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The present invention relates to a nethod for
ultraviolet (UV) curing of inks, coatings and

adhesi ves having WV photo initiators therein which,
when exposed to WV light, convert nonomers in the

i nks, coatings and adhesives to linking polyners to
solidify the nononer material and which are placed on
a variety of products. Mre specifically, the present
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cause uneven curing of the products. is, therefore,
desirable to provide an_inproved W curl n met hod and
appar at us whi ch oRHdERS OF THE RYENTION of t he
precedi ng probl ens. BRI EF SUMVARY OF THE | NVENTI ON An
i nproved WV curing nmethod and apparatus are provided
whi.ch dugldlef the leyéntionent |y and effectively cures W

cur abl %’h@r&g%@e'g?nsveﬂk d@ ?é@gs t6 9 emse%r' mtga,.aghfwr) (ﬁ?ﬁmg of inks,

and ot her eously, the user
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2. Description of the Related Art.

Heretofore, UV light-emitting diodes (LEDs) and UV Iémps have been
proposed for supplying UV light for curing UV curable inks, coatings and adhesives
on various products. Many of the prior art techniques are time-consuming and
inefficient and can cause uneven curing of the products.

It is, therefore, desirable to provide an improved UV curing method and

apparatus which overcomes most, if not all, of the preceding problems.

BRIEF SUMMARY OF THE INVENTION
An improved UV curing method and apparatus are provided which quickly,

efficiently and effectively cures UV curable products, articles, inks, coatings,
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curabl e products, articles, inks, coatings, adhesives,
and other objects can be intermttently, sequentially

w®zooconsinuousl y positioned in the UV Iight pardir/us2005/033618
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adhesi wethe r&@fbn@ﬁhﬁéth@&l tﬁé‘témﬁératl.ﬁ‘é %ﬂtHéﬂJWﬁQﬁt éfitters, UV curing
rotated in he llgsp ath to enhance uniform
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gl rng on curable“products, articles, inks, coatings, adhesives, and
other objects. In some circumstances, such as for some types of UV printing, it
may be desirable to position, stop, or maintain the UV curable products, articles,
inks, coatings, adhesives, and other objects in a stationary fixed location and
position on the UV light path during curing.
The novel UV curing method is particularly useful to cure clear transparent

scratch-resistant UV curable coatings and/or printing of names, trademarks, logos,
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peel abl e | abel s and peel abl e stanps i.e. |abels that
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BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWINGS
FIG. 1 is a perspective view of a curing apparatus which employs a heat
pump for cooling one or more arrays of UV LEDs which direct UV light onto UV
curable products, articles, inks, coatings, adhesives, and other objects to be cured
on a conveyor and which are electrically driven beyond their normal rating and a
feedback loop including a controller for shutting off the UV LEDs when their
temperature reaches a predetermined level and/or the intensity of the UV light

emitted from the UV LEDs diminishes below a predetermined level.



conveyor shown in FIG 1. FIG 4 is an alternate

enbodi nent of a curing apparatus which includes a
wosobgstnsme nmounting several arrays of UV LEDs pPaTars0asiva3c1s

substrate can be cooled only by a heat sink and which
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FIG. 10 is a perspective view similar to the view shown in FIG. 9 illustrating
a curing apparatus as shown in FIG. 4 positioned over a portion of a conveyor
containing string instrument necks which have a UV curable coating thereon.

FIG. 11 is a perspective view showing two curing apparatus of the type
shown in FIG. 4 positioned above and adjacent a conveyor carrying coated eye
glass lens.

