;e3e: wrs$t LuvevT: wgsFWO 02/ 0l 3257 RADI ATI ON DETECTOR W TH PNEUNATI CALLY'V\
OPERATED SHUTTER AND METHOD OF USE 5 BACKGROUND OF THE | NVENTI ON The A P
i nvent i onw@ 82/@32adi ant energy coll ection instrument. MrePEBRASIIIGH |y, thé

invention is a fiber optic sensor_ usj eumatically driven shutter to
shield the sensor. 1 ¢ Chem cal W“ﬁmmﬁm‘ﬂ]&@@tstem usi ng radi ant energy
sources are known in many indust s. These chem cal processing
systens typically use ultraviolet (Ugpo2anps or bul bs placed near a product
in a manufacturing line to cause chem cal reactions to occur in or on the
product. QGiArgaridesermdreriwcal reRORTUISLAI@PERBTEY SEUTTER AND (FTHOR OFr USh
sone industries as drying. The wavel engths of radiant energy radi ated by UV
.lanmps (in s s the visible and non-visible spectrum have been found to be
partscularly effective in transferring energy to the product to effect the
desired chem cal changes. The wavel engths radi ated onto the product
»typically range fromapproximately 2.5 mcroneters to approxi mtely 190
Nanonet ers. The product begACKTGROESIEOFIPHE MEVERSIION can be al nost

anyt hi ng, but t%/pi.cal ly it is a "web" of paper, plastic, or paper-like 2 o
material (e.g. Thpapentiondisp. radiaat cogsey colegitonsistramensnt Mose sRecifi¢allymtls
material fed thr.ou a series qof.rolle . j ically
more t hanPgK&" nalﬁﬁqﬂ’r?’ r Bﬁtf%%enﬁ?reusﬁgaac%r%fqlgqau\cljtggji %E};se"%g?{ﬁ?‘)s{" gﬁgfﬁ%ﬁi% ﬁ((él{ségb to
radigt e ener gyCcapghkal Procssing Satdd @singratiat swrbpceurts ahekuedn inrmahe web
material itself is caused to undeggo a chem cal change during this Pr\gcess.
In this niadnstriak peoceses.i dgsseophantiealppcqssing, sysierR, typicalky, gpe ulifaviolet (UV)
adhesi ves r.ot i i d tiel.y 3 e of an
i vi dasterthy ISk o bfodibl i phRLAERAR 1RlcHo cyiRE eI TRRGGS

radi at e eesdg@r itdreonithé progaty Offathedecoheirtical scaotiokesr are Aefelired realduying orin

i ndi vidual lamps with the sane specjfications can perform ctlgfgg(r ntly.

Speci f i catame insdustries @h Ariipg o LA gravelenads 98 radiant cagraygdiafed tn IG‘“{‘HS&H one
| anp.to t 0 s e f FleStive in

por Por mande PSitle, afif AUIIbR2GREREE) Giye BRof AP IOE Pttty chibatve

provi ded trangféreing@margy anthel podwet feeeffect e deaimgpd ghenfioalhanges. |1 f t he

el ectrical seryjce to the | ap | uct yat e speci fic wavel engt hs. prgduced by
Che | amp. may. v b5 yayelengneiiged pitpyhf bbb SRealy St ARl AL 0 g
WO 02J0C3grtofifeferd pdkirhbtelyn€od M oARtete! ITHRSpilolbcit bélRg iprodededsby ke t he
lanp to warm up may also causé fluctuations in wavel ength intensity. All

t hese var swtaesan e phpost angthiig Publypidally ftidiaaiwebs e pppele il astie ProRapehbike anp

can _cause_the. l evel of drying and.curin f. e e r in
ordah o By Eer dbuPAuld TG B, PoaBlesh & oHiuba YRl of BRIGIR R
necessary thr@ugiof kdrids of helless. ARt epbrgyadurnt (tgpenlly nom thaadnbyarier balp i n

order to assure that proper drying and curing tinme is rovidgd to the web.
To measur aretaced b yariousPoings along ge Wel oI eEsy P itlg?gWﬁlb feyngs oRdpe a

det ection g¥steiR ind PEededhe lwrégt DGteP@p gselfggé‘%ﬂg@& Q@%d%o MR aRMiLAGcHaRbS

anount of ra%‘l%ant enerdy have been use revi ous thod to eval uate
whet her t Heriegeahigypioeesps e thts pnansedithe cadéugsao® thadienie.gnenlyylapasert ort est

the web downstream fromthe | anp.. Although this gave a very accurate
meagar erreﬁilheﬂve?/\)rfértth%?”gbﬁégl&é rlTlE%ijd been properly cured, the measurement

took place too g %Jiaﬁbl%,rtﬁe BEQ@SERhce BF BF SdiiQsH TV Whegh 14188 carPVargeRer its
properly cured cou]l not be used and was wasted and diScarded.
lifetime. A newer lamp may radiate energy more intensely than when it is older.
Additionally, individual lamps with the same specifications can perform differently.
Specifically, different wavelengths may be emitted more intensely from one lamp to the
30 next. As would be expected, as a lamp grows older, its performance typically declines
until it ultimately fails. The power provided to the lamp can also affect the lamp
performance. If the electrical service to the lamp fluctuates, specific wavelengths -

produced by the lamp may vary in intensity. Differences in air temperature surrounding
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An alternate neasurenent nmethod was to use el ectronic devices such as

"I'i ght 15 pucks" (known in the art) placed on the web and noved with the
web bet wesemoibw247anp and the web to provide a test neasur @GEAISIBI3T4he
anount of radiant energy being enutted by the lanps. Wile this nmethod gave
a nore direct neasurenent of |anp performance, it was perforned during

setup and_not during actual producfio o that no information s, bein
gat her ed 18 lagp 8h @ fsithiﬁlﬁ)ﬁilh@k?%é’f\&g%faﬂm FhyerhaP JeauEre F?}ﬁe%ﬁﬁ%‘ag??}gess.
In 2 o papty fildbh ARnRES WIEHRHY varlhicdtdh (B GRSnsit) df e F-Acind Blerpy @hfifed

i npi ngi ng the web were able to be taken. Once agaln, inproperly cured
product rigsthetlamhp cha aves thetlovel ofabymgofndpruoihgoef, tha vesbcionthryve liher¢fovgs in

devel oped ich nonitqgred the ener draw of th awer_supply for .each
| amp, i n SFHCHOtPHFUZE g‘eﬁ?rBQﬁ_S%I@“ p¥ %‘5‘1 congigieat B@ﬁgﬁr1gﬁwfes§$ryttﬂén%{%agﬁxe
energy usgdoby Jehedih@ herdbittRASH IRy MeSrdar MLhidulcOahpRperddying and

i naccurate way to estinate the anount of radiant energy emtted by the |anp
and i npi ngiring tone ishppovidéd trtha webnt i nuous basi s. Al t hough inaccurate, this

nmet hod was an attenpt tq determ ne.how, mych,radi ant ener LRI Ngi ng
onto the web iﬁo"l}:‘ preg ﬁ’ﬁeamo a%ruré]oﬁ& {E'rﬂera?lﬁm 5?1‘?%63’?8%\(?%’\% ﬁrtégﬁv%gnae..
made it PES&ifdnCsysRne Gedfe@Ul B Gley p&QNinalY thétBodUbf Aabirliy Ohs himdume bf

