COLORANT PRESENTATI ON FOR PAD PRI NTING FIELD OF THE | NVENTI ON The invention
relates to devices for controlling the presentation of colorants to a pad
for pad printing. In particular, the present invention provides apparatus
and nethods for controlling the viscosity and circul ation of col orants used
in pad printing systens. BACKGROUND COF THE | NVENTI ON Met hods and systens for
pad printing are well known in the industry. CGenerally, a colorant is
presented to a printing pad which has been pre-fornmed into a desired pattern

or shape. The pad i s CORORANTHRRESENTATEONKORIABPRINTING t h the col orant
whi ch has been presented to it. The process is highly repeatable, as

addi tional_coal o ented to the printing pad and additi onal
inprints ﬂ@i%é%gﬁgﬁiﬂé&% ne particul ar application, colorants and pad
printing are used in the manufacturing of tinted contact |enses. In sone

met hods of manufhagivehiidtdreldtéitte deioditfaciontroNimgshe grodeatadioh of solo@plts & @ad for
uncured lens material by transfer of the colorant froma, nold sufé)réface to the
|l ens mat el arintirg Inparticyler.dhe present sy entiemreyjdes apratugand mathods fos senteling,
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col orant conposition, which generally includes a binding polynmer and

pi gnent s, oﬁ‘ﬁ?wﬂ%@ﬁ]ﬁo : ﬁﬁqhwnt, is applied to a nold part and

al | owed t posirtion o contact |ens nononmer into the nold part and
curing of the nonomer incorporates the colorant onto the lens. In the
process of pad Nkthadsiand sysserhafor phdprentmgladswels kmgyvrcinabethdostps , Génerally, a

desirabl e t mai ntai n ,col or.ant viscasi or solyvent/solid ratiq throughout
the. pori odoBrat FeTiE 19 gTige PESTOTAPRS toen BT RGeSl oy
evapor at i QRaRf THRIp4E I uskd inigh’t & Bésigriated it Witk thetddorantvaiictied bpef t i on of
the cliche that is used in the pad printing process reduces the solvent to

sol i ds r atnresentgd fchie e progess il ghlxirepeatablg, asipdditiopa eglogay cambe prgseataddmthen t he
sol vent taq,_so0l.i tiQ.. Lh [ ically increases col orant
viscositngﬁﬁh%ﬂ%1%§¥%@§mh§é gﬁpgg%%ggﬂgpkﬁging performance. Solvent is
typi cal |y presdmbné partingarcapphicaioh, dodoraitslandpadipeintingaefused mfthe manwfadtorisnéf

fromthe cliche to the printin ad, and then fromthe printing pad to the
front cur \}gltchq?gtaﬁblpeﬁes. “??d%?fﬁ%fﬁ‘t(’fi“%a“a%giu@‘ﬂ%{imteg copipctilenses, spigFaRt ison of a

portion of,phh&l B AUGE 16h® malefaPRP RarlshE KF @R Blorant from a mold surface to the lens

material and the latter is subsequently cured. Colorant transfer can be carried out using a
printing pad containing a colorant composition that is pressed against the mold surface of an
ophthalmic lens mold. The colorant composition, which generally includes a binding polymer
and pigments, as well as a solvent component, is applied to a mold part and allowed to dry.
Deposition of a contact lens monomer into the mold part and curing of the monomer
incorporates the colorant onto the lens.

In the process of pad printing contact lens molds using closed cups, it is desirable to
maintain colorant viscosity or solvent/solid ratio throughout the period of time that a given
colorant is being employed. Typically, evaporation of solvent from the thin film left on the
unetched portion of the cliché that is used in the pad printing process reduces the solvent to
solids ratio in the colorant contained in the closed cup. A reduction in the solvent to solids ratio
in the colorant typically increases colorant viscosity and ultimately leads to poor printing
performance. Solvent is typically present in the colorant to aid in the transfer of the colorant
from the cliché to the printing pad, and then from the printing pad to the front curve lens mold.

The colorant is designed to permit evaporation of a portion of the solvent to increase tackiness
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- I of the colorant on the cliche, or print head, to enable this transfer
to the printing pad. The type of solvent, type of colorant, tenperature,
hum dity, air velocity, type of pad material, and type of print pattern are
sone of the factors that influence a desired | evel of solvent or viscosity
needed to optimze printing performance; additional factors can include
printer speed and cycle tinme. In sone processes, it i s necessary to stop the

printing process when the ability of the colorant to fill the cliche etches
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addi tion, the viscosit col orant may vary based upon variations of the

anbi ent tappqn@uatoua@rcatmmdommdae@meoraamtoratrésmwolrrand”meloeetrmlcep The viscosity

desirable.to provi rove ora managenent temthat prov
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t he presentedhni¢Rinltd mlmﬁﬁ@mﬁrddrv@src@m@ bapapai ts spindle Mdab@dmentOrAs dffebrivedi NQ
colorant to a printing cup that circul ates col orant under pressure froma

col orant agdishaysens W@reamditmnﬁ ﬁ&er&tica*féowom%wementséeeellﬁtspes‘ﬁtlmﬁwlssuae%ent
t t
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facilitat ati1on of on1t e cup
cont ai ner aamsdoslysneasmeient tskdnheitlva spindle try:asnr&emehm caoflontaai¢ asuht valotayt leeélng

delivered _tpo th intin up.. The met hods and systens of the present

i nventi on fgifé%wgtpg\%o(ggn f(bgorﬁlﬁg’f gﬁft cg the reservoir Xndt a vortex is createg around the
spindle. In addition, the viscosity of colorant may vary based upon variations of the ambient
temperature around the colorant reservoir.

Therefore, it is desirable to provide improved colorant management system that provides

colorant to a printing cliché and cup.

SUMMARY OF THE INVENTION

Accordingly, the present invention teaches improved apparatus and methods for
providing colorant to a printing cup that circulates colorant under pressure from a colorant
container to a printing cliché and cup, in addition, the present invention applies negative
atmospheric pressure within the cup to facilitate the circulation of ink from the cup back to the
colorant container and also monitors the viscosity of the colorant actually being delivered to the
printing cup. The methods and systems of the present invention also provide for the automatic

control of the viscosity of the colorant in feed conduits feeding the print cup, based upon the



control of the viscosity of the colorant in feed conduits feeding the print
cup, based upon the -2 viscosity nonitoring of the colorant within the feed
lines. Other apparatus and nethods are al so described herein in the

foll owi ng specification and clains and in the acconpanying drawi ngs. BRI EF
DESCRI PTION OF THE DRAWNGS FIG 1 illustrates conponents included in sone

enbodi nents of a col orant presentation system according to the present

invention. FIG 2 illustrates sone dual cup enbodiments of the present
i nvent i on.viseesty monitoring pf tesglopast WiHinghe fssd iness dBeTAPRRatYseAd etods pig also

present i puemhlPherei Iir?the%oi{lé&ﬁi?sﬁé?:?}fﬁ:aﬁ&%ﬁd QAfHs aNB i @Re a%P{iE%HbE i sbe

i ncluded in sonme enbodi ments o e present invention. | PTI ON
Overview The present invention is directed to systenms and net hods for

provi di ng PESERIPPIOR @ﬁ’ramb weNgkion, to a print cup and print
th pa

cliche used 1n conjunction w printing. According to the present
invention, a self contained cart includes a colorant supply, inline

vi scomet ers, aFiGl ¥ dhustratapgrinponants inelusied in someoimisdimelits plehenderantpieseatation er
to m x solvent and,. colorant. The cart can be transported on casters to a
printing §Y§?P8ﬂx§%n%ﬁ&gepgﬁﬁngﬁﬁnﬁg%urn lines can be quickly connected to
the printing sG] pRluwsheeetdmadudl bup dnibdanatasf the paeas imehtisieed to be
halted in order _to replenish an ink supply. The inljne visconeters and

