Title: ONLINE SYSTEM FOR MEASURI NG PROPERTI ES OF A PRODUCT [err]
Abstract: An on-line sensor (50) is provided that supplies zﬂjugjljodso a
spectrophotoneter (70) to neasure the color a product (40) extruded
through a conduit (20) having a bypass section (30). The on-line sensor
(50) inovoekemssa transparent nenber (500) with an opagquesetrssssurface (52)
and an interior portion (540) extending froma first end (51) to a second
end (57) to the transparent nmenber (500). The interior portion (540) is
connected to the bypass section (30), and the product (40) that flows

t hrough the bypass section (30) is supplied to the interior section (540)
of the transparent ne _ l.Cﬁﬂ*IE Eﬁ{?ﬁ (60) connected to the
transparent nmenber (5 )Lgﬁ%)ggﬁgwyes |§§t oGt he transparent nenber
(500) inside the opaque oBROPERTIESANCA PBOPUMY | i ght receiver (72) is
connected to the transparent nmenber (500) that is affected by the producer
(40). The captured light is supplied to the spectrophotoneter (70) to at

| east e bg??)o NS he product (40) supplied to the interior
portion (a%%lj%%? t he ??gﬁspar gﬁ[{mﬁerrber (500). 4 July 2005 WO 02/29389
PCT/ US01/ 24434 ON-LI NE SYSTEM FOR MEASURI NG PROPERTIES OF A PRODUCT
BACKGROUND OF THE Theuevenfianrelais to pvemiineoneasuremerisystem 401 npasuringe neasur enent
system f%riSEEaI?Trggér{i‘& of*’@ﬁ:fo‘&ﬂ& @H%@E ?p%ﬁﬁulgltl)[r 3o RhOUGE A0GwERLE Particularly
to an on-11ne suremen systemtor In situ neasurement of various
properti eystef for pr sithumtaspreimegt 6f vaniony propérties gh 2 prafeod béisg flGwing t he

manuf actt}# ‘g& og goge materials, for exanple, polyneric materials, the

pr oduct 87 Joe8everal manufacturi ng processes before the final product
is created. These processes can be performed in one processing area or at
sevebBal processi nghnatheamanfacheing hefr songes enateribig, fisroeltaedpld, polynagisport ed from

rocess to ocess, .or the product is transported to.a fjni.shing area. In
gd diti On,maéqrpa[sh@:lef I?I'RQHCt undergoes several manufacturing processes before tflc }‘marf 9

product is created. These processes can be performed in one processing area or at
several processing areas. In either case, the product is transported from process to
process, or the prbduct is transported to a finishing area. In addition, at the final
10 processing area the product can be formed into various shapes and sizes., Typically,
the movement and forming of the product is accomplished by extruding the material
through a conduit. Since the conduit is generally chosen for their high strength and

low cost and such materials are typically opaque, the conduits are also opaque.

Many processes, especially the finishing process, desire to identify or

s measure the color and other properties of the product. Color identification and
measurement of other properties are desired for, among other things, determining the

state of the process, determining the aesthetic value of the product, determining the

quality of the product and sorting the product. However, opaque conduits make
identification of the color and other propertics of the product difficult. In one

20 example, color of the product is identified and measured by directing a portion of the
product to a bypass section in the conduit such as a main extruder. A sample of the
product is directed through the bypass section where an operator takes a portion of the
sampled product. The operator manually supplies the portion of the sampled product

to a spectrophotometer where the color is measured. This process of color

25 measurement and identification is time consuming and, therefore, increases the



10 processing area the product can be formed into various shapes and si zes.
Typically, the noverent and forming of the product is acconpljsigd by
extruding the material through a conduit. Since the conduit 1's generally
chosen for their high strength and |ow cost and such materials are
typically opaque, the conduits are al so opaque. Many processes, especially
the finishing process, desire to identify or 15 neasure the col or and

ot her properties of the product. Color identification and nmeasurenent of

ot her pr@pRifhdt@Snd kithedes theStofigtt .wiAEP MY nithNiErehdy theScosd edsioidted RE@tht he
state of the process, determ ning the aesthetic value of the product,

det er mi nagpfadtaringiual ity of the product and sorting the product. However,
opaque conduits nake identification of the color and other properties of

t he product diffi : : e . t.
identified and m%@g@fgleﬁ}ﬂ%ﬁ%%@ﬁﬂ&pﬁ ‘S]tlg%i S?JSP@%@?O %e%tmtsgtua bypass
secti on mBasiiteeneniodd tblor 24é Ptlas plopERiad £pioduceds thd madget €look thivaghpr oduct i s
directed through the btypas,s section where an operator takes a portion of

the sanfnenit gpdegmenufaetariager at or nanual |y supplies the portion of the
sanpl ed product to a spectrophotoneter where the color is neasured. This

process ﬁlwgmm@?gwﬁmEggggﬁdenti fication is time consumng and,

therefore, 1 ncreases t manuf acturing time of the product
which in turn increase the costs associated with manufacturing. Therefore,
there is a desire Ihorneaaspegtt iac ain-lgensapsort isgpropided ithid ssupplied fight teasur enent
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for in situ nmeasurenment of properties of a product while the product is.
bei ng exsensethcludem « dradspareitt hmemhars tizat byquepssses exc tlirsincylifideicah seé¢time sensor

includes a.tra rent me r that ¢ rjses a first cylindric section
navi ng. SR BRCHERS S TRAL ' SO Pele: iR S acs BBnCH B por (1 on
of the RnoaducAowd BB iIRUERt tPendridadse@idnl ROEELRE SRAGHEN sediGPioNd _
cylindrical section is also provided that has a second di aneter concentric
to t he filsesprajiidedethet hanpdetdrsl diameter concentric to the first diameter, and the

second diameter is greater than the first diameter. The on-line sensor also includes

- an opaque casing that houses the transparent member and has a first and a second

receptacle. A light source is connected to the first receptacle of the opaque casing and

provides light to the transparent member inside the opaque casing. A light receiver is

connected to the spectrophotometer and the second receptacle of the opaque casing.

Also, the light receiver can be positioned at a distant location from the on-line sensor.

The light receiver captures light from the light source in the transparent member that

is affected by the portion of the product in the first cylindrical section. The captured

light is supplied to at least the spectrophotometer for measuring the properties of the

portion of product in the first cylindrical section of the fransparent member.

According to another aspect, there is provided an on-line sensor
providing light to a spectrophotometer for measurement of properties of a product
extruded through a conduit having a bypass section, the on-line sensor comprising: a
transparent member having an opaque outer surface and an interior portion extending
from a first end of the transparent member to a second end to the transparent member

and the interior portion connected to the bypass section wherein product flowing
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second dianeter is greater than the first dianeter. The on-line sensor also

includes an opaque casing that houses the transparent nenbep paghshas a
first and a second receptacle. A light source is connected to the first
receptacle of the opaque casing and provides light to the transparent
menber inside the opaque casing. A light receiver is connected to the
spectrophot oneter and the second receptacle of the opaque casing. Al so,
the light receiver can be positioned at a distant |ocation fromthe on-1ine

sensor . thidughlthgbypasLeeiineis sopglicdrte shd infor béctioh bh&e'tf@l@%ar&ﬁlﬂﬁéiﬂodrﬂ t he
transparent menber that 1is affected by the portion of t roduct in the

first cydilightiseurceseannpend tyntectpnspresst mempar and @tﬁpquimedhglﬁ #t theeast t he
spect ro%ﬁﬁﬁﬁt%e Br 1H§18‘é Wel G ﬂﬁgﬁu@fﬁtﬂ?z{ctej Sn é)ixﬁ]{tt@%cel o édng\E'ct roduct
10

in the first cylindrical sect rahspare ccording to

anot her thspembparéhanemba dndostipeethgalghi Nfrdrh ke $1ghsgtrurcqotmmedtrﬂgphneght to a
spect rophot onet er for neasurenent of g{r@jﬁertres of a product extruded

t hr ough Iﬁe’@Bﬁd@ff?Ct‘Fﬁa\l?Vﬁbe Jrofnshste sep light, beigg -gupplaeds &h gbdeasb sy i si ng: a
tr anspar%@&{ é}aﬁét fHda n%pcﬁﬁ é‘? oS of He {n%ﬁﬁct%ﬂpl?%i g;”tilggfét%%oxp ortion

extendin Vst en ranspar ent nenbe end to

t he trarmmmeufthamaingmrenamﬂmbhle interior portion connected to the bypass
section wherein product flow ng -2 4 July 2005 through t he bypass secti on
is supplied to the,interior se tion ofnt%hetrans ent rrber

source connected t0°® n¥rt%tr‘?§‘8 BREPSTR nHERe ’érﬂob‘ |a8| 1“? éﬁ‘tsof Ort he
t
r anspargglidi Tk attbsedsy b ?odﬁ@fi b‘sﬁu%”chﬁhgpt £ Y'cbAGR: h@&%ﬁ}hg&m hReei ver

connected to the transparent uring e |ight
source iom- hm@smsmmnqmsmg armmntlmremfrrimdieeqiohyomddeadmoenhmtthe bpenicgpt ur ed

L N T
t 1 ansparngikpAeitdeembas Caﬁﬂdd thtt Recaivet G%ne@t%&%tthe tﬂﬁgﬁrén? MEA¥LISH an

on-1line sensor for pfovid ght affected by a product flow ng through a
condui t dapturing laghtcfpmrthg hghheouroer-alffemedshe/nﬂmrpmdumrmsordglg & tanethepar ent

renber Doyl 1ed, A0SRl L Lhe cpen N Lo LSRN L s Loty source
menber; @hgh flodwghl HoRf §ickduit WO 6R1RE hshfeh! SRARRLERPrifREPS igRNd

source positioned adjacent to the product flowing from the conduit and providing light

having a predetermined wavelength to the product, the product affecting the light; a

light receiver positioned adjacent to the product flowing from the conduit and receiving

the light affected by the product; and an analysis device connected to the light receiver

and analyzing the light received by the light receiver to determine the properties of the

product.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig.1 is a highly simplified perspective and schematic view of one

exemplary embodiment of a measurement system;

Fig. 2 is a highly simplified perspective and schematic view of another

exemplary embodiment of a measurement system;
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capturing light fromthe |ight source affected by the product. According to
another aspect, there is provided an on-line measurement Sylyes0okor
determ ning properties of a product flowing froma conduit,. the on-line
measur enent system conprising: a light source positioned adjacent to the
product woewmssg from the conduit and providing |ight pClvasoirngsa

predet erm ned wavel ength to the product, the product affecting the light; a
| i ght receiver positioned adjacent to the product flowi ng fromthe conduit
and receiving the light affected by the product; and an anal ysis device
connected to the light receiver and analyzing the Iight received by the

| ight receiver to Rigt®igmansripbgiver @perdfi@e ktmplas ecmbodimedt. ofBRl EF

DESCRI PTI ON OF THE DRAWNGS Fig.1 is a highly sinplified perspective and
schemat | CORACER 19 MpARICRSEESSieRy v enbodi ment of a measurenent system Fig. 2

is a highly sinplified perspective and schematic view of another exenplary

enbodi ment of a nEGE ur RRERdspRMtESidw SR arbithbileYe emf6ARN P 8B89
PCT/ US01/ 24434 Fig. 3 is l<'szs;%)§rspecti ve Vi ew ofn%g%g exenpl ary enbodi nent of

a - conn&finspted i LG EHEIRE BB system Fig. 4 is a perspective view of
anot her exenpl ary enbodi nent of a connected in a neasurenent system 5

Fig.55 is a parti @ig 6Us 2 puaMl Mt-aWaPlieR M ofXSIRRIpREY e8hRRELARREn Of an
on-line sensor; Fig. 6, is a partial cut-away view of another exenplary

enbodi meAB-1BE SeN8H; on-1ine sensor: Fig. 7 is a partial cut-away view of even
anot her exenplary 10 enbodi ment of an on-line sensor; Fig. 8 is a cut-away

view of yet anot hemg @xi8aRkAhYcvRERAFIER B akhef BrenPliy bBoABRRQE: Fig. 9 is a
hi ghl'y si npl |1_f| ed perspective and 'schematic view of” a
an on-line sensor;

Fig. 7 is a partial cut-away view of even another exemplary

10 embodiment of an on-line sensor;

Fig. 8 is a cut-away view of yet another exemplary embodiment of an

ou-line sensor;

Fig. 9 is a highly simplified perspective and schematic view of a

representative embodiment of a measurement system having a reference channel; and

15 Fig. 10 is a perspective view of a representative embodiment of a

measurement system.,
DETAILED DESCRIPTION OF THE INVENTION

As shown in Fig. 1, the manufacturing of certain materials, for

example, plastics and polymeric materials, into a product 40 involves a conduit 20
through which the product 40 flows. In one embodiment, the extrusion of the product

20 40 is done to move the product 40 from one location to another. In another
embodiment, the extrusion of the product 40 is used to form the product 40 into

desired shapes and sizes, Various manufacturing processes desire to use the color and

other propertics of the product 40 to assist in manufacturing, fabricating and/or
sorting. Further, the product specification requires sophisticated color measurements

25 that are more complex than visual measurements and/or determinations of the color.
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representative enbodi nent of a neasurenent system having a reference
channel; and 15 Fig. 10 is a perspective view of a represenigp s

embodi ment of a neasur ement system DETAI LED DESCRI PTI ON OF THE | NVENTI ON
As shown in Fig. 1, the manufacturing of certain materials, for exanple,

pl asti cavaoxkesol yneric materials, into a product 40 iporalsvessza conduit 20

t hrough which the product 40 flows. In one enbodi nent, the extrusion of the
product 20 40 is done to nove the product 40 fromone |ocation to another.

