Title: ON-LINE SYSTEM FOR MEASURI NG PROPERTI ES OF A PRODUCT [err]
Abstract: An on-line sensor (50) is provided that suppliesg4lj opk0 a
spectrophotoneter (70) to neasure the color a product (40) extruded

t hrough a conduit (20) having a bypass section (30). The on-line sensor
(50) includes a transparent nenber (500) with an opaque outer surface (52)
and an i(r) BTERNATIONAL ARPRICATION PUBLXSHED UNPHR THE @ANERT COOIERABONE TREATY O a second
end (57) to the transparent nmenber (500). The interior portion (540) is
connected to the bypass section ( ,,"91:\; t he product (40) that flows

t hr ough9t Weldiytglassl ety Orpadidbon | ELGHIGA | ' ' kon (540)
of the transpmentoniBmer (500). M| it ﬁmﬁ"@lﬂm@m Iﬂmm‘u@wu"@lmml t he
transparent nenber (500) and pr ok ight to the transparent nenber
(500) i nsi{4d)dnternstiongd Beplictiona¢ surface (52) (10A1nl¢ergmnaerelbl@theN“(l¢2) is
connect ed tH A2 4HMAPENt nenbePTB00) t hatWid (2/28389d AY the producer
(40) . Fhe—capturedtight—s—supplied to the spectrophotometer (70} to at

| east (§tehertpnal Rahe Chrstpaml:i eSGUN 21/48%e  pr BAASANY, BR)NEN)FD Brhisdl Rbag, Wedniduti nt er i or
porti(s);g (540) of the transparent rrerrber ford, ‘?3“(9@‘)”(‘3&? July 2005 WD 02/29389
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syst e WrermatenpsYifop Paye: %’H{S'PS@%(%?Séﬁ’é)rUes of a product and nore particularly
to an on-1line measurenent systemfor(slp ResignatedISta10 a8wEGMR™G. Of vari ous

pr oper?) Blednewseehr oduct bei ng fI®#"ng  through a conduit. 5 In the

manuf acturjng of some materials, for {@(mt( S:g?(r )1 “mP“Fﬁ%"‘% @fﬁ t he
produé?t6 Eﬂ‘?kfé?“bb’é%“’%everal manuf J8ERy | NONPRPEESRES ore product

S Crzﬂ%)tﬁ‘“ hese processes can be perfornmed in one processing area or at

sever &ys &ing 33%583000 lof1084oh)Gfs FPaBEwd:t he product is transported from
process to —~  with international search report
. —  before the expiration of the time limit for amending the
(71) Applicant:  GENERAL ELECTRIC COMPANY claims and to he republished in the event of receipt of
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(54) Title: ON-LINE SYSTEM FOR MEASURING PROPERTIES OF A PRODUCT

{57) Abstract: An on-line sensor (50) is provided
that supplies light to a spectrophotometer (70) to
measure the color a product (40) extruded throngh
a conduit {20) having a bypass section (30).
The on-line sensor (50) includes a iransparent
member (500) with an opaque outer surface
(52) and an interior portion (540) extending
from a first end (51) to a second end (57) to the
transparent member (500). The interior portion
(540) is connected to the bypass section (30), and
the product (40) that flows through the bypass
section (30) is supplied to the interior section
(540) of the transparent member {(500). A light
source {60) connecied to the transparent member
(500) and provides light to the transparent
member (500) inside the opague outer surface
(52). A light receiver {72) is connected to the
transparent member {500) that is affected by the
producet (40). The captured light is supplied to
the spectrophotometer (70) to at least measure

the properties of the product (40) supplied to the
DISPLAY \"'ﬁ) interior portion (540) of the transparent member
{500).
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process, or the product is transported to a finishing area. In addition, at
the final 10 processing area the product can be forned intq;mwiws shapes
and sizes. Typically, the novenent and form ng of the product” is
acconplished by extruding the material through a conduit. Since the

condui t weoxgesseral ly chosen for their high strength awdushigmssgost and such
materials are typically opaque, the conduits are al so opaque. Many
processes, especially the finishing process, desire to identify or 15
nmeasure the color and other properties of the product. Color identification
and neasurenent of other properties are desired for, anong other things,

determning the state @&_Lﬂggsgﬁgﬁﬁﬁ%ﬁgﬁm&ng the aesthetic val ue of

t he product, determning t € product and sorting the
product. However, opaque EBOHBRTIESKHkAEPRODENET fication of the color and

ot her properties of the product difficult. In one 20 exanple, color of the
product is identified and neasured by directing a portion of the product

to a bypasgererbl i W{I@gﬁ such as a main extruder. A sanple of the
pr oduct isﬁcdllérect e@ dt)ﬁ'rroug t he bypass section where an operator takes a

portion of the sanpled product. The operator manually supplies the portion
of the sanpl ed pr obksdnvention eelaigsde an erpliast oeAsHremenitspstem fotenessiriog | s neasur ed.

This pro . Qr I Afi cat i i i consuni ng
and. | ner apaubropeialofse pRRAS G TRRL RGubATHS ob G Hedsfinhbdls, °P1S
product \eiterh fonint sitnmersgreemsieof yerioun propertiss of & grabkcinbeinng flomingf act uri ng.
Ther ef or t%faréa IS, a desire for an optical sensor that provides in situ
measur ement (?8?11&’ and ot her properties a product as the product flows
through a conduit during manufacturing. BRI EF SUMVARY OF THE | NVENTI ON In
one &spect, an on-li the memdmturing ¢fr sned edhtetibip) fauppinpls golyaleiict 0 a

spectrophotoneter for in situ nmeasurenent of propertjes of roduct while
Che  pr oduRlgHafSs Bisapratick Vadssenss “Pegn eaamaetng Ractsesbaop fieaBellcect i on. The
on-line meR6OE cteagdl d@ssedprbéeaits Bal Ko herRAREN drlRdjrodeeuMiy dréesr A fir st
cylindrical section having a first _dianeter that is_connected to the

bypass sSeyera PIOCESSHIS %8N I eithey gase, the product is transported from process to
process, or the product 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, deténnining 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



product flows through the first cylindrical section. A second cylindrical
section is also provided that has a second di aneter conceqtjh;}pzd(g t he
first dianmeter, and the second dianeter is greater than the first

di aneter. The on-line sensor also includes an opaque casing that houses
the transparent nmenber 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 nenber inside the opaque casing. A |light

recei vermhsufa&taiie GhRdof thet RBdSdR &eHiEI0 P QiR NBERAscAhE doBR Hescaned magept acl e
of the opaque casing. Also, the |light receiver can be positioned at a

di st ant JaeHa¢tenng.rom the on-1ine sensor. The |ight receiver captures
light fromthe Iight source in the transparent rrenber that is affected by

the portion of thonRaiendd i Dkl 3 BY LhAd 6Rb: BBF Hhaes oDt U ed

l'ight is supplied eas e spec nmeasuring the
proper t i msasafenidne of ROJok a0d oter pratiids 4 prddnet 4s ﬂﬁtpré&dct idivis thtougkat | on of
the transparent menber, According to another aspect, there is provided an
on-line %%ﬁ%%ﬂ““%SEWWH?ﬁﬁnngght to a spectrophotoneter for neasurenent of
properties of a product extruded through a conduit having a bypass

section, gkt NARYCORSAE ROUENITSONY: a transparent nenber having an
opaque outer surface and an interior portion extending froma first end of

the transparent nmenber to a second end to the transparent nenber and the
interior portion clanerecsspdct; en tanelirgygrases $e1mmwidnersefpph§ﬁr bgbtto fal owi ng