sol vent di spendd6. 3 Hipsaas mekiod yiepnploaieseborigncaty of thgpresant VR, ed

viscosity. In %‘gg?% ?[u%fr&%raﬁ tiSﬁQ?%kHB%%&e;% %Hcat %Jﬁgoegﬁﬁﬁm.tinisQﬁ’l@@ﬁ%Q&lmeB@%‘i‘e I's

provi ded a net circulating col ad printing system

i ncl udi ng teeEksengingert@nor ant cup 8 adjacent to the cliche 9, the cup

contai ning colorant, and the cup 8 containing air disposed above the
colorant, wherein the air is capable of entering the cup 8 around the

ci rcunf er ODEEAHIED DESCRIBLION s enbodi nent includes controlling the
viscosity of the colorant in a colorant container 1-2 based upon an

i ndi cati on of tBe vi scosity determ ned by an inline visconeter. In addition,
the present i ¥¥n can include punping colorant fromthe col orant

container 1-2 the bhGert iieRtiGH dilRt8P oY stek aRdmkethddslforipfovidifig dcdiBrant, ki t he
cup 8 to the colorant container 1-2.
as an ink solution, to a print cup and print cliché used in conjunction with pad printing.
According to the present invention, a self contained cart includes a colorant supply, inline
viscometers, a solvent supply, an automatic solvent dispenser, and a mixer to mix solvent and
colorant. The cart can be transported on casters to a printing station so that feed and return lines
can be quickly connected to the printing station wherein a printing operation does not need to be
halted in order to replenish an ink supply. The inline viscometers and solvent dispenser
automatically maintains the colorant at a desired viscosity.

In some preferred embodiments of the present invention, there is provided a method of
circulating colorant in a pad printing system, including sealing a colorant cup 8 adjacent to the
cliché 9, the cup containing colorant, and the cup 8 containing air disposed above the colorant,
wherein the air is capable of entering the cup 8 around the circumference of the cup 8. This
embodiment includes controlling the viscosity of the colorant in a colorant container 1-2 based
upon an indication of the viscosity determined by an inline viscometer. In addition, the present

invention can include pumping colorant from the colorant container 1-2 to the cup 8 and

pumping colorant and air residing within the cup 8 to the colorant container 1-2.

Systems



Systens -3 Referring to Fig. 1, an illustration of sonme enbodi nents of the
present invention is provided. According to the present invention, a
colorant container 1-2 is nmounted in a support apparatus 20, such as a
cart. The colorant container 1-2 can include, for exanple, a manufacturer's
canister, identified via a bar code or other machine or human readabl e
marking that provides a |ot nunber or other identifier of a colorant |ot.

I n some enbodi nents, the cart 20 can support nultiple colorant canisters
1-2, with eachReaing torFig.-12amHlustigioaf sompe smpediments §f therpseseiA¥endPn ¢f f f er ent
colored i MUl tal . [ = | SR [y il o e the
vol une ca%gocvil(%%?' é'\\?g{nﬁg@ﬁglﬂféoﬁ %%g%gg?ﬁrﬁolh’n%gwg?gti ontagd(%% (Pv%/nlik ﬂlgugggil%?gﬁrp?@it- 2

wi t h di f f eapeanatuc?0,euch askescartwiTihe cplocant dentaingrrleasadinclole forseiampte, an t o t he
printing statjon 10. The cart..20 can include_a nobi.lity neans such as
Past er o oMAHIEEIES i an s Ay e han S oUi PR HRGOT PR o Sp I PTG e
station 1Quat GRAGHEs b Sotdimdés oSkt identifibeot ao®ridt Dot n séiBOlemBédIMERLS, the edr20
communi cation to convey colorant fromthe canister 1-2 to the printi ng
station 1@an supgordlnuutifle eptoranecaistens i Rgwith gadhaanis®r d @ acHag eamreserapir forghe | n
some enbodi nent Uit - p i nel. .

connecti ngard gkl paRET e PMEpIeia SRR LRI SRR R & hBkacg he

di sconnectvofunietdapgstyaraitdbieto tiepdintiigaution U, wiglehanidiver b2 whthcdiffedestr @iyt inks
facilitates _  changing out a cart, 20 for a.cart. 20 with replenished col orant
cont ai ner $Vill pOvidg IRgRGAsed £olopPleetinn ke PHRINEK AP new conduits 21-24 in

order to provigge thtb6l cHORBMBE & HobRity hRardsB, §UcR 28 castdtPB! Whs PLAEFH 1N
repl eni shed canisters 1-2. One or nore punps 3-6, such as, for exanple one

or nore pérhsoghtionctopndironBa printing statied 101 Eondutsperdt suchas flgkibleanbing,rcom t he

container 1-2.to.the printer station 10. The peristalti unps,. 3-6.can al so
besuppor e sy Ty 5o BB EpEn Brely ket ioh B harta il o iR Reing T,
located pR@¥IsEBLM the peRaly @dtichn® tb erdakieRE LD In Eddn@émbodifehtdahe tdiRlupsdp 3- 6
can act to punp the colorant fromthe colorant reservoir container 1-2 to

the print 24tcar Inglide eprastind] s serneeting andgbsconnsetingihe dlvid enmmppigatignnpuchsise

pr oxi mat e t i - 8. n act to

b col ok PEGREE ARG Mo hefidmof bt iR ERE, Ml 23

Accor di ng changitpoypnese 0 forravaartl0onith @plenishedmwlorargeontainers 127- Athemscantl0ldaged

it g| imralgs\ljir E&%Hlﬁ{egﬁ\éh %?aor? ¢ Eq%glqgéﬁgll ocggiearrt](t) prol\llndeﬁﬁl%ccprrrlr%fn?izarltﬁ% tgt eofgelsgent S, an
supply of colorant in replenished canisters 1-2.

One or more pumps 3-6, such as, for example one or more peristaltic pumps 3-6 are used
to transport the colorant from the container 1-2 to the printer station 10. The peristaltic pumps
3-6 can also be supported by the support structure 20. In some embodiments, a pump is located
proximate to each of the feed conduits 22-23 such that the pump 3-6 can act to pump the
colorant from the colorant reservoir container 1-2 to the print station 10. Embodiments can also
include one or more pumps 5-6 proximate to the return conduits 22, 24such that the pumps 5-6
can act to pump colorant from the print station back to the colorant container 1-2.

According to the present invention, an inline viscometer 27-30 is utilized to measure the
viscosity of the colorant. In some preferred embodiments, an inline viscometer 3, S measures the
viscosity of colorant being supplied to an ink station 10 via a feed conduit 22-23. In other
preferred embodiments, an inline viscometer 4,6 measures the viscosity of colorant returning
from the printing station 10. Still other embodiments can include inline viscometers 3-6 which
measure both the viscosity of the colorant being provided from the canisters 1-2 to the printing

station 10 and returning from the printing station 10 to the canisters 1-2.
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viscosity of colorant being supplied to an ink station 10 via a feed conduit
22-23. In other preferred enbodinents, an inline visconeter 4,6 neasures
the viscosity of colorant returning fromthe printing station 10. Stil

ot her enbodi nents can include inline viscometers 3-6 which neasure both the
viscosity of the colorant being provided fromthe canisters 1-2 to the
printing station 10 and returning fromthe printing station 10 to the
canisters 1-2. -4 The present invention also includes a controller 17 which
recei ves an i ndiheatesan infentiorealsyinsludes a songplierrd whitlreapives amindigation of the

