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WO 2004/ 050331 PCT/ US2003/ 033310 METHODS AND DEVI CES
FOR STRETCHI NG POLYMER FILMS Field of the I nvention

woeomraddsy, the present invention relates to nmechmws003/033310

and devices for stretching polyner filns and the
films obtained by the nethods and devices. The present
invention 5 also relates to nmethods and devices for

st r et HERHORS SH0 DEVIGES FORJTRETEHING ROL X MR FILMS

zone-defined stretching region. Background of the

I nvention There are a variety of reasons to stretch
pol ymer fil ms. Stretchglféi—&gm or generate
desi r efbnBRE{ Y frédent 19%%19@}61&63 Wm@fhh@sr anflide¥kes for stretching
properties.” For exanpl e olymer 10 filnms can be

solyanes rﬁiétns gl the ﬁmwtaaledég rfheemeﬂ@l@g peddayfcesnTipdregenignvention
r r

gaZég) erFIa %%(%tahg ﬁlé\gg)i(e:s ® s%r%i?lélﬁ? gél?rﬁjer fﬁ{ng Bg{lé lclr? E‘djuslta{%le or

bzoneﬂeﬁnmgemtclpmg;egmn results in ,a film(or |ayers of

afilm in which the index of refraction in two of

three orthogonal directions is the same (for exanple,

the width (W and t hBadk ediny of a film

as illuystrated i ure .4 he |nd 0 racti

e Bl el .%ﬁmtsft%%tfe e il el febls et Shance or
| Rghte desidedthocBaidalRptdal, tah@othed fihn propettickf B6dxbmblePpblymer
the indices of refraction in the other two

dilmscen Bhstretehgdiopapyide 2 drsfrededegres of unipay! oppsas yhigriplpyientation

ni‘ﬁtoptléa? Arebi sk, an %erﬁa?c{fepeﬁ@& ﬁlﬁﬁxﬁf org:ﬁ%éh@ﬁ bOMbifdiHPebtRlymer

optimal conditions can | oned depending on a

vigsuligtiya Gim faadayersof p ﬁl:fn)ud wlpg:htthﬁsmémpf uefeactigrpini tya tof three

of -t h | £ 1) I

P Rooth e gy o b6 8RR AR Bk (h ation
pasfmrfdmi; aiflusnacdd imBigorer4y. Thd ﬁlderxmfpmefcmsmrtbsethﬁd dizssion (for

variety of differe tV|eW|

BrplenniPon e leaghdPlorest e R B aimsatEim e ingies of
UREr@otiodlin M lo@idt fdd dRcYns aTﬂﬁJ:aYlWerfeét'uhfiklalz&ﬁen@?élaﬂw 1t
uniaxially oriented filns are nore easily fibrillated

oﬁeqlfltﬂdr@né pamgydagkes of devidion Atonuihe aptinesd conshifionsgambg afloged
eﬁdwge&{d%eﬁftg%‘c% ﬁlkiuéim *tﬁ%% %@éfp?hcdt By Pk gqymer film.
| ng ofymer

ates to et and deV| or [

- f [ I ns .In Gpicabapipbidatives) 2 unsixaly alpepmdaftlms:aﬁ provgkeetfalpticala

ratu i ncl udes a ur a r.i ppi.n
P OSo RS ot s e Raps B Rt ot Bl Bl A angles
t Oaekgppliedtiongcantilse behdfie fdmUmalxial yr mehr @fidxpp ioﬁ&ltﬁldhr&fﬁﬁo&ymer
travel, and at |east gne track shape _cantrol]er.

ofd Sl g ammRle paiagiafly ﬁ%elﬁedpﬁlmﬁﬁm%r? pasily Fiprilatedeyitem aiowg the
Wé}l@ugﬂglr&rugﬁ_ks 1 WO 2004/ 050331 PCT/ US2003/ 033310

Summary of the Invention

Generally, the present invention relates to methods and devices for stretching
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
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generally diverge to stretch a filmheld by the
gripping elenents. Each of the opposing tracks in the

woRdsy33st ret chi ng regi on i ncludes at | east ORET/US2003/033310

continuous rail extending the |length of the track
t hrough the primary stretching reglon The track shape
controller(s coupl ed to at. | east one of the

sprel }m’&rggert)ausrr%tcw ﬁh“il held ke ths eringipg clsmewds-cFach §f the gppnsing
andid if tiR ﬁﬁﬁﬁbéﬁt&fngqg@&y fn@lgdé%’at {eQ% ORe EtihiMs rail extending the

continuous rail to nodify a shape of the track in the
dengttaofithstrack thorhughghe ygn@m Stretkdomg’u@gloe nﬁbﬁﬁrmmhanegomroﬂer(S) is

{Eﬁ{@qgcﬂ%)?a% gegét ro%eute Cfgtgg ?ongﬁléous ]xal SH?Vl{lllg’l hl&r%m%&%%etaﬁmg reglon and is
coapdbieadflapplging @ farct iovhd emtitngoud paill ty neodffp b gleapt of fit thelaiatthe

“ong of th% continuous rails to nodify a shape of at

| RS FIFEhEE B¢ r acks. The opposing 10 ends of the

fi | M BHeF s isOmbth&l &sirBBhinga ﬁine Hﬁﬁlg ﬁns appatid.| Mthe
is conveyed along the opposing tracks to g;lnar

sueteadeat eagf one gf i tradkshape qonirlicrs in aetivated én fmpésw et ff least
t&]lg of it 'c&ﬁ{nYl 1§st151$st 5 Iillléc{&?z @%lpg U atY%ts (ﬁl%%ﬁ?ﬂle Rt B0 PR {@Bglng

I'S an appara appar at
[ emdi ofdhcsﬁhq ok grippedtuying fthegrllpplpg algmehtenEnd Sint 6 cbmieyjed along the

P TR TparT By Sy R RR ThoRne S Pavand Al e
v btdhipGKsioslef ine a primary stretching region in

whi ch _the trac enerally diverge to stretch a film
hel d et npgher @mbefgmﬁ@t ipprepRRals forﬁgetﬁrmmﬁpn sT}FeeQPEﬁP‘H@

55488 LGSl SRR v

chine direction
draghs alaitg whi¢iMbBRluralitof gm»pmg ekmeyie frgeel diTheepposing tiadkgvdefine a

; p?niéat%’ é%gﬁﬁ% IQ@%%% W r}f t ! crk% %gtlseralila Eﬁs%o fs’t(r)elz‘ul‘,h a\./\ﬁln‘ghe by the