-2 4 Jul 20 th t b t [ dt
cecti on BEPHRMPRRERAPE HrBaTLreont OhprpsRco L bRRanls [ro
t r ansparggiudeRPEsinAnstRaay 'ﬁHn'i‘g:ohﬁﬁ*ﬂtthétohM@ bﬁﬂa@é‘%@&fcﬁﬁ@ﬁ@@ﬁﬁﬁné nsi de

t he opaque outer surface; and a light receiver connected to
trans parse:nsorn'gwheles aancﬂracamr@nm mgmbﬁlg lipat f copmprisee 4 ifightt cdodricel |sc|cttdme

transparent ne af fec the rod ct, the captured |i

Suppl | e Ape. e i HEhi botRisRoRett: by st Angotte ?ﬁﬁﬁert. es of
the prodycludUiild Bfoligh Elﬂ:eﬁirsmc?l'iﬂ&[cal REdtIdnOA Qécohh%yhﬁ&”@dl’%@diﬁn fenber.
Accor di % to anot her aSpect, there is provided an on-line sensor for

provi di rajsd prpvidesf thet heg awcwqod@uwt@r faneetrig totthe dght diametedusnd Hevi ng an
openi ng’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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on-line sensor conprising: a transparent nmenber positioned adjacent to the
opening in the conduit; a light source connected to the trapgpas@nt nember
and proving light to the transparent nenber; and a |light recelver
connected to the transparent nenber and capturing light fromthe |ight
source affected by the product. According to another aspect, there is

provi ded an on-line neasurenent system for determ ning properties of a
product flowing froma conduit,. the on-line neasurenment system conpri sing:

a |ight themghaeke Wsst,s,eemdlsadmﬁmﬁrtb tlicintdfi@r Bécbidhl of thel teibpigerdt ipembidie condui t
and provi d| i ght having a_predeterm ned wavel ength to the g}eoduct t he
a

product &flf tSiOH@et sranpetghito Hie frppgpercnbdepme gk providiag belitakesie to the
product {10 hERBL!H8aE AUl Bkl SHEIK! Aith o liB Jekabér Qhhsteg by the

product ; an ‘anal ysi's device connec recerver

anal yzi nje tthdsparghtméabai atﬁdcalpwridgehghtgmm rtﬁe dighesouree detier ﬁmrspaxhhe
properties of the roduct. BRI EF DESCRI PTI ON. OF THE DRAWNGS Fig.1 is a
hi ghl y sR#pPer alderterk by ghe troduchnihe seaptired light, baing svppligd t‘é)@éﬁ?ﬂsh%}e

por spect Pegtopt FRAG ERANRNSHE Hlorkhls of e pRaBibhicl (e tier

nmeasur enmortiorsySthe miansdpareft tetpe2005 WO 02/ 29389 PCT/ US01/ 24434 Fig. 3 is a
perspective view of one exenplary enbodinent of a -connector in a

measur enent syste Fig. 4is perspec ve, Vi ewﬁc} anot her exenpl ary
enbodi nent of a Froetipg do jano eﬁ@%&ﬁfﬂ*éﬁ?@‘ﬁtlss@@‘t"g ag @-ghe 5eqSer d0hart i al

o a1 A B e ool o e P P 1 ™

sensor; da-hne $enser @nppmisingah uxampawanemt&wpoﬁumﬂdmdmnﬁtenhenpemnhgny
the conduit; a light source connected to the transparent member and proving light to the
transparent member; and a light receiver connected to the transparent member and
capturing light from the light source affected by the product.According to another
aspect, there is provided an on-line measurement system for determining properties of a
product flowing from a conduit, the on-line measurement system comprising: a light
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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10 enbodi nent of an on-line sensor; Fig. 8 is a cut-away view of yet
anot her exenpl ary enbodi nent of an on-line sensor; Fig. 94ﬁﬂ§qm%ghly
sinplified perspective and schematic view of a representativée enbodi nent
of a nmeasurenent system having a reference channel; and 15 Fig. 10 is a
per specwoezgisew of a representative enbodi nent of arpcuwemEmmesent system
DETAI LED DESCRI PTI ON OF THE | NVENTI ON As shown in Fig. 1, the manufacturing
of certain materials, for exanple, plastics and polyneric materials, into
a product 40 involves a conduit 20 through which the product 40 flows. In
one enbodi nent, the extrusion of the product 20 40 is done to nove the

product 40 from orRg.| Diaki wespeiva NGEW &F . onk Nexamplaie emb&iraedi sfeat , t he
extrusion of the product 40 is used to formthe product 40 into desired

shapes afRPRRSFIORIE 2 MpaFurerRent % act uri ng processes desire to use the col or
and other properties of the product 40 to assist in manufacturing,

fabri cating and/ orpig siofstd pspetive Vi of bkttheP eRGMtiry SRftolihleaAbf #N requires
sophi sticated col or nmeasurenents 25 that are nore” conpl ex than visual
measur e mEAELSCiEhyAgReaERBSIH PSP ons of the color. -3 4 July 2005 WD

02/ 29389 PCT/ US01/ 24434 Typically, the conduit 20 is conposed of a materi al

thats i s durabl e, migisdsapartial ARARENFNf oRASRAPRBY LHESBmARDERLD Pproperti es,
the conduit, 20 is typically conposed of a netallic material that is
opaque. PR&PeEIU; the col or and other properties of the product 40 is
determ ned by a nmeasurenent system 10 that views a portion of the 5

product 40 or prOCFi’g?B,iﬁ@pﬁﬁﬁiclit-ﬁwiﬁﬂ%%ﬂaﬂoﬁe@%ﬂﬁeﬁ@&ﬁ%ﬂt01?0- In Fig. 1,

a bypass section 30 is connected to the conduit 20 of the nmeasurenent
syst em 180 on-in&%BWIBd be appreci ated that the bypass section 30 can be an
exi sting bypass portion of the conduit 20, and, therefore, a separate

by-pass portion | gig plis! SOt dnltlbay e Sor8R adttadNedepferpensor SO 1
connected to the bypass section
1 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.

3-



10 30 via a first end 51 and a second end 57. A portion of the product 40
flows through the bypass section 30 and through the on-linepsepsmr 50 from
the first end 51 to the second end 57. The on-line sensor 50 ' ncludes an
outer surface 52 over its entire surface area including the first end 51
and t he weemessdend 57. A first receptacle 54 and a sevansd/meaept acl e 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 conprises a light receiver 72 that is connected
via fiber optic bundle 76 to a spectrophotoneter 70. A display 80 is
connected?pbdhhéhesmmmﬁﬂﬁmhbbmnmmetoﬁ@ mitrigdothate st daable drigil endi g. 1, the

ot he. bypedbbe Bee oadies S Homtlioe: BS600L 0 sipiedahmarede o

enbodi nentf a mehdlicomngialttha?d & cqaeqﬁar Thesfore, HesoRERAESHhE PropeeRE of that extrudes
the product 41&1 ﬁs di scl gsed above, a portion of the product 40 that flow
through Fegiuct g determimed By @; measyrement System 0 that Jirys qp@“%%@@ section 30.
I n apot hggodaeiaod pRdhot 40 kHacis 9% g'ﬂgrc)@,ﬂtﬁ@éynﬁﬁltﬁd]e bypass section 30 include
a valve or other mechani sm (not shown) that 1s activated to sel ect when
the portion of the product 40 fl ows through the Dbypass section 30. In one
enbodi ment to assiBtFignl.irkypas astios #rie ceneethd teBesenditd20 e ther properties
of the prn%ﬁﬁémd@systeﬂ?l@% ﬁﬂbulﬁ‘ﬂéﬁ &1&5&% tﬁittﬁé@%@ 5eckibf 3¢ &MTREn 90 1S
opaque. | n_one enbodi nent er surface nprises an opaque

coati ng, 3519%% byaass Ppmon@ﬁﬁlﬁpm@mt ao,@@gobmm, mﬂf@yamdﬂ partien ipai nt ed

coat i ng. I 4434 errbodl ment ,
he. outef*SefialBEmafhcuntl b (AR coll AP KR e bR B0

met 40 or 3Pliviest first émitﬁﬂrau@;a sekondénad\iT. |Anpd1'-tug1 oﬂthe plbducom@ Hometh&mghor 50