(e.g., by changing the pace of the web through the process to 3 o provide
| onger or raghwt energsrhavadeen msyd.arRhe previaus| mehodfto mvalatet Whetherothe snersy v,

fact de the.. t.of th :
PatBur at B T SHET B PCERE SO0 Rl Rl il S B
any advanisages AGkoged thy gdve aWRr({ het@e@2méadticeindsb@f/ whethel( the heetr had beénre

measurenents. For exanple, as the lights thensel ves degraded due to a%ibng,

t he anpunpropérly gatedsy thermessursynant ¢0qkapiace t9l atecathg ProcePhSIReE Rredych e unt
of radiatio i {ted. it |l iakd 1 L4t a specific
anount of ?)d(;t\}\(/’:t;ﬂeg} g%ge@grgp}eeg%? ﬁig nr%\() Iyc g%gﬁd{)ﬁﬁa‘ﬁ% "%I})(t)&{ﬁqtde(@%g%dgat hese

probl ens, el echoflignaleimedsinemede wietlisl was eo plsacidtanicudelitdsesutiarmg ‘tlight
measure the direct output of radiant energy emtted fromthe |an wever,
t he 18nvi r BYkS nl(lawvﬁb’r?d‘ihﬁiaéﬂ .golegcggi 8 UR8 i"‘f’?& ac“ﬁemﬁ\.‘%lcggg tlﬂeeng%’ ,beme(f[ﬂ the, E’?naﬁ’ ty,
i gh L emgE Al gen (& rB@i)ﬁle Ak RMineRRnlAl 6F 4 RIAE bP AR e bERIdAted
adhesi ve, Tacquer, et ) often causeét e electronics In the detectors to

br eak dowby gredamps.f Wiitei this. mdthodzdwe, a mermdiecct olcasuemont afdyinp srfprmancpaén

devel oped which allow the radiant s. 0. ener entted b he .| to bhe

col | ect ed “ah @K PERRD f‘b‘-’dsef‘ﬂ%/?)‘f‘{‘j’é?tl dpripg f‘%llpmg}blffl%n 8%1%}}31&@? l{'%ﬁga%oerf 2’8& on
device pl B&ﬁg JaflEhy td R hRphesid iR KBl IduARFRRY aQuAll @MnEhe §rdess. Wb .
These deviceS were placed on the back side of the |anp (opposite the web),
al | @i ng particules tnavmeatremnenis obfvariprces inibe rasiant LALENtIMPHERE thenVel Stfrey

the lanp t e, taken. ~This place 140 i on the opposite side
of the Iaﬁ@e??g%? & %Be\% n’d%‘r?gbeééély C%rsc{@g\sgu%g%@ﬁlﬁf&gasons: first there was
very little spgoeavorl iaewaitbof pRjuand sebend methodnehssievelged ehiahsmoniteedost
hostile environnment in the process is directly between the ‘gﬁgagtr am and

the surfathe GRrBHENATIhaBAYPHYPPITHET s emRe (e AllTHY 1dE° t*i?éﬁ“&*ﬁp was
smal | in gr(qureﬁlgntk&qﬂe 8&{1513%9&%/\55%%39% P XY HR MdadliichRinE #8s &LEBLIougH! | NY
of the web T n sone processes) t0 a mninum as well as assuring that a
maxizyum amndithacofirateadiagtd etimaenthegaméund oftiadiahbepsgy epiitefedy tthe lanap andhe
environment is extrenely hostile at this pqgsitianing since.it is nost
direct|y IAPESHERY thei VRD oRe FRRNEPTD as%d%ﬁtélgpg l“&%?llrﬂ_ ’ %WG&OWFT Mg
the adhesiyyenaid @ldhtd¥ine AilcR Tdiallehelsl Astifpitiie oM IhEwEE Pt:Bal time”.

col I ection devices solved sone of the problens described above, they still
di d not dalsaseningteundiaat meagyie feal simst’ madsi iaposdble tgynorataseiyitely £oRifalgi ng
the 2 s web. Typicall '

SUEICA N N NP R N A

.which pre

trangpar e@ﬁoxﬁ@éf fIngBe 6O MRHeF |d%ﬁﬂ§@nib\5 @ihd trbdie(184€o0t prodidtb aUAferianntigNmant s)
ents a portion of the radiant energy enmtted by the |anp from

i mpi ngi ng fagioy miade vibb . MTpRULSmMeNY| dfedhd Enewtyy idEve e dde alamph an hlacwBtet he
| d t t hi dat | .and
o at o deasiemene SR RaT cn Ry BBl AETHA AR IH] PRt pEREN B

smal | physical space between the |anp and the web, it has been problenmatic

to place a sensor between the web and the |anp which can withstand the 3
2



WO 02/ UCr 32~7 PCT/ USOL/ 137-4G hostil e environnent of intense heat and
floati ng contam nants. Sensors which use protective covers are too bulky to
be posit vomerlddztween the | anp and the web. Col | ecti on de?PCTRSIUIETEN ar e
smal | enough to be placed in the required position do not have protective
covers and qui ckly degrade due to the airborne contam nants and hi gh

radi ation s surroundi ng the web. Additionally, sensors mhiﬁﬂﬂcontain

el ect r oni the seal time BeAsYERRBRE e exampka. ps Hegidtethemselves degraded hierig aging,
oo o BN e BT YRV SRR e g

support Wihitted hasdditiorailer ty radibliecemittedXos upeefic iamonhi ofapdweratrawn veded o
.the s o support and can_be positioned jn a first pqsition_and a secg{gg%
r so

Po;
posi ti on. frendampdo damep.s Aqralleyiaterthesseprpblems. plgeirenic Aetartigiodayices fIe R
that_ it c 0 | | ; labdpON
-di sp%s es %ﬁgﬁi %e?ﬁg@ {sdoﬁ%hg{re 'ﬂ}tél gﬁo%ds%%ﬁ%émcog\%gfatﬁ{]gﬁég%)f ng?%ﬁa%hgﬁ?ﬁ%ﬂp?er
i s bi asedHbwtverpthe enirbinpepalsédniditives sivrotnadiiyge thei roctiss (g e Highdwmididy.thigh

shutter so that when the chanber is pressurized, the pressurization
over comesteIRETaGt @rrag}aé'é’naﬁ‘b‘ie forgignrQRIects SUCHs A% A ?mgéﬁaﬁ%%t%ﬁc@uﬂ’r??')
position gﬁegqéansemé%%eﬁégi @B delebic?f REAL S ethERRRdhaRAl of the energy

col l ection device, when the shutter Is placed in the second position, a
curtain of preBmsuallyzethat coldation devices havedeenldeedoped wBRhEH oPESERAFTNON OF

= AR ER T AT LN L NN
el evati ongl , YWid ddvike ﬂ')l'ﬁé’e%nlrellhig@elg BRITS YhS RbSES EhvarondRNt S@raidiigede aditacent

an ultraviolet heating l'anp. F is an expl oded perspective view of a
pr ef er r edThessattivirentwené plaved ionvtba tbiacle sisleerfghe dunp depriosiie dea/vel), alewmazn 3A

Is an enl d perspecti vi ew of. the | ongitudinal of t-he

i nventi ve%%g FQ%SLES%CB%‘?@/@F\ aﬁ’é’wtc%f. ra?—"fig ) gg%é%eldt‘%gr?aﬁﬁ(gglﬁﬁaﬁos&sl:tc T nrg?llsﬁ'vi ew
of the i nypBéhdR FNREBYdeeh @althe @p?@lﬂecsﬁdé BD WeNgmipheors thé tleb wissgamefbri n
the "closed" position. FIG 5 is a longitudinal sectional view of the

i nveAt i vetvenanay rewspnsditisb fheaewiag evesy itk sprceHhstueRit theeveh apbdhe lamp aRd
open’ oS Recall i i3S AROVCeA IR Gl ol SO il UBUERPb&Glecd Ad ReBne

pr ef err ed & e invention, other e

cont enpl ateshm asd hetsedaédloft the 1S Boisg MThd spaad betdveen WO W& AR Tamp was

PCT/ USOL/ 137-LC cases, this disclosure presents .the inyention by way, aof
r epr esent SR N QlET FEeepCANIAEYRANES SUCh a8 OSYERR é@“ﬁhﬁ"é‘réﬁ%ﬁbﬂurﬂ%‘?fymﬁ P%’Pdﬁs

other modifiCafdQBks PR GRAHLIER ebi2dh AGuARY tRRA maximum amount of radiant
20 energy from the lamps impinged the web. The environment is extremely hostile at this
positioning since it is most directly in contact with the radiation and heat from the lamp as

well as the adhesive and airborne contaminants from the web.
While remote collection devices solved some of the problems described above,
they still did not deliver accurate measurements of radiant energy intensity impinging the
25 web. Typically, a transparent cover is placed over the lamp in order to protect the lamp
elements from airborne contaminants. This transparent cover becomes clouded over time
(due to airborne contaminants) which prevents a portion of the radiant energy emitted by
the lamp from impinging upon the web. Thus, collection devices placed at the back of the
lamp do not see this degradation, and an accurate measurement of energy radiated onto the

30 web cannot be attained.