I'S I NCrease
batippingle®athtsO The pemelysirétphifg fegiot inchideetirdn 1ﬁg1a]ZsQﬂ&€bhlng zone

f d and d t hat .
ROHE T b BB U TrERY G ictier GaY R DRIDRR et
%&sveﬂé%@@don%ﬁ@ﬁhﬁ"ﬁ‘bDR?bets@&oﬁ@% HQQ(S Bfivesthé RiTeRiRY

the filmusing this apparatus. 25 Still another
elflsbeshdht of the invention is a nethod for stretching

a film The fﬁﬂﬂ%k g2 conveying the filminto a
stretching region Z ?Bgﬁ1ls then stretched to

| andI A3 1san¢reaaedsb5eartsl®stcﬂ mand; (11) a laiér striiehiig koncwpnigueet ad

t han n t ppos dges of
e A S P S P P R 198 e

oR Nk 3, YAﬁdtNeﬁ‘reﬁibﬂ&lnﬁﬂttlh ﬂle nﬂzlﬂﬁ)d(b@ Elfdtcgh&{gelﬁe fili dsmg thls apparatus.
arranged to provide a nmachine direction draw ra

( MDDR)Stirerotherzantodiment ef the nypntion i5 omethphior ﬁfactwlxsng( iR The
bl?lé\'ﬁgd fﬁ@luﬁ&%oﬁ@éyﬂ& RISt \BrefcBi nh %@1&9 The $i:f i QOS5 HeRhed 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
transverse direction draw ratio (TDDR) based on the paths having the following

relationship:
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WD 2004/ 050331 PCT/ US2003/ 033310 NMDDR < ( TDDR)" U2
during the stretching. The paths can be copl anar, if

wdesidrose3t Anot her enbodi ment is of the inventi 8ATIUS2@3/033310

method for stretching a film The nethod includes
conveying the filminto a stretching region. The film
is then stretched to 5 increase a transverse

di mensi on of thMm?Rﬁ{WDgi | east a factor of 2.5 by

CRRKE WeRbetbhify OPROSHIYaLHO&DIRE:, ird&sidl] M al ong
general 'y diverging, coplanar pat hs. The generally
di ver dinethepembpsiimens iscaditlf igvantien spdnesiaddpnsigtchingpridwi dée
ir t
ﬁ?%ﬁé@%@ﬁ%eq (3301?\%%{11% ghedfg%\g\t}\{o% #rgtchlfng%%%n ggg fél is thethstretched to
p1at1’e&e hamnsvgrsé tienengioh bhe filin b}Edttaetalsnn&btprFZ SI.B)y OdkEYirg the

IVQSR 2 d t
s‘fﬂpgil ‘%@S gf\?é? {ilﬁh Dl%i% <g’ CQPIa%‘J%Ié’a%ﬁVEEﬁ ggrells
adiv&Eing gatﬁﬁa&e §(§rff%hféh'aﬂ&a@an§éd @prom a rHR:‘hﬁfé%rb&fblnlél@d%@ratlo

conveélngt e I'minto a stretching region. The fil
| PR hargltartem@;we@ dirgetiongrawatie GHDR) hasethen te geths having e

dﬁ,ﬁ&pﬁ ONaifdls %e filmby at |least a factor of 4.6 by
convey ng t pposi ng edges of the film al ong

general |y di verMDi@i%”ﬁlpDRbi’:fr paths. The generally

di ver gi ng pat hs nf i @ .a arranged to provide
a machi ne direct ?@ﬁD‘Q ’Jﬁ%{{)l? ) ) and a

t QuAE ViR sketcHingect i on draw rati o (TDDR) based on the
pat hs haV| ng the follow ng relationships:

VDDR < ¢t astiey expbodimentqfiisrayentiosire mefhod for Stratfb}ngg ﬁllﬁe The
S&Etﬁs&fﬁblﬂges Plﬁi%tfﬁ)éiﬁlﬁﬁﬂ{o aosftre{cﬂﬁg H:J,l,'Ycﬁln t"I'h@ @ilﬂ’l §s t‘ﬁen stretched to

nmet hod for streC|n I'm The method i ncludes
clopessy |amgnsvhee ﬂlmemsmn pbthe fikn be atdmshgfapfego%6 b bmmveyingithe
I()(?pp:o?]lggn gdge ?ﬁ)é{c oﬁ lgn aéé%gen?ﬁ%ﬁ}y §1¥er§ co lagﬁp pﬁﬁ{ n%ﬁee ge%erally
géinagiak pyths stk vedfipured apdhhsged © pemdd agmacelﬁleamectmhrdangmio
an.initial str ren

t RS BB R i Gt o REVORLOIERE e Ra Fyi e

CRIbRFRAG RGPS (X)/ (x1) (1/ 4) (x1/x0) (y/x1)2 + 1
and (i) a later stretching ong wherein the generally

di ver gi ng pat hsOAEMDRRs IPR)naI 30 form

(1:or respondi ng t 9/@%%@(%)1«]}){{&2’)@1 x2/ x0) ((Y-A)/x2)2 +
c,iuring 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 stretched by
conveying the opposing edges of the film along generally diverging paths. The generally
diverging paths are configured and arranged to comprise (i) an initial stretching zone
wherein the generally diverging paths have a functional form corresponding to

+X)/(x1) = (14)xi/xo)(¥/x1)* + 1
and (ii) a later stretching zone wherein the generally diverging paths have a functional
form corresponding to

+X)/(x2) = (U/d)(xo/x0)(y-A)x2)* + 1,
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3 WO 2004/ 050331 PCT/ US2003/ 033310 where x2 and X

are different and Ais a y-axis offset. The above
weoeunsy33nf t he present invention is not inten#eduszn03/033310

descri be each disclosed enbodi nent or every

i npl enentation of the present invention. The Figures

agﬁ the detai).ed description which follow nore

P

t1p cudndr greghidrpntiond Aviha ¥8xis sl nents. 5 Bri ef

Descr i el 488velbimnhi8y S iRybhRas: kG tibA &1t infRdEPY B&BPERK
conpletelz under stood in consideration of the

f @is¢losgi g QFEE&WIO@_GV%Q@EI@W@QH Q_f the greisent snvertivod i The ﬁt@res and
0 . . ) .aC -n

s EAERAD N NN S bl R RS RRAT s

of a prior art tenter apparatus used to 10 stretch

film Figure 2 is g ReniRefiiod S MeDHatk portion of
filmin the prior 3'r‘t—|D‘r'O'C%S'S‘—‘(1'(9'p'|—ct‘(9'(luglg n Figure 1

bot h bBfeanentionimay bemotelvempletedst widengop incwesidsratiangifitie 3

S Reep SR AR A YR B AES AR g ign P Sgnection with

p Gk 2 paipaseng/drewing$, i@whRht i on of filmin a uniaxi al
stretching._ .process_ both before and after the