I ncl udes .a first

second enly B9 Sﬁrsg ﬁﬁ@&?%o'tggt hoh p%gi%r é@@‘c@?f I rs%d gﬁ? 'g%eag(rjrbf)g?nent ,

as shown s¢dondiegd 53, Thbe@nfling Séns@'n.’ib ﬁalu@dachntdwer%eﬁ‘waoszemr fdemlre threadily

connected to the.b ss. sectio n this enbodinent, the first
sul%ace area’ mgh?d?ng the %rst e:nc{‘| 51 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 thot 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 through 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



end 51 and the second end 57 contain a sensor threaded connector 350 and
the bypass section 30 contains bypass threaded connector %%%1 %‘ sensor
t hreaded connector 350 connects the bypass section 30 via the bypass

t hreaded connector 330 to the 10 interior portion 540 of the on-1line sensor
50. I n wwoe&/2mdodi nent, the bypass threaded connect ecT/®8@Q/u4mmeadily
engages the sensor threaded connection 350. It should be appreciated that
a sensor threaded connector 350 is |ocated on both the first end 51 and
the second end 57. It should al so be appreciated that, although the sensor
t hreaded connector 350 is shown as a fenmal e connector and the bypass

thr eaded e&éo&ﬁe&eﬁ&%te?@&fdcé oSHRWEs ABophqiRtBing ONIRR §b, For exbiflef ¥pe of
connection may be reversed or nmay conprise a conbi nation of connect or
types. | metahor plasticdoisodi nent, as shown in Fig. 4, the on-line sensor 50

I ncl udes a sensor flange connector 450 that is connected to each of the
first end 51 and fjhg f«ﬁ Bg, £k &ﬁmemeoﬁwel%déslmnagmraﬁ@aor 450
connects to a bypass P ange 20 connector 430 on the by pass section 30. The
sensor T Iseqvgé exbdih eEeofirsudl 5 omd drstsscond ead BY prestonpactede hedwR®8t or 430 to
the inter] se fl ange

conn ctofmﬁgﬂeg Eﬂ?ﬂ%éégﬁgésLPFange cor et?%?ﬁ% dgggﬂggﬁﬁgﬁﬁgd by a
coupl i ng efé$7 ae tifraaiily stxmertpd ®uhdbypass sémnlonéﬁahpﬂhe enfpodimsniathd it screws. |t

shoul d be I at e a_.sensor an n ocated on
both the eflﬁiggg“detﬁ%lseﬁﬁn%ﬂ‘ggkdc’ tﬂgagg’é‘g ‘%ﬁ §€“%o€’9§ﬁf ngﬁ%lq egsensor 50. It
shoul d a's@&zpﬁ@()ﬁ:@ﬂﬁﬁ@b ARelitrdadid fdnfect@330. Mhe sansoirdatedomnndstorconnect ed vi a
a variety of other coupling deyices, and th sent 4n i n shoul d not
e i i t 50 st AEEES HRGE J45h RO PR RECRRE AP S ho on. || e
senggr SQnibiér gHﬁlﬁﬁ 580 wa the bn-liRCRRAIASH. ElnTis cabsiRemOEOP¥haisaBeMiedcl € 56. The

first receptacl and the second receptacle 56 are 30 I qcated through

t he out ercosneciondd) Breadilyl engsees the genser- threadedsconaestion 3Shnl hoHAdEt to a 5 4
JuI y 20052189'%%? ggﬁagg%fgr%{eyﬁqyo%%%?35%%%0&%1?@0@916%& dadlshght recei ver

respe receptac connected to the |ight source
60 vi a a ahd bisr scﬂbpnd end §7d| I sbeuld Ialao be apprecigted , thatn altheagh the sensor

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

-5-



enbodi nent, a plurality of optical fibers housed in an opaque casing. In
one enbodinent, the light source 60 conprises a calibrat e@jugjgf@%source 60
such that the 5 light that is supplied to the on-line sensor 50 Is
precisely controlled. In another enbodinent, the |ight source 60 conprises
a whitewowmssgource. The light receiver 72 can, | nPoem@semiaedi nent,
conprise the fiber optic bundle 76 that is connected to the
spectrophotoneter 70. In addition in one enbodi nent, the fiber optic bundle
76 conprises a plurality of optical fibers. It should be appreciated that
the light receiver 10 72 can conprise any nmechani smthat collects and/or
transm t slighheourecgB0 ahd anlight @eceiver 72,NRspeetesl e tRstarecdp@ioRt 54 Re
spectrophotoneter 70, It should also be appreciated that the fiber optic
bundl es 6PnE5Hd 76 thelight somsrs §via acfeher eBtia bRdIc 42 Wat fomprises, Bomsuct s | | ght

from one : t fi | 6 76 shoul d
&ttt % BARNREL! OBkl ‘hers Holeis APk %p%@%ﬁgﬁ%pglgﬁ}%p

not be limted to only those disclosed herein. hot oneter 70

i ncl udes esthedimest thedighhemresr6d cgmptises ¢ califweied lighi sowrbet@aichthatfie ot her
Ll G G P Sl "

receiver n on I ent, e col or-an are
measur ed enbotlimeni, fitedight soyrco 0 cafiprizet aowhiterightsoutce aTaalight edeivérgfat at vari ous

I t . . not ,i ncl ud he, visi,bl e spectr The 20
Spect r oo aidhe PRkt BineRe: kMo St g g6 Bt & ARRHIdE teon 74, 1n one
oo o e | e T I A e e TS oo be. used
by an opeﬁo_ﬁlpﬂsresﬁrpi'ﬁﬂl%%‘?ﬂﬁﬁﬁ fpessi Etegli]?‘ﬁ‘gge Wedttbatéléﬁﬁ%ﬁcﬁiﬁﬁ
manybact umi e chiNee S8y ﬁlfecﬁahﬂmahmunécg%d/o} &mﬁm@%ﬁﬂ%@&aﬂ%@ .ated that the

spectrophotoneter 70 can be connected to a contro devi ce (not shown)

such as aURBeISIIE 8Llsent therfaectaplistqreaterdn dirsbpuld plgn h¢ eproeciaiestthat rel ating to
the col OfthOfivd'BRE pRIRR%)!dnd 76 %n bhifip@k Ak oo e khorfiR BhdeRO L he
t he uc o R g 3 on, 0

manuf act uri n’%oo pro t It e spectrop oneter 70 may
be housdight forp enesoniree ¢ axbthen, and dwrifhet oty tuadlesci? gnd 36 shiwddndt behat

mani pul at | .y and/ or information supplied the on-1ine sensor
50. It shlg%fegHgoelhé'aglgéreedésicaﬂﬂ%ée%e{%%t 30 in other enbodinents the |ight

receiver 72 can be connected to other analysis devices 6
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



4 July 2005 WD 02/29389 PCT/ US01/ 24434 (not shown) to anal yze vari ous
properties of the product 40, such as, for exanple, color @jmjfmwroduct
40. As di scussed above, the |light receiver 72 can be connected to anal ysis
devices (not shown) in addition to the spectrophotoneter 70 to anal yze the
col or amdo02R9sher properties of the product 40. |In tharasexgead, the |ight
source 60 can produce light at different wavel engths, such as, for exanple,
light in the infrared, ultraviolet (UV) and visible spectruns.

Furthernore, the light is produced at the predeterm ned wavel ength such
that the various properties of the product 40 can be neasured. The various

proper t i gotahowt)ao RA&GECTaribls ﬁﬁgeﬁ&%ﬂm@proﬁw: 48X MHR! B, fof Qkfifple, addi tives and
These vari ous properties can be neasured by

10 ot her terial properties.
per f or mi r?@oreﬁfg?ﬁ’fﬁ&cﬂ% analysis on the light that is affected by the
product 40. Chemnetric analysis is a statistical analysis determ ning the

absor bance and/ o Ay Rsed bR, B ligh rahel PAlanieohRERA 1 Liiligd Y the
t ana 0}

product 40. In one enbodi nent, e chemnetric ySI'S e |ight
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i ght sp {8 ] t ! : n suc s, for
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product 4ight 4t differant Wevelengthsostichras tfor exampleight i theriafryrsd, silteaividet er m ne i f
ot her addgidtA s h for. . exam el ease UV stabilizers have
been formg@a"‘%‘?‘g?%%%%dﬁﬁm .rg{ﬁ?'?enggfjﬁipf? ?&P‘ eﬁrﬁ‘iﬁt‘ﬁ“ﬁ@f’?i c anal ysis
can det emavelengttheacle thatlihe ivariowsfprapesics o piodudtia@ caibe Bfdasuiede Thensor 50 to
determ ne i.f the .ptif | path has beco obscured. As discussed above, the
grienaf Bhe roonet 40

li ght suppri"8dTeP FloClsey, & qxample, cejorradditires she col or and
ot hey propeF hh@ﬁal%oﬁeﬁﬁspmgdé%i&ﬁ-pr_ﬂ%ﬁﬁ@%a@ﬁ@ﬁﬁhﬁ?é&tbxsﬁegfégﬁﬂé oduct 40 is

opaque and has very low |ight transmssi on\ﬁﬁroperty. Ich, “these opaque
mat eri al Chrupeliciaglyss o ke bight diat fs affsotad bywhe, proglusti40t | Gremimetsien no | i ght to

