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APPEARANCE DEFECTS | N MOLDED PLASTI C PARTS s BACKGROUND OF THE | NVENTI ON
This invention relates generally to measuring appearance variations in

nol ded plastic parts, and specifically to tools for duplicating the

streaki ng swervosTood real parts and neasurenent and anal ysi ECHUSI0/0248%
streaki ng. Consuners of durable plastic products including, for exanple,
toys, |o conputer and printer housi ngs and vehi cl es expect a uniform
surface finish with no visible flaws or defects. Common defects

i ncl ude streaks wheSYSTEM ANRBMETEAD EQ@H%&W@@%W’EWE These streaks

may arise as different flow fronts fromdifferent gates neet or downstream

of flow disruptions such msFrEretd b8 MOLDSE &3 ASTIORARDIS hol es. 15 Currently,
few, if any, nunerical specifications related to uniformty of appearance

are given to a supplier of raw plastic products outside of average color

and possibly gloss or haze. Nevertheless, the nolder creating the part and
t he consuner each expect a product with no visible flaws. The consuner, in
particular, may vi ew appearance defects as both unsightly and as indicative
of 20 poor quality material. Currently, the quality, uniformty, and |ack

of defects i i ,call i~Addged using visual inspection on
producti on pgﬁ%&%‘#@ﬁ|dféﬁ‘éém"%w§ﬁkgence of nunerical specifications,

| ack of consistency due to operator variation, and an inability to

consi stent |y and Tapirdegtignr iades gandraliygte meabeingoéppeangricesvargtionshisr , 25 a

v 001 67004 30elEasar Patan BRRTGANER MBS el T e HeseP sslio "ot t et
to quantify teabpgrtsodridaneasfdnesnt ahth analpsislef thestreaksg.omer i s unable to
transmt a conplaint to the plastic supplier that is nore .specific than "a

streaking probl emgxl 85 of MiBR Pad@UHd5uQE hELERE.fr example, toys,

10 computer and printer housings, and vehicles expect a uniform surface finish with
no visible flaws, streaks, -or defects. Common defects include streaks where
varidus plastic flows meet in a part. These streaks may arise as different flow
fronts from different gates meet or downstream of flow disruptions such as griils,
bosses, ribs, or holes.

15 Currently, few, if any, numerical specifications related to uniformity of
appearance are given to a supplier of raw plastic products outside of average
color and possibly gloss or haze. Nevertheless, the molder creating the part and
the consumer each expect a product with no visible flaws. The consumer, in
particular, may view appearance defects as both unsightly and as indicative of

20 poor quality material.

Currently, the quality, uniformity, and tack of defects in a part is typically
judged using visual inspection on production parts. This leads to an absence of
numerical specifications, lack of consistency due to operator variation, and an
inability to consistently and rapidly process a large number of samples. Further,

25 a large amount of waste may be generated since a large number of defective



production parts are shi pped} back to the plastic suppli®rOtiobes2i$equent

vi sual 30 ev ion. Yet, it is difficult for the suppller to address the
probl em and é’#%é%}(fg&%ol utions in the absence of effective nmeasBtTHERY09489

tools. Several prior commonly-assigned and invented patents and patent
applications, nanely, U S. Patent 5,859,708, issued 1112199; and
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spectronmeter with the typical %inch dianmeter or ger ap ure.
unl i ke the fewsRPEDE rtBABL &3 sSteeatdng eproblens nexiste;” apérmangspbthwdis aife rajetted

aut omat ed, the e b rli rfaced with a
conputer for %%&é@%ﬁp{f’% T%&b ﬁ@ﬂ}acg tﬁa&i%’% " g’&t%\‘%@ﬂlﬂ%’ﬁtviml
Hovever, sever@Valpatidn.ewet,lieredifiicultifbsth g&eﬂ#

parts are not anenable to automated msSes‘a?Pﬁére%gec FrﬁBb@eﬁ%H%@’”e
resol ved spect@igfiensin thembsanee ofreffective measitement thalsa and aut omat ed data
reduction is necessary to screen parts. 45 Accordingly, there is a need in

the art for and inp S e hod to_quantif ppear ance defects
in molded plastic p§r8¥g'%' %@%Oq&%ﬁsﬁgéﬂﬁ? mvggi’qﬂa t?’E)tﬁl apd g patent
dupl i cates st ragpiicatiorns;emarhely] €A, Rteat 5%593:&)!3 tu@sue"u 912 ?’%}ltp(ﬁegtxon

plastic part sa Ies that include sel ected t opol ogi cal sur ures
(e.g., ribs, H#r ¢¢715509/96§9%133 QQ/'f@ﬁ.Baﬁcaﬂ@@ 81695'paddresswagané’s%1
Cct ober 2QQ3 t uent roduced. A
spati al | ygrgeso ls IR%%}BQA\" '%é&ge&régsfi&%'% Eﬁg ‘%mc’gﬁépd'@ﬁ@ﬂ"ﬁsﬁm@%

spatially al orttefEd:te tlaamﬂemqﬁaapiparénﬂw & ¥tandafPSpestRimatBF witd 8N qusé% 5}4%? to
!

appropriately ?r the data and quantify the streaking in te
overal | data é:{r'l%!f)‘@ clrgrr wrgndf’vamrewnbkﬁ the f%mcspacmetery oapabw of

indi cative of gigdiRrARifites BASELrd hdt HiRoMEREC e %cﬁgm% CESseritey & earlier

may be interfaced \A{i@h a computer for motorized sample movement and
40 automatic data collection.

However, several problems remain. First, complex, curved, or textured
parts are not amenable to automated inspection. 'Second, this spatially resolved
spectrometer generates massive amount of data and automated data reduction
Is necessary to screen parts.

45 Accordingly, there is a need in the art for and improved system and
method to quantify appearance defects in molded plastic parts.

SUMMARY OF THE INVENTION

A molding tool that duplicates streaking seen in real parts is dsed to
50 produce molded plastic part samples that include selected topoiogical surface
features (e.g., ribs, holes, grills, bosses) of production moided parts to be

G



terativel y applied to oneor nore series of sanples, g @gpbersd003
prescriptiion of ingredients (e.g. plastic pellet chatacteristic, color dye
m xes) and pPFEAW6Ydoen conditions (e.g., tenperature, extrusi rate) is
mdentified for producing the 60 . production nolded parts. 0%2 PH 489
optimal ingredients and conditions are specified, the production nol ded
parts can then be produced properly the first tinme, in a way that
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met hod used Po cal culng@gegwc?u lity measure of the sanple under

consi deration according to one enbodi nent of the invention, from the
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This saves the time and expense of unsuccessful, defective production runs
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BRIEF DESCRIPTION OF THE DRAWING

FIG. 1 is a schematic iitustration of a spatially-resolved spectrometer

| according to one embodiment of the invention, for obtaining color readings from
7 '70. a plastic part being examined and analyzed;

FIG. 2 is a plan view of the molding tool in accordance with one
embodiment of the invention;

| FIG. 3 is a plan view iHlustrating various mold configurations for use in
connection with the molding tool of FiG. 2;

75 - FIGS. 4 and 5 are flowcharts fllustrating methods of post-processing color

readings according to embodiments of the invention;



DETAI LED DESCRI PTI ON OF THE | NVENTI ON 90 The several ccii@efPheriadpént ed and

commonl y- assi gned i ssued and) pending U S. Patents noted earlier disclose a
spatially-resol ved spectroscopic tool for neasuring visual characteristics -
of plastics, vauews788 col or, col or blending, coining (e.g. scr&CAHHS98pI489
etc. The system and nmethod, according to one enbodi nent of the invention,
95 generally conprises three parts: A nolding tool that duplicates the

streaki ng seen in real parts, the a spatially resol ved spectroneter to
measure col or al on |6ét31e §U'|’QUS}96§ dﬁ'sﬁrgﬁe ﬁ@'?“P?/e Sate perresphintive Hingplensigna e

al one. a5 appr PPl AUCRG peakf o RS, & Flat o X BRI e ra0IcHNNAE By

refer to nol d@b@bqﬁeisginglmripgat;eorﬂrr@iuctmlimnﬁom;ol di ng tool according to
the invention, while "production” will be used to refer to a nolded plastic
part (such as a conputer ponitor 4 '31 Cct otger 2 O? WO 00/ 67004

PCTI USOQ 89489 houdiifry, 1Qillgsirales @ maiked yseq te QBSGH alp o WY mgpsurmef the

Lhe wui et e ablgab e BondEHGs ot bithe Bbal et Bie R BRT from

according to the inventli on. Irnvention Tnv

creating and uhérgmiptadataedt RIGES6I-@;parts to 105 determ ne the optinum
prescription for producing "production" plastic parts, so that defective

producti on of prod ion parts, and the cost, and tir or producgci.ng such
B et i on parts. G Histes R metind sk i fArsetRe g shage of e sampie
spatially-res Eﬁggfgggg_tgg eter | is used in a manner simlar to the

di scl osure of e above-referenced pending and issued 11o U S. Patents.