As discussed, due to the small physical space between the lamp and the web, it has

been problematic to place a sensor between the web and the lamp which can withstand the



by those skilled in the art which fall within the scope and spirit of the

principle of the invention. s DETAILED DESCRI PTI ON | nventive energy

col l ecti woora3zs 10 are shown in an exenpl ary industri aPCpUSEERS+H n FI G
1. Each energy collection device 10 is nounted adjacent to an ultraviol et

(W) lamp 12 (either a single bulb or nmultiple bulbs) so as to be di sposed

bet the .UV | 12 . ' j 1 Lkl
paper or oy el iRl hi) ety SORIAES SoakbaiUARA o
15 (see aplofEvé Bovelarelod bulgy Rgbe pbdigdid Wetwded thetieip andithe wkB. \@ullebtion

ext rudes &:Qats) an adhesive |ayer 22 (or other coating such as ink

| acquer, @avices which amsesmalb engughriie Breplaged dmdhe Jrairede PPSijeR d9p nph bave)n

-are heated and th i viey 1S Ul i ' o T

s 12 SoRRfiet (P ARE LS Ep du o IR 4BBine AR i B, WlETIg TSI,

st ruet ur egurionfliin@the Gkbt Aeditiangisy, ichsorkhehieln esiyinedddi@atd awmatien icomphlerits

-di sposed so as to collect a por lion_of radiant energy being directed from
1

each | anpquigkly dgerede due i the highheatrpadiatiqnanddpenidifycol | ecti on device 10 is
exposed to the actual radfgﬁﬁF%ﬁM}&ﬁ@@F’PMﬁ]ﬂ@WﬁOﬁ@ t her eby
alleviating the energy detection problens experienced wth past collection
devices. |t shTht dnleationtied pneamatitilly prtweted enargyfchbientiani davides Bhe device

10 Ty binGat AAupEPa GHNGK PR BB charey ROTRFT vy Pep ey ST ffsired o R °°°
I nvept i Ve enahanacah B@@Bgiﬁﬂn%fi\ﬁi L8Rt pohicR Al D&cBA® BodifloR NPlaBMBREE siftter

processes ere it 1s desirable to collect radiant energy. For "exanple, the
ener gy coln thetfirstopodirioinodispob€s tmyshiterisoabiati ihceveps thetdotectpr. oBlesing wheshutter

radi ant ener is pysed.to dry ink applied to a substrate. .The jnyentiwve
energy cofl g’c%%/%eﬁﬁncﬂgﬂ}’?le‘é“ fitsp %esstEB\RﬁgtrtﬁfLﬁ?t t(t-@ﬁt ‘[tcg%Sﬁélo[J FOYRPG € 116%0% :réﬁp
assenbly 3g,ieR ifbiedlintd Bnd B theSpRAMMENA chiiSerald fighpsdohd @ e iensiaeret ee 10

is secured to a nounting bracket” 24. Mounting the energy collection device
10 in t hi thapeviearthachaweeriis pressidzado shet propratiZatigppeateotapoty shHéeiay apd t he

| anp _assenbl 2 Using unt j,Ng. SCr ews [ unt i ng nmet hods know in
~thelart. m‘)?’ﬁ%&‘ééﬁw Tt P%ﬁe%{heggstl@sitlﬁ)gﬁaﬁggge %%Qrgcf%(g?t?(g%i c conponents,
instead a pressybhe pebferrel eabodifRdt b thes@@rdyocatlectiat devites viesmi the shbkter is
Accordingly, a pressurized nitrogen |ine 26 extends through aperture 27A of
the | anp agas@irm the sgcong poRiEoBGl FWEEN BhPraesyiged aip bloyyiackss ?fe?g‘&ﬁe?fiohe 26
provi des conpressed nitr i y 3 to 100 psi) 5 .
WO (12/ (11 3257 PCT/ USO1/ %%ﬁsgmﬁe%y co &mﬁbdevi ce 10. It
shoul d be not e#IGhatis uSichgnatenjlessiiuh stiowing e invertvengicagy collactiommgvice
conpressed gas may, be fed to the energy collection device 10 (e. g., air).
In t2e i nestt IMALCUEREIPERSSSHN devi ce 10, once energy has been col l ected, it
|s carried awagf 9y tap_eelé'&h%ﬁ&lo&ic&v%f the i RAtvaRALYSS I o1IBMich ddvies mORhleg
cable. Accordingly, a tiber 5 optic cable 28 extends through aperture 27B
in the ul adpavémlasultanpeasstnplanid.2 and attached to the energy collection

device 10. In E . the ener col |l ect.ion.device ES i t. 0 .a
first closed pgﬁﬁc’i gbshz.m ?gcﬁe&%lﬁpﬁal'—"feé.”e‘é‘,Ofélapéﬁf%gﬁégrgnly%gﬁ%nﬁffh%nlﬁgfeeﬂ\}ilqlge 10
i ncl udes angmyrbligioaRRyicd0, a generally tubular shutter 32, a pneumatic
fitting 34, a fiber optic nount 36, and a s o guard 38, The body 30

typiasal |y i ncl dd€s 3fowsmn ejanged @srspestivenview ofrtBe pengiwds] yurposhdediohikenot h
sides of the body 30 a ity 42. The cavity portion 42 is typically
mlled frdwef‘ﬁgeé%cdgyggﬁeacg}%%(gg‘)eﬁﬁ?‘end conpl etely through the body 30 (from
the side-to si da. afisthRnkitedihalceblianl ivisw @€ the mvittiveltreergyiaoliectidnidevice
nmount ed on one side of the body 30 using guard screws 40B inserted into the
mount i ng sbpwingsbashuthedigpesed iBtheactosed oPBIPM| ock one side of the cavity
a2 This versalhry) Wis! {1 diRHRNhA%LGI AN of fndlinveivd BfergDe6MCRR| debfce! On
device 10 to be nounted 1R a variety of positions wth resSpect to the |anp
assenpl y IathwhielsButsie ididpopadovithis Tapept posiion.on agai nst i npact from foreign

.obj ects. W ted, the guard 38 is di d.op th ite side of th
oy 30" 11 om whW Bl EheatoRar Ty e BERR 5t Eh Gk BTOTACSR SR o

in the ar tthe‘!‘ﬂ%ﬁti&ﬁ%'tﬂ&%ﬂb%ﬁfm&t@ax@'aﬁ%%}@&nﬁﬂ?ﬁe@,%gﬂtéﬁ&nitﬁe dR&issRA! dn allhe

scope of the invention is not exceeded if the guar



lanmps 12 .

