- ef e3e+S+P\ . r6T6=8a , 14 February 2003 WO 00/ 15408 1 PCTI U/FEa¥2% sTEM
AND METHOD FOR GENERATI NG DI E SWELL/ DRAW DOMN | NFORMATI ON FOR PROFI LE
EXTRUSI ON DI & otd655 BACKGROUND OF THE | NVENTI ON Thi s i nventi gari @b sSs:
generally to a profile extrusion die andinore 5 particularly to a system
and nmethod for providing die swell or draw down (hereinafter die swell /
draw down) information for designing a profile extrusion die. Typically, a

die desi gner sySTEMMRGT MIEHODASOR CENERATING DIESWELD / BRAW DIV @
extrusion die design. After deriving the profilTe extrusion die design, the
desi gner i npl enent INF@RNESTIPNIFOR PROFILEEXTRUSIOBSBIE DESIAdS| gner t hen
eval uates the design to determine if the die land | ength, die opening

t hi ckness, and di e opening width produce the desired profile dinensions. I|f
t he di mensi ons_do not have the desiredgfrofile di mensions, then the die is

recut and irﬁa‘b@l’?&ﬁ@@ﬁm%gﬁﬁswﬁﬂﬂ Nn process. Usually there is many

iterations of cutting and then changing the die before deriving a die
design that vyiel . i of | {,nEensi i si;gn t hadol ogy
requires a | ot o?ﬁﬁépﬁvgﬁ@% ﬁ%?%sngéﬂé&?ﬁ-g@né ugﬁ%eégéﬁﬁsg)?‘ é%p%ﬁ?e‘ﬂgée- based
data. In addidrtiedlariyh® 8eysane andusietHod fdypidiadHgedRY Q¥ lorM@rah Gown |

di mensi ons change orf when'the extrusion process uses a new plastic resin.
These si t uat(hersinaftero dieavewelk/dmve down) indetmaihon ntomedesigning rasprofile t he
designer is rel uctagt to work with new plastic resins, which hinders the

i ntrodutti orfXBUSIHLEE: resins into the profile extrusion market. US Patent
No. 5,608,637 discloses a sem-enpirical die design 25 nethodol ogy that
enabl es a design : adi k: i i SeP p ct.s LN
varyi ng di nensi oﬁf alg%}[}grgd%létgg%gg% ?Fgém%é?%?%rrlent %gegﬂg groeglgﬁéh n US
Patent No. Profife 8%ifusionddiel din. udder aleriving eha@prbfileCaitpulion diedevmng
package to provide a representation of a product nmade froma resin 14
February 200Be\W@sigrersnyslementy tlusgiesigslgp aneexénisidn praceshapbae idesigner e.
The representation,illusirates a,re] ati onship, bejween.di e swell of the
resin, shearti‘F%teé’aé‘FatF?lzﬁ? Stent Fﬁ’é{? iRe lﬁ&}é‘," ‘é%ﬁa?‘ﬂge?%@\' dllﬁfoﬂﬁnéng and
| engt )f t he: i j 'Oﬁ?éH.iH Iy ¥l ﬁggn'g I es

t he rgpdr)esem%%%g’% (r)l(adg;teer m negi%l?ttg cgéaﬁ{e}}eteaﬁ%fg’f&ggoﬁ I eﬂ)glsl g?]d
length to dithe@iftnsidnsideoehavariiy désind phiofile dihensibng, then ghé die Bhe-
desi gner then studies the flowrate effect on die swell for experinental
dies in an eutrarsl impjeroerted imnanotheniextrusiore proness.alUsitally theze d8 moany US

Patent No. 5,608, 637 th ti d the ' tal dat
i o di ¢ desIGROEHAPF SoLFE e Tloe; GRBRIHE L FRLDERE: CETaRGe Srmeen

profile 10 di ' j Ll.e.e I I ith
s Pt ont 5, 05 EAG° e edrddfpldiag dinhniohs “This Hesith Midtheofdeg Hedite . "an
extrudeg to slttedfowotband gnweaida omehdohs anfoum dfi expepient@based tatang an
extruder to devel op die design charts is_expensive and tine consum ng.