FIG. 12 is a perspective view of two curing apparatus of the type shown in
FIG. 4 positioned above and adjacent a conveyor carrying contact lens which are
made of or have a coating made of a UV curable material.



made of or have a coating nmade of a UV curable
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weasiiersid or the contact |ens carried on the cptweymns/033618
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with a UV curable coating and/or UV curable ink.
At or in proximity to the UV curing station 10 is positioned a product sensing
system 16. The product sensing system can include an optical sensing system
e
with an electric eye sensor 18 which detects and senses a light beam from a light
emitter 20 for sensing when a CD 12 or other UV curable product, article, or object
is present at the UV curing station 10 and in the normal area of a UV light path.
The sensing system 16 can take other forms, such as, for example a motion
detector system. Furthermore, when the UV curable coated or printed product

includes a magnetizable metal, a magnetic detector system can be used. The



detector system Furthernore, when the W curable
coated or printed product includes a nagnetizable

wormbalols1@ magneti ¢ detector system can be use®CT/US2005/033618
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LED I gvmen the UV LED chips 26 (FIG. 2) are driven beyond their normal rating
range, they will heat up quickly. As a result, the intensity of the UV LED light
emitted from the UV LED chip decreases dramatically. To enable the UV LED
chips 26 to be driven beyond their normal rating, a cooling device such as a heat
pump 36 (FIG. 1) is mounted on the substrate 22 to help dissipate and draw off the
heat generated in the UV LED chips 26 by driving them beyond their normal

operating range. The heat pump 36 is coupled to the controller 32 by wire
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emtted fromthe UV LED chip decreases dramatically.
To enable the UV LED chips 26 to be driven beyond
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loop.

As shown in FIG. 2, one panel array 24 of four rows 61, 62, 63 and 64 of UV

LED chips 26 can be arranged on a die panel 66. The die panel 66 can be about

four inches long and can have two bus strips 68 and 70 thereon connected to the

UV LED chips 26.
The UV LED chips 26 in one row 61 can be staggered from the UV LED
chips 26 in the other rows 62, 63 and 64 so that overlapping light beams are
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with the light sensor 46 and the heat (tenperature)
sensor 50, conprise a control loop. As shown in FIG
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Concurrently, the heat pump 36 is working to dissipate and draw away heat
from the substrate 22 (FIG. 1) and thereby cool the UV LED chips 26. Typically,
the substrate 22 is cooled down sufficiently in about two seconds by the combined
operation of the heat pump 36, the radiation and dissipation of heat from the heat
fins 40 of the heat sink 38, and by the cooling air propelled by the fan 42 circulating
across the heat fins.

The decreased energization time (de-energizing time) or off time can be
synchronized with the movement of the conveyor 11 (FIG. 1) which takes about 2

seconds to move a subsequent CD or other UV curable product, article or other



current to assure a uniformconstant |evel and out put
of UV light on the WV curable products, articles,

WO 208@101810at i ngs, adhesives, or other objects ®CTIUNR005/033618
conveyor 11. Concurrently, the heat punp 36 is working
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articles or other objects passing in pat h
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A A I MY
f Wurdiee paASAY Enidpreéviging aNRAbBDEE tHEDY/Or i N brceid &mefe colors
and/or a clear transparent scratch-resistant UV curable coating on the outside
(exterior) of the DVD can be polymerized and cured by UV LED light emitted from
the UV curing apparatus. The DVDs 72 can be uniformly partially or fully
polymerized, set, and cured while they are rotating, spinning or stopped
(stationary) on or off the conveyor 11.
In FIG. 4 there is shown a simpler UV curing apparatus 78 which comprises
a substrate 80 having a plurality of arrays 81 of UV LEDs on the underside 82



curing light to the UV curable product, article or
ot her object, e.g., the CD 12. In FIG 3 there is

WG bmenoiaicr oss-section of a prior art digital RTIES2005/033618

di sk (disc) (DvD) 72. Such DVDs 72 can be placed on
t qﬁer%gf‘\g\?XQﬁ V\}léga‘%% s%é%qn'Fn?% TLE hehisihRB8Li€ nidifted on the

curing Icant's UV curing
apppenbusuteTkigde 99 @‘uhabu@strm 8Pi dn thig empogdimend aorneatrpelmp need

oo FRES, opiia ) RrpORPSiNa S 5 18 2R 498, o tmcaly

ngldﬂalabﬁsmmthfﬂ comingioh ke hradsinki88g a | abel on the DVD
I N . | .
e

t haatiibatodte (WX icardble prodlictshartiods, nks, &x&atupgbyarﬂ're’s'wed and other
and  cured by

e :