.Shutter 3

is not provided. The preferred maxi mum | ength, w dth, and depth di nensions
of the body 30 are approximately 3.375 inch by I inch by 0.5 inch or |ess,
respect i wab g2/06B2¥af erabl y, the overall dinensions of the eREFYPOKEBITHecCti on
device 10 (including the guard 38, the fiber 2 5 optic nmount 36 and the
pneumatic fitting 34) are less than 4.25 inches by 1.25 inches by 0.625

inch (i.e., length,  wdth and depth di nensions). ile the 1 S| 0
o lect tisess IRaBHoRE rerBRE SER Entim ! Ofthere Shedal A Ry HaRERLT R,
e, the deyoaRl FelulRYsiOK MBHguRERLYS 8ihel MolllFR a6 RCARSerBLIIRER &5 be devised
Mai ntai ning a small est overall dinension of 0.625 inch or less allows the
devi ce 10byt those skiblgdtindh¢ artnwhicherll syitie throseope Andrwiniedf thepringipiaf thee
see. FIG 1 ). In many processes, it is necessary to keep the
di st ance &Y% the web 16 and the lanps 12 to a nininumto assure that
t he gaxi mum anmount of radi ant PEFAJUEDIIOBSCREPTIONS 12 inpinges the web 14

-as well as assuring that 6 WO 02/ 11 G32s7 PCT/ USUl1l/ 137~G cont am nant s

entering this byaeevedenergy edllegiien WreiceiedO1are homttain FANECHRAIYYi Mdpsigel
oxygen which can ver ] i I

i atance Baers b e B B oftrel Ebydshoy BBt S0t ASRARY s 3R o dig e

ef fi ci ent YV lagpded(enhtta singlketbuins: rsliple wdby)isb megehy dispesedbaiwdenghd Wy
integrity of the process. It _should be noted that although s specific

di mensi onmex 12 rnd; aaontipyeuskp SireamingnveR it EYRSHLY 1He BAP | %fca%lggﬁ,f based

di si on N\ b 1110 ity i i =R, 17 06 i

neidasi npel A g e MASHER dfiahed b Uil LBBRROWSTLERD: 1] IMERIBRIS | e
guard ar eardymidealal die 8 Ivwidich Exmudeal(vodts) m sthosike ladkeu 22 Honothascaabing enclbacause
it provides a |ightweight, easil rme terial .whjch is resistapt to 1 o
heat and W&dlaﬁﬂ‘i‘%n‘?tc?r?@toamﬁm’%}#i iﬁ%W§g lg?qggdlgﬁ?s&v%jayws#iﬂlaregﬁfr? ﬁfﬁaﬁ%‘fs
whi ch cou Citihebife lib &u } tob/i fittell tirstQHE darkiss UDASTRE RS, 14
however, %‘ﬂda?ﬁmﬁqeéﬁgllgﬁlufnég%&?gz{dﬁ?detf%r&rggd%gﬁy Fratefi allg%ay be used t hat
meet s t heproeegds betvezen roflers 6 (pr otheswete suyipodrstmpture)rin dronhpE the darapuitii The 10
is placed. The teri chasen preferably shoul d be. .abl i thst and t he
cher®cal sCRIEBY CPIFHIAB G5VISE Sggspf’heg][ S0: 35210 GONGHt HPOFRR oﬁgé@%@e&gggfiheg?g
occur Z S4Rscidd'GoRfHch FankP 12qbWaAIdSE The Web 04 Nghu¥ahélsnergineolileyib dedide 30qu d
preferably be constructed so as to prevent particles of the material

conpri si ngxpdsed tettiecactad radient eneogiybeendpiothe wele 14 oth@rchy jaklgviaHae dhe erarghg
the overall process. or the.actuyat.,on and.o [, Qp. O V] :

prot ect 1 veeelieP aRieBlh ePEuBic P Res? B REEh Bl i hOREAGR M s
further ppaiceat codfpud@ionCe bRl exsmplhg pf Pecesseenini whichiethie. inRertivEhenargyi t y
42 in the body 30 causes the body 30 to app s,ub%tgan_ti al H% F shapﬁd.
The 20egs efllackan devicey 1 may de uskg s%d’@%?@“s%gif@r't“ the et yuprld; pralize ghay he

ei ther si . i ; ot [ iced2es he®Oit t hat
the seconiead G arEg¥olatupfaeliel R Ry be bR SRy e bF plicbaes Se R e
enbodi ments, ddshreblt ito sbli¢or gadiduk eaxtgyn dor@xamplei therenatgynepliebigng devieds 16X maye
body 30. The second, | eg 44B extends 1.375 inch alo the 2 ength of the
body 30, B4 BOND BB LAscea AR ARy oS Bk R R wRr ELppbePieeg
44A and 44B angpnalihGafedtefdy YolldRi6h AR M0 SUMBM mbeked 46 Arkagtraviolet
di aneter of approximately 0.75 inch and support bore 46B _has a di aneter of
apprasxi matany as@idy i12cin. FIG.| dndint thisi embodimgplorthe shergy ®blestiongdeyiensdd is

t hrough the support bores 46 nd, 4 sQ. as,to S . y.the: ort
s 44 SHRISHE oAmSORIT: POk ano st sotess RS E eV i WA

pr ef er abl v, AhsPARRA it by BSbsitidiR AT Whers WRARthe bedy e lamp iaxseinbly PDasiHEON
of the longitudinal support shaft 50 in place relative to the body 10,

al t hough anqvetingacrsws 26 ed other pieanting medgrs kness in the athat ot her met hods nay
be used to prevent t.he.longitudi.n ort
shaft from Eei \r@evﬁo Elﬁcg ¥ V\#q]fcregl(rﬁ lpglédessurbo\pﬁ%?re %?@gc?g%ﬁﬁ%ﬁ%lﬁ §%§§re§§u&@9p
trangpar e%’hs faedeis wded B6 op@abihy dguretiD) , Aacardinplye asprossusiped ngirdgen lihe 26

and the fiber optic nount 36 are_ di si)osed coaxi, al | 'abf‘ft he
7!

support skafendsarongl preruge 27 AL dpalamp assgmblisb? 1o thercorlertg Jevieea Sny
radi ation-tr 1. SS§ r ' Efﬁ& ' EoiaeBS5 t& 100 psi

envi ronner?ﬁtécfgggglr?gﬁéy rg&ﬁ%ﬁgh@ére‘ggﬁg. . e mr%tgébggfgﬁ%%munt gg is se lsjlr)ed
to the support shaft 50 by set screws 36A disposed through threaded
apertures 36B in the fiber optic nmount 36. The fiber optic cable 28 is then
secured to the fiber optic nount 36 in a manner



known to those skilled in the art The pneumatic fitting 34 is of a type
known to those skilled in the art. Preferably, s o the pneumatic fitting 34
i s threassloiew3zs7sbore 46B in the second support | eg 44B. EAEASABESGHDI ed,
the first end 58 of the support shaft 50 is disposed inside the pneumatic
fitting (as best showmn in FIGS. 4 and 5). As shown in FIG 3A, the support
shaft 50 h i i I S 58, .S . .

pr ot er abl§) ¢ aerERBAKHANORED. PRspBult deSlor et BARCoMAGRONARRE 10 ||
Pr ef er abl gkeniphgy @nd sancdiap@tied as ey eifpotot the leaéigy Sdllecticupgavioe Hhteg.y
3.125 inches fromthe first end 58 to the second end 60. ﬁrorgnt.he first end
58, a fi raif). dinghedryensive Kollggtionadevigsp b ange CBFLEY 8 -B55N cogeciehdt {§ %?;Fﬂ?%r

-eferably it ) i h d
oy gor o SERFLBLR Bldticr A7 Rukiir bhaBRT 4 bob UBRE EhbIET Hcconfingld, RERRAC |
r emak ni ngoptRNgdbile QB dxiendsuihpmrgh gleatite 3TB (iprthe arlabViplet 2arop sgspemady nid end/

-1.75 inch) to the second end 60. The S&Oﬁtléggé Gﬁ@ defi ne@ t he transi {)l.on
from t he #tfacBed i Bawpergypiierien davace K0t oMl NeEmetlechen feyre 6P ds

VWile it I QldSed S@(&g‘ skilled in the art that this shoul der 63A
coul d be %\@y%gﬁc?g a?isﬁagrtlg eetgot e longitudinal axis 56, it preferably forns
an angl e of | eAs shbvan iniFi6t §, ehranesgyt oollehtion derngice Ubiinelhdesxd mopating\body