Col or neasured by spectrometer 1 is output in any conventional color
format 1085such as AGS.nt2 andni3 dlistrete tieEmethaethiusedLic ayelagestheptegmnte of

pLesti e, Pert et B4 S bt BBty bR s PRl e

i nci dent |ightgfffafgom a |light source 13 onto plastic part 11 at a sanple
point 17, and reflected light 14 from 115 sanple point 17 is neasured using
spectronmeter 1. Incident light 12 and reflected light 14 are carried to
and fromplastic part 11, for ‘exanple, via light carriers 15 such as
optical fibers, and are focused at sanple point 17 as needed using

focusi ng el enghepallErF PESERIFIEONCOF FREINBENERIN! enses. I ncident [ight 12

90 . The several commonly-invented and commonly-assigned issued and
pending U.S. Patents noted earlier disclose a spatially-resolved spectroscopic
tool for measuring visual characteristics of plastics, such as color, color blending,
coining (e.g. scratching), etc.

The system and method, according to one embodiment of the invention,

95  generally comprises three parts: A molding fool that duplicates the streaking

seen in real parts, the a spatially resolved spectrometer to measure color along

the surface of the part, and post processing software to quantify the streaking.
Various parts of the system may also be used alone, as appropriate.

As used herein, the term “samples” will be used to refer to molded plastic
100 parts produced by a molding tool according to the invention, while “production”
will be used to refer to a molded plastic part (such as a computer monitor



may or may not be "focused! at sanple point 17 in the §di@eobdria008ense; so
120 sanpl e Sﬂént 17 is sinply to be understood as a poi nt upon which |ight
i npi nges  12VRAY6M0% rof | ected 14. In order to eval uate streakiBgI/800/09489
pl astic part 11 and sanple point 17 are novable relative to one another in
any direction along any conbination of the x-y-z axes illustrated. A

be .t.aken from, d|f erent |locations u

| | f di h
bl astic part 19 2 plifs oiGnga tRuSioaacBino\dpat e, iiasts abiset i ben
one anot her Q.Yroﬁﬁ@é@h%m@ e tbrHipdis Ress B@ldgbr%:% cﬁiﬂ% 1o th8 iherfion. i this

il lustration, the sanples are taken |1 arI he”x axi's.

readi ngs are candextj rtlpejtlnthlohempfoh/esmmeaglmsum‘imgvds F‘B‘ la@E]@l art—‘sﬁ';tbon
astic par

and anal ysi Mol de i c part , en it i.s a sanp
produced? %acc%tﬂmﬂe%gtqpi'mwg’ﬁ?$%%°wy$f P& '%n@'@ﬂ\#@@fbep'ﬂéﬂﬂbpaé& $0 as

"ol d'
Forwar ded to Babo SRR Frosuctes) oo B R T BLES Bed Be” Brsttdeing
devi ce 101 f wuchqeodyctmneyesisniy ramirdizedri bed in FIGS. 4 through 13. In one
enbodi ment, spectroneter | and |ight carri er (e.g. fiber) couplings 15 are

di 0- 45 d ht 12 I
135 p;Pt 12 ac an s dtsTeleln T SrelilaRaoNey  Restomatpd. oHaea un
(i e, nor mimahfer Smil 4 e diRldsuld oFthbaveRrfereRted Peritind Bhl iddudd

captured at an angle of substantially forty-five gre
per pendi&Ql al).Si Patenmer Golroneasured, by spectaemeteriigist outfutingamey conbsitiopan

?Eégcepé‘?ﬁehﬂlc@ﬁ#;wﬁ%t e B bl aotiEnd s, SikLeab s Bo b o mbldespfeeic
between t hi r tpareq (whmhyptasaﬁaqaabﬂwgy BRr® sanfplé op it Jyroap gs&;rsgtslf {h%“

per pendi cul ar. When a sanp 5) astic part 11 i's use
be mounted dhiskatiams @ hﬁiﬂﬂ@ i naaluaéecbpvl dif'ﬁzdtlhg Inoldantaﬂglutmm&mmaaght

comut ori zea Babrats ohf: PRAACRH A BC0 Tomie g Bt e reloleil b 14“from

har dmarmaut@amm@ pdist WPLis aneasiwrednuEng sp@itroriglel et | pRideMidi gh‘( des TS

the raw data into col or coordinates. The conputerized device
user t hr ough refiectad fight 14 pre, carrieshtoaand Jiam elastisopark fiio fer. exampleevia élght

optim ze the 5hanal st AYsHptbil AP a A US L8 3t sgmplfeeﬁomt 17 as needed

using focusing elements 16 such as one or more optical lenses. Incident light 12
may or may not be “focused” at sa'mp[e point 17 in the scientific sense; so
120 sample point 17 is simply to be understood as a point upon which light impinges
12 and is reflected 14. In order to evaluate streaking 18, plastic part 11 and
sample point 17 are movable relative to one another in any direction along any
combination of the x-y-z axes illustrated. A plurality of readings may thus be
taken from different locations upon plastic part 11 at a plurafity of locations
125  spatially separated from one another by predetermined distances and directions.
in this illustration, the samples are taken linearly 19 along the x axis. These
readings are then input to the post-processing software for quantification and
analysis. Molded plastic part 11, when it is a sample plastic part produced
according to the invention, will also sometimes be referred to as a “mold” or

130 ‘plagque.” The color format measurements 10 are then forwarded to a



paraneters. Manual adjustment of the sanple to sel ect el @etabercitd3i s al so
15 0. possible, if desired. The nolding tool, illustrated in FIGS. 2 and 3,

conprises a @xsdoaagdat allows the user to duplicate streaki ng’é‘?@ﬁb{ﬁ%b
parts on a | aboratory scale. Sanples produced in the nolding tool are

typically flat with a smooth, uniform surface finish, making themthe
| deal sanples to be evaluated using the spatially 155 resolved

spectromet er. RAoffikbizatPHEvics WD /Y ﬁbﬁvwoéés\éggy%@%g&ﬁ%& rids, 4 Shrough

illustrated in the preferred enbodi nent of FI nprises a Si
cavity 21 to prl@duce single-gate plaques, and a doubl e-gate cavity 22 used
to produce double-gate 6 31 October 2003 WO 00/ 67004 PCTI US00109489

I ith knit |i . EX ' f I | ic fro 23 i
br 160" bot n cavi t 408 FRKIBIShastRrogteef a3 0Bt Gudeh ISy foen cotpings
| ocations 24 i A5raRNgsedin add5"EhRBIrENH, vﬂ'fé‘reiﬁrinéiHéHFﬁ’qfﬁWf‘?n@@@%%ﬁ;&%@&

variety of inserts may then be placCed into one or nore Tnser
t o obstr U35 t hpart| el amenglasf sublstantinliy zera dedres= fretr perpendiculdr die.cnemmale,

t 11 of .the th diff t, t |locat] 26 in th

31 ngl &- gat e calt i BEsUR SR stk ERe) Al RSRT GRb! s canbired S amanglo
through gates Jubstéfitially ¥die-RIIrE8S F6R g@weﬁa@hbérbe iy A6th&F &inﬁlents
within the scope of the invention, cavity 21 and 22 have a preferre '
| ength 27 of apeidsntlightnd angle is betvegen rerchand thiny) zeypiana fortyabeytanti 2680
i nches, f dth 28 of i mat.el vy t to f i pches, d
ypi cal 1y anoutn® et e rSie AR RRRuR Ao R, ek Ftbodiments, naligtes
appr oxi Ml y (grA214 ankie id beBved dhittyPadishty ARPBENAD ZERS BindTBBNGGRhe! S |
to have small-scale, easily nolded and handl ed ~sanples, which hav Lo

snoot h, flat sHegges framperpensiicularst eval uati on using the spectroneter.
Thus, any particular size and thickness may be chosen within the scope of -

the invention whi chyfaest ' : r4qSi| S Ny r ction 175
sanpl es on a snal | er scaF%}émewéﬂﬁlg(;%{cgﬁ eﬁh‘g #%ﬁg@%gg%ﬁﬁ@rﬁfﬁl?yaﬁ%@@”"md
Thi ckness, in pard sample holdey thistis mptionalp) asiunted o Mdtatiza iraBERAGK tsiéb%s,
such as nelt tenperature and Vi scosit and finpal production part

Ye. L .
thi ckness. |ns¥f & tg§cav\@pgqﬁs the Teatvke O inferest. ) commptenizedodeyiea (notshown)
runner, Qls ex@sbRsingtloriisiter software or hardware automates the motion system and

data collection, and transforms the raw data into color coordinates. The
computerized device guides the user through necessary calibration activities and
. allows the user to optimize the signal to noise by allowing adjustment of key
parameters. Manual adjustment of the sample to selected locations is also

150 possible, if desired.

