WO 02/ 16892 PCT/ US01/ 19416 ON LI NE COLOR MEASURMENT SYSTEM FOR COOLED
PRODUCT BACKGROUND OF THE | NVENTI ON The invention relates to a col or
measur enawid 0¥ysPEm and nore particularly to a col or neasReCPUBO19346st em f or
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processing area the product can be formed into various shapes and sizes. Typically,
10 the movement and final forming of the product is accomplished by extruding the
material through a conduit. Heating the product so that the product flows similar to a

liquid facilitates the extrusion of the product through the conduit.

Many processes, especially the finishing process and forming, desire to

identify or measure the color of the cooled product. Color identification and

15 measurement is desired for, among other things, determining the state of the process,
determining the quality of the product and sorting the product. However, the heated
product can have a different color than the cooled product. In one example, color of

the product is identified and measured by directing a sample of the product to a

bypass section in the conduit or main extruder. The sample of the product that is

20 directed through the bypass section is collected by an operator and is allowed to cool.
The operator manually supplies the portion of the cooled sampled product to a
spectrophotometer where the color is measured. This process of color measurement

and identification is time consuming and, therefore, increases the manufacturing time

of the product which in turn increase the costs associated with manufacturing.



WO 02/ 16892 PCT/ US01/ 19416 Therefore, there is a desire for an optical

col or sensor that provides in situ color neasurenent of a cool ed product

t hat aut ov@ev2/o@biy takes a sanple of the product, expedi PERFUS@NPHEB COO
time and provides information relating to the product for analysis. BRI EF
SUMVARY OF THE I NVENTION 5 In one exenpl ary enbodi nent, an on-line col or
sensor is provided for supplying Iight to a spectrophotoneter that
nmeasures the color of cooled product. The product is extruded froma nain

extruder having a bypas I.On. -line.cplgr.  sensor, conprises a
housi ng having a top poﬁol?eg?\ﬁéﬁ?%x% Er[r%?gq?ro&{ ﬁpg‘l%g‘b@%rss?é%ﬁ' BHPRY S Havi ng an
open bot t ot Chie eassiemgnt bfie cooled posducbthanmstombticaliyeakdros tampldefime an 10

i nt ernal po‘rr%ﬁiﬁ%n. A.funnel . is gﬁsiti ned .in the top portion and directs
product  f riSRY e XPRYISE SIS F900 M Ang RrREdss inEqrmgion gslatinghiogdhe prrsiuplbusi ng.
A cover hifoggndlysissonnected to a top cover, a-bottomcover and the housing.
The cover hinge is used when the top and bottom cover are noved to at

| east a firs osition where the top cover covers the top portion and the
f unnel anémP@WA%@BWWE@EWHseS the open bottom of 15 the

housi ng. A receptacle is connected to the housing and positioned in the
intersor portion prgxyaEak @}B Lian, recept acl e .hol ds the
product received fromnt hegrg pgégﬁgédgﬁggﬂh?Rg{ﬁ&ing%gl%gg%&&fs rgv&l‘eﬁg%d to

cool whi | supplying Light th dpettiephotanept thet meashres itlghdoleraificoslel prodapnerieed t o
funnel . intg the interior

the top caqye nd. prqvides light through.the

portion Ofpr?c;]uec?ﬁo%&uﬁac"i grﬂlq? n eXIdeT, Ravingsa bypase sectiont d berpa-linseoder cover
or the botstayor eompfisesabusiig 1ERRG!S PPIRHAIEIBL ' el gcapt ur es
l'i ght fl‘OI’?l the |i ghliessour c{eh%i n tﬁﬁe [ g{year i or Ig%lﬁai-{%ﬁo !th}'%g&b?isesgﬁo\éc{ngd by the
cool ed pr d@uEE anpen poremd The howsingetbe jeraportion Thé theagpenrtedtobhi ddfineian

ool i pr e paRBE A BRRCR Sone B ol BESon SudAgHY pierest (EstR P OV
OF THE DRAWpSSe@ivnFing. th intsrier fReticrpetiht WousinE WA QJoverisin X BNihAsYedigbodi ment
of an on- aI tioB %o‘(z:cg'l, grl)otr{gﬂqxsc%r\fgrng{]clt thg)il%hseirrpg. The cover hinge is used when the top
and bottom cover are moved to at least a first position where the top cover covers the
top portion and the funnel and where the bottom cover encloses the open bottom of
15 the housing. A receptacle is connected to the housing and positioned in the interior
portion proximate to the funnel portion. The receptacle holds the product received
from the bypass section, and the product is allowed to cool while being held by the
receptacle. A light source is connected to the top cover and provides light through the
funnel into the interior portion of the housing. A light receiver is connected to the top
20 cover, or the bottom cover, and the spectrophotometer. The light receiver captures
light from the light source in the interior portion that is affected by the cooled product
being held on the receptacle. The captured light is supplied to the spectrophotometer

and is used to measure the color of the cooled product in the interior portion of the

housing.
BRIEF DESCRIPTION OF THE DRAWINGS

25 Fig. 1 is a perspective view of one exemplary embodiment of an on-

line color measurement system;



-2 WD 02/16892 PCT/USO01/19416 Fig. 2 is a perspective/schematic view of
one exenpl ary enbodi nent of an on-line color sensor; Fig. 3is a

per spect iwe ovi1@92 of anot her exenpl ary enbodi nent of an oReTURE/Bdl6Or
sensor; 5 Fig.4 is a perspective view of yet another exenplary enbodi nent
of an on-line color sensor; Fig. 5 is a perspective/cross-sectional view
of one enbodi nent of a receptacle for use in an on-line color sensor; Fig.
6 is a perspective view of one enbodi ment of a 10 preparation/cl eaning
mechani smin a cl eanfigg2 doafpegpecivie@bhentdty. vidwids ohe RREMPRE] bMBodinRM Of
anot her enbodi nent of a reparation/cl eani ng nechanismin a sanple

prepar at i o LRI SSAOTand Fig. 8 is a perspective view of yet another
enbodi ment of a preparation/cleaning nechanismillustrating a

transformati on frompeChaanideepedtdeCRB FHndiH 13@% [ on
configuration. DETAI LED DES(% Ig'?'l Oﬁ OF THE ?Nﬂsféﬁﬁ%%§ S %%%?ﬁé |dg. 1,

t he manuf a@tliRg pjolfeng®sit ain materials, for exanple, plastics and
polymeric materials, into a product 25 involves a main extruder 20 through

whi chgt he product 25x:i,S :€Xtr 2Lk Lent . . the extrusiopn of the
pr odudt 25 is pr ovi igﬁtlgé#gtéggﬁwg %@?&%%@H?rﬁ&&gkg F{S@g{lli‘%?}# ?’gananot her .
I n 20 anotdmlinecdiaien®sor , t he extrusion of the product 25 is used to form

the product 25 into desired shapes and sizes as part of a final or

finishing process step. _Various panufacturin rocesses desire to use the
col or of the pr oductﬁg’:}5 af tﬂel?efil%%ﬁ%ﬁ?%ai?cﬁectz@aﬁwé@’v Q6 Sne Frbedadt af 4

manuf act urdetéptacl efor u§in Aokl QoS hdorng. Typically, the product 25 is
heated to facilitate extrusion through the main extruder 20. The heated 25

product 25 depending upon the material properties can have a different
color than the cooll88 pPodfict? 1B@sgeciiye ¥lew ThREr ehor embodimens! of of t he

heat gl Pr qfuGlatfor/ Bl fechanism in a cleaning configuration;

Fig. 7 1is a perspective view of another embodiment of a

preparation/cleaning mechanism in a sample preparation configuration; and

Fig. 8 is a perspective view of yet another embodiment of a
preparation/cleaning mechanism illustrating a transformation from a cleaning

15 configuration to sample preparation configuration.
DETAILED DESCRIPTION OF THE INVENTION

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

example, plastics and polymeric materials, into a product 25 involves a main extruder

20 through which the product 25 is extruded. In one embodiment, the extrusion of the

product 25 is provided to move the product 25 from one location to another. In

20 another embodiment, the extrusion of the product 25 is used to form the product 25
into desired shapes and sizes as part of a final or finishing process step. Various
manufacturing processes desire to use the color of the product 25 after the product 25

has cooled to assist in manufacturing, fabricating and/or sorting. Typically, the
product 25 is heated to facilitate extrusion through the main extruder 20. The heated

25 product 25 depending upon the material properties can have a different color than the

cooled product 140 (Fig. 2). Therefore, the color of the heated product 25 may not
-3-