Il ecti t 62 j i dinth ft 50 25 imate th
cecond endDgbEunsaletbule s dR e eamepbits SRS o RHPehapie fRel B HRES ("
ext ggds f%lga{i(li 932 FRE WYAyesd Hficly [RRRYRRGkingNRd1és 20A2HARE 4rBSpreferably

| ongi t udi axis 56 of "the support shaft 50 so0 as to be in comunication
wi th the dispdsed tandrotiapizies wf ¢hesBodyB30 land savitynd2.t Adeavity ppBionsBAIS(tyREARY i n

FIG 3) which i ntains the or hatt .50, in Q t he . rt
hat t 50 BHPLESIONARAY 3BqaaS REn SAGR A datooghitEe BR 30 el PratiRg"

col | ect i ogg@p&ir thelighBeolfcati6R déie l@MThd gguﬁﬁp@s isl fBourdted onroe@aideddfass belly how
the body 30 is nounted. In the preferred enbodi nent, the support shaft 50

can be roBQueidsguprdosarens 0B igseated dptocthe mepntingyhodes/ 4523 2 The poayd BoRets 39 —(
As sh i | G 3A l. i . . | fi d
s 0 8, AL B, 2RECHINS 2 RORLE 8 ohesy i god

degree anghdgy @olidtBiohaitFideurh Rabe axdumtdbins® vasetly coft gusttions wittorespsctab the
radi ation (e.qg., energy) which enter the collection aperture_62. The
refl ecti viene asewsly &7 rdailes stilh providipg preigction peaipst; mpartiram faeign phicey ef

to the | oggi ' | f. Lif ; ' IGhieRr €
64 oxt end IRy BROR AR Byl A ispoRear e (BB Blc of BR SRSI0 B0k itk
conmmuni catheoradisint Rnédze BObdirg tcobectaperA yreesod2skilldik is ebond wellderplive thxitde

6SB directs energy towards the fiber optic¢ bore 64 (described further with
respdct t altqugh t ‘§guafﬁe°’8r1éfdf3%‘abﬁ%éhes§‘iﬂ’ Eoggﬁ lgﬁﬁm%’ésé'roge’&fegg??fs‘i&heaguarw
forty-fi V%M%;&gd@ngl es to the longitudinal axis 56 due to ease of

manuf acture. I't 1 o should be noted that other angles may be used w thout
departing fronThherefeupé nofximhe lengthnwidh, arcbdenslk sligpprsionsedf] the oy 38 e 6SA

may be di sposed at i het egree, an fo. t ongi. tudi pal } ile
o nt ai ni Agpperrac Lt BEE B IIPLR, DBy et gPias i, MHiteRny
skilled i gvéhR dmbniond 6F fRaANeZS ddIREtibhaevdsgl 8gidchidigadie Siagé 38athebitber
i ndependently vari ed between zero and ninety degr ees (to lang axi s

0 an i tudi nal
S6) 2fccor @pHgmpEnt 86 aned threpnquantic £iking 8f) wrdetyhar ftest inehes bb’hle%J Reget B nal
support s .50 .S prefer L UL Ny - 0, ials
b usOaPs S (iR IR RN ot SRE RhpRicth) T Wl b MBI REEorRe
resi stivesize JTqBé bleferrétllembodialent nelid bassofphe mamkaniry, thadesice i) may beeat .
Additionally, the alum num can be easilﬁgpollshed to permt High reflection
r

of radi at mAfeptealishdl the BrospSPihERGUHES-t AEAUREEYDE Gr SRR ORE0r EEAPPR P a
.second r ety 86t Mg MRESAIH tHeUeick D B/Hl8RofiRed in minimal space between the web
30 16 and the lamps 12 (see FIG. 1). In many processes, it is necessary to keep the distance

between the web 16 and the lamps 12 to a minimum to assure that the maximum amount

of radiant energy from the lamps 12 impinges the web 14 as well as assuring that



of the collection aperture 62. Although in the preferred enbodi nent, both
first and second reflective sides 65A and 65B are polished to provide a
refl ecti wap emBacre (due to ease of manufacture), it is onPGTRSEEESH Y for
the second reflective side 65B to provide a reflective surface in order for
the device 10 to operate. Additionally, the sides 65A and 65B may be 2 s

varied in reflectiveness according to the desir cold.ecti.on .

char act er fOfquuRags qpfdl &‘ilscﬁpafﬁ.d%#b(& aé%ﬁhg]eev,vegqﬁ ef 8?1ta{:néréatn|tsn8]a?’()nrwlg?%er
simlar coglsbAWhitRYarbRivanRly £kct theQiing prévetd) Bﬁﬂ(b@iﬁg tes dischase §hdll,ahel 65B
to create da diffuse surface (as known to those skilled in the art), once

agai n al | o hetwere thoweb ddiaod the kanpst 12 ¢ant heceffigrently dlogded wéthpipert gagy(such

.specul ar ref.l ectar versus_ di.ffuse ref t e i1 4Z [ t he
peci 1 ¢ b BBESh iR E s MG R0k 7Y Blokerts, RRHIEREnRRARN b |
the ongi ?adiﬂ&adunﬁeu@j@ﬁg tof shativeRfveapplicexibmaieeicy Huveweyn alieuget hdineasighh of
-the second di aneter portion 61B (preferably 9 WO 02/U13257 |

PCT/ 1J S01¢ande- aidowgpe ditithm desingd @PP@%‘IHBHHF%Gthﬂgeéﬁ%HH HRWIHYS tomgieats  ng
63B is di sPose%eglo%xi ally to the support shaft 50, between the shoul der 63A
and the cdEEH aperture 62, proximate to the collection aperture 62.
One or nore exBatisthe dpay bhd B mérddre tyhisppsailed Fpom xiumihemnystovkd wdymadumm g

t he | th of the | i tudi | t shaft 50 ferably.s . - 0Xi mat el
1155 | nahwss Fhesen DREARF iaprons sHEDoER. tydrenhBeterabyhich i ReiRride o
di anpt er ﬁ&l’ttahggg& fon PF ; RhfhubPis @go g@?&y delvithdand %ngriﬁ?wg IR Eofi8

ext énds al ong ongi tudi nal axis t'he support shaft 50 fromthe
first endo&fréd tiehiadsstfiplosettirghalitshéldthe wunderstoodabewewpethatuwbie 8lanzingmiis i n
comuni catign with the _exhaug)t ag(grtures 6}’751 and with ihhe as line 26 vita
the pneundieferads gry Fgtesie! may bersed Hahprests the reduiementipl (SROPESss EPERIREY 66
are direcpgd &lﬁ&?'t'ﬁﬂqd%\h@e f1gb§fp1£b%.! CTROLfutBHL ichbRnt fefe L) @BbIArbARSIE tiyr €

62 so as to receive the radiation inpinging on the collection aperture 62.
Thus, t hewithkrend dpt ¢hermiedd$ esedigin thhpracedseso thit ‘tgallingliref tissdemice ddes nobp¢@Et i on

aperture 62 are all in radiant comunication. | haoul d ed t or
claffty, f‘%%‘eé}e‘?&cﬁéoc%ﬂtﬁ‘aéﬁsr ?]g‘n"t VW gs e dgvice Iléssﬁ?'célﬁgdetgﬁagﬁgéesg?lllsgrgéteh