The molding tool, illustrated in FIGS. 2 and 3, comprises a system that
aliows the user to duplicate streaking from real parts on a laboratory scale.
Samples produced in the molding tool are typically flat with a smooth, uniform
surface finish, making them the ideal samples to be evaluated using the spatially

155 resolved spectrometer.

A sample mold, such as a two-cavity molding tool 2 illustrated in the
preferred embediment of FIG. 2, comprises a single gate cavity 21 to produce

single-gate plaques, and a double-gate cavity 22 used to produce double-gate
. 6 *



a'{pproxi mately 1.2 oz (33 g). Wiile the Cycol oy C6200 i $31uGddbdraat0a specific.
180 plastic fornulation, any fornulation of interest ¢ould be used for
produci ng YHMPMEO astic parts according to the invention. TIRETEBS0GIe0489
woul d generally be simlar for different plastic formulations. FIG 3

Il lustrates various sanple plastic part (plaque) 11 configurations that

can be produced utilizing various nold inserts in connection with the

nol di ng 185 t BlgAues withdkniblings, Fadausiom af maliep| plastia fromosprus @8 rigtot ooé or

| | i | | ocation 26 of pol di
E g L T R e N
(pl aques) 11 minnkr 25, &l eiayPe shQESOr thrsd o%b?@éﬂeap%vﬁ\ﬁi}.t?%ff Rl may

r e

PCT/ US00/ 09489 32, "rib" parallel to the plastic flow 33, acr 0ss
pl astic flow Bgn begplaced intp apgiaranofecinsed recentacles to ohsBact thadlowgfindresse

across the plasti.c § lqurations illustrated in FIG 3
are produceg %)a/ %&'&Fﬁév %Qfgl %ﬁ@oﬁﬁ%@%&@v a iaﬁgeqrtglfﬁ%g"‘% ﬂ@'epr@ﬁ?ﬁent
| ocation 26 chestsdcdtions e id thelsirdlogate ¢ality @8virowrl, M%ﬁ?n gmaétfd' énfé}s
"bl ank” inserts into the remaining two insert” |location 26 0 I ngle gate

cavity Af5 THeayitiesd erA2ihreughogates@erts are illustrated in terns of the
"negative" of the surface features 31, 32, 33, 34, 35, 36 illustrated in

FIG 3. It is 195 : r . . f.or exanpl e,
"boss+ i nsert 32 rie i QRAelstELEl opkicbyeR PEAREFuldly i BE e el e
cavity 21, artHeafventionpéavity 21 aved 22 Hepre @?i'éféﬁéd lergth 27 60ASproghtateR\bhLy
21, wll produce, the topol ogical surface feature illustrated by 32.

s%ny arly, gdRef® inches eﬁ{EgstYP'Ga“be@P% five| inchesr & wefemed wisth 28 of
und

: rstood t dj | se : e' .negatives of,
and 200 prodt(Jhcgf(.E‘F éﬁ@? g@é%a@u?%épgh%m&;séﬁ(f r&@%’!ﬁ%ﬁgﬂ?éb%& i"?&% nr?éEf i%n
with tha7si x prefeagdehickaess (it Ghodn) B approximpately d/8Rto 48 iricll kA itpsieally
illustrated in Fg%—l@ aF]e \épi call of the "t?pol ogi cal " surface features
commonly encRRUEAE ing "Jﬁ" PRt igHo peve small-sealediqagly maldedoant diendied
"sanpl e" nol t toawill
e produced (e wYach BPE 4 Eoblt? Mok 3tifafy thifitor Best S0ai4AH0n btia e -
O course, tIspeetremeter.udtiusxampparicolar size"and/thickness meanbe ghosén withirt fhat
can be produced by .the inserts, ,and it i nder st ood that nol ding_tool
insertsp3 th&F"B‘?é’f §i 'BH%QPQ%W@HLR?@tMW B es[ﬁspgﬁeSQ%ifhrpégdUCtlon

175 samples on a smaller scale, even outside the ranges enumerated above.

Thickness, in particular, may depend' on plastic formulation, properties such as
melt temperature and viscosity, and final production part thickness. Insofar as
weight in concemned, a Cycoloy C6200 part and runner, for example, Weighs
approximately 1.2 oz (33 g). While the Cycoloy C6200 is used for a specific

e

180 plastic formulation, any formulation of interest could be used for producing
sample plastic parts according to the invention. The weights would generally be
similar for different plastic formulations.

FIG. 3 illustrates various sample plastic part (plaque) 11 configurations

that can be produced utilizing various mold inserts in connection with the molding

185 tool of FIG. 2. In particular, a plurality of molding tool inserts are inserted into
one or more of the insert location 26 of molding tool 2. Each such insert is
designed to produce, for example, molds (plaques) 11 with a “hole” 31, “hoss”

v



not expressly illustrated in,FIG 3 nay al so be devel opddX@nreenzHed
according to 210 the i nvention. Al so, the ribs and griits (and any ot her
surface featyy, ﬁ) gduced by other insert types that are not M{X%S
symmetric) can be orlented at any angle relative to the main %h
gate 37. Simlarly, while double gate cavity 22 utilizes two gates 37 with
substantially parallel input, it is understood that any nunber of gates

can be used, ha Mar r | | QBSH I Ney g 2051
accor dance WI V\%é't hr}ebal#vrle%ﬁ .gdnmér?ﬁ’%"%. @%?g ﬁt? Bgrogget&\%g@%g\ﬁ]g?w 34, J&'"
" production” pharslitictpant plastie fibw 135 carmbegrilR08¢oks iIReOplBHOGbw 36. The
PCT/ US00/ 09489 4 manufactured is to have certain topol ogical features,
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plastic is extpsaided “blhk’ shdegitseiniatife ¢amialning bvdinseh 1Wdaliod 262 of 8iHgly gate
via gates 37. (Doubl e- _?ate cavity 22 may be used where it 1s known that

c

the product i orcaiih cThus.tthaimelding tpebaa@rwarwﬂmfe@lrgwrms of the thagative”

cur  hoo feat urdle MG SRS BERRER. 2" i, 148, o 30 G T Pl i

225 pert hpent ,uriedstoedumnerkiondhal rge@nos e fob BRAMPIE, o TEREe! itfsénssméfé% er
1.as earlier described in connection with FIG 1 The streaki ng

resul ting frorAn inserttBabvbgn degseraskinta single Q%pavlaszbfandqaf&rdgoltqmplasmam
doubl f
apect ronet or PAAUENIRERRgIE B4id avity, 21, Wi Fdach s BnBRRIRKF Sfimsk Bt

used as an exalluﬂtmtem bytg2.i Blmﬂamsqtgmraifreféi’éhceb tosmoRitty ok inders 3 wilod | "
parallel to the plastic flaow As detai|led below in the di scussion of

FIGS. 4 througi OBGStP reﬁrot%g!sq"i’i@g depnigserts Hias erapedy the) aggativasosh@nsd ng
har dwar e, BPheq;rwﬁ&f suFfac8RBARpES %h%hmh:??é |Il?ﬁtratrgﬁdf{‘c@cﬁ1r‘fé%3ﬁ vﬁiﬁ the six

snoot hi ng raw col or scans and  cal cula erence in
(using C ELab pladues thatE)GHet ween the 235 |ightest and darkest points
across a streaked region. That is, if a dark line is

The six particular configurations illustrated in FIG. 3 are typical of the

“topological” surface features commonly encountered in “production” plastic

moldings, and so enable “sample” moldings to be produced that have surface

205 features that wili be produced.in the production moldings for the planned

production runs.” Of course, these are just examples of the types of

configurations that can be produced by the inserts, and it is understood that

molding tool inserts 3 that are designed to produce additional surface features

not expressly iliustrated in FIG. 3 may also be developed and used according to

210 the invention. Also, the ribs and grills (and any other surface features produced

by other insert types that are not radially symmetric) can be oriented at any angle

relative to the main flow through gate 37. Similarly, while double gate cavity 22

utilizes two gates 37 with substantially parallel input, it is understood that any

' number of gates can be used, with varying relative orientations to one another, in
215 accordance with the invention.

Thus, in use, if it is known that a “production” plastic part to be

8
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observed down the part, it 'is desirable to | ook at the ?iretaer2088i or on
either side_of the line as well as the variation fromone "nornal" region
to the ot herYQOPBU4 t he discoloration. Various enbodi nents arRCTFER09/08489
Ror single-streak parts, Delta L or area under the curve may be

cal cul ated. For parts with nultiple 240 streaks, the values for each streak

may be averag r alues, for each . streak y.be reported

i ndi vi dual | y. %@“@é@?“’%? G bV cetel topaRicelclalEes.t aher separgtely @r e
snmoot hed dat a canibinatorf, td i4s ; I [ .S :-dhyention is
described with refgrence tﬁgma:ﬁaf)nd%ﬁg;%é@6@%@%@@9&&%@&9 %’g%l Of fagre afy
of her neans ofthelingestclocatiens@6aand dblank”insgrts @replaced inlosanyo feraifhd hseftd

accor dange w t'h tt.he i en.}.i on. 9 31 ?ct pber 2003 WD 00167004 PCTI USOCO 09489
Once a er 'GAUREP pl &R, WofieR PlasticoiscexiridRd mie rsingle daate dcavity 2 amh

has been scan aHh ,ﬁ#, -J; ; ordi ng t he .

