.-WWD 2004/ 050331 PCT/ US2003/ 033310 METHODS AND DEVI CES FOR STRETCHI NG PCLYMER
FILMS Field of the Invention CGenerally, the present invention relates to
met hods angodeogsesif or stretching polyner filnms and t hedrdysezabdiapned by
"t he nmet hods and devices. The present invention 5 also relates to nethods
and devices for stretching polymer filns using an adjustable or
zone-defined stretching region. Background of the Invention There are a
vari ety of reasorMETSHGRS ANhDEYICES FOR SETBETCHING RORYMER HhMfhce or
generate desired nechanical, optical, and other film properties. For
exanpl e, polymer 10 filns can be stretched to provide a desired degree of
uni axi al or near uniaxial orienta properties. In general,
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perfect uniaxial &Ll | . ' ' . jn a film
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requi red and sone degree of deviation fromthe optinal conditions can be

al l oned depending on a vari et yB%#MQhém&ﬁng t he end-use application

of the polynmer film In optical applications, a uniaxially oriented film can

provi de useful optheEAre pvatishfarasprsdo strivh polymes filme nSrdehing ranreahanggee across

a variety of _ di | WM. y ' benefit
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plurality of gripping elenents to hold oppgsing ends of .a film _opposing
tracks al on PE%@P@%’&%W@W’@M&%MW&@&WQ#%@%%I@ddW&“?Pt | east
one track sh : ' : ' Al diekdR (YorSt r et chi ng
region in which t ?%‘ﬁ“ﬁ“@k?“i%%‘%ﬁ? %iéigg’éﬁﬁpaﬁdg%ﬁ%%%g W Steb bR tor

15 example, along the length (L) direction of the film) is different from the indices of
refraction in the other two directions. Typically, perfect uniaxial orientation is not
required and some degree of deviation from the optimal conditions can be allowed
depending on a vgriety of factors including the end-use application of the polymer film.

In optical applications, a uniaxially oriented film can provide useful optical

20 properties such as more uniform performance across a variety of different viewing angles.

Other applications can also benefit from uniaxial or near uniaxial orientation of a polymer
( film. For example, uniaxially oriented films are more easily fibrillated or tom along the

. orientation direction.

Summary of the Invention
25 Generally, the present invention relates to methods and devices for siretching

polymer films. One embodiment is an apparatus for stretching a film. The apparatus
includes a plurality of gripping elements to hold opposing ends of a film, opposing tracks
along which the plurality of gripping elements travel, and at least one track shape
controller. The opposing tracks define a primary stretching region in which the tracks



generally diverge to stretch a filmheld by the gripping el enments. Each of
the opposing tracks in the primary stretching region includes at |east one

cont i nuoygohaddosessiendi ng the length of the track throgghnishszesizig Y
stretching region. The track shape controller(s) is coupled to at |east on€e"

of the continuous rails wthin the primary stretching region and is 5
capabl e of applying a. force to the continuous rail to nodify a shape of the
track in t generglyi diverge te tstreftican filng held by the gripping blememtsbBathof itte apposingmet hod of

stretching .,a fi.l musing this.apparat I n, the net.hod at.. |l east gne of the
track shapémglﬁsﬂ? ?%IH“EPSY @M@%ﬂ’%’&%ﬁw%w oge ?05‘&'3%"'?5“]61?’{%7@’5@&3 one of
the conti nugipth dfahd tack Shrbiydh the pim&y 3R&ckMg REioh CTR trRShaPe chitfolleF(@GKS. The
opposi ng 10 ends of the filmare gripped using the gripping elenents. The

filmis corfounletiost loat ongef the,postiznons rails sdthin the primary g Togionapd i ng

regi ong Th ' i { At hi DL [ regi on.
Yet an(SJt hefca%%é(;gg iaﬁ%l#[ﬂﬁ ?‘?‘%@%ﬁ%ﬁ%@gﬁ' rl&J ?tﬁ) rdléf? %%&i%ﬁ&‘% H@%@ﬂﬁg appar at us

i ncl udes a pimaredtictchingfregyon. ppi ng el enents to hol d opposing ends of a film
and opposing 15 ,tracks .al.ong, whi ch. t lur.al i of. L ppi ng, el nts
travel . The opp&?ﬁﬁ’ﬂb&mg’ﬁg‘ﬁm &ﬁ_g?tﬁﬂ? a B?‘Eﬁ“?fgﬂ%w‘g‘i“ﬁrﬁ. whi ch the
tracks genghghddat HartOne 6f the tradk shk tréliekd 15 BetivilteR Yo Appey a SbkdeRPhtNekse! ement s.
The primary stretching region includes (i) an initial 'stretching zone

conf i gur ed amaef te continaenssailsith modifyi @ shape bf #deagt one of theraghksa Fhe erppging MDDR) and

h ' ' i Q. (. h
Fol | olPng 2005 &84 SEEkk B RAnk Be iy Fphent: 6 B b donlch bl e BT L1
| east 0.5; opposidg trackstolikd wrimay sedicHingggionnEhecfiinf is dien atletelred withirthged so t hat

VDDR i s appr oxi rrate:é ECElJa| to (MDR)-"2 and TDDR is increased by ( at Ie(a’s)t
0.5. Anoth 8%t he met hod of stretching the filmusing this -

appar at us. 25 St} inoePbiBddiRei 6k Bpphratl for BRetbiINE M iin® NTHeSappazils hod f or

stretching a film _ The nethod includes conveying the filminto a stretching
regi on. Thenglndeap phualifeef grippingclementsdo hold epposing cadsiaf afimand epposingnsi on of

the fil.m by, [ . i . ' dges of
the f ilkm al%‘%fése“g‘%“%e?%ﬁa@e ﬁ%%%&ﬁ%éggﬁg&eﬁgx g%'n’g%a‘}dggs Qgcf%gpér;ﬂélegat hs are
conf i gur ed. printsly stfetohingeepidinwidsh e trackspenetrally diliergedd steatcholr fitwt Wekd byothé VDDR)
and a 30 tranpsyverse dirgction draw ratio (TDDR) hased. .on thEiIl at hs havi ng
the foll mepmggegpp%.nfpﬁwstmchmgregw includes (1) an mshal stretc Bzonc

configured and arranged so that the machine direction draw ratio (MDDR) and the
transverse direction draw ratio {TDDR) based on the tracks have the following

20 relationship:

MDDR < (TDDR)?

and TDDR is increased by at least 0.5; and (ii) a later streiching zone configured and
arranged so that MDDR is approximately equal to (TDDR) ™2 and TDDR is increased by ( )
at least 0.5. Another embodiment is the method of stretching the film using this apparatus.

25 Still another embodiment of the invention is a method for stretching a film. The
method includes conveying the film into a stretching region. The film is then stretched to
increase a transverse dimension of the film by greater than a factor of 4 by conveying the
opposing edges of the film along generally diverging paths. The generally diverging paths
are configured and arranged to provide a machine direction draw ratio (MDDR) and a

30 transverse direction draw ratio (TDDR) based on the paths having the following
relationship:



‘WO 2004/ 050331 PCT/ US2003/ 033310 NMDDR < (MDR)-12 during the stretching. The
paths can be coplanar, if desired. Another enbodinent is of the invention is

a method f Qg soafeidssi ng @ film The method includes convgytbehdodgsssid minto

“a stretching region. The filmis then stretched to 5 increase a transverse
di mension of the filmby at |least a factor of 2.5 by conveying the opposing
edges of the filmalong generally di verai ng, copl anar paths. The generally
di vergi ng paths are confi guiMPDRan@dTDR)}fAged to provide a machine direction

draw ratio MDDR) and .a trgnsverse directiaon.dtaw ratio (TDDR) based on the
pat hs havi ng(df’ﬂ‘éBa‘Fg‘F%‘if}W‘% QF‘EPMHPE‘Q‘?“’fgd%Bg < (TDDR)'12 1 / (MDDR X
TDDR12) < 2 ~. dukbthér dritddinidnfls @R ibeGnveri®dn id B aled fendaedhmBatinaf Thée

invention is a method for stretching a film The nmethod includes conveying

the fil m int enathosineluden cortyeyingthe dilm e a piretehingregionn The film isithen stretchedzo

I ncreaseca tr. | Lop O ' east f 4.6 by
conveyi nsg t héﬁ%%%gé?%gsg %Ig%@%elgﬁont#éﬁ %@ﬁnﬁaﬂeﬁé a?%%%ﬁ"???ﬁa@ve"'ﬁ’%gntg% copl anar
pat hs. The gapposilgedgesdiferfiimaiorngaeingaibrdivesging, icoplamd pathel Hiergengally t o provi de
a machine dirgction draw ratio nd a fransverse direction draw ratio
(TDDR) based %WW%%@%W@W&%W%% BRAC P_E%ﬁ%ﬁ‘i'f”bé‘.ﬂ“?@“@. 9 * MDDR
< (TDDR1l 2 1 M@@ﬁd&ﬂ%@hh&ﬁgndﬂwwﬂm%ﬁt&%@%m%ﬁmﬁmd' ment  of
the invention is a nmethod for stretching a film The nmethod includes

conveyi ng t hdollawing relationshipst r et chi ng region. The filmis then stretched by

25 convgyi ng the opposing Sk 2 Iljﬁ.ﬁzi | m al ong general ly diverging paths.
The geneérally diverging paths ar con*igured and arranged to conprise (i)

an initial stretching zone 1,MDBR IDDRIBHe2al |y divergi ng paths have a
ft(n’ctional formcorrespanding to +(x)/(xi) =(1/4)(x1/x0)(y/xJZ + 1 and (ii)
a‘ater stret &8‘3 erein the generally diverging paths have a

functional 30 T oK &RiHe? SRBEHHNEE of the invehtionds a methbd for(stedicHifly b GHa rhe2) 2 + 1,

method includes conveying the film into a stretching region. The film is then stretched to

15 increase a transverse dimension of the film by at least a factor of 4.6 by conveying the
opposing edges of the film along generally diverging, coplanar paths. The generally
diverging paths are configured and arranged to provide a machine direction draw ratio
(MDDR) and a transverse direction draw ratio (TDDR) based on the paths having the
following relationships:

20 0.9 * MDDR < (TDDR)'?

1/(MDDR x TDDR?)<2
during the stretching.
( One embodiment of the invention is a method for stretching a film. The method

includes conveying the film into a stretching region. The film is then siretched by

25 conveying the opposing edges of the film along generally diverging paths. The generaily
diverging paths are configured and arranged to comprise (i) an initial stretching zone
wherein the generally diverging paths have a functional form corresponding to

Hx)(x1) = (V)i/xo)(yx ) + 1

and (ii) a later stretching zone wherein the generally diverging paths have a fimctional

30 form corresponding to |

Hx) (%) = (LAY xo/xo)N(y-AYR2) + 1,



3 WD 2004/ 050331 PCT/ US2003/ 033310 where x2 and xi are different and Ais a_
y-axis offset. The above summary of the present invention is not intended to

descri be l.scl osed enmbodi nent or every inplenenta resent

i nventi orﬁs%ﬂ‘g"’g{’% res and the detailed description m?’?ﬂﬂﬁsg‘i"r“@%%ﬂr@
particularly exenplify these enbodiments. 5 Brief Description of the

Drawi ngs The invention may be nore conpletely understood in consideration of

the fol | owWyige IS4, 8f dESEAtaRd WGP Qfaxi¢dfkUs embodi ment s of the invention
in connection with the acconpanying draw ngs, in which: %ure lis a

schenatic top w’é’WaBPV%“Wa@fOféMPIP@m@VW&B%E@&EWﬂG%@dF geachtretch film

FI gur ge[z)l IC'[SCGHSc In Ié—ﬂgur e@oﬁb%ﬁ&eq]or e doggp%hgé etséx:hm‘)e tret %B ﬁ&s%%&esgr oeese

F| gure i sthe dethidakdesirptiomwhich doliosgmere ppsiceiadpexbinplifit thessembedipents. of t he
present invention; 15 Figure 4 is a perspective view of a portion of filmin

a uni axial stretching process both before and after the stretching process;
Figure®% is a schematic il uSriefiDeswingion ofithedhiawinasent of the stretching

process and one rrbodl nt of a stret at us ccordi to the
present i nvent| ge % ¢ goeLomp e'ﬂ’&?’lg@oé ‘hfr%’brtion of a
stretching m&&%tdéﬁlle&@&&iﬂﬁoﬁﬁﬂ'&ohganw&ﬁﬁﬁ oﬂtﬁé’ﬂﬂéﬂtﬁﬂm&mﬁbﬁﬁﬁn %ithS an end
view of the apparatus of Figure 6; ( 7) Figure 8 is a schematic

i | | ust rat i ofhe@ecompauaying Gawisgs,imehichacks of a stret chi ng appar at us
illustrating on Iy E{ﬂgh@g? fpEahR wothe 25
stretching appare%?ﬁgqgéccorémng ttg%we %\%{1 I on rgure | s a schematic
i 1l ustiati ostradéh filme enbodi nent of adj ustabl e tracks for a primry
stretching regi of .a stretching appar at us car to, the invention; , ~
i gure 1001 5 o oednad STReCti T Bhp briost Mg oAt SEPRSESS ake- avay 30
system for gepidtéEinTiguid)] BHR BERid dndAGEOhE stifehiny préRsd; nvent i on;
Figure 3 is a block diagram showing steps according to one aspect of the
present invention;
15 Figure 4 is a perspective view of a portion of film in a uniaxial stretching
process both before and afier the stretching process;

Figure 5 is a schematic illustration of one embodiment of the stretching
process and one embodiment of a stretching apparatus according to the present
invention;

20 Figure 6 is a schematic top view of a portion of a stretching apparatus
according to the present invention;

Figure 7 is an end view of the apparatus of Figure 6; (\’j

Figure 8 is a schematic illustration of a portion of the tracks of a stretching
apparatus illustrating one embodiment of a pre-conditioning region of the

25 stretching apparatus according to the invention;

Figure 9 is a schematic illustration of one embodiment of adjustable tracks
for a primary stretching region of a stretching apparatus according to the
invention;

Figure 10 is a schematic illustration of one embodiment of a take-away

30 system for a stretching apparatus according to the invention;



4 ‘WD 2004/ 050331 PCT/ US2003/ 033310 Figure 11 is a schematic illustration of
anot her enbodi nent of a take-away systemfor a stretching apparatus

accordi ng t gydhgododysption; Figure 12 is a schematic ill usﬁéi‘fl}%%s@&ss?u third
enbodi ment of a take-away systemfor a stretching apparatus according to
the invention; 5 Figure 13 is a schematic illustration of a fourth

enbodi nent of a take-away systemfor a stretching apparatus according to
the invention; Fi gFigrel¥ ik 8 schefatieiRbtrdtion bf sftleftnbali@éntaf b takbawaybodi ment

of a take-away systemfoyr, a stretching, apparatus_ according to the

i nvention, Fi g“éﬁt@}; 07 7 sireighing ARRAEANISACEP F&iﬁ’i“ﬁfﬁ“%ﬂﬂ; anot her enbodi ment of
tracks for a 10 PIHGIR % i§h SHmAlOMseloRdr Pihid chibbhichi 419 ARARIA! US

according to 'the invention, gure 16 1s a schematic side crosS-sectional

vi ew of one ersystemfenst strofchi@s appardtes agperdmgte e linvehtigre control unit for a
stretching apparat gs_acgar di t e Jdnvention: Figure 17 i.s a schematic
illustratlgon of Onﬁ%lﬁhb%&fs%g%mgﬁc@ngg&@o@gmggyg{ngﬁ%&%%%ﬁaxg to the
i nvention, f orsysisinifor d shetchiBp appefdtinl Rcordingadibe idvetivk st ret chi ng apparat us
such as that illustrated in Figure_ 1; Fjgure 18 is a graph of exanples of

sui tabl e boundary FfBfetdisqsehemets illystration ohp B empedimeR Pt p &kedivagf a
stretching ap%%q&%eﬁﬂgg&a}%&goﬁﬁ%%;hb%ﬁ&gure 19 is a graph of
exanpl es of suitabl e boundary trajectories for a 20 primary stretching
regi on of a stret cHigue Hipaschiemsticimsikationgf anpthen embodimentiof tracksifonast r at i ng
t he use di fferent retching.regions wth different. .parabplic

confi gur Caibl on %fﬁ% rf%%gfgarsg%kf%ﬂ’lg a@?‘ﬁ%ﬁf %cé’orgfnggﬁﬁgé%‘fegg%undary
trajectories for aFigud IGig Y scHehRitic bilde Grossg@ttivhaD¥iew of briccdntHaitingen@pipar at us
acc@rdi ng to the invention 25 including boundary trajectories that are

li mear appr oxi sk s tragk shape centol pit 1o 8 sirgiching appagalie a¢pording 1o theyr abol i ¢

boundary traj qﬁ{,&ﬁjﬁs; Figure 21 is a schematic view of a portion of the
track and track shape control unit of one enbodinent of Figure 16; and
Figure 22 is a schdigure L7 isinechepfatic ilwstrationpf ond embodimanhef 4 akeéwaynd track 30

shape co 5 ol slfrgtleltn, Qc‘l:m‘a&% t§ H;g %j\}en orllmt, foc%fusﬁlg %,J ot e;fa6mple, a conventional

stretching apparatus such as that illustrated in Figure 1;

Figure 18 is a graph of examples of suitable boundary trajectories for a
primary stretching region of a stretching apparatus according to the invention;
Figure 19 is a graph of examples of suitable boundary trajectories for a
20 primary stretching region of a stretching apparatus according to the invention
illustrating the use of different stretching regions with different parabolic
configurations;
( Figure 20 is a graph of examples of suitable boundary trajectories for a
prinimy stretching region of a stretching apparatus according to the invention
25 including boundary trajectories that are linear approximations to suitable parabolic
or substantially parabolic boundary trajectories;
Figure 21 is a schematic view of a portion of the track and track shape
control unit of one embodiment of Figure 16; and
Figure 22 is a schematic view of another portion of the track and track
30 shape control unit of one embodiment of Figure 16.



5 1 WD 2004/050331 PCT/US2003/033310 While the invention is anmenable to
various nodifications and alternative forns, specifics thereof have been
shown by nple in the drawings and will be described in detail. It
shoul d be“ﬁr?a&fmgﬁggd, however, that the intention is noft SEF¥IH{%33Hhe
i nvention to the particular enbodi nents described. On the contrary, the
intention is to 5 cover all nodifications, equivalents, and alternatives
falling within el ivintiids S6R6e 8 varbBEmbiKERbhOkhd defald scription
of the Preferred Enbodfﬂrvrel}lt The pr egen¥m| nventi on %@&Ee mveﬁﬁe

appl i cabl e specifiesttherenf havaibegn vhavasby way of sxamptle ini theydrpwingsend Willkes and t he

filnms made ysi t nd deyi 1IN additi . 10 . present
i nvention i%’*ﬁfﬁ%ﬁ%&"?&pﬁﬁéﬁ‘ﬁ%aé’“ gerr%o%lg@?v%eevgr ’ %?Jmétm ﬁéel}ugﬁi}sn%&goglf@  films
]E_h?t i ncl ug'ﬁvaiﬁoﬁtﬁ tﬂspgﬁ&ﬂm&ﬁiﬂﬁn’da&cﬁ&?ﬁﬂgb gdﬁim, ﬂﬁghteﬁﬁo#f[m pol yner I
ilms can be stretched usin ese net hods evi.ces tp _achi eve uniaxia
or neaf uni%¥FLAllTBe gps, pivalongs, er?%&%ﬂm@eéﬁﬁﬁm*?c%°%an al so
be used to geklivefpmnOt her orientation conditions. 15 The present invention
is applicable generally to a nunber of different polynmer filns, materials,
and processes. The present invention is believed to be particularly suited

to the fabrication of gjhltmrpgari#'mofftﬁémfer}'m,ggwlggﬁt and devices can be
used, if desired, to make optrcal T1111s ) I'THs having one or nore
properties sel ecCihegresensmventiqis belitverbioibe appliseblé tametheds and deviessdet opt i cal
properties, _,nerea ensl 2Q fractur # ay _in controlled
manner or dﬁegcﬁniggﬁﬁgzgg a %%‘g%ﬁ}%’ﬁg}ﬁgﬁ‘éﬁ"?%’%‘ggﬁ%ﬁ%ﬁ%ﬁb%wgr %ﬁ%%o&sabi lity,
easi eriomanutha iessnditivention is difedted Gy mEthcdsdnd M ces forngreschialg polymgt filaglthdti | s
made using conventi onal K net hods angd deyjces. A variet optical filnms ca
be st r et chetteBfle Hadptalecs Foneritying SRlhmR seon, Themlé(ﬁiérg 5 ORRLEf i | 15 can 'be
single or mMyeidhed @R théde niBhodPhid R8s tolabKiBvetinixihl SiCheas@flaxidl QhentdonXxanpl e,
in US Patents Nos. 5,699, 188; 5,825, 543; 5,882,574, 5,965,247, and
6, 096, 375; Hdesip&TTIRamethedsapg devices camalsorhetisedlatackievendker ovgnigtim] 7303; WO
96/ 19347, dl%%{];6812; and WO 99/ 36248 (the entire contents of each of
whi ch are héerern rrncorporated by reference). The devices and net hods
descrilsed her ei rTherpedsenténvemiveoy epptiohlde genewllly to omenbeoof differentqiolyaies to t he
devi ces andﬁ{;gf ngtggalsd,eag 1:\1'oct=rI besggsl. n‘I‘héJ prSesenE %%gni?:llon?\splg)e ‘g\ge tté; gggarﬁculaﬂy suited
to the fabrication of polymer optical films. The methods and devices can be used, if -

desired, to make optical films or other films having one or more properties selected from

hni:roved optical performance, improved optical properties, increased propensity to
20 fracture or tear in a controlled manner or direction, enhanced dimensional stability, better
processability, easier manufacturability, and lower cost when compared to optical films
made using conventional methods and devices. - (j
A variety of optical films can be stretched or drawn according to the present
invention. The films can be single or multi-layer films. Suitable films are disclosed, for
25 example, in U.S. Patents Nos. 5,699,188; 5,825,543; 5,882,574; 5,965,247; and 6,096,375;
and PCT Patent Applications Publication Nos. WO 95/17303; WO 96/19347;, WO
99/36812; and WO 99/36248 (the entire contents of each of which are herein incorporated
by reference). The devices and methods described herein include improvements,

additions, or alterations to the devices and methods described in U.S. Patent Applications



