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 is used to inprint a designated article with the col orant
whi ch has been presef@@HORANT PRESENTFATEAN FGRPAINPRINGING: abl e, as

addi tional colorant can be presented to the printing pad and additional

inprints ﬁﬂﬁn%ﬁﬁt@ﬁ%iw pne particul ar application, colorants and pad

printing are used acturing of tinted contact |enses. In sone
met hods of manufacturing tinted contact |enses, colorant is applied to
uncured | ens nAheinvahtidmyrelateans ﬂmce@ffontdoetrcldlhg;tmr;tresfenmnmmofmdldam td apel fop t he
lens nmaterial. and the |atter is subsequently cured. Col orant ansf er. can
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col orant conposition, which generally |ncPudes a binding polyner and

pi gnents, as well as a solvent conponent, is applied to a nold part and

al | oned t%ﬁ?KGRdﬁN%F'ﬁfE‘i’ﬁV@l\cﬂ@f ct lens nononer into the nold part and

curing of e nononer 1 ncorporates the colorant onto the lens. In the
process of pad printing contact |ens nolds using closed cups, it is
desirable to Mathidaiand systepnsafot pad odisg e well lswiwneinttiesiousryr dlaneratiraoughout

t he period ven ol,or, is bei.n | o Jypi cal |y,
evapor at | SROGILSATGERED {5 Y e R g T o Sy R P Rean o RO PR o of
the cli cheghdgeatrhe adJﬁv,Qﬁedt@ inpEinPagesinhiel bALIPWIBE B8 Toloshid GBTchiHag bel vent to
solids ratio in the colorant contained in the closed cup. A reduction in the

sol vent t PreseNtrd it atheprogass isrighdy repeaiphle.as piiditipna) cplﬁ&ﬂé&@b@ Rresented e the
VISPOSItypﬁHg@%ﬁﬁl ﬂ1%oh£qﬂ§nﬁ?nﬁ995ngﬁkﬂ%'ng performance. Solvent is

typically“pre e colo O ald 1nthe transfer of the col orant
fromthe clichénbme ﬁdﬂt@cuﬂmlapplndagoma:dloramsiaﬂdfmﬂ pfmtinmg droesqf innhd manyfaduring dfhe
front curve lens nold. The colorant .is designed to permt evaporatjon of a
portion OftquQé;ogt@ft\}@ﬁps ity spﬁ)@rr%eélg%istogmgp#égtgrmg tmted contact lenses, colorant is

applied to uncured lens material by transfer of the colorant 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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-1 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
i s conpr orff §ecotbnant op the diché.or prinicherd tghnably thisteanglsr trtheprinting hed. Thegyps it
goes bel o j Ll vel.. j Jt.. of . . r i on.of
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U. S. Patent Application Serial bb.,,11{029562,_mhich iI's incarporated herein
by ref er et 8PHRIZE pUnting ReriorPancqeadditianal fagiprian inclide Paiglea seed #nd gYGlemEcul at e
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exanpl e, a viscosity neasurenent taken with a spindle neasurenent can
fluctuate as t K¥herdnowaprocessesisuctt asithesedesopbedhinil SoRatenta\ mpdinetiasf SerieN®ot t om
of the reserugkf, and.a vortex | s cr.eate round the  spindle. Jn.addition,
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t enper at urappahtas ticketifcil 6 t61oRARt bet@edr v/@ildrant FoeF@ircdnd,a dolorarit cdpS Thebiksitp
provi de inproved col orant managenent systemthat provides colorant to a
printing ditheHeseaidr wapTneasuigRpyh aopindEMEaYISReR ERpdsobNsPHPTRGISFantyres agdedsynt

| nvent i on gafNes b ARARIGEL RBRA! AldSiABAAREDRHR shiilc LAY LOLRkAN tO
a printing cup that circul ates colorant under preSsure froma col orant

cont ai ner asouch systems wece, conditiensan drraticpyisdosityacidasurenrents dvaldmoestintes Aniseamtli on
applies negativ atnospheri c pressure.within the cup to facilitate the

PP cul at | o bt fone P e eaBop ORI MaHGHIHE Wi foa dar - Bveanes

noni tors thascebistsstidenttht 1aRen wth Q%pRlile RedabiabntReh M cHlBk by Ble@dIdrsht i8]
printing cup. The methods and systens of the present invention also provide
for the adtdstatwithin 30mm to SOmm of the bottom of the reservoir and a vortex is created 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 some dual cup enbodi nents of the present

i nvent i on.vigepgty monitoring of theaolomant Matdinsthe fred dihes ditherapperdtusend megfods e also

present i AL Fl. illustrat Lt th eps t n be
et uded Uy aish el EineSaltob g bt e ROR dd s TSR o80sER BB Pey P o
Overview The present invention is directed to systenms and net hods for

provi di ng ' | ‘ﬁﬁﬁl ion, to a print cup and print
cliche uségKﬁﬁJ@ggphﬂg?hgﬂ(%fgﬁﬂ%gﬁbfrin#&ng. According to the present

invention, a self contained cart includes a colorant supply, inline
vi sconeters, aFRGl ¥d&histrstappdngponants anulwiledtin sonscodrulerakimehits pfasdoranpreseatativix er

to m x solvent and, colorant. The cart can be transported on casters to a
printing sSYSFPIRcEdng frathe PEsentdnteni®®urn 1ines can be quickly connected to

the printing sigl omiekeldn@ail b LRSoARENELE RE prlRGS ifiRhrigeed to be
The i nli

halted in order to replenish an 1 nk supply. ne vi sconmeters and
sol vent di spendd6. 3 dlitstrates imethiod ywtepra p fitomerssntiodanentd afithepresint invertsin: ed

i ity. | . di f th L ti , i
IR e AL I e RSN S I
i ncl udi ng theplebendimde@Inor 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 EEALEDFESORIBrIONI S enbodi nent i ncludes controlling the
viscosity of the colorant in a colorant container 1-2 based upon an

i ndi cation of the viscosity determ ned by an inline visconmeter. |In addition,
the present i /QNeEYiEWn can incl ude punping colorant fromthe col orant

