- 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 (93N8Er BRKBER, tHs, SXTHSIN; PEIGERY YSER A (TG Plagic Tesin. These

situations also involve more time, work and money. As a result, the designer

is reluctant to work with new plastic resins, which hinders the introduction of

20 these resins into the profile extrusion market.

US Patent No. 5,608,637 discloses a semi-empirical die design
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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exanpl e, shear rate nmeasurenents and nelt tenperature Conﬁg?brg?ryt%?g3
extruder die are questionable. The errors produced by the extruder result
in the die dﬁ/si@n charts having inaccurate die swell/draw dovvr} \ﬁz‘lj.ues. 20
Therefore, t QU508 need for a met hodolyogy that can provide §TEVRRA382
draw down information for profile extrusion die design that is sinpler,
faster, and nore accurate than the information provided by an extruder.

BRI EF SUMVARY . THE ENT I n.a frst enbodi nent..,of this invention,
Chere is di StROEiR) S SUTRTH Pyra 248 o IHe” tar e BOR VRFRaIRS .3 GEIOTSID

i nformati on QlwreRU¥ W elll SSthE rBRhCEHEAr rattSf $XeSiR (2BUEh e de rAROAR! er
conprising a barrel for receiving the poFyn”er resin matePral and a piston
for packing tdti® ofdielamat benigth of ithe hiie hardiel opeming fthitkiness op the didledther at e

setting. Aslit die, coupled to the 14 February 2003 t ' W 00/15408
PCT/ US99/ 153¢esigner wsesdhe represepipipnte detgrmiperinstancesawhene the satimobdisks

LEﬁ : " élx{aﬁﬁijl%p%ﬁﬁé sftopealit YoM A abaes die ShslCol i Bt ﬁhseed
From sampl esar BT B B e e A B

the shear r aseextrasiongaooess antbolstairsrdxpetiniéntal datecthiereffoni. S Patent No.

di scl osed a nmethod for obtaining die swell/draw down information of a

pol ymer resi H60&637 iasrangeshthe representaionaandighg experimientadndataningol tiey
mechani sm couypl.ed thereto. . The nmet hod conpri ges ecifying a shear rate
setting for %égxétf: At h%HQOBT%gw. u%:g? eﬁ‘espcz%ir%yi%g %m%‘ﬁ‘galprpgiee
settingg ! Neqpfutsighd of #dblitdd BrodibexRALIRLiel eSin material into a barrel
of the rheoneter. After filling the polynmer resin material into the barrel,
the next act is packing the polyner resin material in the barrel with a

pi ston nmoving as A fdraetback wfitht HES sRatent r 5668687 t isnghail hiheneméthadblogy

using the slit die to generate an extrudate as the 15 piston packs the
pol ymer r esi Pravided imthip patent uses awextndes to glewelopt igrdesign chastsfortahe

pul 1 ey echatRiniah s o o Ex@iynfe. B Hrfelopaif et b B Frrehshe o
each of the phairignet Yortfurlingw d@rwca B}, Sthe Ekirflief HeedS! agg‘#a?gzeﬁm th\géeot he

1 )
extrudate, the next act 1s asuring ‘the thickness for e sanp f

t he ext§udat gaylbtds ofresit te@geherate & Baffidientahutmbesiof dlatavpdines. rTatrklitidhe
next act is determ ni ng the die swell/draw down of each sanple of the
f

extrudat e astieugxtrnder bas ghtendenex e dutrodmse rasrenst at diffrrept lecations. oforr aw
rates, and shear rate. BR DESCRI PTI o5 TH W INGS 25 Fig. .l ,is a
Sehemat [ SRS el HaE MrERIERIL, AN, Tt SR AR capllpl ot e

i nformation gitrad@PHieTre @fb‘éﬁﬂnﬂ@l‘é?% eﬁé?sﬁ??ddl%eﬁ%oi Bhé ekPUEBE k&It in 14
February 2003 WO 001 15408 PCT/ US99/ 1G382 4 g. 2 shows a perspective view
of the slit thee dibodesign Eharts Thavihg iracctivate hdiev asvelbfrraat edbwhi galuesshows

a nore_detailed view of the pulley mechanismshown in Fig. 1; 5 Fig. 4 'is
a f1 ow2@nar t Theteéorey theyeina need far amefbpdglagyetha) senr prewisiadieswslly/drawt o

btain di LI/ draw down i nf ion f ! i i al
accor di ng t oloHrsIERES for BRHATR &Ml ik Odhit that Rosdh R dhthandy
chart gener ahffle 3eEfate fithr! BeliRforildtivh PRVIAeRSY dnextdder?-