6- WD 2004/ 050331 PCT/ US2003/ 033310 Serial Nos. 10/ 156,347 and 10/ 156, 348
and U.S. Provisional Patent Application Serial No. 60/294,490, all of which

are incor pojeieldaesgi n by reference. Filns nmade in accorq,gjm ﬁdgﬁﬁe

present invention nmay be useful for a wide variety of products I ncluding,
for exanple, polarizers, reflective polarizers, dichroic 5 polarizers,
aligned refl ectivel/dichroic polarizers, absorbing polarizers, and retarders
(i ncluding z- Smal;Noseﬂ%ﬁﬁﬁ@)and'l[hﬂSﬁ,@#&nﬂrU 8 i hrowisiosal Patentéypyticatidai Seriak No.

nmul tilayer p fid neric fil s al so conprise | ayers of

i mmi sci bl e blwt‘tgﬂ “Tr}sa‘fhr‘ﬁ-[' {‘)’F?:‘ﬁ ?‘W&y&fgﬁx‘és di ffusers or diffuse
reflective polari mmﬁﬂ%hao%&dd@%%thhﬁéjprbﬁnﬂn&nnofﬂia9%&seﬁ9$m dwiag3, 120;
5,825, 543; 5,867, 316; 6,057,961; 6,111,696; and 6,179,948 and 10 U. S. Patent

Appl i cati ons Rty Praducts moluding, fonexampi. elizEs, Tlloctivel polesizetsdighroisr o

i ncor por at ed h;mg@ Bﬁn? coati ngs
or addltl%onalmﬁ :a{%n ﬂeﬁé‘?ﬂg@% pr ?%ﬁﬁ#sbdeﬁgtg})%hkr a %g’r %%ﬁaﬁfy Exanpl es
of sone sui ta(limiudmﬁ vaigstasdens)) a‘heptﬂymereﬁlnlesmbebmaiﬂﬁdgbﬁnul%ya@hhm

6, 368, 699, rp d her gi n ef erenc .sone the

ol ymer 11 I SRt LAARSER f STV, 0 SPP R MR LI Peds T

extrudabl e or gRithliefects RA as Wifuers 61 cﬂff@éalraﬁebavmlﬁizexﬁemﬁas&a&lﬁehm Uls<e One
exanpl e of a useful construction is a Héer of poI vi nyl al cohol

(PVA) that i sPateyiies. 8r83.h20; 5f&2f545ﬂ3 é,&j'i 3&6&5@& 9éh, &hd 696 andcl <9r94§enrbr after
stretchipg thgd PLtQﬁtAUinh& 9&‘711 RADS/86 456, gh%gg}ﬁﬁg%cm oi ¢

pol ari zing | ayér oug an |o ine’stalning, acl ration or dye
enbeddi ng net hnoboraféﬂ bersinlhytrefatencarethese olyinfer ﬁhnsacanmmlhdetdohmngﬁ bt sditional 20

nmuf til ayer copstr ton 0 aptical ect e jpower, | e
Y Bl e ClaSiyh el e Proided bore e iR | el o S50 HablE Simetag 2
Patent No. 6, ihglé's &b Hescyibedin U.S. Pammbm;;at@d ih@rpdrited Herblvy réfBefee. Gne

application of the particular filns the invention is as a conponent in

devi ces such 8ame qmhodinestspthe po eaﬁ@m@uqs ﬁmqlpﬁleﬂémselﬁmmtmc anwelear

rojecti smn %‘gﬁ m?ege se?]gm dlsla
E)f oJr exargﬁbl ey qwalge §/ﬁfea1aw§é (ﬂ@rg m Cl’%dl sp It S *)g fso Be g
not ed t hat thes&ﬁﬂcaisuhmondesﬁhmwaﬂaﬂnybmﬁpn}yvmakﬁmhdb@d/e&)ﬂﬁhs ﬁ)hmdmnethent

i nvention ma e used,wth, a.length orienter.to e m.t.ror. ., I n general
the grocess 1 lf&e%“?ﬂﬂé&%%ﬂ%l’ ??Pﬁﬁﬂfﬁﬂﬁe&@*ﬁﬂgezﬁﬂ’ezg}el%‘;éﬁ% REIPOSIRS or ence
to three nut Uﬁiobéésﬂtbhﬁﬂ%&hr@%%&laﬁm ﬁs;aoaglltmgugpmh&nmmm?a&urectlon

(MD), 30 the transverse di rectlonetﬁ and the normal direction_ (ND).
These axes cof¢hydpteriondye embedding methods. The substrate may itself be a monolithic film or a

20 - multilayer construction with or without optical reflective power. Examples of PVA films
suitable for use in this construction can be found in U.S. Patent No. 6,113,811, which is

incorporated herein by reference.
( One application of the particular films of the invention is as a component in
devices such as, for example, polarizing beamsplitters for front and rear projection systems
25 or as a brightness enhancement film used in a display (for example, a liquid crystal
display) or microdisplay. It should also be noted that the stretcher described below in
accordance with the present invention may be used with a length orienter to make a mirror.
In general, the process includes stretching a film that can be described with
reference to three mutually orthogonal axes corresponding to the machine direction (MD),
30 the transverse direction {TD), and the normal direction (ND). These axes correspond to
the width, length, and thickness of the film, as illustrated in Figure 4. The stretching



the wwdth, length, and thickness of the film as illustrated in Figure 4.
The stretching 7 | WD 2004/ 050331 PCTI US2003/ 033310 process stretches a
region 20 of the filmfroman initial configuration 24 to a final

conf i gur a0 033the machine direction is the general dGT&R20GAH331B8ng whi ch. .
the film travels through a stretching device, for exanple, the apparatus as
illustrated in Figure 5. The transverse direction is the second axis within

the plane of the filmand.is.ort.hagonal ta he.machi di rection. The

o nal - di r SRPTR ot gign 20 B s g s el PR P 2 Bincs. gener al |y
t]? t he thi c&hﬁg&aﬁﬁ;mﬁnﬁihemaﬁﬁnéh’ﬁecﬁausmgehéxhrﬂjr&ﬁ@mmgawhiehwehiﬁﬂc]t( Fli agram
of a process agccording to . the present invention. In step 30, the filmis
suppl i ed or%&ﬂ“&%@al%rem fara ?Isex?tﬁ?@ég?ﬂlpéﬁpﬁﬁsﬂﬁ'éﬁ%qa%mﬁiﬁes' process
optionally ﬂ%ﬁgﬁﬁse%f?&tﬁﬁ%‘ﬁbkéﬁﬂdﬁﬁsm&’@phnﬁfb%tﬁc'ﬂlﬁ‘dnaiﬁ@hﬂh%%&ﬁ%_ In step

34. The 10 filmis optionally post-conditioned in step 36. The filmis

removed f r ofe maehing ditaction. nthe ngppel diredtioniypriogenad® both Ml anddID midyst r at es one
enbodi nent of | . invention. It wll
be recogni zée)oaref?lf?z@g%@6?%@%@@%%%&8%%%@8&?%%@'can be acconplished

using one or norigaediisd Klodd diggnn ohi pdess acdaling th e Présent ihaintba. 'ig appar at us
15 (which at a_m.nipgum perforns step 34 of Figure 3),. These one or nore

addi ti onal Steihifh figfilmds sypplisdgrproyided 4o anapparapgs fonsretching thefdme %y f uncti ons
f | uses .
(for exanpl froedsk! hﬂﬂ?mclﬁ@éﬂ&?g&gﬁtﬁm%%% T il 4s strefehdd'f 5%2)34' Tigistrated

in Figure 3 and shown“in Fig as b erformed by a stretching

appar atlus. film islopti¢rially post-aonditionsth brkitepsi®t The filin garemoved frowe thespretelingis | ncl udes
a region 30_whe 8 0 §§1e film40 is introduced into the stretching

appar at us. FPE ah be provided by any desirable method. For exanple,-.

the filmcan be Kifae8lagirates énerepibbdidientifasrefchihg uppachtisubd mefHodvf thed t o ( J
stretching apparatus.._As another, exanpl e, flhe stretchi ng apparatus can be

confi gured {Dﬁel?t@EeIt\?@uPﬁE"cPﬂiW@%H%emcéﬁi ’%ﬁ?@?ﬁd{’yﬁ c@Pnpl e, the film
i s gener at eghB¥nlidhdd hatdd Gi3 oR Bidrd £RGGNA AppatithRh Gph? Gold Berchhl ARy O a

coater (if, for exanple, the filmis 25 generated by coating or is ready for
stret cli ng &fhicdrat pgunimpnnperiomas gep HoofdFigwead)e Theseyane oF more additionali nat or (i f,

o TP eyl S50 e oA Hid G S i 577
present ed i fepredgitedby3fepé 80,30£3604nd 138) Biugiratad(ih Fipureeddrshown in Figure 5 as
being pérformed by a stretching apparatus.
In the illustrated embodiment of Figure 5, the apparatus includes a region 30 where
20 the film 40 is iniroduced into the stretching apparatus. The film can be provided by any
desirable method. For example, the film can be producéd in a roll or other form and then
provided to stretching apparatus. As another example, the stretching apparatus can be
configured to receive the film from an extruder (if, for example, the film is generated by (’v
extrusion and ready for stretching afier extrusion) or a coater (if, for example, the film is
25 generated by coating or is rea&y for stretching after receiving one or more coated layers) or
a laminator (if, for example the film is generated by lamination or is ready for stretching
after receiving one or more laminated layers).
Generally, the film 40 is presented in region 30 o one or more gripping members
that are configured and arranged to hold opposing edges of the film and convey the film
30 along opposing tracks 64 defining predetermined paths. The gripping members 70 (see
Figure 7) typically hold the film at or near the edges of the film. The portions of the film



that are configured and arranged to hol d opposi ng edges of the film and
convey the film 30 al ong opposing tracks 64 defining predeterm ned paths.
The gri ppi RgoIByEesss: 70 (see Figure 7) typically hold theppichigdbngisigear
the edges of the film The portions of the film 8 W 2004/050331

PCT/ US2003/ 033310 held by the gripping nenbers are often unsuitable for use
after stretching so the position of the gripping nenbers is typically

sel ect ed t o pheld/byithe gripfing memberg aicpfiom ubsnitatflé forntemfieparetchingsb tiet wisitiog Whi | e
controlling t ampunt of waste materi.al generated.by the process, One
exanpl e of sult ROFPPHIS BEER °§?l§s I?féﬁd&ﬂg?@eggrﬁ%gt%ﬂ’ ‘%Lﬁﬁgﬁ’?ﬁ’at 5
sequenti al | y gdninft sirétchihg Whild@intoBing GRSkt atfBiaPgttletaltd by tlicptedesar ound

a-track. The gripping nenbers can nest or _ride_in a groove or. a channel
al ong the track. fawpleof sHsble eripping members yucludas 4 seiies piplips thake i m

bet ween apposj ﬂenlﬁFlh . gg,eelp‘gpp@s- ' d ,
directs ?he f%elam a O)%]% 1t Eghhegck. B Itsﬁgidéﬁtgﬁsgg%gﬁ%%?d%m%&egiﬁ?%d,ﬁgrovi de
a flexibl e angrippmpiheniErscanaestoerile inargrooveons chanhél mlopg thedyeakc Anatbethani sm A
variety of 10 o sin mul t i pl | & t.hods are described, .for exanple, in
U5, it ent - ngragiss §Bets et Bhofd e 5 PEREn Rbroni3E HFIR B A ALA PR Ton No.
0236171 Al (1t beéitsoftrédds, 20 diredtd the Gim aRAE the MackMBeR ard tRadltdaf) if désive@ppsiddt ed by
reference). The tension of belts is optionally adjustable to obtain a
desired | evel 2 8exiple apdheaninuons, xjsemizongipnqus,dim qgaveypnse meehapism. ndvanstyef  For
exanpl e, be - . ' 30S @ e

ui T abi 6 Ber't iposiif sfifle BAFRARbI e ddcRRAShY iRy in GRTPAKATRL 5.08175
support hi gh ten$nmpeznthtent Application Byblicatishn N, 8236 At Al((the pntire icdmeninofl

gripping. Ohe elts can be, used. . ln sane di.ments..t.he belt .includes
di scont i nuous® ﬁggﬂiﬂfﬁm}#ﬁ%‘?‘a‘@% §VF°3E?W§fb%°ﬁW°H€fRE}G§SS?%°3?‘;‘Yppi ng and
conveyi ng t headjhstibid tarobtagha desiiéd Vel REgrigpngg. Known 20 and maybe used. In sone
enbodi ments, different pqortions of the stretching apgarat us can use

different types ofA§eRprsinsanhemadeoct any materialy Fop , 8 beltpanhe aqoppesitec an pe
di rect edysl on fra &I . | y N al ong
t he tracEﬁw’t tﬁgmgﬁ"l gg?%amrég fears cotphe]géht?((i)eg?ﬁgmc 3%%%%%‘@%%%?5 are
connect ed t o as shel, e suppext highitensionland aw outeriayes of dlastcape brpravide goodegrippimp. of 25
the filmas it s nveyed through the.stretgchi ar,at us. Rol |l e can

al so be used WP%%&%M%WS&CM Ieug’ﬂémé’ﬂrﬁéﬁeh%‘?gﬂaﬁ es flppam ?'Fptfeﬁé; nbers.
The bel ts andpioRide@bsd gidipirigonal |y include interlocking teeth to reduce or

prevent slippage between_ the belt and .
Other methods of gripping and conveying the film through a stretcher are known

20  and may be used. In some embodiments, different portions of the stretching apparatus can

use different types of gripping members.
" Gripping members, such as clips, can be directed along the track by, for example,
( rollers 62 rotating a chain along the track with the gripping members coupled to the chain.
The rollers are connected to a driver mechanism that controls the speed and direction of
25 the film as it is conveyed through the sireiching apparatus. Rollers can also be used to
rotate and control the speed of belt-type gripping members. The belts and rollers
optionally include interlocking teeth to reduce or prevent slippage between the belt and
roller.
Figures 6 and 7 illustrate one embodiment of the gripping members and track. The
30 gripping members 70 of this embodiment are a series of tenter clips. These clips can
afford overall flexibility via segm.entaﬁon. The discrete clips are typica11§./ closely packed



_
roller. Figures 6 and 7 illustrate one enbodi nent of the gripping nenbers
and track. The 30 gripping nenbers 70 of this enbodi nent are a series of

tenter clyBSosddgsg Clips can afford overall flexibil Wﬁ@éjﬁ‘&@@%@?&t ation. .
o .

The discrete clips are typically closely packed 9 +0 -
PCTI US2003/ 033310 and attached to a flexible structure such as a chain. The
flexible structure rides along or in channels along the track 64.

Strat egi cal dnd aRhch6@fh LexbltRchitd Bushid Adam. TRe ReAbR sthRiR ridbdBodELRti®r Cl i ps
at desired points. The clip and chain assenbly optionally ride on wheels or

beari ngs orChPWIﬂqlw.thWIS%@ Steaipgicadly plaped cyms apd e prfaseyapepprd ¢laset er cl i ps
‘o i . ' . . >
outer rai | ot s B SDEREAMAEAR 1l bl P GRiGIEY AR dufleid B0 NG

outer rails. In part, e edges of
t he gri ppi nigcarmegsioe (e likef iAsene exampls) theygrippige nfembeitsiaee ipntet ¢lips mobnieden fil m

that w.ll be stretched. .The tion of the grd.ppin nbers.along.the tracks
provi d&s amBBJﬂf{]l&oéﬁp? gé?ﬁ%ﬂﬁymgpmﬁod&ﬁ%é? : T%S? ible for
the notion pad, Alawingaftheithck.10 film OQher effects (e.g., downweb tension
and take-up devices) account for other _portions of the notion and

rra - .
drawi ng. The boJﬁ’G&ﬂ&eSP}[@FBﬁPm&mP@bWﬁ?ﬁ?&lalb?uﬂm&@fltﬁﬁquﬁl‘ﬁmfiﬂ‘q ed from
the track =Y kC - OF 100 %&E ?Wﬂpl e, the
effective e geﬁgt{‘m k?gggeetn- g'r ?%%ggﬁ(g{%tﬁgp%ﬂ’ﬁgﬁne béﬁaﬁ@%#e%ﬁ:?% er clip, can
be aligned 4tountlarptrejetthey tha ivg atfiedstinpartaespondible fordlie mbidort anddkawing oftheé . Thi s

surface thep coipcides with the 15 houndary trajectory. In actice, the
effectltaye e’t‘?%gd@g%’p@ WER IFBEPR ‘@%ﬁé t’wfﬂ%‘g 8®hy sl i ght
film slippagftidds@MHRmdtioR hdathwingOMhé BeRfary BejetiblyiPtypitallyBbRASly but these

devi ations can_be made small. |n addition, for gripping nenbers such as

tenter cli pidentified fiepghetrapk of Fril alongavhichdthe prinpping membeshwevel. or gxample. bounda(“r-Q
trajectory. qooRlds i ] ' ' Q&H | mat i ons
to the bou ntggr y t ?%f‘gg tog'rilf\e%dt%rr?g %ﬁpﬁéghse@?) g%/ g'gieang ﬁ@f ﬁ%ﬁeﬁgﬁeﬂ fdr)l at
| east sone tavh doki sama path at hsurfacgfithe todckar ciili Thissudacedhpn doincitss mith ¢het hat
one- hal f, d can _be no .nore.than - quart the tot I ni t.ial distance
et wed § hoPGBRE FRGTBSL AP b LEEBr e of bt ESRHR SeBPer R o oppost ng
tracks are giewhndbbotrdll byRESIRILARIpPARe FORJE AbR obf fr&f RAder BicSripping .

members, but these deviations can be made small.

In addition, for gripping members such as tenter clips the length of the edge face
can influence the actual boundary trajectory. Smaller clips will in general provide beiter
20 approximations to the boundary trajectories and smaller stretching fluctuations. In at least

some embodiments, the length of a clip face edge is no more that one-half, and can be no
more than one-quarter, the total initial distance between the opposing boundary trajectories
or tracks. ( j
The two opposing tracks are optionally disposed on two separate or separable
25 platforms or are otherwise configured to allow the distance between the opposing tracks to
be adjustable. This can be particularly useful if different sizes of film are to be stretched
by the apparatus or if there is a desire to vary the stretching configeration in the primary
stretching region, as discussed below. Separation or variation between the opposing tracks
can be performed manually, mechanically (for example, using a computer or other device
30 to ‘control a driver that can alter the separation distance between the tracks), or both.