SO et feoo i PR By Kl mBRERAL R dorEBIBSTH S ol ivefEo¥baEOmet o

27-30 to recel SI gha es a Vvisco y reading o
col orant . thdikwoeicree I2T7830(Ialﬂecaiv9(a digital ugﬁal shatirghldaya &mmgtr&xdhﬁgmﬂtlmeeolorant

controller which prOVI? n readab%f iFdicathon of the,viscosity
measur ed BynRodEnsnty saRelsgiin bﬁiﬁe% splayycogpectad toghe eqitirodfpsbich grovides 8 UBER be

situated Qg @nﬁf&fbﬁgﬁBfﬁlrer\thBH%emgagureéB%ﬂle‘"’!ﬁl’mg\%con@(@@mﬁ above or

adj acent to the colorant contai he sol vent di spenser can include
any known desiAgsolfent dldp@lp@%rﬁgcahlbqultuqu aubh swost@tmetntesm wichras afler
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sol vent dikapen dedigrefor dikpér3irdl IRRARS§icE a4 ¥ vintd, Mith ah AetoakiokaittolieR 17.nEhe
col orant container 1-2. In sonme enbodi nents, the controller 17 wil]l cause

the sol verolventshiwRaser is copuerted;ip ogerapsrrommawlicAsian withithe sondrodlet wrih#thyased
upon an i he

P e vi SBhERIc: b, Ghis RE YR ApbeP2e 21D dGN G ent b B R A o .

t o have arolopmecontaiserols?.t in fonreemiboldtnentd, thea:ontmlthrri@ WIH«:alseelmb ol et dikgensarl | ne

scometer, 27-30.indicates.that the viscosity of the colorant .in condui t
D1SSa T s 26T dishOtih Sh e O ajora rasotat af e RhAS L arcasitybihe

comuni categlori rbceived i MRNALI GREMSRE 21-80cause the sol vent di spenser 26-27
to di spense sol'vent into the colorant container 1-2. In some enbodi nents,

an amount of sdheeentrodies beeanere ppgrembed biasexemplg éhhavswniuaperaeppeity theeshold.
threshol d II’ heceahlrﬁdl Cgt\}eg If'ro%f thE: hrﬁm%'v?s%gl%ét%ny %') §(2 ingftdRs Wﬁ%l cgg §fn(§iqﬂe %lgrgnt

i ncl ude a COT ora enser not I spenses CoO response

to an i ndiicatomit 2‘1r231nﬂs abeveithd upper vissSosreireshol7 thd@owdas 10 17 ra@h cahm@enithiat t he
viscosity of the colorant is below a nlnlnun1threshold The present
i nvent i on Witehesddyent dispenserisl caussithe,sabyenbidlisRenass 20red; te Sispersesplveptdntofhe cosi t v

a;“ gﬁ' Ioga;éBlo%rt EéHthi¥erPEh Neh RLRSEMNoBIndnts, b EmEbrt 58 SoVerR AE Pk Wil e 64484 8

upon how far above the threshold the indication of the viscosity is. Some embodiments can also
include a colorant dispenser (not shown) that dispenses colorant in response to an indication
from the inline viscometer 27-30 which indicates that the viscosity of the colorant is below a
minimum threshold. The present invention therefore is capable of providing an indication of the
viscosity of colorant actually being presented to the cliché 9 and printing cup 8 which is an
improvement over prior art methods that measured the viscosity of ink in a reservoir.

In addition, the present invention can provide a more accurate indication of the viscosity
of the colorant through the use of the inline viscometers which measure how fast a piston travel
through the colorant as compared to the prior art which measured the current required by an
electric motor used to turn a paddle missing the colorant. According to the prior art, the current
may vary due to the viscosity of the colorant, but also may vary according to the amount of
colorant into which the paddle was submerged or partially submerged.

In the present invention, a paddle 13-14 may be used to stir the colorant and mix the

solvent and the colorant.
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i nprovenent over prior art nethods that neasured the viscosity of ink in a
reservoir. In addition, the present invention can provide a nbre accurate

i ndi cation of the viscosity of the colorant through the use of the inline
vi sconmeters whi ch neasure how fast a piston travel through the colorant as
conpared to the prior art which neasured the current required by an

electric notor used to turn a paddle m ssing the colorant. According to the
prior art, the current may vary due to the viscosity of the col orant, but

al so may vary &Ketwring ngyegain meFlarrbwntorw carcles ptlgd fropmthe baripra lof t?cﬁeraptaddl e was

b d || |
mmy beuscanelRLl P IR g A7 NG RHESRLL 2 o e eI, e 12
Ref erri ng onde A giad ﬂ’aed OOnIaug 2223 can be alamﬂt 1 c@® nikinfetdrs &dmfthesarfdee obthe tchichéof

| t t t feed 7-28 via feed d it 22-23.
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cup 8 untl reaches the inlet return conduirt 21, 24. The end of the
ext ensi on aupurn conduit, can be, for exanple, about 3to5 mllineters from
t he roof of |n 8. Accor to enbodi nents of the nt

i nventi on, E\Cﬁ?rﬁ & fsome e @g @gﬁmﬁ?ﬁ\?lp(ﬁ%sewéﬁ‘éetnl 0% & BWBB ?§§§ F&sure

Wi thin t heprmhe fgative dhokERYic basiuré WthiniBe nReup 8thdrebyofacilitifing @tk resRNt
fromthe colorant cup 8 to the colorant container 1-2. The return conduits

21, 24 camusedcolosant gioncthe gpleamhewcs © thecqleraptgontainesd 2. eRsagiueheondsitnelet i on
and di sconyy pLGH) lin%ﬂldgf {cﬁ%lscsﬁemsgg@ﬂﬂh;é eég&%gm é&ae&m%;ggh%,scan fidn ofghe

conpri sing the sup str ure out l'eni's e sup

of col or arréturrsﬁmiéulmhnii ferrksmplana cancdontpeismg tiet smpporpsmtpztlﬂ@ 28 ig dvedppedsowd to
peristaltic p nc sed punpi ng capabilities as conpared to the feed
punp 27- deplPWS}btthGéVpﬂlboé‘é’t?ré'i‘t mai ntain a negative atnospheric pressure

wi thin the primbifGnféRinfentsQh i@ Burd urﬁlm f3<%ﬁ‘éi lspyﬁahs?ﬂa@ﬁlmp §f desi gned
to operate at 30 rpm the return punp 29- may be designed to operate at 60

rpmin oritgeasedpenpiag eanahéltws eseumparedh tbfch;er@m Planp 2748 dd @rder émbetispmaintain
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bound by ds p&aidnie v eperdtb 813 0yrpaf, tmpenuat plmﬁp 29 80 may beldesiyed tb bpératferaes(mhyn in
order to create the pressure differential. In addition, some embodiments can include a larger
diameter tubing for the return conduit 23-24 than the tubing utilized for feed conduit 22-23.

Not wishing to be bound by a particular theory of operation, it is believed that freshly
adjusted (solvent/viscosity) colorant is preferably deposited on the cliché etches on every stroke
of the cliché. In this regard, it is desirable to feed fresh colorant via extension tube 27 at the
front of the cup relative to the motion of the cliché holder 9 and to return the colorant at the
relative back position via extension tube 28. The colorant can be picked up by the print pads 7
immediately after the cliché holder 19 has moved to expose an area of the cliché 9 to the print
pad 7. The relative locations of the inlet and outlet also encourage a non-stagnation of colorant
in the cup.