I nvention as ggggirély%éé% I n lg? e\{%ﬁ%ﬂgg'ﬁ? ' gpégbreloﬁﬁ%ﬂéﬁfg&qﬂdb‘? gS%‘gg"lthfeé%l'te

to conpare t ke knawnothats thepipesduntidn dptestioripaet will de pasiviced ey d&_lﬂal@tﬁét@”m
ssjble to determ ne which x of

25 .- This i d !
250 appear aNC iecrioh) ﬁ@@tpﬁgﬁtf&p.ga lowschi5 Batslen: iaprctherissiingeplague(s) nwith
production. TbafgcafRatureS st BB ¥1 I%Peﬁ'l@fwiﬁﬁ%upﬁgialtﬁgingq%ﬁgﬁ Sfe\égé'lggg#fe

for this purpose according to the invention. Firs
the pealkZnd partinent, arer remsoveshard alacedounderpsptitially-rdsolvedaspaiticpnstef AK8s

] f ' t 255 t i, ' | e, d
Crmother (1 ovePi Bpsbed rcemnetan sithyPle o VP sbeaig A8rrepuiiondrons thee)

variations, ifg I feaRire drofeahira £ | ik e rEFﬁ[% n d on
thede s opes. go?griléﬁ it ir§ desi Piar%ferbf?gto ta‘1| nyfraorae ai eggﬁdys@sfigﬁg@ﬁeof
}: he Io?/er al | seRviy Zhig usﬂd:)ﬁs §lg¢mgndgzefmfyap?emomat$ 1oés tiiseuggéml _ bﬂgw. .!é s
inally, one e _desirgbili of an ivep sanple is based on
hei ght - 260 vairg’?tg?s ﬁéf?ﬁ“@hﬁ%&'ﬁ'%%& "fsc?dt#ea%&f‘ﬁ'g@% {”\;ﬁ? il nB'aH@ﬂ WEFIGat imn
an over ailo avernegith igrithesilel tb thé biaels asw 35.nce there will be
statistically insignificant color varirations neasured fromone |inear

position to the next for any given sanple, it is desirable prior to
perforning any of Phedetaiiadchelaw dmstheo discussion oot RIGSse4 thnsuighni 13,c pokt -

variations tg,epbadifg hdhdd EB&pﬂIerszHedeQﬁéaé(%o%'b?is%gl Shvvard &' sotiveare in

appropriate combination, reduces noise by smoothing the raw color scans and

calculates the difference in L values (using CIELab color space) between the
235  lightest and darkest points across a streaked region. That is, if a dark line is
observed down the part, it is desirable to look at the “normal” color on either side
of the line as well as the variation from one “normal” region to the other across
thé discoloration. Various embodiments are pdssible. For single-streak parts,
Delta L or area under the curve may be calculated. For parts with multiple
240  streaks, the values for each streak may be averaged or the values for each
streak may be reported individually. The user may also choose to view either the
raw data or the smoothed data with no further post processing. While this
invention is described with reference to CIELab color space, it is understood that
any other means of characterizing and analyzing color can also be used in
245  accordance with the invention.



265 space being considered, for each sanple. FIGS. 4 arij Gctaber Zd0dwchart s

illustrating this overall c¢alculation process. At 402, conputerized device

101 first deoni/sveést t he overall nunber of plastic part sanpl #CTRISA0NA439
have been scanned for analysis. In the discussion to follow, the term
"sanple" or "sanple data" will generally be used to refer to the 270
overall set of C EL@b fgor simlar neasure) color data points obtained by
the process outlin®8CF R MimLer of meldeggplagtic pat saapfesphasa beepprodeesd bad

here woul d e HToSeRnieBRhed B beathAlyReShlf hieBictapiar 1 Aoserciv o ahe
part sanpl es, insentioraab degceibsarinl efarertd téomm.nﬂhﬂg(@fgsggggj@%ghﬁg&g-

At 404, nanes or O . 10 ,31 Cctober 2003 WO 00/ 67004
similar identi%repdebeovarRusISINples canth detempine whicte santple Hasdtheabplgunh t h

the nu of | | h | e. . The first data paoint for each
sanpl e inggbsi rAHar %@dgﬂﬁ? hqgg? %%\kegwoség&%o%ﬁtﬁnﬂ’ﬁﬁﬁﬂ I°8 maix of dnpredients
conput eri zed dmd wiich\set bf Grovessihg 855G \ fin i on,

i ncl udi ng the sanpl e nane %? i denti fi e?ﬁﬁgdﬁuﬁggéeg npﬁgaciﬁcggbt i cul ar

point in the overal_ll sar’g)l e, the spatial 280 position of that point
relative to the orildiehe @redhree pimery dpasaefadaia) that fase miade maiipbie) foramis .

the L, a and : t: A lned.for c | eteness. It is
deternined if tbéjr?dérég%ctﬁﬁgﬁégg{hae 'F ?%'?‘E)? alir-"ZSt'p eﬁ% s('%%‘?ﬁ)?fgtﬁgd??@ nd vailey
identifier, urves neprésent howsraipidle mbp&hﬁéﬂiodsoﬁﬁéiﬂgc@&oﬁggﬁéeﬁpdce g’o@@

al . )

and if t nuneyical fields (all but, the nane) are nuneric rom
i nconpl ra\ﬁe}‘{

for all sanpl swasltemerishased ondhesé biopesu Sedbnait ibkfegirabr tSLBB@#ﬁ'&d@féuéd
out put devi ce ' [ er

CrL P e, e OB R B BhShe soStubieRes S5 et mmneaph tmbane.
ComprSas o A onS a0 Y of b e B sk S g
260  variation from each peak to the adjacent valley, as well as on an overall average

of these. In all cases, since there will be statistically insignificant color variations

measured from one linear position to the next for any given sample, it is

desirable prior to performing any .of these calculations to filter out these

insignificant variations to obtain a plotting of true peaks and valleys, over the

265  space being considered, for each sample.

FIGS. 4 and 5 are flowcharts illustrating this overall calculation process.

At 402, computerized device 101 first determines the overall number of plastic

part samples 11 that have been scanned for analysis. In the discussion to

follow, the term “sample” or “sample data” will generally be used to refer to the

27p overall set of CIELab (or similar measure) color data points obtained by the
process outiined in FIGS. 1 through 3, for each plastic part sample. For
example, if a dozen plastic part samples were produced and scanned, there

would be twelve sets of sample data associated with these twelve part samples,

and each data sample would contain a number of data points. At 404, names or

i0

|
Ty agien sSamplgi @adeainge smodthen {lower alope) whriationsnameet e
data is t ; : A t. i th 2
Camari sed bef ot Sheper tihBEsBAEPyfidtond, § i{"Beftatia 19 bdinia “aliiior o
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processing of data for a siingl e sanple, conputerized dedli Qetolb@r12G0B3r st
obtains the raw data for the given sanple at 50. Then ‘the first of the

t hree above-weeb/emenced cal cul ations - the quality cal cul ati onpﬁ—limsomgéys.
295 At 511, small fluctuations in L, a, b indiscernible to the man eye
are filtered out, using a nultilinear fit to a series of points usmg
parameters to defl ne the accuracy of the x and y coordinate fit.

11 ustrafad |sp;nqar@ge@nfqr@@asocxam| with gaght sEmplavardabstablistdd ta%:j& éﬁ%ht the

only varlatl erta predefined threshol d paraneters
mai nt ai ned. ?%ﬁﬁ%pf"ﬂ SEFaRiBr eEefirst dataappintfors
P OREH

i
over the coremm dg a ﬁmt G, 6. ,At 512 and 513, this
conpressed data |2 tﬁg'rfeg u\r%ther % BPIE'?raé%ba?"ﬂsoﬁl&}:?%E\/@;eaqiomp@ﬁe@zedmv(qen

this exanpl eWithhsayeyali assestated qiedes Bf @ormtatich, eiﬁeliud% hﬁé | 1er at i on
| , XI rrum 08 tYber

at 512 (FlG%b]J-% tifies all I_local extreme, i.