container 1-2 t]‘?leﬁageﬁglﬁ‘in?veﬁti&?%rdil%_b‘tg%?itd‘%sféﬂls%é‘%ﬂ%'agfoariprroJiﬁiﬁlgqicBQré’%ﬁ,tsUEH‘ the

cup 8 to the colo contar ne
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.
In sone enbodi ments, the cart 20 can support mnultiple colorant canisters
1-2, with eachReferiing terFig.-12 an diustigfionof sorne smpodiments of therpsesestafgension é f f er ent
colored i Ml td Rl &; I = j & SR Iy 4 N e the
vol une ca%g%vilc%i aAvca{)r:ag%]qg lt%o& 'E: %g%grg?ﬁrﬂobh% Ag(?rgtl onta%%l,r (?va'ullk %@%ﬁi@?g‘?@%ﬁt- 2
with di ff epparstuc20,ench aslascartwiThie cplocant dentainarleZisadinclofigforsedamptd, en t o t he
printing statjpon 10. The cart..20 can include a nobility neans such as
Bast er 5 oM HIEEIEEr A SANSEE dHied ik hap T YT PR HREOY PO Pl THGne
station 1Qnat pRIVEHEs b Fotdrimdéy oSkt idéhtifibotiadoforht B6tN In sGROemBEAMERS, thé EdrER0
comuni cation to convey colorant fromthe canister 1-2 to the printing

stati on 1Gan supgorinydtifle epforanecapistens 1 Agwih gadhoans@r i & achiag esmreserxpir forahe | n
sone enbodj nen h onduit s ,21-,24 can. . hcl. appar at us, 25 for
o et gDt GerelelfASBIMK MatipielanSRR 18RI SRRYCK IR & ihksehe

di sconnectvofuniel dapgsty@naitibiieto theprintiigavifion U0 wiglehanidwey B2 Whthcdiffedaar @it inks
facilitates changing out a cart, 20 for a_cart 20 with repl eni shed col orant
cont ai ner SVill ppovige ingriased coloperleckinn tyde pHAREYEEPN0a new conduits 21-24 in
order to providggeLidhe SGONPIBL & Hoblly Rads8, SIHSE as‘fé*?&%«/h&fls RPEAERHE 1IN0
repl eni shed canisters 5-2. One or nore punps, sucﬁ as, for exanple one or
nor e peri staadportatiguiopad $rofr apentingesthtioo 101 Candpsr2dl -24h suchal dlezibte thbingean t he

contai ner 1-2 d,the printer station 10. .The peri.st iic., punps 3-6 C

o0 bo s ot sym BBt Se ko R i GoT AR iSh it 2 s e Sater Bl
3, 6 is lagal6doRt A bRl dtaiddaA0Ro e dahitef €24 16 96 EBodiAentd4he UsMuithal- t he
punmp 3, 6 can act to punp the colorant fromthe col orant reservoir

cont ai ner 2fi-can insluda@pparatus 2% faacpenecting andghissounasting thedhnd epmsouniggiondsudras or
nore punps, 4, & 0XJ e to return. . condui s 21, .23, such that the punps
TS Can” duits B g ot iR (AR R bunidhing RBE PechlBe | O ah
cont ai ner charking® e\t @lcgit2g forca danE2 00w itls RptenisAsEdvl bram, coffdirefd 1-D€ AvihewEeuttEl(8dan

28-31 is utilized to neasure the . . ) L
be connected via new conduits 21-24 in order to provide fluid communication to the fresh
supply of colorant in replenished canisters 1-2.

One or more pumps, such as, for example one or more peristaltic pumps 3-6 are used to
transport the colorant between the container 1-2 and the printer station 10. The peristaltic
pumps 3-6 can also be supported by the support structure 20. In some embodiments, a pump 3,
6 is located proximate to each of the feed conduits 22, 24 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 4, 5 proximate to the return conduits 21, 23
such that the pumps 4, 5 can act to pump colorant from the print station back to the colorant
container 1-2.

According to the present invention, an inline viscometer 28-31 is utilized to measure the
viscosity of the colorant. In some preferred embodiments, an inline viscometer 30, 31 measures
the viscosity of colorant being supplied to an ink station 10 via a feed conduit 22, 24. In other

preferred embodiments, an inline viscometer 28, 29 measures the viscosity of colorant returning

from the printing station 10. Still other embodiments can include inline viscometers 28-31
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viscosity of the colorant. In some preferred enbodi nents, an inline

vi sconeter 30, 31 neasures the viscosity of colorant being supplied to an
ink station 10 via a feed conduit 22, 24. In other preferred enbodi nents,
an inline visconeter 28, 29 nmeasures the viscosity of colorant returning
fromthe printing station 10. Still other enbodi ments can include inline

vi sconeters 28-31 -4 which neasure both the viscosity of the colorant being
provided fromthe canisters 1-2 to the printing _station 10 and returning
from t he prhi¢h measuestheth ds visgosity afilee igtprttbeing pravidedlisem gheaapisters g dhtheon

al so incl ' ¥t an 1 hne b frthe viscosity
of the coﬁgﬁgﬁ ﬁaﬁﬂig%#@%g#%§g¥ﬁ%ﬁﬁggﬁ?ﬁg&ggﬁ?géPngg%%h?gmgp%rativer
connected to flhe prwisgdomvention 28 Bitludes 7 emioller 1Y ahigh tezkives gmiatlicatiat ofithec| udes
a viscosity readi of the.colorant.. Enbodinents c al so.i nclude a, display
connect ed 150 RO T Rl Tet SHRE R podPRSanG el s 20Ga ey FINGcHRd B o
the Vi scoshd VisdORRed# 8% 1RY rddBRelalligit® sighd Gt RicAldedd vidlosith réflingestithdéihiams er
26-27 can be situated on the support structure 20, such as, for exanple,

above or dunkadanents eantalse inendy aidispley paraieeted toithe corprpdles whigh provides pdmmen can
i ncl ude an i f I.S i Li qui.ds, . ch ol vents, with an
autonaticrg%%5#3$ﬁgg%§??ﬁ$ﬁgkoglﬂggﬁ@%gggggﬁgggaY%&%%ﬁ%ggfgh in operative

comuni cat i on W §divénbeispansén 28-2 Béanbe sithdaéd drithe saspoit sidub@re 2R Budhaddser t he
sol vent di spenser 26-27 .to dispggig solvent intg the colgrant in the
col orant c¢SAnBlemhove ovadigeinisig ihe entiaticrBitnst 1hd he splveridispensercap ingluderye