I n anot her enbodi nent, the extrusion of the product 40 is used to formthe
product 40 into desired shapes and sizes. Various manufacturing processes
desire tdypsaly, Hbe c:oild:mit 2hds catposed pf epeetetigsthat ist haalde,odgldtand0 t 0 assi st

in manufacturin d/or. sorting. .Further the product

speci fi cé’fexg??mrvgq &la‘?e Qng%ﬁﬁl%?%?%e&wéb@% Dﬁgﬁggr‘setﬁ%‘ﬁ?@ (‘lep?fﬁgt are nore

corrpl ex tofiamewillscmbteridl aliay iscopRdiiesS Taaefor, el BhdethérQidperifes bi@ecol or. -3 4
/USOl/ 24434 Typically, .the conduit 20 is conposed

July 2005 WO 02/29389
of a mat &Fqdft ‘?Onﬁt‘% Hﬂggblaéneafqrﬁfpﬁlté)‘ﬁgem iLf dhdb ears\reportiars elithe n t hese

desi sed I%E'dﬂa&r4b'o?§rodhélaoﬁﬁﬂﬁ@Ib&ux%@lnb@%?ttﬂ@éo%ﬁ&2’0 conposed of a netallic
material that is opaque. Therefore e col or and ot her properties of the

product 40 is determ . ned by a neasurenent system 10 that views a portion of

the 5 product 40 Br 1&rb(9d6ﬁ’aﬁﬂ(§°‘ttw&t30 1§°P‘P’69€P¢1§3 thercondpt 2hef dBnduit 20. In
Fig. 1, sndadpassht %%ngﬁxoﬁlabé%ﬂ?&%eﬁ%ét%et o éb@iulaﬁo@a@ webnt he

rreasurerrent system 10. It should appr eci at at t ypass section 30
can be aﬁXIS@g@ﬁ&S@Oﬁ@paﬁﬁlep@?dmtéﬁ agd, ﬂefowommmxatm-paammmheref ore, a

separ at e el t n_on-line
sensor 5 ?/s coﬁngp@g}d OSECf Ad ylb‘gegg‘%?% ]S%%fgg%ﬁ%e ]Z%S&fseﬁo? end 51 and a
secdhd el viaa firdt quadrst |audl asécohhmd;ﬁﬂo dupdrtietDoffthopyeduchA® fows thidagh by pass
section 30 ,and throu ensor fro t.he f t end 51 to the
second eﬁ?f @?assfﬁc@%%}al ﬂ&rglkghéfber 015 "u%‘f%g@ rom! @Férﬂn‘i Eff"a@% 52 over its
entire seohdiesl a7. eerhe I’(bﬁ-liiud isét@ort $Teintluddat aneditbr FhefRRGB HiRr g8 emiel end 57. A
first rec tacle 5 second re eptacle 56 are provided _on the outer
surf ace . g 35§ afeq di qfh g%gqg -3 and e second end 57. A first receptacle 54

and a second receptacle 56 are provided on the outer surface 52 of the on-line sensor

15 50. The first receptacle 54 is connected to a light source 60 via fiber optic bundle 62,
The second receptacle 56 comprises a light receiver 72 that is connected via fibér
optic bundle 76 to a spectrophotometer 70. A display 80 is connected to the

spectrophotometer 70 via connection 74,

In Fig. 1, the measurement system 10 includes an on-line sensor 50

20 that is connected to the bypass section 30 of the conduit 20. In a representative
embodiment, the conduit 20 comprises a viscometer extruder that extrudes the
product 40. As disclosed above, a portion of the product 40 that flow ﬁnough the
conduit 20 is directed to flow through the bypass section 30. In another embodiment,

the conduit 20 and/or the bypass section 30 include a valve or other mechanism (not

25 shown) that is activated to select when the portion of the product 40 flows through the
" bypass section 30, In one embodiment to assist in the measurement of the color and

other properties of the product 40, the outer surface 52 of the on-line sensor 50 is
opaque. In one embodiment, the outer surface 52 comprises an opaque coating, such

as, for example, a deposited coating and/or a painted coating. In another



15 50. The first receptacle 54 is connected to a |light source 60 via fiber
optic bundle 62. The second receptacle 56 conprises a |ightyfiesgjsver 72
that is connected via fiber optic bundle 76 to a spectrophotdoneter 70. A
display 80 is connected to the spectrophotoneter 70 via connection 74. In
Fig. 1, wohexsasur enent system 10 i ncludes an on-li necsmaem43s0 20 that is
connected to the bypass section 30 of the conduit 20. In a representative
enbodi ment, the conduit 20 conprises a visconeter extruder that extrudes
the product 40. As disclosed above, a portion of the product 40 that flow
through the conduit 20 is directed to flow through the bypass section 30.

| nanot heppsdRest! {HR Bhter sﬁrk‘aé% CaRsHibd ar?bhagidléaain ol 4ieh Y, Fas&asgl] 4on 30 incl ude

a val ve or other mechanism (not 25 shown) that is activated to sel ect when
t he por t inestal of plestie hpysinguct 40 flows through the bypass section 30. In one
enbodi ment to assist in the measurenment of the color and other properties

of the product 40,4 dénswﬁaﬁﬁtrg B Wk @Cfheénstf 50 MEasd fi19end3N98d 250 is

opaque. |n one enbodi nent, thé outer surface 52 conprises ,an opague
coat i ng, seaped end§. Thﬁrﬁlé&%{mﬂl@ndéilecﬁéwdletl@§7 arsaronpRyted el fA§rbYRaspai nt ed

COa kNG, LRI Hene dhibaliihy 2005m WRLOY 33 REH WBOHe24dAG erbod ment,

t he rises an opaque casing, suc exa a
met al or epd 8% hie¢hrialily bmgnecté&tosthmbypassmedﬁpg 30. 1In ﬂltsesmbndlmenfeths é'lmt or 50

i ncl udes a .second 2 Th and the
second effd g#“‘é\iﬁt@e i"'ﬁ?ﬂﬁ%@?gg 0?18a'{1ﬁ831139f&§r§§de§§°%“ ?’ %érg@g t%%g’p%%e embodi nent ,
as shown gkdkiofrizg-costaing Bepakt ﬂﬁdad@h@bnﬁéctoﬁtr}dotﬁhesmomﬁreadml dinetoe t hreadi |y
connected to the b ss sectio t hi @%gdl nment #J‘I&%I rst end 51
and t he §é9(§’ﬁ%ﬂeéﬁﬁd YRagH sestion é’@n@ Wt’"ﬁ?@‘é ComGERY § €and t he
bypggs sﬁd@em%ﬁ 56O Bt BEIRYRARS 50, hems edb&ABR hObypaskQureddde sensor

threaded connector 350 connects the bypass section_30 via the bypass
t hr eaded cgmwnfecﬁliﬁ the@dily gngages the sensercthieadedronnectian 338 BrshpHE Y8n-1 i ne sensor

In t Ao OGRR e FAQnl BT Cadl |y
engages t e@éﬁg&s)g‘lra %Hg%déﬂ%a%\g%%%?ﬁoggﬂgg a ‘Ss}ﬂgﬁllrl be appreciated that
a sensor ahbrisnsednd emh§%t dit sB&M ko Ibotmupmat@d tbajt pithongh ther gnsasnd 51

threaded connector 350 is shown as a female connector and the bypass threaded
15 connector 330 is shown as a male connector, the type of connection may be reversed

or may comprise a combination of connector types.

In another embodiment, as shown in Fig. 4, the on-line sensor 50

includes a sensor flange connector 450 that is connected to each of the first end 51

and the second end 57. The sensor flange connector 450 connects to a bypass flange

20 connector 430 on the bypass section 30. The sensor flange connector 450 connects
the bypass flange connector 430 to the interior portion 540 of the on-line sensor 50.

The sensor flange connector 450 and the bypass flange connector 430 are connected

by a coupling device (not shown) such as, for example, bolts and/or screws. Tt should

be appreciated that a sensor flange connector 450 is located on both the first end 51

25 and the second end 57 of the on-line sensor 50. It should also be appreciated that the
on-line sensor 50 can be connected via a variety of other coupling devices and the

present invention should not be limited to only those disclosed herein

As shown in Fig, 1, the on-line sensor 50 includes 2 first receptacle 54
and a second receptacle 56, The first receptacle 54 and the second receptacle 56 are

30 located through the outer surface 52 and into the on-line sensor 50 and connect to a
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and the second end 57. It should al so be appreciated that, although the
sensor threaded connector 350 is shown as a fenmale connecupﬁﬂ§@$?§:he
bypass t hreaded 15 connector 330 is shown as a nal e connector, e type of
connection may be reversed or may conprise a conbination of connector
types. Woemsdter enbodi ment, as shown in Fig. 4, thecamustizaeisensor 50

I ncl udes a sensor flange connector 450 that is connected to each of the
first end 51 and the second end 57. The sensor flange connector 450
connects to a bypass flange 20 connector 430 on the bypass section 30. The
sensor flange connector 450 connects the bypass flange connector 430 to

t he int erlight sqnmsd 60andA0Lg rédeBe0 7?2, fekiRctiRRS OThe Girst rEfptasRNSOLs 1 ange
connector 450 ass flange connector 430 are connected by a

n
coupl i ng BAC gt? m’r’th]‘%lﬁé e &), wg agldber pptic bundlefiZethat compsisesnil e screws. |t
shoul d %@&B{eﬁplaagﬁfahghef oBtGEHRe fdudoR &8 Oc,famﬂgo ThSodeCCat €d on

both the first end d"the second end 57 ' ne sensor 50. It
shoul d al E@odignenp thedighbsaueretiiaomptisss a@nhbratnéhslérsempe éDswhthabtheconnect ed vi a

o2 ot vight aBl b B! B oSN SEREPSS if BEisdl ESGALTHEIRYRR, PhOU 4, !

be limte |sclose Refei 'the on-1ine
sensor SCBmhodllmme&icdlghh sosice 6@ comyirized whitk lighhabume s Tholight t@é:leat'?acl e 56. The

the- out orcibup aE ol eBSE RE TRCAIR MIERR 2 hebs ontra il 1o n o 4

July 2005;pemwlﬂa&8m PGT4ddRibl d4ehdertbiogittent; Gkt &Berbéptiafindle 1769t recei ver

72, respectivel rst recep 6 IS connected to the light source
60 via a "IDan’é?eSé/ﬁ! ‘Eﬂ“@al e‘ishiftS%E‘gilrg? prpgssiatedithag dke lightsseivdent, a _
pl ungl i t y72akn e@hplfselamt m@wamsﬁquﬁwnec& ﬁﬂ/opﬁﬁﬁﬂﬁs FRIGAY FromThOAE enbodi nent ,

the Iight, source 60 conprises a calibrated ht source 60 such that the 5

| i ght t haiteisensanifip |ab]83ﬁt Qletsﬁ@ﬁ'ephqtqmﬂiefé@n&ﬁm & aise bp ppnseciatedthaont rol | ed. | n
another  H6AINR byl %! dufi¥ls 30 Wb6HR%: &%prtﬁamn&mr FnddpNt sOUTce.