BRIEF SUMMARY OF THE INVENTION

In a first embodiment of this invention, there is disclosed a system for

25 generating die swell/draw down information of a polymer resin material.
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
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10 DETAI LED DESCRI PTION OF THE I N V' ENTI ON The primary obj¥JigauayR008;
invention is to provide a nethod for generating die swell / draw down

« nformation of a ,polynmer resin material for designing a profile extrusion
die. In this ‘Wﬂ\?@fﬁf“f’%n, the polymer resingmay be Iinear and br BhFHE16582
pol ymers of pol ycarbonates, polyesters, polyphenyl ene 15 ethers,

pol yi m des, ol efins, polyetherim des, polyam des, polyarylene sulfides,

pol ysul f ones,

| yet her ket itri hut adi t | ) ,
Pol Yot yr anes TaRREEEn BENCtalts aBrBUENABreS RS SUBOR RERke S FREer HEsk r om

I n addition, n?ciamé { N [ : | s,.al ass
or wood fille pgiﬁly né?%ﬁllﬁl%@a#ﬁgscgh g%dygng#}y%{tsn%t ' ﬁg% g%%%#g??t% atd

vi scoel asti ¢ pheiey of edradndatexpes i groeessot @letBhines tHe alle Govell /draotiBwirhe

t hi ckness and width direction of the profile. A nore detailed discussion on
di e swel | / dr amfodmations fionavthiddess roeasvsamentss sbaindd Ursm Ramypies Nfrther
5,608, 637, and U. S Patent | { cat.jon, Serial No. [, 729,997; both of

whi ch are in@ﬁpﬂgﬁﬁ%tfaﬁgpéiﬁﬁng‘rﬁ e‘?fe‘ﬁ‘i?é‘.’ rags ?Pagﬁisg?ﬂfv@t% schemati ¢

di agram of a system 20 for obtaining die swell/ draw down information of a
pol ymer resin nmat gplsadechRl dfiltidibferndiof this'inventidd, s {aAXRIES aViQeﬁ'delMOB
5 PCT/ US99/ 16382 design according to this invention. The system 10 obtains
t he i nf or mat ifonobtatteinghdighewelbtdramodbenh irdoyraationrof,a pebmer reshgyenatkriahear

rate and draw speed. The system 1Q conprises a_rheoneter 12 having an input
devi ce such ¢ith akbepmeter havingra slifslie andgan Rriler sneshanism sguplesdtheretas
(e.g., nelt te ature and shear..r.ate_cqnditions nd di_spl 16 for
di spl ayi ng ta}‘-’cgﬁf‘g{‘?‘?o@?ﬁ‘ﬁ? SREGRADS 2 13heg Fs%eégﬁg b@’rr r8pg?§¥‘ﬁh| %
recei vag t he TR iRfihal HEadld Y, i or
ram Zoqg)ac ks r?ﬁééﬁﬁr@?sr I nﬁﬁg{]ggi@%ﬁ;ﬁxﬁ tltqﬁéhgir ir:a(aa}}&' élegtﬂé‘htg%%lge%%ltt Z? ﬁ%ﬁé ;ﬁ‘ﬂea
commer ci al | y polpinenliesinr heaterakintouahbarselt bé thet tHeamheteheorstteer filigl thelhe
system 10 al so_10 conprises a slit die 22 coupled to the barrel 18 by an
adapter 24, Polymebvesinngaterialdntretke Satelfthevhed agtisipacking phe polaner
geonetry. The slit die,22 conprises..a first half. having a sl ot tending in
avert] val | arpapanafira 4R AE s i RS davingate fquBefog ofibe et 2o

packs the reshp g@iﬁﬁg;q*hei fext Det k;aagiﬁg th8 slit Qfe f@g@ﬁé@te RASXE1da Q' Gl t he

slit die 22 and generates an 15 extrudate 26. A pressure transducer 25 and
a melt tSer mpistopl packs, theapdlyowrplesih huatedial il the Barrel2 Aftemgenerating an

pressure drop across the die and the tenperature in the die, respectively.
A pul | et nectextiugdatadhgunexd adids pulling dhe extrudatenat repbiralityyoé drawyrates

pr edet er m ned rata. The .pul.l ey chanism 28 comprises two rol|ers 30;
D0 one rol 1 erwith el Bl reatiia | e, ARk Ao e oG " (sARule | ofks o)
the rollers uiidaradt Lé%kﬁbéfetﬂé"PH%Ht}ﬂ of Ura i Hon dathsY € Mfteradollictifgtd ON.
A roller speed controller 32 controls ‘the speed of the pulley mechan"sm 28.