Typi cal |y, tlmeaddittanighendesignempuist tmedify tg\ﬁr@@ eweryatimer the @imensionst o
generate a sufficient nunber of data points. In additio[n .t he .extruder has
2 tendency (9aNgEr BHEBER, T, SXPSIgn; PEIGE YSgRA (ms PIasHiC dFsifnl dheShear

rate neasur eﬁﬁ%ﬁ:@%ﬁ%ﬁ@%&%é%ﬁﬂpéﬁ& ey n&s F?Eg‘k{@'e‘hgq%? ‘ﬁ& gsi gn

guesti onabl e. e errors produce t he extruder “resu Int

charts havi nig relrtatitatveork ithedw plastiv rdsivws, whidhelsindafl thecinefoduetiohlvdre i s
a need for a methodol ogy that can provide die swell / draw down information
for prefil e these rrsinmindd shelprofile exhrasiaremerkasl er, faster, and nore accurate
than the information provided by an extruder. BRI EF SUMVARY OF THE

INVENTION In a fiyst odi rent js.invention, there.i.s.,disclgsed a
system for 25 gen atI‘ieaggntdiIgSsv%g%'WaV\gﬁ S rft o?%’?’&ﬁ“&?ala o1 BB esi n
material.  methodology that enables a designer to readily design a die that shapes

products having varying dimensions and products made from different types
of resins. In US Patent No. 5,608,637, a designer uses a viscoelastic computer

25 software package to provide a representation of a product made from a resin
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The system conprises a rheoneter conprising a barrel for }%Eg?r\glawgmpﬁe
polymer resin material and a piston for packing the resin material in the
barrel as a function of a shear rate setting. A slit die, cou%[ to the
14 February Y5498 \ny 00/ 15408 PCT/ US99/ 15382 ' 3 rheoneter, c§‘ PASBL an
extrudate as the piston packs the polymer resin material. A pulley

mechani sm coupled to the slit die, pulls the extrudate at a plurality of

draw rates. A_progessor, determn t di e swel | /draw do i nfarpation from
t hi ckness rre%@?ﬁ’é%e?ﬂ SB%?%‘ﬁ?Xoa %ﬁ%m@wﬁpégs%’ftaé% 1ﬁlu§§{\é\@gd%tr€laggn%l§gh of
the pluralit r he . j of
this inventi %%t?fef ﬁecﬁlg’s@lg?fstgﬂgggg, ?Fér%g? Etoe{:l@ftf %‘re ‘Jgg'f‘gﬁlﬁlsﬁgflg?g 'Hs?%r{?g{reaw
down i nf or matationop tielayal jemgth efthe diatterdial opriihg ahidkeesebethdaie.ndhe sl it
die and an pull ey nmechani smcoupled thereto. The nethod conprises .

speci fyi ng adesigher usesdhe sepresgntaton ¢p desgrmigetinstanges wibene the ratis ebdie

speci fyLng the ,shear, ratg setting, .the next .act is.fillin he pol ymer
resin nmateri @pd! lﬁflghh t%éﬁ? &P erng(g Hhickess nifrizeg ?‘é"‘r s*vie:ll| ﬁgfné‘et Fésl ol Ylfer

resin materl &J%si 1OtHe %Vt\xﬂﬁ’&ireé ¢he fIbliFrale ¥ife@%n Ufe RPN 1606 rﬁ%?:ﬁtghbéﬂgi]esr iro! N

material in the“barre th a piston noving as a functio ear rate
setting. Theamextrusioh processiargl obtairs éxpetiingerital datzethetefram. E¥S PagaitNas t he
15 piston packs the polynmer resin material in the barrel. After generating
an ext rudat e5,.60he3nharranges the prpreserfation and rtheaexperimental udatai intoogiedr aw

rates with the.pull mechanj,sm , The next acf is,collecti a saml e.of the
extrudat e at E%Ségﬂ S}fgxrttﬁea‘?) uPig i 4§pigReT 4 HS65 dh'{ﬁn Cr}?f{?s OAffeg‘?m&‘(’i‘lel é’(f?f’&'g a
sampl e4@f t hgirgeddigtebea dbfifed B fild ekirusSi uring the thickness for each
20 sanpl e of 1tnﬁe éxtrudate g‘abtgféned at elac of the plurality of draw down
rates. The next act is determning the die swell/draw down of each sanple
of the extrudate As drambacknwith tlig@ Paienkn8668682sisr ¢hantihe twhethplology ty