The |ight receiver can, in one e I set I'ber optic
bundl e 7dighhsem joge wmé@awer,@nﬂﬁs ﬁbqumcrhupdiest@muéljﬁ sk6uld hot baddi ti on in

one enbo & bundle 76 conprises a plurality of optical
fibers. ﬁtﬂggﬁou?&éy 8£ea%%¥°3g®%e 24 that the Ii ght receiver

15 The spectrophotometer 70 includes electronics that are used to
determine the color and other properties of the product 40 from the light that is
received by the light receiver 72. In one embodiment, the color and other properties
are measured as the intensity of reflected and/or transmitted light at various
wavelengths that may or may not include the visible spectrum,  The

20 spectrophotometer 70 is connected to a display 80 via connection 74. In one
embodiment, the display 80 provides information and/or data relating to the color or
other properties of the product 40. This information can be used by an operator or a
control device (not shown) to control the manufacturing process of the product 40. It
should be appreciated that the spectrophotometer 70 can be connected to a control

25 device (not shown) such as a microprocessor and supplies control signals or data
relating to the color or other ‘properties of the product 40 for controlling the
manufacturing of the product 40. In addition, the spectrophotometer 70 may be
housed in or connected to a computing device (not shown) that manipulates the light,
data and/or information supplied the on-line sensor 50. It should be appreciated that

30 in other embodiments the light receiver 72 can be connected to other analysis devices



10 72 can conprise any nechanismthat collects and/or transmts the |ight

fromthe on- line sensor 50 to at |east the spectrophot oneteyyshos! t shoul d
al so be appreciated that the fiber optic bundles 62 and 76 can conprise a
device that transmts or conducts |ight fromone source to another, and

the fibavommsss bundl es 62 and 76 shoul d not be |i mpcedisexesal y t hose

di scl osed herein. 15 The spectrophotoneter 70 includes electronics that are
used to determ ne the color and other properties of the product 40 from
the light that is received by the light receiver 72. In one enbodi nent,
the color and other properties are nmeasured as the intensity of reflected
and/ or t aishbw)ad ahAlght vatouy plob&H S y not

i ncl ude t(he v erl)bl e sgiekzztrum ﬁlfI'Ee %OO%EI{O?%%E? (S)ﬁndg'?%rﬁgéxl splécrgnnect ed to a
di spl ay @G%P@ﬁ%ﬁﬂﬁ@éﬂq -on 74. In one enbodinent, the display 80 provides

I nformati on and/or data relating to the color or other properties of the
product 40. This igf control

devi ce (not, shown &tdggcgggﬁ?(ragbﬁaﬁeHﬁt?&?ﬁ%ﬁr%ﬂﬁ%ﬁ%@é@@ z{uﬁwﬁg product 40.
It shouldgvigrs (Ef-‘ﬁﬁ @) an ediitiondo therrpecsiophntonagstriionenalyzere odor doé connected to

trol, |
conttol  SUERpRBMESO{ BObratlaNY BUD ARl o GHPRRETRT P BN Tos' OF (he
pr oduct mhtfairdif&mmt waldlengthst sush asrﬁmmampb; Tighy 1mf.het1hﬁarai, @ttrawioled 0: 1 n

addition, t Q hous onnect ed tb a
conput i nSﬁ’Eg‘.‘dz‘gﬁ‘f'g 8?6%%}2‘5\9/\;? rﬁﬁﬁ? ﬁﬁyﬁfﬁtpé%&juf’?fgatl dege“&?é{’te and/ or
i nf or mat imamelengfipducie that the vaﬁedslpmpeﬂﬁmﬂhe pfddudtt080 bé ﬁxeﬁb@reﬂpml@Ci ated that

30 in other enbodlnen the,li receiver 72 can be connected to ot her
anal ysi s VO prpertigs ﬁ% | RFodisty ¢ é%}‘ezg‘g J eulor AR apdot shown) to

analyze \sehet mu@nﬂrpe%&tae eghede aRSusRirQidHeh gé{)be SRSy vﬁ rrpl e, color

of the product 40 di scussed above, th recel an be
connect edhsymstsis|apalysis omdha kgt thah i afiopisduby then P@d@ﬂttﬁﬂo rCltemunttec

spectr Oplaﬁ‘atlﬁfﬁlefs & st&ﬁtléa@ aﬁﬂ?&é’ E&eﬂ e Qa’bs&ﬁ%ga%n@&ﬁ%ns@:s?%& roi" es of the

product 40. hi's regar source uce I at
differe ntllghtdbeé |heen@ph sffe@%d:bv the prddmt 48x Jmphecgmbadiphdnt, |th|e themimetfic ar ed

ul'travio Lﬁatlysw of the light affected by the product 40 can detect subtle or minute changes in

15 the light spectra and attribute these changes to compounds, such as, for example,
pigments that yield the desired color, that are present in the product 40. In another
embodiment, chemimetric analysis can determine if other additives, such as, for
example, release and UV stabilizers have been formulated in the product 40. In
addition, the chemimetric analysis can determine the condition of the light in the on-

20 line sensor 50 to determine if the optical path has become obscured.

As discussed above, the light supplied to the on-line sensor 50 is used
to measure the color and other properties of the product 40. In one embodiment, the
product 40 is opaque and has very low light transmission property. As such, these
opaque material properties of the product 40 allow very little or even no light to pass

25 through the product 40. Therefore, the portion of the product 40 that is in the on-line
sensor 50 reflects light from the light source 60. For this material typé, the first
receptacle 54 and the second receptacle 56 are positioned on the same side of the on-
line sensor 50, as shown in Fig. 1. Thus, the light receiver 72 collects light supplied
by the light source 60 that is reflected by the product 40, and the light receiver 72

30 supplies this light to at least the specirophotometer 70. |
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(W) and visible spectrunms. Furthernore, the light is produced at the
predeterm ned wavelength such that the various properties 4oyl fgspr oduct
40 can be neasured. The various properties of the product 40 can incl ude,
for exanple, color, additives and 10 other nmaterial properties. These

vari ous W ayesswi es can be neasured by perform ng chegrmstwvzasanal ysis on
the light that is affected by the product 40. Chemnetric analysis is a
statistical analysis determ ning the absorbance and/or transm ssion of

| ight that has been affected by the product 40. In one enbodi nent, the
chem netric analysis of the light affected by the product 40 can detect
subtl e or minute ditaigesdicls 1 bbe ltapdhbrefpasd/on tamsluednt rmdietiag t hese

changes to conmpounds, .such as,, for exanple ignents that yield the

desi r ed e&vsﬁlg?&ﬁ%a?lmgrl@gﬁm%mgh tkwg%%%cfo &ﬁsmm deiplonand enbodi ment
chem et bingr dRPENRS If GReRe dRhddhNRnkdarddt MpkerRBdild YRHne J4EG 56, for

exanpl e, release and UV stabilizers have been fornmulated in the product 40.

In addi inches, ithenecevehediment the fislaeseniagle S4rpositiensd it pleout A80 degregs ti on of t he
3 : i ! et : frh
e’ opERGOAom i L8 25800 B0 Wk s IEARMRL D217, Tac

becone ob above, ht supplie e on-line
sensor 5(ightsoursed0 supplissdightiodhe first wodptaclediddhaitihwansmittgdahroughstheof t he product

40. In o e [ t,. the.. pr t | 8, 0pag and.has.,very | ow |ight
transm sﬁf"é}%&g@gﬁgﬁﬁf uﬁﬁgﬂg@ﬁ%ﬂfﬁ;e@@gﬂ%{%@% ﬁéiter?%é‘{%r ;’Fo‘ﬁ rties of the
product 4énnatteduwo ke yedohd tréeepiacie 36en Inchduidybe dpprepiaed (RS, thridsigh t he
product 40, Therefore, th orti of the produ 40 that. is in the on-line
sensor 56’“"%‘1@8‘3&&‘5 ﬁfsbﬁfep%cfﬁﬁrﬁ%gr&feisﬁ?ﬂ“&ﬂg?t@ge g%?“’l%f‘rpoﬁlﬂf’%ér?ﬁteri al type,
t hei i r stnglésesteptiam! 8o 4 seaekrédd @0 iREARChE 66161InAW IR pfopafties MOméEt i oned on the
sanme side of the on- line sensor 50, as shown in Fig. 1. Thus, the |ight

recei ver PregutdPy ect s | i ght supplied by the light source 60 that is
reflected by the product 40, and the light receiver 72 30 supplies this

light to at |east yWike RRClHrPplah@ Bl @it K9 iranshafbnt dhd/or2@Blucéd 02/ 29389
PCT/ US01/ 24434 Ot her products 40 have trag&garent and/ or transl ucent

mat er i al majsrighpioperties, theameasnemont| afghe celer pads sthempropertien iscdifficdliuct 40. To
determ nﬁeéa{i% etﬁ%h{?:?uél“w maﬁ;hgfé E@E QPES bhisS PherdiRSh: ddeHbbitGRAL / L ranspar ent

materi al s, I ne se
15 the measurement of the color and other properties in products 40 ‘that are

transparent/translucent is performed by measuring the amplitnde of light that is
transinitted through the product 40 at different wavelengths that may or may not
include the visible spectrum. When the product 40 is transparent/translucent, it is
desirable to have light pass through the product at a larger distance or path length

20 between the light source 60 and the light receiver 72. The increased path length
increases the sensitivity of the on-line sensor 50 by requiring the light to travel
through more of the product 40 in order to determine the color and other properties of
the product 40.