H | . R B = q
the sol veni.dh t%l?(ﬁ;%r?g)][r d%sﬁéns%?g fifuidl SRAAS ?oﬁzéfhéf %{I‘&l AR ntatg cﬁ%écllfe?ﬁ‘? : ’?l?eﬁ:

upon an indica e viscosity of t col orant, receive rom

i nl'i ne vi sobretdsped®r Blconi¢ntedciomperatiyesonirurdeatiob evithrtbe cantrodler sof that thexanpl e,
to have an u r viscosjty threshold. a,.reading received fromthe inline
i sconet oo BT o SR e So bR PRE L PG T E5P00e TREETE BROIE IO S onclut ¢
21-24 is abpmtcORaHMBPRD. Wi SHERSIhBOdIMERS ARl @Dntrbil® 1G0IcRldeqhe dolven@@ispenser
communi cate wth the sol vent dispenser to cause the sol vent dispenser 26-27

t o di spens®-Fdpispensersplyenttiato thoypaderant baseshingn s indicapion ohthegrssotibbdherent s,

an anount | yer ' S B sed upon how far above the
threshold(%(gaﬁﬁ-%%%?ﬁgﬁggglﬁﬁgw%%%ggg??g%ﬁs. Sone enbodi ments can al so

i nclude a col orkhetcontrdieen? edn Yaymbgrahavad) fotr bedmtle, 3p @amsem ppboOvisddkity thrésasidonse

to an indicatiqn fromthe inline visconefer 28-31 which indicat that the
viscosity T R SR A e A TR e R ViRROSIY %@Eﬁfﬂoram

i nvention i BebRIN A -3 His aBHRRKE upfer RIsBYsitd it gstRY, HRAoAabHQN 7%hn Ehmunicate

with the solvent dispenser to cause the solvent dispenser 26-27 to dispense solvent into the
colorant container 1-2. In some embodiments, an amount of solvent dispensed will be based
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 28-31 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.
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viscosity of colorant actually being presented to the cliche 9 and printing
cup 8 which is an inprovenent over prior art nethods that neasured the
viscosity of ink in a reservoir. In addition, the present invention can
provi de a nore accurate indication of the viscosity of the colorant through
the use of the inline visconeters which neasure how fast a piston travel
t hrough the col orant as conpared to the prior art which neasured the current

required by an_ electric nmotor used to turn a paddl e nissing the colorant.
According to tHethspresentdpyentipme naddlediil4 maybesed tagtis therolrantand aux they of

the col or apfentdtl 112 SRriRY vary according to the anount of colorant into
whi ch the paddl e was subnerged or partially subnmerged. -5 In the present
i nvention, a pRdtHreng®wdgaimio Big. Lselranbcatberpullae frool the dottoranticatprant he

sol vent and the lLorant. Referring now again tq.Fig.. 1, colorant can be
oul | ed f r GAIPRE" 0¥ SAIOKNt (5 EPTRC: 6 YaAtesd rndutt 23, 46 Tn SpoF rPoRimsa pifp 3, 6
via feed cangtWrihedéed dduit 22S0®Rn ®8RBElt TROD illinkiers Bléhd Bk s@face© of @8RG liché
conduit 22, 24 can be about | to 2 millinmeters fromthe surface 19 of the

cliche 9.9 Csllareinfills thelink euped unik itaeashes thainlet of returagenduit 1ha3i dheenddf thet urn
conduit 2 ]e%teﬁgo%pé?l%ng&%duﬁtlt cg fo?)é%c?rgﬁ:e,? O[Ite} %rfmﬁﬁlﬁﬁgﬁksgfa%rﬁ %83 118§I(": off ik cu

exanpl e, abo Inmetérs e roof o cord|r1Dgto
sonme enbod.nents of the present invention, a return punp 4, 5 can provide

negati ve atnospheric pressure within e ink cup 8 thereby faciljtating the
return of unus¥@oTdmEdP spime F?‘Bﬂﬁ“f‘ﬁ%ts@gﬂ‘ﬁrpé‘f%ntdm@“éo’t‘a@ TeREN BYPB Fahtacont ai ner

1-2. The gﬁ&ﬁﬁ@ne%gmtﬁl%pﬁérig pressut@RithGhAR CGHEQ%r%;ytslﬁéemfh%ﬁ% sheZetubPof

facilitate expedi'ent connection and di sconnection o refurn conduits
when, for uwexsedpbbrana froar the colopant sipritotthecdonppicrontaster lieX. Uhe r2rm eondwiggpbled out

to replen,sh th u .of co] arant.. .Sone enmbodi nent.s can ,jinclude a turn
IR A ot o R e e R e s s R
conpar ed trgruir@nf@iecy AT Ror 3xarfiple) anqaetrqéﬂfprﬂsmgwstugpomd&@& 003 d %8 to

at nospheric pressure within the printing cup 8. For exanmple, if the feed

punp 3, 6 rPRerigsthgaerply plcabifaitate at 30 rpm the return punp 4, 5 nmay be
Ges1 909, 0PSB LSk o 523 8 05 SRRy FER 7L
return corpmuipingxhpatiilBtidstaaompared tdotha deedtpumipZe d, ihotrddr @@ blettee nohinitiin A2egalWe

atmospheric pressure within the printing cup 8. For example, if the feed pump 3, 6 is designed

to operate at 30 rpm, the return pump 4, 5 may be designed to operate at 60 rpm in order to

create the pressure differential. In addition, some embodiments can include a larger diameter

tubing for the return conduit 21, 23 than the tubing utilized for feed conduit 22, 24.

