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fluorescent lamps 16 that emit ultraviolet (UV) radiation 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
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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

ballast 20. As a fluorescent lamp 16 is a negative-resistance device, i.¢., its resistance

drops as more current flows (thus allowing still more current to flow), ballast 20 is
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[0006] The light intensity or power emitted by a fluorescent lamp is generally
believed in the prior art to be stable and constant, once the lamp has warmed up to a
stable operating temperature. (Power, also referred to as intensity, is typically
quantified in such an instance in units of milliwatts per square centimeter.) For
example, manufacturers of lamps 16 generally specify that each lamp 16 will emit UV
radiation (also referred to herein as UV light) at a specified intensity (mW/cm?) when

operated at a specified voltage and temperature. It is generally believed in the art that
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conveyer belt 12 and exiting or exhaustlng t hrough fan

24. As noted above @%ﬁg n FIG 1 is
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transfornmer. A controller measures a tenperature 1 n at
exjpesgsltto (jh@arpbleni imternal environment in the process chamber or a temperature
probe mounted on the surface of a UV lamp. The controller compares the measured
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, cither directly or first mixing such air with ambient external air to

adjust its temperature.



of the process chanber interior. For exanple, it can
read a tenperature probe exposed to the anbi ent
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tenperature probe nmounted on the surface of a UV | anp.
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such as fans, air valves, air mxers, etc., to draw
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Frepntact | ens manufacturing. [001 1] FIG 2 is a

di agrammatic view of a system having a
tenperature-controlled ultraviolet curing chanber in
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lainps A8 {Hbtadl of whigh cod tlagin fcﬁ'r}ﬁlep?osesﬁﬁf:daﬁtybl gireymounted in curing
tlFJﬂge shaped UVquorescent l anps 28 (not all of which
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t hrough co ti ona power supply circuit

supPly dirvutthe3®Exenpduantsd wranochicisnte, 3dhdisgosed putside, ba) dtxashsl to,
ch%%lbg}c 2&%&’?ﬁermally 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 suitable type commonly
used for controlling heating or cooling or similar industrial processes, 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 is 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 temperature or relatively narrow range of temperatures

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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supply circuitry 30 are nmounted in an encl osure 34
di sposed outside, i.e., external to, chanber 26, to
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manner to thereby maintai | anp tenperature in the
coppplleradd camgend 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 environment through ballast enclosure 34, where

the heat generated by ballasts 32 is transferred to the air flowing through enclosure 34.
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air that is to be disc arged to the anbient
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Controller 38 can” use these air flow vol une
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te%ﬁ?%lgﬁ% 1S ggeater tﬂgﬂ tlllen ugpeqas% p01ntv¥ernperap dert?lter(l) ocgntrgller 38 can

adjust one or more of the air flow control devices to promote cooling of the air in the
interior 36 of chamber 26, i.¢., transfer of heat out of chamber 26 and into the ambient
environment, which acts as a heat sink, as indicated by step 68. For example,
controller 38 can adjust air flow mixer 48 to increase the amount of ambient air,
which is cooler than the ballast-heated air that it mixes with the ballast-heated air.
Alternatively or in addition, controller 38 can decrease the volume or velocity of
warmer air passed through the interior 36 by adjusting air flow valves 50, 52 and 54

or fans 44 and 46. If the measured temperature is less than the lower setpoint
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skilled in the art. [0018] An exenplary tenperature
control nethod is illustrated in FIG 3. In view of
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or fans 44 and 46. [0019] Follow ng the

above-descri bed steps, the control loop returns to
wGe@p/180904 Control l er 38 can exit the control |POPUSLIE 038327

the system (e.g., power supply circuitry 30) is

powered of f or manual ly overridden by an operator.

Note that the nethod shoggﬁgﬂé IG 3 is intended only

to be exenplary, and per illed in the art
Whetioghimed tshat ot her suitable tenperature contro

nmet hods can be used. |ndeed, various sophisticated

nmet hods that are capable of very precise control, such
1.as t REuRFQRAEH UV dlutpult@fdlcd dRbEéadnt Ynd Klstm, %Bfnﬁiﬁ@‘mg:

are well known in the art. [0020] It should be not ed

t hat a QUAg] qh@eh@ru heryingeea ipteaar, @é@tfrln‘lﬁlé@ alwl haif efhebghce

chiafiibent i on. The |nvent|on |s not I|n1ted to these
enbodi nents. For exanple, although in the exenplary
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b AG I ERBERed i hO BRI HTERNS chlitfndnivent i on can

r any ot er suitable purpése Iin Which it is
desi atddbiseortedcmpbiapvepobaldispoddd ih anfpadt ohe peitioy of theauring
curin hanmber or simlar enclosed space. As will be

d@ﬂ@€¥g?§od by persons skilled in the art, in view of

the gdesgr ditdiOflow oMt EvREtElTled 13t 1AL QRDf @I?e)’alpﬁqtake and
made to the enbodi nents described herein, and all such

aiyenhiansti ons are within the scope of the
i nventio Al at,.is clained is:, 1. travi
(v SRRt SRRl bt Rrfis P SabFongh e b et
proBER h&dsliet a Bmpbifabltg iCiha ey BRmbee RFfotingral @mpafifon
air intake and an air exhaust:; at | east one W

batwersr the easurediempetaive aad p prodetermineed teraperagiire; Aed resnegse
to %Heagg?&ga’rlsgg x\&{tm&fll[!rpéiﬂhg q Fﬁ %{ng 5%4 ’ﬂo‘xjg%eﬂnllergl\?é %utB%o?{ rol heat

circul
trdnS fdr abﬁiieﬁ ﬂ&ri’nteher bihﬂhe cintig effanttiee awdii heuy-gehanider porﬁbn of
| east one tenperature probe disposed in at |east one
the, BPVFIOWPBY 481&ur i ng chanber; and at | east one air
fl ow control device coupled to at | east one of the air
i nt ake and
2. The system claimed in claim 1, wherein the heat-generating portion of the

power supply circuitry comprises the ballast, and the ballast is disposed externally to

the curing chamber.