Phat | PALOS o HRlsRER AHalid RearfBEAL Sl Brorbdie AN B RlssbEET Cour ce 0.
For t hi s lighitthatihag beey pHectedhby the peductd@c dpozecdnabddimendhd Hensmetdad recept acl e
S6Rare pgﬁd&sisod?% gt Q&e%teﬁ%g‘?hesﬂrgﬁxcp Jo & Get@ 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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|l i ne sensor 50, as shown in Fig. 1. Thus, the light receiver 72 collects
light supplied by the light source 60 that is reflected by feagusoduct 40,
and the light receiver 72 30 supplies this light to at |east the
spectrophotoneter 70. -7 4 July 2005 WD 02/29389 PCT/US01/ 24434 O her
product wel@x/29z89e transparent and/ or translucent natemcalusoymaperties that
allow light to pass through the product 40. To determ ne the color and
ot her properties of these translucent/transparent materials, the on-1line
sensor 50 includes, in one enbodinent, the first receptacle 54 positioned
at about 180 degrees 5 opposite fromthe second receptacle 56 as shown in
]lc:i g. 2. In thils eSrmb&i grdicts t49e havel @Iahsgmﬁﬁ Qﬁd/ﬁﬂ tﬁdﬂﬂﬁédnegndtér@gg to élheh
irst receptac that is transmfted thro t he, product , and the
t ransni tP@Be‘I“FFgﬁFt qélllgwglghq g ppss farpyshtheprodush 0. ?&t@twneﬁ%q #¢s  connected

to the S%W?r%@ﬁﬁﬁto@%e@e %nslﬁaen@Msﬂaﬁbnpﬁ]a@d?ﬁrs,emeabﬁﬁné Rékor 5@ this

enbodi nent , h i e second receptacle 56 can be

! > first r_ecegtacle 54 "and s
posi t i ondagludes, iporenemhediment die firaracenizeigto4 TREtiched ot about d3thdagragt e t he col or

and ot herogfﬂsﬂ@ﬁ&ﬁi segéndtrgﬁgﬁaaﬁgg%ggho%' in. aé Q " 93¢ gmt)@dilﬁ? rtﬂQUCt 40 that
has transparent and/or translucent nmateri properties, e neasur enent of
t he col oligltrsdurn¢ hé supplicsdight iodbe fisst wodprackeui4t that beranssdittedibropghatieict 40 may
have litt]l r | o N , O nbodi A e_measur enment
o 'the. cBiegPetith dnf s e pllEh HeBL & ool By BB e Fhhver 73 bl

t r anspar esinestedins [ the egond seqeptadiorited Ibyhoukndelrapp@citfed thaplin ttkisle of 11 ght

that is t smtte hr o he product, 40 at different. wavel engths that
my o nEPOABeRG GE FrbEeThiG & 17dnd e SHE0RaPIONS o IPBBRRIGE 40 | <
transpar gitlést dtiedd Than GBI 180 Hedrées 16l RiRasirdthe cél6r 4@\ether ipBpertiBaSSthe hr ough the
product at a l|larger distance or path | ength 20 between the |ight source 60
and -t he P#OQPﬁMpecei ver 72. The increased path length increases the
sensitivity of the on-line sensor 50 by requiring the light to travel
through nmore of thgjgpk Ctb4a(‘3f9rotlﬁbt0t10dtﬁﬁt a9 tRBSRIAL BR/bNRasRE@E and ot her

properties of the product : L
material properties, the measurement of the color and other properties is difficuit

because the product 40 may have little or no color. Therefore, in one embodiment,

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

-8-



In one enbodi nent, as shown in Fig. 6, the path length is increased by 25
using a reflective nenber 600. In this enbodi ment, the on-l4g s®3sor 50
includes a reflective nenber 600 in the transparent nenber 500. In a
preferred enbodi nent, the reflective nenber 600 is positioned near an

I nsi de adpe/2839 of the second cylindrical section 520r/ukei/zadzet her

enbodi nent, the reflective nenber 600 is positioned at a | ocation between
the first cylindrical section 510 and the second 30 cylindrical section
520. In even anot her enbodi nent, the reflective nenber 600 is -8 4 July
2005 WD 02/29389 PCT/ 1JS01/ 24434 positioned outside the transparent nenber
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pasw t hrsusg thivagh HROpe8uct 40 iR thd) ftd ' rgi nwrber of tines
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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.



20 second receptacle 56 are positioned at an angle other than 90 degrees
relative to the transparent nenber 500. This angular posiyiRpssof the
first receptacle 54 and the second receptacle 56 is advantageous when
introducing light 620 into the interior portion 540 and for collecting the
transm wm@e/dPisght 620 because the light 620 is intreduwsdratzsan angle into
the interior portion 540 to increase the path I ength. 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 nenber 500
i ncluding a 90 degree relationship. Another enbodi nrent of the on-1line
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vari abl e 555998 &reepipdie et gudpin ape embedimant i§ part pEthe Eberptie bendl 361 ¢ 56 and, in
one enbodf trecelver BRIt LREnhdidey ' ; sl receiver 72.
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I ncr ease ggr?aﬁgﬁﬁgﬁl??]%gﬁ@rtﬁeaﬁéﬂt &zﬁﬁ%t&d%oﬁgrﬂethé ;')rgc%ct b AELdRd through the

pr oduct }
15 portion 540. The variable-position probe 710 can be moved to various positions

along an axis that is horizontally located between the fixed probe 700 and the
variable-position 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

- -10-



15 portion 540. The vari abl e-position probe 710 can be noved to various
positions along an axis that is horizontally |ocated betwaeny)ydssfi xed
probe 700 and the variabl e-position probe 710. This positioni'ng of the
vari abl e-position probe 710 can increase or decrease the path | ength that
t he |i gwoeaeassot ravel through the product 40 bef or e Pogiusg/ach| ect ed by the
light receiver 72. It should be appreciated that, in one 20 enbodi nent
shown in Fig. 7, the fixed probe 700 conprises the |ight source 60 while
the vari abl e-position probe 710 conprises the light receiver 72. In other
enbodi nents, these positions can be reversed having the |ight source 72

bei ng asghfdrieiletctioht5ho.t e stad a8 5P s 4d QerRUSDEY afhifkeAdtPokifdg | 1 ght

recei ver 7§ bﬁ&{l& associated wth the fixed probe 700. It shoul d be
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031 D050 The-15 depdeABan 15 A0, ik U0 pORRR A e 188 % 67 S T et 22 and
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section 510. The secqnd cylindrical section 520 defines

first cylindgical
the int ereF@Pé‘ﬁ]S‘l‘tt the frasspereptmmber S0roEprisee Andig I apsther FRPresetivAe  sensor 50
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second 5 end 57. The portion of Eroduct 40 that flows through the bypass
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15 This information provides valuable insight to the color and/or other properties of the

product 40.