In another aspect of some embodiments of the present invention, while removing the
colorant cup 8, such as for repair or to change a colorant color, the colorant cup 8 can be more
easily emptied by reversing feed pump 27-28 (or by reversing the direction of the tubing through
the peristaltic rollers). After empty the colorant cup 8 by operation of the reversed action feed
pump 27-28, any remaining level of colorant within the cup 8 is diminished, which in turn

facilitates cleanup.
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adj usted (solvent/viscosity) colorant is preferably deposited on the cliche
etches on every stroke of the cliche. In this regard, it is desirable to
feed fresh colorant via extension tube 27 at the front of the cup relative
to the notion of the cliche holder 9 and to return the colorant at the

rel ati ve back position via extension tube 28. The col orant can be picked up
by the print pads 7 immediately after the cliche holder 19 has noved to
expose an area of the cliche 9 to the print pad 7. The relative |ocations
of the inlet affe sxstamstiofahespresant hiyeniipa typierdly-ieludpmeqleaniciupdohayingan intefior he

cup. In a . as I (o} 4 i Sk | e
Femovi ng. (0 PoHis R & peb RN TRR R e LU F5PB o URRsc Ryl

col or, theo golicheants useibhaBeinahe emrifooleraneag” Irgfesnphn Edk oyp’t thaeis knowgn fnethel punp
27-28 (or g¥ neyersing %%ﬁ direction_of the tubin .throqu .tre peristaltic
rol | ers). Pa§ praptingasisy Spitable.enlefantupg § ysasl 1B hegpeseatinyention Camncluds AR ke act i on
feed punpufBerdftcoRht EESEH KHMG th MR sifleCiltRe a0 tsud ANFd? ekiiBple Udos3d itk

di m ni shed, which in turn facilitates cleanup. -6 The systens of the
present imugnmtion typically include a colorant cup 8 having an interior

roof portion, %Hg cﬁc@lé%i dan 378 ir?c? n(}%%%\g .c}i%gs E(R&I/dn ﬁqulé })%dqprgrﬁ@%ta?togn&ryﬂntinc%& 8

bei ng di sposed adjacent” to a C use ere erm "col orant

cup” ref effsr dxampR a'sufticcowith efchatfuh&iokimlavMoldnhd hquid peldrapt inrd pangcuddrtesch
Suitabl e colorant cups 8 used in the present .invention can include any of a

nunber of PadrBr Hisrsurfageceteher ywRAvE anY AYkEn skynigadly. the patkan ikl be spreficdga’ 1 or
exanpl e @h&éﬁqré cat%ﬁ?ﬁlcgg%ﬁpfé){aﬁ@ 03 gf;@é?? gllrnﬁ@adn%p%}ﬁﬁ@wﬂﬁx cGh b&&ﬁ?{ﬁm?m

in the pad printing art’ an exanpl e a surface et ches
f unct i onala comtattdérd. tTthe chp §us lbld againsaarid drawn agasstthe cliche setfade to deppdseércnloraihe
surface etches, can_have any pattern. . i.cally, the ttern will be specific
o o par T GF SHEFFRLET Se e 2gnt T T sxbi B el s 25 Brbres hetal g an
iris whi chagan e Pﬁhﬁsa@s‘l 70T he Bat@istubsel @sly trhisfe&étProtni astid1€ bbb thtddSdn, and
drawn across the cliche surface to deposit colorant wthin the surface

et ches. Oséchos, fep example. rcoptagslens om chrve lansanald prhgold baly, arag gytosobilee
col or ant LEgyn to the print pads 7. The pattern is subsequently
d . . .
transferred to an article to be printed on, such as, for exanple, a contact
|l ens front curesdnegnbadiderns, aaugdludedialthe presenaimvanticdrmbiilctudedaghhaar d.

interior roof portion, and an air gap beneath the roof portion. The vent is provided as a small
hole or channel that pierces the roof of the cup. The vent permits the surrounding gas external
to the cup to enter to the interior of the cup to provide an air gap. Typically, the surrounding gas
is air, although any number of other gases, such as an inert gas like nitrogen, can be used.
Because the density of air is lower than the density of colorant, the air gap will generally be
situated above the colorant and below the interior roof portion of the cup. The surrounding gas
is capable of entering the cup through the vent as the colorant is drawn out of the cup. The vent,
accordingly, provides that the pressure within the cup is substantially the same as the pressure of
the surrounding gas.

In other embodiments, a vent is not included in the cup 8 and surrounding air is drawn in
around the perimeter rim of the cup 8.

Suitable cups 8 typically include an inlet and an outlet for circulating the colorant into
and out of the cup, respectively. In some typical embodiments, a suitable inlet is provided in the
cup 8 as an orifice that is in fluid communication with both the feed conduit 22-23 and with the

colorant disposed on the cliché. This orifice typically remains submerged in the colorant that is
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In sonme enbodi ments, a cup 8 used in the present invention can include a
vent, an interior roof portion, and an air gap beneath the roof portion.
The vent is provided as a small hole or channel that pierces the roof of
the cup. The vent permits the surrounding gas external to the cup to enter
to the interior of the cup to provide an air gap. Typically, the surroundi ng
gas is air, although any nunber of other gases, such as an inert gas |ike
nitrogen, can be used. Because the density of air is |lower than the density
of col or adisposed@nahe cligh 9wiring prasetion) af yheyestem; {Thgredcapbihie feadeordiintZapt isand

bel ow thesﬁi?e{bﬁé'i?uogéfﬁ;ouf’?'ié %lﬁ)ﬂt E’iniltli?d%te?yﬂaov! Jidhd gundi ng gas s capable

of entering rough e vent as the colorant is drawn out of the
cup. The vent, Refetidmgy whwigl Fig. Driowintesnbdianerttha cgomascupeapparahisi@ dahénctude i s
substantially the s?ne as t?e.gressurﬁloh bﬂg surrounding %gs ln oéher
enbodi ment¥0 O5mQEfolqrant gups § Adingrabiy Seph PRE S YO ShENOELTIPS riah A %P s
drawn in a0t dd0R oftRF hilElclsed tdRoVEr 4 WRICE #Patd of fdictiaty. an aUdiSoR sy pf cal |y
include an’inlet and an outlet for circulating the colorant into and out of

the cup, mesiidesinglédryiameatersolpsant pupscad!losvsiond sheresstroke bijjamagshanismthan aj s

provi ded in e ifq t S i ication with
both the Pglggfn%rgﬁgﬁai%}egef%-ﬁ%g%ﬁ% s:;/dlt% ﬁveﬁﬁgacggqeo%ﬁéﬁ%yégﬁgg@se P'on the cliche.
This orifice typadditidnytoreaiEingTeciinpanfaekl colorahhdireedl ar thatsuitthwtofits: cliché 9,

di sposed on the cliche 9 during gperation of the system The orifice of the
feed condiheproximpty qfhe arificesphg cirlgbeatacapla enaples shestsadi remonpl qfimast er s

above the c‘o\fo}efr‘lgfrglzrnth?ﬁ&c;f% gﬂéﬁ}%[ H2ehShcElald sl‘é’t db¥in %B%i&@&g.}jﬁ?%éat?onc&laor ant

cup apparat us Wo or nore colorant cups 8 adjacent to each
ot her. Thededdvmnpr4-fnir the oppssit8 doegtiopdo reneve edlorant framehe cum8.eAchitatlheutleaimd be

used to coqver w der swat f the cljche..ln dition, use of .nultiple
amml | er aibiepdotaaror A nud o Serplen it G i eoriRuy il Wt Rani sm
than a sir&@n&ohduigzs-0i anebptioallp, Batviflin fuig tothmufieNt@sn Wh dol6tahelhg: isur f ace
with colorant. In addition to enabling feeding of fresh colorant directly to

t he sur f adispededionéha¢lichfeThe cupt hypisalbkingiudgs aferminal rartion efethe setymeorduiicie 9
surface al : . | .o r er.c 8

oo o RS A SR Tl PRy ORI LA ARC U2,
punp 4-5 iembblimeappihs itdraitil pedioh ofitHe@etuminoviduic 23-04 &ndisgosadatione3 augbobt 5 A

sui tabl e ou; i t he cup. fore include, for exanple, an orifice

Jet i 8 can ther
Uhat s i MiliEsiers Belawmifi EliriogFpalipeRiop mkihe cup.