st r et HEHE 1 pt dicdematiopy iew of 2 peorartiepignapppigtus used to

I Lldagiggt i on of one enbodi ment of the stretching
process and one enbodi nent of a stretching apparat us
accor diigee ds a prespsedsemw of apasiinn driilmantheipgior &t progess a
S 1 G ' rtd f.a retching
ag%g@ ‘E}gﬁ 1§u gég}:gétg?glﬁ%% %ldt% ﬁgll%gge}rsegcrwngi pﬁécggst,i on; Figure
7 is dfigend iva Bleclodiagre shppiag atbpsSacodrding guse dpeckots e
8 is a.schematic illustration of a portion of the

t PREREIIPQNSt r et ching  apparatus illustrating one
enbodi fR@E 46§ a ferffeBtieORE bf PPYrfiéh ¢fFMnGA a QhiakiRFstéRhing
stretchi n% appar at us according to the invention;
FPgpaess bothibsfoze andipsigpthe strqiehingnreeess;on of one enbodi nent

of adj g} ﬁr@@i?a Ec'h@ﬁgt?c illﬁ&fati@n bf Jn : %oc?i%l%ﬁog%erkgre{cﬁ ,On

of a st?etchl ng apparatus accor I nvent Fon;

Fpguese addonesniodioieatwfta streiching spraattisorecafling hethe present

en‘oodti ment of a take-away 30 systemfor a stretching
S'&f'us according to the invention;

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;

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
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
mvention;

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

system for a stretching apparatus according to the invention;
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4 WO 2004/ 050331 PCT/ US2003/033310 Figure 11 is a
schematic illustrati on of another enbodi nent of a

woabm/amy system for a stretchi ng apparatus aecoms2g033310

to the invention; Figure 12 is a schematic
illustration of a third enbodi nent of a take-away
systemfor a stretching apparatus according to the

i nventFigyre 115is Bisghematia lers%at@n St pnother prebedimemitof a takeryway

I [ - temfor a
SO SRR FE M Bl acBo Rl MR p o ot o,
Fi gur &igide 15isa selehanaillustrition v é thetdieorbodineat dfiaftelke-away
enbodi nent of . a take-away ..system for a stretching
ap 88?15?1?58@@595’5&1’?@”?%“{3ﬁrglqgﬁ?/@ﬁf’iwgﬂ?o%i gure 15 is a
schematigige 19 1sdstRentatio NvefratdA OF b Esur@rhoddirRaf offtalterAaks
for a 10 primary stretching region of a stretching

apypandpT AStEelhme AP DA IEARY BRETGANON Fi gure 16 is a

sc he”%ﬁgk&e $4 g% EhDesic IRGLARNAF 2 VRG WnBhdiRRE: FIRALLIR

of tracks and a track shape control unit for a
stystemndbi ngjretobperagparstusiecsorditigrig thednvenon; i nvent i on;
Figure.l7 is.a henat.i c. il | ' . e
erboarity |5 A TAREE Myt op b b SRR racts for g,
| Yy swichifregidf oNgstretchifgtippaxiapmdoardig to tivvieventiomal
stretchi ng_apparatus, such as that illustrated in

Fi gur SO (irseherte S108 Cp ol WRHhpPRCTBIOARE 8 o
bRARCR Yz frdcRisRipe @bAtsE ufii®for@ strBtbhii@ippafbds@tchding o 18I on
of a stretching apparatus according to the invention;
Fingentien;19 is a graph of exanples of suitable boundary
traj egt.orjes:fo A I reghon a
st et g Zissbud AL Sl B it DFPILR0Rky

i fylstesi, aabidgg to e inssatiod, fohi dsingrig for extmplechéangentiegalons
with different raho| i.c nfigurations; Figure 20 is
aStEsichig aB_f’“@@%%\ﬂ%ﬁé%%*‘}nﬁHa?egﬂP E%B]E? dary trajectories
for a ripirk MRidh g&&ﬂ]ﬁ&f‘éﬁéﬂ;ﬁeg(ﬁ@hi@dblﬁouﬁdﬁ tejeebiigdor a
apparatus according to the invention 25 including
bpumassetehing weiosof e stretehing spparaius Aeording e thsdnKEtiOBNs
to suig; | ' Rakabald 6
poundal Gt 3 PALER dSxa I HIRAA Loty RERADHRL e
oprimany siretcling wigiontvd a sretchingappatatvg ekcoshagpie theiomention

unj t. of neen‘gé)ﬁrre &.Fi ure 16; .. ?Fi 22 is
R R R Y L R

t c@lgura8bnsshape control unit of one enbodi nent of

Fi gure_16. . . . .

Figure 20 is a graph of examples of suitable boundary trajectories for a
primary stretching region of a stretching apparatus according to the invention
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

shape control unit of one embodiment of Figure 16.
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5 WD 2004/ 050331 PCT/ US2003/ 033310 Wil e the
i nvention is anenable to vari ous nodificati ons and

wabhbv@rosetsi ve forns, specifics thereof have beeRCThS2H3/033310

by way of exanple in the drawings and will be

described in detail. It should be understood, however,
that the intention is not tolimt the invention to

t he pafhileche myendion dnmprankle tajwasiens reefaﬁca@ﬁn% g altepptiveforms,

%@clﬂ&ttﬁe%df@ﬁve eh Fh % oft le# th&(ﬁ&\!vﬁ §and will be

uival ents, an tlves |ng W t hi
Sgesaribbd andttagic diphodfl be uh@rstwwlemvvavm theethe mtemiion is not to limit the

Descr.i pf i ferr nt

R Pl e et S Srh SRR e bonl i PR RE an s
devireaisnddficatios] efuiilong, ﬂQﬂ ayematifes Edlﬁngaﬁlﬂnﬁ e sf>1|r1|t il scope of
made usjng the nethods and devices. In addition, 10

tHe NP8t i nvention is directed to methods and

devi ces for stretching polyner films that |nclude an

adj ustabl e or_za def i ned chin egi The

pol ymer fil n‘&éﬂ-&i@m iy ods and
devi cege st dveifonUB beehad to®k apiRRELIS Y Bths and devices for
orientation, if desired. The nethods and devi ces can

aftistshine polyagr filmsge e fime made using b mathodyand deviges: iTbadgition,

_ I I
A5 LRSS DB TG 5 SSOEPEnL s o
pmduéfsaaﬁsljusfﬁbb qp rzematuﬁnemmhmg megi. ighe ipelyewr filmsipan be

i cul the f t | N
otlebar e e Bt e e e S pe R RH oripyation,
dggédied, ThembBE® aP UGS chi d1sbelsedohekicfd diles ofianthtivn

one or nore properties selected from inproved optical
p@?fnflﬁlphsance i mproved optical properties, increased

pr Openﬁieﬁ)\f 5&19 idRnfid s h iﬁtﬂﬁalﬁé %én%ﬁﬂ ytdh ﬁm%%fcﬁ{"ﬂsx%ﬁt polymer

manner o I rection, anced di nensional stability,
bﬁhltsematepalsz@eé prlopssést yhe e@sfme mVMWmﬁ@aﬂlm@Uo bt pyticidarty suited