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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10 enbodi nent, the transparent nenber 500 conprises sapphire. The outer
surface 52 is prOV|ded to ensure that the light supplied uquhngxgn i ne
sensor 50 renmains in the on- Iine sensor 50 and is not dissipated. In this
manner, |ight source 60 that is calibrated can allow the determ nation of
anount o¥oogk® this is supplied to the on-1ine sensecT®Soi/i84t he |i ght
source 60 and the anmount of light that is collected by the |ight receiver
72. 15 This information provides val uable insight to the col or and/or ot her
properties of the product 40. In Fig. 9, another enbodi nent of the

measur enent system 10 includes a reference channel 920 that is used to
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referenc h nd t ht m t recei ver 72. As such,
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pat Iy of tilods bt WemC hanetnciafiol® AAIANfirst Werfil}@0IP palbtinbne ratio of

the intensity of the I'tght fromthe |1 ght receiver i ght from
the - 11m¢asnmr§enizoﬁibe argg by By geecPaT atubitich epaPares @ﬂ&rmawemmannel 920 can
be conpagg | i termne the
conditi on oF hg f%%??@% hg ggbtdﬁéti@ Q‘?H’e bgm’ gasgrgng %(f%tegfgﬁveas, for

exanpl e, thif r&fbren@pmbasaiempatdani@tehhnckﬁnl.exb:hplshmgraﬁaﬂm apieekghat ed t hat

oter BNBLES] &) aftiY el B8k SR SR 78 S AL EREE, HPub dgell! 11 P! exer 930

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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5 properties of the product 40 and to evaluate the Iight fromthe reference
channel 920. In even another enbodinment, the measurement gyatyers0 can
provide a reference of the light fromthe |light source 60. In this

enbodi ment, a statistically constant area of the |ight spectrum obtai ned
fromthwdagbaset hat is affected by the product 40 ispcensiipzed using

chem netric analysis by the spectrophotoneter 70 or other analysis 10

devi ces (not shown). The chem netric analysis first determ nes a baseline.
measurenent of the area of the |ight spectrum and, then, conpares |ater
measurenent of the light affected by the product 40 to the baseline

measur enment. As stThkeégnphenanembeh B8R0 sethe bRlifEesdiERIU0 aithides £ ant det er m ne,
for exanpl e, ge radation jn the |ight source 60 _and/aor _the fjber optic
bundl es 6%¢ %gn # seconfkresspingle: S60hatarca Yrahe st Bhgr optis bpdl462 n the on-1ine
sensor 5 ' : t W own in Fig.

B T he o T e 2 ™ et 1 <

posi t i onbel confjegted i, fovexampleperights@u@ 6 Fig.hB. cBredwcend2fiber loptishoul d be
appr£ci a t ni i) ' [ e -pass section 30
(Fi gf 1) B@g%é ’ﬂi?ésang g%ﬂé@ﬁ%‘%&%&?ge cdﬁ%ﬁ?‘%ﬂ%wgergpéﬁédl)aﬂmsé,’(tnﬁge 20

appr eci atmdysishddviceh §nch dhawgnt Inpomi eposdntagve Embidiment aths peangpatentrenber 810 to

the opening. 8 i ncl udes, f e I positioning in.the openi ng 840,
posi t 1 onfiToRe 270 PR SeiPRETca a0t aRe 56 oD FSARAY SEePHEehalf ng 840 ¢ hat
seal s t heaamspsentngendeds Kuompriseh gitariar oduct 40 is prevented fromflow ng from
t he openi ng 840. The transparent nenber 810 includes an outer surface 52

over the entire area.o he transparent 25 nepber 810 that is,not
posi ti oned adj acer{?%fgofgt‘hgoﬂ' ff orﬁ)?,capﬁ;emgf%&q Bt an ttenpaed o

enbiyi Megital réfleatagéeS(ATR) téchaiqieRatinere®ed thefseishiitg OF @le heQbRVF Properties
of the Ergduct 40, the outer, surface 52 of the on-line sensor 50 is
opaque. PHhPYHEreasing e pai fangthithat the Jight 820 jravels,simlar i,lig, ¢ SBFimd, opaque

coat i ng, 43Wallind3enshiO iEYRAMBh&S on e dRBOBINE S6hawR2D] TH: ROMASY erferPai Nt ed
coating. In another enbodi nent, the outer 30 surface Tconprises an opaque

casing, Hedrngpgrent membesg $4Q vig, fibgr epticdundle 63 pedisireflagied iydg produc 4 July 2005
VO 02/ 29369+ Phrl 1RO EARF 39, In this embodiment, the light 820 is reflected by the

15 product 40 and within the transparent member 810 until the light 820 is received by

o=

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
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The transparent nmenber 810 of the on-line sensor 800 includes a first
receptacle 54 and a second receptacle 56 that receive the H4imgtagosber optic
bundl e 62 and the second fiber optic bundle 76, respectively. The first
fiber optic bundle 62 can be connected to, for exanple, a |light source 60
(Fig. 1wodhesssecond fiber optic 5 bundle 76 can be eonwsamiedsto, for
exanpl e, a spectrophotoneter 70 (Fig. 1) or other analysis devices (not
shown). In one representative enbodi nent, the transparent nenber 810
conprises sapphire. In another representative enbodi nent, the transparent
menber 810 conprises quartz. In Fig. 8, the on-line sensor 50 can be used

to per f Opdméss Md Ho@at @0 and Btherohedhartienis et @ovide 4 AT thacassisisabee t hat

i ncreases the sensitivity of the on-li sensor 5hO Hly | r&creﬁsl ng the path
| engt h t BReduct A Somghe bps eectioni, 1t fionidrbsappigeinteg tat thé prpdiet g 5 ¢ e
on-1ine Sensot,BltihentdIRiWs HRQAY AOM R GnakifR) Gfa Holtsin @REAGWL 200. The | i ght

820 enters the transparent nenber 810 via fiber optic bundle 62 and is
reflected by the product 400 to the light receiver 72. _In th enbodi nment ,
the light 820 is rl%ﬁgeéQs@éW‘Q@@@ﬁ%ﬁ%&bﬂ‘ewﬁéﬁcﬁ%@ﬁpﬁ e transparent
menber 8 0! is bDS A N;820 td e REREN AT D Yetorhdd priogiies’ sFamd ver 72. In
anot’her %%%%3%4%?1%?5?#39'{%@&%%%3glﬁt menber 81%einclltd§§ﬁea reflective
surface B®dudtd8ifoen light 947 et 948adfertad) b thetpsodualcqQ. i Thet first gasor 840 ect ance of

the [light 820 | ] I enk : : bl ido shoul d be
appr eci at B PRLE Hﬁ}fg&'ht %)‘E\u?%lssﬁg P §§§{r‘1"s“g§g§§°fmﬁ’%r§‘%&%@g§ﬁ gmlu‘@éd to measure
t he col o fsidight fee¢iverrodfds pasitioneaif adpert brea pacodliside dihe hratudidléo for exanpl e,
transparent, seni-t parent .or u propertie al so be

appr eci af"@‘éfv?rh]éﬁrﬂt igﬂgt 53 1§ feaps gedsgﬂz}%r ﬁ% SSYIQTCiaﬁ‘.H pgss?#ehr&gﬁ%%rrent of. the
fibey ophicauddwnd! morGlodan JohBat| Haghiefleaive ipvaperties, € first teflestivatlight mi sal i gnment
wi t hout sacrificing the sensitivi t;lf of , thf | i 9 t 820 that | shgffected by
the protReeiverfd4 ipppsitioneghadiacent to stz &ide gt the @ ‘g%‘o | RSB | own i n Fi g,
10, an 0@ag { b MhelfrsCIMRDFeSi08 936 GRNEMI fefledivdiavi ng a

by- pass ggé:%h?tg%réggaéﬁgfgi%#mtﬁ%ebproduc.s‘,_t;EEB flows fromthe by-pass section
30. The fliglbweesiver 944 preoehmoecteitofancmalysis device (et shoyans 3soMeB 9 assi st ed by
drive nechani t figs a pulling
force to“a s"%’ll% {J‘ S?%g'oé)ﬁrz’%eg% &Qgﬁkg)’f Pg%%%%ﬁeépﬁg@ggggﬁﬁégﬁon

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

14~



30 30. The drive nechani sm 980 can conprise, for exanple, drive rollers
that pull and -13 4 July 2005 WO 02/29389 PCT/ US01/ 24434 sappzass t he
product 40 and ot her nmechani sns that provide a force that assists the
product 40 fromthe by-pass section 30. It should be appreciated that the
product wi®92/2938 ot her enbodi nents, flows directly freoruse/aesaduit 20 or a
hole in the conduit 20. In Fig. 10, as.the product 40 flows fromthe

by- pass section 30, a first 5 sensor 940 is positioned adjacent to the
product 40 to determ ne properties of the product 40 fromlight 947 and
948 affected by the product 40. The first sensor 940 conprises a first