2003 0 00/ 6 FHOHBCHSHERES A4 ﬁhBaWPHiammlntpmﬁiesov@aﬂ saimple, HReabatial
m ni murasnd fighot t na of defects or

i nconsi st encllj?s1 II n tmg{ Egﬁt @eétfgr\éﬁ tﬁ@gngﬁ (EEN}%{.F P i@ Ralalien that@ampfeh at

513 (FI G 8)andHhevasa Andi v diaeslahnd0B thealdta ® xdMinedf e %mﬁ%ﬁ"ﬁ s
ma

change in L b, for t se. cal cul ations) fromthe
and maxi ma béeé}%wagggqgagt@? g2 fields rayeveresent {sample namé YorsideRifidrcant

vari ati ons aseintMRufitErn rﬂb?et a itera also at :no 513
(FIG 9) th?ﬁ returnb?rt}c?dtsﬁe dat a sﬁ%l 'b%ailhﬁn?m Bfemt t Bat Dhanda ifhthgh
(r;am num poi mUWQﬁiefebit?léﬁl!am thel mme)lﬁlr@lﬂmﬁ@lidg{ q:}Ff,g ogt '}%(r?dl anne

ta oyhput the exanple in
th ef gr%tB h Jart er rﬁn?gde?g%'bl %\f\fapééré’tWBH?COmptherraw'daiaiatheﬁaﬁélyﬁd ns

inlL, a, andmbcmal s&8cpld Qitlé) i di cate changes in the
appear ance of the, sa p erﬁg ét,]i Ed%'éé hl)? %u SYMmarRzadthelowt ins14.

The Qual i ty CRORSHION Wi n?”hf:l% ueatil maranaiyg;ls isecopayiplector af %9!‘!‘?!%@ The tré%ﬁfgu”ber‘

of streaks n ntensity shift. neari z 515
so that ran%fgrig{eﬁl?éu ?t 'Hﬁ& L@@P{ﬁ gata %“tﬂb‘%lﬂ%\dc%§ucb@sl & spréddshbet,

'n'uLﬁiﬁzgig'ég:‘—’ﬁ”'ﬁ?"é%"‘??“‘?‘*h?“?‘gép%‘? oL R LA

and M graphical repsesantation; ieteisThe plocesb @oncludes at 418,

In FIG. 5, which comprises step 5 of FIG. 4 and illustrates the overall
processing of data for a single samble, computerized device 101 first obtains
the raw data for the given sample at 50. Then the first of the three above-
referenced caicuiations — the quality calculation 51 — begins.

1 295 At 511, small fluctuations in L, a, b indiscernible to the human eye are
filttered out, using a multilinear fit to a series of points using parameters to
define the accuracy of the x and y coordinate fit. As allustrated in FIG. 6, local
‘noise” in the raw data is filtered out, and only variations above certain
predefined threshold parameters are maintained.  This results in the

300 “compressed” data piot superimposed over the corresponding “raw” data plot
.in FIG. 6. At 512 and 513, this compressed data is then further filtered
through several iterations (in this example, three) illustrated in FIGS, 7, 8 and

8. The first iteration at 512 (FIG. 7} identifies all local extreme, i.e., maximum

11



Q=1In (M* Y, DuUdx) (1) Simlarly, for a and b data, @ld@ctsben0p3
substitutes a and b for L TIr the above. By its relation to the first

derivative (slog)ﬁ/g% of the L, a and b curves, Q essentially negé@@g@%@gqg% . ’

snoot hness of %ﬁess of any neasured 325 streaking. As note
Is the first of the three primary neasures used to determ ne which anong
all sanples is to be used as the basis for a full- scale production reci pe.

Next, at 52, 4 I e Lgth .a are _descrj bed,
using the sardt ARG, pRIREF BARERGS Bodshiiimin A i) Vel Sl e
to 330 gakculastermimaltivhyofrdefbets & intshsigtdnties ihi thbeseetpldalizhads ‘fs%ﬂeakﬁHg?
arrives at a _clear representation of si naI peaks that can then

quantified i nTHErI5RE 'I@"aﬁgn@,tt%b%tﬂ:@o RN0ves frgon tectatsm set, (BMBﬁnrma/s

G torent 1yghd oAty SEGnGE AT B S AT st cnBiouSns) Fom e

descri ptive (mj;acaﬂcmlrﬁﬁmhanahhaxma)mﬂowﬂajfpi’edeiéﬁnﬁéﬂVlﬁ‘niﬁHQp@aigé' 9¥8hae
user 335 to quantjfy and qualitatively describe the difference between

sanpl es. The "ﬂﬁ(jﬁflﬂéh‘ﬁ‘-‘@"'tdéfléﬁ%s are sajaiained.adhedhird aadtfinal deration, afsceati t y

of each di \H f t This .i e second of
t he thrgéﬁégpr:gr?éreilene%stﬁrgésr%@ggquhga#gtﬁ %ﬁ'ﬁ%ﬁ?&"&ﬂﬁ égﬁﬁlae ighy (o
be used as thﬂaxlbﬂﬁnipoimroraoﬁwsﬁdéaﬁﬂfa desdmom Pifit BA thSMRerddP The

wi dt h, height, and 340 sl ope data resulting fromshape analysis 52 are

i I'l'ustrat ed %P&tﬁﬁeﬁ%p@"ﬁ 'Puﬂmteafbwt@ exampig WaFl@ 9,Lwillzhe Aadcefosthi f t

cal cul ati ons f I,nt ensi | ft
and col or shléfe?réé%sgé ﬁ%’ I%rétfbﬁ) gﬂ&%ﬁ" gar eggfc ta%‘%'? Lcaﬂ (ﬂﬂdtal%/lva

and shape anﬁilwwuagﬁﬁiss‘htanagtah@cawmmmsthe(ép@ééra'&ﬂﬁe efitHefdamseed 513
521 dat a, shift calculation 53 in the preferred enbodi nent does not. At

Shove cEftai npr oAb ARL eH R e S A el a5 4 Whea Bty bt 5 o i 1
a second ConMpyASSEAntHPtHE samplBd Ecdrling '@ theHihBerof Stredis-apparent and
the signal intensity shift: It is linearized 515 so that ranking of several test
samples is scaled correctly. FIG. 10 illustrates a sample calculation of this
quality number. If Q = quality number, T dL/dx = the sum of the slopes of the
320 filtered data from 513, and M = a suitable multipiier such as 1000, then:

Q = in (M * £ DL/dx) (1)

Similarly, for a and b data, once simply substitutes a and b for L in the above.
By its relation to the first derivative (slope) of the L, a and b curves, Q
essentially measures the smoothness or sharpness of any measured

325  streaking. As noted above, this is the first of the three primary measures used
to determine which among all samples is to be used as the basis for a fuli-
scale production recipe.

Next, at 52, the overall shape characteristics of the data are described,
using the same filtered data from 513 (illustrated in FIG. 9) that was used to
330 calculate quality number Q. Using this filtered data at 521, one arrives at a

clear representation of signal peaks that can then be quantified in various
12



Fowever, it is generally preferred to use a different $dtOdbbdrtp0eshol d 350
paranmeters for shift calculations 53 than for quality 51 and shape 52

cal cul ati on¥VQRAASHAKl ysis. Similarly to 512, |ocal naxi mum and@Gh/ESIH A8
poi nts are again obtained 532, but again, these are based on the preferably
different threshold paraneters used at 531. The three filtering iterations
513 are not erformﬁ=d The'pI { 533, the shift is conputed. F1G 13

i 11 ustrates WB¥St3H SNPWP I8 RiG1t \Dalki leker Aiqr varioss. saveples indaotvshows

certain pre r e C and t

shift, as weil aimg%hru&gésh f(ltjg&:'%&I L\;ecgﬂ%r @tre& Q‘@ ﬁ?g‘gﬂ‘épﬁﬁovgﬂ#&

pr edet er i nedesdriptivecdatasiigh ds h&ight, sidpd, twidfh, andatdve %uapefaue@gl‘thla%éé?t S
above threshol d, and N = nunber of peak hei ghts above threshol t hen 360

S=TIN. 383) 119 GRoe 6#@@41@1@@@%6@&0%@18 ﬁcﬁnrmyb@g&e@ Bmmples The

ot ed car! i PEr pf Befecfs Y E RIS ERAr P e or AL Alefily W dBeRpotidaal °°
det ermi ne whiefecti@pe gmpdriane ol ¥ Liset. O Tis U eHe asecbig é‘!FifHeS Hirg(e ﬁnma
full-scale” production recjipe. |If desired, the individua ts rray

reported rat/REASHIAUSEd ¢G qelﬁ%" naipgrwhish among alhsmplesod torhke USEGas Ghe

through 13 i t t n at i ric.data

and_oper at e tHorChy: danacn e, piogeaBh TRl it n rhlB i, bR s, 6
t hor ougho013 siope siatalrgsiltihgstarmt shapeohinalybie 520 eeatiiueratas toWard tHa Lpper |t
is further unq_&&ﬁ&g that this nunmeric data, 370 including nuneric data

i ndi cative &9 ddures. as coordi nat es, slopes, shapes, etc., can be
re resented within conputerized device 101 in a wide variety of vvays t hat

ubd be appar e”tFlhﬁllﬁoﬂeQnéanb Qhft Baf fa?k:b%{e arregbé(]'gr%rlg}’e h%gm@; ndﬁ%oog

that specific manners’ of representing t en
t hrough 13 ithe cigmalt isténsity shifti ard tolorushiit aoposs the sampld t@i@ﬁmrwrméréése art