-3 WD 02/16892 PCT/USO1/ 19416 provide an accurate neasurenent of the color
of the cool ed product 140 (Fig. 2). Therefore, in one exenplary enbodi nent
of the pme@emiespnventi on, a color neasurenent system 10 PETWS@EdH B
facilitate cooling the heated product 25 and to determ ne the color of the
cool ed product 140 (Fig. 2) without requiring an operator 5 to nenually
deternine the color. In one enbodinent as shown in Fig. 1, a bypass secti on
30 is connected to the main extruder 20 of the col or neasurenent system

nn ; eV ! t b
sect | on_ 58U of Aeffm@ Rt e 06 o RETuB RS Beduist 1hATER 20, 1
anot her erhettiforentin bhe eeRgliryhembodichedd &0 th1GIredas AvéRRnPO téddst 56, a

side portion 57 and a bottom portion 58 that define an interior potion 100
(Fig. 2). measyrment systeny 100 dised t¢ Aacilifate: enolipsrthe datsd pspduch @S sasdstor .
housi ng 5 j | ' ' bk ' nor ti of the
censor . hosisf it PgoERE MeboRd progRi 14 188, 2l uidlBuCie Rl eh Plmh o
mechani smtd gBnddlyydeterBlinetheenlds. f r om t he housi ng openi ng 94 and connects to
a preparation/cleaning 15 actuator 92 that noves at |east the surface

preparation and cl eani ng nechani sm 125. A.fan 54 is |located.in_the side
portion 57 of the sg%s%f% ﬁ%’@gﬁﬁﬁﬁn‘?@? SROGv &t %‘nb’ea&yp%s% s@@ﬁﬂf’e@beﬁ to the
sensor hogshi@tddGo the hdkh 6a¥eter 60 otk INOEAM SRR yfRemaAe ARRANRRt €d to
the cover hinge 68. A cover side portion 61 also conhects the top cover 60

and bot t oPEBses0p 20 inpestienedproximaty toghe ibypasssaetiane?0.t Fhatontlimgstolarhe t op

cover 60 : t.t . a I ve, t t cover 60
o the patiBhio AR ARGHoGHing 50218 ahinde BRIy e (GhORERES
secolfd posDtinadudesha tgp pofitjon256aadidé)portion Fhencarbotbmpoitionasd thasdefirea@pt acl e

72 and a s%cond recelezgl e .74, are BéOVi ded,on the top caver 60. As shown
t

in Fig. 2MiEHYRation Bpehcftdusesl p2 is logHpd i g terpartion ghof 5768801170 vi a

fiber optihgudindbe ﬂ@ouﬁﬁ?oﬁﬁﬁ@% LEpRRIRAlIR tﬁésiaglpgﬂgﬂgf %g%gﬂ?e deh et

receiver 80 that is connected via fiber optic bundl . .
spect r ophbpusieg 69. degushaod V8 pif ayrfacs préparamraadtcdeining mbchasjsect2o@hgt onet er

Fo ot o 130G et e Aol RErRARGHIERE BEndIOW d Brdpfliocidalifhg’ ' "
15 actuator 92 that moves at least the surface preparation and cleaning mechanism 125.
A fan 54 is located in the side portion 57 of the sensor housing 50. A cover hinge 68
is connected to the sensor housing 50. A top cover 60 and a bottom cover 62 are
connected to the cover hinge 68. A cover side portion 61 also connects the top cover
60 and bottom cover 62. A cover actuator 64 is connected to at least the top cover 60
20 and the bottom cover 62 and is used to move the top cover 60 and the bottom cover

62 from at least a first position (Fig. 3) to a second position (Figs. 1, 2 and 4).

In one embodiment, a first receptacle 72 and a second receptaclé 74
are provided on the top cover 60. As shown in Fig. 2, the first receptacle 72 is
connected to a light source 170 via fiber optic bundle 70. The second receptacle 74

25 comprises a light receiver 80 that is connected via fiber optic bundle 82 to a
spectrophotometer 160. A display 162 is connected to the spectrophotometer 160 via
connection 164. In one embodiment as shown in Fig. 3, the first receptacle 72 and the
second receptacle 74 are positioned such that when the top cover 60 is in the first
position, and the fiber optic bundles 70 and 82 optically view into the interior portion

30 100 through the funnel 52.



second receptacle 74 are positioned such that when the top cover 60 is in
the first position, and the fiber optic bundles 70 and 82 optically view
into thewabrrdser portion 30 100 through the funnel 52. PATNE10RAKES92
PCT/ USO1/ 19416 As di scl osed above, a portion of the product 25 that flow
through the main extruder 20 is directed to flow through the bypass section
30, and the on-line color sensor 40 is positioned proximte to the bypass
section 30 of the main extruder 20. In a preferred enbodi nent, the main
extruder 20 conpri sedsaliscisedabdre; apoeidnr ofie produet DY pas Tlosediduh B0 i s

posi tioned suchtt at Smgdgor%ton of the Erod ct 25 that is extruded from
the bypass™8RcEAIIeREY i dfipdtes oo ihrpugh dhe hypass sespiopriOs land Hashon-dine ect s

the producgol@Bsensrai(t 8 okiibRsd SoxPRlts i@me%gzgﬁgfesegib% FEOERE &?&éggﬂjle?«o- | n

anot her enbodi nment, thé main extruder 20 o ypass secti on ncl ude a
val ve or Hheln aeptstesiednembedimshiowthy méiat extsidec RDvedeptises s efseoietshen t he

portien of 45 ows_through .t he bypass section 30. In Fig.
B thet op” e B iestnoh Bhest HaB BueehE: SRR YRS e Dreducs s
posi tion wiher i extrad@t BdniCthe 29p4sFisestioh) 3CRMifeb@W iMbant RembELSN§MiG&nkat 0 t he
interior ,ortlﬁg 10Q of the sensor housing 50. A receptacle 110 1s

posi t i oned 55ty HiE Pradwsti 2y intodhe injerioropprtipg 108 of the sgosortticusiod 3% ok mate t o
the funnel;RéSY ﬁﬁéﬂ | I h hhe funnel 52 is held
and/ or capt ur ed @30? e rt’gégg{ég{ﬁ@f%%zd éﬁt%gﬂ%é\ﬁngl S?CEI%EP _m%l}lclilc?%vglxgor

embodi nentothethmeckanégm fodteshbism) i thatcsnaeivhied thoseldee vARASHE pdiIstsioRGhS0 Vi a a
hi nge,520. | referred dinment, .the receptacle 110 conprises a
V—grggve sl?‘fgg‘é&‘z%f@évstth@uﬁﬁ Passecionil) 4 on the receptacle 110, the
surface of the product 25 is prepared for neasurenent, and it is

preferably allowed ti Eigob, dedo80veG0MRAIGRE hELMRIBIMCE é’ré%hoxm%ftﬁé‘ 54
assi st in the cooling of the product 25 provides an airflowin

e i nt or G pRVIARoRheroghe profiste Bitl boasidgn ziiso fomel Saintpftwinged: | n ¢ he
LTt PEEIIORAR g L, STRRILL R LARALEILEL SR o
conput i ng mrticrod® ehd dewlsc gogiiohed rowiniats ue bhd Aainell 5B sead bt pfodubre25 00l ed
pr Od%: t 14f?owing through the funnel 52 is held and/or captured by the receptacle 110. As
shown in Fig. 5, in one embodiment, the receptacle 110 is connected to the sensor
housing 50 via a hinge 520. In a preferred embodiment, the receptacle 110 comprises
a V-groove shape. Once the product 25 is held on the receptacle 110, the surface of
the product 25 is prepared for measurement, and it is preferably allowed to cool and
20 become cooled product 140. The fan 54 (Fig. 1) to assist in the cooling of the product
25 provides an airflow in the interior portion 100. A temperature sensor 130 can be
provided in the interior portion 100 to monitor the temperature of the product 25
and/or the cooled product 140. The temperature sensor 130 can be connected to a

computing or control device (not shown) such that the color of the cooled product 140

25 is measured only after the cooled product 140 reaches a predetermined temperature.