2 b, o et SriyaDoye e, Sievif Bt RR ol i o Bt Sices of the

f Ltidn%leﬁﬁ' VIMEFIGZ @Y ané QWotcﬁll’tﬁlre@LthetEIe Worihg abpaatay 28 (|f=|fG 4) or 21

rotatil n S |nn|n or sto tlona

{ HERG oMy e UBgo 4 Restionad erlarantiae SRR TS ol or v

curing wm@clar %ttthégen’s %Mwm aﬁsﬂm@r ltﬁﬁsoﬁwubﬁﬁﬁgahﬁpé}@tus 92 which
ural l (0] arrays

havi n
una@wgﬁs«j@n auey of é%\fe” @qn&am bwm %*h'vlpsﬂéﬂé ﬁ%ﬂﬁﬁtqfﬁ 9?&19& each having
A'asﬂnﬁ’tltn@eabf ab v 8&0981@@@@9% ) PRodriied HPRRY c@ﬁtep(ﬂeﬁ!ral) portion

side 90 of the substrate n this enbodi nent a heat
puherent sl bast shewnuisdG. Boviiis WY £efing arRaralysfif) which can be of

SitAk hiHe ddig hgﬂl%u% C%'r;?raﬂ]o ?}e 5r)5p$ﬁ§érh>’lLU§§Q # REX CLUSTER,

assl| S Int I Ng at sin SO it is
urtdecenteot/ M tefiecto/96 ihghata eemtrabexisihiaht is ormalgarepespendicular to a

n%guqq\% ﬁlgt%mp%f%d?}%ﬂg Eﬁ@kéd\écfb% a8l p’fﬁéj‘é&t ter surrounding

coat 1 ngs esives and ot her o ] ects
f rcomvaae bowl-shapled\dV trbrﬁ;aoztma\ﬂéyfiﬁ abai©7 % aref aroangedeorpilted axes

bot h d f th | . t
© el st cnBRddORHERG el 6ot te Gfer U rffeciqr g6 so that
i)thé I@Rlslt:rlﬁ éasgcbf &Iwbcpmsshtapemeeﬂeathrﬁéamg (tdmeel;gertoea/ﬁmcal point at a
W, n t not t UV ' .
B0 2o yiited, OVa Bl dRltah B8 Pt Bearveic alrbthis way,
baeinfsrbep el kdht frohl BVIEDs 9@6 8btreagh ohﬁng ﬁgp@ratus 92 are focused

Ititude of 40 UV LE FI G d
et EnCeBRIEn ) opHied SY CHENG areadd ibTu gl B iy cure.
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with a stylet 108.

FIG. 8 shows the UV curing apparatus 78 of FIG. 4 mounted above a
conveyor 11 carrying golf balls 106 which can be rotated by a spinning platform
105 on the conveyor 11. The spinning platform can have arcuate fingers 107 that
extend upwardly from a rotatable (rotating) shaft 108. In this embodiment, a
second UV curing apparatus 78 of the type shown in FIG. 4 is positioned adjacent
the conveyor 11 and perpendicular to the first UV curing apparatus so that UV light
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(stationary) on or off the conveyor 11. The gol f
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al so ca&iGbel plasis tvanefthe \eeaingsagharats 7Bef ten @ howh in FIG.

fg{ pgéﬂiégeldn gdjacent and above a conveyor 11 carrying eye glass lenses 114
which have been coated with a scratch-resistant UV curable coating. The UV
carrying apparatus can be positioned perpendicular or at other angles to each
other to more uniformly distribute UV light is one or more UV light paths on the UV
curable coating on the lens to enhance uniform curing and polymerization of the
coating on the lens. The eye glass lenses 114 can be coated with a UV curable

coating comprising a color tint (amber, grey, etc.) and/or clear transparent
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directing and applying W light onto the golf tees 110
in another WV light path(s) fromdifferent directions.

wWa 0061651910 there is shown anot her enbodi nent BIT/U$005/033618
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The embodiment of FIG. 15 is similar to the embodiment shown in FIG. 14
but with decorative peelable labels 124 or peelable stamps on a sheet 126 or roll.
The peelable labels or stamps have UV curable print (ink) 128 (black or one or
more colors) on the front or upper surface thereof which is cured by one or more