Suitable feed conduits of the present invention are capable of providing fluid
communication of colorant between the reservoir and cup. Fluid communication can be
provided, for example, by connecting one end of the feed conduit to the colorant container 1-2
and the opposite end to the cup 8. The feed conduit 22-23 can be connected to almost any part
of the colorant container 1-2 that is in contact with the colorant, for example at an opening in the
wall of the colorant container 1-2 or by utilization of a feed tube submerged in the colorant in
the colorant container 1-2, or both. Preferably, the feed conduit is connected to the bottom of
the colorant container 1-2. Suitable feed conduits can be constructed of any material that is
capable of transferring colorant. In some embodiments, colorant used in the present invention
may contain organic solvents, and as such the materials of construction of the feed conduit
should be compatible with organic solvents contained within the colorant.

Typically, the conduits used in the present invention are fashioned from plastic tubing,
peristaltic pump tubing such as the Pharmed™ brand, and stainless steel for extension tube

fittings extending into the cup.



return conduit 23-24 and, optionally, that is in fluid comunication with
colorant that is disposed on the cliche. The cup 8 typically includes a
termnal portion of the return conduit 23- 24 that is disposed bel ow the
interior roof portion of the cup to allow for the air gap. In sone

enbodi nents, the termnal portion of the return conduit 23-24 is disposed
about 3 to about 5 mllinmeters below the interior roof portion of the cup.
Suitabl e feed conduits of the present invention are capable of providing
fluid comuni besomsrendfodiagngy efrihe presspeventina theansisirate e etpin qndyits 21,
conmuni caty} - | - f : ' . endg t he
Foed condt & VERTHAR Yty Pl i B KR oz, TR IBEE KBl e iRl e
8. The f eadnsfanatuiin th22etdih waduibs provideldtyaditgcimilaraimaerycopduit and¥ariable

colorant container_1-2 that is in contact with the colorant, for e | e at

2n openi ngPeE PUHIES AR b 1A SPEPRHEN S AR PSP S B9 M PERor
feed tubeguupRsgedineRethcon@hiPb 804 id frovill&oFAb AsAEH a M BbrM¥Rlt 23-32.in0r bot h.
Preferably, the feed conduit is connected to the bottomof the col orant

cont ai ner which.a riSajotitylwif ¢hefreruin caonddit 28 24dana broscesasonaliatee thapis largyr than thei al

that is capable of trapsferrin ol.orant, .ln_s enbodi sent s, . col or ant
used i n t FESprate areh SER PRl Ae G BB, dn ST R ETTOBKIESS it R %8, ¢ e
mat eri al s phpsPBatd wel hida &ajdritg of e eeterardndiit 233DPhdsth d6ssGedtvatarddl thatvé 4th
organi ¢ solvents contained wwthin the colorant. Typically, the conduits used

in the prégamboutiviastas rigarsehatpf Binsirity of B fprdrondeit 2283 ng,  peristaltic
punp tubing sumt@g%st he Phar medTM brand, and stainless steel for extension
tube fittings ding into the cup. -8 In sone enbodi nents of the present
i nvention the Refarrifgarow @tig.idntheheeth@tsun whchrdlordngs & tfranddrrédsfrémm gireegoldrivan

the transfer rate.in the feed conduit 22-23. |In sone enpbodients, .a higher
st or patengi2 Hiihg SelarRt cun i e pesast ot B9 TR g oo oy

condui t  apgloMat hipl fljactRasd cf?MfH?_%liéifé‘b. g cap Gppatdiudt BAT inEIROF ciERitB ansi M | ar
speed punps 3-6 are used and a higher transfer rate in the return conduit

23-24 is prear deaf postionha cersiguots wall roundthe oinehm ferenge ofahe mterigniveall pertramjaodi t y
of the return conduit .23-24 has a cross sectional area.that, i rger_than

The " or oo b BB g Bh 4FigEpltS An D oA ingBF Rl B8 il Pin.' 13 Bt b e,
enmbodi mentg bestrdiksfered spBetheriptdNRSedd faindy 36 fivata e516rant doRtdidrtly2, of othbe return
conduit 23-24 has a cross section area that is at |east about tw ce as

| arge as foseVoBrexierpdjieietyingpe apparatuscdd dyaegh a fepd corgluit 22-23 to a cup apparatus

8. At 312, the viscosity of the colorant within the feed conduit 22-23 can be measured with an
inline viscometer 28-29 external to colorant container 1-2 and proximate to the feed conduit 22-
23. At 313, colorant solvent can be automatically dispensed into the colorant container 1-2 with
a solvent dispenser 26-27 that includes an automatic controller 17, based upon an indication of
the viscosity measurement of the colorant within the feed conduit received by the automatic
controller. At 314, colorant can be transferred with a peristaltic return pump 3, 6 from the cup
apparatus through a return conduit 21, 24 to the colorant container 1-2.

Referring now to Fig. 4, in some embodiments, additional steps that can be included
while practicing the present invention can include, at 410 measuring the viscosity of the colorant
within the return conduit 21, 24 with an inline viscometer 28, 30 external to the colorant
container 1-2 and proximate to the return conduit 21, 24 . At 411, colorant solvent can be
automatically dispensed into the colorant container 1-2 with the solvent dispenser 26-27, based
upon an indication of the viscosity measurement of the colorant within the return conduit 21, 24

received by the automatic controller 17.



Met hods Referring nowto Fig. 3, the nethods in which colorants are
transferred fromthe colorant container 1-2 to the colorant cup 8 in the
present invention can include at 310 positioning a colorant cup 8 adjacent
to a printer cliche 9. The cup apparatus 8 can include a cup with an
interior roof portion, a contiguous wall around the circunference of the
interior wall portion and an air gap beneath the roof portion and within a
perimeter fornmed by the wall. At 311, colorant can be transferred with a
peristaltic fehwoboqumbbdenefm&;m which colorant trmsfﬂraateﬁethr@gh theofeededngpits 22-23

reser voi r anae t)ﬁ% ?ertﬁl coB ul%sl’bef fé{ h\r{/teléggh&f %ﬁgﬁg’%§atea Q[nd JU Otlln% rc‘io%r n??e% #IP%M tﬂb}h

22-23 to a cup appara € VIFSCOSI e co or an
t he feed théra:dpl B caﬁZyeZﬁalﬁtafme@et dressdntieldly yenktanelavel i Alnl e ntialbcanetast col@arz9

external to colorant container 1-2 and proximate to the feed co it 22- 23.
At 313, Eﬂvﬁlrléﬁtplcé‘ﬁlfQ%tﬁfmlé‘%bb@eé’ﬁfl&i%?l?‘{i’&lth%ﬂ’m‘%B&m&e@amﬁ‘hﬁ%“?‘h%fd thFeéll“Bnt

contai ner and%nV\%gohref 39 YEME oﬂ(ﬁ@@@ﬂﬁ@fetl?rﬁ 8dulit3h enBEAHARE viHrSH aﬁt”?épi i§

controller ased upon an indication of the viscosity neasurenment of the
col or ant wavtderbendfaeh fhe éxchec orod pbttion @f dievepl 8phthe tdmmirslipontman o€ theaetntr ainteit21, At

Uhe' cup A aReTCet GG Sorstan i Oanaut ¢ sarer b e Rl G kS mer

1-2. Ref ecgidag 200W Wiehifrki@ cuf.8. i N sone enbodi nents, additional steps that can
be included while practicing the gresent i nvention can include, at 410
measuring the Drgegepargriasfin ceréain emeediments ¢f tripresenidnyeation, ﬁhwmfm typizally 24

with an i ﬂ{c!)d&tg bxﬁrgtﬁﬁﬁ%%at El?sftﬁ)oﬁ&%&ﬁ '[Rttf?edf%_d}(?rac 4 ' the% %%né i¢ and

proxi mat e urn ran ven can’be
aut omat i cal pryfected pasxpedt thatliché eehentodrealntolo@nt omelie ihie? cwduit onheeryclrolensf

di spenser 26-27, based pon an .indication t he VI cOosS sure nt of
the col or HiFtclighd Hy i e crolrant b Al lbﬁanS%Aredﬂ@eé. %@q%ﬁ

controlle ,
Coroign hCH PRk oROEeSOPSHTRY koMb shotag o ﬂf’é%fn?ﬁzm&f@gched

a steady smanép@mnmltlon t he col orant re5|d|ng within the cup 8, can be

mai nt ai ned at n enti.all stant | ev ssent | ans .
colorant | evel” Oggﬁ% %‘3? rﬁf’erqu%@lotnh%' a@% Sg?‘lbq%h’ét %’ t[fsc he of
a term nakraMerdQﬂm‘gfpquﬂlgrrﬁétﬁbdk th@QRidithitze thalfSenatioh @rpﬁdcltes)alﬁﬁcdnmuﬁzmtg‘ ince
of the return conduit. In enbodi nents where an air gap is provide beneath
the i nner thegglorass I His regard Hbisclagragle thefdhe ealopntas trp'aﬁfferre&rpeérﬁtattw@lx otthe n

condui t 21 colorant cup 8, or to the colorant container, or to both, e.g., such as by use of one or more

peristaltic pumps 3-6 as described herein above.