Wi thout t {e,0pf he0dlt pamaes G&hd Tnatlaat coRsHsink e dASRETO from Hbighin@ofMide 3.
The fiber optic nmount 36 is attached coaxi al Ty about the support shaft 50

bet ween t hewkining aehdffsgingnidie idyeratloprpesss jos ihea prpatifneansbopgyatiqay ofsthe glgkicg g A,
The transparent tube 52.(or rt 1T re i i i bout
t he suppoﬁﬁ' gfﬂrg*etcﬁgﬁ CB%%'%S “t% ié Soa%]toarem#% ?gf end §Sl%f gﬂlt’%%ﬁﬁ‘%%‘f?@%f 50
and i s repaigtethd devaesid from theprseess dnkizommentl ar ring 63B on the support
shaft 50 and the fi ber o‘git'i c mount 2 0 36. Thus gge quartzﬂ%be .S@bi“ ”

di spésed so as The @iy o¥e in e opfly é@t‘?%ﬁesag'@r?‘?ﬂye 20 PR faptip. e~52
acts 10 PLEYER! T%Qr@s%ﬁ 1P+ EC i ﬁ}s&ﬂﬁ s%@al‘/qdrs‘ﬁ?P&@tlegngAOWMﬂ Biehel st

e collectlo h

col | ecti on devi ce fromentering t n aperture 62. This
prot ect i vef theagwite 4D e [Ppsfetablyp tevarntty danndispesedsh ¢hdt ithpesecond leg 4¢Baindhnickerc6

whi ch extend jnto the |l ection aperture 62..1t shoul be npted th

al t hough i@ ti%% ’Ir%d?g)f‘tggQ Ip dhe;mop S%Frﬁdﬁ’g’ﬂgﬁn%’ ‘g‘glﬁ(ﬁgsl% f"ﬁgc?,xge&fiﬁgfg_ﬁ

col I ector iﬁéﬁ%ﬁﬁ& (e Bngthf dIGE _bQH% 30, eNRRBER RE AP eathds 597Rchalexd @rd
normal to the [onhgitudrnal axis 56 of the support shaft 50) may be e{rgéoyed

Wi t lesut  dégrettt ofihefbodpn30h Suppit ibores 6Acased @t arcrlispased Hrpegh eaph SuRpRSt legr ~ 32

is slidably . di sposed about the support .shaft 50 twee h (.0

spri ng. 54 HAciha B paf Wserd ST “SierSHR bR Mo Faf e mARRRE A
s 0 72A apgpRxiReeIHH0.994Andi2 Bnd Fafpsthbbieea6B habasdanfetdrss! afipaomiinatelp 250N
74A and a second dianeter portion 74B (see FIG 4). The first dianeter

portion 74uchexA dewizitudirgiseppert shagtS0eis disposed: Bronghdhe supRAst batenigA japd 46B

.one-third of th a he. |l ongi t udj pal th =

02/ 06327 BEFF tttjé??\%%’ﬁt?%%s ﬁtSPBE‘”gE‘L“?Sp% é“r’%%?%- a%%%%iﬁtﬂﬁwaﬁgﬁya“g.lseeﬁgrf hch) .
The HecongpetnaBel’® ak Préfefibly dBpeset ehdagh ke fismaipriondef ddai toui thel pdsitiogt h
(preferably approxi mately 1.125 inchesi of the shLﬁter 3£ tq t he second end
72B of th@fghqur@ltugmal TeRport shadi 90 &m Place elatee 19 fhesbody; J0nelough a person

skilled in the art would realize that other methods may be used to prevent the longitudinal



74A to the second dianeter 74B creates an inner shoulder 77A annularly
about an interior wall 78A of the shutter 32. The inner shoul der 77A

ext ends maslomdeBys7outward fromthe first dianeter portion FERUSHU/LN& second
di aneter portion 74B. The transition also creates an outer shoul der 77B
annul arly about an exterior wall 78B of the shutter 32. The outer shoul der

77B extends radjally outward from the first dianme porit i 4

second diSHRBPY rSh?a)tJB f‘)t{)flbﬁel?ﬁ pithdrawg %rf) gy thg ﬁ&pg%\]l g?re% E%AI %nrﬁl g%ﬁ!dll‘ng?&sgﬁ%gg rt
shaft 50 {;8e G2SPRFEADIYqUZ),NE cOMPreEAbA Gpfing BN theIhugeiC B2 ahdtthd fiepotisur e
bore 68 is in conmmuni ca(fllon with a fitting aperture 34A in the pneunatic
fitting 3moudtad arodispesasi eaxiePy ahentshe s@p@nssgé% o8- YBhile te|tpnsREeRt tiheed2

A i tudinal t shaft 5 i nat.e. i . f t
shatt 5o BaselBR dhapy fhy Rt LRRAR el bith, G Rl R ErRURPD]
firsg enden@%nﬁfenfah@orﬁﬁﬁ'éﬁs&h?ﬁe uskd. e fiterpptissioant Xpisisagurédidihaseppdrhe

-shutter 32 towards the second end 60 of the sa%)ioort shaft 50 in _the

di rect i onsheft 30 byvwet screws G6A4ilispeper | thiowgh dhreaded apratuyess3eB ipfe &ivek pRYC 32
engages the fiher A . i i L e

bi e mg 18pwat T RN oPRYPhuIE 35 i HEn SATREARALO BBRi Rt R BN UL
first endinodh elloddilpdenmd ane fitting 34. Wiile the preferred enbodi nent
of the invention utilizes_a 2 o spring, other bjasi evices (qr foyces)
known in the adhe pagumaticdlitiag 8ftys pha ﬁ&@dﬂ‘@@’:“gt.",th‘é‘%easgﬁl‘?ﬂ'% ite @F'egﬁﬁ?@g}@r
magnetic || - : | | | | lest44%. 0886:
posiq? i on @\%gsr}' ep ﬂ;gﬁ%glttﬁg??%fl%%@l@ﬁnrtg%g%‘utéﬁgf;Zlgi’?%?g{llgu id;lfgre rﬁ;ttons 75 of
radi ant enge@plelll thenfast aid 58goft the sapidriestaltdi® apksposedeingide tispiesmatic fgtingt ed,
the shutter first end_72A i ncngdes an annular lip 76 which is seal ably
engaged wWaReEFBOWDREIYS- &)t i rst diameter 25 portion 61A Although
seal abl y engagad bl id PR A She QBRI B BOMa AMorildinaNdRBEU Bfst bdSFE s
able to slide wwth respect to t%e upport shaft 50. This sli di ng function
may be enhmhaesdcind efid60exBrefarahly.athel sppport shakfiloincreasasi imgdipmetel AlQNEoHs ) |

to the surfage Qf .t first dianmeter portion 61A of. the s [ 0
(or 18n th[é”ng u 'Ei’tfertfh?l%’ ey maxgguny iefqggﬁoﬁ)[?t ﬁ%@orélsg%ﬂﬁ Ilﬁsagg%%brbgt\%/gﬁ%&%ie
gener at i ofyBEs BBAT thElR& dnids® fohfe d&6na @nd G0( FromOdk IfirsiEn 53, @ fki dikmesn

affect the process as well as the operation of the device 10. B%/ assuring

that wear 6bA edtenddeappreximetelys ong-halfef | the tyeayd errpleeably appiogiveately I.3Ey chént »

part of th rocess. |n r rds, ,t i VI I i eed
to be rep ) / I fetime o he ‘manuf act’uri ng
PoBPE T PR Rt 2 A D iush Bt B BRGR flonfian cilliec
line. PCThhohBk148Y .0hd ddiginied &Hel @imasihp 1é8Ahadf theesubpos tshft aite (@efapairly i on
74A of the shutter 32 is in close tolerance with the support shaft second
di a8t er peProximatgyd. 3 dehiiagthespconghend, by iTgP SPP‘I‘\‘B“(;‘%E?{) 55 1a9s; 198 H2)S1HRY aged
with the i IOl : : i1@itdi Ler
poi rti on F38F et PBorly 608 (TN SeEbn P icRl BoloR 1BE PHIS i AT LS
surfaces wohyiobe t@phaskitidd by thepit thaighis shefilden 63 Aatdubdybeiat enight @ngleetosthe f ace

f th d dj apet ti B.of th haf t th | i
636, A colPEudIh Ehatbel: REFTINE LS S HIRFRR) 169 Pt G AR he
annular | il%?t@dﬂlfal LRR 86Ut WekoRtiah tapehtfred B Uisadispdstd i@3BeOfuppbe SHaRPSOt

shaft 50. en conpressed nitrogen (or any pressurized 1 o gas) is forced
t hr asgh t Ipeoxymstel thase@md sndedsinr he sdcanidt disgetsr pritios @1l Axfibaiptishore Gte 67

and enters th onpr.essi on, ¢ er.84. Th S I S 10

Dot ween- t REISGEL FOPL MERErasH Al S suprop i a0 ARpg g e fabs BAP38 or
A) the anmp ﬁipgo'ktpshﬁﬁ 30 sé e 16 bEtih RomIduniédtidnf with tthes bellcden ap&furef62t hBy
support shaft 50, and the inner wall 78A of the shutter first dianpeter

portion 74dusemingdhasat semwsdAshawann BIG Drwhichsaiyaips tessugport shafh0dnethegy,