1i ght sowmnee 982 thavis itdahanitteli ebugle B8 tcodled Brofihdt 960.S f@ldfHon I \Rediigoduct 40, A
first grghqc{t)uergﬁl ver 946 is. posltioned _adjacent to a second side of the

pr oduct ght&rogper PI4yn positioned pka first Slﬂ? ahtgicpeledipgguct 9@ ioi ght source
and passegedifer BaHy D58 nﬁat]m(s’ rE’Eiéaﬁi:HOJy tﬁQ coglg& gfl{/dggﬁ’g{i?s He ts&ﬂﬁ je reflective

properties, a first reflective C I'S p05| ned adj acent
to the fifeesivesPifeandsthe morpirr@ﬂef@ve hght reseiverc$ihags cdnnested to em&aﬂyisat is

refl ecte 4 first
refl gct [ \C:d ep%f t(&ﬁt re élcsé%hr Qsébzﬁpgxraieﬂp %’bnn c%&hétgmggﬁr gpua(?&gg nﬂ‘@v: CZ (not
shown), aamalysis Idf,%vmer @t Slmwa)’q:dcelyesdl@pw amip%&tmvmlt&r préduct £0 befork) . As

ref erence

descri be e] . o C inclu e

channel dcoﬁﬁ{\ﬁndnﬁ &ER’%&I%B&?B %ﬁge%’ tcﬁg ﬁilpF ctad%B‘nt 942, the
first |i ginalymedmoee(not‘?ehﬁwﬁ)mintummuanﬁ Heteiihe thel prépetties bE thé ﬁﬁﬁht\!ter 944 to
provi de a I| Eﬁf{?@ Ee anal ysi s device (not sh . As shown in
Fig. 10, Iraﬁ rbr“ 3 HP?@P@‘?%Offé@Pfﬂgﬂ?tﬁp@ theafter the
firsip Seﬂﬁ@l@d beau&t@so eque @omﬁhﬁsdn%fnﬁerfcbwr&es@f th) o@ﬁc@%‘ﬁﬁ%&gleho 20 product

a cool ed product. In one_ enbodi nent he tenperature o e product is
reduced tREPMAl Pt can @rigiden edditonalr informetipre relfiing to dtu produstiomsslani sm 970 can

COMPr | 5 mifaoATTR tne RGN 8, WIa o290 Akmbtpe R’ AEE el 11 ed rol Lers

that contact the p an alr ‘source an air flowto
t he produwdditing, math@rpeaﬂuetaﬂo thppﬂaiectzftthorpmdnait 40 sit pamuscheagesouf thige product 40

O 20", B At RS el R 7 R o (he
15 appreciated that, as described above, the second sensor 940 can include 2 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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the tenperature reduction nmechanism 970 to determ ne properties of the

cool ed product 960 fromlight 957 and 958 affected by the 4R 2gbspr oduct
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

| i ght re¥@p2/29889956 i s positioned adjacent to 30 a sercmdsei/dedof the cool ed
product 960 to receiver light 957 fromthe second light -14 4 July 2005
WO 02/ 29389 PCT/ US01/ 24434 source 952 that is transmitted through the

cool ed product 960. In addition, a second reflective light receiver 954 is
positioned of a first side of the cooled product 960 to receive |light 958

that is npddiRaties Byhitd 8y GRp Rekidald dpiicat?AGr uldeofIRs BRehtoh N is recei ver 956

and the second reflective |ight receiver 954 are connected to an analysis 5
devi ce ( ridiendsd #iahihe appeaded claims be constiyed teinclyde gicsativ erabesiirenis 070 (Fig. 1) .
The analysi j ; ) receives light 947 and 948 fromthe
product 4 éﬁg gﬁ%hﬁ%ggyﬁﬁgﬁgﬂﬁﬁreceives | ight 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 10 cool ed product 960. The
conpari son of the properties of the product 40 and cooled product 960 can
provi de additional information relating to the production and

manuf acturing 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 nmanufacturing process and the overall quality of the
product 40. It should be 15 appreciated that, as descri bed above, the
second sensor 940 can include a reference. channel (shown in Fig. 9) that
is connected to the second |ight source 952, the second |I|ight receiver 946
and the second reflective light receiver 954 to provide a |ight reference
to the anal ysis device (not shown). It should al so be appreciated that
since the first sensor 940 and the second sensor 950 are not encl osed, the
reference 20 channels (shown in Fig. 9) can be provided to determ ne
changes in, for exanple, the |light sources 942, changes in the neasurenent
system 10 and changes in the anbi ent
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light that can affect the determi nation of the properties of the product 40
and/or the chilled product 960. The foregoing discussion of jfijigggsnventi on
has been presented for 25 purposes of illustration and description.
Further, the description is not intended to Ilimt the invention to the
form di scl osed herein. Consequently, variations and nodifications
comensurate with the above teachings and with the skill and know edge of
the relevant art, are within the scope of the present invention. The
enbodi meCLAIMScri bed herein above is further intended to explain the best
node 30 presently known of practicing the invention and to enabl e others
skilled in the art, to wutilize the invention as such, or in other

embodi ments, and i tA? PRinG SFRser Suprlying Jight (o 2 sprstrophgtomsiep Sarsiy situ

PCT/ US01{,24 mPdF b i i theiriparti ¢l . 41 ion or
uses of TratAbOr RARAIE £ BALERobie ARhpn ELbIEH Al ik
const r uesdctiam, thecindite sehéoecomipriviagenbodi ments to the extent permtted by
the prior art. -16 4 July 2005 CLAIMS: 1. An on-line sensor supplying

light to a spectrophotoneter for in situ measurement of properties of a
product flow ng t HriGRGPATEntIBeTaRAT CORMBRUSIAG a bypass section, the on-line

sensor conprising: a transparent nenber conprising: a first cylindrical

section having a fi ﬁr§tcﬂinaﬂsalﬁ,ectmnﬁ;eﬁigeadﬁﬁspdm@tepxmwdwq{eitg@assa portion

of the product flowi ng through the first cylinder; and a second cylindrical

sect i on seehidn, g partivecd the ntpduat flewingthomgh thefitsbeylinder; find st di anet er wherein
the second dianeter is greater than the first dianmeter; an opaque casing

housi ng the transparent; ERTHRE. AR IHAAS, § LEth Ml SPERRgE TS RR0! €S!

first diameter wherein the second diameter is greater than the first diameter;

an opaque casing housing the transparent member and 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-



a light source connected to the first receptacle of the opaque casing and
providing light to the transparent nenber inside the opaque4ﬁﬁ§§@g; and a

| i ght receiver connected to the spectrophotoneter and the second

receptacle of the opaque casing, the light receiver capturing |ight from
the light source in the transparent nenber that is affected by the portion
of the product in the first <cylindrical section, the captured |ight being
supplied to at |least the spectrophotoneter for nmeasuring the properties of

the portion of prosluedm kplitteh ottt to e light sberaé aﬁ@@ﬁlitﬂﬁ%ﬂiﬁe lighe frbfanspar ent
menber. 2. The on-line sensor of Claim]1l wherein the | t source produces

light afbedight sgutcs infon et least bve slgiferentalighthpathy, inqlydng éinﬁt’ﬁﬁ light @athi m 1
further hannel connected to the |ight source and
t he specltgT8 Ldéﬁo%g%&hé%ﬁﬁrg&g 81%énce channel providing a |light reference
fromthe Ilght source to the spectrophotoneter. 4. The on-line sensor of
Claim1 further coameﬁeﬁdnn@ chann]eY obnulected ROGx baaﬂmmmtsplahd treceivingrrect ed to

the light sour splitt] the J.ight fr mthel t sorcelnto at
| east tv\ﬁ?c?ﬂ‘#J ﬁé%nhght m 4 ? €2 §B 1%: ffrP1P°§t°11 tPfB‘é} e f’pIhB]i}‘i di ng