In one embodiment, as shown in Fig. 6, the path length is increased by

25 using a reflective member 600, In this embodiment, the on-line sensor 50 includes a
reflective member 600 in the transparent member 500. In a preferred embodiment,

the reflective member 600 is positioned near an inside edge 610 of the second
cylindrical section 520. In another embodiment, the reflective member 600 is
positioned at a location between the first cylindrical section 510 and the second

30 cylindrical section 520. In even another embodiment, the reflective member 600 is
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I ncl udes, in one enbodinent, the first receptacle 54 positioned at about
180 degrees 5 opposite fromthe second receptacle 56 as shqvgtms}fodgi g. 2. In
this enbodinment, the 1light source 60 supplies light to the first
receptacle 54 that is transmtted through the product 40, and the

transm wmaeet/Pisght is collected by the Iight receiver pZ2ubhai4sus connected
to the second receptacle 56. It should be appreciated that, in this

enbodi ment, the first receptacle 54 and the second receptacle 56 can be
positioned at 10 angl es other than about 180 degrees to neasure the col or
and other properties of the product 40. Wth regard to a product 40 that
has tranpesitioned owtsidé Qe rbispasitueiter SR tBe fildt SPRdAdaLRetidSI0MEaSUr ement  of
t he col oh.gln oqt%Ger pro e;r%@yeajpi s difficult because the product 40 may
have | it ¢y tf Ieyigolys msnibe el length 5ecreasprbbrcansa first 1septrale neasur enent
of the cekqs 10afd Ok NE hreRiQRAIEH BStarcl B£8R AHE s&eofl® 1dRAEIR%S, . The .
transparent/translucent is perfornmed by neasuring the anplitude of I|ight
that is reflegtivermentheg 60 iscuesitioned dbepres st figOreagptagier Feandrthe verord engt hs t hat
may or F ned 5 | sl : he. d 40 is
trans(s)pargc%?ﬂ/? %trl%t%és uclgggs,lﬁc{ﬁg d ¥ﬁs Eﬁ sfié;ﬁﬁéegﬁgé ﬁ%:\/\\glgdq?)%haﬁ?ﬁ%gescgg% hr ough t he
product 520 in relatigeto thl Sistraceptacle Spand tHeesogpnk r@@pthel¢ 5& eThd light b2@ht source 60

and the Lj recel ver he..i.ncr.ease th le h increases the

sensiti vh %kﬁd‘f hgﬁedoéﬁ-e I6|6ﬁféa @8@8?8%8%1?%2%#715% ﬁ?eﬁ?ﬁﬁsgﬁ% travel

thr ough dissoieddtoteeonplinedeusir 500 Thaligitéed piswsdiRosgiTheodieearplias and ot her
roperties o _he_product . one enbodi pent, as shown in Fig. 6, the
P hC entenior nortfpesDiseR s eectes by e Allecive BERBRDY e ThABES0B! | o thi s
enbigdi ”Eﬁﬁssesttﬁﬁ)ugﬁltﬂelbged@?ﬂﬁ% R0 irit ok YRR 40" £hhBEd: | oF AR 600 in the

transparent nenber 500. In a preferred enbodinment, the refléctive menber
600 is p@@F?an;%thﬁé@“% megdier| 600, gnb ingong eatbodimsnts also reflectingl affdr i cal
section §2Qecohd rd Ec ELg ek e ct:] (EEFQ r I's

posi ti oned at arl %@g{kfef)ﬁn et vvleen pﬁreeggléggl?dﬁ’égﬁ%%%ca Z’e%%ﬁgen 510 and the
second 3leght 20 risipllewdd toausy throughkohe prodenteld iartbe feerioe poiidn ity t he

reflecti hfmuE His)tilrﬁes(tgsOOpipﬁsed-to8 juﬁ 0‘;13' kix'ne%)&g’re thvé%ansgzn/n%tgd?' Egnt %%Eﬁl%&%o 1/.24434

15 by the light receiver 72 via the fiber optic bundle 76 in the second receptacle 56. In

Fig. 6, the reflective member 610 is shown on only one side of the second cylindrical

section 520, but in other embodiments, the reflective member 610 is disposed around

the entire circumference of a predetermined portion of the second cylindrical section

520. In a preferred embodiment as shown in Fig. 6, the first receptacle 54 and the

20 second receptacle 56 are positioned at an angle other than 90 degrees relative to the

 transparent member 500. This angular positioning of the first receptacle 54 and the

second receptacle 56 is advantageous when introducing light 620 into the interior

portion 540 and for collecting the transmitted light 620 because the tht 620 is

introduced at an angle into the interior portion 540 to increase the path length.

25 ~ However, it should be appreciated that the first receptacle 54 and the second

receptacle 56 can be placed at any angle relative to the transparent member 500
including a 90 degree relationship.

Another embodiment of the on-line sensor 50, as shown in Fig. 7, is
used to increase the path length of the light transmitted through the product 40. In
30 this embodiment, the first end 51 and the second end 57 are disposed along different

axes. In the embodiment shown in Fig. 7, the on-line sensor 50 includes an interior

9.



posi tioned outside the transparent nmenber 500 along the first cylindrical
section 510. Wth the reflective nenber 600, the path |engtjysposncr eased
because first receptacle 54 is located at a predeterm ned di stance from

t he second receptacle 56. The reflective nmenber 600 is positioned between
the firswoexewptacle 54 and the second 5 receptacl e PéTamd/¢4&4posi ti oned on
an opposite side of the second cylindrical section 520 in relation to the
first receptacle 54 and the second receptacle 56. The light 620 fromthe

| ight source 60 via the fiber optic bundle 62 in the first receptacle 54 is
directed into the on-line sensor 50. The |ight 620 passes through the

product 40rtion 540 ehat irheatiright poelds) Howedet, ARBoUlS bé Bipragdia@linyothdie reflective
menber 600, The | B‘t 620 then 10 passes through the product 40 in the

interior SBEPHMERS EbEdg am, infasior poskion 340kt Bipns gt angles other gian PP degreesy of | ect i ve
menber 6QG8d i@Hghri gorAs sa0Taed iaféedﬁbstaxﬁiaﬁg 106k | fRfl Hﬁ?f?}{lé’{s éned n%f;g)l ggeond

receptacle 56. It _should be appreciated that, In ment, that the
light 620°608d §nd lvekt §ig T adixed probei gl s pesifonsd irc the AQnsparentmetbrrer i or porti on
540 & nugbes . Rkatidn ﬁ'ﬂj& | ' fore.the transmtted
light is col I%g)taéd %%e&@ﬁﬁsgﬁﬁ?g t r%cslg#@ge]rﬁqgn%/%hg%%ﬁ'?ggfﬁbngpg%pt I ¢ bundl e
76 in theacdtiondRl rlbedixed prabe F60 id locathd ip the, firsthecopablectt indeinrmmeber 610 i s

shown on | yLindri.cal ction, 5 but in other

enbodi rrer??lg %;&i{u%@q? ééfrﬂgfc@% @ﬁeerpﬁg%gog&&g fg ilrhe g’f%&%@@ﬁﬁ?@?}'ﬁg{he ﬁ%@ entire

ci r cunf esemce 6dfto e piwedat ar specifiell fived pesiticaf intthe cagmendns®yI50ndki cal section

520. In g preferred e Lment as shown in Fig. 6, the fiyst receptacle 54

and t he 56&? eéliﬁ’ﬁ‘(‘j“”ﬁé’&@re%?ﬂ@ Il%ﬁ%%ﬁ?tﬁdqgﬁg@‘?’i teﬁg%t &Yh'%gﬁcajr?&?t’émétlﬂer t han 90

degi@es and theisscond Oylinkbtical bt oS PR %vﬁﬁéﬁpﬁﬁosﬁﬁﬁ probB 1730 &NB4skaAin POSI ti Oni ng
receptacle 56 i s advant ageous

of the first rﬁcepta Igz 54 and the _secon )
when i nt fH5dER GECFPtQ‘?i? Gash Infing empedimpnteis pert of the fibsreptic hendin 6  or
col | ect | 881igfedof@am 4 hobigBbsifebrBEEPY S Robd fhel g feciod ggft% i ntroduced

at an angle into the interior portion 540 to Incredase | ength. 25
However , be positiensf dit yaricass mointy adjasentt foathe trferior ipogionr #@eaptingbae 4 and t he

second : . n le.rel,atiye.to. the
tr anopar S ene B péin SRt il 68BN IPp Gl v ST ot ner
enbddi nepertiol Séhe Thn-variade-pasitoarproiiy, 7Hs cahimnovad foi Guiods positionsised t o
i ncrease_the path lLength of the light transmtted thrqugh the product 40.
In 30t ﬁlitogg g.ﬁbag(bsl h’@ﬂ% E(gr};gntpli}l]x gqcatgﬂ&)e%e%ﬁ@ %ﬁ@dg’é’@ﬁﬂégeﬁ’i‘é tg? are di sposed
al ong di ¥értableriosition probe 710. This positioning of the variable-position probe 710 can

increase or decrease the path length that the light must travel through the product 40

before being collected by the light receiver 72. It should be appreciated that, in one

20 embodiment shown in Fig. 7, the fixed probe 700 comprises the light source 60 while
the variable-position probe 710 comprises the light receiver 72. In other
embodiments, these positions can be reversed having the light source 72 being
associated with the \}aﬁable-position probe 710 and the light receiver 72 being
associated with the fixed probe 700. It should be appreciated that the fixed probe 700

25 andthe variable-position probe 710 can be positioned on the same or opposite side of
the transparent member 500. It should also be appreciated that the light from the light
source 60 may be affected by the product 40 in other ways other than reflection of and
transmission through the product 40, and the present invention should not be limited
to the embodiments disclosed herein,

30 As shown in Fig, 5, the on-line sensor 50 comprises a transparent

member 500 having a first cylindrical section 510 that is co-axial with a second
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axes. In the enbodi nent shown in Fig. 7, the on-line sensor 50 includes an
interior -9 4 July 2005 WD 02/29389 PCT/USO1/24434 porti gqypAgbgshat turns
at right angles. However, it shoul d be appreciated that other = enbodi nents
include an interior portion 540 that turns at angles other than 90 degrees
and intevoer29porti ons 540 that are substantially |inegr/kewemasahe first end
51 to the second end 57. In Fig. 7, a fixed probe 700 is positioned in the
transparent nenber 5 500 at a | ocation between the first cylindrical
section 510 and the second cylindrical section 520. The fixed probe 700 is
| ocated in the first receptacle 54 and in one enbodinent is part of the

fi ber optdylindidiidbaion220. TiMBe iiter@arfite 3P nd/Rouddrled@ ot dMGnki@Portiof OUr ce 60 to

be pl ace é a_specifi ed,fixedé_positi on_in the on-line sensor 50. A
vari abl e-5§ Spiinedhe grivsmaies phthe firgf cxlindricd sgctign LY. wEherseeand cylindsiealcy| i ndri cal

section 51&i0hG28 'Héﬁﬁégghé %’ﬁféﬁlﬁ ﬁblydoh el gﬁa_"i‘lexé? e rlen%%p of #i8%n-line

vari abl e-position probe O is located In_ e second receptacle 56 and, in
one enboderienil thitds granecteskto thedypaspaectionsi(i wia tha figit end’Hl andfthel segpind r ecei ver 72.

The wari LI Y/ Light receiyer 7 o be
posi ?i omaaegh gzp@?#’.% (}:)ttfjbg ‘%E%.%? g‘lég?aggé‘%\t,ﬁ{og@f ‘i}%g b?%atsse?e?%(’rn j;?oajstoif%)ﬁ'tsmo to
i ncr ease thmoughdibe idearior sedtion fdo hof flengi-inectnsoh §0. Thh tirahspareaininémied t hr ough t he

pr oduct in interigr 1 ortion.540. The vays.iabl e- ition probe 710

can be rmdsggdls t%ﬂ%‘?}w E)E% ag&yi &‘F QF@E S‘éﬁpgﬁcb%ﬁ’ﬁl 2533 llgféthﬁ(’t“r‘ies&ﬁz? i%iont ally

| ocat ed hehssited thivagh ihs édnpaehiamsiiRr s00do tHegrodtet 4(alth 8 rdpesbdtitne probe 710.