%V%E e%ﬁlilca&} ion oﬁpectlyﬁne optg%ag ﬁf 1Sy C es eﬁ}&ds andrﬁ%vweso%ag b fﬁéeﬁg

f ddstred, &ﬂma]kbeolﬁbzﬂe‘ﬂmh extbthdr filkhalkdvirgane boinog limpetthae selected from
present Yp#lon The fil s, can be single

mipHREp vl gy igal prifqrEneg, FIPEBS OPHCh OB EESLER S BEPpefsiy to

25288 0Ple8r inlaRotdroPed BREER LS diMR8on ﬁnﬁgged]cﬁﬁens%ngﬁéabﬁ@ better
5,882,574; 5,965,247; and 6, 09 6, 375; and PCT Pat ent

pqseeéuhtb wesi@umnufgturabiitnesd lomf ger wherompgyed to optical films
9 R4 99/ 36248 (the entire
cg{ﬁ% 4h§ cow%nu I%{l g%ﬁ&ﬁ? alﬁrgg‘rqggher ein incorporated by
r ef er eAeerjety dhuptide filne sandrdtreetdded ﬂra@tfawcrqrdlmgi tohtbe piesent
i ncl ude vene addi ti.ons r ons .t
| Raotliy; THRRENTR D Risele Shaubi RR g1y, e Blpft? ofsfosed, for
A@:Ehlrﬂp@e’;\tﬂ O8S Phients 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
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WO 2004/ 050331 PCT/ US2003/ 033310 Serial Nos.
10/ 156, 347 and 10/ 156, 348 and U.S. Provisional Patent

wapplsiosedsi on Serial No. 60/294, 490, all of whPCi/Ua2®3/033310

i ncorporated herein by reference. Filns made in
accordance with the present invention maybe useful for
a wde variet roducts including, for exa

npl e
pYsriakNoset ¢156; |a@é fPAF 86,315 aélfile%rPio"lﬁ?l@h P@piet Application Serial No.
" pol ari zers,
é%r é?g ot og I%Jg\l?“\fﬂzljdl gérjlél E&%rgé{l 1&‘*2?%2 ?&&?Ill‘ér‘?cl uding z-axis
r et ar ddes )nada’heacporklwce withitheygeseatrinteatiommay b¢ refil for a wide

mul.til ayer ns. . Th Q

et b et i e Jotehals Baplet Bk s et aoproi
Opfldrizads, Aigh@iciefedtive/ Bich®icdoldrides radsa@bing pdihigess, and retarders
reflectlve pol ari zers, such as described |

Féfobiding 7y retgrdpgy, Thqpolyney fumsgen. b G@O@Bbthm%mu?ﬂlayer polymer
Gﬁlg'??Tﬁuﬁ )] eﬂ&ﬁnﬁ%@mg@s@@oﬁyﬂs@ga}%ﬁ%f anslisdidbisnds Hat Rk
I cations Seri al 71,130 and 09/ 686, 460,
a¢1dtlcaifeffvm gichas élffusqntmqufmsam&cm@rmiamlzw spelf asdspreibed in U.S.
L4
(B RRORR LTEL 0 5B SA0 SR B 373K 28 106 il 178138 ana
Eugnpaitaﬁ Apblicaions Scuial Wbd. €9/8608130nge 084686,46(B 5k pEwWhiCk are
descri bed.in, S. Pate No. 3 699, corporated ...
BRGPHY ey BfeEnce, ] hosediolymish B 1B FeLide g pidiional
fla I thhied pdeidaditlfbie @R atfter REAS dg ZixathpR Gﬂﬁiﬁ{eﬁsuﬁw}@ccﬁﬁngs and
t 15 extrudabl e orienting Wre

id
pbyeasr irg deﬁgnberdelnrém Fateaijo tﬁh?e,é& R éncoméat ]éﬁ'i?ﬁl by gffergnee. In
p&%&:\%}rm&%ﬁﬂ%ﬁ: bﬁg :pglwgﬂﬂ}s ﬁl!liéthmle\gh 1@(;)1?% &Xﬁim%élem?nt? such as melt
ee)grudaﬂﬂamwtmgl dyehewifé grid pildrizingteenents adnddhe Isker ém;hxngple ofa

th h P t f
G CTERBIoR T & Fig g B 3 Py PR SR B o Fgfimed on the
StiR, Bigh€hated@nthe BT & bi0ifeOiirettitig @i Thy PVRA @S post-

The substrat.e may itself be a nmonolithic filmor a 20
nRHoggssegyie forexcr fighoie PPIBHZINE FHEToR ETOMERA iggips gajping, acid

r @éhlygﬁﬁél}q@r HOVRbeddmEANBAES. Phe Y&rakd 11115551tseﬁ*¥>'e ta‘"1‘111811%111f1-193rﬁlm ora
use'In this construction can be found’in U S. Patent
I\multﬁa,yiﬂcbnmpom\mth lar withouit nptiseireflectizelpdwesr e Enarpples of PVA films
ref.e i cation e r

t F]lgt {;lﬁg errﬁsiz gn’][ﬁ Sglgsgrucéu%l é:an be FOUII‘ICP 1h Lﬁ)gdlsa\;e%gié@ 68,31 iné‘i‘i \fonch 18

f Gloopy@nep herein9l rafetcata g beamspl itters for front and

rear proj ec don s ens, 25 or a bri tnes

enhan c%‘H*’earPP 1¢4t IPHPE‘@‘% gatfipular fijms Bf@? “f"f”ﬂﬂo %%{%Fp‘?oénpoﬁem in

| HGkded sch s e Rl fdrizMg HEREFHkeS Bbraont hikd BEQHbjektion syst
al so ebé not ed ?hin? ﬁdé ré,t rget che@ﬁgescrloged bemjl nmrl R

accoraduigbiessienkanceraens fils ared in i dieplay dor xayple, 1 @ad Gyt
dlsglngtoli] m%rf)c? gﬁlg % ka?so%e %{ea lﬂ{at th 'st?et%%ﬁ g(i)sgxlibedtblaﬁ)w in

s inc
d esoordatedvivi thi presdne mmﬁ@nmytbh ugee witht alahgdtly overtidrdgomake a mirror.