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 the front of the cup relative
to the motion of the cliché holder and to return the colorant at the relative back position. The
colorant can be picked up by the print pads 7 immediately after the cliché holder 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 the feed pump 3, 6 (or by reversing the direction of the tubing
through the peristaltic rollers). After empty the colorant cup 8 by operation of the reversed
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Not wi shing to be bound by a particular theory of operation, it is believed
that freshly adjusted (solvent/viscosity) colorant is preferably deposited
on the cliche etches on every stroke of the clich. In this regard, it is
desirable to feed fresh colorant via the front of the cup relative to the
notion of the cliche holder and to return the colorant at the relative back
position. The colorant can be picked up by the print pads 7 i mredi ately
after the cliche holder has noved to expose an area of the cliche 9 to the
print pad ationised p@nRd; & @ny KEnainias £evelf0ft6ﬁ@r4rﬁ wathingthe cer, fsedimingshed, whigh iy age
a non- stag&gt(gnﬂggcggg rant in the cup. In another aspect of sone

enbodi nent's of the present invention, while renoving the colorant cup 8,
such as for refhesystemsaf th«hpmmt mvcnﬁ(mrtapltaltmhdude 4 balorat aupahhavingmndntedor be

nore easi]l tied b rev the eed b reversi t he
direction'™ fp[ong) ?{éa hr‘?éo‘btI °8?°tr?ﬂt Icl(é‘i’ g)be ﬂfifSQPsegr‘?'B?’ﬁe"tt he
col orant qyR chcHdY A%Rﬁédiﬁér@lﬂ t% téxﬁe‘c()@)/a?ﬂi &ﬂfi’ rei@rset(% fah Ohkf @pd tHAHkndwn tn th@ny
remai ning | evel of colorant within the cup 8 is dimnished, which in turn

facilitat @@d@tletzmaqm Priabiy selerpst @fpst8h1eeqomébﬁemsqnhvemtmrpanyrmhmlany of mcl ude
| h
a colorant, ﬁ}%| o c%ﬁéer{lg Ofs"sr lg&%ﬁ”ocfﬁ esRALd ngxhé hrggs’élaﬁ‘gsd fcﬂ“ex%[)le?a&ela% at

t he roof por be i'ng adj acén 0 a cliche.
As used hemnpd.n, the term" colorant cup" refers to an ink cup” that is known

in the pad printin rts. Suitable col or nt cup sed. in the prese
nvention can (MHEFlE L57p abo 15l u%ﬂwéﬁ TeovBihie pe%iaemeaaﬁbw 7 Sheliee
skilled i lkGhe 9 can
al so incl lrjfdlteé;%ﬂ@ cﬂ uiﬁgé;wﬁﬁge\:/&%fﬁﬁ%& p gilrt??nﬁ ?‘Hggglﬁ’ {zﬁgﬁ?a Bmmﬁﬂi&nelct: ude,

for ex arrplpetternsTha‘ saclacenstelies etrc hes ahypettarandypicalyhtlegattére willdpaispectiod toraant i n

t | h tt f h h t )
Pl |y aftictitaf App BN gt o for St reln SSiameioh s VM h b PBited o

as, for exadbhtacs leds. PRHelcap 3 1§haulag41h§wn@alrawwa§ro\§bthe RligRsubBcdtol RBp&it @lbrarit
contact lens. The cup 8 1s held against and drawn across the cliche surface

to deposi twithin theantfaceitehes.nOnner worefpabpads direstactthe clighé ddp drapsferihe pelgent
contact the,chiGhe ?mEg ({sﬁaﬁ%f zmgrn?s gLe%gé’rﬂh tra%gfehﬁﬁmn %rht'l% u% gxgmé’d?‘&? £

The pattern’Is su equ l'y tr erre
such as, fsoch ssxfmekample, £amtacien fost dureriénsahelder h gokl batl] ek amrauamgﬂ:hld bal |,
or an autqrnmomd dashboard.

In some embodiments, 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 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, 24 and with the
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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 amb],oremhéismsed gafheviliché. g”éhieméﬁctqﬁypieall}sﬂetnainsesdbra«tngvcbintthec@oﬂaotthattis and
bel ow the Lnterior rtion of.the cu S S YL I-oun abl e
of ont er' AlsPoie B Fieps 8 ghribparFaian S Raerb, e GeRE 8 e dset Sueui L OR R

cup. The \gdbly digsssed shougll Yo aWuoyhdﬂﬁne&éiasbavB%dwmﬁ@we within the cup is
substantially the sane as the pressure of the surrounding gas. In other
enbodi nent s,  a Refanting wow ist Fignd i srsee embadiaenttip calomnticun anpaiiidrgn aludes

drawn in gp ‘Bﬂ%‘aret forBft'cu {;§§Ja§e'nmo°efacl’i E‘tﬁexﬁuﬁle{? B ko ?x? s 814 bE 1&c¥@gca' Ly

i nclude an 1 nl et an an o circ atlng e co I nto out of
the cup, rdapattd saeh ysthef mElnmsed ywpéovat a wideoshark of the chclsui Ihabdhaon nisedf i s

provided in t c as an orifice t s in flui ommuni cation with
both the fRdHP eawakﬁptdlazrzeterz% logary wast%alqwfjova Horist s ﬁ’w@@?@mﬁn thane

cliche. Tfahfgle%sgfeId%e&amhﬁwmersanw@l g%ﬁl{@ﬁ@ﬁﬁfawwhh%o&%@rant that is
di sposed onthe cliche 9 during operati the system The orifice of the

feed conduit 22nadiftiénsto esabltrglﬂ:e;dnmg @;fwbdolatmudlrertlmo theoutfac aofithd dlich¢ &r s

R T LA AT B D
ot her. Theolotht BomMEé BurE8 BEris: ﬁamtela@ndecaﬁahm dowfljopé&r@aiibnst &g 8¢ Bpahii@rofand be
used to cover a wider swath of the cliche. In addition, use of nultiple

snal | er difeadeusip L6l laﬁ@rﬁppewsdlecmn @\xsmpwrwéprgmdrthesw Sk wtahle@e@ﬁam sm
than a S'tﬂ&lf z{c’%g o TRE B, FHP x?m\rqﬂ; 'f] @ﬁde thaﬁ? orﬁ GhicGsh 1 { %Ce
I g res COo

wi th col oran Ion to’ena or an dlrec ly to
t he surf aacetuof conbieit 21 |26had,90ptlohddbj mao'»snnrﬂnyi C(Dfnnhd‘macaﬂbn Witheotopartt ldeat &l | che 9

surface al so enabl es the ad ermpval .of nbst colorant fromthe c
during mai ﬁ%ﬁ@éﬁ%ﬂ&m§h geﬂ q@ﬁ@ﬁéﬁp S a ferigina HV“B%B% rﬁH”HP“&“tfbed

punp 3, 6 J3Nhdt h@dlﬁmﬁé’@bél@w (i'lher iRtekioP RO Borki6ABY Gie %9}; 12 af?ll?ﬁv fot 0 atul? pC YR séine A
suitable outlet in he cup 8 can therefore include, for exa an orifice

that is i renfblodmd:ntsgthﬁmml iportiopniof thetrh@m conduit 21, 23 is disposed about 3 to about 5
millimeters below the interior roof portion of the 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, 24 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,

dTM

peristaltic pump tubing such as the Pharmed” ™ brand, and stainless steel for extension tube

fittings extending into the cup.