10



25 platforms or are otherwise configured to allow the di stance between the
opposing tracks to be adjustable. This can be particularly useful if

different giganemdosfii | mare to be stretched by the appargipgs@isdsbafohere is
-a desire to vary the stretching configuration in the primary stretching

regi on, as discussed bel ow. Separation or variation between the opposing
tracks can be perfornmed manual ly, nechanically (for exanple, using a
conput er or ot her Sinsethedil®ds hejd by hwa ssis of oppdsinggripping membersiniaunted on

separation. dj gmg@ &w 4/ 050331

PCT/ US2003/ 03‘%@& | %%ﬁ%ﬁf%@ﬁgg%%d%n? 58 '?ggyp%%g%é‘{ ng gripping
menber s nount embodimenizpihssetcpjdctoniek are niihiar imagesabbwian MIP oaiterdinb ofithe dfayving
trajectories..ln at _ |east ,sone _enbodinents, these trajectqries are.mrror
| mages about S NBOREERIRIE. S PRSI AP AUTERDT VHESE ReF EABEIITEN: o
the opposi NY infags kfanpérRend 6dn BY UsERI inlpfdVadiRg a WtalioR (foOGmitipld] # bradieht BRI _
arrangenment can be useful in providing a variation (for exanple, a gradient

or rotation atipe phigingipel axeedy opepraREe epticalsr hyyikal properges agraps the film.
properties across ghen:f : t gé;:@g ' ﬁre@&@ ionally
I ncl udes a precon ,1_9“?%‘%%%&?@5?’0%5 tﬁggjptgg%ngTcﬁjfe%g enc g{sog%lgge {gltn oven
54 or ot her ajthataypacsilyis eaclossidhyrapwven 5 dretlter apparatdsi drarrangepertgabeat thoen f or
stretching. The preconditjoni .regi,on_can..incl ude a pr.eheating 10 zone 42,
2 heat soak 7BRpEpRgRen P Relchine MR pn PR oA FRURTEE 4 Rty e
smal | agount zoa 43, 1al HutSbaleihme UADribbhl PRJeHsEsod edlbdelineh, thére nma®e @ @MBMCT
between the grippin menbers and the film as illustrated by the boundary

trajectory of aMugteldilm supighing thap accurs iy erder to aelihecauiact betieen hegrPREE act ual i y
bg any stret chbfgerPitd thd'Binl, 36 IRGFRed By REDGRNAIY BiecBRI HFId HEMAPRASF NI

tracks may account, at |least in part,” for thefmal expansion of the 15 film
as the film ispnedustandes, therpumay ®t adthallytbe ampsirelching byt the instrasgin3eparation| owed by
t he precondity oni reqi : | ' lon.34'-, Wthin
the br econdi t FArAdhd BBk 85is il s Rickedih b T} Bl BheBiioh e ) "
gri ppi nglsmenbfiin ssabe fleni hedied.i s provided in which the tracks diverge

il The 20111 miishARSar 3 RBHTedtIY Fopr bk bersondiionits weenat T
SUretoh 1S {visiahia MeuBciArSy. SR b RobidNEhinERofibs ' Cor RADNET ol |

| ess than 2% of the final TD stretch and often |ess  than |%of the final TD
stretch. |n stesunphiyesipnad 8 grippiag memberiset 2an¢ 21 it pro¥idpdhiniwhich thetracksch occurs

(e o1 ore Doty o o iy bt 069,88, SRR} el bor o1 a0

20 _ film is optionally heated within this zone. This initial TD stretch is typically no more than
5% of the final TD stretch and generally less than 2% of the final TD stretch and often less
than 1% of the final TD stretch. In some embodiments, the zone in which this initial

(‘ stretch occurs is followed by a zone 33’ in which the tracks are substantially parallel and

the film is heated or maintained at an elevated temperature.

25 Returning to Figure 5, the film is stretched in the primary stretching region 34,
Typically, within the primary stretching region 34 the film is heated or maintained in a
heated environment above the glass transition of the polymer(s) of the film. For
polyesters, the temperature range is typically between 80°C and 160°C. Examples of

suitable heating elements include convective and radiative heating elements, althongh
30 other heating elements can also be used. In some embodiments, the heating elements used
to heat the film can be controlled individually or in groups to provide a variable amount of
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25 Returning to Figure 5, the filmis stretched in the primary stretching
region 34. Typically, within the primary stretching region 34 the filmis

heat ed or, ined in a heated environnent above the tion of )
t he pol y%ﬁ?é@‘%bﬁ?he film For polyesters, the tenper g?&@ooéh%ﬁ

typi cal | ybetween 80C and 160C. Exanples of suitable heating elenents
I ncl ude convective and radi ative heating el enents, although 30 other heating

el ement s Ca]ibaﬁ|Mhbﬁmwéﬂbdmmﬁﬁﬁ&lﬁﬁi)ﬂﬂkﬂﬁﬂbﬁocﬁsbﬁmbﬁdﬁgﬂm@hﬂﬁﬁﬁhé used
to heat the fil mcan be controlled individually or in groups 1g&ow de a

vari abl e anfsiReratyre offhe hepfiug plomentserdn thedypotipd o speed 9hai girec ch control

can be mai nﬁ@uﬁ?aeﬁym% iﬁ@'ﬁhﬁt Ih@éon%mtﬂg'&émﬁiﬂ%\b%hkeﬁbif%éﬂéd,w the
t enperature of heat i % el ements or in the direction or Speed of air

di rected frarisblydeatpegions ﬂ?@l@ﬁéﬁmnrevetqr@ﬂiermmalﬁémmwgfsmchﬂge heat i ng
el ementss ca gﬁ@ r filmto
irrprovéj or %tt%ervm se'a?){ iy nl’%g?snéf%/emo%thﬁggiﬁgﬂﬁ%gh g%:ur%ggss&%ﬁe Il m For
exanpl e, armmrmﬁfohhdaeéﬂngmbaheaﬁdmmsallowteﬁma&cmg as ot her areas under
uni form heati ng gan, be heated eto.a ow easier stret Wt hin the
primary stretchiﬁ@ﬁpé@mﬂngﬁ % éher’@?ﬁg’lgénq“ﬂ}ﬁ%éﬂ %@Fﬁﬁ]

di ver gi ng t gi9ersmg b@ciSls fkdidh m@solmér»ﬁlﬁrbyfaldeﬁkmuﬂ@srueqﬁc@rmwetpnmlﬂﬁ tracks

in the primary sStretching region and in other regions of the apparatus can
be formed ummﬁnwgﬁe&mgweﬁbmsmMGW@m@d@mg@mmefof t he

e oposi ninFitkddd Fleie. DAfidlo? G bufief kR kiaon. BEVRLEI Bpioly ' "o

conver gi ng mhstdnmﬁygnmy Twoﬁpomnghmaptmkmcgnlmtpmﬂlelmmgnbemangedtbhe tracks
are generall di ver i ng. an ener aI urvilin escribed bel ¢
el regi BICSRECK ANERR: PG U g bR e B o B BB e Lot g a
series of eﬂgin@@ﬁdax@@elfdﬂlw&lxt\mﬁi&ﬁr Wb&lbﬁl are optionally coupl ed
together. The tracks can made using segments that allow two or m)re (or

even all) of theln.aﬂms&qnaeﬁﬁeﬁsaﬂmanpamwé, S Bpks ganchr formed usingssemies of
mai nt efgancehfpgar é?ks g%%&ggﬁ% nilty! fﬁﬁlgfé&t 'ﬁ@r&abﬁ.&ﬁlﬁe regl ons or

groups of regions, the tr S a single continuous
const ruct i omade wing segantsthataliowteb oumors (cwaven alljod $hedodisidnalaedions tshbanni ng one

or nore adjacen ons 20.t.he stretcher. ks.can .be an

combi nat i on>&F > %grqﬁg i u'"ée’ iogﬁ%?’?tﬂ’@fl?eoﬁ'g&gﬁﬁmmidﬁ %‘ﬁa E@%%HPEI% '%iﬁr at

| east some fughaslon@aips of tdafonk,thettiks cintbe forfict BB4 yingle coithlbRGoNR@LRGD. ar e

coupled to, _but separable from the tracks of the eprecedl n_g ‘regi ons._ The

tracks 140. Thsrackscaninclude a contmuous construction spanning one or more adjacent regions of
20 the stretcher. The tracks can be any combination of continuous constructions and
mdividual segments.

In at least some embodiments, the tracks in the primary siretching region are
coupled to, but separable from, the tracks of the preceding regions. The tracks 1490, 141 in ( \)
the succeeding post-conditioning or removal regions are typically separated from the tracks
25 of the primary stretching region, as illustrated, for example, in Figure 5.
| Although the tracks in the primary stretching region are curvilinear, linear track
segments can be used in at least some embodiments. These segments are aligned (by, for
example, pivoting individual linear segments about an axis) wﬂ:h respect to each other to
produce a linear approximation to a desired curvilinear track configuration. Generally, the
30 shorter the linear segments are, the better the curvilinear approximation can be made. In
some embodiments, the positions of one or more, and preferably all, of the linear segments
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t he succeedi ng post-conditioning or renoval regions are typically separated
fromthe tracks 25 of the primary stretching region, as illustrated, for
exanpl e, i nwig 44650333 Al though the tracks in the primary 51%6’1% bésa5fR91 on
are curvilinear, linear track segnents can be used in at 1east sone

enbodi nents. These segnents are aligned (by, for exanple, pivoting

I ndividual |inear segnents about an axis) with respect to each other to
produce a | i nmandiagbiodivaitloiboutanaxitpss thetdthedhapd of thericks tade adjused gur at i on.

General ly, the 30 sharter the |linear s nts are, the better the

curvi || nar oSBTk MALTER T PR B HLBTE O BB ¢ | ons
of one or NI greferdblly WideF @nBbI of adbinputef orlofiRr HdviRbuSedisRitinver. I2willde

2004/ 050331 PCTl US2003/ 033310 are adjustabl e (pivotable about an axis) so
that the shapendststaodethptroyeilinegrseements egnheuped ipstead of or inagditingifalinegent can be
manual ors thes%ﬂieﬂét ment can be perfornmed nechanically, preferably under
control of a cOnputer or other device coupled to a driver. It will be
under st ood, that cOentinhousdmckssanalobsused thriughesetbfitikstegans. dh particular, addi t i on
to linear 5 segnents. Canptinuoys tracksg.can so. be used.t hrough_each of the
Fogi one. 1 pETEPROIR VIS SR o BE G5 SEPNER P Y PORAEREIREEE Thod t hr ough
the primary deﬁhﬁéﬁsﬂﬁﬁiﬁﬁﬁa@ﬁack-[ﬁﬁcqu?wudﬁyﬁu&st cidlcyntinuB@Akil tHabGdfiney b cal | y
i ncludes at |east one continuouys rail that_defines the track_along which
the grippi ng Hasksdong which the gripming wembrts wan In onelgmbediment, thesurvilinearirack o

i ncl udes;d wo Baj.& | l-ng% Hh&rml'?;ﬁain'@eﬂ’fe.f : [ | y@ﬁ:d on top
and bott%)dm bglgrlﬁdﬁsg@folﬁgﬁ"?{]g g{lﬁeen the ftour r%&?h%dgﬁt@%ﬁgo | ments,

t he cont i nuoubearingsiolling batieas thelfdwr railBne net hod of naking an adj ustabl e

copiti nuous track ifpcludes,the use, of one o re,track shape.c rol. units.
These track shape @c?ﬂF‘PSPbB%Wgum’ e gﬂ‘bﬂ“@ﬁaﬁrﬁés 8‘115“5?%?‘?' o@“edggtp?fg‘g}l&ﬂﬂ%uous
track, such asgniddudtitde coatiinichs @uck ifclides tande af dhe®P fioteOtrick €hdpd cantil ¥nits. f or ce
to the track as required to bend the track. Fjgure 9 schematicall

b
i |l ustrates on@essiBekshaps congpl unifs are LAURled 1 3 porioRof fhecantinygus W&&c’iﬁﬁape
control ygit st&%oﬁﬂmh@aﬂ,tﬁdta&ecohﬁ@ﬁgdmppl Gt &do| the tricGs teqRfrdd BlbeREmeONt 1 Ol

units have a range of forces that e track shape control unit can apply;
al t hough sorme tradiiftigire @ sehematigally dlustratis ang embodimantyaf suarainacrangesientawith et her

on or off. Th Qlfq ﬁg I ' ' rce
toward the cé%ﬁ%ﬂr&g&%ﬁg | mG%?&%eglt?/{ﬁg%%%&ﬁ%%uF %@Ap\égﬁlﬁeor of the
filmor, pref aniddiaye albamighof foives thatthé tradkahapecomnto] ahit van dpplygalthobgh soaeupl ed to

a particul ar pojnt. on the_,adjustable confipuous ,track or_the track shape
coﬁtrol Fgrmlbo imentsmaybegin&lteétocontro un1ttstgatareel er on or off. etrackéinape P

20 . control units can typically apply a force toward the center of the film or apply a force away
from the center of the film or, preferably, both. The track shape control units can be

coupled to a particular point oun the adjustable continuous track or the track shape control
(‘ . units can be configured so that the track can slide laterally along the control unit while still

maintaining coupling between the track and control unit. This arrangement can facilitate a

25 larger range of motion because it allows the track to more freely adjust as the control units
are activated. Generally, the track shape control units allow the track to move through a
range of shapes, for example, shapes 67 and 69 of Figure 9. Typically, the track shape
control unit and the track can move along a line (or other geometric shape) of motion.
‘When more than one track shape control unit is used, the track shape control units can

30 have the same or similar lines of motion and ranges of motion or the lines and ranges of

motions for the individual track shape control units can be different.
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units can be configured so that the track can slide laterally along the

control unit while still maintaining coupling between the track and control
unit. ThiwoXobaRResyent can facilitate a 25 | arger range p@frniRbdsR8sIecause it;
allows the track to nore freely adjust as the control units are activated.
Generally, the track shape control units allow the track to nove through a
range of shapes, for exanple, shapes 67 and 69 of Figure 9. Typically, the

track shape confpepxample ofgitabietrack shape controkpyiban toacl ixillpstrated foFigoreher
geometric shgpep, ﬁ{ck@hﬁé)&bod%ﬁnﬁﬁﬁ& ﬁl%gﬁﬁhsoﬁé&i SteSdHpP o?%ﬁx’lhzlr unit 1s

used, the track shape control units can ave the sane or sim | i nes of
noti on and meugted oo bearings (not shownjwllingivetweamthe fanmgals. dhe track shapescofivol t he

i ndi vi dual track,shape c ol. uni can.be different. | WD 2004/ 050331
PCT Us2003/ 058 SEURSCh Best 308 s Seled o Ay (i poeieS Jbm s boshm B e L 1 and
track is il lconthdtaientbeis0K; 8 tep ah botldit ohittiudlstabmértibeds 4060 Othie et aridnCl udes
four rails 400 with tenter cli&? (not _shown) npunted on bearings (not

&

shown) rol | 95T BRAFAEEAMPHE 494 4 epupledtn thetbazr 402 5p Mt mouiag tha basqynj ¢
i ncl udes a %%séigé%ﬁtgﬁﬁnegrﬁe&%@ipﬁgapfoﬁabﬁgo Oérvﬁﬁoﬁﬁpﬁnﬁb&"ﬂﬁherhﬁ’so and bottom

inner 5 contact nenbers 404, an _ ttom outer contact ménbers 406.
The i nner arrekpedtivelyr Praferabdy, ttheionds end out€r4onta@anambersduue h ehbpe.ovliehaidvede 402 so

t hat novi ng & he .base | | t he, cont act, nenbers..t ly.a.force to inner
and outer S diLREe frbefte, A proies il S a6l BF S L pARRen il iRl 711G
out er qont aGheniBRFEIO6 m IR\ Lils00 Wilustrniad i Ripaee t (wiicloonig biowe (s ralledoov, t hat
provides only _snmall areas of cqntact betvvegn the.i nner . contac¢t 1Q nenbers

406 an the ré{ peerggptactgember 404), Examplesrfsp o5 ncludeicpulanangd o¥pdas the
rails 400  ap ds AAGIons Yk BohalGHHRRE sittR) shajes WHeleRdniabt bitiden AR3ARS | ncl ude )

circular and ovoid, as well as dianond, hexagonal, or other simlar shapes’

wher e cont acontetmemberst496 andithe rails is wadetad the apenafdirese dopesa ridheonter eamtdct | s nade
at the apex ﬂ@p : ”ﬁlﬁ . 4 E)'? simlarly
f ashi oned sdg{ﬂhﬁae{%e@%e porst%lﬁ"(%ﬂnI o] ﬁ}gﬁ%@gﬁ%‘%‘?ac n‘%gr%gcgﬁ'fgﬁﬂ entvi ewed

from alldve ovhechelevad fiommbevd ar balops torhestima peilicto mmake amttacimiith thdreils 400, &s 400, as
illustrated jn Figure 22 I.ch qQnly shows_t rai.l s 400 d the portion of

the outer ¢ ?S&&Pglﬂrﬁﬁ'ﬁs?ﬁ‘%ﬁg‘fWﬁY%&E%I&%@&P%%W%@?%Q“?V ‘lsg‘ftng such
shapes al | oWgeniR£404 BetmakBaRRtacERTh the haild))| Usitgsubk Siabestallots @R track sihpsi red, to
nodi fy the track shape while all ow ng the track, to slide_laterally through

the contr ol gafel vkt @iertaronse, pedesied fydhe rck shape mdrile aliowing theitaickh o
configuratiqp sl?d%gzla.t@ﬂaﬁyﬂﬂdgﬁ YhelcBftrd1uift Katlle? R bERE fikdSto tASIARARRO HhisS| OPE

within the contr
20 configuration can also allow the track to adjust its instantaneous slope within the control

unit. For one or both of these reasons, the track can have a larger range of shape
adjustment. In other embodiments, there can be fewer or more contact members or there
may be only inner or only outer contact members. ( j
Returmning to Figure 9, in some embodiments, one or more points 73 of the irack are
25 fixed. The fixed points can be anywhere along the track including at or near the start (as
illustrated in Figure 9) or end of the primary stretching region. The fixed points 73 can
also be positioned at other points along the track as illustrated in Figure 15.
As further illustrated in Figure 15, the tracks can be configured to provide zones
81, 83, 85 within the primary stretching region that have different stretching characteristics
30 or that can be described by different mathematical equations. In somekembodiments, the
tracks have a shape that defines these different zones. In other embodiments, the tracks
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unit. For one or both of these reasons, the track can have a | arger range of
shape adjustnent. In other enbodi nents, there can be fewer or nore contact
menbers or be only inner or only outer contact urni ng
‘to Figure ga?‘;r?gggﬁrrgyenbodi ments, one or nore points 73 ore?@gﬂ{ﬁ?lg%gﬁare 25
fixed. The fixed points can be anywhere along the track including at or near
the start (as illustrated in Figure 9) or end of the primary stretching
regi on. The fecaxbeladpwitad; ssing3for ermmpld the trivdk shawi contooladitadisasded mbpej ot s al ong

the track as il l.ustrated.i,n Fi 15. (As further illustrated jn. Fiqure 15,
the tracks c£ﬁ°"6‘§eac%aﬁ‘feﬁ’j’éﬁ%"aeﬁgﬂé%‘?ﬁa%s‘?‘é’ Fo SORZYDC ,Liaggn%eﬁ'lish'rgﬁ “bri mary
stretchi ng r agiadvantadgadushacaaset Allowselifferait poitiond sfIhepanag b@sttltig ©gion &) or t hat
can be described by different mathematical .equations. In some enbodi nents,
the tracks hé&@n@@hsﬁgﬁl&m@éf Ferezamplesan igitink steetching zepraeay haye at per

embodi negt's, JohRulaf ﬁﬁﬁ@(foﬂe&aﬂﬁe?@%ém&% shipd WiHRA B3 MPBR3 1A deRiBed ©

adj usted, using for exanple the track shape control units discussed above,
to provide deloan)ifallopedby ohepranors fater gondsowithrdifferentishapes (forexhmplet 4 wniatial
arrangenments._,This V. | | lows . .different portions
of the pri rrarsyprs&?'r%ﬁ@%ﬁ%%@g?ﬁﬁkﬁgﬁ%ﬁ%gﬁéﬁ%ﬁ?ﬁd g%tst?!rmg%o? Hﬁc qngrsl%}’e or
exanpl e, an ianotherlIn sémedratiuidirgents) the indiyiditd venea cén ipeseparated o defibedley

exanpl e, a syper-uni axi.al shapg with U>1 and F>l as described bel ow)

fol | owed by é’fgi‘tﬁgfgmfﬁi’g?‘g‘gones with different shapes (for exanple, a

uni axi alyp shqpe) . Mﬂ@&@&oﬂﬁnenw&%mﬁhﬁoﬁ%&&nf&&sﬁ&ﬁ%ﬂ%hﬂﬁ%é Fhe
transition fromone shape to another. In sone enbodi nents, the individual

zones can be lenginefithetadkto fsilitate bendingpoil sheping pf theftrack Far exagnple.lone onre fi xed.

altong the. | anay RS a il B6fhap0 efreiE ool bl F4R3° AR BE WAl o 27°

track. For exherfoberaileoestoctiomdzseibediabave aabadf the réiles ot 7 subbet ofithe krdlschadinf f er ent

cross-sectional, shapes..As, an €l t four rail constructign

descri bed abo‘%‘eczg(? '%Pu%%gﬁ%@%ﬁ@egﬁsg@eﬁo# ﬁ%ﬁn © Vi ’?q?ari ed
Cross-sqetio rbxainF!agmtehag bigHa th height d? Ehiklinesslof thERBcE (R 9 SomPeienOoT thdacke vari ed
by, for 15 exanple, altering either the height or thickness of the track (or

a conponent och #feoneEEIEre CORHRIONE TAROT bpthndsan e¥amRie iR 0de qhodimpenbthenot b, As
an_exanpl e, I~1ﬂicglg% A QbR ond Hemork Mils S Frad¥ ddofbsel b e%gﬂﬁ%f% or e

rails in the tr creases or Increases along the |engt e track in
the machi ne diengtl of the trackiie the mavhing direotion.c hesh variations ¢ao bs ugdde supportpar t | cul ar
track shape of, & ¥2thal bof &'d JaS if RERSHASY RSB, ‘Por chadlpis KPHRYSea?S

20  --above the track may have several different zones, each zone having a different track shape.

The cross-sectional variation of the track or component of the track can vary within each
zone to achieve or facilitate a particular rail shape and can vary between zones. As an
( example, a zone with a relatively thick cross-sectional shape can be disposed between two

other zones to isolate or provide a transitional space between the two zones.