;:sgglnzlt ggr t%ﬂ:aﬁ B(I\E?elﬁ\’\?athon b1 B84 shabe aO:;aI;snse sb e Ithoensgr%g cotn?perecslsgtlj 511

345 an‘c;l filtered 513, 521 data, shift caiculation §3 in the preferred embodiment
does not. At 531, local “noise” in the raw data is ﬁltered out, and only
variations above certain predefined threshold parameters are maintained,
resulting in a second compressed data set sirﬁiiar to that obtained in 511.
However, it is generally preferred' to use a different set of threshold

350 parameters for shift calculations 53 than for quality 51 and shape 52
calculations and analysis. Similarly to 512, local maximum and minimum
points are again obtained 532, but again, these are based on the preferably
different threshold parameters used at 531. The three filtering iterations 513
are not performed. Then, at 5§33, the shift is computed. FIG. 13 #llustrates

355 this for a sample L shift calculation. Peaks below a certain predetermined
threshold height are then discarded, and the L shift, as well as a and b shifts,
are calculated from peaks above that predetermined threshold 512. If S =
shift, T = total sum of peak heights above threshold, and N = number of peak

" heights above threshold, then

360 S=T/N. ' (2)
13



This system may be used to quantify all manner of appediaDcebetefoect s,

I ncl uding light and dark stTeaks, spl ay, surface defects (gl oss or
roughness), &00/6Whers. 380 Whi | e only certain preferred feat ICISUSI/0DEES

i nvention have been illustrated and described, many nodifications, changes
and substitutions will occur to those skilled in the art. It is,

t herefore, Tﬂe understood that the appended clains are intended to cover
all such m)dlf Bhts: G2 SBHEIRIRbhGasyses Hia avarage peakdaighotpigiven safplde

[ t 14 t CT1,,US00/ 09489 \What | d
: Qt/eg 02 syst er%o% entl f%ﬁ%’bv}g Q’%/ ﬁtfg?o%ﬁbeaﬁ'&r‘?& 'a'@la&t"gegﬁ“'lrﬁsﬂ g@g&%
plastic part s{e(el'fn)ne hilgh among: alas@mb@srig tb 0l uded ab QF?e Wa?.ﬂé’ fFRSRAIE

plastic parts ( a spatially-resolved spectroneter alnlng a
plurality of pmﬁwéoaa@@!pestt)das@@d» s inglividedl | shiftse thayi t;enrepa:ztedframraagnl e

poi nts ( 7 O one of said sanple plastic parts (11); and a
corrputerl%z%d g’&?}%"érggéml) for post-processing said raw data (50) readings

by anal yzing and quantifying said readings (50). 2. The systemof claim1,

wher ei n sai d nol di hg i ouhdé:%)oddlrtﬁ‘air FIGET i8S eirough Ca8i tiNudtedte 2%’% ical
conprising at | east one gate (37), wherein nolten plastic Is ext 83

t hr gugh Si'il d mgpresendat l%ﬁeofg&t@etlgﬂﬁta gtased ip and @aeratgdgmfpn wpomTeMe
t f
rom saih oxroagse d0faahd of bl iaf BYGSPRIRGANGR 135S SR SS atumbs:

cl'aim 1, \Ahertaennsmtmmnhmmgmmﬁrhg(&):sffuﬂhézeun@@@nsdcﬁﬂm tﬁlscﬁt‘lhfe\‘:c(% 22)
conpri si St one gat and at | east one insert |location 8

and at ngst 'Bﬁ'é’ 3 BHRY ‘Pogﬂal Hudicativespl \Guch fepturessas meordingies, velopés
| ooati on_ (26) TER el bE e IATEELRES Pifin tindre Rl eyl 08" Bheavias:)

i nto sai d cawarigty afiways that would be apparent to someone of ordinary skill. Finally, it

is understood that specific manners of representing the numeric data

underlying FIGS. 6 through 13 in computerized device 101 using practices

375 common in the art is considered to be within the scope of the invention and

the claims associated therewith.

This system may be used to quantify all manner of appearance defects,
including light and dark streaks, splay, surface defects (gloss or roughness), and
others.

380 While only certain preferred features of the invention have been illustrated
and described, many modifications, changes and substitutions will occur to those
skilled in the art. It is, therefore, to be understood that the appended claims are
intended to cover all such modifications and changes as fall within the true spirit
of the invention.

14



22) to produce said sanpletplastic parts (11) wi th posi3li @eob&Emoagi cal
surface features corresponding to said negative topol ogical features of
said at | ead¥00W678%& nol ding tool insert (3), and with any apREHEsAHLI489
defects resulting from said positive topol ogical surface features. 4. The
system of claim3, wherein said negative and correspondi ng positive

topol ogi cal features are selected fromthe topol ogi cal feature group
consisting of: a flat, null surface; a hole (31); a boss (32); arib at
an angl e between zero and 45 degrees (33) relative to said extrusion of
said nolten plastic through said gate (37); 15 31; COctober 2003 WO 00/ 67004

PCr/US00104489 a rib_at an anpgl e, between 45 and 90 degrees (34) relative to
said 10 extrusion o’f"ﬂ!?éi'%dﬁle?@ﬁ:pl astic through said gate (37); a grill
at an angl e bet yeeq #@fepn 30 i eBHREntiRPApp&Arah | pa of
said nmolten plastic S?ﬁrocg%h,sai '(?dgate (37)§’§3 %’?\d ahggﬁ%@%ttgaiggmao%%ﬂgéﬁeen
45 and 90 degr eB31S €6l SUANRHSNG t 0 said extrusion of said nolten plastic

t hrough sai d gate (3&mol8ingtbsl (2)fur prodifcirg gﬁrﬁb[é,pm&ﬁj’n%éﬁs gﬁgd conput eri zed
|

device (101) further_ co | ses; conputerized,daja conpres h nmeans (511)
for cal cul ating conﬁrsé’?gg@’"@épyegygé)qqttﬁoﬂﬁﬁﬁrg(ﬂugc’rl eRtaining s plusalityypfaraw
predetern nad tdatas50) deaditgs obrefleatet! light (84) BrotrbOamphe pBit:e (1 7e6F bt leklst

data by | dent i g TRaaemEH Peste BaRE BN i g raxi mam and i i mum
points in said conprasespulienzed devipai(dd1)zted pastenocessivgsaiohrdw |daaai(80)
from said 1irot o ongsth drdfaint andGqanilibG skl Sacce BOFC " % TLre  poi nt e
that vary with -efResystem ehrlain) Acehereineaid molding tool (2) further comprises:
a cavity (21, 22) comprising at least one gate (37), wherein
molten plastic is extruded through said at least one gate (37) into said
cavity (21, 22) to produce said sample plastic parts (11) with any appearance
5 | defects resulting from said extrusion through said at least one gate (37).
3. The system of claim 1, wherein said molding toof (2) further comprises:
a lcavity (21, 22) compiising at least one gate (37) and at least one
insert location (26); and
at least one molding tool insert (3) with at least one negative
5 topelogical feature thereof, inserted into said at least one insert location (26);
- wherein '
molten piastic is extruded through said gate (37) into said cavity (21,
{ 22) to produce said sample plastic parts (11) with positive topological surface
) features corresponding to said negative topological features of said at least
10  one molding tool insert (3), and with any appearance defects resulting from
said positive topological surface features.
4. The system of claim 3, wherein said negative and corresponding positive
topological features are selected from the topological feature group consisting
of:
a fiat, null surface;
5 a hole (31);
a boss (32);
a rib at an angle between zero and 45 degrees (33) relative to said
extrusion of said molten plastic through said gate (37);
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extrenme point by a nmagnitude, bel ow a predeterm ned |i m3iiOgobalage3 and
conputerized third iteration filtering neans (513) for- -cal culating a fi nal
iteration fiwoenstbodata graph by returning to said second i t er BCT/S00/09489
filtered data, 15 any mnimum point that has an adjacent hi gh maxi num

poi nt on one side thereof and an adjacent |ow maxi num poi nt on an ot her
side thereof. 6. The systemof claim5, wherein said conputerized device
(101) further conprises: conputerized quality cal cul ation nmeans for
calculating (514) and |Ilinearizing (515) fromsaid final iteration filtered

