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processes, it is generally deS|rabIe to control as many vari abl es as

practical, so as to maintain product consistency, naximn ze throughput
and provi de ot her advantages. For exanple, in a heat-curing process

in which a product is copEweRAMFOUGhORTHYBRIVENYEINt enperature i s
generally controlled by nonitoring oven tenperature and feedi ng back

a tenper at 06013 gride tmelaiouomlateﬁ Igeneraliphite madfasatimngt precoven sheatas
source. [0003 illus tedln FIG 1, inc nvetlo(pa manufacihuring
of soft (hygF f)t §1}s{Tpanu actd ring, in which one or more polymer-based workpieces, suc
contact lenses, are ysubJected to ultraviolet (UV) radiation to cross-link the polymer.
More specifically, the invention relates to stabilizing the intensity of the radiation by

controlling UV lamp temperature.

BACKGROUND OF THE INVENTION

[0002] In most manufacturing processes, it is generally desirable to control as
many variables as practical, so as to maintain product consistency, maximize
throughput; and provide other advantages. For example, in a heat-curing process in
which a product is conveyed through an oven, oven temperature is generally
controlled by monitoring oven temperature and feeding back a temperature signal to a
controller, which adjusts the oven heat source.

[0003]  Asillustrated in FIG. 1, in conventional manufacturing of soft (hydrophilic
polymer) contact lenses, a liquid polymer matérial is injected into molds 10, which are
then transported on a conveyer belt 12 through a curing chamber 14. Tube-shaped
fluorescent lamps 167*that emit ultraviolet (UV) fadiation are mounted in curing
“chamber 14. Subjecting molds 10 to UV radiation as they pass through curing
chamber 14 cross-links and thus toughens the polymer. Although lamps 16 are shown
mounted only above conveyer belt 12 for purposes of illustration, it should be
recognized that a conventional curing chamber can include lamps 16 mounted in
various positions, including some lamps 16 above conveyer belt 12 and others below
conveyer belt 12, to more evenly expose molds 10 to the UV light. Curing chamber
14 is sometimes referred to in the art as an oven, though the primary source of the

~ curing effect is UV light rather than heat.

[0004] Lamps 16 are powered through power supply circuitry 18 that includes
ballést 20. Asa ﬂuorescent lamp 16 is a negative-resistance device, i.e., its resistance

drops as more current flows (thus allowing still more current to ﬂoW),«b‘allast 20 is
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_temperature with one or more predetermined temperatures and, in response to the
comparison, controls heat transfer from heat-generating portions of the power supply
circuitry (e.g., ballast) to the interior of the process chamber. For example, the
controller can control suitable types of air flow control devices, such as fans, air
valves, air mixers, etc., to draw air that has been heated by the ballast through the
process chamber, either directly or first mixing such air with ambient external air to

adjust its temperature.
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BRIEF DESCRIPTION OF THE DRAWINGS

- [0010] FIG. 1 is a side view of the interior of a conventional ultraviolet curing
chamber for contact lens manufacturing.
[0011] FIG.2isa diagrammatic view of a system having a temperature-contgplled
ultraviolet curing chamber in accordance with an exemplary embodiment of the
present invention. - '
[0012]  FIG. 3 is a flow diagram, showing a method of operation of the system of
FIG. 2.

DETAILED DESCRIPTION OF AN ILLUSTRATIVE EMBODIMENT
[0013] As illusﬁated in FIG. 2, in an illustrative or exemplary embodiment of the
invention, a curing chamber 26 of the type described above with regard to FIG. 1 is
used in manufacturing contact lenses. Accordingly, tube-shaped UV fluorescent ’
lamps 28 (not all of which are shown for purposes of clarity) are mounted in curing
chamber in the conventional manner and energized through conventional power
supply circuitry 30. In the exemplary embodiment, however, the ballasts 32 of power
supply circuitry 30 are mounted in an enclosure 34 disposed outside, i.e., external to,
chamber 26, to thermally isolate ballasts 32 from the interior 36 of chamber 26. The
electrical connections between ballasts 32 and lamps 28 are indicated in broken line.
[0014]  An electronic controller 38, which can be of any suitablé type commonly
used for controlling heating or cooling or similar industrial pr‘bcesses, is programmed
or configured in accordance with the invention to maintain the interior 36 of chamber
26 at a stable or constant temperature by controlling heat transfer between the interior
36 and one or more heat sources or sinks. More specifically, heat generated by ballast
34 1s transferred into and out of the interior 36 of chamber 26 in a controlled manner,
as described in further detail below.
[0015] There is an optimal tempefature or relatively narrow range of températufes
at which lamps 28 can be operated to emit a maximal or otherwise optimal intensity of