of draw rates, and shear rate. BRI EF DESCRI PT| ON OF THE DRAWNGS 25 Fig. |

i s a schenmt Provaded im this Patenfuses anexirugien o sievealppithe digedesign ehartofor
information of .a polyner yesin material according to this invention;. 14
February Zoﬁa%u&fl %%8{]553/%9’55”1@%’8? ﬁ%‘?‘&? %e {,&n&hgg.? HERIGE i ew
of the slit ghg ' ng.  ToMitdlly et ¥Rraky p wol td- hows
a nore detailed %‘P‘gwm@?%éﬁt he%pul I’?}}&%yéhgﬁi sms %mer%eﬁgﬁé‘iéé’ﬁti@'wg E?gth?e "is
a fl owmi§hart gaderds bf regin he geherase afsuffidient htimbey of elats poimtsi Infadtitidnt o
obtain die swell/draw down information for a polynmer resin materi al

accor di ng t othenextruden has gntengdgncyity. inrodmsaeraprseatadifferent lecagionsdeBorgn
har t d di h { d ib j Fi 4. 10 TAl LED

DESCR P11 o EEmPEE: qeF Bt efani oA AT et (s osogsti SORoL At B ) o

to provide aemﬁaé‘lddféjire?ﬁ@gi@h:hm, e éﬂf‘SHf Pfoﬂ&“ l&a\me eRfrAteRtéUk B @

, pol ymer resin nmateri al esigning a pro e extrusion die. In this
i nvention, tthe gheydesigneshartsredyaving| imaeenrateddie ansdilbitinol ydews ohlues.
pol ycar bonat es, pol yesters, polyphenyl ene 15 ethers, polyjim des, olefins,

pol yet B@ri i dherefoxs, ¢harpdea nepdifona ynethedelagy that can girovide digesvell /draw

| yet her ket . acryloni trjle hutadi ene st 1 Lyst
o’ bl onas . ARTEERERERh TG profls sl Al BENEn GRS FRiDe RIS AT on
this inventi R{brE%c&ﬁ?eH{ﬂﬁheRﬁfdfﬁ\%{tﬁ)r%{ﬁW@éﬁ AcdktAgdér. ass or wood

filled polyners. Al of these pol yner m;terl I's exhibit viscoelastic
properties and experience die swell / draw down in both the thickness and
wi dt h di r ect BREEBSUMMARYQOF THEAINVENTENI | ed di scussion on die

swel | /draw down is provided in commonly assigned U.S. Patent Nunber
5,608,637, and U. S. Patent Applicatign Serial No, 08 /.729,997; both of
which are incorpoﬁa shemhodimgnt ef this ineention,there is disglpsed asystamdoe

CoraragsoL 2 gESRENe id ShveRPAAD| At ieciRahion Ve R pPityhet Yol Hld:Ral” ©

The system comprises a rheometer comprising a barrel for receiving the

polymer resin material and a piston for packing the resin material in the

barrel as a function of a shear rate setting. A slit die, coupled to the



]
r ., 14 February 2003 WD 00/ 15408 5 PCT/ US99/ 16382 desi gn'icevay 2§03 o
this invention. The system 10 obtains the information under highly

«control |l ed tenperature, over a range of shear rate and draw speed. The
system 10 confPi0%&¥08 rheormeter 12 havinggan input device suchPQyU§¥/16382
keyboard 14 for inputting various operating conditions (e.g., nelt 5
tenperature and shear rate conditions) and a display 16 for displaying the
conditions. The rheoneter 12 conprises a barrel. 18 which receives the,

ol yner 1 s RNRRERFaECRAAIGY A PYELITS Hb00e DR PRSke AREaikes JoBiit ks
the resin ma I i lﬂm%rﬁ ra:12. i.all