The present invention also provides methods of circulating colorants in a pad printing
system that includes different transfer rates of the colorant to and from the colorant cup. In this
aspect of the invention, the different transfer rates help to reduce colorant leaking out of the cup
and onto the cliché. Accordingly, in another aspect of the present invention, there are provided
methods that include sealing a cup adjacent to a cliché, the cup containing colorant; controlling
the viscosity of the colorant in a colorant container; transferring colorant from the colorant
container 1-2 to the cup 8. In these embodiments, the colorant residing within the cup 8 is
transferred to the colorant container 1-2 using a faster effective transfer rate compared to the rate
that colorant from the colorant container 1-2 is effectively transferred to the cup 8. In the
methods disclosed herein, the colorant cup 8 optionally contains a vent, and optionally contains
an air gap. As used herein, the term “effective transfer rate” refers to that rate at which colorant
would be transferred in an unimpeded open system, e.g., where a vent is present in the cup and
an excess of colorant is available to enter the return conduit. In embodiments lacking a vent, an
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24, e.g., the orifice, can be any height as long as it is higher than the
termnal portion of the feed conduit 22-23 within the cup 8. During
operation in certain enbodi nents of the present invention, the system
typically includes a print pad 7 that is positioned adjacent to the
colorant cup 8. In these enbodinents, it 1is preferred to expose the cliche
etches to fresh colorant fromthe inlet conduit on every stroke of the
cliche. In this regard, colorant is preferably transferred into a first
portion ofirgiw ot bpthathe trengfer afftheacoderamsrin thsaetuiroepndtit ishismpedgs! bywhe slevar tapeeof
first port]j i y t i he. s tion.
i ot her el el BERlsate FuPSPlhe s DRl R ieRE bR nBERMERRE 7
C]?l or ant lhﬁidetﬂﬁezdi@ftgﬁw@ rHﬁﬂﬂQ@ypdﬂimihdfghdﬂ}ﬁglliHidee&th&ttraﬂ%fhf fitezia tg&&tdrmr:mﬂuiton
of particles and confamnants in .the colorant. In this regard, it is

desi r abl eSQHRACeY ‘I‘?éh?:%’%ﬁ’%ﬂﬂ“‘ti écw‘aﬁ&lf/ef?lﬁ athods F‘@flaﬁqdn@éﬁm 9retc3PaeOf col or ant
cup 8, or i ner | of one
or oy e e e R porRhrel o bl ey, SHRH BRI B

i nvent i onwaksthepnp wintkess fntbtdnwittscadéraati r cul ati ng col orants in a pad printing
systemthat in¢ludes different transfer rates.of the colorgnt and, from
the. ool or ant - ctsumpar gm0t §OF pEfent G oS Begteiediortidy Dy SIS T or
rates hel p il be @adgfosPihal wifout Malifiagichd ima9fbetnhRie GlthoubdpaRito Trdn e Gpiri€ he.
Accordingly, in another aspect of the present invention, there are provided
net hods t Al scoprofithe inyertiam cAegordinel n gfthes embodigents @rq witlin thgyeopeipf thent ai ni ng
col orant; . ing the viscosity of the colorant in a col orant
container?ﬁﬁuhﬁgyébging colorant fromthe colorant container 1-2 to the cup
8. In these enbodi nents, the colorant residing within the cup 8 is
transferred to the colorant container 1-2 using a faster effective transfer
rate conpared to the rate that colorant fromthe colorant container 1-2 is
effectively transferred to the cup 8. In the nethods disclosed herein, the
colorant cup 8 optionally contains a vent, and optionally contains an air
gap. As used herein, the term"effective transfer rate" refers to that rate
at which colorant would be transferred in an uni npeded open system e.g.,
where a vent is present in the cup and an excess of colorant is available
to enter the return conduit. In enbodinments |acking a vent, an -10 air gap,
or both, the transfer of the colorant in the return conduit is inpeded by
the slower rate of colorant provided to the cup by the feed conduit. In

t hese enbodi nents, a negative pressure
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inside the cup typically results by action of the higher effective transfer
rate in the return conduit conpared to the feed conduit. Accordingly, the
nmet hods di scl osed herein are capable of operating at slightly reduced
pressures conpared to anbi ent pressure, which typically occurs when the cup
remains filled wth colorant. A nunber of enbodi nents of the present

i nventi on have been described. Nevertheless, it will be understood that
various nodifications may be made wi thout departing fromthe spirit and
scope of WhatisGlimedn. Accordingly, other embodiments are within the scope
of the following clains. -11 What is Cainmed: 1. A systemfor presenting
colorant 10 a gQlLQEAT: n;%rle'éénﬁi?@@él@:‘ai%tstofaiééfordn% cﬂdhﬁ%ﬁdﬁls th& i®ad)@&nt ' gali N9
cliche, said systemconprising: a colorant container conprising colorant; a
f eed conduit i priftingicticlsosard systen compmdingr sai d col orant container and said
cup apparatus; an inline visconeter external to said colorant container and
proximate to said 4 eddrastorvdtairter tampressgicadorhiite vi scosity of colorant within
the feed conduit; a solvent dispenser conprising colorant solvent in fluid
communi cation W th ggedcomiuitdn fnid eatmhaidacon withcaidtcoirantecitainkisandapidrcapi ve
to di spense the col orant solvent into said colorant container with said

sol vent di spen¥¥PraUsased upon a vi scosity neasurenent performed by the
inline viscometer proximate to said feed conduit; and a return condujt in
flui d comuni cati orariatingescosmter exigpah ppaidaolarantsaniaiielandRIPEIMAR tosaidt ai ner ,

2. The system aly e b naddhd AR CRERLLS] Rk BERYILoAUL N vi scometer

external to said colorant container proxi mate to sai refurn conduit to

measure the viscosity,of . . colorant within the return,c it..3. Th 1St em
o a2 wher ot &3 R BHrRF A mob o RAP ody i G R unicdrion W S8
di spense the celleoaatdontaddey:ent into said col orant container with said sol vent

di spenser,
a control mechanism operative to dispense the colorant solvent into said colorant

container with said solvent dispenser, based upon a viscosity measurement performed by

the inline viscometer proximate to said feed conduit; and

a return conduit in fluid communication between said cup apparatus and said

colorant container.

2. The system of claim 1 additionally comprising a second inline viscometer external to
said colorant container and proximate to said return conduit to measure the viscosity of

colorant within the return conduit.

3. The system of claim 2 wherein said control mechanism is additionally operative to
dispense the colorant solvent into said colorant container with said solvent dispenser,
based upon a viscosity measurement performed by the second inline viscometer

proximate to said return conduit.

4. The system of claim ! additionally comprising a display operative to indicate the
viscosity of the solvent based upon a viscosity measurement performed by said inline

viscometer proximate to said feed conduit.