In a preferred embodiment to assist in the measurement of the color of
the cooled product 140, the sensor housing 50 of the on-line color sensor 40 is
opaque. In one embodiment, the sensor housing 50 comprises an opaque coating,
such as, for example, a deposited coating and/or a painted coating. In another

30 embodiment, the sensor housing 50 comprises an opaque casing, such as, for
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25 is nmeasured only after the cool ed product 140 reaches a predeterm ned
tenperature. In a preferred enbodi nent to assist in the neasurenent of the
col or of wohzaenl ed product 140, the sensor housing 50 oPCTH801GN416i Ne

col or sensor 40 is opaque. In one enbodi nent, the sensor. housing 50
conprises an opaque coating, such as, for exanple a deposited coating
and/or a painted coating. |In another 30 enmbodi ment, the sensor housing 50
conprises an opaque casing, such as, for -5 WO 02/ 16892 PCT/ USO1/ 19416
exanpl e, #, aQhethl @rsgws@mhfauehggméf Bg @e%ﬂgec&heﬁ@eﬁ @b IsSidof hOsiddre.
sensor hous ’50 ensures that exXterio ht cannot enter the i1nterior
portion 1080 emidtersrthzm axttxtriolr rlight carmet bntghtheslot@rleepm?@nl 190read/ adtilight fratred from
the interi t|o the. .sensaor als i ncl udes
a coveri ng%%il@ﬁ ﬁm’lr‘l“?e}ﬁpﬁsrfoﬁéh%}?gﬁd%d%ﬁhe frigriox pgrtéoé]n@ ﬂ’oﬁ% " The
covering SkHscH lesBiasil eRo titdhd® 4McbVdTRlg ﬁl@ﬁﬂfheﬁo@ifﬁg%peﬁfng b4 @httheent ers
the interior portion 100 of the sensaor hou5|ng t hr ough the housi ng opening
94 when t hengidKusiag 580 Tiercerering ek asq enprrestt fgr@dmrwmbleara@w@é PHICHEr t hat

t he side er the
Fan 54 anclbt EARR B ing@RE PRl Flfrale sonporiaa R RGP MRSy bR P
first posi%4 ohet dilepplmhenoﬂ 90i @Mndfs rtberefrdlﬁ dmtshmuldg)etdppracrmm that theosidé on. As
shown in Figs. and 2,. the on-line_cqlor sor es . a first

oopt ac PFBoRAl BOWE IR 1ot HEbRIREn: RGO u B R ThHB ISR st
recept acl eofdr 6@asH heDof6mAIer ELARAREE to thedlrst JRERNAE ptdVehtiBshl GRncOVer 60
and operate through the funnel 52 to provide and receive light fromthe

i ntedPor penteringthd Ogeridr poéosensor 15 housi ng 50. In another enbodinent, as
shown in Fig. 4, the second receptacle 74 is positioned in the bottom
cover 62 to receive I t ] I 0
positioned at the fléé recer fgclg 2thggh1ﬂ§6€h§§ém$pggﬁnq%%QQ1ﬁmg

conf i gur atieogptacké 72 brd hlseamdrre@mcasc‘hb Mmruﬁaﬁoﬁenem,cmedirst&empte&dﬁ B® 74
shown in Fi 4 allqws the o? | ine eg % sensor gg 8 nmeasu e e col or of
product s 2%t secand TEGeRISIEaFbiE 15T the tn SAYST GE &n PRI a%duct 25

i s transl uggpt] sned 9fov§dea£}§p?erceme hghlt Gim RRS ffSHortpYQs0 ho@ fa@ tHé 99&&6% 25.
Therefore, in one enbodi nent, the first receptacle 72 and

15 housing 50. In another embodlment as shown in Fig. 4, the second receptacle 74 is

positioned in the bottom cover 62 to receive transmitted light from the fiber optic
bundle 70 positioned at the first receptacle 72 in the top cover 60. The configuration
of the first receptacle 72 and the second receptacle 74 shown in Fig. 4 allows the on-
line color sensor 40 to measure the color of products 25 that are transparent and/or
20 translucent. When the product 25 is translucent ‘and/or transparent, light passes
through the product 25. Therefore, in one embodiment, the first receptacle 72 and the
second receptacle 74 are positioned in the top cover 60 and the bottom cover 62, as
shown in Fig. 4. In this configuration, the light from the fiber optic bundle 82 that
passes through the product 25 also passes through the receptacle 110 and is collected
25 by the light receiver 80. The collected light is prov1ded to the spectrophotometer 160

for color measurement.

In embodiments where the product 25 is transparent and/or translucent,
the receptacle 110 can be composed of a translucent and/or transparent material, such
as for example quartz. In other embodiments where the product 25 is transparent

30 and/or translucent, the receptacle 110 can comprises a transparent and/or translucent
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second receptacle 74 are positioned in the top cover 60 and the bottom
cover 62, as shown in Fig. 4. In this configuration, the light fromthe
fi ber optwaobuwisdt e 82 that passes through the product 25ral/gs0pasmes
through the receptacle 110 and is collected 25 by the |ight receiver 80.
The collected light is provided to the spectrophotoneter 160 for color
measurenent. | n enbodi nents where the product 25 is transparent and/or
translucent, the receptacle 110 can be conposed of a translucent and/or

transparent  materjal, such as for exanpl.e quartz, In ot her enbodi nents
wher e the WF@Bﬁ’c%lozéFlg-s ) rind preferrd @B%F’gtr %ler %{H@Pﬁ’cgm Is qoxePased 8pt acl e
110 can co i,S r ;

PCT/ USO1/ 10HE hf gﬁﬁﬁgﬁg% @gﬁjﬁe‘ﬁn&éﬁgf"e A bundios Eabpdst ,Qﬁ:t%ﬁ%hwi ndow
810 i s confhesmcepidcle dubr tit.shpwldt bee gpprecinted i thatnins thel ¢érgbadifmentn where fthber
optic bund] e .8 an .pass through, the receptacle 0. |t | d be

appr eci at elFOPRGH2S t{)aﬁglug c?&#’%éﬁrtags%e ’etﬁgﬁ%edrﬁp%?lfﬁﬁlte{eﬁé%ﬁgﬂ & gtﬁgf“?ucent
and/ o5 tr abs paiteditd td b&empiae hhpRbRl dificate #AP tHeHieBepte ¢20 cOntliBuedks br at ed
to determine any color influence that the recggt acle 110 contributes to

the col or Hhezelfrangagurement. sHehowd slsodeppagsipted that rothprembedimenis the
enbodi nent L.S4n I, 7 n be
laced 1 n GEhacepatlett ATl Secdhia iEediitic 78 IR DILEE BDLRRL Soffioh®,
portion 10@hereindighhés proghied itathd imtarioc pontied 108, amif the digkidthbtyis réveivedas ed
product 140,. 10, The fir cle 72 is connected to the light source

st recept
170 via a e byd PFBOIBQEJH’EﬂdBCt%C)"%t hat conprises, in one enbodiment, a
plurality of optical fibers housed in an opaque casing. In one enbodi nent,

the lipght source 170TEOfRM i&eptadle 72ak ichiideRd tb it ligRQduLR 199G hlidjer t hE
light that is supglled to the on-line color sensor 40 can be precisely

cont r ol | edopticnb HEr thahsp@prias: in oRe embgdimentyp qduality ebmeptiralelibess 15
white |igh 1 | i recei.v. Ny, i aCONMPri se
the. fiber M50 B B s ioegs ik, 1 e oot 68 ' LG UG EE 170 BBl TP )
| n addi ti oealibratahkghtaatnrod sudthat thdBglitithetis applied touhe ba-1B2 colorpensee40 a

plurality of optical fibers hqused in _an. opaque casing. |t should be
appr eci at etFlt YFRICFHRAY F?@rmll%ﬁeg%ﬁwher%lwgﬁn&%ii ihgﬁt source 170 comprises a

15 white light source. The light receiver 80 can, in one embodiment, comprise the fiber

optic bundle 82 that is connected to the spectrophotometer 160. In addition in one
embodiment, the fiber optic bundle 82 comprises a plurality of optical fibers housed
in an opaque casing. It should be appreciated that the light receiver 80 can comprise
any mechanism that collects and/or transmits the light from the on-line color sensor
20 40 to the spectrophotometer 170. It should also be appreciated that the fiber optic
bundles 70 and 82 can comprise a device that transmits or conducts light from one
source to another, and the fiber optic bundles 70 and 82 should not be limited to only

those disclosed herein.