avai |l abl e rhtggérrteb?élr' gté:ﬂ?egs '% fle ttﬁoépfe C¥ eg{r?;%lgrd%b%gﬁs %%Qg@;‘g?gg%a#ﬁy al so
10 conpri ses ptugility ofidrad? retespl £procedsbe deterngined &héydiaswadbirav déwrl or
providing two dinensional flowto sinulate a profile geonetry. The slit die
22 conpri ses isformasionh flom hhitkngss meaguresentsdiobtaingd afroer tsaceplesliafethd on
and a second hal f, having,a ] at. fagce. t he pi st 20, packs the resin

nat er i al% in tepggugaper%qea%@,oftt%%phgfag& %ﬁmg%tgs ?Haghﬁﬁh Hgagit die 22 and
generates an 15 extrudate 26. A pressure transducer 25 and a nelt

Lher mocoupl e 27, 4AGNe6HRIGRbAMInIdhE of lihis ifllEnkidn, (RASH BiskiRBedaRtdY dr OP
across the die and the tenperature 1 n the die, respective‘ly. %\ pul I' et
mechani sm 28 fpribbtiting diet swelbfdrad6 dowanirtfbrmation ofi 2 paRmeér pestdehaeriahed
draw rate. The pull ey nmechanism 28 conprises two rollers 30; 20 one roller

i s the "pul | ayith arrhepmeter pavingA slitrdie andnan puliee mechgpism gpupled thereter s 30
are adj ust abl inql}gth a har.i zontal..and verntical .direction. A roller speed
control I er 33TEMTBPS (HBPHSELGPEFHINAR A1) TRICHENTAR, 98, ORFRRting R

ot udate 26 A R g A SR PAte R (R Pl Bl e 11
ft/mn. A papodpmendesiof nadteriahimtio atlesrrel of thherhddmetenl | Aftes fllawgphe of
the extrudate at each of the plurality of draw rates. Aternatively, the
extrudat e mapPolymer gesinamatesialiinto thesarrghdthgenesxitaqt 48 qracking, the paiymer

sci ssors. The designer ,r.etrieves,the samples of the extrudate | ect ed at
each of the PEURATRISAbAR ARG FAF e it AIPLAL MOVIBgCr MAFHRR ofithe sheet, o
the thi CkneS%a&fse@&ﬁg. THENSt abh GGAE IRE it diét&gpﬁa%waﬁwau\@tp% kipst08 6
PCT/ US99/ 16382 uses conput er processor 33 such das a personal conputer or

a wor kstgat i ompistondgddksntheepoliyeneti resisweldtémalain tduevbairel.orAftér genératingtdre
t hi ckness neasurenents, the plurality of draw rates, and shear rate.

Anot her possieytraidate, dhgamexteact s palling the @xbrudalp afer plusality of dram eates
attached to neasunin deviges.to agtomatically pravide thickngss d

W dth data wirBurenaHLR HESRNIR) o Menderant e delketle A e cof e
determ ne di @xgMRlatd At BYHWMNthe ldrili%} P assidoven tratdsse Althe @lldcaingr ! | er
to obtain thickness data and to cal cul'ate width and then use the conputer

to determ ne sdirglevef] thed extmudaten . thd heixit gact s sheamuring) ¢he phixtkiness forwadi t he

slit die 22 with its two halves separated. | articylar, Fig. k2 shows the
slit dik0 22 wemplg of the exrudatesabtamed ) gaickiqhithe la;@:fgmfrsgaWndawveqaﬁscm

s s t i cknel® FRECART I HelerpBnd WIOaR bival A0SE oWt of stth Sapilé st ifle 2°
plurality of &@Ridueas MActiSHUT te IHKRHS Inédsu®¥ents, the plurality of draw

rates, and shear rate.
BRIEF DESCRIPTION OF THE DRAWINGS

25 Fig. 1 is a schematic diagram of a system for generating die swell/draw

down information of a polymer resin material according to this invention;