The rol | er spampleft thel bxtrudate, the rmexéracbliy med¥ring dhe ahitkness dgaleheh of
pul l'ing_the extruydate 26 at speeds. having range frqmahout 2 ft/mn to
about f t / femple of she exiTidate @btame@rﬁtrmﬁ afit s|RluEﬂ31ty drapedewn 2a¢ess o
sanpl e of .t hepe d . 0 . i r

Al ternativel f;l'h@;héﬂeagt sﬁ?ﬂ%ﬁﬁgﬁt‘éﬁ%&%ﬂ%@ a@r&” ﬁ?ﬂ l%\gloetaﬁtéﬁgngnele & thtth? ater
With a pair Qdxtffdaté akStuntin GFSIHE@icKriRsS nReRRirémenta The gﬂupinrzftﬁ draw
extrudate collected at each of the plurality of draw rates and Uses a

verni er cal i pates, andshearmaté.he t hi ckness of each sanpl e. The desi gner 14
February 2003 WD 00/15408 6 PCT/ US99/ 16382

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;



uses a conputer processor 33 such as a personal conputer ofl4 Eebiyars2098i on
to determine the die swell/draw down information fromthe thickness
measurenents, the plurality of draw rates, and shear rate. Another possible
al trernati ve iwotoor1s8 one or two nore sets of rollers attachedPCcouspamasi ng
5 devices to automatically provide thicknédss and wi dth data without human
intervention and then use the conputer to determne die swell/draw down. It
is also possible to use the pulley roller to obtain thickness data and to
cal cul ate wi dt h arkFigt Beshowsea perspectipe tvéew tof thesht dinshaive inviig) 1 evidwitdown.
10 Fig. 2 shows a perspective view of the slit die 22 with its two hal ves
separ at ed. |rr%h@1|vsa}sap§ramcg'. 2 shows the slit die 22 with a first half 34
having a slot 36 extending in a vertical direction and a second half 38
having a flat faceg. Pre h h | hat 4.s.in.the
range from about gl_ﬁg. %‘ﬁf“%c@%%?}eﬁ%égm% ‘ig‘ﬁﬁ gffta}ﬂ%i é@h%;(&%g%%%‘g%} %ﬂ%},‘qguch
as nounting sgkeys, 15 located at various locations on the first half 34
and the second“hal f 38, connect each half together. In addition, both the
first half 34 and the second half 38 have at | east one pressure transducer
cont act %2 enbeddelig: Kds siffow shartedesaribing thessteps ef dsing thetsiistem Browhiin di e
22. Preferably, slit dje.22, has l,engt h,of about 100 when connecti ng
both the firstigha ftosgf’téﬁa difeSwell fERw odpwRy TRrmagn Ko, RoRelame tesin
detailed vie ; han d the roller speed controller
32. In parti &‘?gﬁr§£acg&déﬁgﬁ%9m?{at é"‘g‘§| | ey mechani sm 28 conprises a
bottom portion 44, a top portion 46 and two supporting poles 48 coupling
the bottom porti onFigo 5tshowoan exatriple of Bhdieldedig ichartpgurier steddeecording to
preferably a stand nade of netal, but other materials such as alum num may
be used. The thestens dessnibed indiigrd-ses the two rollers 30; both of the
rollers are of | ow duroneter silicon rubber and are adjustable in both the
hori zonfal a rt i i i i "pul l ey" roller i 14
Febr uariﬁZOOﬁﬁﬁégﬁﬁb@gt@ﬁBﬁ@ﬁS@gﬁéémtmg other roller is the
“idler" roller. The pulley roller attaches to the roller speed controller
32, which control sTHAG$RERH Hjediie BF hi8YinveAfohdseib E%\hae,@tzﬁa%asmwh
a push-in nechanismthat noves'the idler in the horizohtal direction

agai nst the pgérergtingldieswell /dirgw dowa iafdrimatiarhef & podpmet besiy material fgrs of

using the system 10 for optaining diie swell/draw do i nformati on of
pol ymer resi ndefgRing pa@@srqaqtﬂgl%dm Ip MWPSRP% wlme;r,reﬁlﬁ'emaxgaegner