The spectrophotometer 160 includes electronics that are used to

25 determine the color from the light that is received by the light receiver 80. The
spectrophotometer 160 is connected to a display 162 via connection 164. In one
embodiment, the display 162 provides information and/or data relating to the color of

the cooled product 140. This information can be used by an operator or a control

device. (not shown) to control the manufacturing process of the cooled product 140. It

30 should be appreciated that the spectrophotometer 160 can be connected to a control
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any nmechanismthat collects and/or transmts the light fromthe on-Iine

col or sensor 20 40 to the spectrophotoneter 170. It should al so be
appreci atvead o/b@v2 t he fi ber optic bundles 70 and 82 can chapUs&i¢l9aisdevi ce
that transmits or conducts light fromone source to another, and the fiber
optic bundles 70 and 82 should not be Iimted to only those disclosed
herein. The spectrophotoneter 160 includes electronics that are used to 25
determ ne the color fromthe light that is received by the |ight receiver

80. The n@ah@ﬁ@mt Qich 180, hﬁc&@fﬁ&@ﬁbﬁdn& Qu d@plws%hﬁm $8halvick @ennection
164. In one odi ment’, the disp I&\;b} rovides i nformation and/or data
C

rel ating trglatlnetccthp@plogpf thetpooled orr contrplingrthe gnanwfesiuring dibean be

used by ar}, QRg) 380k, Qiqifof 98 LREwofBYGer (6i0has BORBSch %, 6ORKEBLCA he

manuf act uri ng process produc

appr eci at edcéhpitinghdeviqee@ivt sipivat)ahmt maniptidtes ahe Hghtc dataenidéd ihformatant r ol
-7 WO 02/ 1689%@ UsS01/ 19416 d |ce (not shown) such as a m croprocessor
and stippl i ¥8P ORI GRAYN Se5PT relating to the color of the cool ed
product 140 for controlling the rranuf acturing of the product 25. In

addi tion, the spect rnwwgmﬁlsﬁfedl@%er@ymeecdw&ﬁsbrlm i9lis&OBReGERE the @
conmputing device (not shown) ‘that manipulates the |light, data and/or

i nf or mat i ceelorsofs thepedodesl presuein14Q. ndn e xmbngiment, #e coed praghet d4®ps i ed t o
the on-1ing aﬁﬁl OF serfifls n;gsgar%gt érﬁi ﬁé?ﬁrgr}élggﬁ?e%f? HEI?%%lgﬁoxlﬁ%plgxguegf ALREE ?19' ed

pr oduct 14829 %1e"d opaque

sem t r ans pafsesmibodidedipbie veitatial pmplert@b roftlreaamsmdqﬁdadmt 4O pldo vers. htﬂs oﬁ uch, in
t hi s_enbodi ment, the materi al o er%&es of the cool ed product 1 0 al | ow

veryl9i tt|eearn0ﬂe£1%&%ﬁaﬁdhrqughtt ¢ soqied Bradueiolfthh Theeloss|theirpition ftthe 40.
Therefore, . gl @gpﬁétomoofhaﬁ Renhel@ R &d reéégs@&é@é 11 Qefidoad 11%1% f&6hdnenighpe

receptacle 110 ects light fromthe light source For this materi al
type, in owerentiodifiee Hiis natesial typs;1nroeceptbadins%n?Zchaﬁcsttrmmasb&drﬂmdrtb@ept acI e

78020, BRSKLLORGEL  ie AORFRVEH £ OB ST e el
15 this comﬁn@wzabhamhettb@cbmmo i5 @€ eHeViakt I&Q;uﬁml h@@ﬁcﬁvﬂ irobig, sUpMub @ by the
X ghtlS Sourt(lr:u% cjeggguratlon the light receiver 80 collects light supplied by the light source 170
that is reflected by the cooled product 140, and the light receiver 80 supplies this light
to the spectrophotometer 160. However, in other embodiments, the material
properties of the cooled product 140 allow light to be transmitted through and/or pass
through the cooled product 140. In these embodiments, the first receptacle 72 and the |
20 second receptacle 74 can be positioned at other locations such as, for example, in the
top cover 60, in the bottom cover 62 (as shown in Fig. 4. In addition, it should be
appreciated that the first receptacle 72 and the second receptacle 74 can also be
positioned in the sensor housing 50, in the interior portion 100, in the receptacle 110
or in the surface preparation and cleaning mechanism 125. Similarly, in this
25 embodiment, the light source 170 supplies light to the on-line color sensor 40 that
passes through the cooled product 140. The light receiver 80 collects light that is
transmitted through the cooled product 140 and supplies that light to the
spectrophotometer 1600. It should be appreciated that the light from the light source
170 may be affected by the cooled product 140 in other ways other than reflection of

30 and transmission through the cooled product 140, and the present invention should

not be limited to the embodiments disclosed herein.

-8-



that is reflected by the cool ed product 140, and the |ight receiver 80
supplies this light to the spectrophotoneter 160. However, in other

enbodi new@p2/1d8e2 mat eri al properties of the cool ed produrCT/U4@/@kicow | i ght
to be transmtted through and/or pass through the cool ed product 140. In

t hese enbodi nents, the first receptacle 72 and the 20 second receptacle 74
can be positioned at other locations such as, for exanple, in the top
cover 60, in the bottom cover 62 (as shown in Fig. 4. In addition, it

shoul d be appreci at diietdeder meesurement sysleand A dand Fpling Golor esertE FHY as

receptac|e K i T%gsfhh e s?l?é{hte'c% i ftﬂle ﬁc%‘?eéfr%ﬁ&&tﬂ@%ﬁéﬂggcrs’ﬁnoﬁe’a ihhe

interior por € recep he surface preparation
and cl eani dg n‘mrhﬁmc&nbﬂmﬂo & melcarhg/e collor tsbiuser 29. efrbodé reatbtommdm, theght

source 170 suppl | i t he on:-Ljne col or, sen or 40 t
Chr ough t havediEt e Tiopischiesue e Torel ot ghhs Bbing GPoB eI 140nd FRGME « ha
I's  transmtes Shaatato Bhﬁe%&%bﬁﬁoﬁﬁrgédthﬂélﬂoﬁﬁ@ 2sqpﬁé1uea§d;o%5pdﬂeaht to

the spectrophotoneter 1600. It shoul d be appreciated that It ght from
the |ight s$wotheciaterib? @ontion H¥ by thecteeeptianje tLhe d@@nedn}inoc}mmmt aﬁmowm ot her

ways ot her th reflecti.o nd tir Lon

b oduct 1481 S ireSipaR L8 noRO Y P Er BT hETOT RS 28 ¥ g
embodi ment seddbeelcosRY i pepefidiculdr WOURR k380 Roliiild WOOD/ QA itike Hﬂlﬂing ajror
measur enent system 10 and on-line color sensor 40, as shown in Figs. 1-4,

measur e t h&apiring obthermeduchdF aud/pr ernled prodertilfis In eng erebedigaty thenmamhe
i nterjr p%ﬁrﬁc?é? 200 e ﬂ}?ﬁssogecltlbﬁ'%ocgd ?ansS 2Rk fh%t sfl&v N2 € 1R the

product 25 ows through nnel e on-fine co or sensor 0 and
into the SCom@riheranpmnﬂtlodrth&@:@ocblbt behsteflewrintrotiei mgeris® . poTtien }if)@dulmt 25 is
hel d and/ or

tur . e.inter on 1 he t tacle 110. In
one enbodi ﬁB?i Er %‘HB\ﬁﬂt’lt © k‘ﬁgg’ ganleht %@éﬁ?cg‘lﬂtggl %W%Bﬁ?lg]%t ngrb‘?roduct
25 and/ or (f)@ﬂic%dldgr19ﬁ'léﬁ§ur&ﬂ(an&\’ﬁﬁe@a ﬁr@@eteﬁrﬁﬁ&ﬁﬁirﬁ@'tﬁe ﬂomdver CEISRERGDY! ar to
the sensor housing 50 to facilitate hol ding or ﬁisﬂu“ ng of the product 25

and/ or cooltkgicqyenareatontoghe first ppsitierniss almmmn Fighe Iwedt prefeor eéﬁmb@ééme@o or
the bypass s e&i\)e? Qctﬁ ? 8{3 %%B}ﬁ%e% tan eoc\?\r/“i( BEor Erg tgfs{‘?ﬁsn’iosh %rc ontrol

t he arount qLe pOr
60 covers the funnel 52 and the top portion 56, and the product 25 is prevented from

flowing into the funnel 52. It should be appreciated that the cover actuator 64 can

move the top cover 60 and the bottom cover 62 together or individually.

Once the desired amount of product 25 is held or captured by the

20 receptacle 110, the surface of the product is prepared for the color measurement. The
preparation of the surface of the product 25 involves passing a knife-edge 710 (Fig. 7)

over the surface of the product 25 positioned on the receptacle 110 to remove excess
product 25 and to produce a substantially flat surface on the sample of the product 25.