15 | ocated at various |ocations on the first half 34 and thFeRarRa0d
38, connect each half together. In addition, both the first half 34 and the
second .hal f 38 have at | east one pressure transducer contact 42 enbedded
therein for nwoswnissg pressure drop within the slit die 22. Pretenshdi63s2
slit die 22 has a length of about 100 nm vhen connecting both the first
hal f 34 and the second 20 half 38. Fig. 3 shows a nore detailed view of the
pul | ey nmechani sm 28 and the roller speed controller 32. In particular, Fig.
3 shows that the [Figl @shorcshapespeztve vigy iof ¢he alibdie shownrinifg. B4vitlaitsop
portion 46 and two supporting poles 48 coupling the bottomportion to the
top portion. twehalyessepaatashrtion 44 is preferably a stand nade of netal,
but other materials such as al um num may be used. The top portion 46

conprises the two .0l Le 0, h . Lol re. of | . rg‘q@; r,
silicon rubber andlE l%rg %‘E“ﬁss?é’g?‘tee ?%Jag%{iﬁ’l§ﬁe$tﬁ%1r%i@'g§ ra{negfr?]%)'ugéxr i ca1q n
direction. Oygoreller is a "pulley" roller i 14 February 2003 WO

001 15408 7 PCTE S991 16382 and the other roller is the "idler" roller. The

pulley roller attaches to the roller speed controller 32, which controls
the speedl of the pFilg djs aTlowichhgrdescribing thetstepeeef whing the pystem showuohani sm
that noves the idler in the horiz al direction agai nst the Iley roller.
5 Big A s OB cu enaPE e PEN oS AOREs iEfPradRag ot Ao pODERSY GePBy
obt ai ni ng di / ; l.at.ar ' f a polyner resin materi al
accordi ng to%’%@iélﬁgéﬁq%ﬁwwﬁgﬁ% yd,re?ﬂg designer turns on the
rheonmeter) the barrel heating and the die. Then the designer inputs the
operating conditi oRig. 8tshoivs hn exartple wif ar diet desigie shartogermpatedf dacesrdihg to
required nelt tenperature and 10 shear rate setting. Once the rheoneter 12

is at the redestepsnéescribedppdig.he, then the rheoneter is ready to obtain
die swell/draw down information. At 52, the designer fills the pol yner

bi ston Y1 noPERAIEER BESERIE AR R TR ROR, T e e i the
barrel 18. Preferably, the piston 20 packs the polyner 15 resin materi al

unti| the pressureThEFEMMEPIoLieve b thBerveRABnL @)pHbvial- 4 tnbilod: fokhe

polymer resin material” i1s then preheated for a predeterm ned tine,
pref erabl y abgereratingrdie swellisrawodown infrrnmtibreat a polymendesin tthatepink farn 20

packs the polyner resin ipn the barrel 18 as a functiqn of the specified
shear rate s @ﬁla@mﬁamqlq}ﬂ%t@smn éieellz\z@g%meapeg, &»@@mwm mgy e 56

out of th. arrer e SRR pBRyER, of AdfRarcifBute el enidy PSR RAS AL,

sanpl e, 1§ he pedhesy ;ﬁ‘cg i |chd¥) 2816HHs] S gFMtRéﬂiﬁﬁ&@é,e ;ftiﬂ?;&nl?dé?etp?ﬂﬁétrﬁéﬁ%edr aw

rate at 58. Prior t acting the rollers, an air g can cool

extrudat e bel suifides, Tpplysuléonesyl pelyetharkstaniesn @syloeitpide abutaslienen siydare t o
m nim ze deformation due to the roll pressure. A sanple of the extrudate at
the draw rat eCQROl¥BIGrec POy TN 2R %@gxdgnénq HOMPesiSane sOf HOPORER fes s

i owel | of PRpatEn HEHEroR ° 2 dREh, MRS iBROREY Rbe 808" REIBHR 40
$ PCTI US99/ 16 giitetiflR" §L§<§'ﬂta§t %f&@s Bt rdodl filliedl g%e@t ARt ofd WddeC pbBmenear

rate and draw rate. At 66, e designer deter whet her anot her set of
sanpl es20s nemederialg.exhibitwiseoelastit properties and expeyiencedie swiell fdmivgdown

changes the draw rate at 68, the shear rate at 70 and repeats steps 58-66.
After collect Fhgosathe dbickness ands Wity ditgrion o thedpERfileat AmoRe Cf%@ﬁqd