turns on the {he f e r ead | t i n { gner
npot s the oplPe, Tyt habiifac el hedGet bR sEHonit, Hofyseleift eblprtes
speci fi t he Ji 1 { CBRHrAL UnRlyiiHerkhi@BeamndlfhRuiddt t i t he
rheometgf 12 ?tg@gdtj tlﬁﬂyﬁiqdlﬁsred mel t {Pgn}?;rgﬁ ure, tl?en?%he rﬁemae i's
ready to obt asulfidies, radiysulfiomes, dpelyetindrketromies ormcrplionizile t hutatbeng netyrdrd | s
the polyner resin material into the ag el 18 eptrappi ng a m ni num anount
of air. The pfeRQINMEss; ROlEsiyEanesnhangy e tWB‘é’rlgﬁE’F PloSOP 1 al

in the barrel _Pref t:he, pk.st on . 1 h i

mat erial unti P}%?égﬂr%@g%‘%ﬁ r éﬂs%%%@ogzgﬁg sﬁﬁ%ﬁ%ﬁ’}e\ f“aa&ggg%f&%%‘g&’?%? Fixo
bars. The pol WmMEriARSSIcHRECEIa88 drS widtRD fﬂreﬁh?élﬁﬂetfsgr Al PoediRdsRr Boliefler
time, preferably about 5 m nlUtes. As soon as the preheat tine ends, "t he

pi ston 20 packmatetialsmxhibitvisceelastic properties andlexpériencendiesveell tdrasé doven
specified shear rate setting at 54. The slit di eeé% generates the xt,HJfgate
26 at 56 as tHebetliths thirkrespandswigth ghegtien afcterprofiie. | 4 mose defailediat e

ir awr sl o, AREsHER o di Swafif Bt T8 bEHERR, w(kainay gRsighed U S*T
predet er m ned pgiaW Niahfber5,608,637) bR 1S, PRRIAA pPlcdtidh Serial No. 08/729,997;

both of which are incorporated herein by reference.

25 Fig. 1 shows a schematic diagram of a system 10 for obtaining die

swell/draw down information of a polymer resin material for profile die



4

rollers, an air ring can cool the extrudate belowits Tg (1ﬁ.@bfuﬁyggg3
transition 25 tenperature) in order to mnimze defornmation due to the roll
spressure. ' A sahple of the extrudate at the draw rate is collected at 60.
The desi gner WRON138&sures the thickness $f the sanple at 62. RekVS9Y1582
desi gner uses the processor to determne the die swell of the sanple at 64.
The die swell 14 February 2003 WO 00/ 15408 $ PCTI US99/ 16382 represents

the Hﬁifé:ni'r sl Afaqudign it R HBTARR. dHie SYStem) SbtRigs ibE dedarmatian
he snear 1 ath et HEADCONERlAT dekpRpfiR, SRk LPR0R R FRal FRY il o)

all of 5 the sgbbd eThitsydfertv10abfifprived aSiRaindiéd B3 hatitgar Mpledbapesydses
t he processor to form design charts at 72 for designing the die opening

t hi ckness andst aekefitwardebd nigr wingtuitting nvarioss iopesating ncoralidonsrgeg. abelt
avai |l abl e spreadsheet software package such as M crosoft cel js,used to
pl ot thé di e teRPeratyre @and %éédﬁ%c?g‘iﬁﬁpeﬁhé% 3 AEPkY 16y for dsplaying thes)
data for eac r at ayy r . Ehe Lgn IS
representati gﬁggg?&}shi o negrsgg?(;@?%\%v ﬁatcggﬁpgrll% s%cei%r%élag‘ g\%‘aﬁ&t}eg&%égs ﬁ%e

shows an examplpmet résiflirRatéfial. 0A InfralligdljedotitesllcCpigtch H8rdrA 20Pakks the
i nvention. The desi gner then uses the die design charts to determ ne the

di nensi ons f aesia mpaterial éndhe bartiebis diThethgomeiten 12 isap sommpeicialiyr avaitabhe
material into,a profile of a

roduct ving a desjred ometry. 15 It is
t heref ore appheemeter such nas éﬁﬁagoﬁé@ﬁ p?l'lﬁ\%mféﬁr iQrQ()icc r?d/é%lqmtﬁot"}"ﬁ%
i nventiQn, a . [ i ie.s .
|t or el on” (STEREEAA JEDA6ubR BIREBEHED I8 Byt dfaniet B2 ko Pillviding
advant ages ambPRiiffenkicral oW RPefiviugatech PRS- %ﬁﬁe&?yemﬂéxgnh&ﬁebﬂﬁn
described with reference to several enbodi nents, however, it will be 20
appreci at ed tdomprisesi atfirenbalrhivingid sloatexterslingrinbe wefrticalt didedtioraapdraon

of ordinary skill in the art w thout departing fromthe scope of  the
i nvention.  SpgoRd Pﬁwl%éﬁgt\f@e@eﬂ lsgarp%‘grp oesi pgrighinthg A

e n i of i dfrrdoRer fid 38R Wifles NG M PRCHED2 Hhd ol H,

recei vifg thex@Alddi@ned KepratsiRd ansdudRFaRdss phelt ZRFAGCARKI 27 ehéle
resin material in the barrel (18) as a function of a shear rate setting; a

slit die (22)couplesbtedhe olit die 22 ameasiae thePresfure dropeaavsntheadiecand thiat e
(26) as the piston (20) packs .the polyner resin material; a puller
nechani sm ( 2§FTRSERIUER 17 14 GY, BSPECHYLY( 22) for pul ling the 10 extrudate