l'i ght t@e?é?&c%'b%s"édc{n%@ﬂhﬁt%cﬁnﬂ%sre&;rﬁirlgﬁ??atﬁh connected to the beam

splitter and receiving a~ second pat i ght rom the beamsplitter, the
ref erence channel providing a light reference based on the |ight from the
second | ght pat h;a srediplexenconnpicted do tlnmmﬁﬁem@d:ham&lh‘éed'ghefeedwa aldannel ,

the |i ecei ver. an trophot.oneter, ..t he, | exer selectlvel
e e e PR ta o i R e AR TY] PPt o irh e BrRes Lo ¢ ne
spect rop&mﬁwmﬁ@fhefl%t A@i¥SloShe @ecﬁ&mo%nétbﬁﬁrﬁﬁﬂ?ﬁi of Claim1l wherein

the transparent nmenber conpri ses quartz. 6. The on-line sensor of Claiml
wherein the transparent nenber nPrl ses sapphl re.
5. The on-line sensor of Claim 1 wherein the 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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7. The on-line sensor of Claiml1l wherein the opaque casing conprises a
netallic material. 8. The on-line sensor of Claim1l whereiny hfig2bapht
source conprises a white light source. 9. The on-line sensor of Caiml
wherein the light source conprises a calibrated |light source. 10. The
on-line sensor of Claim1 wherein a fiber optic bundle is connected to the
|l i ght source and the first receptacle of the opaque casing. 11. The on-line
sensor of Claiml1l wherein the light receiver conprises a fiber optic

bundle. 12. The ont3,The of4ine@ensof ofSCHIIM 1lwhdieinahe fitsh eylfieichlr Rphiei efreter s
connected to a display. 18 4 July 2005 13. The on-line sensor of Claiml
wher ei n theErapspacent memidgrisitrgadilydonnestedio thebynasusesion efthe sendnds | s

threadily connected to the bypass section of the conduit. 14. The on-line

sensor of Caiml M%siog.éfng%eﬁsbf 8fcfa¥ﬂ1i1”\9ﬁér8ﬁ'th€ﬁgstrt]gygﬂ1@i‘:§aléfg orf fANSpar ent

menber is connected to t ypass section via a e on-line
sensor che Ghasparent mlembet is cotescted b tredephssglettionsvia efflaggd. ed from the portion
of the product flow ng through the first cylindrical section of the
transparent mnenber. . The on-lin ensor_of, Caim1l erein fhe captured
light passes throﬁg#%f’l‘?gﬂlﬁ‘&s?‘?sé?ﬁogpfat“ﬁel WP‘E?SH&W F?%%e%g{iﬁsd' e first
cylindrifgh heGottih of tel'rodhdtMIPAE tREouBR THE Hirst1cylindAG) Wetidd 6t BRNSOr  Of
Claim|l wherein the first receptacl€ 1n the opague casing I's positioned
about 18eendpagerieseribesm t he second receptacle in the opaque casing and the
| ight source is positioned about 180 degree fromthe |ight receiver when

the light source he |j.ght recei.yer. are connected to opague casi ng.
18. The on-line sgﬁéﬁheo?n'@%ﬁ?ﬁsfr Ptﬁﬂ&’r Iic%ﬁr%?’instﬁﬁ&aﬁtu}'eé# Fg]%tt Fﬁ?ges
through the portion of the product flowing through the 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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menber positioned inside the opaque casing for reflecting the |ight
introduced in the transparent menber fromthe Iight sourcetylPaodhe
on-line sensor of Claim1 wherein the Iight source is variably positioned
relative to the light receiver. 20. The on-line sensor of Caim1l wherein
the light receiver is variably positioned relative to the |ight source.

21. The on-line sensor of Caim1l wherein the properties neasured fromthe
product conprise color. 22. An on-line sensor for providing light to a

spectrophot onmet er £ ghnspaB@s dicpitRm thaofngdmOPRIquE ®atdfsuafaps afdiah igtisruded
t hrough a conduit having a_bypass_ _section, the on-line sensor conprising:

19 4 JulReroepsxtending dioapa st cndepbihe transpatentanembridaa ssped endite e and an
Interiorg fyérb&h%%ﬁgrnﬂidntﬂefiﬁt%ﬁbla fﬁ%ﬁtcogﬁl%he%f tottpg b Qéass@@tg&“&h%&ber to a
second en o the Ttransparent nefber an e Interror portion connected to
t he bypgesdsedldawing Weng the fpypasisdetibh asvismgplict to Uhid intbiforbycoass oS @at i on i S
supplied to the interior section of the transparent nenber ; a |ight
source CEHHISBUERIDMBOYhe transparent member and providing light to the
transparent nmenber inside the opaque outer surface; and a |ight receiver

connected to the ty g%?%ﬁﬁ@tcggﬁmtoqﬂgggﬁ%}%nhﬁ&rﬂﬂeg%d ph{xﬁ&e&%gi tﬂ | ght

source in the trans ent nenpber affect e product, ured

| i ght betortige sapphiesttn¢mnbatindiéatke ophprespiartsndpdepthet er for neasuring the
properties of the product supplied to the interior portion of the
transparent nenber...23. The on-1i sensor of Claim 22 erei.n t.he |ight
source produces ﬁbﬁ'gr%ctewfr ﬁ?létlféggrt?nﬁ?‘f’et&a%f\‘fﬁméﬂﬁrfl T 85, .Cal?‘?f’é‘n%ﬁfgﬁi ne
Sensor Ofrorklthé MpdZoliet il Ele ©ARPAreSH MemBer' el MSRhe PRdRe! the @Bprasdded to the
| i ght source and the spectrophotoneter, the reférenCe channel " providing a

| i ght rdightdsing fupplied treat legdl tthe spactrepbafomister fpromeasuphg therproperties 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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25. The on-line sensor of Claim?22 further conprising: a beamsplitter
connected to the light source and splitting the Iight fromg4 je2600ht
source into at least two different light paths including a first light path
providing light to the transparent nmenber; a reference channel connected to
the beam splitter and receiving a second path of light fromthe beam
splitter, the reference channel providing a |light reference based on the
light fromthe second |ight path; and a nmultipl exer connected to the

ref erence channel ,26.hehd oglihe semser o€ IClaind 22 thikersipetbt rteplpdrodtememnbert he

mul tipl exer selectively providing light fromthe reference channel and the
| i ght r et®RFSES ¥'he spectrophotonmeter for analysis. -20 4 July 2005 26.
The on-1line sensor of Claim22 wherein the transparent nenber conprises

quartz. 27, The onyj iR SRNAGeMor O AM? 32 WRLEIHE kb ABRPALRRL Terber

conprises sapphire. 28. The on ne sensor o aim erein the opaque

out er swdngoises sappiireé.ses a netallic materi-al. 29. The on-line sensor of -

Claim 22 wherein the light source conprises a white |ight source. 30. The
rises a . calibrated

on-line sensor of i,m 22 .wherein ight source co

| i ght source. 31. chgngf}l?nQI}"1llﬁeeSf§’§?fé8£E§afl wheEean {6 PRAGHC 0T SUHRSH ed | i ght
is refl gmifed 4 fAAREmRlegdUCt supplied to the interior portion of the
transparent nmenber. 32. The on-line sensor of C aim 22 wherein the

captured light passes through the product supplied to the interior portion
of the transparent2%8hpen:ligzensphef OlritiRewkespiadhe bghtGomicecompfisastaher
conpri si -ref]l ective nenber positioned inside the opaque outer surface
for ref I‘g@tteﬁﬁ%h%tg%gg%i ght introduced in the transparent nmenber fromthe
| i ght 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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34. The on-line sensor of Claim22 wherein the light source is variably
positioned relative to the light receiver. 35. The on-line gpjiggpopf Caim
22 wherein the light receiver is variably positioned relative to the |ight
source. 36. The on-line sensor of Caim?22 further conprising a reference
channel connected to the light source and the spectrophotoneter, the
reference channel providing a light reference fromthe |ight source to the
spectrophotoneter. -21 4 July 2005 37. The on-line sensor of Caim 22
wherei n the proper3i éhermaking echsof bOIOlAiRe 2P rvitthieih the PRopesttesCababured38. An
on-line sensor fqr providing light affected by a product flowng through a
condui t é‘é‘giﬂh"gﬁ& S SeHPH Al%fe on-1ine sensor conprising: a transparent
menber positioned adjacent to the opening in the conduit; a |ight source