data graph, a quality e n (M. ZDUdx) where Z dUdx
represents a sum of S|%3{§0 {)pnsar%igft?eﬁmee t%%”ldoﬁofqlqg@ﬁ%@@ardatlmtb Nhid
a lineari zaélgn rmdtm(smin afrsaid mollen ;ﬂasﬂoetm@jgfpéeﬂd o ( me&el E sai d
conput eri zed device rlses eri zed shape

cal cul ati on neans for ]agéblll \‘# %@93 SR L& aﬂgp%ﬁe@@%daﬁ) relativard said
00/ 67004 PCT/ USO@Xirasion aflsasdmcutenq:iasmthrdughrmuga 39),aply, at t-east one
Consi st ing of a hei gni™ G g ¥h, atigle Bebsth, 48 ﬁﬁi??%ﬂdescr 38 Giativer wopaict
to at |east one@ﬁfﬁﬁfﬁ’ﬂrﬂfrﬁaldwmoﬁdpmthlhmgbtsa;d gateI(GB)e of said filtered
data graph betwegn Thel Kasd ai t . one
M ni num poi nt adj acen%3 %erng%?ecﬁ%nj v‘\‘lllgh trEW% salogﬂﬂ?lﬂﬁ%fd;geﬂﬁ?eﬁéihﬂlﬂher
bet ween at | east CORPrisgsr of selected |ocal extreme poi nts and a curve

shape of at |east onecoagiuesizd saaﬁ fcéﬁnﬁf@ééndi’ﬁt foeHrdP 5 {a]re §%|Eu1a{%

claim 1, wherein teri devi 1) further
conput eri zed dat 38®8ﬁ%§5§§’s bﬁéﬁlﬁg"@%ﬂ%"a{ B?'Sééae&qw étﬂfﬁ@etemmpdébmﬂotdiat a

J

by filtering Soutfrbtrcmmmwsiatdnﬁmw a predeterm ned noise {
computerized first iteration filtering means (512) for calculating first
iteration filtered data by identifying local extreme points comprising maximum
and minimum points in said compressed data;
computerized second iteration filtering means (513) for calculating
10  second iteration filtered data by removing from said first iteration filtered data,
any of said local extreme points that vary with respect to an adjaéent local
extreme point by a magnitude below a predetermined limiting value; and
computerized third iteration filtering means (513) for calculating a final
fteration filtered data graph by returning to said second iteration filtered data,
15 any minimum point that has an adjacent high maximum paint on one side
thereof and an adjacent low maximum point on an other side thereof.
6. The system of claim 5, wherein said computerized device (101) further
comprises:
computerized quality caiculation means for calculating (514) and
linearizing (515) from said final iteration filtered data graph, a quality number
5 Qagiven by
=1n (M * = DL/dx),
where I dL/dx represents a sum of slopes of said final iteration filtered data
and M is a linearization multiplier.
7. The system of claim 5, wherein said computerized device (101) further
comprises:
computerized shape calculation means for deriving (522) from said
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5 threshold, fromsaid rawidata (50), and by identifyird 9% 2088al
extrene points conprising maxi mum and mni mum points in said raw data (50);
and conput MO gaTo&hi ft cal cul ati on nmeans for cal cul ati ng (53FCTA/E0802488g¢e
peak hei ght of said |ocal extrene points of said conpressed data, wherein
the average shift S in said peak-heights is calculated as: 10 S=T/N, where
T represents a total sum of peak hei ghts above a predeterm ned height
threshol d, and N represents a nunber of said peak hei ghts above said
predet erm ned height threshold. 9. A nethod to identify and quantify

def Ij nofitk ' .Sl t h t f:
ngﬁﬁiﬁ'ﬂgesagpfggg%ﬁ“? reuta Gradtdtiedst bne dRIRDR b ICHRI seieree
plurality of’ra t e(’i‘g%% BRI gloupLonsisting gfit (14) 5 from sanpl e
points (17) of at |easheighe obht RakHoRGEPsEidRhaRHIUM BatSwh Hsdisi ¢
L5 TR o o e b
conput eri zed device (4Glgpe 1. saibiefiitmtlodatal galphi [f_e&veéfli ¢ ;aggpoﬁg :

duci h d 11 d pol di 9 said
Purther Sonpr i s TGRTLR BBRS BpB 3R st B kmiaEns poiptackicent Htsaws ot | east
one gate (3¥9 into a awidthpf s¢iifiltep dateegrabh tetwesmatichSioriapsir SR5RbSed

plastic parts ( a‘%&r@n@rﬁf' . Oct ober 2003 5 appearance defects
resul ting fromsqgc” extru&%’ﬁéf rgu h said at | east one gate.(37). 11. The

method of claim9, ‘s&eHneshape obabiaast age segian obsaiidiltpreakdata graphs  (11)
usi ng said nol digngTheodysteth dfUEEIRS 1, GAREHRIS! fo. [ting at
Iza\ist one nol di ng t 0ol Yinsert (3) with at irfgé;gtéo elﬁrﬁgg%q ﬁ%‘c‘-’[@ﬁaf I
féature t hereof SOMRE®8t | east one insert location (26) of a cavity 5 (21,

22); extruding nol t egopipasérized hdatagh ceinpréstidn ORfamat eﬁs@?tg) f{)xnt ?i@?faapg
cavity (21,-22) ltn%g%%% égtézwqﬁcma S&I@ s‘g | eot;)I astl'c parts (1IJ"W¥h
positive topol 8% r oy (eI AUt  lorR Eg’ﬁﬁ glewa psedetermigedi naise
t opol ogi cal 5 threshold, from said raw data (50), and by identifying (532) local extreme
. points comprising maximum and minimum points in said raw data (50); and
computerized shift calculation means for calculating (533) an average
peak height of said local extreme points of said compressed data, wherein
the average shift S in said peak-heights is calculated as:
T.10 - S=T/N, '
where T represents a total sum of peak heights above a predetermined
height threshold, and N represents a number of said peak heights above
said predetermined height threshold.
. 9. A method to identify and quantify appearance defects in molded plastic
) parts (11), comprising the steps of:
producing sample plastic parts (11) using a molding tool @)
| obtaining a plurality of raw data (50) readings of reflected light (14)
5 from sample points ( 17) of at least one of said sample plastic parts (11) using
a spatially-resolved spectrometer (1); and
analyzing and quantifying said readings (50) by post-processing said
raw data (50) readings using a computerized device (101).
10. The method of claim 9, said step of producing said sample plastic parts
(11) using said molding tool (2) further comprising the step of:
extruding molten plastic through at least one gate (37) into a cavity
(21, 22) thereby so-producing said sample piastic parts (11) with any
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features of said at |east one nolding tool Insert (3), SAGFioharRO8Hy
appearance 10 defects resulting fromsaid positive topol ogical surface
features. 12. The nmethod of -claim 11, conprising the further step of
selecting said negative and correspondi ng positive topol ogical features
fromthe topological feature group consisting of: a flat, null surface; 5
a hole (31); a boss (32); arib at an angle between zero and 45 degrees
(33) relative to said extrusion of said nolten plastic through said gate
(37); arib at an angle between 45 and 90 degrees (34). relative to said

10 ext [ f ' . b . sai,d gat 37); i1l at
angl o bet wedn ZAapite sl B8l ot ¥ Burysdbh rroiigh et 3 tpsseions o
mol ten pl astic gdteddBh said gate (37); and a grill at an angle between 45
and 90 degree 6} relafive to.sald .extrusion of said nolten plastic
thr ough tsg:c d Saﬁghgﬁ?#ﬂiﬁ qé;’%gfﬁe%%mg?%ﬁd §€S}Pf%9%ﬁ§|plga{ﬁ5sg)g
an uantifyin r moddi upthet ¢ 5 -raw dat a )
read?ngs USiyng said mggglﬁaézrégs g%%?%éoﬁpcgﬁy stgﬁpstae further steps
of calculating conpre 18§ ? T ), ol Rk '#%Sttﬁ‘éﬂi‘?@é&vﬁng
5 out |ocal noitepologiaaivfeatpree thereefiiimtodat leaet boe dnserblocation i(26) bf BSéavity
iteration-fgl t.e@qd Ql)?.ta (512) by identifying local extreme points

a

conpri si ng nmaxi rmfn2 d minimum paints in-said conpressed data; 18 31
Cct ober 2003 -i WO opMtemitgmotien piasticobmsighratigast ane gatg (82:inbal saideraadityon