Thi s posi ti,oni n’?‘ t%f the vari abl{ e-é)osi ti.on probe 710 can increase or

decr ease eml?gélglg hihe SARSPAreRlBgm e_ﬁéqqo&ﬁﬂsﬁﬁﬂg?ﬁzt- B geqther FepsRseHativa e product 40

bef gpe beigditeht Be hﬁrﬁpﬁ’énttnﬁtﬁnﬂef St comBRRk %@b?ﬁ@ : '%‘Hetouﬁp Otfatle ﬁiisappr eci at ed
e

that, in one 20 enbodi ment shown in Fig. | xed probe 700 conpri ses

t he' | i ghtPraviied seensore,ihat|tee light sunplied tatshecorplins senson 5P meshainsriaghecumpr | ses t he

| i ght reggi e el E matbd PR i i . be reversed
havi ng tﬁ@h Fél?lé?{tsgsagg Eb clfleHt ?%Ezgaetl ng %@gﬁ%&tl@?@%{%@%&t\‘%@yg@_ %- posi tion

pr obe 71CGamaitbw theddtérgimatine ofimaent of 2ighiahis iy suprdizd ¢o tie ed-limé $elhsarl5@ fi xed probe

vari abl o Dai e P ER 5 A Soale Bkt ETEaPLRY Brdotu@ B Popposi 1 e si e
of 1fhe tThisniafoanatioh provides valofile inkighiab etisl dlod kbdohe@haipsRaizabedet hat the
l'i ght fr%gadtu&gm.l I ght

In Fig. 9, another embodiment of the measurement system 10 includes

a reference channel 920 that is used to determine a baseline reference point for the

light source 60. The reference channel 920 increases the sensitivity of the on-line

20 sensor 50. In this embodiment, a beam splitter 910 splits tﬁe light from the light
source 60 to both the on-line sensor 50 and the reference channel 920. The light from

the reference channel 920 and the light from the light receiver 72 are supplied to an
multiplexer 930 that can selectively supply either the light from the reference channel

920 and the light from light receiver 72 to the spectrophotometer 70. In this manner,

25 the multiplexer 930 allows the spectrophotometer 70 to measure both the light from
the reference channel 920 and the light from the light receiver 72. As such, the light

from the light receiver 72 can be continually or randomly compared to the light from

the reference channel 920 to detect any changes caused by variation in the light

source 60 and/or degradation in the fiber optic bundles 62 and 76. In addition, if no

30 degradation of the optical path of the reference channel 920 is present, any change in
' the ratio of the intensity of the light from the light receiver 72 and the light from the
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source 60 may be affected by the product 40 in other ways other than
reflection of and transm ssion through the product 40, and juRe2qosesent
i nvention should not be limted to the enbodinents disclosed herein. 30 As
shown in Fig. 5, the on-line sensor 50 conprises a transparent nenber 500
havi ng avdéw29389cyl i ndrical section 510 that is co-axirgi/ossda4za second -10
4 July 2005 WO 02/29389 PCT/USQA /24434 cylindrical section 520. The outer
surface 52 and an outer edge of an interior portion 540 define the
extremties of the first cylindrical section 510. The second cylindrical
section 520 defines the interior portion 540 that extends the |ength of the
on-line r&&@ﬁ@rch&&etmcah%e@a@w&t erhelcBmbRfioR YPAS Sighah bEUsedlo Vi @ the first
The p og

end 51 and the second 5 end 57. ortion of product 40 that flows

t hr ough Gplermps shescondisien of tmoopticalopath imghe anHingusghsor 158, susheasi fx secti on 540
of the oRpslli . . n t kS transparent to

al 1 ow t RS TI0f P 8 Bficat fath o fobiel sPBR e BB e AP ol BRI ¢ o

t hr ough tdecasr b plaowai tcamdeiennded tootht heulfipladn 9304t0. detsiminer thpr esent at i ve

enbogdi ne J n [ r..500.c rises guartz. | ot her

repr §eis e n? g%pféheggi‘%thgﬁ% g‘%t %be]%?&%te @u‘?t? g‘r‘? élﬁg{%ﬁ‘ %F@‘@ch:%‘ﬁ“’@g%ﬁ i ses

sapplhi rgIn Fren mnmafﬁnﬂmﬂﬁx&netlﬁhda&nemém\sj{mm eanep&h Sﬂﬂ@? tdferendelog | 1 ght g
supplied,itaq. on-|.i sensqr _50.remai.ns jn the on- |line sensor 50 and is
not di ssfl}?glgi‘gﬁorpghetlﬁﬂgsoﬁﬁ’ﬁ%&?’&s %Wéésﬁﬁsqcﬂg&"qn?a‘@é‘ma ated can

al | ow t henedpitersibdhain obtaindd AOMUAE lizht HaO i atited bys tRURBIMIcEdoti9 the on-line
sensor-50 by the |ljight source 60 and the amount "of Iight that is collected

|
by the | PealyZed dgigg gaqmumotric pgalysis BY ither pestophpmeienil eeethasmalybse i nsight to
t he1gol Ottt/ fiot Wb, PTARCEAERCRT, biysisP A dherhthos | dalbdine 9, another

enbodi nent of the neasurenment system 10 7 ncludes a reference channel 920
that is wsegieneentiefths sremef the hight spacirem aed, direaneenpiss taterfrmasurémeent | | ght sour ce

60. Th ey ! ' . |10Vt f.th -1 20
censor 50 i HEPRReEEERP B o 05 BRI NG Ssidve PhYT) Tont from
t he |i ghthis seference BEastrembnit dan tdetermine) foneexampis,0degbddationd i He Mght er ence

et 8 el A ST i L 1 7 from

15 path in the on-line sensor 50 can be determined. :

- In even another embodiment, as shown in Fig. 8, the on-line sensor 50
comprises a transparent member 810 that is positioned adjacent to an opening 840 in
the conduit 20. It should be appreciated that the opening 840 can be included in the
by-pass section 30 (Fig. 1) that is connected to the conduit 20. It should also be

20 appreciated that the adjacent positioning of the transparent member 810 to the
opening 840 includes, for example, positioning in the opening 840, positioning near
the opening 840 and positioning at the opening 840 that seals the opening 840 such
that product 40 is prevented from flowing from the opening 840. The transparent
member 810 includes an outer surface 52 over the entire area of the transparent

25 member 810 that is not positioned adjacent to the opening 840 in the conduit 20. In
one embodiment to assist in the measurement of the color and other properties of the
product 40, the outer surface 52 of the on-line sensor 50 is opaque. In one
embodiment, the outer surface 52 comprises an opaque coating, such as, for example,
a deposited coating and/or a painted coating. In another embodiment, the outer

30 surface comprises an opaque casing, such as, for example, a metal or plastic housing.
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mul ti pl exer 930 that can selectively supply either the light fromthe
reference channel 920 and the light fromlight receiver 72 jp, 2008
spectrophotoneter 70. In this manner, 25 the nultiplexer 930 allows the
spectrophotoneter 70 to neasure both the light from the reference channel
920 andwdhenbasght fromthe |ight receiver 72. As suchct/ubmii4asight fromthe
| ight receiver 72 can be continually or randomy conpared to the light from
the reference channel 920 to detect any changes caused by variation in the
| ight source 60 and/or degradation in the fiber optic bundles 62 and 76.
In addition, if no 30 degradation of the optical path of the reference
channel 920 is praslemspmm;ﬁmem f thé bﬁ-hﬁ@ﬁdnébr(sﬁoﬁﬂ%ﬁldbmﬁml ty of the
light fromth I%@ﬁ recejver é%@g the |i ht fromthe -11 4 July 2005
WO 02/ 2055t 4 ?ﬁa@hfeﬁe@iaék atekerivreie grsbiibenprbe bewlipa? ed. The
conpar i sghy @k sécBEd libed Bﬁnc%ﬂdllé‘% Lf@s%@ctfv@ly o4k ﬁfsm'&? #:tlfteblﬁx% tohpn Of the
optical path in the on-line sensor 50, “such exanple, if the
optical parentestedieheexample, aHight GDIE@ @bﬂ?%el)at'ﬂv sehend fheheptiainal ysi s

the % pr S FOGHL) oGReRPor AERREAE o e BRMAGBOREE YRR om che

ref erenc enert)rsfsndﬂyiceg m'nt shdm)evhmxampﬂamntaam enibmmem thlaetralmasamt enent system

10 can provi dea,refe fromthe .. source 60. In this
enbodi nefit™ r §?%t‘i°“ ”Seql f?g%lohs[ign?n L BPIBHE | F%ﬂ%m‘g Y2 um obt ai ned

fromt he&hmsgﬁrbnthﬁmiberslmﬁlgﬁseedu@w the product 40 is analyzed using

chem netric analysis by the spectrophotoneter 70 or other analysis 10

devi ces (not showgl)lg} ge cheminetric naI sis, fi r determ nes a baseline.

measur enent of th @’F(’P}lfﬂef‘?“é?ﬁs i r”ﬁ?ﬁtgrﬁﬁ ofnp, 8 WAL es | at er

meapur emgidl refektabéte( ATRY héchﬁaﬁeemhteﬂcrbaseé he sers@iVitg of 42 dndidehenddpsel i ne
measuremengy As stated abov ref erence_ measurenent can determ ne,

for exanp? BY ingEgsng e pyh lqnﬁgtﬂﬁ’é ﬂ}elltﬂﬁ 8204pwelesingipr e oh. IfdefS ber. opti c
bundl es g ofllfle §&hsorPItds hRRIRQISH dne Qe OF thk REnRR DD C%e light 8RPdderk N the on-1ine

- sensor 50 can be determ ned. In even another enbodi nent, as shown in Fig.
8, the ofheltfapgarahmenba@lo @@rﬁbﬁtgé@bandipéagphrséeﬂecw&bmhem@o; hat is

poS {1 ongh ACRGEH bv@ 2008 W0 Bl ok 1B @A L dlla oyl d e

appreci at'e
15 product 40 and thhm the transparent member 810 until the light 820 is received by

i(

the light receiver 72. In another embodiment, the transparent member 810 includes a
reflective surface 830 inside the outer coating 52 to facilitate the reflectance of the
light 820 in the transparent member 810. In addition, it should be appreciated that the
on-line sensor 50, in Fig. 8, can be used to measure the color and other properties of

20 the product 40 that have, for example, transparent, semi-transparent or opaque
properties. It should also be appreciated that in the on-line sensor 50 of Fig. 8 the
alignment of the fiber optic bundle 62 and the light receiver 72 can folerate
misalignment without sacrificing the sensitivity of the light 820 that is affected by the
product 40.

25 In another representative embodiment, as shown in Fig, 10, an on-line
meagurement system 10 comprises a conduit 20 having a by-pass section 30 wherein
the product 40 flows from the by-pass section 30. The flow of the product 40 from
the by-pass section 30 is assisted by drive mechanism 980 that contacts the product 40
and provides a pulling force to assist the product 40 to flow from the by-pass section

30 30. The drive mechanism 980 can comprise, for example, drive rollers that pull and

-13-



by-pass section 30 (Fig. 1) that is connected to the conduit 20. It should
al so be 20 appreciated that the adjacent positioning of the jureruesarent
menber 810 to the opening 840 includes, for exanple, positioning in the
openi ng 840, positioning near the opening 840 and positioning at the

openi ngwid/wizat seal s the opening 840 such that predowsoddsss prevent ed
fromflowng fromthe opening 840. The transparent nenber 810 includes an
outer surface 52 over the entire area of the transparent 25 nenber 810 t hat
i's not positioned adjacent to the opening 840 in the conduit 20. In one
enbodi ment to assist in the measurenment of the color and other properties
of the pirelsthedftodiich@0 aud BherstschadansiBaiofroviiea dorct tacasienslr 50 is

opaque. I n one_ enbodi nent, the out rface 52 opaque

coati ng, P@d‘éﬁﬁ 40 §omythy byspassseelion 3G, I&&HB@%‘E@BP@B‘%‘W ﬁ’@ng’ﬁ Pctgﬂ’pai nt ed

coating. &%@eﬁsmeamws ARGy ﬁbﬁ%@ébhmm ;ﬂﬂor%qfotqu theGORIMLIZDES an opaque
s uc

casi ng, for exanple, a netal or pl astic housing. -12 4 July 2005
WO 02/ 29389 PCT/ US01/ 24434 The transparent nenber 810, of th{e on-1ine sensor
800 includes a fi MFig 1&asgheaspductsi ﬁ&%@é@ﬁ@“ﬁé&@ﬁpégi% K t hat receive

the Jirsg n%srhﬂ;lﬁp&sgglﬁmﬁﬂraqjg&n% 118 Wodubte4ts RE @it ePropeRisi oF thindl e 76,

respectlve opti ¢ bundle 62 can e connected to, for
exanpl e, pmdimt @Btfrom)hlght @4'6611(( MSmffeith byrihe pseduigidD. f Theelirslosasoe 940 bundl e 76 can

be connected.to or ot her

anal ysi s ng %ﬁ?ﬁo%h?éﬁdw %%2 P ?‘ﬁﬁ%ﬁ‘ga‘?’%%?@é%@at? llfd\?é%l{en‘gr %u?r%d'}\)t t he

t r anspar @nfirst matbeemﬂlsm mmsﬂnomlsad;aa@m Itn a secondhsidmof the prodigh dsent at i ve

enbodi nment , tr onprise ig. 8, the
on-1ine §"€Ff§?fr 33’696‘2:}3% HF%PE% P%Q ﬁ%g?tagiﬁ’g#g% ﬁ%ﬁh% al

ref jgct agfbﬂu&tﬁﬁR)Fdr%Hﬁbﬁ% thfalavd fbﬁ&ﬂﬁe@soﬁehﬁs sefisst wéflettive light t he on-1i ne
sensor I ncreasj ng, the patEleI hat H%‘ig‘ @dght B%rggth avel s,

simlar fQ‘J‘elF?fg?Mes pasifiopgcadiagent tg ’ldPﬂ the prrdyet ey f oned on one
si de of t TR2GsEliphereteivérVas bidfigOeAesmle member 810
via fi be?ﬁ%%%?é‘?%ﬁﬁﬁe?@yth@%ﬁ:ﬁ%&tgg rr%% gcggd bzz;trhe product 4080 to the |ight

r ecei ver liglt. re¢aiver 994 acenenmgsotasnio, ant gralysis gevicegtnot skowngds 2sewelb 9y t he 15
pr oduct %%an"f‘pléj a'YbdcibPhotdifetd 7BUERAN AL aBRARG nefbhDaBbot, the fillehdopht 820 i's

recei ved
15 940 can include a reference channel (shown in Fig. 9) connected to the first light

source 942, the first light receiver 946 and the first reflective light receiver 944 to

provide a light reference to the analysis device (not shown).