UV light. If a lamp 28 is operated at a lower or higher temperature, it can emit less
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FIG 2. DETAI LED DESCRI PTI ON OF AN | LLUSTRATI VE ENMBODI MENT
[0013]As illustrated in FIG 2, in an illustrative or exenplary
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affect product consistency. The invention addresses these problems by transferring
heat from ballasts 34 to lamps 28 in a controlled manner to thereby méintain the lamp
temperature in the optimal range.

[0016] One or more temperature probes, such as a thermocouple probe 40 and
surface-mounted probe 42, are mounted in suitable pbrtions of the interior 36 of
chamber 26. For example, thermocouple probe 40 can be mounted such that it
extends through a port through chamber 26, with its sensing end suspended in the
interior 36 to measure the temperature of the air in interior 36. Similarly, surface-
mounted probe 42 can be mounted directly to the glass tube surface of a lamp 28 with
a suitable adhesive. Other suitable probe locations will occur readily to persons
skilled in the art in view of these teachings. As described below in further detail,
controller 38 can read these temperature probes and use the measured temperature
values as inputs to its temperature control algorithm.

[0017] Various air flow control devices, such as blowers or fans 44 and 46, an air
flow mixer 48, and air flow valves 50, 52 and 54, are included and are individually
electronically.controllable by controller 38. Fan 44 is .coupled to an air exhaust port
of chamber 26, and fan 46 is coupled via a number of other air flow control devices to
an air intake port of chamber 26. Controller 38 thus can adjust the speeds of fans 44
and 46 to adjust the air flow velocity through ballast enclosure 34 and chamber 26.
Fan 46 draws air from the ambient esmxmrrent through ballast enclosure 34, where

the heat generated by ballasts 32 is transferred to the air flowing through enclosure 34.

5



than optimal intensity. In a conventional system as the chanber (and
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of - t he teachings herein, persons skilled in the art are readily
capabl e of programm ng or configuring controller 38 to effect this
met hod. Th&o®wbdashegan begi n when the system (e.g., powarr/Gdspdloy¥s327
circuitry 30) is powered on. Controller 38 and other active el enents
of the systemare thus al so powered on. As indicated by step 60,
control | er t@Bpardugsthemneondiollprptlecapfadiushynsramure opthe s flarocanye! doviges

bt ai n : ; is . at i
oDt a2 MHBHASE kR ot SRUBSRAGE Uy fr gt P el
neasur ed t dwpebalasts 82 witt bhaprber 26, asprdécaprddgeter . rfed esatdeiattroller 38

tenperatures, such. upper .and. | ower .t enper.at ur f.a range. w thin
whi oh it i SEhadREl oy BiRen AR ierResq i aioay hellast e b & “aRertai;
exanpl e, couiehRkivey o38ncaditide! enfoller Yhelheiordabe tEeasitine dr velioRy Affur e
is greater than an upper setpoint tenperature, as_indicated by step
64, or det &FTHRHPRSEdhroug theaBistipedd beaduvng welovs vilgessSd ﬁ%ﬁniﬂ

| i ower set RekRL 44 §Pgs ature, as indicated by step 66. |If the neasured
tenperature is greater than the upper setpoint tenperature, then
control | er (M9 an Eelipwing theebwie-desaribed stephrchercontiol dpopashrnsop stwvikes
to pronote i of th ir i e interi f J. €.,
Lranster ot Aty pUERE oat O IRAEwhOY 86 §%isrd s B pENR Bt Sy
whi ch act s 38y isapdveatd sffrde, mamailyndveatidah by astoppra®e8. Neoe tlex alnpiethod
controller 38 can_adjust.air, flow mxer 48 to increase e ampunt of
Sobi ent o SOV SS eied G BHie AFILSY. HERp SR ERdp Ty ar