In one embodiment, the knife-edge 710 is included as part of the push rod face 120 in

25 the surface preparation and cleaning mechanism 125, as shown in Figs. 6-8. To use
the knife-edge 710, the preparation/cleaning actuator 92, as shown in Fig. 8, rotates

the push rod 90. Specifically by rotating the push rod 90, the push rod face 120 can

be moved from position A (Fig. 6) to position B (Fig. 7) and vise versa. Position B

(Fig. 7) allows the knife-edge 710 to contact the sample of the product 25 to produce

30 a substantially flat surface. In a preferred embodiment, as shown in Figs. 6-8, the



anot her enbodi ment, the length of tinme that the product 25 flows into the
interior portion 100 is neasured, and after a predetermned tinme, the top
cover 60wa@ommserd by the cover actuator to the first posPCT@R)U/@SI6ShOown i n
Fig. 3. In a preferred enbodi ment, 15 the cover actuator 64 conprises an

el ectric nmotor. In the first position, the top cover 60 covers the funnel
52 and the top portion 56, and the product 25 is prevented from flow ng
into the funnel 52. It should be appreciated that the cover actuator 64 can
nove the tmpshaodehcd02@iid poditoredt ¢rothecmishrrod D0t sgat begle @thdrndan bduad | y.
Once the gfesj red ami)unt of product 25 is held or captured by the 20

r ecept acl efagiitate theeleanineand th sanmple preparation pLthe PEBIEEP-f or t he col or

measurenent. The preparation of the surface of the product 25 involves

passing a knife-edgerifel Qaf khace/prod@R" by K RHIFE-2E& 910 A B AAUES 02D
positioned on the receptacle 110 to renove excess ~—product 25 and to

produce a medsyremant dyl makingt rslledtvecsuviace iy madyste2dfthat ase ppaphecind26. | n

one epbodi Lhe _kni fe.edge 710 .is included.. art of t ush rod face
126 i 7 25 TReeaiBaet bR 1O rkeblaiot; T iRl R profhers B Bt drbon i n
Fi gs. 6-8.tramparsst arkdfee theRsluecnedUR phdfhratidheoMieaifaé bOprogheas Makeaaghd!at or

92, as shown in_Fig. rotates the push rod 90. Specifically by rotating

8,
the push rkghtgeflecisdeiromon tiapsmitigd dhrongh thaprodst g garpistensheprrsntvasiaun (Fi g.
6) t i g4 FH L : Ll -( Fi 7)::-al | t he
)42 DL B2d o kot NShRRpFORNL LA, ol bt
subst ant i adfl thefdoddr meafusensent |systampi @ fogr meldng ho défteetdd, o grasdngwed ilighti gs.

6-8, ,the -9.\WD 0 68 PCT/ US01/ 19416, push rpod face 120 is positioned on
the pish rHeEH- agl é??“i%&eeap@f??éare Itul?fi B PIERITAORCPY theaPAUNRIA SUERES A ng and
the sanpl eprpyidp@riat b hbddiifed’ OFURE cdfor REsuré@intSiystase1Pradusse, by the

kni fe-edge 710 aids in the color neasurenent by naki'ng a reflective
surface formppdyaeets seabnat magessardy astudgdhiafieptere. 5 substantially even surface
for the transm ssion of light for products 25 that are transparent and/or

transi ucent . The pregaih Skl i BpaRimh o REQEL £ TRKGRANER: |

reflected fromor transmtted thr consi’s ween
various psatlowtd t2&nol hnd &dfbirtni aocnolddysrodust fl46.e Ipampisr ahibodinéntf the far oduct
ai ds lg nt h§4 c(::aanI f)ep {1saé[di t%nfacilitate the cooling of the product 25. When the product 25 is
cooled to form the cooled product 140, the color of the cooled product 140 is
measured. To measure the color of the cooled product 140, the color measurement
system 10 provides light into the on-line color sensor 40 from the light source 170.
The light from the light source 170 is provided through the fiber optic bundle 70 to
20 the interior portion 100. The cooled product 140 in the interior portion 100 of the on-
line color sensor 40 affects the light transmitted to the on-line color sensor 40. As
mentioned previously, the material properties of the cooled product 140 affect the
light by, for example, reflecting the light from the cooled product 140 and/or allowing
the light to be transmitted through the cooled product 140. The light receiver 80
25 receives the light affected by the cooled product 140 in the on-line color sensor 40.
The light that is collected by the light receiver 80 is transmitted to a
spectrophotometer 160 that analyzes the light to determine the color of the cooled

product 140. Information and/or data relating to the color is transmitted to a display

162 or a computing device (not shown). The information and/or data relating to the



of the col or neasurenent system 10 by nmaking the reflected or transmtted
light 10 uniform It should be appreciated that the preparation of the
sanpl e swéavesps provided in one enbodi nent of the col oPCTVESSIUMYErsENT
system 10 and other enbodi nents need not necessarily include this feature.
Once the surface is prepared in the hot, or nolten state, the product 25
is allowed to cool and to forma cool ed product 140. |In another enbodi nent,
the fan 15 54 can be used to facilitate the cooling of the product 25.
When t he peadauof tiz5coded poldedt 140 fcam ietused doaoetiolpthedmenufidifring lvé thel or of
t he cool ed@pao‘%é%t 140 is nmeasured. To neasure the color of the cool ed
product 148f°% tol or neasurenent system 10 provides light into the
on-line color sensor 40 fromthe light source 170. The light fromthe

light source 170 is msaubeigdntHig@uDAnd e ohid@tic 6¢lbi endasiieient’ Bad Rike® t he
interior portion 100. The cool ed product 140 in the interior portion 100 of

the on- |iPacsdhopusheipgdo?0 isorofgtedsq that pze pushhrodifpeh 429 it pesitienedria the- | i ne
| ' i ousl ' ' f th
COL P 5 ey S ML GRe. PRAHAS Ly chByPERhAlmADIRERLI RS L he,

fromthe coml&bppdoctud) fieid thechceptact 1100 e pukle rod §hindwdebe fimsadstultt ed

t hrough the | ed product 14Q. T | jght receiver,. 80 2 ceives .the |ight
ffected oyd T SoaReEt b ekt ordeen| RhindnsEpuEdish 610 S5 EaIensa o The
light t hat theSredtReI @chn Adi@atbd Gt Id Q%%_t‘élﬁfd gﬁ’nbb&rﬁe‘h@}ﬁﬁé"phélﬁ%dt fac@

spectrophot onet'er 160 that” anal yzes the'lig to determne the color of the
cool ed pr bYueamprises a tngniagshane thatditvm aipreserred| embodimerns of ke wsotacle s

transpitte I [ a~Go t.i i not. sho The
it ot i ot SorfufifEs erod G ifpe? 1EEM 0B i 55 O OB TG 41
col or of t{he pasiotcriofaps 02UBLrothddd toPosiion UsEg.td). Gtk tid pishaod el 1@0tisir i ng of

the product 25, As shown in Fi gs’,rog? and 6, once the col or neasurenent has
taken pl allePositioe (58 Plothequenasatiogfcigainesas a2 exertp adhesrdareedha 20 i s

posi ti oneg%ﬁsrﬂ fodeoo %Jhe&ﬁpE&Cfé&h#Jgﬁéfgg{qzé R8n b’t%ftﬁé?i) &411%?%%2&%%9

cl eani ng chani sm 125 renoves t ed product 1 6 romthe receptacle
110. The pproduet@d fgon theakecapiaslal ¥O.r st di st al

15 In one embodiment, as shown in Fig. 5-8, the receptacle 110 can be
angled using hinge 520 to facilitate removal of the cooled product 140. In another
embodiment, the preparation/cleaning actuator 92 moves the receptacle 110 to the
desired angle. In another embodiment, the preparation/cleaning actuator 92 comprises
an electric motor. In even another embodiment, the surfaces that contact the product

20 25 and/or cooled product 140 have a surface coating 530, such as Teflon, that assists
in removal of the product 25 and/or cooled product 140. In a preferred embodiment,
the bottom portion 58 is open. Therefore, when the top cover 60 and the bottom
cover 62 are moved from the first position (Fig. 3) and the cooled product 140 is
pushed from the receptacle 110, the cooled product 140 drops out the open bottom 54

25 of the sensor housing 50 for disposal.

The foregoing discussion of the invention has been presented for
purposes of illustration 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 .