PRI e e B M e e R R

invention, a pQmEmRNLAIYeY f%ﬁ,éﬁbhﬁdqp.'s.e@ﬂ&%?ﬁ%(;%aﬁlgééﬁwSerﬁ‘ﬂql@ag%ﬁlwmﬁ,s

M crosoft Excel is used to plot fhe die swe , measured , thickness
di vided by di botthofwiddsaredfiticarparatezbhiéreirhbpirefea¢receand 10 draw rate. The
design charts conprise representations of thickness, draw rates and shear

rate values. Fig. 5 shows an exanple of a die design chart generated
accordi B§ to this iFigehtshows ?h@&@'&ﬁt&néﬁg%ogéeystt% Bééoﬁé’gtﬁﬁ%é’llﬁs

Lo, determ e R P a0, RruBeR bt S, BUDARL PRl PRt

geonetry.



15 1t 'is therefore apparent that there has been provided i1ﬁ1 E’f&’émgﬂ%% W th
this invention, a .systemand nethod for generating die swell/draw down
sinfornmation for profile die design that fully satisfy the ains and

advant ages arWO@B#88i ves hereinbefore seg forth. The inventi oRCHESIEH
described with reference to several enbodinents, however, it wll be 20
appreci ated that variations and nodifications can be effected by a person
of ordinary

]l int t W thout .d ti f t he . of th
Cnvention. ) CERERCBROIARE B0 A BRI ACR IR LD SPRRS6 e i opRatony . A
t 10) f ' ' I ' td I
e5i n at of § AR SUERRL BBl W per LAY R TBhEE B oL RoueaRE AR,

receiving t _h%Fa_@di.y TR sYsted$ 10 cBhiptidedla Hedmietéd 51 BAVINOAR HpR&iBDstde
resin material in the barrel (18) as a function of a shear rate setting; a

slit die (22gas sokgytmardol4 herrimpmtingrvqri®)s ofperatieg eraaditigna(egxt melat e
(26) as the piston (20) packs the pol yner resin terial; a pul]er
mechani S ( 288MPTAER 3 shear grre Copditions) ARe 3 dsplaY 16HeT BSplapingishe:

(26)at a pl uighidol! HRrhalRSier™1 BRI § Bard 1Ol AGREA NS B 01 ©

swell / draw down 1 nfo ion from S neasur enent s obt arne

sanpl es of t lpet vekihendtéfihl. aA Inatriuliéallyhe@nittolled pisiorobr eHrAVIOFIRS tikad

the shear rate.” 2. The systemaccording to claim1,” further conprising a
pressure 15 tresinsuaterial douhe bdrneb 18hdheltheonieter 12is arsamumencipliyhavailablsur e

inthe slit die. , 3. T i | ajm 1, h i Si
{ner mocoupl e TRBORIET SHCR 1S Shet CARGEr] Fhequietth RL hhrayarem il A1 e
the slig, die. t ' i i D

20" mochihi smepHTRs a4 RipRENEHL B 161548 duaplaFaE, B pRGvihe ©
conprising a i l@mensidral W) tndmalate da eprotite | @éorhéRy. f The @hieidengn t he

extrudate {26) from'the slit die (22); and a support portion (48) for
coupl i ng t he domprisespafirsbhalfd@ving a blet texterpdingiinna (vedtical dirdctimbandry

e OO T I, o o e 7
cont ol er (24, 00! s LR,hs) \AR.AORHIAR #6) 8" aROTr Bld | B e, sgeed

of the pulley toll er( ystem accordr ng , Wherein

the promessorextdidatd 260 Al pe@sure fansdQfera2y andi A sndlb ehéetrRocomille 27, dady
down information into die design charts containing representations of shear

rate, draw r aoepleditol thérshikdies82, measiire the giressureéQropcawost the die andithe 6,

wherein the processor (33) conprises ans for using the die design charts
to design a ﬁ?ﬂﬂ%@“@ﬁﬂ?g&qéﬁ i‘@P&F'é‘.’quz A nethod for obtaining die
swel | /draw down information of a polyner resin material with a rheoneter