filtered data ((B33popsnsREYVédBrddiRiNg 8all sdmpfd Eia%ﬁé ?%inenuf{g'&iﬁ{ ;gsg@éa, :
any of said |ocal gex r?me 0l pfs t'hat varey \M@gh 0 re.cﬁect to an Ja n'F
| ocal extrene EBFHIPQW as'-Wé(jﬁl RRIUreS: | c@FesPonding olas sdich diegative  tapglagicale:
and = features of said at least one molding tool insert (3}, and with any appearance
10 .defects resulting from said positive topological surface features.
12. The method of claim 1 1, comprising the further step of selecting said’ '_ _
negative and corresponding positive topologicat featuras from the topolagical
feature group consisting of:
' . a flat, null surface;
5 a hole (31);
A a boss (32);
' a rib at an angle between zero and 45 degrees (33) relative to said
extrusion of said molten plastic through said gate (37);
a rb at an angle between 45 and 90 degrees (34) relative to said
10 . extrusion of said molten plastic through said gate (37); ) |
a grilt at an angle between zero and 45 degrees (35) relative to said
extrusion of said moiten pastic through said gate (37); and '
a grill at an angle between 45 and 90 degrees (38) ralative to said
extrusion of said molten plastic through said gate (37).
13. The method of claim 9, said step of analyzing and quantifying said
readings (50) by post-processing said raw data (50) readings using said
computerized davice (101) comprising the further steps of:
| calculating compressed data (511) from said raw data (50) by filtering
5  out local noise below a predetermined threshold:
calculating first iteration filtered data (512) by identifying I5cal extreme
points comprising maximum and minimurn points in said compressed data;
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Calculating a final iteration filtered data graph (513)31dyctpeard0fdng to
said second iteration filtered data, any m ni num poi nt that has an adj acent
hi gh maxi nuWW9806i00é6n one si de thereof and an adj acent |ow maBGHPS00/09489
poi nt on an other side thereof. 14. The method of claim 13, conprising the
further step of: calculating (514) and linearizing (515) fromsaid final
iteration filtered data graph, a quality nunber Q given by: Q= n(MEDUdX),
5 where E dUdx represents a sum of slopes of said final iteration filtered
data and Mis a linearization multiplier. 15. The rrethod of claim 13,

F T erod dat a o aph - ae) oang @acone liewlion, fiersd, dateoI® 89 64, fyriBling e o

iltered data gr ata sha escri pt or e e

data shape descrﬁ%? &er }Oguﬁﬁerg@réqtg,t Y oif EP@ '%Faje?’ﬁﬁm%fpcammtvmemm

sai d maxi mum@oi respeot tth anspdjacend l@éalleﬁtsémeo @mwr@%?hn &% 3
| east oné o sal

thereto; a slope_of aph between at

maxi mum poi nt s a dﬁ%ﬁé‘# hl&lﬁbgﬂ&(ﬂ oi nt adjacent thereto; a wdth of
said filtered data greahulatingweefinal itération fiﬂemdpdaira gfa;ﬁ'ﬁk%)e@y réfdirhifgato

extreme points; t |on ard filtéred
data graph. 16. %ﬂ& ﬁc‘? Hagt%@ibﬂlo@te%%%sa gl' Rﬁ\tﬁ?tnsa%\ﬁ& adjacent

quantifying sai dﬁ!ghemmy.yn(mmt on msqsrtkmes gdm ddjsogntdb® mafNmum

readi ngs ushBg SgWift oﬁgﬁpﬂﬁ&:é,g@ 9‘35\' ce (101) conprising the further steps
of... .cal cul ating confr essed % y filtering out |ocal noise below a

5 predet ernined Hb @eﬂ‘ﬁ@%‘l’\S Bla’r\“r@rr?%i"as"ﬁﬁﬁhﬂme(st?p ofand by
identifying (532) | ogaéulss n@@1194)@Ndnﬁrféaﬁﬂlﬁgr(s?t52&0%%:%5%%%&] fitePed
g

pai.nts in sai d W data (5 cal.cul at i ng an average pea
of baid Iocal h%"”‘@? Ebt%‘f?é}beOB 07- 05- 2001 US 000ao09. of

sai d conpr essed dat a, Q\Anhlﬂl’(M hItledryerage shift S in said peak heights is
5 where Z dU/dx represents a sum of slopes of said final iteration filtered data
and M is a linearization multiplier. .
15. The method of claim 13, comprising the further steps of:
deriving (522) from said final iteration fittered data graph, at least one
data shape descriptor selected from the data shape descriptor group
consisting of:
5 - a height of at least one of said maximum points with respect o at least
one minimum point adjacent thereto;
a slope of said filtered data graph between at least one of said
maximum points and at least one minimum point adjacent thereto:
a width of said filtered data graph between at least one pair of selected
10 local extreme points; and
a curve shape of at least one region of said filtered data graph.
16. The method of claim 9, said step of analyzing and quantifying said
readings (50) by post-processing said raw data (50) readings using said
computerized device (101) comprising the further steps of:
calculating compressed data (531) by filtering out local noise below a
>  predetermined noise threshold, from said raw data (50), and by identifying
(532) local extreme points comprising maximum and minimum points in said
raw data (50); and
calculating (533) an average peak‘ height of said local extreme points
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Io(if‘ébj?yﬂ)@‘;ed as: S=TIN, where T represents a total s@h@dtolpeakodei ghts
abdve~d=pfredeterm ned height threshold, and N represents a nunber of Si0dpogo:
peak hei ghts above said predeterm ned height threshold. 17. A nolding tool
(-2) for producing sanple plastic parts (11) for use in the systemof claim
1, conprising a gated cavity selected fromthe -gated cavity group :
consisting of; i) a cavity (21;22) conprising at | east one gate (37),
wherein nolten plastic is extruded through said at |east one gate (37) into
said 5 cavity 211&‘22) to's%-&oduEe said sanple . plastic parts. (11)
with any. appe& Sakecompeessedrdata) wherid theawe dan .1 he h.sai d at

Sop St Sahid Pefk Ridn s

| east one ;gate : dii) acavity (21, 22)°c
gate (37) and ata‘ﬁa@atgg%%he insert |location (26); and 10 at | east one

nmol di-ng tool insert §8)TANth at | east one negative topological feature

t hereof, inser e 1AL ' t t one,insert location (26); wherein .
nol ten pl ast i c%r%x? rrgage?eﬂﬁ?gugog%ﬁw@ ghpeak feightst abevs ¢ preddtemhdbg
22)fto pr(igufcehgwhdi theagbiodd, phrecs N mmsemgééhhm[%érhoﬂotgéihg#%% bgrgﬂlg ic.al8 f
sur face eak i i,d negative Top S 0
said at | east ééﬂgj 'ﬁ%fjglfg ﬁ&gf]}%gﬁ%ﬁ@sg@ and wi th any appearance defects

resulting fro 'sair% rB%@ﬂ'lqt I &P %ﬂ?i}‘glﬂam@ Plasticurarts (18. fof i8e in the

mol di ng tool (sAbteth o @hith 47 ;£ ' i ve, apd, _correspondi ng -
positive topolsggi cal feat uﬁés"dﬁﬁ‘gﬁﬁ‘ﬁe&z%gﬁpﬁm ﬁ@’%&%f"@@? dhe gateditaavity
group consi st igiguptongistingof: nul | surface; 5 ahole(31); a boss (32): a -
rib at an angljp betyeer; , l.aLLve to said :
"extrusion of slgi d nolten fe){.s%)%oﬁrr%u agg?%?%?aetiﬁfgéh' WOereil ot an an
_between 45' and 90 MElpRelRstigls exudad thsough saidat laastoons gaiedd7y ints daih
nol ten Plasti eavity ofa 22y do936prédicl said sample. plastic parts (1) with any
' appearance defects resulting from said extrusion through said at least one
gate (37); and : .
if) a cavity (21, 22) comprising at least one gate (37) and at least one
insert location (26); and '

gle.

10 at least one molding tool insert (3) with at least one negative
topological feature thereof, inserted into said at least one insert jocation (26);
wherein ' ' o

molten plastic is extruded through said gate (37) into said cavity (21,
22) to produce said sample plastic parts (11) with positive topological surface
15 features cormresponding to said negative topological features of said at jeast
one molding tool insert (3), and with any appearance defects rasuiting from
said positive topological surface features. ' -
18.  The molding tool (2) of claim 17, wherein said negative and
correspending positive topological features are selected from the topological
feature group consisting of: '
a flat, null surface; | |
5 ‘ a hole (31});
a boss (32); :
a rib at an angle between zero and 45 degrees (33) relative to said
extrusion of said molten plastic through said gate (37); '
a rib at an angle between 45 and 90 degrees (34) relative to said
10  extrusion of said molten plastic through said gate (37); '
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(54) Titlez SYSTEM AND METHOD TO QUANTIFY APPEARANCE DEFECTS IN MOLDED PLASTIC PARTS

(57) Abstract

production.

A spatially—rtesolved spectrometer (10} is used to measure streaking in molded sample plastic parts (11) produced using a molding
tool (2) with various mold inserts (32) which produce certain desired topological surface fedtures upon these samiple plastic parts (11). The
measurements from one or more of these sample plastic parts (11) are then provided to a computerized device (101} which appropriately
filters the data and calculates overall data shape, average peak and valley shift, and a quality number indicative of data slopes, These
calculations are then used to determine an optimum set of ingredients and processing conditions to be used for the full-scale plastic part