As shown in Fig, 10, a temperature reduction mechanism 970 is

positioned after the first sensor 940 to reduce the temperature of the product 40 to

20 product a cooled product. In one embodiment, the temperature of the product is
reduced to ambient temperature. The temperature reduction mechanism 970 can
comprise, for example, rollers that contact the product 40, chilled rollers that contact

the product 40, an air source that provides an air flow to the product 40, a chemical
application that is provided on the product 40 or any other mechanism or technique

25 that lowers the temperature of the product 40. A second sensor 950 is located after
the temperature reduction mechanism 970 to determine properties of the cooled
product 960 from light 957 and 958 affected by the cooled product 960. The second

sensor 950 comprises a second a second light source 952 positioned adjacent to a first

side of the cooled product 960. A second light receiver 956 is positioned adjacent to

30 a second side of the cooled product 960 to receiver light 957 from the second light
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the light receiver 72. In another enbodi nent, the transparent menber 810
includes a reflective surface 830 inside the outer coati ng JaB 2005
facilitate the reflectance of the Ilight 820 in the transparent nenber 810.
In addition, it should be appreciated that the on-line sensor 50, in Fig.
8, can o exeskot o nmeasure the col or and ot her proper ticeasef248@ t he product
40 that have, for exanple, transparent, sem -transparent or opaque
properties. It should al so be appreciated that in the on-line sensor 50 of
Fig. 8 the alignment of. the fiber optic bundle 62 and the |ight receiver
72 can tolerate msalignnent without sacrificing the sensitivity of the

1i ght 82Csotea®s maaiﬁﬁﬁﬁénﬁde@thrduﬂleme%&&lﬁxbdﬂ& 96@&.5Td #HdRIR! I \REordgePr €sent at i ve
enmbodi nent on-l1ne neasurenent sgstem 10

conpri Sesregecggﬁﬁa}ttreoggehgqﬂ] IﬁQO%tl%?d plha Brst side pHihe goologhpieduch96d fee pr oduct 40
flows frogdelihy %Qstﬁatsﬁ%ﬂéaféd% tgéf nglfeérlrgwd%t b@te 899%&8:%(1 ﬁghtf rom the

by-pass section 30 is assi st rive hani sm 9 tacts the
pr oduct 419091‘%85@)@7@\}41@@?}0@ lpﬂ¢clt1Vm]gghﬂ oeeizen 4 asséannectdido pr ahysts 40 to flow

fromst he dri rise, for
examgl e, %ﬁce o ?‘g%jé%?%hggs’g% F}Egglﬁc?’ %’g tﬁ’gﬁ‘?y %ggé%g\ﬁg?ozﬁlfgg%

PCT/ US01/ Mﬁﬂdmmaﬁnesshombrqoeimd[ght MY add948t fomn teembdwet Mefbﬂ&at provi de a
force th O.fram It should
be appr egcltog §‘i‘“’m§hgl§?§z 495%01&0 &’r‘? °8$ﬁgp}/°é]ﬁ§§’§pn§ﬁ rﬁi%ref directly
fromthe anaiysisjdéw&(l(na:rshawﬂ)cﬂaﬁ nndilvmdaﬁy dewsfitihé th%QJroﬁei‘heEbﬂthe fau@s the product
40f|om‘{0&ngltheg on 30, a first sensor O is positioned
adj acent P é@gqad% (9“ EABNaF the PEAPETes 9f@§P€9ﬂ“QtHQ angthgduct 40 from
li gho 947coaleaip1%§ct@ts® eq*h@dor@pﬁnm%fnﬁ@ﬁu mé’s(bf tﬂ_@ﬁ' oflidt 36 aRFORRL 940

conprises a first light source 942 05| I oned cent to a st side of
the prod¥qdugin960 gay inrevidg ﬁ@h@onﬁle@@wnomzr@iaﬁusg poshe prodestiondindcent to a

second SilfuRluhe RAEYNAOKS ol 66t Sha e Sfylolls eyl ansi L ed by

the |ight source nd asses t rou or products 40 that
have ref Iaédﬂﬂvwemﬂh@wd‘ucteéq the ﬁﬁamsmf lhefplrcmiutu 4@ at wg;hrtus stagescofvthe 944 i s

oS! ook ARST ok, O, B el ot 5 ALY, (R HRULEECLY "5t I
firdbd refapmetiatedthat, as described above, the second sensor 940 can include a reference
| channel (shown in Fig. 9) that is connected to the second light source 952, the second
light receiver 946 and the second reflective light receiver 954 to provide a light
reference to the analysis device (not shown). It should also be appreciated that since
the first sensor 940 and the second sensor 950 are not enclosed, the reference
20 channels (shown in Fig. 9) can be provided to determine changes in, for example, the
light sources 942, changes in the measurement system 10 and changes in the ambient
light that can affect the determination of the properties of the product 40 and/or the
chilled product 960. |

The foregoing discussion of the invention has been presented for

25 purposes of_ ﬂlustration and description. Further, the description is not intended to
limit the invention to the form disclosed herein. Consequently, variations and
modifications commensurate with the above teachings and with the skill and
knowledge of the relevant art, are within the scope of the present invention. The
embodiment described herein above is further intended to explain the best mode

30 presently known of practicing the invention and to enable others skilled in the art to

utilize the invention as such, or in other embodiments, and with the various
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| ight receiver 944 are connected to an anal ysis device (not shown), as
such, from exanple, a spectrophotoneter 70 (Fig. 1). As desgiybsd herein
above, the first sensor 15 940 can include a reference channel” (shown in
Fig. 9) connected to the first light source 942, the first light receiver
946 and wdeBss9st refl ective light receiver 944 to PCOASOkR4484] | ght
reference to the anal ysis device (not shown). As shown in Fig. 10, a
tenperature reducti on mechanism 970 is positioned after the first sensor
940 to reduce the tenperature of the product 40 to 20 product a cool ed
product. In one enbodi nent, the tenperature of the product is reduced to

anbi ent txﬁfsmmaﬁbw@qulrwg¥mﬂmﬁ&mma RSk dr WesTBTaRA Rivedtioll./ @ gan conpri se,
for exanmple, rollers that contact the product 40, chilled rollers that

contact iptgaded thskthe eppendedglpins pe %Q?ﬁ‘ir@é tg Wﬁlﬂldi)?lﬁﬂaélé%efa‘i’?damﬂt&tpow to the

pr oduct ﬁﬁ&& tion that is provided on the product 40 or
any otheﬁﬂbaﬁﬁﬁ |S#§g% F@ ﬁh#%ﬁe 25 that lowers the tenperature of the
product 40. A second sensor 950 is |located after the tenperature reduction
mechani sm 970 to determ ne properties of the cooled product 960 fromlight
957 and 958 affected by the cool ed product 960. The second sensor 950
conprises a second a second |ight source 952 positioned adjacent to a first
side of the cool ed product 960. A second light receiver 956 is positioned
adj acent to 30 a second side of the cooled product 960 to receiver |ight
957 fromthe second light -14 4 July 2005 WD 02/29389 PCT/ US01/ 24434
source 952 that is transmtted through the cool ed product 960. In addition,
a second reflective light receiver 954 is positioned of a first side of
the cool ed product 960 to receive light 958 that is reflected by the

cool ed product 960. The second light receiver 956 and the second
reflective light receiver 954 are connected to an analysis 5 device (not
shown), such as, for exanple, a spectrophotoneter 70 (Fig.1l). The analysis
device (not shown) receives light 947 and 948 fromthe product 40 before
cooling and receives |light 957 and 958 fromthe cool ed product 960.
Therefore, the analysis device (not shown) can individually determ ne the
properties of the product 40 and the cool ed product 960 and conpare the
properties of the product 40 and the
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10 cool ed product 960. The conparison of the properties of the product 40
and cool ed product 960 can provide additional information4gjigbogso to the
production and nmanufacturing of the product 40, such as, for ‘exanple, the
addition of certain additives in the product 40, the state of the product
40 at various stages of the manufacturing process and the overall quality
of the product 40. It should be 15 appreciated that, as described above,

t he second sensor 940 can include a reference channel (shown in Fig. 9)
that is CobAamgied to the second light source 952, the second |Iight
receiver 946 and the second reflective light receiver 954 to provide a

light reference to the analysis device (not shown). It should also be
appreci ated that si febonding sepsos supplyiag lighity aspeqtierhetarsten faeisd 950 are

not encl . i | G . rovi ded
to detefﬁ?ﬁgvc gﬁgﬁ?kﬁ%ﬁﬂf§F%£Q§ﬁ%PQ?B?ﬁ%?@ﬁﬁ%Rﬁpg@%ﬁ@g@hgﬁg?f@ﬁgﬁges in
t he meassacténe tite mylitecsenddd camg@risingnges in the anmbient |ight that can affect

the determ nation of the properties of the product 40 and/or the chilled
product 960. The for i di scussi on of the invention has been presented

egoi n
for 25 purposes @ﬂ“PBWHQ%FQFW5ﬁcﬁW@"ﬁ@Sbription. Further, the description

is not intended to limt the invention to the form di scl osed herein.

Consequent |y, var i2fidsOf\ginafeal sBRbn Hat e O3t GIRNERP SHMRERA Wb tik Hypissabove
teachings and with the skill and knowedge of the relevant art, are within

t he scopectyin, 8 pertignes dreproduct fowang thitmgh tenfistieylimder; dedcri bed herei n above
is further intended to explain the best node 30 presently known of
practicing the inventio nd .tq enahle others skilled in the.art to

i1 26 the i nvend SroRCoRfiRnba sOR fndle'® bl anide Carit i tie
various firstlfarfietdtiwiicré@lhe s806hdAaaREE % HedteiibRd (Adsddinmelef; cati ons required

by their particular application or uses of the invention. It is intended
t hat the appended cl ains be construed to include alternative enbodi nents to
the extent pernit tE8PPBYue prsing hoysing the tangpazeny memnbrpesd having first and

second receptacles;

a light source connected to the first receptacle of the opaque casing and

providing light to the transparent member inside the opaque casing; and

a light receiver connected to the spectrophotometer and the second
receptacle of the opaque casing, the light receiver capturing light from the light source
in the transparent member that is affected by the portion of the product in the first
cylindrical section, the captured light being supplied to at least the

- spectrophotometer for measuring the properties of the portion of product in the first

cylindrical section of the transparent member.