5. The system of claim 1 additionally comprising: a second inline viscometer external to
said colorant container and proximate to said return conduit to measure the viscosity of

colorant within the return conduit and a display operative to indicate the viscosity of the

-12-



based upon a viscosity neasurenent perfornmed by the second inline visconeter
proximate to said return conduit. 4. The systemof claim1l additionally
conprising a display operative to indicate the viscosity of the sol vent
based upon a viscosity neasurenent perfornmed by said inline visconeter
proximate to said feed conduit. 5. The systemof claim1l additionally
conprising: a second inline visconeter external to said colorant container
and proximate to said return conduit to nmeasure the viscosity of colorant
wi thin the retsplyentbasgdivporahviseosty sispsyerage perforinediby af leastone of:tshid inlingcosi ty

of the 12 sol\anle §a580, AN s Ad WS G0N ioar AR ATUERNE MRS/ LORIRY clvml ol east

one of. said inline oneter proxim 0 sai con sal
second i nline sidcdomhtdoneieg andiprokimatSwisdidastuar @nduicont ai ner and proxi mat e
to said return conduit. 6. The systemof claim1l wherein the cup apparatus

conpri sesghul t TR §s@el Gokdiin ICWRSGeBakdlcupGPbAraRB tomipidses it pl6 bsl@raanicups each
essentially circular wall, an interior roof portion capping said wall and

an air gap benedemntaipgompusingan essepfiallysirdprwalhian interder re ign ¢agping spifdyj d
comuni cation W : i [Py I in
fluid connuni%%@P%ﬁﬁﬁ?{%ﬁg%%%ﬂgf&ggrggggﬁﬁ?gﬁ%g%ﬁégfg%ngﬁﬁgtg@%?@ﬁfof claim
6 wher ei n sai dcomuhtmipdt®novifseach oploranecupvand caidsetum andeis sedoi ialfluyd  pl anar
position proximte to said pri thng cliche. 8 The systemof claim1l
addi tional |y cHHPIYFRIpnaY! ?WFP L QlPRBFUPSr printing on items wherein
the col orant container conprises a container conprising an indication of a
col orant fanuf Ag DEteAef| drimthwberein saidpanitple supsR08Wrisg tWe pHpstn anessentialyns
printed on at n%)ltaﬁhefpegiitiﬂﬂ FH)% 8td é%ﬁhxpr%rtilnglaﬁchSéYSt emof claiml additionally
co

conprising a mxer positioned to m rant within the col orant

posi i onel 1o MSSERIEY A fidtidly A8 ok RRo M el BbRbms 1 er

i s oper ati onal whereititke calb@anedvntained comprnenh comhihbr congaisthgeanl indiamtonodat ai ner
based upon an i fromthe control nechapnismto dispense t

di catio e
col orant sol ve?fgor?ﬁtt‘ﬁa’g-‘g?c&"%l I8t which eyHhepssnstated Wih papfigulaniicmasRr 'rﬁ?‘g‘ﬁbﬁser .
the printing station.

9. The system of claim 1 additionally comprising a mixer positioned to mix colorant within

the colorant container.

10.  The system of claim 3 additionally comprising a mixer positioned to mix colorant within
the colorant container, wherein the mixer is operational to mix colorant and solvent
within said colorant container based upon an indication from the control mechanism to

dispense the colorant solvent into said colorant container with said solvent dispenser.

11.  The system of claim 10 wherein said mixer comprises a spindle driven by a motor and a
paddle mounted on said spindle, wherein said paddle is positioned within the colorant

container in fluid contact with colorant contained within the colorant container.

vacuum under cups

12.  The system of claim 1 wherein said solvent dispenser includes a solvent inlet valve in
communication with said controller for dispensing colorant solvent into the colorant

based upon a signal received from said inline viscometer.

13.  The system of claim 1 additionally comprising a feed pump operative to transfer colorant

under positive pressure from said colorant container to said cup apparatus.
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11. The system of claim 10 wherein said m xer conprises a spindle driven by
a notor and a paddle nounted on said spindle, wherein said paddle is
positioned within the colorant container in fluid contact with col orant
contained within the col orant container, vacuum under cups 12. The system of
claiml1 wherein said solvent dispenser includes a solvent inlet valve in
comuni cation with said controller for dispensing colorant solvent into the
colorant based upon a signal received fromsaid inline visconeter., 13. The
syst em of 14| ai Thelsysigan afictmm 13ywhesein said feeg Pampdeciudns gpeopaltigiug, apimnelersf er

colorant unde NAY r i 0l c [ : aid cup
apparatus. - 1 p@ﬁ%ﬁﬂéag @?é’lr%pgl{&ﬂ(’:}%aln% 1 °§ﬁ‘8%@%h?a?ﬁé‘ﬁe%§{bb‘%ﬁ8§i ncl udes
a peristaltic therepf. an inpeller- type punp, a gear punp, a punp having a
back-fl ow feature, or any conbination thereof. 15. The system of claim 14
wherein said feed punp is a peristaltic punp proxinmate to said feed
conduit. 1%. Thee syteineshcddimcl4avinrdin agldif¢edpaalpliya penigealtis pugp praxémhate o gaidp
operative to t{ansfer. colorant fromsaid cup apparatus to said col orant
container. 17. eyt em of claim 16 wherein said return punp is
additionally operative to provide a negative atnospheric pressure under
sai d cup appar at us. .. The systemof claim 17 wherein said return punp

18. The syst ¢
i ncl udes 46-per g gtemeofislaig, 1 W‘thnﬁ%?‘?”él_?rlst%eb{ﬁ%?ma ogYaHVEIAHENSE punp
having a baCk'édl&%tff?&}ﬁHéi@cu;?%pliﬁ%us tS‘%é‘iQ'ch%Hn?P(%rftQﬁér.eOf- 19. The system of

claim17 whereln said return np 1s a peristaltic punp proxinmate to said
return conduit. 20. The systemof claim1 additionally conprising a

peristalt ';? fepth ARELiAI6MEhdr@n kil @&&Jng{ugﬁ)gk Q&cﬁﬁ&na‘ll?;%?Eraﬂf?éigtﬂ;&ﬁde a

pressure from said col orant container to s up apparatus an
peristaltic retagativgpampsmiesar atassuze tunder sadh sdipeappemtusr ant from sai d cup
apparatus to said colorant container. 21. The system of claim 19
additionally conprising a support apparatus nounted on casters

18.  The system of claim 17 wherein said return pump includes a peristaltic pump, an

impeller-type pump, a gear pump, a pump having a back-flow feature, or any

combination thereof.

19.  The system of claim 17 wherein said return pump is a peristaltic pump proximate to said

return conduit.

20.  The system of claim 1 additionally comprising a peristaltic feed pump operative to
transfer colorant under positive pressure from said colorant container to said cup
apparatus and a peristaltic return pump operative to transfer colorant from said cup

apparatus to said colorant container.

21.  The system of claim 19 additionally comprising a support apparatus mounted on casters
to facilitate mobility of the support apparatus and items attached or supported by the
support apparatus, wherein said: colorant container, feed pump, inline feed viscometer,
feed conduit, return conduit and control mechanism; are all supported by the support

structure.