3. The system claimed in claim 1, wherein the temperature probe is exposed to

an ambient internal environment inside the curing chamber.

4. The system claimed in claim 1, wherein the temperature probe is exposed to a

surface of the UV fluorescent lamp.

5. The system claimed in claim 1, wherein the temperature controller controls a
flow of air heated by the heat-generating portion of the power supply circuitry through

the interior of the curing chamber.



air exhaust; a tenperature controller, the tenperature
controller reading the tenperature probe to neasure a

w0 eopae@v4ure in the curing chanber, perform ngP@r/US2009/038327
conpari son between the neasured tenperature and a
predeterm ned tenperature, and in response to the
conparison controlling the at | east one air flow

6.contiQd sygf%iﬂ A&inleq if RLh Sl k@Rt cdrﬁﬁ%%i%& ﬂQ@tﬂ{@&rbohB%d to at
interior of the curing chamber and a heat-generati ng
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renk@tthe AW théier Radiihast is di sposed externally to the
curing chanber. 3. The systemclained in claim1,
wherein the tenperature probe is exposed to an anbient
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lanmp. 5. The systemclained in ¢claiml, wherein the

SYETHBE BPTHIoR Of BietnaBYr syPRip AFFUIE by contifling thsifan-heat ed
by the heat-generating portion of the power supply
circuitry through the interior of the curing

8.c hamber syStenildiainsydsh elnira [Saivivedin the at laistnobe affr dlotvhamtrol device

. conprisi.ng.a fl neter coupled to at gFa t one. of tgg
ingliASY 45y BfiCEAl S and e ERRSIARE COMBHET SonERLS & o af alr fFwed by
thlg A8l RhéGHing Féesn bhdcilow: 8 cittGrF N ES R olidd e 8lr valve.

east  one air flow control device at” l'east partly in
response to the flow nmeter reading. 7. The system
claiped in claim.5 erein the at | east one air fl .
9.cont 151 et (Eidn oS 1M els il Rl She AR Bokt pplroPévice
in€108¢s A dihi>eNtnd @hStethpbla@ite 0bntedller BeRERHMDYng HLair heated by
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es an alr va e tenpérature controller
controls a flow of air heated by the heat-generating

t€he. Ampeilis g coBro by olsnf eV hpistocn! i nperaturdin o
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congmisingt s ni xi ng of air heated by

measuring a temperature in at least one portion of an interior of the curing
chamber;

an electronic process controller performing a comparison of measured
temperature with a predetermined temperature; and

the electronic process controller controlling heat transfer between a heat-

generating portion of the power supply circuitry and the interior of the curing chamber

in response to the comparison.

11.  The method claimed in claim 10, wherein the step of measuring a temperature
in at least one portion of an interior of the curing chamber comprises measuring an

ambient internal environment inside the curing chamber.



t he heat-generating portion of the power supply

circuitry with air extracted fromthe anbi ent externa
wepoovnesent by controlling the air mxer. 10.PEI/m8i0hweB8327
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| east one portion of an interior of the curing
sucfaegrtsecrature of ee tltamiodet paropess control l er perfornming a
conpari son of neasured tenperature with a
predeterm ned tenperature; and the el ectronic process
120Nt TR thetho§ ORIM&] ini MmNER v heFed Bk 8lcpREtNERBCtdNIc process
heat generating portion of the power supply circuitry
coafrgllerroniratiag %@@t tesmsfchbetegen n§catteantreting porties gk @opst
su&ﬁ@rc?r%{m ﬁ%‘e 1ni!‘e]f%0r -égglgu%ﬁlﬁg gha ‘t%r %&gtlpes oﬁfrgﬂlf'lg 2 flow of
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conpri ses measuring an anbi ent internal environnent
inferigr giethe gariggiehampcEnanber . 12. The method clained in
claim 10, wherein the step of neasuring a tenperature
in at |l east one portion of an interior of the curing
1€ harffiesrmethmb clages] medsor i gharcsuthcacp df ehmfflecatomioeproéess
ItraV| The thod clained in

| e | a
C°116° %f@PEPﬁlnﬁﬁi‘éaté’faé‘BfeBﬁetWﬁﬁn BB HPYLRR Qfﬁle power
su%ﬁﬂltcru‘%{l 1€ an@QRE n@rlor Bgthté%hn% CRIREE coRBEYREBnRolling mixing
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onta II| w of |r heat ed by the
ofi8aet Gomk PSS Bins b e R bover upply ci roui try
through the interior of the curing chanber. 14. The
nmet hod clained in claim10, wherein the step of the
el ectronic process controller controlling heat
transfer between a heat-generating portion of the
power supply circuitry and the interior of the curing
chanber conprises controlling m xing of air heated by
t he heat-generating portion of power supply circuitry
with air extracted fromthe anbi ent external
envi ronnment .
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