30 knowledge of the relevant art, are within the scope of the present invention. The
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end 540 connected to the push rod face 120 and a second distal end 550
connected to the preparation/cleaning actuator 92. In a preferred
enbodi mrewoQ 0/h89push rod face 120 conprises a triangul arPehapa/vdhmt fits
in a preferred enbodi nent of the receptacle 10 110 conprising a V-groove
shape. To clean the product 25 fromthe receptacle 110, the push rod face
120 is rotated to position A (Fig. 6). Once the push rod face 120 is in
position A (Fig. 6), the preparation/cleaning actuator 92 exerts a |inear
force on t C 2 ontacts . .the

pr oduct 2§g§%“%%§ﬂ:§%g“9%¥§§%§%5 fron1Pﬁzﬂgéggdﬁgéﬁgi%gdﬁef@gﬂﬁogﬁe
enbodi rrentpremﬂs tkowwniaf praggicirg-tBe 1mtmtheamj)toaﬁiableldtﬁe1@ akilled in @ARGaEE USI NQ
hi nge 520 ! Iltate renova the_coo roduct 140. | n anot her
embodi nent tﬁ{ r BSPUT 85/ ?ﬂchaﬁf ) %‘F{Jeff‘ﬁ’r"dgﬂe%v i rt@"‘ce"ﬁflﬁlé*’r e 110
to the daﬁbmﬁdmﬂﬁ@h&mnkﬂl%ﬂﬂkﬁ%ﬁnﬁﬁmﬁqmﬁﬁ&ﬁanQQEgg%Pﬁk%hb%gﬁ) eg Ny
actuator 92 conprises an electric motor. In even another e i ment, the
surfates tiREERdebhebibe appendse slayps bogomguethty inelude alterdatpreoziulmidinditis have a
surface c that assists in renoval of the

pr oduct Zgﬁ%h 1§§@8gﬁﬂ 6?% §g4 40. In a preferred enbodi nent, the
bottom portion 58 is open. Therefore, when the top cover 60 and the bottom
cover 62 are noved fromthe first position (Fig. 3) and the cool ed product
140 is pushed fromthe receptacle 110, the cool ed product 140 drops out

t he open bottom 54 25 of the sensor housing 50 for disposal. The foregoing
di scussion of the invention has been presented for purposes of
illustration and description. Further, the description is not intended to
limt the invention to the formdiscl osed herein. Consequently, variations
and nodifications commensurate with the above teachings, and with the
skill and 30 knowl edge of the relevant art, are wthin the scope of the
present invention. The -11 WO 02/16892 PCT/ US01/ 19416 enbodi nent

descri bed herein above is further intended to explain the best node
presently known of practicing the invention and to enable others skilled in
the art to wutilize the invention as such, or in other enbodinents, and

wi th the various
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nodi fications required by their particular application or uses of the
invention. It is 5 intended that the appended clains be construed to
include avoer/napive enbodiments to the extent permitted bgTAKE/pricor art.
-12 WO 02/16892 PCT/ USO1/ 19416 WHAT IS CLAIMED | S: (116,8\)n ?n-l [ nle col or
sensor (40) supplying light to a spectrophotoneter or color
measuregren% of pgrgdugt (25) after cooling, the product (25) being extruded
froma rmai WRRATASGEAIMKIY IBavi ng a bypass section (30), the on-line color
sensor (40) conprising: 5 a housi ?80(50) hﬁvi ng a top porll'é)l ?tnoﬁnS?)58)
roximate to the b S section n avi ng .an open bo

\R/ner ei n the housi nép?S%)“,ontgll’ci%e 0¥ 368%%?‘(@ Su?B]@)n%aHﬁft the SRAsERPISeMBISF ( 58)
define an qmo)efasraéomomteamerﬁé&@f;praddcwg@gl aft?2ooRRAS] ﬂlb?}lg&{m& razgghge(i%p _
portion (56) for directing product (25) fromthe bypass section ) into
the i nt er i B1TUd8H {o5h 2 (mejp)exipder@Ohbuengg tyeys settiom (3)y e dui-tie c¢l68)
connect ed %ﬂs&(h@)oco%?ﬁfﬁn 60), a bottom cover (62) and the housing (50),

t he cover hinge ('68) "a M ng the top cover (60) and bottom cover (62) to
nove to at |least a first position wherein the top cover (60) covers the top
portidn (56) and thea fhonsiag (§G2haimgl awtwpr portioh HEG6H PtdxdmmieOMEthe( BRaseNC! Oses

t he open St%gg

. t 58 f. the hoysin 0): 15 receptacle (110) connected
to the housl ﬁ‘ap{ggé)?n%h%l%g???e&#é’ oﬁh&ghé{heqemtg@ #18‘11511}!%?5@0:61%; (OPO-U)}T;W ;)XI( rzng'; e
the f i Sttom AefiRCaPhn: 10) ol di ng the produc _
ﬁgcei Sedug?gml?ﬂgégg%ha‘és seg:gtglb]o%ﬁ(S%i)31 \;\Re?hﬂéasgi()%tﬂo?ééo% oduct (25) cools while

being held by the receptacle (110); a Iight source (170) connected to the
top gover (60) for f 8ngl @) Ppgjtipnedoim thi tem ghrtione(SHL AmelirecBRy praduot t he

o the tonsbuon PobPeener-PE R uRb e b plioh Py e B neESink s Tecer ver
(80) for capturing light fromthe light source (170) in the interior
portibn (100) that iascaerkt bingedsdyconhectabl @ thppraveti(80),( 4 88om cover (62)

and the housing (50), the cover hinge (68) allowing the top cover (60) and bottom
cover (62) to move to at least a first position wherein the top cover (60) covers the top
portion (56) and the funnel (52) and wherein the bottom cover (62) encloses the open
bottom (58) of the housing (50);

15 a receptacle (110) connected to the housing (50) and positioned in the
interior portion (100) proximate to the funnel portion (52), the receptacle (110)
holding the product (25) received from the bypass section (30) wherein the product
(25) cools while being held by the receptacle (110);

a light source (170) connected to the top cover (60) for providing light
20 through the funnel (52) into the interior portion (110) of the housing (50);

a light receiver (80) connect to the top cover (60) and the

spectrophotometer (160), the light receiver (80) for capturing light from the light

source (170) in the interior portion (100) that is affected by the cooled product (140)

held on the receptacle (110), the captured light being supplied to the

25 spectrophotometer (160) for measuring the color of the cooled product (140) in the
interior portion (100) of the housing (50). | |
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hel d on the receptacle (110), the captured light being supplied to the 25
spectrophot oneter (160) for neasuring the color of the cool ed product (140)
in the iwoeri@s2 portion (100) of the housing (50). -13 VErDRPALGRIR

PCT/ USO01/ 19416 2. The on-line color sensor (40) of Claim1l further
conprising a cleaning mechani sm (125) contacting on the receptacle (110)
for renmoving product 140 fromthe receptacle (110). 3. The on-line col or
sensor (40) of. O aiZn Xhehen-Bin coloe sehwar(#O)y of Claiec hafuirther cIAPYsiGNPr i Ses:

a push ro . i fi istal end (540 n second di stal end
(550), th%l%?]}rlgfﬁ&a%{lgp E@%)"g‘?ﬁﬁm&? ﬂlﬁ I‘r‘?ﬁe%%ﬁ% ?’d@) dPT FROViRE I BTAdCH 50) -
and a facel40¥fam tieavcetdcha(110).t he second distal end (550) for contacting
and novi ng al ong the receptacle (110) for renoving product (140) fromthe
10 receptacle (110)., 4. The on-1ine col or sensor (40) of Claim3 wherein
the face (120) f ur ther PEdihnes 6210k seaspr §4QdefeClamoy Wisrein dthe adeanmy t he

produst (J;A&)laﬁigmf(q)ggyc%mﬁggs‘tanti ally flat surface on the product (140).
5. The on-line color 'sensor (40) of Caim3 wherein the cleaning 15

mechani sm (125) further conprises a non-stick, non-reactive coating (530)
on a portion of the pusbaod PORavingra Host idingpltend (FA@arct a 6dcdR)l .difal cHae

on-line c ry f aim.3 wherein the cleagning . nmechanism (125)
further cgﬁ%{f)i@lggﬁgrﬁh%@%%@ﬁl (3§£§5ldlggﬁﬁ§§{%@3ﬂg quﬁlé‘gﬁg(b)éﬁn‘ai stal end (540)
of the push rod (90) for noving the push rod (90) and the receptacle (110).
20 7. The on-line celface §E203@onfet®d ©f thelsatdRIGiWARER (550) FoREsHALRE (92)

rotates the. push. rod1 [%9]2&1 nmoving.the face (120) froma first position to a
second pdaftmgKnggalo Bricrenieele dILEY) demsenoVing)produdt) Ei4) Hfrathethei n t he
recept acl eecepthdR)(11®. hi nged to the housing (50).

4. The on-line color sensor (40) of Claim 3 wherein the face (120)
further comprises a knife-edge (710) for contacting the product (140) to form a
substantially flat surface on the product (140).