2. The on-line sensor of Claim 1 wherein the light source produces light

at a predetermined wavelength.

3. The on-line sensor of Claim 1 further comprising a reference channel
connected to the light source and the spectrophotometer, the reference channel

providing a light reference from the light source to the spectrophotometer.

4. The on-line sensor of Claim 1 further comprising:

-17-



CLAIMS: 1. An on-line sensor supplying light to a spectrophotoneter for in
situ measurenment of properties of a product flow ng throughpaysgesui t
havi ng a bypass section, the on-line sensor conprising: a trahsparent
menber conprising: a first cylindrical section having a first dianeter
connected to the bypass section, a portion of the product flow ng through
the first cylinder; and a second cylindrical section having a second

di ameter concentric to the first dianmeter wherein the second dianeter is

greater than the fib&im eplafeeinectd (@ gacliht Gasicd gnd 9plaiingtheiEht Framspar ent
menber and having first and second receptacles; a |ight source connected

to the fﬁhﬁstghiteseeﬁfﬁaz@rceabﬂeashéma)phﬁﬁﬁéntchshtngathsw@whph@gnadﬁwg lighytpetht o t he
transpar]grla{,ld Etdﬂ%'ﬂ&r&%ﬁ a%gaque casing; and a light receiver connected

to the oneter an e’second receptacle of the opaque casing,
the Iight receiver capturing light fromthe light source in the
t ranspar ent rrenbera tréfaienbs chfiiret toedndayedt tmtlmbteimmpmteﬁ laed pecidag a n t he

first cylindri ct] e cappure t being supplledto at | east
t he spe{eF?r&’g é&‘ %E%’?lsﬁ ?rh epfeg‘ﬁ%?"tel‘é@nﬁ? Hrpgd Pérd tight of
product jeRridi vh Jd%nth&l’i%ht\’}ﬂ% th 8 se ﬁ-ﬂtlf@@ﬁt Slnihe transparent member. 2. The

on-1ine sensor Clam reint ource produces light at a
pr edet er mi ned vvavel ength. 3. The on-line sensor of Caim1l further
conprising a ref eraenmhlplh@nnemnectedrmehﬁ mﬂerbmetdhanmmgﬂm ligbureceivemahd he

spectro oto chann rovid ference from
TheCl | oPRR i oahoghby Gahinglme wnsrly broviding Bei fromd The FGRRSH Gt i L

further &ﬁﬁﬁl'aﬁdEl&hghtile%eﬁer]fé'tﬂe?ﬂégéop}ﬁ‘)t@ﬁ&@?ﬁaphhél%§§ connected to the
i ght source and splitting the Iight Tromthe Iight source into at |east

two different light paths including a first |ight tEath providing light to
the first receptac}elhe on-line sensor of Claim 1 wherein transparent member

comprises quartz.

6. The on-line sensor of Claim 1 wherein the transparent member

comprises sapphire.

7. The on-line sensor of Claim 1 wherein the opaque casing comprises a

metallic material.

‘8. The on-line sensor of Claim 1 wherein the light source comprises a

white light source.

9. The on-line sensor of Claim 1 wherein the light source comprises a

calibrated light source.

10. The on-line sensor of Claim 1 wherein a fiber optic bundle is

connected to the light source and the first receptacle of the opaque casing.

11. The on-line sensor of Claim 1 wherein the light receiver comprises a

fiber optic bundle.

12. The on-line sensor of Claim 1 wherein the spectrophotometer is

connected to a display.
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a reference channel connected to the beamsplitter and receiving a second
path of light fromthe beamsplitter, the reference channeh4ﬁﬂ920@;ng a
light reference based on the Iight fromthe second Iight path; and a

mul ti pl exer connected to the reference channel, the |ight recelver and the
spectrophotoneter, the multiplexer selectively providing light fromthe
reference channel and the |ight receiver to the spectrophotoneter for
analysis. 5. The on-line sensor of Claim1l wherein the transparent nenber

conprises quartz. 1. Theenditelsedor £CRAH 10hérbini the firstb@iiridalt fe6tidd @hspar ent
menber corrprl ses sapphire. 7. The on-line sensor of Claim1l wherein the
opaque che fTABSPaERbACEDST i5 threedily qongegied torthabypags sertien efthe cordutensor of

Caim1l wherein the light source conprises a white |ight source. 9. The

on-1ine sensor of %Q]oﬁ-l%%éﬁ:sbpof bfanjp %Pﬁeréﬁ%g ref Qfm‘fdré?l cBtiorf ' b rated

| i ght source. 10. The on-line sensor o arm1 ere Ter op
bundl e ithe tramspaseat sxniber is kkenddcgitto drbiypessarctidrinea hiflagge. r ecept acl e of the
opaque casing. 11. The on-line sensor of Caim1l wherein the |light receiver

conprises a fi ber undl e. The o sensor,. .0 aim1 wherein
the spectrophot one %P?n WESHuet ngabmal i ?ﬁ!"a{ge CW&%‘&I“VS%@@MIS The
on-1ine S&ASAE ;fatncﬁil 8f melpféyﬁeét%mhgqﬁdu tthemt 1in8f¢al SREG L BS fe t he
transparent nenber is threadily connected to the bBypass section o the

condui t .trangpargifanembdri ne sensor of Claim 1 wherein the first cylindrical
section of the transparent rrenber is connected to the bypass section via a

flange. 15. The o e sensor .m | rein. the ca dlight is
reflected fromt henlép(#t i PB? senﬁgr Ckg%ﬂ{ﬂ 1 W’ﬁ‘gthf:ﬁ? {;% Fﬁ qsﬁ%t
cyl i ndritBugh ehd p&'ﬁoﬁfofttﬁ@pfoﬂﬁasﬂlﬁhﬁgtthﬂﬁﬁ@p%e first cylindrical section of the

transparent member.

17. The on-line sensor of Claim 1 wherein the first receptacle in the
opaque casing is positioned about 180 degrees from the second receptacle in the opaque
casing and the light source is positioned about 180 degree from the light receiver

when the light source and the light receiver are connected to the opaque casing.

18. The on-line sensor of Claim 1 further comprising a reflective
member positioned inside the opaque casing for reflecting the light introduced in the

transparent member from the light source.

19. The on-line sensor of Claim 1 wherein the light source is variably

positioned relative to the light receiver.

20. The on-line sensor of Claim 1 wherein the light receiver is variably

positioned relative to the light source.,

21. The on-line sensor of Claim 1 wherein the properties measured

from the product comprise color.

22. An on-line sensor for providing light to a spectrophotometer for
measurement of properties of a product extruded through a conduit having a bypass

section, the on-line sensor comprising:
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16. The on-line sensor of Claim1 wherein the captured |ight passes
through the portion of the product flow ng through the firsfpgybogsrical
section of the transparent nenber. 17. The on-line sensor of Claim!]l
wherein the first receptacle in the opaque casing is positioned about 180
degrees fromthe second receptacle in the opaque casing and the |ight
source is positioned about 180 degree fromthe |light receiver when the

| i ght source and the light receiver are connected to the opaque casing. 18.

The on-1ine sensora ghndpafdniimleniber tHa@ingCoNPPaqat PUted suefbeahd We inteBsber
posi ti oned i nsi de_the opaqge casing for reflecting the light introduced in
r

the trohfIpen sxendipgiom Ay enkol gHranspasentanember to1fesesAnd epd @ digsor of
Caim1l ' i ght e Ls.varj Lt lye. to the
i ght et epeit o G B MG poubh cofifigled @5 by BISIRAMEly

r ecei verproduat dlavahg yhropgls tliel Ioypask kekiah iy gupphietl e the glterigosectien o2 the The
on-line sensor of CJaim1 wherein the properties neasured fromthe product
conpri sefHBPYENt meMbeky on-|jne sensor for providing light to a
spectrophotoneter for neasurenent of properties of a product extruded

through & condul t DAulGuReRARSTY AL ABalhe nAnlet AR SERAAR SAPT | S1 N

19 4 July 2005 a transparent avi ng an opaque outer s e and an
i nt er i ortogle ramsparentt recrdbergndidotheaphquestutersdriade; alk t r ansparent nenber to a
second end to the transparent nmenber and the interior portion connected to

t he bypass section rein product, fl.ow ng through the . bypass section is
SUppl 164 to the | it LRRGrees PGP « HE beERRHEH TR eRberroR AP ang TERghy

sour ce CRGALEKS E%ﬂts@mtcg n tHARARBAEA mEBPRSIRRE Y AY ipdbdifdt, theRhptut<d t he
transparent nmenber inside the opaque outer surface; "and a Ilghg receiver
connect dight deingesupplied traatdnast therbpactrapbiotometen fomgedsughg the properties of

the product supplied to the interior portion of the transparent member,

23. The on-line sensor of Claim 22 wherein the light source produces

light at a predetermined wavelength.

24. The on-line sensor of Claim 22 further comprising a reference
channel connected to the light source and the spectrophotometer, the reference channel

providing a light reference from the light source to the spectrophotometer.
25. The on-line sensor of Claim 22 further comprising;

a beam splitter connected to the light source and splitting the light from
the light source into at least two different light paths including a first light path

providing light to the transparent member;

a reference channel connected to the beam splitter and receiving a
second path of light from the beam splitter, the reference channel providing a light
reference based on the light from the second light path; and

a multiplexer connected to the reference channel, the light receiver and
the spectrophotometer, the multiplexer selectively providing light from the reference

channel and the light receiver to the spectrophotometer for analysis,
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fromthe light source in the transparent nenber affected by the product,
the captured |ight being supplied to at |east the spectrophpippgiser for
measuring the properties of the product supplied to the interior portion
of the transparent nenber. 23. The on-line sensor of Caim 22 wherein the

| i ght source produces light at a predeterm ned wavel ength. 24. The on-line
sensor of Claim 22 further conprising a reference channel connected to the
| i ght source and the spectrophotoneter, the reference channel providing a
l i ght reference frenTHeeon-lighsertsot lof €lhitn LD ewkdeint the ghekpireitefhiemBé: The
on-line sensor of Claim?22 further conprising: a beamsplitter connected to
the |i ghfO"3BIPLE3ElEd splitting the light from the |ight source into at

| east two different light paths including a first light path providing

i ght to the transpargl ofIfbRkicoR of ISHENS SulBANGL ERIARGHSHehBe he beam

splitter and receiving a second path o rght Trom amsplitter, the
r ef er enceonghansipplpre@vi ding a light reference based on the light fromthe
second light path; and a nultipl exer connected to the reference channel,

the light receiver t he spectrophotoneier, the multiplexer selectively
brovi ding | ignt " frmieorire Peen F LR E) Skeris s PraghE FLCSHIER 1o | he
spect r ophiRI¥Bs £mefaMic ABRLNSI S -20 4 July 2005 26. The on-line sensor of
Claim 22 wherein the transparent nmenber conprises quartz. 27. The on-line

sensor of Claim 22 wherein the transparent nenber conprises sapphire. 28.
The on-1ine sensorZ%fTheoailinezensph ef elaimtRewhgysiqibe bghteoursg comprsesgonpri ses
a netalljg. rial, 29. The on-line sensor of Claim22 wherein the |ight
source c%gr%e;ﬁéhgg&gce'mm te light source. 30. The on-line sensor of Claim 22
wherein the |ight source conprises a calibrated |ight source.

30. The on-line sensor of Claim 22 wherein the light source comprises a

calibrated light source.

31. The on-line sensor of Claim 22 wherein the captured light is

reflected from the product éupplied to the interior portion of the transpafent member.

32. The on-line sensor of Claim 22 wherein the captured light passes

through the product supplied to the interior portion of the transparent member.

33. The on-line sensor of Claim 22 further comprising a reflective
member positioned inside the opaque outer surface for reflecting the light introduced in

the transparent member from the light source.

34. The on-line sensor of Claim 22 wherein the light source is

variably positioned relative to the light receiver.

