Aliquid jet device as in claim 16 wherein said quuid'

“is natural .or synthetic textile dyes or col orantﬁlmnullm“”nﬂ(mmreof. :
A liquid jet device as in any,one of clainms 1, 2 f P

i ncludi ng, a random noi se generator whi cBapplies*irfedul &, *rahdo /.
~-varying vibrations to said liquid, to induce 5 said streans to ak/up =
nore randomy than in the absence of ,such irregular vibrations. 19. A )

liquid jet device as . in,clai.m 18 wherein said, randpom nqi se_generato -

s moi Se SR L QLA O F PR AL PR | SRR AC AR L NAUIH - e ety Sheut

. 12,000 cycl es qropleed lavé Obeend dandonrly Fornédi Gromt adQiiqgia@s in claim
18 wherein sai ra‘ndou{n noj se 8enerator hasﬁg gegtial fr(;&lé%vvm ch
appr oxi mat es tHE SRR %Ité’%ta sencs OF FiGigt ofi 8 c21. A

. col ored and/ o ibmasibrs ubean 8t sohalaty theliditdpYets havler dDffesingan about

0.1 inch to abqut 15'rf§et foirred f om.random%ngfgs'rat'ed an%é)remsel?é _
24 control | edS And Fpacipgs; thegebpiiee $7; R PFedetarmined have
been randonl y &istreibdtion aatogndd as wemrindrophetabicece of artificial or
external . vibration nmeans so that the droplets have differing sizes and

spaci ngs therebetween within a predeterm ned distribution around a nean - -
dropl et si ze. The 22ibst Theesabsbtratieias 2invwetadmn 2lhwhadwin atkei s a

22.
(oxt i PoSGAR 16 o8 AR ddodt "BRY th" UL i |
. is a natural or synthetic textile dyes or colorants or
mixtures thereof. '

23. A process for imprinting indicia on or
'coloring a substrate with a liquid comprising the
steps of: | | |
 establishing a liquid flow in the form of at
5 least one jet stream by pressurizing a source of
liquid and forcing the liquid through at least one
oriface and randomly forming that stream into dropiets
by controlling the pressure and orifice dimensions so
that the random droplet breakup occurs substantially
10 within a predetermined distribution pattern around a
mean droplet size, | :
_ selectively imparting charges to predeter-
mined ones of said droplets, _ o
deflecting the path of the charged droplets
15  and collecting the thus deflected droplets, |
whereby the uncharged droplets are allowed to
‘be deposited on the_substzéte.

| 24. A process as in claim 23, wherein the

orifice and pressure on the liquid jet are established

according -to the droplet miSregisEration equation of

n (4.518) V'/V where n equals the numbér of mean drop
S spacings a droplet is formed away from the mean

-

-



23. A process—Lep—+ﬁpFrﬁ%rﬁg—rnd|C|a on or coloring a substrate with a .

11 qui rrprl establishing a liquid flow in-the :form of

at 5 ast mm lgfl “mmy pressurizing a source of liquid and forcing =

t he | ast ene orifaceeand random y form ng t hat stream

i nto Iets by. controlling the pressure and orifice di nmensions so that

tAe random dropl et breakup occurs substantially 10 - within a predeterm ned
Mst ribution pattern around a’ mean dropl et -size, sel ectively inparting

charges 10 PrAdHIRIes BaPL9NAS eghad LIk Gt of fcedalbislierg the path o™
.the charged droplets, ??9 qIectln t he thus deflgptgggdroplets :

“wher eby the @@UAkS e]f%lr?)ﬁl@'ﬁt& ang | ow&ﬂ‘i%l%e hepEatec®thon the
substrate. 2%ub%ﬂ¥é@@$ﬁo@éméﬁtcb® Bhad @¥5?§|ﬁe§b§1ﬁ§|th@ﬁ and pressure

“on the I|qU|d et are establis ordl t he drople |strat|on
equation of FURSEFARe \RAYR B 5 P qq?%{)% ﬁé%? ?t

spaci ngpo a dishyanetabcu$ o0 P9 di avhy fromthe mean _25 breakoff poi nt d.
equals the orifice dianeter,, V equals jet .elocity and V' equals the rate

of substrate novenent so that drops reaching the substrate have a droplet'
nisregistration val ue 3%ss AOprotiess amln GcPaimch3 86. 24 mhersinas in

bencat b sai o Shbddiatats I Thaged 3n I‘a‘?%f%téﬁe%gﬂm@et& RRd T
beneath said drqplets. ,

26. A'prccess as in cléim 25 wherein said
substrate is moved at a rat:e less than about 480
inches per second.

27. A process as in claim 23 or 24 wherein
the pressure ranges from about 2 psig to about 500

psig.

28. A process as in claim 23 or 24 wherein
droplets are applied to the substrate at a droplet
misregistration value of less<than about 0.1 inches.

29. A process as in any one of claims 23, 24
or 28 wherein the viscosity of the lxquzd is less *han
about 100 cps.

'30. A process as in any one of claims 23, 24
or 28 including the additional step of generating
irregular and randomly varying vibrations and applying
such vibrations to the liquid to induce the liquid
5 streams to break up more randcmly than in the absence .
of such irregular vibrations. = . -



“substrate is aned at a rate less. than ab cond. 27. A
*process as in claim 23 or 24 wherein the p n1 2 psig
. Lo about 500 psig. 28. A process as in clai iﬂmm m‘mlgm are
applled to the sibstrate at a droplet nmisregis 1on wvalsue+o

about 0.1 inches. 29. A process as in aﬁy one.of clainms 23, 24 SR -t
wherein the viscosity of the liqui-dis I'ess than about 100 cps. 30. A :

process as in any one of clains 23, 24 or 28 including the additional
of\vﬁneratlng irregular and randoniy varying vi brations and applying su;%

vibrations to the lig f' t Opl ggbeas@%'ﬂwéléim 30! WReFRil éHP&k up rore

randomly than in the a sence such irregular vibrations, A
process as i Falidamiyogemeratad sX&@q%%kRﬂﬁyaé%nBPB?EBtﬁﬂbﬁﬁ|wa are ’
generated at ﬁﬁa@aﬂ%maﬂé?%awﬂq% P Al e 78 €h N 1L 8ES thiaa) abwwe 12, 000
cycl es per second. 32. process as jn any one of clains 23, 24 or 28 -

wherein the 4@b§ﬂ&n§¥¢%e% PeXt SPE the liquid is natural or ‘synthetic
textlle dyes or colorants or m xtures thereof. -

32. A process as in any one of clazms 23, 24
or 28 wherein the substrate is a textile and the
liquid is natural or syhthetic textile dyes or

~colorants or mixtures thereof. '