5. The on-line color sensor (40) of Claim 3 wherein the cleaning
15 mechanism (125) further comprises a non-stick, non-reactive coating (530) on a

portion of the face (125) contacting the product (140).

6. The on-line color sensor (40) of Claim 3 wherein the cleaning
mechanism (125) further comprises an actuator (92) connected to the first distal end

(540) of the push rod (90) for moving the push rod (90) and the receptacle (110).

20 7. The on-line color sensor (40) of Claim 6 wherein the actuator (92)

rotates the push rod (90) moving the face (120) from a first position to a second

position.

8. The on-line color sensor (40) of Claim 1 wherein the receptacle
(110) is hinged to the housing (50).

25 9. The on-line color sensor (40) of Claim 1 wherein the light source

(170) comprises a calibrated light source.
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25 9. The on-line color sensor (40) of Caim1l wherein the |ight source
(170) conprises a calibrated |ight source. .-14 WO 02/16892 PCT/ US01/ 19416
10. The ovobt/msIzol or sensor (40) of Claim1 wherein the PCTOUBOISOUTI6CE
(170) conprises a white |light source. 11. The on-line col or sensor (40) of
Claim1l wherein the spectrophotoneter (160) is connected to a display
(162). 5 12. The on-line color sensor (40) of Claim 11l wherein the display

(162) presents data rmlmedn-ﬂmebblersmsmr(m ofu@lﬁppmeremaﬁqc%mt@&&@é 13.
The on-1lin oI or. sensor . é of Claim1l wherein the receptac (110)
conpri ses | HPgSIReS & HE lighlsouiste on-1ine col or sensor (40) of Caim1
wherein each of the 10 receptacle (110) and funnel (52) further conprise a

non-stick, non-reactiyve oo@t bAdine( 250} Asé S(H!dgf Qﬁedé] tﬁé‘e
pr oduct (140) 15. The on-line col or sensor alm 1 urt

conpri si ngSPECtF%hOtO(ﬂB?A‘)T (d6Mrieeemngcied te hélsnbuiil@ﬂj (50) for cooling the
product (140) in the interior portion (100) of the housing (50). 15 16.

The og-1ine col or o] )1;.0f ' t 0 ri in n ..actuator
(64) gonnect ed to aﬁlg'ﬁfgqpé‘r}r)glvlllr% c({%{"két{@&r @‘55/ ?e&(lg@} %t@‘ﬁl%ﬁﬁ@f (62).
17. The 0r(-162)rwesantsaiatmmww(mé)¢oloﬁoﬁfhﬁtcmléd Ismﬂammoaorrprl sing a

t enper at ure sensor (130) for rreasurlngog)te][rperatﬁre of t?go)prgﬁgc; E:(l)ﬁ'?aol
ositioned in the | orti e. hous ng

gevi ce connected to ¥ f?@n“ﬁlé‘FrﬁQfoétsg‘FSé’r ‘é@ #&(&E@d)w HrimBireesptaste and

control I i n@g1o)@nt ﬁ@@;{ evédhapdle product (140). 18. The on-line color
sensor (45) o)f Clpgi m | V\,%grel n féach of the housing (50), the top cover

60) and the bottom cover (62) are conposed of a nmetallic mterial. 25 19.
gl'he on-1ine col or séeifsorlhe pmylngs catpmpensar (B rofi Glaimel mbestimgagtbof the

10 receptacle (110) and funnel (52) further comprise a non-stick, non-reactive coating

(530) on a surface that contacts the product (140).

15. The on-line color sensor (40) of Claim 1 further comprising a fan
(54) connected to the housing (50) for cooling the product (140) in the interior portion
(100) of the housing (50).

15 16. The on-line color sensor (40) of Claim 1 further comprising an

actuator (64) connected to and for moving the top cover (60) and bottom cover (62).

17. The on-line color sensor (40) of Claim 1 further comprising a
temperature sensor (130) for measuring a temperature of the product (140) positioned
in the interior portion (100) of the housing (50) and a control device connected to the

20 temperature sensor (130) for monitoring and controlling the temperature of the
product (140).

18. The on-line color sensor (40) of Claim 1 wherein each of the

housing (50), the top cover (60) and the bottom cover (62) are composed of a metallic

material.

25 19. The on-line color sensor (40) of Claim 1 wherein the housing (50)

is opaque.
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i s opaque. -15 WD 02/16892 PCT/ US01/19416 20. An on-line color sensor (40)
for supplying light to a spectrophotoneter (160) for col or measurenent of
product (RG)2/aisper cooling, the product (25) being extruBenUSOL/A416RI N
extruder (20) having a bypass section (30), the on-line color sensor (40)
conprising: 5 a housing (50) having an interior portion (100), the housing
(50) positioned proximate to the bypass section (30) and.dlrectlng pr oduct
(25) fromthe bypas%O.secAhonn(lﬁ@) colot osenber |(n®)erfoors1@(p[3tmg)nhgﬁlt0@a ad

et or pueEtOReRSRRST bR 1B rae S Rehy of pRuial () tader spotis e 25)
bei ng di reﬁﬂoﬁdct (29) lbmﬁdg)eithﬁlehnﬁ 8 ke eﬁﬁ[&ek M&g Vﬂ}g)%&l s%c&&hegé Odjé(;Ct (25)

cools while bel ng1 held on the receptacle t sourc
connect ed #¥lippedlabieasord40beymising uppl yi ng I i ght to the interior portion
(110) of the housing (50); a light receiver (80) connected to the housing

. 0)..1 t he i i
bortion (100) that |5 Rpying(s0s iR cer SPior*BURER (1POR the Thouie' B51 Lr e
|i ght bei nppsstigmetlipsekimatet foethe ;bgpass cspct'tmrtllq%) etid dil&ﬂi)ngf;?bdudﬁ?% (L)u;rmﬂ]ghf Eg
| ed 140, t terior portion 0]
ﬁgtglr ngf (t5]835% Cﬁo%cg%gogﬁﬂgtt (HFH%)Bi’g@%&ﬁﬂg’( 40) of lOCI aim 20 further

conprising a 20 cleaning mechani sm (125) contacting the receptacle (110)

for renoving producta ebépthclef(l H]Pcbhﬂec‘f&ﬂ%ﬁh@ﬁb@sn(gl(%@) an@ ?os1§&?edqg “thd N

col or sensor (40) of Claim20 further conprising a connec ed to
t he housi n§isrisppoxtion (A6 efrfhe hausing () dor oldioy ﬂnfnpltOkiectl (@5)ebéing divested on

4 f, d 20
uher e (e SRR fotfon (g herd et Bash RpBls BRI Ripe bl ol ™ ™

receptacle (110);

a light source (170) connected to the housing (50) for supplying light
to the interior portion (110) of the housing (50);

a light receiver (80) connected to the housing (50) for capturing light

15 from the light source (170) in the interior portion (100) that is affected by the cooled

product (140), the captured light being supplied to the spectrophotometer (160) for

measuring the color of the cooled product (140) in the interior portion (100) of the
housing (50).

21. The on-line color sensor (40) of Claim 20 further comprising a
20 cleaning mechanism (125) contacting the receptacle (110) for removing product (140)

from the receptacle (110).

22. The on-line color sensor (40) of Claim 20 further comprising a fan
(54) connected to the housing (50) for cooling the product (140) in the interior portion
(100) of the housing (50).

25 23. The on-line color sensor (40) of Claim 20 wherein the light source

(170) comprises a calibrated light source.