return conduit 21, 23 and, optionally, that is in fluid commnication with
colorant that is disposed on the cliche. The cup 8 typically includes a
term nal portion of the return conduit 21, 23 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 21, 23 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 émsdngnemabodimerss ahthe peasons anyentien the rensfer ratedn theggiwrn Eingpigs 21,
conmuni cat, . ' for o t . t he
feed condE??Q?%ﬁ%ﬁgﬁgggggﬁﬁ%%%gﬂ{g?%%%ﬁﬁﬁéﬁt%%24tﬁg&%%ﬁgglcﬁﬂgﬁgqﬁgg%ﬁe cup
8. The f eednsfondteiih thieXeturdlcaranit ieprovidedby egdng Smilhindisie@nyondaittand Odridblee
colorant container '1-2 that is i.n contact with the coloran{, for exanple at
an openi ngP7ed PURES S¢fa) In ofsrer Fﬁgo‘i‘meﬁﬁsaﬂ‘?’”%ﬁ?‘?ﬁq RHERPS P ar&ruse@artﬁa highegdragifent a
feed tube guhMRE9QGm Andille2 €28 ARVided by HAGSEOf LFeRlh c6RINEIINSE inlwkich @7 bot h.
Preferably, the feed conduit is connected to the bottomof "the col orant
cont ai ner maj@xity Sfitheagthen doaduit 8 br?dtias 8 croansdstionnd arse that isddrgef thamyhenerosy i al

that is capable of transferr.i,ng. col or,an n ,son nbodi nts, col orant
Load it RERRaGh ot SRSt ke eiafion, 4T R ST oBEP TRbdEMe e RSB | e
mat eri al s pamps 96Sdré Usddianl a@hajdrit® of @RUetafEbatit 2 5O Hasl a RHsS SevHiah bih ehapistad
organi ¢ solvents contained within the colorant. Typic the conduits used

) e ypi cal ly,
in the prdeshaboptindes asderzapethrbafid maedtyrafsha ﬁsﬁ%qqdélt@ab?%g, peristaltic
punp tubing su he Phar medTM brand, and stainless steel for extension
t ube fittingsig%ggﬁ%ing into the cup. -8 In sone enbodi nents of the present
invention the Refardfignow & Bigi 3| thdmethedwinwiidnailiorasts 2k, tran2fdried fiomghetolbfaan

the transfer rate_ in the feed conduit 22, 24. |1n some enbodi ment.s,. a higher
transfer rCSP'élthF‘EZH% tf}eé’f’lﬂf?PtéBﬁﬁglh'? ffleipgeswtdwe&ean AR la%'flﬁf‘gatsﬁq AiPesiHoRING At or

condui t angjoyaf Eé’ﬁ)k &dj aSRERM 13hd9. The &Ip%barﬁﬁ?(ﬂ%ﬁﬁmlﬁk a%hﬁi\xliﬁrans peed
punps 3-6 are used and a higher transfer rate in the return conduit 21, 23

i s provi deutetigr opeparten, efcontigusnsiwall grmddiitte creymftgerica ofifiedhierior wad] porfiory argk

the return conduit 21,.23 has . a cross,sectional rea . that i | r than the
cross” secriiap oarad b ot agyBrind ST RerPRLt BisfGUINIRG yall, 4757 olopf

ot her enmbagh Bethssferfddnlittad p&ResE febdipiep 3; Oframa dékianta0atameRI2061 dtierof t he
return conduit 21, 23 has a cross section area that is at |east about tw ce

as | arge deservoin exernal tedheoprintinggpparpias adtfiraugh @ dived cppduivd?, 24 to a cup apparatus
8. At 312, the viscosity of the colorant within the feed conduit 22, 24 can be measured with an

inline viscometer 30, 31 external to colorant container 1-2 and proximate to the feed conduit 22,
24. 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 4, 5 from the cup
apparatus through a return conduit 21, 33 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, 23 with an inline viscometer 28, 29 external to the colorant
container 1-2 and proximate to the return conduit 21, 23. 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, 23

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 formed by the wall. At 311, colorant can be transferred with a

peristal tic fedusqmmpmindigerts, dmwal@ao&remraeﬁfﬁtraieﬁmroqghzhe Eed gpmeaiits 22, 24
reservoir,,g¥fGeha cotn(au%s}ﬁ B g%ﬁ h%@ B3l ?cat@@g?c}lﬁ(%rp %o%rgﬁ%gsﬁﬂﬁl Tth 2,

24 to a cup apparatus e Vi sC Slt or ant
f eed conduhd cup, cﬁﬁbmmntamadm&smessmtmily laomstant lenbll e essatiattp censtad® col3rhnt

external to col ora ont ai 1-2 and proximate.ta the.feed condyit 22
o a3 1dvelGiegieaty Eimvliod Bk 4 s TianeBhie he ahong oap e aoelﬁfla%éewm
col orant GQRA, BRS referfed¥olal thedriiRb Y EHe rétuSRANGAE. I%Qn%%dhﬁ@fts WRGE HEIGS g@is
aut omatic controller 17, based upon an indication of the viscosity

measur enmerprovide beneath glegnagtroati rortion afftes qupekd thederminal noetmem af e teturn penduit 21,