25 As an example of variation in track or rail cross-section, the arclength, s, can be
nsed to represent a position along the track in the design of the thickness profile of a track
or portion of a track, such as a rail. The arclength, s, at the start of draw is defined as zero
and at the other end of the draw is defined as L with corresponding thicknesses at the
begimming and end of draw being designated as h(0) and h(L), respectively. The track or

30 track component (e.g., rail) in this particular embodiment has a taper over a portion of the
beam from L’ to L” between s=0 and s=L such that the thickness h({L.’) at position L’ is
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20 -above the track may have several different zones, each zone having a
different track shape. The cross-sectional variation of the track or
conponenty@bodifdsnssf ack can vary within each zone to acBignNS:dsreing litate a
particular rail shape and can vary between zones. As an exanple, a zone )
with a relatively thick cross-sectional shape can be di sposed between two

ot her zones to isolate or provide a transitional space between the two

zones. 25 Ageder thandhgpthiskodss hely”) attpiosition h”.t Indlsik mannar sdithexl’as $” smgbe otn, t he

arcl engt h, n_b sed Lo repr I a, i tion al ong. t he ack in the
desi gn of ttﬁéeh%ﬁ?réﬁcﬁeélggi cﬁ’%dﬁl?afee&g'f EZ’ roéik'&?ﬁ'r bﬁ%?’fﬁ“@%’ ‘nga 'ﬁe}?’i ©S¥uch as a
rail. The agrefileigd tapergivea by thedusdtion forahicldies\h(s); asle finoesh efarcl@ipth s vedl at t he
ot her end of 'E_dge drgyv i s”_defiﬁgg aé‘FL wi.t h correspondi ng thi cknesses at the
begi nni ng alaraHEPmE @la\is povided BelesmRtioy as h(o) and h(L), respectively.

The track or 30 trac o] nt 2 kaid) B thiseparti.cul ar enbodi ment
has a t%aper over a p(i(%?s??-gﬁﬂgﬁ t%é“e))glelamtﬁ‘ rlléhr{.t[‘ tf(‘?)i" €gm\/‘éen sO and s=L
such that t{ged Blicko BSshtive(rhte bof @beriBltiny G ddereabifig thicknldfe fePrY 9393 %hen .
PCT/ US2003/ 033310 greater than the thi'ckness h{L") at position L". In this
manner, ei tl'ds less tha LY thiswesgnlts én adecreasing thickhess with@talengthh WhenwIdiingrester(i . e. ,

L'> L" or Li<l:)a.ne.examle o . yusef ul. thi e rofile.is t aper

gi ven by th%mﬂljn 50 I gr%ﬁ?%@%&ﬁ%@mgkﬁém Eﬁ%{l’i&(‘)‘rf%f’ptg’r“@l]ye gth s over
the rail frappoitionddinde’sedtiongreash witltlithywi loeal €0,Utand fate of tapd) The fabXiupn .-
h(L"))(1 - (s-L")L.))a + h(L") where a is,the positive rate of .taper

resul t¥hg i#m%%?ﬁgcmi(@%&@m%m?dw .m%o?ﬂwwwd@wd@han L"
this resul t g fid ofl @' tRER! Déing e, imahmemﬁnqﬂmiﬂm\eb@bfumﬁgmgr eater
than L" this results in a increasing thickness with arclength. The track(can
opti onal | y brem wifipotapéromvalus fot o of entt thivdiprovideshbeain thatibeadsparabbliably in ' | L" and
rate of taper. The I mum . AQ-thickness aof the track .or .track conponent
depends on W@nﬁeﬁﬁ&ﬁ&)ﬁgfoﬁe@%l Sﬁ?t@% ﬁ’?@ﬁs‘éltgc £8P ™ on the track.

Usi ng beam édﬂlﬁgﬁryu]:oﬂdris:l%?ddd&y%bmﬂh_ caﬁmmigts,t&mmﬁb mfﬁrb%ngdrégésMIe. Be?_mw:lth
a taper, a value for a of one thir rovi deg. a beam { hat bends parabolically
in rg'éppns@“t“@“%f"%&ﬂ‘.‘ é‘fmﬁﬁé@éﬁéﬂ."gﬁgﬁl\{‘lm lﬁmﬁé‘h@ h"ﬁe‘é‘.’ﬂéurved

equi | ibri U”in&%ﬁ!sﬁﬂgﬂiﬁﬁ%ér%%%&hib&eh%ﬁﬂaQi:(reﬁﬁ%(&rﬁltma@wﬁﬂ%eﬁ%m s, other

tapers may be nore desirabl'e. 15 For transformation across a variety of
ot her shapetymericalisploylateddomms of the thpey eves smhof these pections JThaminigwer easi ng

Ly ckness Waldihll & o U5 LbaFte Bkol & 36k GATRANE Blncodl on AWIRLLTAF Y

cal cul ated Torns over any of these e m ni mum

t hi ckness atequired spength ofthetiarktth eugpoa the diawihg fordes.Cc Thepmaentmohizkmdscaan t he

amount 200 be a function of the level of needed flexibility. It is typically beneficial to maintain the

level of track adjustment within the elastic range of the track or track component, e.g. to

avoid the permanent yielding of the track or track component and loss of repeatable
adjustment capability. (j
The paths defined by the opposing tracks affect the stretching of the film in the
25 MD, TD, and ND directions. The stretching (or drawing) transformation can be described
as a set of draw ratios: the machine direction draw ratio (MDDR), the transverse direction
draw ratio (TDDR), and the normal direction draw ratio (NDDR). When determined with
respect to the film, the particular draw ratio is generally defined as the ratio of the current
size (for example, length, width, or thickness) of the film in a desired direction (for
30 example, TD, MD, or ND) and the initial size (for example, length, width, or thickness) of
the film in that same direction. Although thlese draw ratios can be determined by
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required strength of the track to support the drawi ng forces. The maxi num
t hi ckness can 20 be a function of the |evel of needed flexibility. It is

typically hansjossdedss to maintain the 1evel of track adj usdyrgsioosssslion t he
-élastic range of the track or track conponent, e.g. to avoid the permanent

yielding of the track or track conmponent and |oss of repeatable adjustment
capability.- ~1) The Eﬁht hs defi ned by the opposing tracks affect the
stret chi ng ofobsemeatipp p enowmmw@awmmhmmmmmrﬁm@wwm ng

(or, dr avi n9) 4SRSLANEHI et B0 diotlined By 2038 us tios: the

machi ne direction draw'ratio transvetrs |rec |on raw ratio
(TDDR), and tpolymeofitml direction draw ratio (NDDR) . When det ermi ned wth

respect to the film the particular draw rati ener al.| as the
ot o of the cur r dneny dreptboia: i the ookl e, AR, ARPS A ATREXAEDE) of ¢ he
filmin g desufés s@bﬁaﬁeﬁa@ﬁnééwma%uﬁmmj&mﬂaumﬂﬁﬁmﬁa)seﬁﬂﬂnohhe initial
size (for exarrple | ength, w dth, or_thickness the filmin that sane

direction. Al W@ﬁf@?\ defy FRCFIRTEDH L0, éhthe Blartg %Fﬁ?%é“@}helﬂoﬂ@m/ 050331
PCT/ US2003/ 0 0 Ea he
ot herwi se i ndi¢a ela re?eren%:eg atlsgL 5 5 i andlgkﬁiﬁ re¥ Esrs ?%ﬁ?(%e' dr aw

rati 1(:) det 1?[1 mmimy Pmﬁmpﬁmtan khetstretdhing pmbese,tMDme:jhem?ﬁmmmf ﬂxlvag?n%tta ﬁ@y’ gi ven
point in the stretching proces re pon s toaratio o

current separa_afl}ed’HmHY%‘P‘élHé‘%l ”c?E-lsetbﬁ@"DDRUﬁ%i '@gge“EOftB?lPP"E‘ &initial
separ at i;gn W‘ﬁ‘ﬂﬁl?ﬁ ﬁé}@%&ﬁ?m 1119 ?ﬁ&ﬁs §B eOf the

stretch. I n other sone’l nstances (as In uFes 2
and 4), TDDR first deamms)mﬂﬂmdrdny at that p&mbUborbﬁeteMinaamyofgl‘EER apd)MﬁDR,n t he

usitive | nol SOOR HERDh £ bR RPiaRegins iae Rt St e

boundary 10 tduding tHeQtrdtchifs Procdsk. a&moafevéramé denlsity 60hé ﬂmﬁcﬁa&l smtfﬁ&ar dfpg equal

to the instantaneous slope (i.e., first derivative) of Eée frack at that

poi nt. Upon dehmmﬂpomﬂ:gbemmdammrwmmmemmgmamow ded

t hat the_densi of, t. p A filmi.s c i ng
processelS g’&ﬂ‘& m@ﬁl%ﬁe %f“lf%@%?tf ﬁ@gﬁ@ﬁﬁ@waﬁr
where pr= p/ Pexp¥dtéd) mcmﬁgm&myéeﬂﬁmmcahwmwaﬁemmmnmﬂcm
stretching process and 15 po bel ng the initial density at the start of t he

stretch, thenforgsample, fieto ¥phreechausprgpolas crstallizatienpr partishenmllizationeassedy  of
the materi al WﬂﬁﬁﬁHBﬁsﬂé’P@“\éM dififnst €asons including, for exanple, due

to a phase ch as ‘cryst Ization or partial crystallization,
caused Perfect uniaxial drawing condmons with an increase in dimension in the

20  transverse direction, result in TDDR, MDDR, and NDDR of A, (A\) ', and ()2,
respectively, as illustrated in Figure 2 (assuming constant density of the material). In other

words, assuming uniform density during the draw, a uniaxially oriented film is one in
S which MDDR = (TDDR)"? throughout the draw. A useful measure of the extent of
uniaxial character, U, can be defined as:

1

25 U= MDDR
TDDR™ -1

For a perfect uniaxial draw, U is one throughout the draw. When U is less than one, the
drawing condition is considered “subuniaxial”. When U is greater than one, the drawing

condition is considered “super-uniaxial”. In a conventional tenter, where the polymer film
is stretched linearly along tracks 2, as illustrated in Figures 1 and 2, to streich a region 4 of
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.by stretching or other processing conditions. Perfect uniaxial draw ng
conditions, with an increase in dinension in the 20 transverse direction,
result i nwvdRoRosddIPR, and NDDR of X, (7.)-r/2, and (2,) ethAszedsaspyeti vely,
as illustrated in Figure 2 (assum ng constant density of the material). In
ot her words, assumng uniformdensity during the draw, a uniaxially oriented
filmis one in which MDDR = (TDDRY"2 t hroughout the draw. A useful neasure
of the ext éh@ ﬁbitoawnﬂtamdatglemém&eﬂwemem@anglbes relativelp smalb(e.gl abaut 3DDR 25 U
= TDDR'2 h raw. \When
U i's Iess )bﬁ%ﬂﬁ{&%ﬁrgr aW| ?(%%ﬂg?%% }ngxlhga Cg%%’%’d%% %’b?f%falgl al". When
U I s great edrawmmTharMDDRhegldatawﬂmgum@dddiedonm negatie® rimsdme edbodiments, U
"'super - uni axi acon ntio eth rrer fil S
stret ched |qaﬂ§g‘fc|va£l|e g’%’t&%‘gﬂ} V@% é‘§‘°‘1318YFgg 2, to
stretch a ref@vettedxiaf, %M&Q&éﬂ@ﬁ%%ﬂod&@ﬂn@%&pﬁa@ﬁo@ﬁuﬁtﬁe 0 the film
to a stretched_region_6 and the divergence angle is reI atively small (e.g.,
about 3 orbque%@edgmqlgve&amweﬁlyw et fog thegsposirrandanageriabr o. | f
the filmi sgad, Qgglﬁéﬁ%‘] BiMeSP whid@k, MPDR is greater than unity, U becomnes
negati ve. In sone enbodi nments, U can have a value greater than one. States
of U greater tha’meﬂpncteﬂ Uembsm@cﬁ@fmohmgbmdbmﬁtm@voUemmﬂhgﬁoﬂxg These
over -rel axe nstat S oduce an MD conpression fromthe boundary edge. If
the | evel Ve ssion is sufficient for the geonetry and materi al
stiffness, the filmwll buckle or winkley As expected U can be corrected
for changes in density to give U accord O'the follow ng formula: 1 -1
10 Ui 0DDR I TDDR -1 112 of Pref e¥abi wtimis drawn in plane (i.
t he boundary trajectories and tracks areTDléB | anar) such as shown in Fi guire
5, although non-copl anar stretching trgjepjorjies are also acceptable. The
desi gn of in-plane boundary trajectories is Sinplified because the in-plane

constraint redueserablg, the/fitaels dadwn/iaplapb(ies thelivtndaep trhjbctbiss afd fdkk afet

uni axi al orientation i1s
coplanar) such as shown in Figure 5, although non-coplanar stetchmg trajectories are also

acceptable, The design of in-plane boundary trajectories is simplified because the in-plane
constraint reduces the number of variables. The result for a perfect uniaxial orientation is

15 a pair of mirror symmetric, in-plane, parabolic trajectories diverging away from the in-
plane MD centerline. The parabola may be portrayed by first defining TD as the "x"
direction and MD as the "y" direction. The MD centerline between the opposing bounding
parabolas may be taken as the y coordinate axis. The coordinate origin may be chosen to
be the beginning of the primary stretching region and corresponﬂs to the initial centerpoint

20 of the ceniral trace between the parabolic trajectories. The left and right bounding )
parabolas are chosen to start (y=0) at minus and plus x, respectively. The right bounding
parabolic trajeciory, for positive y values, that embodies this embodiment of the invention
is:

xixg = (1/4) (yixg)* + 1

25 The left bounding parabolic trajectory is obtained by multiplying the lefi-hand side of the
above equation by minus unity. In the discussion below, descriptions of and methods for
determining the right bounded trajectory are presented. A left bounded trajectory can then
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15 a pair of mrror symmetric, in-plane, parabolic trajectories diverging
away fromthe in- plane MD centerline. The parabol a naybe portrayed by first
defini ng TRPMolAP33x" direction and MD as the "y" direcidpis20d3rsside
-centerline between the opposing bounding parabolas nmay be taken as the y
coordi nate axis. The coordinate origin may be chosen to be the beginning of
the primary stretching region and corresponds to the initial centerpoint 20
of the cent r die obiained by éakimgamings itpage a6 B iright hondeditjectony oven thelcerterlingiof ri ght
boundi ng pargbgl,2s are chosen to start (y--0) at minus and plus xO,
respectively. The right bounding parabolic trajectory, for positive y

val ues, that enbodiesoplimas paatmdiditiajeniprychn ptovide muenial onentation undex odeal ( 1/ 4)

Cy/x0)2 + 1 25 The left boungdi arabqgl.ic.traj.ectory i s obtained.b
ol i biyi ng cRadngy Heneiot P HrBR ha sl ARG Rl RRRl R 1 n cne
di scussi @n  behéding] EoiCexapblepitfh-iiforh thidknbsd @€ the fpolymef! flng mdh-Mitemd Iatiig ght
bounded trajectory are presented. A left bounded trajectory can then 18 WO
2004/ 050331 Fféﬁqm,‘ﬁsém%h%mdﬁ’&mbcﬁhakp difiopplteusion(fige of the
1 gt bounde deybinpieCfihdie déeon1BRidiF B! fok Bfmitle, dblif:wleb kefionkBEagOP! anar

parabolic trajectory can provide uniaxial ntation under ideal
condi tions. Hepeees. Inpdddionfn oty dstanees #fif ey meqearyabiabiieye pedectohiasiak

uni axi al orientati.on |nel ud . for.e e, non-uniformthi ckness of the
pol yer fil m°“n"8$ﬁ{?%ilf’%?4r%{' A it %ft'(‘)‘f‘%f&g‘g%“rlr%?'af“iai"?ﬁa%cu\ai"%‘egi"f‘étchi ng, and
the ap pl)liO]? ati mﬁ?ﬁfneadﬂbﬁg{heumhe dréw St glﬂ'idgfaq:lhrﬁc&M?ﬁiﬁE@l of the fdatrezanlbé eefﬁabg).g

t ensi on ro or exanpl e, down-web regjqns of t pparatus. In addition,
in many | nst AFRTEEATI, a8 3 hﬁs&gwwﬁﬁeﬁxmgsﬁr capy g %t B>, 0.8,

orG'ent ation. ¢8so226s0.95, % BésidoP hs A38QBOA phriibutR apflicRfiorAn average U val ue
that is 10 maintained throughout the draw or during a particular portion of
the draw can be défsanegampleef acsaptalfle aearly iofanglenr eshol d or

by
average U val ye can §lza:'?e::§u 185, OF 2 8’55[ . Lred, or
as needed for a parf@gﬁf){frﬁeca{%gﬁ ca |ons§d%s]§§}ld exanp edi%fl a gg%tug,gﬁﬁg nearly
uni axi alisappl stwagly impactddity thd diffevendedn the D and NDi isdicesoof offractidd wlodni Tis
pact ed by ¢ REPHRRLontatl S ditbonn As ek AlREmes BrePlR N ooShen 1o
i npacted by t ¢ mn _ en TDis
the princi pal agdgsblemi soine epplivatibins € Al difiétencABf 0.04 BacelptdbRyif 68Rrsi T Moreand ND of

0.08 is acceptable in sone applications. A difference of 0.04 is acceptable
in ot hers. | nStApgeat applications, a difference of 0.02 or less is preferred. For example, the extent of

[(®,= @]

unjaxial character of 0.85 is sufficient in many cases to provide an index of refraction

20  -difference between the MD and ND directions in polyester systems containing
polyethylene naphthalate (PEN) or copolymers of PEN of 0.02 or less at 633 nm for mono-
axially transverse drawn films, For some polyéster systems, such as polyethylene

( terephthalate (PET), a lower U value of 0.80 or even (.75 may be acceptable because of

lower intrinsic differences in refractive indices in non-substantially unjaxially drawn films.

25 For sub-uniaxial draws, the final extent of truly uniaxial character can be used to
estimate the level of refractive index matching between the y (MD) and z (ND) directions
by the equation

Any; = An(U=0) X (1- U)

where Any, is the difference between the refractive index in the MD direction (i.e., y-

30 direction) and the ND direction (i.e., z-direction) for a value U and An,,(U=0) is that
reffactive index difference in.a film drawn identically except that MDDR is held at unity
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stringent applications, a difference of 0.02 or less is preferred. For
exanpl e, the extent of uniaxial character of 0.85 is sufficient in many

cases towopas4msodn i ndex of refraction 20 -difference perwssisioszd/D and ND_

directions in polyester systens containing polyethylene naphthal ate (PEN)
or copolymers of PEN of 0.02 or less at 633 inn for nono- axially transverse
drawn filnms. For sone pol yester systens, such as pol yethylene terephthal ate

(PET), a | dlwenghgutthe deawoThis latienshiphanbegn f@md 4y bexsaspoablypredicavesfor ause of

| ower intri Iﬁ'!&eq:;tFﬁ | | L.hdi | bally

uni axially pg awn fi é“@%ﬁmg’%ﬂ%%da%ﬁgwgﬁgﬁ t hrg,%?? ﬁ%ﬁ?%%?&er#@ of truly
uni axi al chdbptidabfilnea in theseupbbstensystems, MRLE=0) hketypiealbl aboat onefhaldet mese | ndex
mat chi ng between the y %}C and, z (ND) directions the equation U ) Any,

b
where Any, thedifference At vehighuis fheapirgctize #J@Bwaeqhw%momp@n@_ MD
e St r . : . . Ry
for o o udlptions ¥l S0 568 TSRS hypfal Gt By A5t e up fo P01 L O

drawn i dent(.2sadt 6Y3 sasc Eppica! valuesMODBEn,,@T=Dptadgeip to10i15)at 63Pr\OF SR 4mPlB 3 1
PCTI US2003/ 033310 __ .t hr oughgut t he draw._ Thi S, rel ationship has_been found to

be reasonad%i0sPEENCS: §89 ing pbawy 89% FEN-Tketepeat witsppd10%ET,  and

copol yner s pir-fifeNeg¥at Bﬁ@haﬂﬁ?ﬂai&aﬂvﬁué’ﬁﬂgﬁt&(tenﬁ&n Sbbd), 14 dt 6P nm! Fil{x}x@ese
pol yester systens, Ann O is typically about one-half or nore "the
di f f er ence compfisin®his/ MV coPENtwith vabifes af'iof 8.7 (.38and A ds areamued iyhe t wo

in-plgpne 5 directions s axi s d TD (xzaxis Typi ca ues.for
Any(Ug;3 ra {é”ﬁﬁn}%‘“g Pw%%%w%“ﬁ#°ﬁ%%qo%§$3£&9@%ﬁéwq range
up to 0. 15 skl hév8 Bedn thadernBEor@in g tthe methods ¥/ préitfilventio. a copol yester
conpri sing about 90% PEN-1ike repeat units and 10%, PET-Iike_repeat unitg, \

has a typical viingeetsf asepipble parabpdicdmicstorienhetaroresdy g subgantiallymipgiphy
conpri si ng &M%PW;%%%@E%& Pilis Besérbedn as

measured by 10 actua correspongi ng val ues (%){ Ann of
0.02, 0.01 the'trighi"(o8ndary 68 tory diréraly cand dher!'lofdl dwuadary trejectorytivtakéncasraet hods  of

t he prgsent_i nvent i of t.abl e 8 ligc Lral.ectorl that are
near | ySor ST Sihee afey S fndifon  ser B SRR nBRN B0 Suliof B ER

fol | ow ng reetveetl TDDR mesberd beivech the bpmnding dbeidatytegectdriesand MDINR défiaeddar y
trajectory directly, and the "left" boundar traLect or)éials t.aken as a 15
mirror i mage hesopiag of the pofreativfiyesenes s, HERERY trRlFSloReR SFE dus

functi onal dhﬁéeﬁ%n%%%%@D@ﬁH@ﬁ@g%%?&%%W%t&ﬁ%Js*&@scﬁ’ﬂé}ﬁiitﬂg boundary
trajectories and defi ned
discussion of the parabolic trajectories. x| is defined as the initial half distance between