22.  The system of claim 20 additionally comprising a conduit coupler inline on the feed
conduit operative to disconnect a first portion of the feed conduit supported by the
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to facilitate mobility of the support apparatus and itens attached or
supported by the support apparatus, wherein said: colorant container, feed
punp, inline feed visconeter, feed conduit, return conduit and control
mechani sm are all supported by the support structure. 22. The system of
claim 20 additionally conprising a conduit coupler inline on the feed
conduit operative to disconnect a first portion of the feed conduit
supported by the -14 support apparatus froma second portion of the feed
condui t att achsupemn appasateufiomapeeandtpogioarnd the feecheiduit gagheed o thakcime on t he
return conduit t] ' : fi nid o L hey

condui t suppor ¥ 2)8[%%% a;nﬁeéi Céﬁ%g{o(?ot% 8%% glglb%?]ﬁ tshefr%%}nq %%g Eéﬂ(t: 00%8%5%% clhécg)hg%&? he
return condui tfiat patbedf the rdtine cotguiequpperaddis.th@ &ippdhapparstue froofa etaidn 20
additionally conprising a te rature control apparatus for maintaining the
t enper at ur e ofp(tqﬁ%“ e%tﬁlgf%wv "irgﬁ‘?‘{‘h@ta&l&ddi)g?ﬁc“ 8H£%f‘tH%r bet ween and upper
threshold tenperature and a | ower threshold tenperature. 24. The system of
claim1l, erein a mpjority of the return conduit has a cross sectional area
that is |&-ger [RhSstepHRfclaim 29 addjtiopplfycomprising artgmperaldttAnirol spparapsdos y st em
of claiml V‘h%ginfhhﬁ% glﬁlteg{a Atk STARTEASHantGR IR doff it c@ntﬁﬂ@ppeﬁ%eél,’ﬂ dnld u?pér' rst

end and a second end taining colorant; a first electrical coi

posi ti on ar ountirdsheldftémperaterechndfa lower thiteshvbdrempaditwme.second el ectrical coil
posi ti oned around the second end of the chanber; and a piston within the
chanber and operative to nove fromone side of the chanber to the other
side of tBé chéimbestebasfedhimplomhareired mejoritycef the teturg eonduitdrae a@rosb stdtiond] atdae
first electrigal. coil and the second ectrical .coil. 26. The system of
clai m 25 addi tﬁ‘ﬁh‘éﬁqr§eré€%tp?tsq%ﬁdnﬁowé’?h’r‘?élfeéjrcoflg‘l’fger ature sensor operative
to measure the tenperature of the colorant within the visconeter. 27. A

met hod of providing colorant to a printing apparatus, the method conpri sing:
posi ti oni ﬂg a tlg osEnt ofclgmaldyvhgreintsaid dnlipepriscameter epmptisgs: wher ei n said cup

apparatus = conpri Sesqg, tUby RTRICL it @B 4 AREnRYLhIRIAy @ conti guous
wal | around the circunterence o e 1nterior wa portion and an air gap
beneat h said roof pofiistelacteicdl coil position around the first end of the chamber and a second
electrical coil positioned around the second end of the chamber; and
a piston within the chamber and operative to move from one side of the chamber
to the other side of the chamber based upon an electrical charge in one or both of the first

electrical coil and the second electrical coil.

26.  The system of claim 25 additionally comprising a viscometer temperature sensor

operative to measure the temperature of the colorant within the viscometer.

27. A method of providing colorant to a printing apparatus, the method comprising:

positioning a colorant cup adjacent to a printer cliché, wherein said cup apparatus
comprises a cup comprising an interior roof portion, a contiguous wall around the
circumference of the interior wall portion and an air gap beneath said roof portion and

within a perimeter formed by the wall;

transferring colorant with a peristaltic feed pump from a colorant container

external to said printing apparatus through a feed conduit to a cup apparatus;
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within a perineter forned by the wall; transferring colorant with a
peristaltic feed punp froma colorant container external to said printing
apparatus through a feed conduit to a cup apparatus; - 15 neasuring the
viscosity of the colorant within the feed conduit with an inline visconeter
external to said colorant container and proximate to said feed conduit;
automatically di spensing colorant solvent into said colorant container with
a solvent dispenser conprising an automatic control|ler, based upon an

i ndi cation of the mfaserg thy virsasiiyrad thafrolaantptithin e deedrpondiit with ap fdingeed

condui t recei V@l co%te%r%%egﬁltl %‘id &olorgnﬁr&)ﬁtglnleﬁerm ngrg%iqn%tftgls\c{ﬁ edjéoﬁgl?llflser , and

transferring coloran a peristaltic retur omthe cup dppar at us

through a return congblucl b5 SRE 00y CPRINE Laia BBlorah EBAIGAuE] cl 2l m

27 wherein the transterrin Icreturn punp from

the cup appar agolsgnt dicEangdr c@mpeiking An andthdtié cénirollbe basel apamin hdiadbmefther eat es
negati ve atnospherjc pressure within i 29. . The net hod of claim

the. air gap. . :
27, wherein coVigfosty meajusmint pkthg Gelorant Mitain the tred sepiddessivediny the putematiq y

nmeasurenent in '%%H8§ﬁ‘ I ?d"élﬁsé of the colorant within the feed
condui t exceé%? a pre eterﬁ?ne%Ptﬁrés old. 30. The nethod of claim 27,

sher el col oran_any ikt ESuhAS W LIRStk o Sl AUSLERd 0 521 o

col orant cont ai ner npare era
colorant is tthesughearetach dandait sethel celotaat @mtaimont ai ner to said cup. 31. The
met hod of claim 27, wherein colorant and air residing wwthin the cup are

transferregl tohsmttodof Aaianl7 Gaerei thetrarterti®ast coddranttwithid p&istdiee fetire at
which the colorant is transferred fromsaid colorant container to said cup.

32. The net hodPwnp Epaithe 2P ammarelisihrongh prefuse porfludiip eanolprantsapiringedrealepr i nt
pad that is p&%kﬁhggﬁ@ﬂ%ghgﬁgg&nggh qupmpgﬂhcolorant is transferred into a

first portion of° sal out of a sec portion of said cup, said
first portion being located closer to said print pad than said second

portion. 33. The, MEHBEG: AlinthAMRcAT SiSHhi SRRh! ¥ oGRMRNLl WsfdGast B8 Of

viscosity measurement indicates that the viscosity of the colorant within the feed conduit

exceeds a predetermined threshold.

30.  The method of claim 27, wherein colorant and air residing within said cup are transferred
to said colorant container at a higher rate compared to the rate at which the colorant is

transferred from said colorant container to said cup.

31.  The method of claim 27, wherein colorant and air residing within the cup are transferred
to said colorant container at least about twice the rate at which the colorant is transferred

from said colorant container to said cup.

32.  The method of claim 27 wherein the printing apparatus comprises a print pad that is
positioned adjacent said cup and colorant is transferred into a first portion of said cup
and out of a second portion of said cup, said first portion being located closer to said

print pad than said second portion.

33.  The method of claim 27 additionally comprising the step of:
measuring the viscosity of the colorant within the return conduit with an inline

viscometer external to said colorant container and proximate to said return conduit;
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measuring the viscosity of the colorant within the return conduit with an
inline visconeter external to said colorant container and proxinmate to said
return conduit; -16 automatically dispensing colorant solvent into said
colorant container with the solvent dispenser, based upon an indication of
the viscosity nmeasurenent of the colorant wthin the return conduit
received by the automatic controller. 34. The nethod of claim27
additionally conprising the step of automatically m xing colarant, and
col orant sol vent diapatically diseensing celorast splvend g1 said eplomas erntyperyth /bt
bei ng di spenseg,ydit GispdhSerC sl B andRdicatl IFRidAtoSky eAluRRniéht WHBE 8biBrane
m xing step is carried out wth a paddle driven by a@ notor, and wherein
sai d paddl e i swithiothertuym cendupirectived by dhqadratismodtirollerhi n the col or ant
container. 36. The nethod of claim 27, wherein said peristaltic punp is
capabl e of operating in a non- positive displacenent node. -17

34.  The method of claim 27 additionally comprising the step of automatically mixing

colorant and colorant solvent dispensed into the colorant container based on solvent

being dispensed into the colorant.

35.  The method of claim 34 wherein the mixing step is carried out with a paddle driven by a
motor, and wherein said paddle is mounted on a spindle and positioned within the

colorant container.

36.  The method of claim 27, wherein said peristaltic pump is capable of operating in a non-

positive displacement mode.
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