The 1 BreeRRS e AN Pat R OHet TR P B Ffnted vl

d Iréf&*éﬁde@@ﬂ&é&@huméﬁﬁmogah@&x@@émwmg tdthe blachiné @kdation (MD),
| ength, and thickness of the film,  as_illustrated in

Frcl‘@m‘agsv,grse tigection (EP: mlch@e normal direction (ND). These axes correspond to
the width, length, and thickness of the film, as illustrated in Figure 4. The stretching
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7 WD 2004/ 050331 PCT/ US2003/ 033310 process stretches
a region 20 of the filmfroman initial configuration

wa4owmses3ii nal configuration 26. The nmachi ne #CTAS206/M33310

is the general direction along which the film travels
through a stretching device, for exanple, the

apparatus as illustrated in Figure 5. _The transverse
dirpeses sitsishgss regian 3@ effhel filx fremap dmtia) configution @4 &t 2 fippd

fi [ : HaY=T | O thel
MRS LIRSt ISR LA R
dowvele $partis sgetakingiéwice, for ekl ithcleppastusiasilingtiatad inFigure 5.

the polyner. film Figure 3.is.a block diagramof. a
PGB BsreieRly bR Do BeRhls Bt BRAATRR sPgpomonat o
38 mhdtenef diteBlidnS The ppiniat dira@tiop {s@yihogtal to bath MPpad dDusd

for stretching the film The  process optignally

i eErTPeRds g&nﬁﬁlgsbfa s thickprsh dimepdpn gfighe EE

stret gigsk 3 R} SR ddfbrand b gﬂrgcegé Ao WP iHe PRAEA ¥nvention. In
post-conditioned instep 36. The filmis renoved from
tdtep 39t the filrh iiswyrpligdpra pecvisisd fensappatggfor sirgjelreg the film. The
il lustrat Q ' o} r i

et RO AR BT O SR B os ey ThE Rl BBBR A 0 34. e
t filad is bponpllypp@ssorditionsd inatepd 6b Thé-fibuiseerBowdrirdoethe stretching
acconpl i shed usi ng one or nore additional apparatuses,
APRMEIS PP 8t r et chi ng apparatus 15 (which at a
m ni n@g@&@ 5 {IREEReSdR RmBddifentdrd Yh&cihg appBRER afdfeMod of the
nore additional apparatuses performone or nore_ of
t ingention- K tilbbe teceggiged that the process diustaiadpy Bigurefri@nbens
r . . .
AR SRRILE et bR B gt Sk S RhAE s
a(vétichet & hitmiguapeaioatusep I4ofiFigurd 3)l Thescane dr musadditomsd

of Figure the apparatus_incl udes .a r.egian 30 e .
PR ReT T OTSTREY BeA B T ST E el U g e Tofetons
aRpREatddDy stthe3d, i3k ecaa 3Bgilpsawddedighis 3omyd sheesinTaglres as
met hod. For_ _exanple, the filmcan be produced in a

r bAine ReFforReddry & HetehRgdPRAEYS provi ded to stretching

appar af, yx- illff&ra%ﬁ Qﬁlﬂgﬁinﬁmgg%re 3, R Hhd:BthE PcRMes a region 30 where
apparatus can be configured to receive the filmTfrom

athe il AQ dheintr¢dued iterthe eetqhing, appavetus. i Theifils cge hepreviddd byany

extrusi on,and.ready .f r et ghi ft.er ' I

S L PR Ry B OERRBLSRS AL AR ) von
CpatidedtoGtreiching epyatdsorAsshothtrcRbmpleahd aretdhérpaipparays camebe

or nore_coated | ayer or a |apjnator (iif or .

eagnEd EoYq the fam 8‘)8%15% ebg% foR eI gl {'ﬂm jsgenerated by

r ioh Qhd 1%5&}%9 RieihingdHfe£8xtfuG68) of b BEatGE, RF eXBMple, the film is

| am nat ed | ayers). Generall the film40 is presented

i genewtpddiy cTIngEr tsneaddrformﬁfp@ﬁiég PRRIITPrgiViRerfive 08 moFegated fayers) or

confi. ar Q L .
e A
d eftér mécaiyingroad et more laevhatedldgsrs). The gri ppi ng nmenbers 70

(see

Generally, the film 40 is presented in region 30 to one or more gripping members
that are configured and arranged to hold opposing edges of the film and convey the film
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
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Figure 7) typically hold the filmat or near the edges
of the film The portions of the film 8 WD

waQm/03&33831 PCT/ US2003/ 033310 hel d by the gr POPIUSE03/033310

menbers are often unsuitable for use after stretching

so the position of the gripping nenbers Is typically

sel ected to provide sufficient ? on the filmtao

peildbx the gripniegmagbeimPie@ e HasHEably fqg uerEensiisteiingge the position
V\@ﬁh@ I’Fgf thé@hb e %g%ﬁ?' sé@é{:tefdh@ bfae Soficief i %QH@ﬁlﬁa to

of sui bIe grippin nbers |n ' udes a serlg

chérpg strﬂalnln5W1aé¢qmtrplhag lthe agproupt of M@stf: mammbbgmwd by the process.
OPPOS| O GURRRST AR 5y eRGy A Eifiel oGl il
chuansigihllpgipde fihe bétﬁvﬁﬁkoppéeﬁﬁ)g fwefaces ammeh @aved aul®h track. The

systemthat holds the fjlm between op belts or
RoGsS QB APET Bfe Teaye BFa?}}aE%fg§ﬁ’ ik e pther

t B&indpld 8% @El@%teﬁf'lﬁatt}bﬁﬁ khe B8] HefivedR EpdsBid BeltCRheads or a series of
desired, provide a flexible and continuous, or

s betis o Beadsrand disects the fire eleve (ha ek Reknanditeads can,ifd¢sised; provide
oL P B TG 0 St i o

Euppopmg,nmﬂaple btlt Apthbiscat daoritedpior eatiptninNG.S. PR236 NblS,Al 7,737

(the entir onte ts .of her ei
B RCRr80 AP aH ShRaTs A, Bl oh A3 {g it Songents of
0Bdch @RFhicl aredidicitbinadthbrate@ bp Rifd@édte R TR IdnsRE of BAIRIis &ftionally
grlpplng A belt or clip can be made of any material.

Fadjusiabimiglobtaing drsired levm) Oﬁé’fl@“tgorrpoy te 15
constr %E I Ot %ﬁ b@fﬁ mst afna%rﬁlu 'FB@QJaﬁl Ee!é lt)eli %hgllbléq%ﬁmposite

an i nner aye made o such ,
soppbudiohi Ghe exempilaoef asnidatdnbeadiindndes ay emeldﬁyee Irad¢ offreetal, such

to Vi de d,gri i ng. er belts can be .ysed.. l.n .