m xes W t h rédognib@ lthaddthdresattesle abhperdfifce bdhdlol \iRdthodercah Mbeadgdt | Bideed,
controller 38 can decrease the vo?ume or velocity of warmer air
passed t hr yaGpist Joahistipated; methads thyt aejcarabinef ¥y PRecH® GPairdle sudors tho
and 54 or ARt ARteAPactfailORIDPARIGE il GERRAGEUAANS Sul eSS than
the | ower setpolnt tgrrrperature, then controller 38 can adjust one or
nore of thd0QR0} f|lbshoubhbe miteddided the snvientiqr asdteen Hesatibadgwitlf reférencgite i n
the interiaqr h [ . tyansfer of 10 ] |.ast s
32 into chgn ggmg% eg(ﬁ%’g?l d?’%g‘%dé e@;;/ f°§ tté\epp%gse grderggrgstrtrrﬁf‘%‘% mg g’?i’f‘%@ﬁer
38 can adj usd candepfsloduhdrinvedtiohA8 The innaitiease nbthémitét toothede embodiments.
bal | ast-heated air. to_anbjent air. ternatiyvel r .in addi.tion, .
cont 1ol 1 er 185 samblenakBaieh P, iegnars retgradiis B rinveafib s ibpd in
passed t hr griglfabfieing BéRact RnsedBinithed dmbsdilneats Ahd infdr@vh ¥l Vessed bor 2ty
and 54 or fans 44 and 46. [0019] Foll owi ng the above-descri bed_ steps,
t he cont r olothep sptapletpyrnese ngvidshply lseftﬁsn%%i%ra@b!em statde Pynlagpjintengify in a
control | oQp. ] . 0 : i i , i

power ed of ]9 %&%ﬁ%ﬁﬁ%@ﬁ%{?@s gﬁpaﬁg gﬁ%vé%gggﬂtl%ﬁwﬁ?tyeﬂe %%%%Q%%ég%
met hod shouire amh iEIV&wW 3fitle destaptihadprovided herelne verxaiops aray , beamedeplortbons
skilled in . recogni th ot:her. sui.t.abl e t emper re c ol
mevhods caf e Tehs RAHEL A Ahg B Hop Rkt R it SR B e e b
capabl e of imengiompr eci se control, such as the ~
proportional -integral -derivative (PID) nmethod, are well known in the
art. [0020]1t should be noted that the invention has been descri bed
with reference to one or nore exenplary enbodi nents for the purpose
of denonstrating the principles and concepts of the invention. The
invention is not limted to these enbodi nents. For exanple, although
in the exenplary enbodi nent the invention is used in manufacturing
contact |enses, in other enbodinents the invention can be used for
any other suitable purpose in which it is desirable to achieve stable
W lanp intensity in a curing chanber or simlar enclosed space. As
wi || be understood by persons skilled in the art, in view of the
description provided herein, variations may be nade to the

enbodi nents descri bed herein, and all such variations are within the
scope of the invention. CLAIM



1.. An ultraviolet output-controlled fluorescent |anp system
conprising: a curing chanber having an interior, an air intake and an
air exhaust; at |east one UV fluorescent |anp nounted in the interior
of the curing chanber; power supply circuitry, the power supply
ci rcui tryCcAmasi si ng heat-generating ballast, the heat-generating

bal | ast being nounted in an enclosure external to the curing chanber
and thernmally isolated fromthe interior of the curing chanber;

at | east lone” tengbrvdelgt @itptwbeirelled fhorgcdnslamp dystamy compisp® t i on of
the curing Ch%@ﬂﬁﬁ% cl‘?a%er?avi %Q';[injteﬁgistan%ﬂ?m?ﬁ raxfcdlag\ﬁ’ir%gﬁ'&l{sg | device
coupled to at |east one o (e Al T TRt ake and AT eXhaus ; a