20 the boundary trajectories and a ratio (x/x{) is identified as the instantaneous TDDR, where
x is the current x position of a point on the boundary trajectory. Next, the instantaneous
functional relationship between the TDDR and MDDR is converted to 2 relationship
between TDDR and the divergence angle. When a specific value of U is chosen, the

)

equations above provide a specific relationship between MDDR and TDDR which can

25 then be used in the algorithm to specify the broader class of boundary trajectories that also
includes the parabolic trajectories as a limiting case when U approaches unity. Next, the
boundary trajectory is constrained to satisfy the following differential equation:

d (x/x1)/d (y/x1) = tan(0)

where tan(0) is the tangent of the divergence angle 9,. and y is the y coordinate of the

30 . current position of the opposing point on the right boundary trajectory corresponding to the
given x coordinate. Next, the differential equation may be solved, e.g. by integrating
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.as the cosine of the non-negative divergence angl e of those boundary
trajectories, over a chosen range of TDDR Next, the geonetry of the problem

I-s defi nedwgSofpeesdbed in the discussion of the paraboly bHshl es. xl
‘i's defined as the initial half distance between 20 the bot@n%fgézébtrajﬁgct ories

and a ratio (x/xlI) is identified as the instantaneous TDDR, where x is the
current x position of a point on the boundary trajectory. Next, the

I nst ant aneousAan(@)Mdrgalichistos] T TDDTS fibr ubitf v mictitnil dSraeh M DTbta s the
converted to a relatiqnship beSween TDDR and the divergence angle. Wen a
speci fic val Gempiptegoprdmats geflfx.y)y 198 thegighthouadary Upjesteryprither shalviicallyenti 1 ¢

rel ationshi p hatyagp MPDR and TDDR which can 25 then be used in the

al gorithmto specify the broader class of boundary trajectories that also

i ncl udes t he par abshnather exgmeple ofaceeptable trajectomies, iarvipse ofin-pline trajgctapps @aches

Fol | oui g ci P e VA A ol oy 03 ol B B o )
A I T
position qQ . . . .
i ndRiegropeiet i W mENER (P e Hir i
T e AR s
1 ot

1/tan(0) along the history o [ fromunity to the maxi num desired val ue
to obtain thdoumdstyraiactorieothen thig class ef trgigotorie js deseribpd by thgHellaydugemmatjon:
trajectopy, either analyticall n ' A2 anot her exanpl e of
acceptable trajectories, a cl a:g()siﬂg‘f’) i xﬂgﬁi‘ﬁ@@%& éitlori es can 5 be descri bed
i n whi ch t he wiareatixb isclefinej as atscalgd inket sepaxdtion. tThe spraititexo crrespmpdeto halfiof | al
ef(fective TD |.engih. I{) x1l is half.ofutﬁse separ.ation di st.ance between
the two oppodisPBRtR ce prRERT WG OPRQSINg, trap B SIHREO FROVE - y

Str et chi ng 1 Qgéofied d patabolib @adis iak povided BpeRotly BiRGIGRaw. THYRaleRIE! Vages

hel d by the grippers which js the initial half distance between' opposing
boundary tr ajSeR¥FIORSYXe, if pmdicption of thedevigtion of theeajentory fropsthgpuiaxialhed by t he

fol 'ow g equghdifish Inl:{l?e SrhBoktirhert)thedisthAcd btbebr ik 36 é%ﬂo%inﬁ u%cnﬂlﬁggs xI/xa is

defined as a scaled inlet separation. The quantity correspon to half of
t he separ at i gmindisstretebinglzonaie adjustahle, oppessiired abovecaltowing)for thednanipuldtion efjuat i on

shove _oscr s AU o A ST AR SRR A,
t he traj ect orijesé trajeetonties cuin hl&xbeused meluding] for @umpld) manpuiatihy the sRipe of thae
Al stance et A orios ushng track Sape (ohtiol aiits or by selecting a fixed shape that has the desired
20 trajectory.
For super-uniaxial draws, the severity of the wrinkling can be quantified using the
concept of overfeed. The overfeed, F, can be defined as the uniaxial MDDR (which equals
(, | (TDDR)'?) divided by the actual MDDR. If the actual MDDR is less than the uniaxial
MDDR, the overfeed F is less than unity and the MDDR is under-relaxed resulting in a U
25 less than unity. IfF is greater than unity, the draw is super-uniaxial and the MDDR is
over-relaxed relative to the uniaxial case. At least a portion of the extra slack can be
accommodated as a wrinkle because the compressive buckling threshold is typically low
for thin, compliant films. When F is greater than unity, the overfeed corresponds at least
approximately to the ratio of the actual film contour length in the wrinkles along MD to

30 the in-plane contour length or space.
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primary stretching zone is adjustable, as described above, allowng for the .
mani pul ation of the trajectory to provide values of U and F different than

unity. Gyigefoodioiads of forming these trajectories cap@gdobosssngd
i ncludi ng, for exanple, manipulating the shape of the trajectories using

track shape control units or by selecting a fixed shape that has the desired
20 trajectory. For super-uniaxial draws, the severity of the winkling can
be quantified lecm@ebhﬁemmmmbaWeWDReﬂdme{wmemdfc&smﬁlan be
defined as, th ni a MDDR (whi ch equals C (MDR)-"2) divided by the

act ual I\/Dlif?nls?y# E“c U HDDR i s | ess than the uniaxi al MDDR, the overfeed
Fis less than unity and theBVDDRAMQ{ijRﬂ?d resulting in a U 25 |less
than unity, If F is greater than unit the draw i s _super-uni axial and the

MDDR is ovucaliy) Big & dpnpifieindepepdral ¥f9ﬁﬂwmurn95@el~%evp@a% f¥ portion of
the extra AR W Y58 ressive
buckl ﬁ]g t hreshol d mg?{x%ﬁ’;’g F%l\?'v%efor tﬁmap&%gﬂg??ant Fﬁ%%%ﬂ\%en Fis
great er thpm‘tsmrﬁthe;ﬁhnmhtﬁmgﬁbfefcse&latdwsemmeMOMthaﬂte oveqb‘q:ndpmrﬂmmm y to the
ratio of t our. Ienthlnthe I nk ] MD to 30 the
in plane cﬁ%‘gﬁ thn%ﬁawgﬁﬁ‘&éd %?I#Q@ST? ?37"533310
Because of eﬁbmaitsa&hmsﬁedalbeswﬁas o%ﬂﬂaem fithd MBwC FeFsolfe Const ant
density, F can be witten as: x TDDR f2 ) G\Féglcally, Fis

t aken as d@h@ﬁsﬂmﬁ%ﬁe‘fﬁqudr2 Qféé’ngl(nl pullgweddroughogdhadipies of F 5
anyti{g during gdiGe idp | %ﬁggaﬂuéﬁ&ﬁdeﬂq ﬂe%&&lﬁﬁwfeastgﬂm over and

stick to other parts g‘?ﬁt usi ng In at sone
enbodi nent sntire thwommmthﬂeﬁnﬁimioﬁsver&edm’owﬂedmbuwbomg onhe draw to avoid

or reduce severe i ng or f ver. In sonme enbodinents, the overfged
Is 1.5 or FI#%P&%‘G % gﬂ&?‘%@ of the draw. For some films, a maxitrum
val ue of F of 1.2 or even 1 MDBRa:# Imm xhTPDRMout the draw. 10 For at

| east sonewinbodl ment s, partlcul E g od| ments with U>l through the

entire dra o CHNRR Fhgsaniat lovel greatst bpn waity. Foperample, § carbet i ve

boundipn asdfkdpddiiy ge $HOR 19, u@ﬂlaasawcﬁsmabzw ! _) MDR>1/ (F. x TDDR n
) where Fm,, can be chosen at’ any preferred |evel greater than unity. For

exanpl e, F can Waen thg overtiesst i lpss Sawwnity, thereds effectivelyomore in-plang spagescr i bed
above. along MD than is desired for the truly imiaxial draw and the MDDR may be under-relaxed
and causing MD tension. The result can be a U value less than unity. Using the
relationships between U, F, MDDR and TDDR there is a corresponding correlation
20 between U and F which varies with TDDR. At a critical draw ratio of 2, 2 minimum U
value corresponds to a minimum overfeed of about 0.9. For at least some boundary
trajectories including boundary trajectories in which U>1 for the entire draw, MDDR can
be selected to remain below a certain level during a final portion of draw, e.g. ("’)
MDDR < 1/(Fun x TDDR'?)
25 where Fyip is 0.9 or more for a final portion of draw after a draw ratio of 2.
As an example, trajectories can be used in which MDDR<(TDDR)™'? (i.e., U>1)
throughout the stretch, Fp,, is 2, and the film is stretched to a TDDR of at 4. If the
trajectories are coplanar, then the film is stretched to a TDDR of at least 2.4 and often at
least 5.3. If Fry is 1.5, then the film is stretched to a TDDR of at least 6.8. If the
30 trajectories are coplanar, then the film is stretched to a TDDR of at least 2.1 and often at
least 4.7, If Frax is 1.2, then the film is strefched using coplanar trajectories to 2 TDDR of
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‘When the over-feed is less than unity, there is effectively nore in plane
space along MDthan is desired for the truly uniaxial draw and the NMDDR may

be under-rg (%}S/“gg, gﬂd causing MD tension. The result can nos2ebdhy@ | ess
-than unity. Ing t rel ati onshi ps between U, F, MDDR and TDDR there is a

correspondi ng correl ati on 20 between U and F which varies with TDDIL At a
critical drawratio of 2, a mninum U value corresponds to a m ni num
over feed of ableast 18.a8d oftar atasast 40 SHor seplmab ot svdevoplandribajnedatyotdjetoriendf nali ng

boundary traj.ect.or es | for dr aw, b el ected
to remain beIhBW‘é W@\%Hg’tﬁ ?%ﬂ#bgoﬁfﬁ“&wwgﬁﬁ@ﬁ%g "5( 7)

MODR < 1 / (Iféme(gTDDer) 25 Wnere F,, is 0.9 or nore for a final portion
of draw after a drawratio of 2. As an exanple, trajectories can be used in

whi ch I\/DDR<( TDW)EWOW@CMP@%PIW#%WWW@S@QWQYIEW F,,,,, is 2, and
the fi I A I | anar,
t.hen the f| I "" tretjcﬁ g g IB@ #m J"l-étfeas aﬁ%@gfatﬁgr@;@mqggast
5.3. If F~ |$ﬁdtclﬁﬂt¢h§‘ﬁ>nmefa‘tldasn4tﬁsandtoﬁmnhﬂdtﬁ& HFEDERI .S5fthext thé 6bsis 6. 8. |f
the 30 trajectord a r n tre TDDR of at
| east 2.1 gnﬁﬁﬁfli‘egrsﬁoﬁﬁq‘ig%i] Stf‘ztﬁ“ﬁo aet]?"é%épzﬁ {?’:}Ee"f#‘?ﬂﬁ?

stretched usishéckednd a TODR 6ﬂit%ﬁ.§t@r‘ﬂ @3 ofitn & 16 ¥4 .Off no BrhiMOpROEHan(E Gg 1
PCTI U820031033310 at Ieast .8 and often at |l east 4.0. For coplanar or

non- copl anar Wofls J%&@Maﬂeﬁtﬁé AI‘?QW@angaJB‘Ft%fé’Gn@ﬁo usefih t he
filmisgtre yea g‘:'&ﬂ: 8fhe 6- 8- 1IN
anot her exarrp cogl %iaB r jé‘g{m’?géu can%be usec}p 19\?\)“59%%.,, OEJ ©

m n) * ( MDDR) <(ﬁtﬁ[ﬁ?§ttemedtwa)'ﬂgbﬁlﬁaﬂmté.81 etch, Fmex is 2, Fni' is 0.9, and the

LT 5 (hen tno: Do phat oeRtied fon bF §2ned ppipd Hrme oot sBleckp B oeliag  on ot
| east 6. 1, Icf:ﬁand:&ajbctanest»hwerbbltflshmdsss Ubik bEleqp 0.85 boera fllalrén 6tithd east

3.7 and often at_least 5.4. If nolimt is placed on F, then the filmis

stretched t o Setpipffer gehigying @ TOPRPL2.5, pndFvariti g dring siyetching ysedthiraiecieriepe used
10 0.0, Bnd (18 e N {eRioHtce e TOBR AR eab 1 (PR RERE0 Toves S ULt
traj ectori es rouiontvf thgsiretoh dfierschieviig 2 TOBDBIAR.5¢ a@jﬁmmﬂldasng st@hllm copl anar
) 19010, 1T TR e i b bl B pER Y |
stretchi ng. Wpgly(MDBR)draE b €idal portion of the draw in which TDDR is greater than a
gritical value TDDR’. The following provides minimum draw ratios that should be
20 .achieved for the trajectory. When TDDR’ is 2 or less, then for Fp,, = 2, the minimum
draw is 3.5; for Fuay = 1.5, the minimum draw is 3.2; and for Fpgx = 2, the minimum draw
is 2.7. When TDDR?’ is 4 or less, then for Fpy, = 2, the minirum draw is 5.8; for Fuax =
( 1.5, the minimum draw is 5.3; and for Fyy = 1.2, the minimum draw is 4.8. When TDDR’
is 5 or less, then for Fre = 2, the minimum draw is 7; for Frx = 1.5, the minimum draw is
25 6.4; and for Fpay = 1.2, the minimum draw is 5.8.
In general, a variety of acceptable trajectories can be constructed using curvilinear
and linear tracks so that the overfeed remains below a critical maximum level throughout
the drawing to prevent fold-over defects while remaining above a critical minimum level
to allow the desired level of truly uniaxial character with its resulting properties.
30 A variety of sub-uniaxial and super-uniaxial trajectories may be formed using the

parabolic shape. Figure 18 illustrates examples that demonstrate a different levels
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15 al so include coplanar trajectories where TDDR is at least 6, Uis at
| east 0.7 over a final portion of the stretch after achieving a TDDR of

2.5, and [ ing stretching. Yet other useful coppef@gdosedzeft ories
2ot e’ Mg aRsB | 09 BYLET g 3eL (Fnt)* (MDDR) during a final

portion of the draw in which TDDR is greater than a critical value TDDR .
The followi ng provides mnimmdraw ratios that should be 20 achi eved for
t he traj ect omjnimihdhafEDDRtiti¢at TRDRr ank dwt demdnstnaté o differentmaxintuneoverfoédsum  dr aw

is 3.5; for 'w =21, 5 ni num dr aw. | 2. and for. Emx =.2.. the

m ni num dr awgﬁ%qgmﬁﬂ%“ﬁ%%?ﬁ F%Stgg?y ?qr?éd%n‘?t%srx ?P%? aés?,ledtlﬁe m ni nmum
draw i s 5. 8; xf wiif theinitial ¢ephrafion Hisands ofitheutrcky. ale iscaldl Beooadithté, die quantity 1. 2, t he
m ni nrum draw, i s_4. 8. en T is 5 or less, then for F. = 2, _the nininmm
draw is 7; f@fxkis tﬁﬂi%wéwﬁm Eh_%ﬁ?%ls%H@.Taesea‘ﬁ@arva}uepfx@fof?‘z, the
M ni mumsdr aw pScieve 302 R tREEHRALRLIc cade With h Yhlie 6f x,AG 0£068PhEwhitiR&hARd €S can be
constructed using curvilinear and |linear tracks so that the overfeed :

remai ns bel ogveaterdhin Q. Whabore drematiceld.5. tCnreei3Mds the paraboli cass with e valpe ef ent

fol d-over defect i . inin Y ritical .m Qi | ev al | ow
t he desired f'Z’%?é’?og?i{nfvﬂ %rﬁ%&a&%ﬁ@?gﬁe&gdﬁ 'i’?u?f)gb'g‘g?ﬁfvt%fgdg@ Béég)pert I es.
30 A vari et yarfdf319 tillustiste saricus level3 of oveefeed) Thauvetfeed, TR aed dcald filet whdth f or ned

using the para %IgA' c shape. Figure 18 illustrates exanples that denonstrate
a different & 93 | WD 2004/ 050331 PCT/ US2003/ 033310 minimum U after a

criticalp TDDR and that dempngiat grPTdDR)er 1§ (THBR yn overfeeds up to a
final desired TDDR The.curvelsioare repres)e.n?e by coordinates x and y as

scal ed by xIt follosws fdireqily thatithe) ayerfend gugressesarithapereastngcT RIPR dmmthe pargbalis.  The -
scal ed x coo i Dt fediiba t¢ | S..ther, &0 .t O o TDDR( )
Curve 300 isﬁ% e |egga Hcase Wi ?d\?ﬁé\’.&g ﬁt%cfg% o;ho%&f[. 0. X&?&el'% I's the
par abol i ¢ cawhichilichoverfeed reraaind beldw .0 up to Ofifid drawratidoH615. UCamwra@08s thegr eat er
than 0.70 abov draw.ratip of, 2.5. ve 304 is the parabqljc case with a
val e of  xi PRREPoD ot 3% 5 vaGRF Kot AL a0 Bvesties PR PN AT 1 at [ 0 of
2.5. Cursves @QGinaP@kaw rati vt 631 Urbd 319tiE Ab Barkbilic Quse witVPbalnedf xoxpéffeed. The »
overfeed, TDDR and scaled inlet wdth are related by 10 xi/xo = (F2 (TDDR)

-1) / (TDDR inpyhich the eyerisodreanains beloy 2 updp 2 finel dewpe ratiood 6i5n dihe Jeyelofui t h _
RS2, P A AR i e i i O 20 1

X1/xg of only 4.333 rather than 4.545 allows drawing to a final TDDR of 10 while keeping

the overfeed under 2.

20 For the parabolic trajectories, a relationship allows the direct calculation of MDDR
at any given TDDR for a fixed scaled inlet width:
MDDR = (TDDR(xi/xo) + (1 - Xy/xg) ) "2
One observation is that the relationship between MDDR and TDDR is not an explicit ( )
function of the y position. This allows the construction of composite hybrid curves

25 comprising sections of parabolic trajectories that are vertically shifted in y / x;. Figure 19
illustrates one method. A parabolic trajectory for the initial portion of the draw is chosen,
curve 320 and a parabolic trajectory is chosen for the final portion, curve 322. The initial
curve 320 is chosen to provide a super-uniaxial draw with a maximum overfeed of 2.0 at 2
draw ratio of 4.5. Curve 320 has a scaled inlet width of 4.857. The final curve 322 is

30 chosen to be a sub-uniaxial draw with a minimum U of 0.9 at the 4.5 draw ratio. Curve
322 has a scaled inlet width of 0.868 . The actual track or rail shape follows curve 320 up
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which the overfeed remains below 1.2 up to a final drawratio of 6.5. Curve
308 is the parabolic case with a value of xt/x0 of 2.477 in which the
overfeed r ' w1l 5 up 15 to a final draw ratio of 10 is
the par abo%h@z@gﬁb\n{)th a value of xj/x0 of 4.545 in \Ahiléﬁr’tﬁﬁzeo%’ééeé?*oged
remains below 2 up to a final drawratio of 6.5. The |level of overfeed is a
function of the final draw ratio in these cases. For exanple, using a val ue

of xi/xo of |NDOReEABBaidhdtdontids off ca¢O3 2 WS is@varicallly shed vetsitil of TDDR of

10 whil e keeping the overfeed under 2. 20 For the parabolic trajectories, a

rel ati onshi p @Ivedds. Iptheyiwords; a rajeetony £an baye ap initightretghingzape §iithdricisDDR for a
fi xed scal ed ﬂa@lnﬁ%fﬂﬁcﬂ&ﬁbﬁf gssp(,;{mR(xi /xo0) + (1- xI/x0)) d12 One
t

observation is at the relationship between MDDR and TDDR is not an
explicit function of the y pos(dizah=(TH)s:/ad)lyoul +hk construction of

conposite hybrid. curves 25.conpri sk ecti.ons.of .parabolic trajectories

t hat aregvertﬂ‘gﬁh? algﬁrﬁegc@%?o?e 'ﬁ%ﬁ‘%?’&ﬂ?%af@mﬁa’ﬁg@ra o8y t?‘)ret hod. A
parabolic trajectory for the s@Ey&i)ad (BOGLXD(yR)Lfe+dlaw i s chosen, curve

320 and a parapolic trajectory is chosen for the final.portion, curve 322.