& §r05 S Rt YRR B ol tyoueE fy MR €506 ehBpine.
t OgREbEIR caPbOVsed eIng0nE etbbdipiens, thdBdienclids dixdmt@bous tread to
gri ppi ng and conveying the filmthrough a stretcher
aPOVIR SR S 8nd may be used. In sone enbodi ments,

di ffergmer ﬁ&h&ds%%nﬁﬁmé he c%h%%r@%@ﬁnﬂﬁ%%@ﬁ SPet&dPare known
use different types of gripping nenbers I ppi ng

nemﬁo@msbe used hingeme bmb@dlme@tﬁ diféeresit p@r@p@mpfélm’qrgwbm apparatus can

C lers 62 rotating a chain
%H%ﬂ%’“ raciéﬁﬂpﬁ§?%ék§{|pplng menbers coupled to
t he chatipping hbmbersy|shelr a5 clipg cattrentietiedalbog the ﬂad:k/lﬁ,y, for example,
mechani.sm t.hat .controls the speed and dir t|on
C FRICP TP aE0Y § R 0B PR i RPHS PSR APPRGE ¢ he i,
agRfHkiSre 3Rhdc@IdSo § BAve nfRhARnHGdohiPols fh@ts afd@irection of

control the speed of belt-type grlppln%m ers. The
b&qfﬂmalﬁ é iy eAmivesred threpgh; tbmtreltcgmgﬂepqyms ligys| cge Risp e used to

t I
S0P SGE B BRN hPEARRARE, LIS
ofoptiduellygincippe ingerivelibe resthamedbgeas prevaitielippage between the belt and

roller.

Figures 6 and 7 illustrate one embodiment of the gripping members and track. The
gripping members 70 of this embodlment are a series of tenter clips. These clips can

afford overall flexibility via segmentatlon The discrete clips are typlcally closely packed
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30 gripping nenbers 70 of this enbodi nent are a series
of tenter clips. These clips can afford overal

woOhewiosid3ity via segnentation. The discrete cl POS/US2@®3/033310

typically closely packed 9 WD 2004/ 050331
PCT/ US2003/ 033310 and attached to a flexible
structure such as a chain. The flexible structure

r4nd eachipdiog faxitilgstrustizasreh as agheing Thp Bexiblgskug@wre rides along or in
I e

AL MR8 TR e LD 6 Sy s

athelteoteatlips asmirtl pomtpt Tlmrﬂnplayd chatteaseambij e@iomallyr ride on wheels or

arln S .or. t exanmpl e, the cri in
BB IR ARG o ks Eioniite BB R oot g S Bt figpied on

bl@? khdTgtomehtin}s rlBhyB@RednWaro Paity of ifer it @iter 2418, QUERFrails
rails. These rails form at l[east in part, the track.
TioEm.c st ToPpart, the t§Fkppi ng nembers define a boundary
edge f I
St Dot it §U08 oRRE EHffin ekl adfde Hblilar) idse 02 porion ofthe
t filen thetawik e grggctiede $he motiuofder gﬂppmjmhws)alwﬂgahe frapks altOVldeS

$ g(%sufxllgéllrg 8%%{:’[%)% tﬁa&?{‘) eag? 11';1338%0 %s(}}oplselbln?cg gl\(})ﬁql\ll‘l\e A g a%(i aw1 of the
aif*ﬂl% L@ﬂha‘-dﬂlﬁct@ €/g. d&&ﬁ)ﬂvﬁﬁ}bm&ﬁﬁ ﬁ)mdh takd-ay ddi)tdagrmaypﬁdfdulnﬂfmﬁ other
of the notion, an rawm n The boundary traje

t Bstiengiof {hemption éaégwmgi P SR g b B AL B Ey9r63811y

r AbhtifRl ¢Rh tﬁ@ i:r&ﬁk dr a1 egéﬂgﬂﬂhélﬂth ﬁgsmterﬁ?éf@fravei:ol"‘or example,
exanple, the effective edge of the center of

gthe pifeatige nfmfrl@éthe centey, of ghet gipiag mepibgr, e gahtepisr @lm, ganvén ajigned to
t f
L2 e sagla@e B L T v A £l gq%; Jgg add ggﬁggg{ycxfemth the

'S sur en col nci des w
t baunday trajy,ctoﬂyn Ilpplactide,ciha effdeeiveeddge of thv grigigemedbérh ean be

gri what obsc ed b | ight.
O R it ety 500 it o nter 304 S ving
NRERBES, ,bubm%setd@%ﬁorﬁ@yﬂ@émmnﬁﬂn be made smal | . In

additi on, for gri ppi ng nenbers such as tenter_cli

the | dngtdition frreaippiagmemkets suchaas tonier cliesribelensth 05@9 @Q&e face
boin c% etﬁlgh&&atl Mlda r{ﬁielcﬁgy Céanl?er\Mq%sl w1'llring ovide better
provi Bet't er ap ro tions he bou

t appjr@mnmqnem tae Uowﬂaiylheyecwncmnd Ismnlglprfstr@tchm@ﬂucamLons rn at least

at Iea odj the.l engt h of
ctnge PGy B A SRS o Soss e e bl R G be o
t hafe tRACorURLEE] the t0fe ilid] Alstantd Betidendhesdpposity Bind®e Rrajectories
the OEposing boundary trajectories or tracks. The two
Pp®SKkhg tracks are optionally di sposed on two
separ afiie 1Qb oPFRHARLE Booonhll RlondH8 sQal&S W s8fhrabl
confi gured Pgﬁgléﬁét he dﬁgtagggﬁ%%tﬁgén fﬁ% oppggﬁﬁbe
t platfmstoo are@éhea\msmqnﬁgured toriiow thedistroepaivicee the@ppgping tracks to
ustabﬁe dIl fc%ﬁ ot arl?i?u%%r u% { d{R‘e n?s&e% ?%h‘ﬁ ta{e%g ?E ?tgatched
e appara (1S "oF
Sby fhb appatguscarnif thepe iod desite ton/at}hhe meitd]ﬁafg,}mnﬁgurﬁtonhn l‘hg primary
Lgigeéxéqug r?gilgg Id‘gg%é‘?sg% b(e%!‘;ivc \&'epa o%roarltvlar?antlog et\\/N%crerll t%e opposmg tracks

can be performed manually, mechanically (for example, using a computer or other device

to control a driver that can alter the separation distance between the tracks), or both.
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can be perforned manual ly, nechanically (for exanple,
using a conputer or other device 30 to control a

wdrbu@soshat can alter the separation. distanceCbaiSman333io

the tracks), or both. 10 WO 2004/050331
PCT/ US2003/ 033310 Since the filmis held by two sets

of o S|n nmenber s nount ed, on opposi ng
trac Eg mEG g? 3{%5’31 P‘\%B’ BB sYs P%’PB%%%‘H?W&IP%{]"?& 1Bpyrged on
| Bpisink @ASKs, SR Rre RRPPOIRYolindaty@S6tdrle] B Raki@Smar €

mrror images about an MD center |ine of the draw ng _

f PRhedimentythrse traigeerds fesnistor ipRgebioutingDrqenteklinesfghe drawing
N@im Ml Jild: ehlm nts %(ﬁﬁ)@mﬂ%ﬁa&h He bt mfrdr § Such a non-mirror
ar rangenent can e use pr ow I'ng a var atTon