35. The on-line sensor of Claim 22 wherein the light receiver is

variably positioned relative to the light source,

36. The on-line sensor of Claim 22 further comprising a reference
channe] connected to the light source and the spectrophotometer, the reference channel

providing a light reference from the light source to the spectrophotometer.
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31. The on-line sensor of Claim22 wherein the captured light is reflected
fromthe product supplied to the interior portion of the trapgpasent

menber. 32. The on-line sensor of Claim22 wherein the captured |ight
passes through the product supplied to the interior portion of the
transparent nmenber. 33. The on-line sensor of Claim22 further conprising a
reflective nenber positioned inside the opaque outer surface for
reflecting the Iight introduced in the transparent nmenber fromthe |ight
source. 34. The or3l.iTe aelisotersbr Gf @liink 22 Wiek€ihrthé PeopertRt mesurade i s

vari ably 05| ti o ed relative to the light receiver. 35. The on-1line sensor

of d ai nﬁf NG COMBIIFS ML r ecei ver is variably positioned relative to
the |ight source 36. The on-line sensor of Caim?22 further corrpri sing a
reference channel3gConsaiigd sdRof 126 6&@1{11 F 688 B toneter,
t he reference channel prc}vggﬁE n% a p'lr ren‘(:':e&Pri’)m%tr ﬁt sour ce to

t he spedhrozghatconditichavingdn @peﬂmlgythﬁ@ﬁﬂme&&nso’fhmnpnsmg ne sensor of daim22
wherein the properties nmeasured fromthe product conprise color. 38. An
on-line sensor for_providin ffe d b roduct, f t hrough a
condui t having an bPpERPH mrﬁ?f&f’%ﬁ’oﬂ 1ng %%Py@gh%?l?@f%“%e?‘%f@ﬂ&par ent
menber positioned adjacent to the opening in the conduit; a light source
connected to the td BgtgRatRdcomfeta o WTris ?Mﬂeﬂﬂmbinﬁ&taddq:oro%hg lighefspar ent
menber; and a light receiver connected to the transparent nenber and
capturl ﬁbehﬁw@renfmmbﬁhéndu ght source affected by the product. 39. The
on-line sensor of Claim38 further conprising an opaque surface covering
an area of thetr Le o) cent ening in
fhe condui t 0. ThiBB e BaRkl ARAN R A A3RE b RAEF s

reflectiﬁmntlmjﬁgme@ue@mﬁﬁaﬁda@mpfmctran5par ent rrenber and positioned to
reflect the light in the

39. The on-line sensor of Claim 38 further comprising an opaque surface
covering an area of the transparent member not positioned adjacent to the opening in

the conduit.

40. The on-line sensor of Claim 38 further comprising a reflective
surface connected to the transparent member and positioned to reflect the light in the

transparent member and direct the light to the light receiver.

41. The on-line sensor of Claim 38 wherein the transparent member

comprises quartz.

42. The on-line sensor of Claim 38 wherein the transparent member

comprises sapphire.

43. The on-line sensor of Claim 39 wherein the opaque surface

comprises a metallic material.

44, The on-line sensor of Claim 38 wherein the light source comprises a
white light source.

45. The on-line sensor of Claim 38 wherein the light source comprises a
calibrated light source.
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transparent nmenber and direct the light to the light receiver. 41. The
on-line sensor of Caim38 wherein the transparent member LRIPHOHGES
quartz. 42. The on-line sensor of Claim 38 wherein the transparent nenber
conprises sapphire. 43. The on-line sensor of C aim 39 wherein the opaque
surface conprises a netallic material. 44. The on-line sensor of C aim 38
wherein the |ight source conprises a white |ight source. 45. The on-line
sensor of Claim 38 wherein the |ight source conprises a calibrated |ight

source. -22 4 Jul Y205 ondfhe Adasiferhdrid esySRAS WiredBterniSng [ [f0bdaes @€taer m ni ng
properties_of a _product flow ng froma conduit, the on-1ine neasurenent

syst em dUAHHSt Spwine fomaganduh theen-Hoarmensrepens gy e gempasingie pr oduct
flowwng fromthe conduit and providing |light having a predeterm ned

wavel ength to the py; " fechi i ; Loht

recei ve? posi ti onedghgg?]giué%% 'ﬁ?gt@hﬁ@%&%&%&tﬁﬁf fﬂg r?gn%rg&r)n&pi%eﬁ%ﬁo#\ uit and
recei vi ngntdwie ahd gihoviding deghe dhabingt 4 pradetetmiicd wavdleapthatmathesprodday tee :
connect ed %10 t&e Ji g{ut .receiver and analyzing the light received by the

Ii ght r&rertpiiedingdhelightne the properties of the product. 47. The one-line
measur enent system of Claim46 wherein the light source is positioned on a

first side of 't he PIgHUkokbOhARold:OR R SORM blocBlbHing Hiali d ecel ver

is positioned on a second side of the product W ng from conduit to
recei ve dondut and meeming tledlight mtfacthd by éheprodivet;tand48. The one-1i ne neasur enent
systemof Claim46 wherein the Iight source and the light receiver are

i tioned first side of th t flow f h it, th
Paht recei ver recBPig® Aebhe CPEePld i fekef Hespoacrahae SOk | | ne
neasur erresdiveatst theliglht rédeiveitd Betbiniihg e FOPER4SIMe Froduct.

47. The one-line measurement system of Claim 46 wherein the light
source is positioned on a first side of the product flowing from the conduit and the light
receiver is positioned on a second side of the product flowing from the conduit to

receive light transmitted through the product.

48. The one-line measurement system of Claim 46 wherein the light
source and the light receiver are positioned on a first side of the product flowing

from the conduit, the light receiver receiving light reflected by the product.

49. The on-line measurement system of Claim 46 further comprising a .
reference channel connected to the light source and the analysis device, the reference

channel providing a light reference from the light source to the analysis device.
50. The on-line measurement system of Claim 46 further comprising:

a beam splitter connected to the light source and splitting the light
from the light source into at least two different light paths including a first light path
providing light to the product;

a reference channel connected to the beam splitter and receiving a
second path of light from the beam splitter, the reference channel providing a light
reference based on the light from the second light path; and
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reference channel connected to the Iight source and the anal ysis devi ce,
the reference channel providing a light reference fromthes fjjghgossource to
t he anal ysis device. 50. The on-line neasurenment systemof Calm46 further
conprising: a beamsplitter connected to the |ight source and splitting the
light fromthe light source into at |least two different |ight paths
including a first light path providing light to the product; a reference
channel connected to the beamsplitter and receiving a second path of

light fromthe beammtiplétesiconidirdrtetiesr @igencehhanel, the Bhdicbdvér dddght
reference based on the light fromthe second |ight path;, and -23 4 July
2005 a YR anabistscdevies rhe dnreldpicrer seleptrely preddingalight| from 1the refgienca ecei ver
and the analysi i (el - hyely providing light from
the refer enc%%gﬁ%ﬁi%??%ﬁ%fwy%%%%%S?gr((g%’éﬁse\%f&%%}ysﬁe anal ysi s device for
anal ysis. 51. The on-line neasurenent systemof C aim46 further conprising
a tenperature rediictiherominhmeastinenpas isystaned Glhine ri6 tfaghdri @hiprisiagrace and
the light receiver and reducing the te rature.  of the product flow ng
from t he!*BWRGHE .reg“k‘?tw?h@eg‘?fﬂ- STh POFIEQE é%éhtm%J%@B¥°eM mhes dightyr t her

conpri si faga: ol b rature

re(r:IrEcti o%gel‘&gcaﬁg‘rﬁ%dgrﬁmae | ag%{r%]l? @gﬁ%ﬁ%ﬁgf@yﬁ%ﬁﬁ@? &&ltqﬁg second | i ght
source providing |ight having a predeterm ned wavel ength to the cool ed
product, the cool ei2.ghedundine nafaperetmentsystem dfi@hitn 5 hfurthes eanpriking: ght

receiver positioned after the tenperature reduction mechanism and adj acent
to the cool ed product cond i Lver nected to . the anal ysis

t he. hi.
devi ce and receivih eﬁ%@?l@gliﬂu}% Pﬁﬂﬁ?ée (k:lt% £ ftggt(:) QPR e TEBHBI pr oduct

to the anathenish dRYiadfickRt tor Rl DI pRAuct] 1Be 8@k Mght BB HEFAIngsSYSt em of
Claim52 wherein the second |ight source is positioned on a first side of
t he coolléght hevagor pradetermined sxaietenithgter ther olddyprodiret, plass cedletherbdont a second
si de of .cogl ed, product to receive light transmtted through the cool ed
or oduct _gf?e%tlﬁg ﬁleeflghe an

a second light receiver positioned after the temperature reduction
mechanism and adjacent to the cooled product, the second light receiver connected to
the analysis device and receiving and supplying the light affected by the cooled product

to the analysis device for analysis.

53. The one-line measurement system of Claim 52 wherein the second
light source is positioned on a first side of the cooled product and the second light
receiver is positioned on a second side of the cooled product to receive light

transmitted through the cooled product.

54. The one-line measurement system of Claim 52 wherein the second
light source and the second light receiver are positioned on a first side of the cooled

- product, the second light receiver receiving light reflected by the cooled product.

55. The on-line measurement system of Claim 52 further comprising a
reference channel connected to the second light source and the analysis device, the
reference channel providing a light reference from the second light source to the

analysis device.

56. The on-line measurement system of Claim 52 further comprising:
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54. The one-line nmeasurenent systemof C aim52 wherein the second |ight
source and the second |ight receiver are positioned on a fi4sfly3poge of the
cool ed product, the second light receiver receiving |ight refyected by the
cool ed product. 55. The on-line neasurenent systemof Caim52 further
conprising a reference channel connected to the second |ight source and
the anal ysis device, the reference channel providing a |ight reference
fromthe second |ight source to the analysis device. 56. The on-Iline
measur ement syst ena barflspliterSénhentéder tleosgrond light sourddardtl dplitin@@b a beam
splitter,, ecte second Iight source and splitting the [ight from

O%? dto tgg [ | ) ]

the secoiht fioghthesgeanddight sqyres infosatdeast (e difforent bight pathgtincipding# fitslc| udi ng a
first |Ig Rty i B il ' e cool ed product; a reference
channel c%{g%gc?;erd tggtifgg{%gg%(g%ﬂér?gé&hnd receiving a second path of
light fromthe beamsplitter, the reference channel providing a |ight

ref erence based -oma tréferdncg thafnebrotivetesle totiee beayht sphittet andamecedvingla i pl exer -

connected to, t reference channel, .the secand |light receiver and the
anal ysi SYH&A B%ﬁ ‘{fﬁé&ﬁﬁﬁ‘? ﬁlﬁeeg‘?tm SBitteLy Fh?eﬁegefﬁtf% nroyAmss s giﬂﬁ"t he

ref ef encefebaanaleddiing NEnIRGR dobdiilighepahygla Lo the analysis device for
anal ysis. 57. The on-liné neasurement system of Cl aim52 wherein the |ight

source conprises a white |ight source. 58. The on-line neasurenent system
of O ai m 52 wher eih mfiplekgheonnselgt e henmsférerss ohapakl, Bhatsecbrid fght sour ce.

59. The gn-.line measurenent system aof. Cl ai m,52. wherein.th on l'i ght
“source crgcrzreﬁ‘rf?rs%nsdn%e\ﬂgfl@ 'S e&%, @8&?@&11)%6‘61' Sg}ﬁéw& L PO 1%@%‘3%‘?%%%8 system
of d ai rmf;genuhemmal irfdeths Sscond light reddive e EfeQnaRBR k6188 fi? apAlyliBr at ed | i ght
source. -

57. The on-line measurement system of Claim 52 wherein the light

source comprises a white light source.

58. The on-line measurement system of Claim 52 wherein the light

source comprises a calibrated light source.

59. The on-line measurement system of Claim 52 wherein the second

light source comprises a white light source.

60. The on-line measurement systern of Claim 52 wherein the second

light source comprises a calibrated light source.
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