connected to the t3@ANSPSL-ARE séfﬁgpﬁfr[pg%\qdfﬁﬁq . Fgffleét&f'f)%f %%EO&WJS%E%F)M ent

menber; and a |light receiver connec to the transpa d
capt ur i rirouigh atconduibimvigean épgphingsthenadimfsteot eompyisihgte product. 39. The
on-line sensor of Claim38 further conprising an opaque surface covering

an area of the transparent, nmenper not g%sddtl oned acent to the.opening in

P
the condui t. 40. THETBRALRETIEHSEPIGRACIURIEES the PRIARE 1o hsandbity o

reflective surface connected to the transparent nenber and positioned to

reflect the Iight dhgltheurck ﬁ:_@ﬂ&l@fbﬁ&@&hé@ﬁﬂ%ﬁmﬁ@ﬂeﬂbéﬁ&fd ﬁrb@in%il@m tof 0 the
i ght receiver. 41. The on-line sensor of aim 38 wherein the transparent

nmember tBeHpRIPSent Bembes and2. The on-1ine sensor of C ai m 38 wherein the
transparent nenber conprises sapphire. 43. The on-line sensor of Caim 39

wherein the opaque, ﬁéi{tfrg&?ver connected to the transparent member and capturing light
from the light source affected by the product.

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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conprises a netallic material. 44. The on-line sensor of C aim 38 wherein
the light source conprises a white |ight source. 45. The oppji dggssensor of
Claim 38 wherein the |light source conprises a calibrated |ight source. -22
4 July 2005 46. An on-line neasurenent system for determ ning properties
of a product flowng froma conduit, the on-line neasurenent system
conprising: a light source positioned adjacent to the product flowing from
the conduit and providing light having a predeterm ned wavel ength to the

product, the prodctAmiohdiiel mgasubendrt Bybtemadri @Mrniifiagi preperles bFigoned
adj acent to the product flowing fromthe conduit and receiving the |ight
af f ect edPrAduct Hewmeoliers @:condiit. Al emhing measugunent 8ystem GRBPENED t he | i ght
receiver and analyzing the light received by the light receiver to

determ ne the propgekti : 7 e | ke nt
systemof Caim 42‘36{1 %t?g?‘ﬁé? ?gﬁtﬁggﬁ‘?% aSﬁ‘ftcté’ }-Hs% %lggﬁ?ti gﬁ‘gﬁ{%?@g{ ?l‘l[ésst si de
of the praduittand |ppowidingflighnHabmgco pekdetermindd twerelengtht to decpiodedt, e :
posi tioned, on Seco d][ié{ﬁ.de of the product flowing fromthe conduit to
recei ve HP a&?"é’i‘i‘gﬁg"’t > through the product. 48. The one-line measurenent

system of Claim46 wherein the Iight source and the light receiver are

positioned on a fig gphiStdEivel FBﬁﬁorRardoﬂij%enf lt@‘{‘ﬁé"grodg\gtg?b%vg‘g @@E‘p\fﬁet , the

l'ight receiver receiving light reflected by the pro e on-line
measur ermenduit gt wasiving Ghelight 4feftod by dre prodpt;iagidng a ref erence channel
connected to the light source and the anal ysis device, the reference

hannel i di |ight ref f the |i ght to th lysi
dovi ce. 50, The ot AHE ndaBr sibiceied & hsrHegt reeriPr Ademmarinedhe ey i 41 no:
a beam sptditddty BeoNPRGEQSvr fo Uf8mihe Me prOpUrts kb skidit i ng the light from

the light source into at least two different light paths including a first
'Tght path 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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providing light to the product; a reference channel connected to the beam
splitter and receiving a second path of light fromthe beapygpbodger. the
ref erence channel providing a light reference based on the light fromthe
second light path; and -23 4 July 2005 a multiplexer connected to the

ref erence channel, the light receiver and the anal ysis device, the

mul tipl exer selectively providing light fromthe reference channel and the
| ight receiver to the analysis device for analysis. 51. The on-1line

nmeasur enent syst en giult{glexencéddnectenttb @ic REFBIdeThRthad tht BEREfeasivECaddeduct i on
mechani sm positioned after the |ight source and the Ilight receiver and

r educi ngtheranalysipdease ribe gnultintexsr selgetively ovpviding leght tf%é'ﬂ dbnakferences2. The
on-line geasyr t: i R,E t apri sing: a second |ight
sour ce posl t#gﬁgg&al@%?éc? gpioe%géﬁsgsrl%&?%éggﬁ%ﬁ@mc hani sm and adj acent
to the cool ed product, the second |ight source providing 1|ight having a
pr edet er m ned waveflerteron-lind measnoahad spstad wdtClainh ¢6 donhe dopippidingta
affecting the light; an a second |ight receiver positioned after the

t enper at %F@e’fa&lfﬁcrﬁ WHON  Ee ARAR S, DO 08%4 é%é’htth? dighh sobiss| eyl phreodight | t he
second | ' e I [ . receiving and
supplyinﬁggﬁgﬁﬁ?gﬁ¥ﬁg¥§ggP@gkggm%ﬁgﬂ%ﬂg?§g§g¥§@§%€&ﬁg%§t gqghalysis devi ce
for analysis. 53. The one-line nmeasurenment system of C aim52 wherein the
second |ight sour¥e Ths opdiictmeasgsment systemrciClgind8] Gfrtheheompridiegd pr oduct
and the second light receiver is positioned on a second side of the cool ed

product to receive |light, .transmtted.i.hrau t cool ed, product,. 54. The
one-1ine neasure_rreq‘ltseggf@t é}ﬁli“gfsoﬁfcgi #P3 %ﬁ%e%gf’%q‘gﬁefe?é’g 4 19 Yo% our ce
and the mecRtbn a8Mtad{RER MEthedddIRPHIdILONERe QBohd ﬁg}ﬁtso'ﬁr&gp@@idi@e cool ed
product, the second I1ght receiver receiving light reflected by the cool ed

pr oduct . ligt having @ pradeteemined suavstangth toytheesnobfd plodireh % tenlehprodooimpr i si ng
a affecting the light; 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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ref erence channel connected to the second |ight source and the anal ysis
device, the reference channel providing a |ight reference 4 ngynbote second
light source to the analysis device. 56. The on-line nmeasurenent system of
Claimb52 further comprising: -24 4 July 2005 a beamsplitter connected to
the second light source and splitting the light fromthe second |ight
source into at least two different light paths including a first [|ight
path providing light to the cool ed product; a reference channel connected
to the beam split tebecandplitaeionnagedito secssidndiight efurtd ghit splitong thke beam
splitter, .the reference channel providing a light  reference based on the
Iight frigght Eﬁ?é“ éﬁ?ﬂaldﬁ}&%h?%%ﬁ ,PO afrlepsh R Aifopend Jight Ragiviaelpdingedithe

ref erency ARREbvidind % j ceiver and the analysis device, the
mul tipl e%éngelrchvtlflvgl &ﬁgﬁﬁgﬁdﬁ%ﬂ"%‘?’ fromthe reference channel and the
second light receiver to the analysis device for analysis. 57. The on-line
measur enent system oéfe@ingd wh&thellvenmicted: tre thd hbdm splitterc end aeqeivisgss a white -
| i ght source, 58. .Th -line neasurenent system Qf Cl.aim52 wherein the
ot SStekpl gl e drom iy bR Bt ctCehaneel PrREASS § EE

nmeasur e%fgrelﬁ,)é%g@@d;,fthgi%ﬁrﬁoﬁgtﬁ@g@g&jdqiéh@?atggﬁﬂnd light source conprises a
white light source. 60. The on-line neasurenent system of C aim 52 wherein

the second |ight source conprises a calibrated |ight source. -25
a multiplexer connected to the reference channel, the second light

receiver and the analysis device, the multiplexer selectively providing light from the

reference channel and the second light receiver to the analysis device for analysis.

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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