UV curing apparatus 78.
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( Fddétméﬂ)h Hed c&ﬁﬁérﬂ@b§1h@be| s 124 (FIG 15). In the
enbodi nent of 6, wooden, netal or conposite

doors @befap@%'%l ltbrae&i%@utab!ﬁwaam upfoer crdhiesing thereon can
VeéJréc‘P 3hly cc“)r{\)%gfnaw %Q\ﬁ?yd?fe &llmo@gvd@ﬁfng zﬁ{ Brs084789n a manner

curabl e ctoatng such as a Rsparent
smcailyrsmlagttcamataesermegkabeveoat| ng or a colored W

Cor oot TSP BT oo G, B e i
pcpecificatio, tib i et uadetstood that one, two, or three or more UV curing
apparatus 21 or 78 can be positioned over and on either or both sides of the path
of travel of the UV curable products, articles, inks, coatings, adhesives, or other
objects in a manner to uniformly distribute the UV light along one or more UV light
paths on the UV curable products, articles, inks, coatings, adhesives, or other
objects to increase uniform curing and polymerization of the UV curable products,
articles, inks, coatings, adhesives, or other objects.
Although embodiments of the invention have been shown and described, it
will be understood that various modifications and substitutions, as well as

rearrangements of components, parts, equipment, apparatus, process (method)
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uniformy distribute and apply UV light al ong one or

nmore UV light paths to each surface of the doors 130
wotoosmoifiormy fully or partially cure, set an®CT/US2005/033618

pol ymeri ze the UV curable coating on the doors 130. In

t hetepsboaud wees thefed?) Gan B¢ madeduiethoserskitiéd Bt eeart @ithout departing

co j e s 132 are sitioned on . o
coned e tardiisnd he Fehtdn rhebBRali 5 SopRAhing tavgnton is only
beltmbe tmided as mecessithtedbyi thg asgyrapartyirg daits. The t op
surfaces of the counter tops 132 are coated with a W
curabl e coating such as a clear transparent
scratchresi stant UV curable coating or a colored W
curabl e coating. The UV curing apparatus 2 1 enmts
intermttent pulses or blasts of UV |ight al ong one or
nmore WV light paths to uniformy fully or partially
cure, set, and polynerize the UV curable coating on
the counter tops 132. O her products with a UV curable
coating, ink or adhesive thereon can cured on a
conveyor by using one or nore UV curing apparatus 78
in a manner generally simlar to that described above.
In all the enbodi nents shown in the draw ngs and/ or
described in the specification, it is be understood
that one, two, or three or nore WV curing apparatus 2
1 or 78 can be positioned over and on either or both
sides of the path of travel of the UV curable
products, articles, inks, coatings, adhesives, or

ot her objects in a manner to uniformy distribute the
W light along one or nore W light paths on the W
curabl e products, articles, inks, coatings, adhesives,
or other objects to increase uniformcuring and

pol yneri zati on of the UV curable products, articles,

i nks, coatings, adhesives, or other objects. Although
enbodi nents of the invention have been shown and
described, it will be understood that various

nodi fications and substitutions, as well as
rearrangenents of conponents, parts, equipnent,

appar atus, process (method)steps, and uses thereof,
can be made by those skilled in the art w thout
departing fromthe teachings of the invention.
Accordingly, the scope of the invention is only to be
limted as necessitated by the acconpanying

claims. CLAIM5S What is clainmed is: 1. A nethod for
curing ultraviolet (UVY) curable itens conprising
products, articles, inks, coatings, adhesives and/or
ot her objects, characterized in that the

14



nmet hod conprises: emtting substantially uniform
intermttent blasts or pulses of U/ light at a

wobei@std al |y constant out put and intensity at@IgsS2008033618

or nore W |ight paths; positioning the UV curable

items conprising products, aktAflses, inks, coatings,

adhesi ves and/or other objects In the W |light path;
sWybatintclained isini f or i y appl yi ng and distributing the

W light on the UV curable itens in the UV |ight path;

and partially or fully substantially uniformy

pol ynerti. A mgthcskfor icugnguidrayiclétr(g)\) rearable dtemabdaenpriséngs products,

s o A0BE B B AO BoAh HH8M n at to

appkihed camrbndeﬁtrl buted on the W cur abl e items. 2.