(12) having a sl itaQh@idrecRifiof B8 phifls RCHAAIGIE GR%IroRPUA otk HRPOELE,

conprising: specifying a shear rate setting operating the rheoneter
(12); 15 fil Ipredetdrmined rew raesi Therputier mechahisme2® aompirised Bivofrolledse30;

r heorretze(; one roller is the “puller” and the other roller is the “idler". Both of the rollers
30 are adjustable in both a horizontal and vertical direction. A roller speed
controller 32 controls the speed of the puller mechanism 28. The roller speed
controller 32 is preferably a DC motor and is capable of pulling the extrudate
26 at speeds having a range from about 2 ft/min to about 40 ft/min. A pan
25 made of aluminum, steel, or the like collects a sample of the extrudate at each
of the plurality of draw rates. Alternatively, the extrudate may also collect on
the floor and be cut later with a pair of scissors. The designer retrieves the
samples of the extrudate collected at each of the plurality of draw rates and

uses a vernier caliper to measure the thickness of each sample. The designer



(12); packing the polymer resin material in the barrel (18J4&fbNaEy 2003 on
(20) noving as a function of the shear rate setting; using the slit die
(22) to generate an extrudate (26) as the piston (20) 20 packs the pol yner
resin materi &vopis4b& barrel (18); pulli rr% the extrudate (26) BECT/EHS99/16382
plurality of draw rates with the pulley chanism (28); collecting a sanple
of the extrudate (26) at each of the plurality of draw rates; 14
February 2003 L , ' W 00/15408 11 PCT/ US99/ 16382 neasuri ng the thickness
for each sanpses afomnputenpnogessbe 38 267h eha pienshad comgutterndr & veonkistatiin oy of

draw rates; and deternqining the die swe|l/draw down of each sampl e of the
ext rudat e (Za?te&%“%efg{?ct&én syrell/dgayh; siniormatioandrem, thee thickness ty

Purthar cammiieapnNel ety Wikl & dry FRe A SeaC B0 Moy BoRUPE:
the rheonet eg(térhdlivangd toeRRAbhEGrt the ThERSseds offirb]!llef@attﬁ’&@ﬂ ’9m iu?&

pul l'ing, collecting, nmeasuring, determ ning, and formng for each of the

addi ti oBal sHevices & autematicgldy provide. thitleesetarall widtodaita gvithoul hiimah
further conprising using pressure transducer, to neasure the pressure in
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have at least one pressure transducer contact 42 embedded therein for
measuring pressure drop within the slit die 22. Preferably, slit die 22 has a
length of about 100 mm when connecting both the first half 34 and the second

20 half 38.

Fig. 3 shows a more detailed view of the puller mechanism 28 and the
roller speed controller 32. In particular, Fig. 3 shows that the puller
mechanism 28 comprises a bottom portion 44, a top portion 46 and two
supporting poles 48 coupling the bottom portion to the top portion. The

25 bottom portion 44 is preferably a stand made of metal, but other materials
such as aluminum may be used. The top portion 46 comprises the two rollers
30; both of the rollers are of low durometer silicon rubber and are adjustable

in both the horizontal and vertical direction. One roller is a “puller” roller
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| " 109K ()-' f5%1bedegigner fills the polymer resin material into the barrel 18 entrapping a
' minimum amount of air. The piston 20 increases the pressure on the polymer

resin material in the barrel 18. Preferably, the piston 20 packs the polymer

18 resin material until the pressure transducer 25 is in the range of about 30-40

bars. The polymer resin material is then preheated for a predetermined time,

preferably about 5 minutes. As soon as the preheat time ends, the piston 20

packs the polymer resin in the barrel 18 as a function of the specified sheat

rate setting at 54. The slit die 22 generates the extrudate 26 at 56 as the piston

20 20 packs the polymer resin. The initial extrudate coming out of the die is the

“zero draw” extrudate.

After taking the “zero draw” sample, the puller mechanism 28 pulls
the extrudate at a predetermined draw rate at 58. Prior to contacting the
rollers, an air ring can cool the extrudate below its Tg (i.e., glass transition

25 temperature) in order to minimize deformation due to the roll pressure. A
sample of the extrudate at the draw rate is collected at 60. The designer then
measures the thickness of the sample at 62. Next, the designer uses the

processor to determine the die swell of the sample at 64. The die swell
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software package such as Microsoft® Excel is used to plof the die swell (i.e.,

measured thickness divided by die thickness) data for each shear rate and

10 draw rate. The design charts comprise representations of thickness, draw

rates and shear rate values. Fig. 5 shows an example of a die design chart

generated according to this invention. The designer then uses the die design

charts to determine the dimensions for a profile extrusion die that will shape a

polymer resin material into a profile of a product having a desired geometry.