( froageexramesinent can be nwtifid m prowdmgtaa'tanajromﬁfor pxanngé, pagradient or

a [ re.o tica ertie

o K ton P o i P lap Bl iR op Blap PR 58 bR ARE s bS The fim
opt i OanathmmgrtG IFLgiiEESS glegjpﬁﬂﬂﬂdbﬁﬁoﬁﬂlyl’igclﬁdﬁg ﬁ@l’ecoﬁﬂhéd’l@g region
typi.cal | n¢l o an oven 54 or ot her apparatus
O¥E§Pr‘ané@hblﬁﬁ s Bugn %/‘f‘?ﬁg“f”f? TARPR DR PGl heat the
S kR LCRENGatioh 16; BERERRTH ﬁ@doﬁ&hﬁbﬁﬁg RigionaAn iRy d ?reﬁeatmg
preheating 10 zone 42, a heat soak zone 44, or

| Fongt+2} whest sasls pancetf pichae gt lopsh aores eraljpdisecns, Grom hay be  small
t 0
a%&i@{g rc])t@ glé% Etk)éf@h\?l\&egrtﬁ&t%t%elﬂ%ﬁl ol?c?e} t éfeﬂﬂé ?T%ﬂet&é gétqrgén t&xg gﬁﬁ}mg
f membelasnd thle lﬁimr @hﬁ@h’@wd bh t’ne bounddazrt;aj detomy eftHigury 80[n at least

u | east N ere ma
e st e PRty SRR iy B GRS E n EBbcation
s ea@reai the nppdsmg\maam nidyc@RBn 8 184Gt inpaftk®r B £AEbn of the
?‘F 5‘part for thermal expansion of the 15 film
a§h’f‘ﬁ%t |ﬁIth1 heafedat ed. Fi gure 8 illustrates a supply

regi ongi3fre 8f1ﬂﬁ§t1‘fl’&§g s@})f)l}t @ﬁoﬂB@%Mbéd‘ H?fﬁhéﬁﬂeéo%gitﬁﬂmg fegion 32°
and primry StretC | g% regl on

pReERIHETY PEFiehiRe fesign é’élthl(l the pwbncbﬁmmwsm 32 her optionally in
s I

SR LA RS JRIST e ERI  oTpos

t Id'e/e@e |Sbght1|ygo see tHeemrippifif merrbm iifot exantpémn teater clhpspen) the lﬁlm The

t %ﬁg 18 opﬁlogﬁfg/ﬁ‘lle%zte%}vu %1‘“'}}? Fc? ngrlub%j élﬁ)e %{6?«% 1%48']) no more than

t I580of tefil TDReetch mad gehBaly Ie&itﬁ&h Do df ge fiasar ytrdt@s&ﬁd often less
San g%o ‘L??i final TD stretch_and often | ess

1932811 7% ?fé ¢ finph TDeich bysope epbodipyls dhtende ik hish ﬂt“h’émal

Z QR&cH dtcidd '1501!3115\%(%}1 ef‘iotnb §f5 in Shich iR brRECHE §uHs§m{1Qiy| pa¥AE! and

by a zone 33 whi ch the tracks are substantially

patedilngs heptad ormeitmn@dmt P elpestaddemparativigi nt ai ned at an

el evat [ I

filmi ggtg tn%g}g E%l%? Tl%eﬁtﬁmag%t?r&a@e@ tkg PIEI#%QL# sﬁet@hm%ﬁglgﬂ 34,

Typpicalyl yathmutlnemmnatrh sirqmimmegaom 34 tt cﬁﬂm msgleateg Ior)maﬁiﬂanteﬂm a

filmjs heate t t
| bt S ThaR ae TR bRSHion B Bre pBB AR S T
f ipbFestdrgthe tB@pteEEatSge i§ PichIBIRENRA 180‘@ 4rdNge°a. SExamples of

typi cal ly between 8QC and 160C. Exanpl es of
suitable heating elements include convective and radiative heating elements, although

other heating elements can also be used. In some embodiments, the heating elements used

to heat the film can be conirolled individually or in groups to provide a variable amount of
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suitabl e heating el enments include convective and
radi ati ve heating el enents, although 30 other heating

welaemmhaesican al so be used. | n sone enbodi nent 8BCTAUS2003/033310

heating el enents used to heat the filmcan be

controll ed individually or in groups to provide a

vari abl e anount of 2004/ 050331

PSR- S5 B 6293 RS m%tawe oy e Yeriely Y Pocess e ingluding variability in the

NBRLRIRESt tRYhaatiRé1EBent &fin Bl AGEHRESr Leed bl if@rected from the
variability in the tenperature of the heating

ehaatiphelemenrt tq te filfe. dhe eantrplo therhesfingcdenesmisgiap bel pyed cif depired, to
f :
e B BHATE Db D T DA, Pl
vamm Itiie)fllime &or exxgipten aem‘ofttlteeﬁlm thahdp mof stggichae morh as other areas

ot h ter un for t tretchi 5 across the
ittt Wil Bl ot fealbh o B Rhit el g o

st r et cWithis theisHinasg ste&tdlm{g raglexas4 thepping Midntbierd HRGW péi@rally
can be heaved nor. e easi er, stretching. Wthin

t FEeIINg frarkss 1 FtFeé‘fhcfh? mg}ym%f il’aeryﬁzfleSlfﬂé‘"tj’PPtpﬁhﬁ&aﬂﬁéﬁ‘b@eé’“mary

f &Leltcmggegi&! ald i oth@f NBilofd S¥9hd dpRSHRs boh b%tfbﬁﬁéamsinlg% vanety of
polymer filmby a desired amount. The tracks in the

petiueirsp and materielli Rytsidegif Bis pamaLy| stretshing regiaag the rﬁ@cl@farq typically

S?@@tr {Malﬂz élﬁ%ﬁ d?ﬁeﬂ% r : a? llﬁ@bﬁ%&(?(éae fp.ei{a%lelocrr C;pre arranged to be