The met hod h ct

is emtt e%[“'? L%@'g\]”%@ ar Tﬁ&%ﬁ'ﬂSﬂQ}'?gF R@P\ﬂ%@? Pgm/ light at a
endubktdntialfl esietant bEps) and,Mténsgwam@dﬁelmgndeMengm pa)hs;

chi ps, or ganl c. LEDs, nd/or ner LEDs; an uv

light is Rantaning fheod tca@&@f dgmsy FARrigtRg @Pducts articles, inks,

! '&ﬁhn&é“ddhéQGeﬁérﬁﬁ@ﬁotﬁéE&iécts ﬂﬂﬁ"/eQﬂV hbht';ia@ht | S

emtted fromone or nore ht emtiers;

UV
light is sstandialy peifaraly alprplypg @nddaﬁegvt@qme "% Sight'on the UV
rgrﬂr&%%ﬁs if (?qg ﬁ,é}ﬁrgrﬁjr refl ector and outer

ectors ht emtted fromthe W
refl ect orrsartnallyf @rcisuﬁye@ubﬁanwmmprralo/e@lyrnerm dettingr and curing

Whb | 9ty Rithid fterhs Hgﬁew hgﬂ ﬁtn%bﬁ e G |ﬁﬁa‘?ﬁ*ﬁtt&t blasts or

clarms characterize e Itens are at | east

parrulse:sl ofy\¢ lighscsubgtantially uniformiy applied ardidistripnied oretheWV curable
Inl;lsg apparatus is cooled with one or nore heat

si r?ks, fins, heat punps, and/or fans; and/or the

tenperature of the UV curing apparatus is sensed

R e e e I
t enper at up¥ light ishemithédl frgrhtU¥ight emitteirs compsisidg duidlight emitting
rm(% es &%Ds?%i{/?lght -emitting diode (LED) chips, organic LEDs, and/or polymer
LEDs; and/or

UV light is emitted from staggered arrays of UV light-emitting diodes
(LEDs); and/or

UV light is emitted from one or more UV light emitters; and/or

UV light is emitted from an array of concave UV reflectors including a
center reflector and outer reflectors; and/or

UV light emitted from the UV reflectors is focused and concentrated in

one or more UV light paths.
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the intensity of the U/ light is controlled by

adjusting current or power in the W light emtters in
WO e®ponse t 0 the sensed tenperature. 4. The nepdDUS®NSN033618

any of the preceding clains characterized in that: the

W curable itens are conveyed through the UV |ight

path(s); and/or the UV curable itens are rotated

and/ or 3spihe metbag of Aey ohtheingeaeding CHQ'Q)S charrterizedria thay:

curabl e i

Lt onar SRR 3t RABGLri Il e BY BLA Bfhd dhifratus: and

5. The nethbadlV odiring apparaus Isagombadowithy ene phmprgiheatrsmks fins, heat
net tioning two UV curing apparatus
irpuga ARGl AR 2RY5H

at| onship to each other; and/or
posi ti onithg tembenapjre o[khecuvlamgngppaaratuwsasensmgamdior monitored;
reI 3 i onships to each other. 6. The nethod of any of
2) Fecedi ng clains characterized in that the nethod
conpr | sesthpagrmperature of theulV Yigistiud séruedi aldigr momfomdﬂay\d/or

pol ymeri zing, setting d ri n.the

pat h(s) Ubegﬁmﬁfaéurﬁr B@Eh& @V’c'&ﬁﬁ”&'ﬁﬁfé '%%‘?P&S@@'kﬂ’ Y gonitored;
(Gpelorw th a prot ect ive clear scratch-resistant W

cur abl e coat i ng;

or i g Berpriy T Uy Rkbleantped R gl puggnt or power in
V'tﬂ@@\ﬂ \%%nﬁ@@ﬁ? redhbisetoliNe Sevistdl tempahfgleve thereon;