15 It is therefore apparent that there has been provided in accordance
with this invention, a.system and method for generating die swell/draw
down information for profile die design that fully satisfy the aims and
advantages and objectives hereinbefore set forth. The invention has been
described with reference to several embodiments, however, it will be

20 appreciated that variations and modifications can be effected by a person of

ordinary skill in the art without departing from the scope of the invention.
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a rheometer (12)comprising a barrel (18) for receiving the polymer
5 resin material and a piston (20)for packing the resin material in the barrel (18)

as a function of a shear rate setting;

a slit die (22), coupled to the rheometer (12), for generating an
extrudate (26) as the piston (20) packs the polymer resin material;

a puller mechanism (28) coupled to the slit die (22)for pulling the
10 extrudate (26)at a plurality of draw rates;

a processor (33) for determining the die swell/draw down information
from thickness measurements obtained from samples of the extrudate (26) at

each of the plurality of draw rates and the shear rate.

2. The system according to claim 1, further comprising a pressure
15 transducer coupled to the slit die, for measuring the pressure in the slit die.
3. The system according to claim 1, further comprising a

thermocouple coupled to the slit die, for measuring the temperature inside
the slit die.

4, The system (10) according to claim 1, wherein the puller
20 mechanism (28) comprises a bottom portion (44); a top portion (46)
comprising a puller roller (30) and an idler roller (30) for receiving the
extrudate (26) from the slit die (22); and a support portion (48) for coupling

the bottom portion (44) to the top portion (46).
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5. The system (10) according to claim 4, wherein ‘the puller
mechanism (28)further comprises a roller speed controller (32) coupled to the

top portion (46) for controlling the speed of the puller roller(30).

6. The system (10) according to claim 1, wherein the processor (33)

5 comprises means for arranging the die swell/draw down information into die

design charts containing representations of shear rate, draw rates, and
thickness.

7. The system (10) according to claim 6, wherein the processor (33)
comprises means for using the die design charts to design a profile extrusion
10 die.

8. A method for obtaining die swell/draw down information of a
polymer resin material with a rheometer (12) having a slit die (22) and a

puller mechanism (28) coupled thereto, comprising:
specifying a shear rate setting for operating the rheometer (12);

15 filling the polymer resin material into a barrel (18)of the rheometer
(12);

packing the polymer resin material in the barrel (18) with a piston (20)

moving as a function of the shear rate setting;

using the slit die (22) to generate an extrudate (26) as the piston (20)
20 packs the polymer resin material in the barrel (18);

pulling the extrudate (26) at a plurality of draw rates with the puller

mechanism (28);

collecting a sample of the extrudate (26) at each of the plurality of draw

rates;
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determining the die swell/draw down of each sample of the extrudate
(26) as a function of the thickness measurements, the plurality of draw rates,

and the shear rate.

9. The method according to claim 8, further comprising specifying
additional shear rate settings for operating the rheometer (12) and repeating
the steps of filling, packing, using, pulling, collecting, measuring,

determining, and forming for each of the additional shear rate settings.

10.  The method according to claim 8, further comprising using a

pressure transducer to measure the pressure in the slit die.

11.  The method according to claim 8, further comprising preheating
the polymer resin material in the barrel for a predetermined amount of time

after the filling.

12,  The method according to claim 8, wherein the collecting

comprises obtaining a zero draw down sample of the extrudate (26).

13.  The method according to claim 8, further comprising arranging
the die swell information into die design charts containing representations of

shear rate, draw rates, and thickness.

14.  The method according to claim 13, further comprising using the
die design charts to design a profile extrusion die.

SYSTEM AND METHOD FOR GENERATING DIE SWELL/DRAW DOWN
INFORMATION FOR PROFILE EXTRUSION DIE DESIGN
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