The initial V% 2wdg: pe diffesant and 4 cpresponds to,the yertical shiftthat permiis copplingn o
maxi mum over f gegk tgrﬁc%cgorf%%aknfnut%é\%éﬂﬂoﬁc SHonfent mayHe ¥EmBAE MaRis tafifed! €d

inlet width of 4. e_fl nal curve 322 is 30 c osen to be a s_ub-u'ni axi al
draw wi t h a m ni mihe paaboly t@rjegtories; @ndthir derapesite bytyids.Can be used 2ogthidesthe scal ed

inlet wwdth of 0. 868. [T tual .track or rail..shape foll urve 320 up
2 0 50041 0SEB R o SR TrifRlonte, B sipefions YIRS heler B nehlfekeplEs o
cur \d/e 324 whi plerdate tﬁjemﬁﬁ&. CEHebey/liricat épgaﬁ?timﬁoaé Qﬁl_tﬁfconm&w&wiﬂiﬁthd tfbl?ﬁild%ﬁr _
words, a trajectory. can have an initi stretching zone with {racks avi ng
a functional ?mqaé%ﬂ(‘{r&m?‘(%ﬁﬂﬁdf) g“&‘?"f’ﬁ‘?‘(‘ﬂ’? _ REYIIUR 1 5 and
then a later Rhih )% b BhdsEPEIPRNBYIeR thaft a LHAG BAR3htd, TODR*.
corresponding to f(%%&{XZ) = (1/4) (x2/x0) ((y-A)/x2)2 + 1, where x, and X2
are different Valnes far & sipubecsslectgd whishyelate o the onget ofistreincindused aystallinigupl i ng
of the ty.aj ec ' | i ' in
thi's maniar it BRIt iRt 502, 2380 ek o8 PRI TR i AOGRE VA ' 0,
be used to guiotter tahes b01.2 oneterdcl. iThe rafge bETDDBRY gtuengilydhlis betvgeen D06 agdBOdi nent
i nvol ves the yse of . Li near se nt create trajectorjes. These |inear
appr oxi mat i onSCTHF °6&h°66‘ﬁg&wggglawjﬂfh§*nmfmot ¥ 47} particular constraints on

minimum overfeed or U and may fall outside the confines of the constraining parabolic

frajectories. In Figure 20, curve 340 is chosen to be the constraining parabolic trajectory

20 of minimum overfeed at the chosen draw ratio, TDDR?, illustrated here at a value of 6.5.
For illustration, the minimum overfeed constraining parabolic trajectory has been chosen
as the ideal curve with a scaled inlet width of unity. Using the relationship between

( overfeed, TDDR and scaled inlet width, curve 342 is identified as the constraining

parabolic trajectory of maximum overfeed where the maximum value of F is 2.0 at the

25 TDDR value of 6.5. Curve 342 is now vertically shifted to form curve 344 so that the two
constraining parabolic trajectories meet at the chosen TDDR’ of 6.5. It should be
remarked that curves 342 and 344 are completely equivalent with respect to drawing
character. Curve 344 merely delays the stretch until a later spatial value of y /x; 0f 2.489.
An approximation of linear or non-parabolic curvilinear segments will tend to lie between

30 these constraining trajectories above TDDR*,
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C of parabolic trajectories (or conposite hybrids) of maxi num overfeed and
m ni mum overfeed (or mnimumU) at a chosen TDDR |arger than a critical
draw ratiggo 2664480331 Val ues for TDDR* can be sel ected whipghris2bihoss#e t he .
onset of stra| n-i1nduced crystallinity 15 with exanples of values of 1.5, 2,
and 2.5 or may be related to elastic strain yielding with | ower val ues of
1.2 or-even 1.1. The range of TDDR* generally falls between 1.05 and 3.
Portions of the Wniﬂiepaxab@llcatdaedmeeﬂ:aﬂ'm‘ss maamgdlcham}glqsanm cul ar

constraints.on . f.e eth onfines of
t he constrafnﬁ”aﬂn%g?gg‘gwe &?J thgvrelae e‘llr‘;?\l‘}éﬁe’gure curv %-Pfﬁé]l s chosen
to be the ceméamwﬂﬂnmﬁrgmmkalobgaﬁﬁéaﬁﬂqgnﬁﬁt oﬁsxmpwlmmapmﬁmﬂnat t he

chosen draw rati o, | lustrated here at a val ue_of For
.||ustrat.oﬁanattew@ﬂ%ﬁuﬁ jrohapsing alige wiha V&?&?P‘i?g‘“ﬂﬁﬁﬁ%ﬂ@efl?%}’%ct ory has

been Crpse”mjﬁﬁmﬂlﬁwffék@%'tﬂﬁ%&%nm arpe Giak eﬁl dyw&hl&p(ﬂitedm' ty. Using
the relationship between overfeed, TDDR and scaled inlet width, curve 342

i s identifi berkwerds neTBBRsmﬂhﬂhnpvgfee@muab@nqmmmaqn@&lm@ Mubmuenﬂme@va feed

\iNrs]e;\gwtcgrtl . Y W‘g%ﬂ arm‘cur 3 "Te?s%a?hﬁ%fm(é &;Yﬁl ﬁ32

parabolic trlesjued‘.tmfhemaxﬁmtmaverfehedmma'ﬁﬂﬁbemfse@mﬁmshwmm be

remarked that curves 342 an 44 a Lvalent with re ect to
G i ng. . haEPTBRON s (W A e L DR belart TODHE, bt ot

spati ajg val Ry 8 uskd/toconfletd ttGRick o MRil PBROX tﬁ’é‘édxﬂﬁ‘mﬂtfodxhﬂﬁﬁﬁm%erfeedm

non- par abol i c CUI’VI linear segnents will tend to he between 30 these

const r ai ni ngpainiap mZQb@w 3015 lineapapproximgiontonstoded by a maximum

PCTI US2003/ ;}F@gg @ﬁ@p‘g!; ;gg; reasing { )
di vergence a 9{;;g es vmy% |ncrea5| n Wl near ?tr a| ?orlﬁgf%ﬁal\h}%ga fixed 7

di vergence sewtjbus. ﬁbﬁsﬂﬂhema&gnéﬁeﬂmdﬂaﬂ%ackﬂdnﬂsﬁmﬂm&hmgnm al ong a

chooel ng. o Fred 43 BRORITPR ] . 2F s ThbR? it 628 2, cEtauts Sonshamon,m
over f egsl ‘at oh IbelW0S EDDRIIDB, ot tftethod F FHRBIHS e tRY S8 eRiipoRRO] At backwar ds

in TDDR until| the overfeed equal s the maxi num al | owed. subsequent |i near

segnent is @%F%@W@?mmﬂma%mw&%’é@bﬂ’éylb@ zeERoiteNoles of ten as |
necessary o %i?daﬁé%&i e'%é:ohﬁ‘ | {BPEsOME vt dord ?%%Rolﬁ#ﬁ; u%ber of

segnment s nee for t X1 mati on |ncreases rops bel ow
TDDR*, any nmbwtmhoﬂﬂem@MT@PBé used to conplete the track or rail as
long as the consgral Bl @RS BN TS50} £ tighter value for the maximum

20 overfeed of 1.5. Here the constraining parabolic-trajectory of maximum overfeed is not

?-

shown. Three linear segments are required. The first segment extends backwards from
TDDR of 6.5 to TDDR of 2.9. The second segment assumes a divergence angle equal to
the constraining parabolic trajectory of minimum overfeed at this TDDR value of 2.9 and ()
extends backwards to a TDDR of 1.3. This second segment ends below TDDR*. The final

25 segment ;:ompletes the track or rail shape for curve 348 using a different method than that
used for curve 346. Here the same procedure for the iast segment is used as for the
previons segments, resulting in a delay of the onset of stretching with higher y/x; value of .
A third method of completing the track is to set the overfeed to the maximum at the initial
TDDR of unity.

30 ‘ General, non-linear and non-parabolic trajectories fitting the requirements of the
present invention can be constructed using the constraining parabolic trajectories. The
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maintained. In Figure 20, curve 346 is a |linear approximtion constrained by
a maxi num overfeed of 2. Because of this |arge maxi num overfeed, it
conprises onigh Jododesflear sections. The final |inear seg Il

t he way backwardos ?romthe chosen TDDR of 6.5 to a | ower ng‘)&q&&ﬁ In
this case, TDDR* is taken as 2. Wthout a constraint 15 on U bel ow a TDDR of
2, one nmethod of finishing the track is to extrapolate a second Iinear
segnent from TDBfmum overésd benskaining PRBROlE trajagtoryis she quiee of njiitnuneslepepbe.nt .

Note that thig causes the s n r Libe Lowers [0l ng
par abol a, si nc%aﬁi‘ﬁ'ga oSt Fal gltg’ agsfilinhoi ;t%g%'¥e[c¥ | vgil el ow 1DDR eecqoc% iﬁél g{ur 20,
curve 348 is tpaeabblstdjbcia@l isthe agveofltmahhen slopt, we. thmimbrh divergenceupasaver f eed

of ‘1.5. Here the con L.npn rabolitrajector xijojum oyerfeed i s not
shown. Three | P°§t§ﬁgﬁt°sgg"5$rgl’ ?‘E&P(?I%EL mﬁ‘?@"lgﬁe‘%‘f‘ﬁ% o 1% ChasER
backwar ds 5f r onfpBROR R an§ filnctiéh JilsidPe Bat Beshetwldes tieRet@nROTRALs. 35 SiHipRs 2

di vergence angle equal to the constraini ng ar abolic trajectory of mninmm

overfeed at t hnethadjordsfininge fynction dorfhesl befiyeen thasel sonstaints Tpfeksfa 1. 3.
Thi s second se . ik he
track or rail %ﬁ@ggm%g?&é‘ﬁrﬁ%%wﬁ%%‘%&g“ﬁ?ﬁ}f‘é‘?éﬁ{’ﬁﬁgﬁ’gﬁf %ﬁgﬁ% at ¢ used

for curve 346.illgrates thiesimpleamgiitodc dalthiscexhmplef 356 i$ fremed ygawdar combisanaf f or
the previous segnents, r ting.i.n a del.ay .of the on of ,storetching with
i gher v i valb R oVREEH BN e SHBTRN FFVE HE FPLER SN, o oot 't he
over f eed 1p0 t hgpiFRahdtieRtdit, duRR 346, witttthe liddaPReights 0P0.Y ¥ind 89, feseetivily. In

non-linear and non-parabolic trajectories fitting the requirenents of the

present i nvent§eaerak fmotiens dinh ae ngbsiaple linpas gompiaatians g1 alsahed§ebar abol i ¢
trafectories. The N am] FTak Ul ﬁﬂ!ﬁgsgﬁ IRl e Leqd
congt rai ni ng par abc#l?c traj gé‘éegry S fltg e curve é)?fﬁ%ﬁ%?%ﬁ% sl opga%é.
maxi mum di ver gibepesant ivention sambe applitd ower diffeftbDRRctidne ofitha imackye gvihe Exauple

constrai ni ng .abol i ectory. is the curye.of Xi mym_sl i .e.

ni ni mum di ver g@%@“ﬁ%ﬁ%ﬁ’é&bﬁﬁ'ﬂ’ mlﬁt?rfgfyllﬁencﬁm%w.g ap@g@%og&?roﬁﬁl?{}@gercan be
extrapol aised bes ki@ diferdrt euirdifentd 1 d @ibréforb @R rent SiaREmaNind winghiAn of sl ope
that |ies between the canstraining bounds. A si %2@ nmet hod for _defining a

function for t%%ﬁ%@j%‘?ﬂqsi‘%@* PWE@N&?{%@P fhis ¢Rss the TRBR afthe 2~
sinple |inear Wﬂ&%fﬂw&%%?ﬁg%%wmmh?I@%@%&E%DI@%&%@SO In

Figure 20 illustrates this sinple nethod. In this exahple,” 350 is“forned by
a l'inear conbi swsingross the range ofdesimdrdrawiagf ¥etbus esrtipnsmay benspditoedgodunt for
trajectory, CURY %ar;l%odf.lg' phee}l%glelg(tﬁeofldlrar\}veu?gr, such as yielding, strain-induced crystallization, onset

20 of necking or other draw non-uniformity, onset of strain-hardening or to account for the

(x

development of various properties within the film, Typical break points include those for
TDDR¥*, the range of 3 to 7 for strain-hardening in polyesters, and typical final draw
( values in the range of 4 to 10 or more.
The procedures for determining boundary trajectories for the present invention in

25 the method of extrapolating backwards to lower TDDR from a chosen TDDR’ may be
used in an analogous method of extapolaﬁng forward to higher TDDR from a chosen
TDDR”. Again, two constraining trajectories are formed, joined at the lowest chosen
TDDR”. A convenient value for TDDR?” is the initial TDDR of unity. In this method, the
constraining trajectory of minimum overfeed or U lies above the maximum overfeed

30 curve, Figure 19 actually exhibits an example of this method in which the hybrid curve
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10 approximation to it, curve 346, with the |linear weights of 0.7 and 0. 3,
respectively. In general, functions that are not sinple |inear conbinations
can al so @ JueRdess The aforenmentioned nmet hod for descr ipbirfif2d08@3352¢ | OUS
non- parabolic trajectories of the present invention can be applied over

di fferent sections of the track, e.g. the exanple of Figure 20 for TDDR up
to 6.5 may be conbined with another section for TDDR over 15 6.5 with

di fferent r32flies betmwetrstha nunitryer ekfew condufairt.antve3g 2. awd theamakinrim jomerfired

constr ai ni ngontra'tect oeriz%s over.that higher range of TDDR 1In this case, the
TDDR of th v{'8Us Section of |ower draw takes on the role of TDDR In
general , TDDR nstill dnetheCd1ss eNbamdss kajebtori¢sang be défirdd and mdy, di sonvieng. Vari ous

sections may be_ used_to gount fqr the varjous_phengmrenon, of draw ng, such
as vyi el di ng?mg‘{dlua‘?%ibﬁﬂﬁgédﬂ WSATEWQWME@a‘%ﬁ“‘\’P@Bi ot her
draw non- uniyf e Bsbnte oPEh%ﬁtprgﬁd&tarlﬁfinBiPH%ﬁ%édQ%f Bdro liPis @f , kg Akl

Wi

devel opnent of various properties hin the film Typical break points

i ncl ude t hosterin analysisphwtthe prinsipabMistiess vall motugdly gorintorstighteomaregsion unger n

pol yesters, .0j cal .Bﬁil W Fggﬂ ' Qa LRDES; fo . or nore.
The proc edu@g%%%%ﬁé%f {ej?ﬁr#m ng&%%un ryhifd?aaljhgoé%lorl es orC%f) léelcotﬁ?té%gm

I nvent i on i aquafién, itiedissivired thaf a ntabla priteridn fog pleaerting compiessiveanessesiidR from a

chosen TDDR ay he .used jn, an anal ogous nmethod of extrapolating forward to
hi gher TDDR°1Pq”8qu2be @%tﬁﬁl’f@&?’mgﬂ@fgﬂm two constraining trajectories are

f or medyg j oi ned at gk?mgk ¢hp DR)MBDRF C OISR} MIYBR for TDDR' is
the initial TDDR ((gbunlb y. I)r2 tgiqgmrrel?hod, t)?fe cons]t raini ng}:p?-r aj ectory of

mi ni mum overfeed or U lies absnd9) (EDRRYMRIRRYVer Oeed 30 curve. Figure 1%
actual |l y exhkbi . e t hi th j ich t id curve 27 |
WO 2004/ %o%%"’@%%gg%’ﬁé’gghfﬁ ?%’E@P%ﬁ’ﬁ%ﬁﬁ]%%w&erfeed -
constrai nt, invention thkAZpecified thib elasswf boandmg vajcbwdes. constrai nt, curve 320.
crbodi ment 5. be. ASBRGHer AXSERY Bl 56 GevE QU R BB N AR e e |
enbodi nents, be V : (¢ e the

uni axi g CoBglinihi ArajeBtolis, |8 DoRRERNEecRiies BEAd0 fOk BY ki single RAIAGIn MneMD St T ess

of zero, it is anticipated, using finite strain analysis, that the principal
MD stress wqhma@tﬂﬂame?b&@htmﬂﬁfg*mbemmme condi ti ons.

Using finit MyNETaF ! ﬁ and. E!}ﬁ?] E@%E@]ﬂ- ' qd ¢ itutive
equation, i lﬁgﬁgiréhcove%aé%b a:mg&rsui abl'e cri tt%rllﬁggﬁhﬁg?&lslr]g\?gﬁ#?%g
conpr essi ve substasiidly ainimmial draw history may be maintained using out-of-plane boundary

trajectories. The boundaries may be symmetrical, forming mirror images through a central

20 ' plane, e.g. a plane comprising the initial center point between the boundary trajectories, the
initial direction of film travel and the initial normal to the unstretched film surface. In this
embodiment, the film may be drawn between the boundary trajaétories along a cylindrical
space manifold formed by the set of line segments of shortest distance between the two (j
opposing boundary trajectories as one travels along these boundary trajectories at equal

25 rates of speed from similar initial positions, i.e., colinear with each other and the initial
center point. The trace of this ideal manifold on the central plane thus traces out the path
of the film center for an ideal draw. The ratio of the distance along this manifold from the
boundary trajectory to this central trace on the central plane to the original distance from
the start of the boundary trajectory to the initial center point is the instantaneons nominal

30 TDDR across the film spanning the boundary trajectories, i.e. the ratios of the half-
distances between the current opposing points on the boundary trajectories and the half-
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optionally be given by the foll ow ng equation: 10 ((TDDR)(IVDDR))4 + (( TDDR)
(MDR))2 - (TDDR) -2 - (MDDR)-2 - sin2(0) ((TDDRXMDDR))-2 = 0 where MDDR is
the cosine @fo idogoshsyer gence angle. This optional nethod oﬁcf,bgogj,@%t
rnvention then specifies this class of boundary trajectories. As indicated
above, the filmmay be drawn out-of - pl ane using out-of-plane 15 boundary
trajectories, i.e. boundary trajectories that do not he in a single

Eucl i dean pl ardiatancéﬁr’netvmeaﬂsihiﬁnlpmiﬁaiﬂﬁ'th&nnposimmhehdméaommimﬁcmdes.

boundary trajectories neetin relati of this preferred
enbod munt | of e gpaeRPerTEers o R it SRR Sufk a PhReREax Al “dr aw
hi story may beotiidaty ipdjetestiesithé\gprivgfonding périét oo tha byntral trigehinpes §Bed ashe
boundaries may be s m’retrlcal formn myraQqr ) thr gh a_central 20

plane, e.g. a'PsH (94 theyfentral ‘ieaﬁeglﬁr?P’é’F]giﬁ PG@%’Ha”tﬂi‘é boundary
traj ectorkes, ckﬁeluhalc&@esgiﬁreﬁrhmthw Wﬁhe@ﬂﬂtaﬁéﬁtbﬂh%&hd&?r el

to the unstretched filmsurface. In this enbodl ment, the filmmy be” drawn
bet ween t he bdwingteryon the peit tapgens of the eengrabirace.| i ndr i caI space mani fol d forned

by Che set of |1 e ReQRA! & MfechlRl KTl BOAIRAIRERNES hd B5uh 0cOPPOST 1O

boundary trajectories as one rave hese rajectories at
equal 25 rat emmwmmgmaomfaﬁjwmyth&bsmmﬁsichmltoheauthmdhﬁscq&mf W th

each other and,the injtial mea{eﬁ hetrace f. this ideal nanifold on
the central plﬂé‘?‘ﬂei"'ﬁﬂg"?ﬂ?“aﬂe éi"ﬁ'ét e pryypany fiE=teRIpg EgIoncan Caniin B0 | geal
draw. Thqgrat '&nﬁ:&e&?ﬁrcﬂﬂz’%ﬁ@é‘ﬁﬂm@fféﬂﬂtéﬁ@bﬁm@%ﬁdﬁﬁ&n@ Fé , ol YafReRRY
trajectory to this central trace on the central plane to e ori gi nal

di st ance fromfrannefisst elpss qﬁtramnmbw}mtqdafpr@@mnyl str@tcmzmmﬂanotb@nt er
oi(nt is the i he
Eou(ndary traj e&?ég?)?}eggﬁws he r%‘%ﬁ%ﬁi&%ﬁ%%ﬁtﬁé@?%%ﬁéﬂ t he

current opposiaanbpsrleted foreatln of the sutdequyntistretpldng mees and the hal f- 28 WO
2004/ 050331 PCT/ US2003/ 033310 .. di st ances g‘f en .t he, W%ﬂ gsi.tions of
t he opposing poi nt s B RTSSFE MYSTHARFIEOERasies & Bear P& points

nove at qgnst%hpﬁadgadﬁmmumﬂm&@baw hﬁepiém lyngploRiniily .75, still

trajectories, the corresponding center point on_ the central trace changes
speed as nea%?@are&%ahq%ﬂéraedswntwerefmbwbpvtéb%‘i Iheémn?m’é“gurw | i near

proj ect Lo of Chgwiiy be Sflich Syl d ARFpERANAT dd BLERATY s Ruol TOTRTS
tangent of t hq:rcbnbiyaalfahmvaéé stilhreomre prefgaidy afout 2. &pml:momlmdem&y@lmibéd dbove
are illustrat I ve an%o&imout!sdthgg}mcaFTDDRcanbe 4 or 5. Above a critical TDDR, certain
20 ,.matenals, e.g. certain monolithic and multilayer films comprising orientable and
birefringent polyesters, may begin to lose their elasticity or capability of snap back because
of the development of structure such as strain-induced crystallinity. The critical TDDR
( _ may coincide with a variety of material and process (e.g. temperature and strain rate)
specific events such as the critical TDDR for the onset of strain-induced crystallization.
25 The minimum value of U above such a critical TDDR can relate to an amount of non-
uniaxial character set into the final film.