t enper at ur e cahteasioheV fllngescenpanmmonsted anthe ditérinr obthie rgricg@abiber; of
readi ng the ten?]eratu e Probe t}ho neasure a tenperature in the curing
chanber, of p&PT6r ﬁ‘ﬂ’ﬂ?@i’ SRRy F RN Ch SYRRIE FICHEY RORPEFRE heahgarsiing o
and a pr edai®! ft ReA-geRRS B MaR, bedtnbihtéEHPANGR]dstre leR RGO 1P Blel HBifg Of
controlling the at least one air flow control device to control heat

transf er hrhsriond thepplbsiselated frophide ferior gé thercarinpiehadier;ast to the
nterior of {0eGu b0 aiRRGE RO GitboRl ihNR IGHT LAY pERRIDGT he Rrind N

system of claim rern the terrperg? ure pro%e I'S gxpose@‘ihg an
anbi ent ichamberadndenvi ronnent inside the curing chanber. 3. The

t f claiml1, wh in the t t be i d .
St o O i B R S PLOBE I PRS2 o

wher ei n tRgat; | east one air flow control device includes an air

m xer, and wherein the tenperature controller is capable of .

control | i ng niaXpRperauresqntiqler e teypemargeerolenksing ¢apgblp Hf repsing the

Conpri SeqeRyerkdif, ARYEo SHRBLY Llohkdhicy b ity BiEhiAEL

anbi ent ext errnaﬁ n‘é?r%nrrent bay Contro II%Mng tcﬁlg &t nq%ge(?gp&%%&ghg
comparison between the measured temperature and a predetermined temperature, and in
response to the comparison of controlling the at least one air flow control device to
control heat transfer from the enclosure of the heat-generating ballast to the interior of the

curing chamber and out of the curing chamber.

2. The system of claim 1, wherein the temperature probe is exposed to an ambient

internal environment inside the curing chamber.

3. The system of claim 1, wherein the temperature probe is exposed to a surface of
the UV fluorescent lamp.
4. The system of claim 1, wherein the at least one air flow control device includes an

air mixer, and wherein the temperature controller is capable of controlling mixing of air
heated by the heat-generating ballast comprised by the power supply circuitry with air

extracted from the ambient external environment by controlling the air mixer.

5. The system of claim 1, wherein the temperature controller is capable of
controlling a flow of air heated by the heat-generating ballast comprised by the power

supply circuitry through the interior of the curing chamber.



5.- The systemof claim1l, wherein the tenperature controller is
capable of controlling a flow of air heated by the heat-generating
bal | ast conprised by the power supply circuitry through the interior
of the curing chanber. 6. The systemof claim$5, further conprising

a flow med.er cCrigRlyQemtod cRim l5eafthePEEnmHsideEfl@ nckdcotifle@fttht dakt one of
exhaust, wherein the tegﬁerature controller is capable of reading the

f1 ow met dhe aindpteie ad aireshaush o berin the tqnenesaturs santeglier 15| cappbbopit rueeﬂmg the
device at ﬂdv@ ﬂ?e’ier Rak to'f %Oht?olfn?% B3 q &P oﬁeb Sir fffo%cqx?&)? Hexﬁ@eag' 198kt Be P' 1;[ he

system of claim5, wherein the at F'east one air flow contro

incl udes raspoase, to Ao excer reatling. tenperature controller is capable of
controlling a flow of air heated by the heat-generating ball ast
conprised by the power supply circuitry by controlling the fan. 8.
The syst et of Tdleabstem ofinkatneiSnwhereinghe hielasst Ormelr @pw dohtyel dewive mm:lludes a

device | %41 L&ﬁ%ﬁk%Feé@'(t)h;e tgﬁ%?rlgt’g &%tr\gﬁe f ? 8‘{‘,}?3{’? of con cﬁﬁg‘%%rﬂgyc l%r heageg

controls capa 17Ny a air

heat - gené:ryahe hept{gahdratiic tatinp comprsddybyt the pposasiupsiy REtyitr bl Cuhtidlindthe
controllygg the air val ve.

8. The system of claim 5, wherein the at least one air flow control device includes an
air valve, and wherein the temperature controller controls is capable of controlling a flow
of air heated by the heat-generating ballast comprised by the power supply circuitry by

controlling the air valve .