As the pressurg inside th () 240] ¢ i . i i8St orce
of the co%ﬁﬁ%s@r (%e %‘H%Oﬁtg g‘ #@)C%\iéfc%%&a@?@ﬁ%ﬁﬁng F\d(lﬂ—l?aééx%e S?ﬁgsclhﬁgtrh%ased
pressur e @bilv@ont dpRrteitubl Eiceshd Ry U5 (d8€FIG. 1131 regmd1ess ob howhthe hodp B0t is
.shaft 50 in the direction of arrow 86 (

) FIG 5), overcogiqg tge bi as farce
of the spmeimtsy, Inthe prierredembodimenty the ppeid Whath 20 capDe FFUPd apRFOBENAIRYt he
Iongitudigﬁéﬁ% Qesupport shaft 50 until the outer shoulder 77B of the
shutter 3 géges a stop face 90 on the second support 44B. The stop face
90 is forned on the second support 44B proxinmate the cavity 42 and extends
around the support bore 46B. Wien the outer shoul der 77B engages the stop
face 90, the shutter 32 is prevented frofn noving any further in the
direction of arrow 86. The energy collection device 10 is then placed in a
second "open" 2 5 position. In the second "open" position, the |ight
photons 75 are able to travel through the quartz tube 52 and into the
coll ection aperture 62 so as to inpinge upon the fiber optic el enments 66.
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3 o shaft 50, the shutter inner shoulder 77A is noved over the first

di aneter portion 61A of the support shaft 50. Once the inner shoul der 77A
noves paso dhesshaft shoul der 63A, the interior wall 78A 8ETUNE/f3T46t

di ameter portion 74A of the shutter 32 is no longer sealably 12 WD

02/ 0(32S7 PCT/ USOL/ 137-~1 engaged with the second dianmeter portion 61B of

t he support shaft 50. . he out shoul der 77B of the.shutter .32 engages
the stop face 86 sgewp H%@d%ABH}e ?ﬁkc??q _é‘Perﬁfrﬁr?ét @FE&% ih(%%?séfﬁngfsefz ?lne(9
shutter 3ggbsivl SROSBIARRAUSSE aﬁglfeura'ita?gfoaﬁm@ry B%ityiifﬂeﬁie%r&f afd)e 16 WRPOT t
shaft 50. The second di aneter portion B of the shutter 32 is disposed

subst ant i ingidibduaxis A6 seesdndeetivmphapnyef radinion1®. gof enchey) stipiph entes Hbg ¢

.50. The extent. of the essi-an.cha 84 | p d C | ve
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-the second diameter portions 74A and 74B), the annular ring 63B and the

support stadughsthe(fitsbreflegtive side Q¥e spiasde bfi EneemmupisAtion ik heaspllectien

second Zo_dj aneter..portion 61B). ti. AV : ing
036 of  ner gy LubThrcoll st e BBAREB BT ST Yoo BOR BAE bR of
interior wkdribt8Aufhertwigh sfdpédt &5 FEZ. B ON@ reflectbecidd 63ircaml 65B prerdispased 4B
of the shutter 32. Preferably, the annular interface between the interjor

wal | 78A af fartyefivhdegree apglesiel theydongindingl axis P GuBtegase;0t BraspiagiEe-sdtn

that a s I 0 d i - . 0 f gt
conpf essingﬂr?ugﬁggn%gﬁedS%aa?ﬁ?{]ﬁgq iésn?%??o SC‘ZS? 8'?%}3 uez;ﬁk@?%tglhgff J'Ot‘lz"l?]lgh epéggggl?rf itgid
gas cr eat afentigSFougianiple, whflediive sidertiA amanbieadibposed ang nirety degrpoangle haf t
50 towards the second end 60 of the support, sg@;t %0 gtn di refégi on of
arrows 95thedopgitydingy axipioovijlesmainiaining reflecve eide O3B arforthdivg festes anglse s2
and acts 0 entk: r.ei | LA L o] he qpr S
rom  npi hoPebCpalef R (4R Be) GERR iy iy SRGIS [P Bich SidR) REpoSe
second " opeisperpienily vanedletvbemiarg ant exmeayvedygredy(te legitudigab anih 58) gaording
curtain, th eftectiv?ngss of the ,energy collection device 10 is increased
si ndé t he'Qks desiraddpyel oL prergy defeci®ge particles and prevent them from

adhering to th@‘hgl{@ﬁéiﬁnﬁr\b@%uﬁ}%’ort TR 50t Repi@asgaiyrioahed iob ilkhingmb dilihdusp
whi ch could cloud the quartz tube 52 over tine and R}{rﬂgvent t he energy

col | ect i onthdevhaterial® niayobe tuaéd)ngAacdeserited prsxivuslymaiieingm ishiighéweighl apd 5

phot ons 75. . The s .qurt ain. ther hel to re i n .
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10. By allowm ng for gas to escape between the interfaces of the device
conponent yariébmaiefjactolopesstascadimgpo dheedastad toldgetioncharpeigristins of dhe davicen)O.
parti cul arFor teJrc]zilrrslple, a teflon coating (or other similar coating) may be applied to one or both
reflective sides 65A and 65B to create a diffuse surface (as known to those skilled in the
art), once again allowing the collection characteristics of the device 10 (e.g., specular
reflector versus diffuse reflector) be optimized according to the specific process being

30 monitored.

An annular ring 63B is formed about the longitudinal support shaft 50

approximately midway along the length of the second diameter portion 61B (preferably
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posi tion tHRcHPhp@Hurs8Y afSall fieragRht eshvanAGod. it sheuls ®€ abttdphgifor clarityhe
shutter does not cover the collector, wherein the shutter is biased jnto

one of t htherosigyi hlsctiemdevice h@isoidlusigated ard dessribgd waheut Herapsiond guakd 38 uch

that intrqducin essurjze as, | h . j

ToVeS 1 he CROPREPIEaPech FERIAE 2t 3 o THESREr Sl SOGE T0Ts bR BOaPllly
further capgitithé Rgppod shafti SuobaliveaPeRFifkEENESS ahdehe bullccdon apettird 62 ypgor t
so as to bias the shutter into the first position. 15tr§ he devi c

. of
claim1, 8eews3ptheFhe: BARPREIH §ibed 2l AURHE OB SESIRASAL G 1el)r 18 [iPopesalany a
second | e I i | t ! t he
second | egic SE0S iyt 36 RURRRLE o Uy LB op BPUR SGprP A0S bl soithed 16
t hr ough t pesifibi detwleey tlinahralseten63 D ondhe xugals shafiir Fhgid theefibas optid thamtand

wherein th t is dj d through the first and d b &, Th
dovizde of 61 ARb4heAuE HOPRE & Gpareitoa & Pomsioft i SUBFRTRRE B e e

first 25 g{ié’rtzs GHRND BQE €5 prévend RteifVI&Oin BledémidnmrAdsivéundalg the light
conprising: a positionabl g guard attached to the mounting body. 3 0 7. The

devi ce of collextion Jlewiverld frowhentsump dhret callection mpertyre 613 allbisi pratective measure

helps to prevent damage to the fiber optic elements 66 which extend into the collection-

aperture 62. Tt should be noted that although the collector 62 is preferably shaped as

25 described, other collector shapes (e.g., fiber optic elements 66 directed so as to extend

normal to the longitudinal axis 56 of the support shaft 50) may be employed without
departing from the spirit or scope of the invention.