A variety of boundary trajectories are available when U is subuniaxial at the end of
the stretching period. In particular, useful boundary trajectories include coplanar
trajectories where TDDR is at least 5, U is at least 0.7 over a final portion of the stretch

30 after achieving a TDDR of 2.5, and U is less than 1 at the end of tbe stretch. Other useful

trajectories include coplanar and non-coplanar trajectories where TDDR is at least 7, U is
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construed as limting. A host of trajectory classes -are considered to he
within the scope of the present invention. As indicated above, the primary
stret chi ngrg REyedessaan contain two 10 or nore different zZgRegs9esidassiof ferent -
stretching conditions. For exanple, one trajectory froma first class of
trajectories can be selected for an initial stretching zone and anot her
trajectory fromthe sane first class of trajectories or froma different
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than 1 at t [shara¢er ipte thefinakfim.: Fhys il gaayrhe adyanizeeousde cqmabing e attihutes o€ copl anar
and non- copl @hp& Is EB@QO'- 1 ..l east 0.8
over a fi nalvaggistnl\a%&n of %@r"é@gﬁ&ea terhgs(':hi eJ\’/l ngieég‘lqéﬁﬁoﬂ?ﬁ?.a%? and Uis
| ess than 1 tejectonemeynbe péferréibindhe erlisn portiowsf of tthegiraw,ayhileithe latss partiotsude

copl anar  andy 8GO0 oBN Al loh H ikt ERotb Ot o bR rtadp e, TP Sy B takbrl ©

20 as a non-increasing function with TDDR. In still another arrangement, the overfeed, F,

may be a non-increasing function with TDDR after a critical draw ratio of, for example,
1.5,2,0r2.5.
The uniaxial parabolic trajectory assumes a uniform spatial drawing of the film. ({ j
Good spatial uniformity of the film can be achieved with many polymer systems with
25 careful control of the crossweb and downweb caliper (thickness) distribution of the initial,
undrawn film or web, coupled with the careful control of the temperature distribution at
the start of and during the draw. For example, a uniform temperature distribution across
the film initially and during draw on a film of initially uniform caliper should suffice in
most cases. Many polymer systems are particularly sensitive to non-uniformities and will
30 draw in a non-uniform fashion if caliper and temperature uniformity are inadequate. For
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at- least 0.9 over a final portion of the stretch after achieving a TDDR of
2.5 and Uis less than 1 at the end of the stretch. Useful trajectories

al-so i ncl udg/rspk/addagds and non-copl anar trajectories where P(ﬁl%obs?oﬁi ol east
7 and Uis at least 0.85 over a final portion of the stretch after achieving

a 10 TDDR of 2.5. In sone enbodi nents, a snmall level of MDtension is
I ntroduced into the stretching process to suppress winkling. Generally,
al t hough not sxogis polypropylédes teashbu fline dfaws moder nivdotaziabdrawingn Cleetaines Wit h

decreasing U. _l.n sone odi ts, it.i,s useful to increase the tension as
the draw proc@@%g?&qggggé}ﬁ%d&ap&h%1(Tr%?ls?/%ﬁ%%m% Y® earlier in the draw
may tend to set nONén-iforFildstralching by @Girdfor 4 virietylof eeafdmdanchidingfor Thus i t
may be advant ageous to conbine the attributes of variqQus trajectory classes
i nto conposi t EX&MPl, Ben-paifoary filmshickness ey ather gropertiss, pon-unifprmyhspting, eicr B ect or y

may be prefer kg biftndsh Sastifibds! SrtiGtRok e Him Rbar thCeriHipfl meikbetLarh WO R RE iln

portions of the draw may converge on a different traj e(_:tprng/_ . I'n anot her
arrangenent , thahmyhdnenten KBhis ogategsancdMBdensiondn Shedilmdhat candlithiy abiliiyt th aglddRa | n
still another zanr EpR ver f F... lL0C K ks
function with™T %ﬁ}er gi'cﬁ???oénaﬂm%ﬁgwofa Si%gﬁcl)lf";g??%rn?oex rrt%%a?&sok.ggf 2, or

2. 5. The uni asihat unixialhajectorytts piceeit @ lowea MDIDR S heothe ifordsy MDD < TDHRYWE ng of
the film () _Good s at’iﬂgl tgniform’ty of the filmcan be achieved with many
pol ymer syst efR¥ apepienssallofthe 8% ontr ol of the crossweb and downweb cal i per

(thicknegg) di stripnbeRb&iimbMCa hblifiedparabolib Sf SAE: vniahikl BjediBis ScdetRldgsl Wi th
the careful control of the tepperature distribution at the start of and
during the dr ahichdMPDRERIPR) ™ acomesonding teplotscndiviergense angle, fon dllnf thecdraks  t he
filgminitial !l Yo ARl HbsslE A0 boaiibd B chiblelbBldute 46VERE B 8] bPT ShOUI d
suffice in nOST cases. ny polyner systens are particularly sensitive to
non- uni f or m t ety iaactepiablk f@Ghazpplicdtion.alnsoch mstadoss, mnakifisdparabbliced ottxer and

tenmperature unifaorm ty, are inadeguat.e. F P4/ 050331

PCTI US2003/ oswfnt&%m&%%@ﬁ%@ﬂ% @ﬁM‘&'}%ﬁ% 'ne draw' under

nono- axi 3 drawi ngm aﬁembﬁé:ﬁboda@énmsﬁ&ﬁﬁedﬁafabaﬁﬂommwﬂwmlmoﬁ?mht hal at e,
ccur

are also very sensitive. Non-uniform filmstretching can o or a variety

of reasons i néfledrhig whih MDPRa(HPER et ainitigh stetohing Zens inphichsho IDBREr
O “The 111 n nabrARy bl el T 67 A Biren afeadey Bl mf fERSa K ShARGRRAGAA || ONS
the draw. For example, a later stretching zone (within the stretching region 34) would
have a parabolic or other uniaxial trajectory in which MDDR is equal to or approximately
20  equal to (within £5% and, preferably, within +3%) (TDDR)™2. As an example, the initial
stretching zone can accomplish a TDDR level up to a desired value. This desired value is
typically no more than 4 or 5. The later stretching zone can then increase the TDDR from
( the_desired value of the initial stretching zone (or from & higher value if there are
intervening stretching zones). Generally, the later siretching zone is selected to increase
25 the TDDR value by 0.5 or 1 or more.
Again, in at least some instances, the MDDR and TDDR relationship can be
relaxed because a.U value of less than unity is acceptable for the application. In such
instances, the modified parabolic or other uniaxial trajectory of the initial siretching zone
is selected in which (0.9)MDDR<(TDDR) 2.
30 Returning to Figure 5, the apparatus typically includes a post-conditioning region
36. For example, the film may be set in zone 48 and quenched in zone 50. In some
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that in the center. This creates an MD tension in the filmthat can limt
ability to achieve a final uniform MDDR One conpensation for this problem
i s to nodivigyzobdisosmar abolic or other uniaxial trajector pcigyfi@asidod | oner -
MDDR. In other words, MDDR < (TDDR)-12 for a portion or all of the draw. 10 -
I n one enbodi nent, a nodified parabolic or other uniaxial trajectory is
selected in which MDDR<(TDDR)d2, corresponding to a |arger divergence
angle, for ahbod@!ﬁelltﬂae“@cmlsp@'fbmdtoumshe siwotebing appasatese ST ypichlls thedioli t i on
can be rela th I ta for the
appl i cation. %?tn‘pns%ﬁ% I'ns an gﬂ&t% 8%’?& %%ertai oﬁ%@%?%% Bin%l axi al
traj ectory teacleeh emipethtureibalbnw tie @ﬁsﬁ)&iﬁﬁﬁﬂ‘ﬁ@% ishhénched Whed 41l anot her

enbodi ment, a nodifie araboll r.uniaxial . traje tor .S selected

I it o NP oA FOPRie 1S DA Sl SOl e GRRA o TOOR | s
i ncrease bYﬂR:Etrdt%ﬁlli‘ngr% @%k%awﬁ@héﬁ:%&@&td:&ﬁb@&ﬂn@ﬁ&nﬁ%ﬁﬂi@ﬂmﬁ&wnt ai ned for
the remainder of the draw. For exanple, a later stretching zone (wthin the

stretching fERiehing regign 3 i dhe illpsirated egthodiment, Brisiakegway systers is jadgpendentj ect or y

i n which S

preferably, ‘Fh?ﬁ%@y@%ﬁ?@%ﬁ%ﬁ% ﬁh@%%éﬂ{j é{@%@%hl ng
zone can acprmpdyisiéictang/fopien, d(hehabmﬂmyﬁeﬂemmmdnyﬁ]m:mnv@meeﬂmsmmd val ue
is typically.no r { . The, |l ate et chi zone can then

i ncr egge th@ﬁ*ﬁﬁr}%gﬁﬁ q?ﬂgﬁhmmﬂpﬂés’# @qxﬁ‘?‘f’ﬁg f’?%fe&sn‘?flng zone (or
from agi ghBélts\ba{ddﬁrbﬁpst here are intervening stretching zones). GCenerall y,

the later stretchl ng zone_is selected to increase 25 the TDDR value by 0
or 1 or m)re SﬁmePWb%ﬁ‘m ag illugtyated inExgured0s TD lcF"“FE‘bDR

rel ati onsh| CRYS ﬁéﬁ& B
accept abl e ]F‘f{(gl app |‘Efi:%t:tﬁlg(lz)AIE\he 1?12 gﬂ%ﬁm\é %’?%ﬁd%gélﬁ Q%ﬁ”?&% par abol i c '
or ot her unllwsllal that conbidteanssd io fotheh embadiréndd ofsatmldﬂiak\gamtemi Bl ected in
whi ch (0. 9)|\/ R Returnln a ratus typically
i ncl udes a P Te( éﬁ%@‘ﬁl “mg’ g&%ﬁ‘} f&{&% ﬁ‘?‘f?l% may be set in
zone 4gs ando@ﬁ*@@ﬁﬁqﬁ (mamgenﬁiglw afmﬂ&eaian\é&ﬁeé)%e leabialpdeliotfF3/ 033310

enbodi nents, quenching_ is perfornmed outside the stretching apparat us.

Typical |y, theosticppditioningsagionfaation for ER shrinkage @fcﬂam%lﬁemth efolingeThs | m e. g.

one | ayer t lu?th% ¢ Bon esﬁnﬁ{atgg: LRk e gl ass

transition. &Rﬂ(g Irmis quen?ﬂ%‘gm\/\he 1151%?% Wkl 19‘%&1@
shrinkage. In other embodiments, the two opposing tracks can be diverging typically at an

angle of no more than about 3° although wider angles can be used in some embodiments.
20 This can be useful to increase the MD tension of the film in the primary siretching region
to, for example, reduce property non-uniformity such as the variation of principal axes of
refractive index across the film.
In some embodiments, the position of the take-away system can be adjustable to ()
vary the position along the stretching apparatus at which the take-away system grips the
25 film, as illustrated in Figure 11. This adjustability provides one way to control the amount
of stretching to which the film is subjected. Film received by tracks 140°, 141” of a take-
away system eatlier in the draw (shown by dotted lines in Figure 11) will generally have a
smaller TDDR than would film received by a tracks 140, 141 of a take-away system
positioned later in the draw (shown in solid lines in Figure 11). The take-away system can
30 also, optionally, be configured to allow adjustment in the distance between the opposing

32



conponents reach a tenperature |evel below their glass transitions. In the
enbodi nent 5 illustrated in Figure 5 a takeaway systemis used to renove
the filmfrooidogosessimary stretching region 34. In the ilpeisbsabHesssio
enbodi ment, this takeaway systemis independent of (i.e., not directly
connected to) the tracks upon which the fil mwas conveyed through the
primary stretching region. The takeaway system can use any film conveyance
structures stratks afthe taketeway dy3tens 4o additién, theitakstangy systdse can alspc bptivpally, be

exanpl e, opposj t ' I me enbodi nents as
il lustrated i %D#'d%rﬁtééﬂ%fw%%%ﬁén&n %‘e" oﬁ??‘gﬁéwg%ivagg&t%gconpl I shed usi ng
tracks 140', 141" Ahéthdr easreplanfii peksibktalecwan systbni incindesadt leakt tivo diffesent 140, 141

that could be used i.p ot her, enpodj ts, of uitabl e take-away system . For
ol o £ e FeEie wiB echaied Gaeks At TAs b uaT Theet Baiohs b IO o PE Yo
sl owl y 15 conveate\etsnad, 41 TB& 1410 1800 LRPbSndrdeks AAAMEMARD M PRuRN2U m She)

through at | east a portion of the post conditioning region to allow for TD

shrinkage of embodimpnt, Hustrateddn Figurp 127Re first ragiqesan inchude fragks 1A0.gidd shatewe al | ow
the control of; ' ' ' ] | ' In
ot her enbodi rrehﬁg&sgfét de&tmm%g%n%ggﬂ%%m%eku@ %‘g{ﬁ%ycg# @%}?agig%hﬁ%%g? ﬁ; at an

angl e of no mirthe tdeamd mpons cad belpahatielg fin vthetembadigieats, the npposing $mcksiof teone

enbodi nents. 20 This can be usefyl 1o i.pcrease the MD tension.of the filmin
Che pr i mary s e dieFeRLoFiag i be ot o iy SBGE G Bl pBen oBlep Ropergs D 0

non- uni f oy m t YhrdkEde AtrblNSs deBdibal kbve O tY firtGEiah cadtade ol fhdkaghd the | ndex

across the film |In some enmbodiments, the position of the take-away system

can( be adj ust &gsoad regionhays;irackedisepsed 3t sonyeraeace amglede povide TRyshaipkageat us at
whi{ch the take; Y AL i . ol i ' ; e 11.
Thi s adj ust abi ll?dt,@ prow%@ﬁﬁg‘ﬁag%ﬁ?%ﬁ%@ﬁtﬁ tr?gkﬂg%%wg%ﬁgtﬁtcti ng to
whi ch the fil takeswayspgads toedbcoild e primeinsteichiyg teginolfon dl@keawhy tegimf that t ake-
away system earl,ier i.n the draw.(.shown by dotted Ines in Figure 11) wll
general ly havgp%msgﬂr?ﬂf’? ?%"’P":@ﬁs-mm d filmreceived by a tracks 140, 141
of a takesaway sysheihe epbbdiirieneitle také-atvay systeidllsbtraied @eFiguve 12)the fhdkd 143°nes i n
Figure 11). The_take-away system can 30 also, _optionally, be_configured to

al I ow adj ust méf?’ arquested vethat the epposive fracks 1Hhd 4 priexte W‘V%_WIEBOW@B@SM
PCT/ US2003/ 0333 Qs inftiafif keiba bythe Bﬁkﬁn@‘ﬁ@éﬁs 346131 thd Racke! @4‘}.}, :lﬁ’flmo;/@ﬁ the

t ake-away system can al so, optionally, [

ca ) be configured to al'l ow adjustnent in
the | ength of poition illksirateddn Figpeet Bmin oot ewhodimentspthe opposingpmacks W0el4laldl, anay

systeminclud 933 2\:[3 ph?lggﬁedta\é\ﬁlug&;tgf {n%'éure 12 (i.e., not nested) in the absence of any film.

20 x Another example of a take-away system is illustrated in Figure 13. In this
example, the tracks 140, 141 of the take-away system are angled with respect to the
centerline of the film as the film is conveyed through the tracks 64 of the primary

(» stretching region. The angle of the two opposing conveyance mechanisms can be the

same, for example, an angle B or the angle can be different and can be described as B +¢

25 for one track and B - & for the other track. The angle £ would correspond to the converging
or diverging angle described above to provide TD shrinkage control, etc. In some
embodiments, the tracks 64 in the primary stretching zone can also be disposed at an angle
¢ and the tracks 140, 141 are angled at ¢ + B + € and ¢ + B - £ as illustrated in Figure 13.
An angled take-away system, primary stretching zone, or both can be useful to provide

30 films where the principal axis or axes of an property of the film, such as the refractive

index axes or tear axis, is angled with respect to the film. In some embodiments, the angle
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regions with separated tracks 140, 141, 142, 143. These regions can be
formed using two 5 separate sets 140, 141 and 142, 143 of opposing tracks
as il | ustwet2eesgsossiri gure 12. I n one enbodi nent, ill ustr @carbso3fsipaoe 12,
the first region can include tracks 140, 141 that are disposed at a
convergence angle to provide TD shrinkage control and the tracks 142, 143

I n the second regions can be parallel. In other enbodinents, the opposing
tracks of tﬁ‘@thF °GWYW%W§39@%‘%@5MFW§WW§%F ver gence
angl es t 0 pLOMiAE of MedBinRiiy RERG contier-BntrollSd HRE bt AR BRRY Snechinidnf1e fi TSt

regi on can have parall el tracks and the second region have tracks di sposed
at a converg@h@b angle to provide TD shrinkage control. Alternatlvely or

addi ti onally, tng, 49 ofibdibleflshy AFRIHkeISeS Sy, ool il t akeavay

speeds to decoup € prinary ng reql ma ta regi on that
appl i ess t enatequsitionaddomeeaiveVfilnn kdvig m&&mﬂrmnﬂgmmﬂmmxmhmﬂn away

t il t.ed, 2 142’ ted withi
The. opposi ngetai dioss 1 e b pre TRDRE S Rpried mataoee 1 SAeBi e f11m i s
it al |y T @eBhainiihd B RS i 15 KAl &éﬁos:ticﬂﬁdtdx@@eﬂr&tﬁéhﬁn%&t 143 move

to the position |Ilustrated in Figure 12. In other enbodinents, the
Opposi ng t r AekEPDR ds dlﬁmntfqmthetwqmoamt%s{tmmhagomg\;rgtlﬂmde@tesn Fi gure

12 (i. TﬂD @%%ﬁ f‘f‘l: Mhtter 20 @gmlnﬁ e of a
t ake- avvay s%gﬁﬁl génﬁ usﬁlgfg I'n |gLﬁe %/43 n ﬁ%i S anpl e, ?‘%e %racks
140, 144 of atfim withqmepmuicy timy elianpe avee the TG dickewdidrofitiesfiiact to the centerline
of the filmas t f|| I S _conv ugh t acks .64 of . th rimary
stretching region’ n‘hﬁ ?"ﬁ %ﬁfgﬁ%ﬂwﬁﬁy B ATERB% B‘&mhﬁéﬁﬁﬁ*gbm; can
be the Sa”&l;eﬁrﬁia.rﬁétﬁtﬁhh% gﬁhﬁeeén@vedorohhﬁmmsﬁﬁﬁm@mﬂ&wnt and clan
be descri bed as 5 for one track and for the other track. The

angle s \/\DUIW‘&J@P\‘@M“@H‘Q ?féh%@'ﬁ‘b’é'i%‘?fﬁ&s S@W\Fé% ghigthesnd ef hescri bed

above to pr%hﬂ%sg&é&% lfﬁg‘ﬁ g%%ledgﬁ 145136 gg,qg #lehe tracks
64 in the primary stretchi zone can |sposfe§ an angle 4 and

the tragks m&pheﬂzﬁimaﬂet&dghmmﬁ@ A@Bcaﬁbsnmddaw&mnﬂﬂaslsomusdblmstrat ed in

Figure 13. _An. angl ed.t ake- y system primary stretching zone, or both can
be usef ul té’"ﬁ‘r"%ﬁn gt there the principal axis or axes of an '

property of the Rhﬂeﬁeoﬁﬂﬁhelﬂﬁge&ﬁemra%ﬁﬁﬁxbwmiﬂgdﬁchﬁﬁﬁﬁcﬁ{bé&ﬁé axis, is
angled with respec othefllm In sorre enbo nt,s, th angle .33 WO
2004/ 050331 SPEFNpRSh; hayeyss Felease fmy avgﬂ% h respect

to the pri ”%B&hl&fn%ﬁﬁﬁw K]ﬂioﬁ%}?thht%lla}ﬂé iﬁﬁeﬁsﬁ lBder ﬁﬁf‘%i olipds réi&ﬁ&?di‘ b@! |y using
a conputer-controlled driver or other control ani sm
20 This discrete release mechanism may cause larger upsets in stress that may be felt by the
drawing web upstream. In order to assist the action of the isolating takeaway device, it is
preferred to use a continuous selvage separation mechanism in the device, e.g. the "hot"
shitting of the selvage from the central portion of a heated, drawn film. : (j
The slitting location is preferably located near enough to the "gripline"”, e.g. the
25 isolating takeaway point of first effective contact by the gripping members of the take-
away system, to minimize or reduce stress upsets upstream of that point. If the film is slit
before the film is gripped by the take-away system, instable takeaway can result, for
example, by film "snapback” along TD. The film is thus preferably slit at or downstream
of the gripline. Slitting is a fracture process and, as such, typically has a small but natural
30 variation in spatial location. Thus it may be preferred to slit slightly downstream of the

gripline to prevent any temporal variations in slitting from occurring upstream of the
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or' both. In sone enbodi ments usi ng an angl ed take-away system the two
opposing tracks 5 are positioned to receive filmhaving the sane or

subst ant i al g6 Sdoifodedsy TDDR (where the dotted |ine indi cat@spiisloid@ssiohe
sanme TDDR), as illustrated in Figure 13. In other enbodinents, the two

opposi ng tracks 140, 141 are positioned to receive the filmso that the
TDDR is different for the two opposing tracks (the dotted line of Figure 14
i ndi cates fi iplive. I fhe fidmiseslit BBRiantially dovhsteamdfioauithie griplinp, the film bethisemtheat t er

configuration Il ' . |rqw . EHI n ver the TD
di nensi on of F%e 9#’%"”‘%8‘%‘@3?1’% t ec%%&}n@%gogs opﬁﬁﬂgqﬁ'l‘srghﬁ?ﬁg@ﬂﬁ\i\%re hel d by
the gri ppi ng pextimeofstht ihwisglow driveing,rit wosv dtaws ateh atnplified drgwaeaticaelativestouheed. To
mai ntain a supstantially uni axi draw throughout substantially_all of the
r aw i St ory PaRSTERORR: Begioedreies Atsh pve 450 PO BroPal Bt 681 1 ot o,

the rapidy dbﬁé&iéﬂld,Bﬂd&ﬁﬂﬁeﬁ%ébﬁﬂ&hﬁ@dﬁéﬁoﬂ[&ﬁiﬁﬁﬁﬂpﬂgﬁﬁgﬁﬁﬁ@aﬁrOmthe 15

stretched film48 at a slitting point 58. A cut can be nade at 58 and fl ash

or unusabl e port i Bieslite duprefsebly metile gudire-msitiopable swrthatiitoas apyajthshe r om a
continuous grppp &%Eﬁ&iﬁ?hﬁﬁﬁ&%&e@&d%ﬁ&@om&gmmpﬁlﬁﬁd@&‘é@&%rdimﬁe' ease
shoul d pr

fromdiscrete grFppi ng nechani sns, such as tenter clips, ef erably
be done -so t da¢ctioh tatiploeadjestmentaf thepdsitiorafithafiakeawayl sygieins Ameldesntage ofithisonce.