(26)at a plurality of draw rates; a processor (33) for determining the die

swell / draw down j i : J )ﬂi‘ﬁ?&di SRER i;

sanpl es of the ext)-r\[}glg!tie wgﬂa{;%ﬂ{e%%%‘uoﬂ%rlﬁﬁ? p uraFi ty %?1 g‘rpéa\?vh{r}ggezigﬁd
t.he shear ratpredéterfitifed vivhwnpate: COhelpallet mechanisml28 touniphizes ewonollstsap; a
pressure 15 transducer coupled to the slit die, for nmeasurl ng the pressure

in the it dime rolleg is the"pylleré andctheratheyrallerds theridler'y of teerpoliestbng a
thermocoupl e GPUR) §8ustible't Bolt ahorizdrthl ARG Veridd difeedoR ™R fItdE Speld’ O°
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



the. slit die. 4. The system (10) according to claim1, \A,hei"éfﬁb"t“ﬁ@’WI er
20 mechani sm (28) conprises a bottomportion {44); a top portion (46)
conprising a puller roller (30) and an idler roller (30) for receiving the
extrudate {26YoPo/vs408 t he slit die (22); and a support portion PEBYSII6382
coupling the bottom portion (44) to the tfop portion (46). 14 February
2003 WO 00115408 10 PCTI US99/ 16382 5. The system (10) according to claim 4,
wherein the pull ey nmechanism (28)further conprises a roller speed

control | er (G82s acupputertprocessor 3p spdr as apetsifial compader onk workstativrstoeed

1 Pl L 0 S ) SRS i
rate, or aw r aleatutddiehie e FLE PGl SRR BsACRET AN GeS Bondbis

wher ei n the pPRAGAFTEIis(t33UseC BAPOr @0 Sselt®lof Yol1BE hRSCHHE 16l GRbAhrmgar t s
8. A nethod f b d

to design a profile extrusion 10 die. 8. or obtaining die
swel | / dfaw ddewicestorawiomatically prpwidentickress randavddilaldata tvrithouthbamerer

(12) having a slit die (22) and pul | ey nmechani sm_(28) coupl ed thereto,
conpri si ng: %%WWPHQ‘“'&% §1%°@'EPS? g?%C%PPFEHgtOf ?teb‘b‘é‘t‘%dl%gwﬁﬁédfﬁﬁcﬁ%f

12): 15 fill,i [ [ [ o) 4.8 8),0 e
Chonmet o ( 1) BOalk8pARINETRL LEe e BHEE Bliet 1 Cotafi iflnpetlla phlita (1
a pi ston (20%a]6@Mtd vidth daridinBbh QiseOthd BempiRer t6 addesfildd W9e swdllydrhhe
slit die (22) to generate an extrudate (26) as the piston (20) 20 packs the

pol ymer residowmterial in the barrel (18); pulling the extrudate (26) at a
plurality of draw rates with the pulley nechanism (28); collecting a sanple
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the rheoneter (12) .and repeating the, ste of fillin acki ng, using,
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addi tigpal speat.d ¥ fartéitd 10dfions on the first half 34 and the second half 38, connect
each half together. In addition, both the first half 34 and the second half 38

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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10% & () - f 10p4t&'séttirigSst 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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the shear rate at 70 and repeats steps 58-66. After collecting samples at all of
5 the different draw rates and shear rates, then the designer uses the processor
to form design charts at 72 for designing the die opening thickness and the die
opening width. In this invention, a commercially available spreadsheet -
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 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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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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measuring the thickness for each sample of the extrudate (26) obtained

at each of the plurality of draw rates; and

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,

5 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 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.

15 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.

20 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

ABSTRACT OF THE DISCLOSURE
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swell/draw down information of a polymer resin material in two dimensions
5 in the thickness direction and in the width direction. A processor (33) uses
the die swell/draw down information to generate a die design chart that
contains representations of shear rate, draw rates, and thickness. A designer

uses the die design charts to design a profile extrusion die.