The shutter 32 is slidably disposed about the support shaft 50 between the

compression spring 54 and the fiber optic mount 36. The shutter 32 includes a first end

30 72A and a second end 72B. The shutter 32 has a first diameter portion 74A and a second

diameter portion 74B (see FIG. 4). The first diameter portion 74A extends from the first

end 72A to a point approximately one-third of the way along the longitudinal length of the

10
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5 I b. e device of claim1, and further conprising: a

r adi atlonsltmttanéln ssive cover nmounted over the collector. 17. The devi ce of
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' neh. shutter 32 engages the fiber optic mount 36. The compression spring 54 provides the
biasing force to the shutter 32 by being compressed between the shuiter’s first end 72A

and the pneumatic fitting 34. While the preferred embodiment of the invention utilizes a

20 spring, other biasing devices (or forces) known in the art may altefnately be used (e.g.,
elastomeric elements or magnetic couplings). The shutter 32 is thus disposed in a first

closed position over the collection aperture 62, thereby preventing photons 75 of radiant

energy from entering the collection aperture 62. As is illustrated, the shutter first end 72A
includes an annular lip 76 which is sealably engaged with the support shaft first diameter

25 portion 61A. Although sealably engaged with the first diameter portion 61A, the annular
lip 76 is able to slide with respect to the support shaft 50. This sliding function may be
enhanced by, for example, applying a teflon coating (or hardcoat), to the surface of the

first diameter portion 61A of the support shaft 50 (or on the annular lip 76). The teflon

coating also helps to prevent the generation of particles from the device 10 (or “galling”)

30 which can affect the process as well as the operation of the device 10. By assuring that
wear of the device 10 is minimal, the device 10 becomes a “permanent” part of the

process. In other words, the device 10 typically will not need to be replaced during the

11
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0T tﬂ)e colrn%lr;gl%(;{a%hgr)ni):a:é:/(isogg%lag3ed t?;/asgflcgn relative movement so that the chamber
84 is now defined by the annular lip 76 of the shutter 32, the inner wall 78A of the shutter
32 (along both the first and the second diameter portions 74A and 74B), the annular ring
63B and the support shaft 50 (along part of the first diameter portion 61A and the second
10 diameter portion 61B). As mentioned previously, the annular ring 63B of the longitudinal
support shaft 50 is slidably engaged with the interior wall 78A of the shutter 32 along the
second diameter portion 74B of the shutter 32.
Preferably, the annular interface between the interior wall 78A of the shutter 32
and the annular ring 63B has a tolerance such that a small amount of compressed gas is
15 allowed to leak out of the compression chamber 84 at this interface. The leaking of the
pressurized gas creates a gas curtain which extends coaxially along the support shaft 50
towards the second end 60 of the support shaft 50 (in direction of arrows 95 in FIG. 5).
This gas curtain is directed over the quartz tube 52 and acts to prevent foreign objects
(including vapors from the process) from impinging upon the quartz tube 52 when the
20 shutter is in the second “open” position by blowing them away. By creating such-a gas
curtain, the effectiveness of the energy collection device 10 is increased since the gas
curtain acts to dislodge particles and prevent them from adhering to the quartz tube 52.
Thus, the gas curtain inhibits build up which could cloud the quartz tube 52 over time and
prevent the energy collection device 10 from taking accurate measurements of the energy
25 photons 75. The gas curtain thereby helps to reduce maintenance of the device 10 and
reduces the likelihood that the device 10 will need to be replaced, making it a permanent
part of the system (discussed previously).
Upon a predetermined amount of time passing, (typically dictated by a
computerized controller, not shown), the compression chamber 84 is depressurized, and
30 the compression spring 54 once again biases the shutter 32 into the first “closed” position
(see FIG. 4). Preferably, a low level of pressurization is provided to the device (below the

biasing force of the spring 54) so that even in the “closed” position, the tolerances of the
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components are involved in the energy collection device 10, the level of environmental

hostility surrounding the energy collection device 10 (e.g., heat, radiation, bumidity, etc.)

10 does not affect the operation of the energy collection device 10. Additionally, the

relatively few moving parts allow the energy collection device 10 to be smaller and less

obtrusive than known prior art collection devices. The small overall size allows the

device 10 to be placed in environments that were not previously accessible. All of these

benefits provide the opportunity to place the energy collection device 10 in a position

15 where a direct measurement can be taken of the radiation photons 75 directly affecting the

drying process (in other words, the inventive radiation collection device “sees” the same

radiant energy output as the advancing web). More accurate measurements allow for

better control of the process, less loss product, and increased economic return.
Although the present invention has been described with reference to preferred
20 embodiments, workers skilled in the art will recognize that changes may be made in form

and detail without departing from the spirit and scope of the invention.
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2. The device of claim 1 further comprising:

a spring disposed between the shutter and the support so as to bias the shutter into

the first position.

15
3. The device of claim 1, and further comprising:

a mounting body having a first leg and a second leg, wherein the support is fixably
mounted to the first leg and the second leg.

20 4. The device of claim 3 wherein a first bore extends through the first leg and a
second bore extends through the second leg and wherein the support is disposed through
the first and second bores.

5. The device of claim 4 wherein the support is rotatably positionable within the first

25 and second bores.

6. The device of claim 3, and further comprising:
a positionable guard attached to the mounting body.
30 7. The device of claim 3 wherein the support is formed from aluminum.
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10 10.  The device of claim 1, wherein the support includes a first end and a second end
and further comprising:

a fiber optic mount secured to the second end.

11.  The device of claim 1, wherein the support includes a first and a second end and
15 further comprising:

a pneumatic fitting secured to the first end.

12. The device of claim 1, wherein the support includes a first end and a second end

wherein the support is less than about 3 inches from the first end to the second end.

20
13.  The device of claim 9 wherein the collector further comprises:
a first sidewall inclined at an angle of about 45 degrees relative to the longitudinal
axis, wherein the fiber optic bore extends through the first sidewall; and
a second sidewall inclined at an angle of about 45 degrees relative to the
25 longitudinal axis, wherein energy striking the second sidewall is directed
towards the fiber optic bore.
14.  The device of claim 1 wherein the collector comprises:
at least one reflective surface; and
30 a radiation sensor, wherein the reflective surface directs energy photons impinging

the collector towards the sensor.
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16. The device of claim 1, and further comprising:

a radiation-transmissive cover mounted over the collector.

17. The device of claim 1 wherein the device has an aperture for diverting pressurized
10 gas over the collector.
18. The device of claim 1 wherein the device has maximum overall dimensions of

about 4.25 inches by 1.25 inches by 0.625 inch.

15 19. The device of claim 1 wherein small amounts of pressurized gas are allowed to

leak out of the chamber at all times.

20. An energy collection device comprising:
a mounting body having a first support and a second support;

20 a longitudinal support shaft having a first end disposed in the first support and a
second end disposed in the second'support, the first end including a pressure
bore and the second end including a collector;

an exhaust aperture disposed in the support between the collector and the first end;
a pneumatic fitting disposed about the first end of the longitudinal support shaft

25 and in communication with the exhaust aperture;

a fiber optic mount secured to the second end of the longitudinal support shaft in
radiant communication with the collector;

a shuttle disposed about the longitudinal support shaft between the exhaust
aperture and the fiber optic mount; and

30 a spring disposed about the longitudinal support shaft between the shuttle and the
pneumatic fitting such that the spring biases the shuttle toward a position

covering the collector, wherein compressed gas is introduced into the
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transparent shield.

10
23. A method for collecting radiant energy emitted from an ultraviolet lamp towards a
streaming web comprising:
disposing a collector between the streaming web and the ultraviolet lamp;
biasing a shutter into a first position covering the collector such that no radiant
15 energy can reach the collector; and
translating the shutter into a second position using pneumatic pressure such that the
shutter uncovers the collector, allowing radiant energy to reach on the

collector.

20 24.  The method of claim 23, further comprising:
directing a curtain of air over the collector while the shutter is in the second

position.
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