20 This discrete ], ease nechani nay .cause | ar set.s, in siress that
Ty be fel & P AESTUGHERRD Sl G ep wuin oah o afted yHieiEeReptele S8 on of
the isol g i ngpiotiicamply belmoviig,the takd-Swaydlifing bbiafl58.0 use a conti nuous sel vage
separation nechanismin the device, e. the "hot" slitting of the selvage

fromthe central po Ty obliting jechnigyes %iaawase_firhrﬁlﬁdiqs)a heﬂ'r’@z‘g}?k‘{tl"‘ﬁ’_ﬁﬁocat i on
i s (pref er abl ylfls&?@i‘d%gseﬁ%@e[m sriapah Ik%&i&ﬁm'bgﬁ'f%ﬁéagétzofﬁcﬁediiﬁ%ﬁ casetifat i ng

t akeaway point of first effective contact by the gripping nenbers of the
take- away sy shecheated jst of aif, the 2& may beesuificientdit hastesindhrsiet to blgys 2 hela in e filhat

point. If the fi i .t _before.th ' i ri d_b -t ake- away
system instaﬁlgéhr%eﬁtz %%/m %%&F‘n@s f?ﬁ?oll%&ﬁ%c@ﬁpg‘?dee?&%ﬂetfNtémlg&évﬁg'pglgck" al ong
TD. The 13| m iheatédijesmpraérelyabiioh Sfotisedibection sfak il edficienly tb loealize fpthene.
Slitting is a fracture process._ and, .as, such, typical has, a smal | but
natural 30 vatdFaa‘fl?&)‘H‘PP?Pdé’ﬁé}ﬁs&‘!“q‘mﬂwgﬂf}?“g?“%é‘z%@“ﬁPEFﬁn_ to slit
slightly downghtgaMoRhstidd aldtigithik hied fhe BrOYRthe Avn bECRHANGA A exBhiioNS | N
slitting fromoccurring upstreamof the 34 2004/ 050331 PCT/ US2003/ 033310

gripline. If fWefdcnsedistaperpach mayhemeeferrediin sorerovarest espemialiyrhenithreexbpushaif ne,
the film bet Ve iithd Jlﬂvely removed, e.g. by a vacuum exhaust, in a controlled fashion to prevent stray

20 temperature currents from upsetting the uniformity of the drawing process. For example, a.
concentric exhaust ring around the jet nozzle can be used. Alternatively, an exhanst
underneath the jet, e.g. on the other side of the film, can be used. The exhaust may be

( further offset or supplemented downstream to further reduce stray flows upstream into the

drawing zone.
25 Another attribute of the take-away system is a method of speed and or MD tension
control so that the fibn can be removed in a manner compatible with the output speed.
This take-away system could also be used to pull out any residual wrinkles in the film. The
wrinkles could be initially pulled out during start up by a temporary increase in the
takeaway speed above the output speed of the final, released portion of the drawn film, or
30 the wrinkles could be pulled out ﬁy a constant speed above the output film MD speed

during continuous operation, e.g. in the case of a super-uniaxial draw in the final portion
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t akeaway and boundary trajectory will continue to stretch along TD. Since
only this portion of the filmis nowdrawing, it now draws at an anplified

draw rati wo mb&bdsosm to the boundary trajectory, creati ngecusiobsgsssior ess
upsets that could propagate upstream for 5 exanple, undesirable |evels of
machi ne direction tension propagating upstream The slitting is preferably
nobi l e and re-positionable so that it can vary wwth the changes in takeaway

posi ti ons nekdrew The meednfitbriakeawoy pancablodersetabpve the MDY esledtyof g filmi r ect i on
ratio or adhl?ﬁéﬁ?%unﬁﬁry%fecﬁﬁﬁéﬁt'ﬂk?ﬁi?%e ' &%%%Woﬁﬁé%ﬁé@rgﬁ?ﬁé@%am age of

this type of slitting systemis thal raw rat1 o can usted while
mai nt ai ni ngthefidmdThig/otg-speadfdfitte tekeawhy/capplspoedupgthe fipaltvalue-ofWapddd i tti ng

poi nt 58. A,vati et f slitti. t echpi ques .c sed | ugdi ng a heat

razor, a ho{“%w-é{“y%‘i)%"ﬁ’&s ﬁg%@g&@g%ﬁﬁﬁ%?%ﬁ#%ﬁge‘%@?éﬁa“on or a
focuseds j et of HARipEetess also ihd¢ludeds @ r@A®Al purtiod i @egi@rd s Dptivhallf a wllér 65t he air
may be sufficiently hotter inthgw{e_t to, blow a ho in.the fil e.g. by

heat soft enfi#ybe fqﬂﬁ]ﬁa‘é’ﬁah%fyﬁ’c’ %WP%WG&%%@IW the gller 6 isnot =
Al ternativelyd at f%ohfa BRALERE Wﬁlﬂ@f@iﬂﬂé%&éﬁ%ﬁ:&&ﬁﬂ%@%ﬁgﬁ%@” of the

filmsufficiently to localize further draw ng inposed by the i1
di ver gi ng beteatebed film.r Anathergnt Gmay b rmadsand hmpgedpation 6l may bedisogrded.downst r eam

along this ted. |i h nglw ' i Il mext ension. The
focused j et PQ‘%&%@%@P&%&{Y@ pre e%r%@ﬁ%oﬁn%gggbglgg%q%g{o%& &ﬁ&mﬁigﬁ t he
exhausio ai r dir@¢caiconverting inay ealky placerafiee thke ewgy. by a vacuum exhaust, in a

controlled fashign to prev str 20_tenperature currents frqm upsetting

the uniformty of et%ﬂﬁ#ﬁﬁfﬂ@ﬁ%ﬁ&@%ﬁ%ﬂﬁﬁ% 2boyg panlgorke. exhaust

ring ar ounda@m@qtﬁm@@&&é&g%aﬁ&m&' 1R lcBiehi&aY tenfRP cobfiddisn ()
e

underneath t jet, e.g. on the other side of the fil r% can be used. The
£

exhaust mayillvetrated indfgre b Figere 13 illustipipd ahenbodimens inwhkick thetreksiéframes r educe
stray flows r y . s . ked3h Fit"mjllte of the

t ake- away syste S??%%%?%E&SP%%%%ng % gﬁ%ctﬂéﬁr@%]%n cg{ ro) so that the
filmcHh becomimoeintb orthraughenpretiocefmpost-dohditionibgregion. dhe film isshbaed. Thi s

t ake- away systemcould al so.be used to pull t . an esi | wrinkles in the
il T SPoRcEPhlsd by Haskind Ry Bifim G0, 1A 1 defifes S et " 1
temporary i gE£the@seks 6 cidiR ust@ iR oBle SRE Rl QoG MOBr shiak4pélof te fARC Blsdde t he
final, released_portion of the drawn film or 30 the winkles could be

pul l ed out Bybediments fhenontmned raghsd6s felley ailewhcomvergimapnti faakipg apglsg
ggp: : g‘r‘loug SQBfﬁ%bﬁ%aneabgm 3 ¥hbdhEh GASE Lporfors HARE potPLakkihindéied 4 the Tinal
20 allow for TD shrinkage of the film with cooling. The tracks in this configuration allow
the control of TD shrinkage to increase uniformity in the shrinkage. In some
embodiments, the tracks 264 follow a more aggressively converging path (making an
angle ¢ of at least 15°, and tybically in the range of 20° and 30°) through at least a portion (j

of the post conditioning region to provide MD shrinkage control of the film with cooling.

25 ' Insome embodiments as illustrated in Figure 17, the post conditioning region includes
both slowly converging tracks 164 and more aggressively converging tracks 264. In other
embodiments, only one set of tracks 164 and tracks 264 is used.

The present invention should not be considered limited to the particular examples

30 described above, but rather should be understood to cover all aspects of the invention as

fairly set out in the attached claims. Various modifications, equivalent processes, as well
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WD 2004/ 050331 1' CT/ US2003/ 033310 of draw. The speed of the takeaway can

al so be set above the M) velocity of the film along the boundary
trajectori esyghod/dsossii pline. This can be used to alter thg -p,@?m%gﬁ

the film This over-speed of the takeaway can al so reduce tﬁ i nal va ue of
Uand is thereby limted by this consideration in the context of the final
end use of the film 5 The process also includes a renoval portion in region
38. Optionall yasaumdohestnﬁﬁuesrtawhbh theguebetitonemitiommay bmqnpﬂibibh willibe reidily nay be

el i m nat ed. Prefer [ ) S conta i the
stretched fil MPBZ Wi Q?ﬁm gﬂm‘ﬁ: 3%50 f{{, # eﬁguﬁ r?ao}de du PECERed
film Another dﬂMeﬁﬁﬁmnqwmﬁEam&ﬁe and unused portion 61 may be dlscarded.
Filmleaving the take-away systemis typically wound on rolls for |ater use.
Alternatively, 10 direct converting may take place after take away. The
principles of MD and TD shrinkage control described above can al so be
applied to other stretching apparatuses including the conventional tenter

configuration ( _ 1 illustrated in Figure 1. Figure 17 illustrated an
enbodi nent in which the tracks 64 froma primary stretching region (such as
the linear diverging tracks illustrated in Figure 1) 15 continue into or

through a portion of a post-conditioning region. The filmis then

optionally captured by an isol ated takeaway system 140, 141, if desired. The
continuation of the tracks 64 can be used to cool the filmand allow for
shrinkage of the film In some enbodinents, the continued tracks 164 foll ow
a slowy converging path (making an angle 0O of no nore than about 5)
through at | east a portion of the post conditioning region to 20 allow for
TD(shrinkage of the filmwth cooling. The tracks in this configuration
allow the control of TD shrinkage to increase uniformty in the shrinkage.
In sone enbodinents, the tracks 264 follow a nore aggressively convergi ng
path (making an angle 4 of at least 15, and typically in the range of 20
and 30) through at |least a portion of the post conditioning region to
provi de MD shrinkage control of the filmwth cooling. 25 In sone

enbodi nents as illustrated in Figure 17, the post conditioning region

i ncludes both slowy converging tracks 164 and nore aggressively converging
tracks 264. In other enbodinents, only one set of tracks 164 and tracks 264
is used The present invention should not be considered limted to the
particul ar exanples 30 described above, but rather should be understood to
cover all aspects of the invention as fairly set out in the attached
clainms. Various nodifications, equivalent processes, as well 36
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WO 2004/ 050331 PCT/ US2003/ 033310 as nunerous structures to which the
present invention may be applicable will be readily apparent to those of
skill in the art to which the present invention is directed upon review of
the instant specification. CC37 il CLAIMS 1. A nethod of stretching a
film the nethod conprising: providing a stretcher conprising a plurality
of gripping elenents, opposing tracks along which the plurality of gripping
el ements travel, the opposing tracks _defining a primary stretching region
in which the tracks generally diver §dABMS8tretch a filmheld by the
gripping el enents, wherein each of the opposing tracks in the primary
stretching region conprises at | east one continuous rail extending the

|l ength of the track through the prinmary stretching region; and at | east one

track shape contrpller .c Led to.at | eas ne of.the cantinuous rails
within the pti mr@%@gP@ﬁFﬁ%’%ﬁﬁ@?‘m%?‘i‘?fgW% P’@X@chf’rf’gm@“t he track
shape control | er solfprigigp! y a force to at | east one of the continuous rails
to nodify a shape of at |east one of the tracks; gripping opposing ends of a

filmusing the grjfp &l veying the filmalong the opposing
3 el oF gRBRAg Mok

tracks to the pri g region; and stretching the filmwthin the

primary stretchi | ) r ' ' e net hod
conpri si ng: con%@%?#gsép?wpg&}lﬁl ?Eﬁﬁﬁ%@@g‘."%y& rl’etpé(.:'hi ng the

fil mby convepposigg triks defising o grimeigestrerhink heridr inwhidhothe tracks 4ly diverging
pat hs, Mereﬁ:r?ot h% ener gl | ivergi mg,pg{% are _configur andwarranged to
conprise (i )¢aﬁgmi?rm-ba$flm§#@#hy@em&%ﬁnmmwhp GBRPSH. t hat t he
machi ne dir j o : ' ' draw ratio
(ToDR)  baseat sk e by dsp @R Afprikckas 05 Bhrhuth a8 bty

the length of the track through the primary stretching region; and

at least one track shape controller coupled fo at least one of the continuous rails
within the primary stretching region;

activating at least one of the track shape controllers to apply a force to at [east one
of the continuous rails to modify a shape of at least one of the tracks;

gripping opposing ends of a film using the gripping elements;

conveying the film along the opposing tracks to the primary stretching region; and

stretching the film within the primary stretching region.

2. A method for stretching a film, the method comprising:
conveying the film into a stretching region;

stretching the film by conveying the opposing edges of ihe film along generally
diverging paths, wherein the generally diverging paths are configured and arranged to
comprise

(i) an initial stretching zone configured and arranged so that the machine direction
draw ratio (MDDR) and the transverse direction draw ratio (TDDR) based on the paths
have the following relationship:
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38 11 MDDR <(TDDR)''n and TDDR is increased by at least 0.5; and (ii) a

| ater stretching zone configured and arranged so that MODDR = (TDDR)""2 and
TDDR is increased by at least 0.5. 3. Anethod for stretching a film the
met hod conprising: conveying the filminto a stretching region; stretching
the filmto increase a transverse dinension of the filmby greater than a
factor of 4 by conveying the opposing edges of the filmalong generally

di ver gi ng pat hs, Mgnerei n the,generally diverging paths are configured and
arranged to provi FEEPPRE " direction draw ratio (MDDR) and a transverse
direction draw ratio (TDDR) based on the paths having the follow ng

rel ati onshi pand ¥R i inereased by ehieasy 0.50M@BR < (TDDR)-". 4. The method of claim
3, wherein the diverging paths are substantially parabolic. 5. The_nethod
of claim 3, wher diihalater sttetoliing zong coafiguredand errangedrsodims MBDRet (TRDR)IF
substantially parabolic paths. 6. The nethod of claim 3, wherein stretching
the fil m congid DRSS incleaded bgatlesst0isSlm to increase a transverse di nension
of the filmby greater than a factor of 6.8. 7. The nmethod of claim 3,
wherein the diverging paths are coplanar. 8. A method for stretching a
film the nethod conprising: conveying the filminto a stretching region;

39 El st ret?hi nq&h%?mgi b Rhin (‘arms&eq%&ﬁ(ﬂ% §lﬁg.dl mension of the film by

at least a tactor y cofnveyl hg the opposSi ng-edges of the filmalong
general |y divergi - C( : reln the generally diverging paths
are configured an %?P%?‘@%gﬂﬁwg%@%@%ﬁ%w ne direction draw ratio
(MDDR) and a trangverse digecti.on draw ratio .. (TODR) jhased,on the paths
having the Tol | oWRHoPE e 15y byirgesst f Haheish cintepmoh bf AR by drseE el -
and 1/ (MDDR facthPb¥¥ by éo_n?eﬁn%ﬁe oﬂi&iﬂﬁd@%ﬂﬁe SlnPalohSgendlaBy Bivergidg gitlshi ng t he
filmconprises stretchi r;ﬂ the film

wherein the generally diverging paths are configured and arranged to provide a machine

direction draw ratio (MDDR) and a transverse direction draw ratio (TDDR) based on the

paths having the following relationship during the stretching:

MDDR < (TDDR) 2.

4, The method of claim 3, wherein the diverging paths are substantially parabolic.

5. The method of claim 3, wherein the diverging paths are linear approximations of
substantially parabolic paths.

6. The method of claim 3, wherein stretching the film comprises stretching the film
to increase a transverse dimension of the film by greater than a factor of 6.8.

7. The method of claim 3, wherein the diverging paths are coplanar.

8. A method for stretching a film, the method comprising:

conveying the film intoa stretching region,
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to increase a transverse dinension of the filmby greater than a factor of
5.3. 10. A nethod for stretching a film the nmethod conprising: conveying
the filminto a stretching region; stretching the filmto increase a
transverse dinension of the filmby at |least a factor of 4.6 by conveying
t he opposing edges of the filmalong generally diverging, coplanar paths,
wherein the generally diverging paths are configured and arranged to

provi de a machine direction draw ratio (MDDR) and a transverse direction
draw rati o ( TDDFyetehingthe dilmito increaserastranavarseglimpnsigooifithefilimgby @lleast onshi ps

The et hod PR Bporsind R Suroinb e ot B S o AR L8P £y ng 1 e
film to i nebslame patht, whteie feqefdraltydiv@Ring path grefch didedaggedithan a '

factor of 6.8. 12. A nethod for stretching a film the nethod conprising:
conveyi ng t MEovide amaching direstiondrawzatip (MIGDRhand arfransvesserdixegtiondrawmedicr j | m by

conveying t ' ] fd . . | I ng paths,
wher e T he (GREEY Bfiel Sn FckathativisB e foll ity SHEH ABHIRY Mok Mk EhBETD
conprise (i) an Wﬂ)gaéqﬁ] ti@hi ng zone wherein the generally diverging
pat hs have a fu na m TOTresponding to (x)/(xi)(1/4)(xi/xo0)(yhd4)2 +
1, and (ii) a later et chi zone wherein the generally divergi ng paths
have a functi onallw]?nxcﬁbﬁgboﬁ%i ng to t(x)1(X2)=(1/4)(xy' xo)((y-A/x2)2 +
1, wherein x2 and x| are different and Ais a y-axis offset. 41

°. The method of claim 8, wherein stretching the film comprises stretching the film
to increase a transverse dimension of the film by greater than a factor of 5.3.

10. A method for stretching a film, the method comprising:
conveying the film into a stretching region;

stretching the film to increase a transverse dimension of the film by at least a
factor of 4.6 by conveying the opposing edges of the film along generally diverging,
coplanar paths, wherein the generally diverging paths are configured and arranged to
provide a machine direction draw ratio (MDDR) and a transverse direction draw ratio
(TDDR) based on the paths having the following relationships during the stretching:

0.9*MDDR < (TDDR)'2 and
1/(MDDR x TDDR %) < 2,

11.  The method of claim 10, wherein stretching the film comprises stretching the film
t0 increase a transverse dimension of the film by greater than a factor of 6.8.

12. A method for stretching a film, the method comprising:

conveying the film into a stretching region;
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stretching the film by conveying the opposing edges of the film along generally
diverging paths, wherein the generally diverging paths are configured and arranged to
comprise

(1) an initial stretching zone wherein the generally diverging paths have a
functional form corresponding to

/(L) xexo)yha)’ + 1, and
(i) a later stretching zone wherein the generally diverging paths have a functional

form corresponding to

V(XU X} (y-A)x2)? + 1,

wherein x; and Xx; are different and A is a y-axis offset.
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