[ | 3 d
e T N R T L T

condui t Zkon&ﬁtzpznmhﬁpdhebqng cont ai ner 1-2. Referrl ng nowto Fig. 4, in
some enbodi nents, additional steps that can be included while practicing
the present i nMAinNEGACTaHM inrf@rtalaémbafhmpm feheshreseRbiny ersiop; die sxiteny tpicallie

col orant 1}%11"1(#}':'63}'3 OP?;r)e{deHﬁlé{‘is BN a ?}aﬁen%%o e CBIoRA EEY 8.6 ¢ ﬁés%%ﬂ{i;%&ﬁ{en?@gu'

external to t ant tal ner and pr oxi mat to the return COh
21, 23. Atis plﬂ:ﬂe,rredmd enpasd ths oliviérdtches o foesh calmtmlrﬁbnnthb injetdiosenaed erynitmke bé
col orant c¢ with the solvent dis ns r 26-27, hase upon an
o eart o ReeitnBah sis fegitd folbSt R PEstERbly SentRASEltEr i boonohine B P dht
condui t 2Jf a3&onll mﬁ@ﬁio\’l%@'t}h%ub NRhébih MMBidsEpdtQdH 1sQbdafid cloker t03hd PritPAB than the

enbodi nents, in ich colorant transfer rates through the feed conduits 22,
24 and th@umdmaﬁwncondU|ts 21, 23 have reached a steady state condition,
the colorant r essentlally

Lo col orant ¢ G ln@tih s o B8 pEUB ShveBE. 16s TR BLABRIAIRABIFRG

det er mi nedrdayfeirbEuPBShirhSing afeehiods tHaemiiméAehOformaticy ¢fipagiclda@hll icomtatfnahts én
return conduit, also referred to as the orifice of the return conduit. In

embodi mentthe sierpat. dn this regatdy itisdesisatle thabthe splorng isitrasterad perissaiticabiyte then of
the cup 8’cowf'§nt tc@;; g,‘ d?% thQQE'E)Io'rém c%talha? of f?)tbléfﬁ:' e.(:gQ @géﬂ ds %’luse 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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23, e.g., the orifice, can be any height as long as it is higher than the
termnal portion of the feed conduit 22, 24 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 ofirtgap cmbpthaﬂxd tmusfer offthacdemonid tlpmretlirmnomﬁlittihmnmdpd btheskoiwer tateof

I ot hor. ahiso RenEa b o BY neifed gl Pan@Eepbighehlce pREFFRRR ot ne

col orant iissidetth@gsf 9picelty rsuitdhyidtion othehighedFfettivad trdfisfer ite & thb eetlir@coBduion
of particles and contamnants in the colorant. In this regard, it is

desi r abl e cPmaared fethe edrcanduii. Aceordinghe thearetirdsidisclased heseinyare epetle of col or ant
S, f
c u p 8 e0 r é?rl,aélgg?t%ﬂ H%r@n%%&g 9@;&%29%“ ‘{qug ] rgpagf oev ?ﬁ?%gﬁl §,s 2  of one

|nvent|on\ahadwpmpv&dassﬁﬁuhwﬂhcamnmtrculatlng colorants in a pad printing

systemthat includes different transfer rates of the col orant and from
the col orant cdy™mter Ohgrabo @5@&9? the PrasentRFEriEn BAYe be Tefpaginbed S crielssse or

rates hel pe & BeQMAUESt06@ HRE MHous %@iﬁ&u@.&gtmgf bd rhﬁ‘dec\’di?llo@ﬁéba?t'fﬂgofr&ﬁ heCdplrthe.
Accordingly, in another aspect o reseént invention, there are prOV|ded
met hods t lad siope bfithe ns\@atwmgAepochpgladnt@@mboﬂmeaatscarc wiitbin thhecocpupf thent ai ni ng
col orant; fcl?ntrolllln the viscosity of the colorant in a col orant

cont ai ner ?%H%fg?rlng 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 w t hout departl ng fromthe spirit and
scope of theatiinGlaimedn. Accordingly, other enbodinents are within the scope
of the following clainms. -11 Wat is Cainmed: 1 A systemfor presenting

colorant 4§10 a AQQEATHr ﬁr@&bnﬁﬂ@%léﬁa&dﬁtota%loréxﬁ caslhfifails the 8 ad@Cnt Rd fidi N9
cliche, said systemconprising: a colorant cup apparatus positioned adjacent

to a pad print plmglrrglqh@hﬁ;saldaysﬁ@n@pmmlsmgmt ai ner conprising colorant; a feed
conduit in fluid comrunication with said col orant contai ner and sai d cup
appar at us; an inli necelpsobenptapparetus posidnetl adpednd tcopat prnttingehitad; ner and
proximate to said feed conduit to nmeasure the viscosity of colorant within
the feed conduit; aasdbreandontiisgeomprisit®ogiodasi;ng col orant solvent in fluid
communi cation with said colorant container; a control nechani smoperative

to dispense the col 9rRakosdiMeMuid dintmsaéatios Widrsaidtcol FOMcOhEREN MdtRidSaupd
sol vent di spenser, based upon a viscosity neasurenent perforned by the

inline vi scone@léﬂar%‘l“@m mate to said feed conduit; and a return conduit in
fluid communi cation between said cup apparatus and said col orant contai ner.
2. The system of c|@nmimeald@nmﬁtmldn}al@omw@rngcan@mmﬂ prekinmage toissisoret er

external 10 Sl sSRLAB Mol PRIRPELANTBLRKI TBHE, &0 BRicthdish urn conduit to

measure the vi SCOSI NtooW Phi N urn 3. The system
of claim 2 wherein sald(%(antro rrechanls IS aqltlo al | oeraglveg1
lvent dispenser comprising co Olorant Soivent ix Haid Munication with Said

colorant container;

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 1 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