/orD a protective clear scratch-resistant
UV curabl e coating thereon; and/or DVDs with | abels

havi ng 4U\/rr%%émba of BKy bhﬁ@%%hedm@déu%sgmafa&auea iR

a prot ective clear scratc -resi stant curab

coati ng tth@rlébﬁlifabﬁdvem’s @'@wpandéhwugh the UV |@GF pathés); and/or
printing tEQQJ\?Qﬁ'rag%r\fgn% %fat@@éb&/o%ﬁﬁh 5§ tieBVBignt path(s);

| ogos thereon [ or go tees wt
samaf@h-resi stant UV curabl e coating thereon and/ or

gol f t eestp@"l}\;]c&a% |Fe%5a£’|1eest¢1@§dqh% cﬁ'cmalnélﬂfg fbégéfé&%ry fixed

i nstruments conprising viol
Vi psitios,alang thand/ Ilgrmpddri(s)ns bal al ai kas, ukel eI es,
and/ or harps; and/or
5. The method of claim 3 characterized in that the method includes:
positioning two UV curing apparatus in perpendicular relationship to
each other; and/or
positioning multiple UV curing apparatus at angular relationships to each

other.

6. The method of any of the preceding claims characterized in that the
method comprises partially or fully substantially uniformly polymerizing, setting and
curing in the UV light path(s) UV curable products comprising:

compact discs (CDs) with a protective clear scratch-resistant UV curable
coating; and/or

CDs having labels with printing comprising UV curable ink; and/or

digital video discs (DVDs) with a UV curable adhesive thereon; and/or
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string instrunents having a UV curabl e decorative
coating thereon; and/or string instrunents with a W

wocwcallaocl ear scratch-resi stant coating ther ®@omus2005/033618
and/ or eye glass lenses coated with a UV curable

material E)ips iwitma qodtectiviel @lear asgratehiresistant UV curable coating
scrat ch-resji stant coating, and/or a UV blocking
coé’ﬁrﬁ%'?’aé‘ for WV curabl e soft hydr oscopi ¢ cont act

| enses cod@i\amk with abalsAaving @0lcarabi Pk thérBbn;tindforUV
curabl e cl eg[ﬂ cratch-resistant coating thereon;

and/ or peéP S| Wit PsProtachive, aay sRIFRTesidantoHVacurable coating

r ekreéen; lan@®r and having UV curable ink or UV curable
adhesi ve thereon; and/ or peel abl e stanps detachably

posi t i one§OBR3LS Wih 8dbecyrahlerPriadag Iefeen a0d/cgur abl e
Ink or WggHbain Witﬂwmra@eﬁ@_%%%&éoﬁ;w% doors w th

a substantially clear scratch-resistant cur abl e
coati ng a@8lf aesithvs seratehurgsistanh biVecusakle icaatingtbeeson; and/or

and/ or coypi edsQath MM ?QWtﬂQEeiog:! Jaﬁ(d/% ear

scratch-résistant UV curable coating and/or a col ored
WV cur abl striggdnstrgnerie cemprising violins, violas, cellos, base violins, guitars,

mandolins, balalaikas, ukeleles, and/or harps; and/or

string instruments having a UV curable decorative coating thereon;
and/or

string instruments with a UV curable clear scratch-resistant coating
thereon; and/or

eye glass lenses coated with a UV curable material comprising color tint,
a clear scratch-resistant coating, and/or a UV blocking coating; and/or

UV curable soft hydroscopic contact lenses coated with a UV curable
color tint or a UV curable clear scratch-resistant coating thereon; and/or

peelable labels detachably positioned on a release liner and having UV
curable ink or UV curable adhesive thereon; and/or

peelable stamps detachably positioned on a release liner and having UV
curable ink or UV curable adhesive thereon; and/or

doors with a substantially clear scratch-resistant UV curable coating
and/or a colored UV curable coating thereon; and/or

countertops with a substantially clear scratch-resistant UV curable

coating and/or a colored UV curable coating thereon.
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