-16-



-16 WO 02/16892 PCT/ USO1/ 19416 24. The on-line color sensor (40) of Claim
20 wherein the light source (170) conprises a white |light source. 25. The
on-line owvboriesensor (40) of C aim 20 wherein the spectrpghosarmisr (160)
is connected to a display (162) for displaying information 5 relating to
the color of the product (140). 26. The on-line color sensor (40) of Caim
20 wherein the housing (50) is opaque. 27. The on-line col or sensor (40)
of C aim 20 wherein ﬂheTheomlinacdﬂer sgngdrO0) of Claim @8 exherdin sthentighé sowke

al I owi ng I g?i fromthe.,l] g % sour ce (170) to pass 10 through the

recept acl et} %mprfgsa?ﬂ’ée 180} $HE°% ol or sensor (40) of Claim20 wherein the
receptacle (110) conprises a window (810) allowng light fromthe |ight

source (170) to pass25.t hriigghniline e@l@ep@eafdre(4ol)1@f @lagnt be whedow t6810) .
29. An on-line color sensor .(40) supplying 15 spectrthotoneter

a
(160) for #sCEPPheiemBelee N ioeopesigd de a(@salaié%@a fen displayingt HEOrmgHeR uct
(25) gel Ng.d L‘g%&’ﬁ%f?}ﬁ%@b mygu der (20) having a bypass section (30),
co

the on-1ine sensor ing: a housing (50) having a top
portion (56) proximate to the bypass section (30) and having an open

bot t om (58), the hou26.nghe5@iling balot emspio(40) of (la@) 20 20heeid thtrdovpag bot t om
(58) defi nm an internal portion (100); a funnel (52) positioned in the
top portio ? PARE direct ng product (25) fromthe bypass section (30)
into the interior portion (100) of the housing (50); a cover hinge (68)

connected to a top c@v.eMhéon)lineaolntseasor ¢40)esf (10 20 avtdrdin ehd@agitinge ( 50) ,
the cover hinge (68) allow ng the top cqver (60%;1 and bottom 25 cover (62)
to nmove t o(dp I‘Se‘é%fflp%ethfsatmﬁt%‘?]c pliaying dieBt fropm ehet bight sgyice ({69) tockiser s t he

top q@rtloEHé%é?&éi tg&e(%ﬂg) O(52) and wherein the bottom cover (62)

encl oses t tom f the housing (50);

28. The on-line color sensor (40) of Claim 20 wherein the receptacle
(110) comprises a window (810) allowing light from the light source (170) to pass
through the receptacle (110) via the window (810).

29. An on-line color sensor (40) supplying light to a
15 spectrophotometer (160) for color measurement of product (25) after cooling, the -
product (25) being extruded from a main extruder (20) having a bypass section (30),

the on-line color sensor (40) comprising:

a housing (50) having a top portion (56) proximate to the bypass
section (30) and having an open bottom (58), the housing (50), the top portion (56)
20 and the open bottom (58) defining an internal portion (100);

a funnel (52) positioned in the top portion (56) for directing product
(25) from the bypass section (30) into the interior portion (100) of the housing (50);

a cover hinge (68) connected to a top cover (60), a bottom cover (62)
and the housing (50), the cover hinge (68) allowing the top cover (60) and bottom
25 cover (62) to move to at least a first position wherein the top cover (60) covers the top
portion (56) and the funnel (52) and wherein the bottom cover (62) encloses the open
bottom (58) of the housing (50);

-17-



-17 WO 02/16892 PCT/ US01/ 19416 a receptacle (110) connected to the housing
(50) and positioned in the interior portion (100) proxinmate to the funnel
portion (WQ@p21dshe receptacle (110) hol ding the product (P8)y/UseEcwitteed from
t he bypass section (30) wherein the product (25) cools while being held by
the receptacle (110); 5 a light source (170). connected to the top cover
(60) for providing light through the funnel (52) into the interior portion

(100) of the housinga¢&Rptack (hl@))hionﬁétﬁ@itbehhe(h89§mg:()3'(])&ﬁﬁpb@1t1bﬁl&i foheom
cover (60) and the spectrophotoneter (160), the || receiver §80 for

capturing ITHE POHAR t(ﬁ%0)| prgrimate gorthe @m)mrﬂw it r‘??‘*erTF%PPt%SEPr ] (100)

that is af Oﬁlélrfi I

(110), theflcgh%&P%) #Jﬁ%h@gerg&lm upp |ﬂé§jg?pa)s% %&tggp(ggf?gg g;[’(f)h% 160)
for msasur(Zﬁgcbdfie“&mbdmelrngﬂletdwhhemoeﬂtaplnecﬁiim)t (140) in the int erlor
portion (100) of the housing (50). 30. The on-line color sensor (40) of

d ai m.29 further conp 2 tacti

receplsacl e (110) for lgﬁ%ﬁ%ﬁﬁ %?Qeanl n(‘qicg% t?‘%g(lﬂps? gfn&%oﬁ 8?@?&%% n(110)
31. The ontHrbuh the Fi@ebEN ito (R Qhtefibr Sartibi 1B0) vhedotsih €509] eani ng
mechani sm(125) conpri ses: a push rod (90) havi ng a first distal end (540)

and a second distal end  (550), the first distal, end (540) ten i ng
out si de of the housi AgligoeceiyFy (39) 5oanest tp 148) betinm fAVEY ( ®Econd

di stal end 5«% %th 48‘)@?1@2 hﬁghgm@cavéf' (29) @dirgg@tm% hgﬁ@ﬁbﬁcih% 1@1&0) for

removi ng produ receptac on-11ine’ col or
sensor (40yowte (117QD m e mtlaaoepcvrtlmmél(foawt(isla@gctedby thearooted o dust §1449)

kni f e-edge, (710 r contacti he .product (1 to.forma, 25

substel Ontia 1g ‘1) attggurr‘?cgegc%nr}?h 'p df&?ﬁfﬁog}%t 510 %‘?PH%‘%QE’ the

PCT/ US01/ 19;5'e%ﬁ'ophotometer (160) for measuring the color of the cooled product (140) in the
interior portion (100) of the housing (50).

30. The on-line color sensor (40) of Claim 29 further comprising a
cleaning mechanism(125) contacting on the receptacle (110) for removing product
15 (140) from the receptacle (110).

31. The on-line color sensor (40) of Claim 30 wherein the cleaning

mechanism(125) comprises:

a push rod (90) having a first distal end (540) and a second distal end
(550), the first distal end (540) extending outside of the housing (50); and

20 a face (120) connected to the second distal end (550) for contacting
and moving along the receptacle (110) for removing product (140) from the

receptacle (110).

32. The on-line color sensor (40) of Claim 31 wherein the face (120)
further comprises a knife-edge (710) for contacting the product (140) to form a
25 substantially flat surface on the product (140).
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33. The on-line color sensor (40) of Caim31 wherein the cleaning

mechani sm (125) further conprises a non-stick, non-reactive coating (530)
on a powoomesp2the face (120) contacting the product (1BOy/US®M94i6he
on-line color sensor (40) of Claim31 wherein the cleaning 5 nechanism
(125) further conprises an actuator (92) connected to the first distal end
(540) of the push rod (90) for noving the push rod (90) and the receptacle

(110). 35. The on-!i8g gqgieggbgm&br e eioggf@%;u%gegnahf}?é Q&?ﬁﬁguawr

(92) rotates the pus novi ng t Irs sition
to a secondlechmn';sirmi(d)ﬁS) fi@thes. cofﬁpascsnalnanestmku oon-senotior cO4iig ()330621@31 m 29

wh th d.t housing (50). 37. Th
on- 1 ine coptrosghuBriageiapObtonisclng it L4 ne 11 ght source. (170)

conprises a calibrated |ight source. 38. The on-line color sensor (40) of

Cl ai m 29 wherein the3kj dite @9%@801011531(5&17@0%@@511&% whetihttRBe kic@hagsour ce.
39. The on-line _color sensor (40) of ClaimZ29 wherein the

spect Pophotiskeanism (145 fusther compaisese @‘5‘15&0@(9% cagnected 2y thefirsgidisial dping

col or senobrl Gof- SRR QUEGE HiRinathe pll% RUTANTha bepide (TGE Clc ' BT

The on-line col or sensor (40) of Cdaim 29 V\/nerel n the receptacle (110) is
conposed of a materi aﬁ allHeowi-hge Eolghserfsoon (M) d Clagh 34swhereia tb&kﬁbuatom pass

h h th l 42. .Th | i 29
hheradh o) SRS s Sushaae faoy oo vt Bie (30, FRmCE ATE Dosttiat Fomsstont ot

fromthe Iggdjﬁorsource (170) to pass through the receptacle (110) via the
wi ndow (810). -19

10 36. The on-line color sensor (40) of Claim 29 wherein the receptacle
(110) is hinged to the housing (50).

37. The on-line color sensor (40) of Claim 29 wherein the light source

(170) comprises a calibrated light source.

38. The on-line color sensor (40) of Claim 29 wherein the light source

15 (170) comprises a white light source.

39. The on-line color sensor (40) of Claim 29 wherein the
spectrophotometer (160) is connected to a display (162) for displaying information
relating to the color of the product (140).

40. The on-line color sensor (40) of Claim 29 wherein the housing

20 (50) is opaque.

41. The on-line color sensor (40) of Claim 29 wherein the receptacle
(110) is composed of a material allowing light from the light source (170) to pass
through the receptacle (110).

42. The on-line color sensor (40) of Claim 29 wherein the receptacle
25 (110) comprises a window (810) allowing light from the light source (170) to pass
through the receptacle (110) via the window (810).
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