-12-



di spense the colorant solvent into said colorant container with said sol vent
di spenser, based upon a viscosity neasurenent perforned by the second
inline visconeter proximate to said return conduit. 4. The system of claim
1 additionally conprising a display operative to indicate the viscosity of
t he sol vent based upon a viscosity neasurenent perforned by said inline
viscometer proximate to said feed conduit. 5. The systemof claiml

addi tional |y ceilplahSkin tif 2REPEChduR bhd € d¥pRE 8PBREBVe BXAREAAhelViscoiB if the
col orant container and proximte to said return conduit to neasure’the

viscosity of solgentbased spen awisensiy neesurement pedemediby ahteasteong |0§|cspdynldipﬁer ative
to indicate t h?ls%/denz‘eg%ﬁ)rg)gmg;e tb Q?ld éeseﬂl }ﬁﬁcﬂﬂt Hased sE@%’fi 1311 'ﬁ&%ﬁ{&éﬁ MEARHement

performed by a ViS5 COMEL & to sald feed

conduit and saald e(ﬂcﬁﬂ@bdntﬂmdﬂand/pmméwsaﬁbq’éﬁﬁ-rnedndhn. sal d col orant
container and proximate to said return conduit. 6. The systemof claim!l

wherein the cumh@@@@haémalﬁpmhersmh@wﬁdpphﬁtu@Qbmpa&ts neuiiSle @aleFhnt Eups @aant
cup conpr|5|ng an essentially circular wa an interior roof portion

cappi ng sai d Riplantgg campaﬁmggassssrétwélatcn%lm walt, @afmtpwtrp@fpommea@pmg%ldd
feed conduit ig.j Qn<§ Méﬂﬁaﬁé&}&jﬂ's&ﬁ% oM dnNwhRASH ¢ %' f%cﬂwntdﬁffpm ai d

return conduit I's a communi cation vmt eac sal or ant
cups. 7. The systanmioition vithedsh ehierant m;smddaﬂdubmhpécmdammalmnmuudse two cups
in an essenti al I'%/l ﬁl apar osw1 g E@XI mate to said printing cliche. 8. The
system of cl ai FRMMEHGFHINY CoPA}Y FEPRBE &PBri nting station for printing on
itenms wherein the col orant cont ai ner corrpr| ses a container conprising an
i ndi cati o of &he &xslea efrplaimethwheretnsridigulfible cups eIMRIkA e ceRsdpan stseriaNyt h

particul ar i tegﬁng oE'itnSgSFlerﬁﬁtetc§ 084 grrl tﬂg station. 9. The systemof claim
er it

1 additionally'c rrsin to m x col orant W|th|n t he

col orant gont ai-per f claim 3 ad isi.ng a
m xer pos:étl onlrg fyStelxﬁ’ OfJal ofan 1t10na %comp PEE LRI glrn n?tlc?orﬁ(r rlﬁlér Wlltgréi n the

m xer i s oper awhem@adl thé eolmam mltzﬁmmbmpﬂgkss@bmaimbr cokhpriving sdindicanatant
cont ai ner based upon an jndication fromthe control nmechanismto
colorant manufacturing lot which can be associated with particular items printed on at

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.,

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 | additionally comprising a feed pump operative to transfer colorant

under positive pressure from said colorant container to said cup apparatus.
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di spense the colorant solvent into said colorant container with said sol vent
di spenser. 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 colorant container. 12. The systemof claim1l wherein
sai d sol vent dispenser includes a solvent inlet valve in comrunication with

said contngl | erhd glstett SMEANM MOWkSEA rsﬁatfeeaqjumhcrumsta lselal@taml pUh@) bn imssied

upon a signal received fromsaid inline visconeter. The system of cl aim
| addltlonalIytY@énpmpsﬂgﬂgfaummttﬂmﬂﬁﬁvﬁ}:gear%hﬁ@“t@atﬂlfeaﬁémérc%@%ﬂ‘@ﬁt under
positive pressH{F Fronrsald colorant container to said cup apparatus. - 13

14. The system of claim 13 wherein said feed punp includes a peristaltic

punp, an |npeIIer- type punp, a gear punp, a punp having a back-fl ow
feature, amfnQ r i 'S?Ql%l %4 wﬁ%g’ % sa1 pul pTlrIlIﬁ) 1§¥§Jterg sr{]al?]:: pﬁmg é)%xl I%ateltrg Eaﬁﬂl6

sai d feed unp R condu

The system of ﬁkabmkmuaddltronally conprrsrng a return punp operative to
transfer colorant fromsaid cup apparatus to said colorant container. 17.
The system of claim 16 wherein said return punp is additionally operative to

provi de aienegdhé eteni SDAFRET hddifiraH$ U6 BpHBIGEES rebiith @uﬁlprbpaﬂﬂaé wittmsfed 8. The
systemof claim17 wherein said return pu I ncludes a peristaltic punp, an

i npel | er-type BRIA§ENt Boysaid cyp apparafunigrpidicaloray cantpiiek - f | ow feature, or any
conmbi nation thereof. 19. The systemof claim 17 wherein said return punp is
a peristaltic punp proxjmate to said return conduit. 20. The system of
claim 1 additi dhasysieneeisieims] iyhereinsaidgetm pump saddisanslyomerative (epropide a

transfer colorﬁ auvggﬁ{sgﬁﬁgﬁ#ﬁt 5g&§g&gctgggk§gﬁg colorant container to

said cup apparatus an tic retu unp operative to transfer
colorant fromsaid cup apparatus to said colorant container. 21. The system

of clai m 39 adeyt LARRL LYcIBRIPT bALEY B HRROSImPRRAGE! ¥ SerTRHRL Sl gncast er's

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 tb\gaportbf} PRGN BRPGH I orEorl STARE Red 6N apadHel esithefcup he feed
conduit attached to t%e cup .apparatus and a conduit coupler inline on the
return condui t aRFBEERANda qopdyt cupien Eriine gn the retyrn ppndiit grperative kediseanpegh a
condui t suppor - r i t he
Foturn condui t "oy PRRAFIS ARRRY ConBREQBbS B AENPRRBRaLR TR PR 55

addi tional | y cpomion sf thg reutnesvpduitiattacbedctontie @lp appgatuat us for  nai ntai ni ng t he
tenperature of the colorant in the colorant contai ner between and upper
threshold tenperature and a | ower threshold tenperature. 24. The system of
claim1, wBereiThe systenj of dldiyn 2 addit®naléy conprotipdiueinpbraturacanes sppaeattd fonal ar ea

that is larger than that of a majorjty of the feed conduit. 25. The system
of claim I wheFBINAIRAE S EpHalG %f»r:‘lﬂ?r‘é?l%‘iamc‘(ﬂﬁ‘i!ﬁ? rant conainerBeiveqn a1l uppey 1 st

end and a secopf.pfd térﬁﬁerﬁﬂf@é}idrﬂ IBQePter@ﬁ(ﬂH'Eémp%reftﬁn%.St el ectrical coil ,
position around the first end of the chanber and a second electrical coil

posi ti oned around the second end of the chanber; and a piston within the
chanber and OPehaLjsk bOcIRYE WHeAT 8RB cHef Br ME rdifhs GREATPRLs a drdks'sBRioRbIN

si de of t%e' charrge)lrS basecci upo’ﬁv gn e?ec{r!lga{ cﬁarge Pn onesaor Sot 100% t{]ae
first el ectri datisdoigér thardthathe asegony ofltkecfeed calduitoi | . 26. The system of
claim25 additionally conprising a visconeter tenperature sensor operative
to measure the tenperature of the colorant within the visconeter. 27. The

syst em of 26| ai Mhd sysvdaesLdiaint N&heRIndamiihlifdNascRRET bMPriSRNPr i ses a cup
conprising an interior roof portion, a contiguous wall around the

ci rcunference of thachamber with afst endgpd @ isenend aed fon cantpingigrolsttat h sai d r oof
portion and w thin Qﬁps?%ieg@itcglrcoil%ro%gn Eubdifhe filchd 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.  The system of claim 1, wherein the colorant 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.

28. 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
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28. A nethod of providing colorant to a printing apparatus, the nmethod
conprising: positioning a colorant cup adjacent to a printer cliche,
wherein said cup apparatus conprises a cup conprising an interior roof
portion, a contiguous wall around the - 15 <circunference of the interior
wal | portion and an air gap beneath said roof portion and wthin a
perinmeter fornmed by the wall; transferring colorant with a peristaltic feed
punp froma colorant contajner _external to said printing apparatus through
a feed condui t cifgmfercnss efgpainiarios wall perionand gn ak gar peeatd seid repf pasdorc@idor ant

within the feed;sn 'rﬁne%rtfgrr@eglﬂfy’}hé Rg Vi sconeter external to said col orant
contai ner and proxinmate to sail eed conduit; automatically dispensing

i nd proxi mate ¢ duit; .
compr i 5i ng.an_ aut onaieLags FARARERkn FREEHATI by honf Sl AGhy Hrpfiga=c!

Vi scosi ty neasextermehtb seid prindng apparau thivughb feedlvendgew acapdppdratugcei ved by
the automatic controller of the solvent dispenser; and transferring

colorant with a perinsisatihg chervaéddsity GrunPcdlsrant willin ehefeaP@sidaic wath dnhfigiegh a
return conduit to the colorant container. 29. The nethod of claim28 wherein

the transferri Mgcumetersxeraalto gid polaraplegantpingr apd progimateto sgighised eaduithe cup
apparatus through a return conduit to the colorant container creates
negati ve atnospher i autpmetically dispensirigreoldrantaplvenfapto sa8id.coipiant wenthiner with &l ai m
28, wherein col qr artlt . sol vent i S. auat orrpti laI l%’t gf sg)reanesedoi f than? t.vi SF sity
measur ement i ndl CaF SEPEIRE: CYHESTESL AL TARAUS Lot Rller SsHARen AP I F PR 8T e
conduit  exceegRcaitp nRAQIremBAtE thel ddl el Within e fecltondmi Roelvaf bycthaaifortic
wherein colorant and air residing within said cup are transferred to said
col orant cont aFefdtollge ofthepefwent disgenseiz@bhared to the rate at which the
colorant is transferred fromsaid colorant container to said cup. 32. The
met hod of cl ai m 28, trgiséaraing celotant wilk a perdstaltie raturg ipdmpdram theichp eprargup ar e

transferred talrg .hfjasf%ﬁllrg@%'}tﬁgﬁlte%i ﬂ)‘?z{nt%nt%iﬁ@r?t about twice the rate at

whi ch the col oran ran romsaid colorant container to said cup.

33 The maphod gL el R r2Rin 08 Hefid S RAYOH28 ABARRLR o SOTRLRRRA P11 ™
pump from the cup apparatus through a return conduit to the colorant container creates

negative atmospheric pressure within the air gap.

30.  The method of claim 28, wherein colorant solvent is automatically dispensed if the
viscosity measurement indicates that the viscosity of the colorant within the feed conduit

exceeds a predetermined threshold.

31.  The method of claim 28, 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.

32.  The method of claim 28, 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.

33.  The method of claim 28 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
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positi oned adjacent said cup and colorant is transferred into a first
portion of said cup -16 and out of a second portion of said cup, said first
portion being |located closer to said print pad than said second portion.
34. The nethod of claim 28 additionally conprising the step of: neasuring
the viscosity of the colorant within the return conduit with an inline
visconmeter external to said colorant container and proximate to said return

conduit; automatically dispensi ng col orant solvent into said col orant
cont ai ner wi t hardhutohp esend BP%‘BER éﬂ*d cyy said figsh HArtion beingilesptsdaossy torsid

vi scosity neasyLemRAihdfsaldne . within the return conduit received by
the automatic Eénggb ﬁ? 3599$ﬁ§ nethod of claim28 additionally conprising

the step of automatically mxing colorant and colorant solvent dispensed

into the gglorqﬂgnggg %T@E¥ Qgg&ﬂn&ﬂﬂ@ngg?%n%Egggg(glspensed into the

colorant. 36. The nmethod o al m 35 wher Xing step is carried out
with a paddl e dri vemehspriag thmtlmoslt)aarfthIéoxehtrwméhmmdm eondsnrmthrmledhm a
spindl e and positi nt co t ai ner. od of

claim 28, Meréisﬁ%ﬂﬁ?r&%@% said F@Of&aw nfalnez an| dipiosimgte bopsefda&ep 3 non-

posi tive di spl acenepiomRE@ilydispensing colorant solvent into said colorant container w1th the
solvent dispenser, based upon an indication of the viscosity measurement of the colorant

within the return conduit received by the automatic controller.

35.  The method of claim 28 additionally comprising the step of automatically mixing
colorant and colorant solvent dispensed into the colorant container based on solvent

being dispensed into the colorant.

36.  The method of claim 35 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.

37.  The method of claim 28, wherein said peristaltic pump is capable of operating in a non-

positive displacement mode.
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