Sbmtngimlgrmg dwe:gmcgn Withie thepaiolasy saeiehing pagmcai thjb tracks are generally
bst ant i The og oSl ng I | hear tracks can

Wﬁf&%ﬁ@f‘mé@e&aﬁﬁ B AR 160 B9 Conver gi ng. or

d| ver gy regi¥is b thetshercling ﬁ@aﬁmtmefréﬂkb Bgh Beeinidd, usindQ series of
tracks are generally diverging and are neral |y
c tipsgr oy %‘ahneaé%eg@é%té thahare opfig cquﬁleérqge%é@ i 13%?§f361fs cpmpe

Shih&d &g gxﬁ&ﬁ@&% AiSw tB®r ﬁ161%“(1§13ev€ﬁ1 ARE tleQhBBRu $edihs o be

series of i near or curvilinear segnents that are
o prpiated (foy ewmh &t masgjenanes or cPpsrutid kA s ermdlter@tiverpida particular
u t L

RS0 SRR AR LLR. RS ees (e A hyhcion
f Ghe makntaariaciode acrontimss canstriating spaAmng nnaditresra adjaecat ©gions of

R B e RS oL g s

cmﬁﬁd@pgeg@ems The tracks can i ncl ude a conti nuous
construction spannj one or npre adjacent regl ons of

20 t helngt leatt eprag embesiments fedraglsyin the paipry Srethngeeion ¥e
Cewpleﬁh'@ W3t &95}«3151@ %l;n! RS ARGF tueqﬁﬂécmlﬁgfégw%@ ORI aRks 140, 141 in

'east’ some enbodi nents, the tracks in t primry
stheétl@hﬁ:dmgg posyéarditioniag ocmm@hfeldegl@ls amﬁypls@b'@m&ted froro e tracks

g_?ﬁth% hr%%%( sggtcﬁmg ee% Caesdl lus%atregngxo xﬁmﬁ 1?1 Ptlétﬁg g s 140,

€ Succ post-cC f enoval
r egl onAltladugh tlyeptac]ad 1hyheﬁﬁh&lt§a§tetbhfnlg®d§g1¢rha&e tllraﬂllﬁSarﬂﬁlemftrack
rimar etc as illustrated,

& St 5 e et i s Sag PrsBiiimEte. ThASeemeR® pprabencd by, for

P exaBI1Y, pSlofifd mbivithal 18@hQRgRERs Aetivdn! xR Mith réshER & each other to
track segnments can be used in at |east sone

e ifsguGerdear apioxiration hdrsiedgueviinqag e copljsurtipn. Generally, the

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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exanpl e, pivoting individual |inear segnents about an
axis) wth respect to each other to produce a |inear

weapprmsasat i on to a desired curvilinear track PCT/US2003/033310

configuration. Cenerally, the 30 shorter the |inear
segnents are, the better the curvilinear approxi mation
can be nade. sone enbodi nents, the positions o

o
cﬂr\%addrstah{?r(ewofah]a aBout P B sp that the shype ofs hefTaplesgan be adjusted if
S(%Q%n éAEl usgr%enVQnB(QQn%nQéQ)%% B30 3L P3E3HAd nf%El%mcally,

ust I vot abl e about an axis) so that the sh age
qﬁefeﬂablymnm kentrod nf Heonauijtar ot efbleri devicelemipled do a Adyays ttrwdlbe
unﬁ%rgtﬁo L1 gurw mear h%n%%#s%%ﬁ Br(ggstred Engn fl&) g}i (R%ﬁ chd’lﬂéggldto 5§ ear
GEegréhier deV|ce coupled to a driver. It will be

under st oqd, tha cur se nen an be u

i nst eiﬁi’n@i‘“"&}? tf?‘isfs %‘ﬁ b&ﬁls thﬁ“ 8@%%53 Pam"“lar a
QRbfiudYS) eorvillndSieck adh b%lu%@a tbfbuglliﬁﬁle phhla@%’etcﬁ@g Ii’egﬁlfn tiine
regions. In_particular, contlnuous curvilinea

tGoaHNIoBS FUAIGEERCK Wwa@wnﬁlﬂéew SRR PYE CanfiBYQus raﬁlgthat defines the
| nckgge%mﬁht ogﬁl{puﬁg%eﬁqbefs%wmloﬁ@aﬁbaahﬁ&h tha/parmhéay track

e continuous rail that defines the
tinclodes o pgrswifiirgkr addeutpr k3ilp withy tentarigbipssmeunted dorfopard bottom

qggﬁﬁ%”&ﬂn%b&&8m1g |I55§ar track 10 includes two
pai rso'of Inmner and outer rails with tenter clips

nmount éalsene érﬁm)d&ﬁkdltsb dictcominubesarack ggadiustablien @nb eteiimd of making

kSRSt TS BR HTEbS gagP ifot s
atliedstraR|sBape @Bhttd URiSaré Epled itd1£ poteles oft the cahbiudds HAHIE s&dh as
nore track shape control units. These track shape

cldn @?réllnuw iraik; apd are confignesd to apply piorceite e drck ﬁserequlped to bend the
CRRK! P%ﬁfé% stcflﬂ‘ﬁzhrcalﬁzulﬁ stfhbos %ﬁe LB dERGE bAYek Sn E@Angemé}ﬁ Yrith the

are configure dpply a force to the track
r eapltishapd comrobanits GStroupled @dke tr@k@ér é‘fe@Bréb’h éﬁﬁllaplcéiapfycontml

| l{}{lgt% t{ aa{:rgrsf%egog%orcm qth ack q{agg g trofj‘um {)}gﬁ rﬁﬁtﬂ&ﬁ %

P& Eont
6émbddanaitahhyybe lidmigedtto a@krois g eha @ﬂ'eteith)ér on Ld)ﬂ bffs Thatteckahape

f f k
PG P ERATRALY R S50 PSRy Dl BRPY R avay

CRE IR celidl 61Shd ﬁﬁ{ ora?ﬁfe%ib‘l}h 86thO 'Fhé)fra(ﬂlfsflape_EBﬁrdl Riafdcan be
shape 20 control units can typically apply a force

t erwled ta mpardavrrepingpn the adiustplile eantiapgys ya@k Prdhe wackghgpe control
f ﬁlﬁmc.tsub &l d ch Eﬂﬁe &écll{%r%llgg i - o%{fg‘l Ythe p&fﬁlal unw\?hﬂe still

track s ape ntro units can to a
pmainiamuilgafouplmgitet\wwntﬂlmer%{ki pubtaabblamdgo Thisrueugsntentek failitate a

track cont r. he ur e
e R o R o e Pl PRy R e L G G e
Uﬁllefacktv*ﬂateg.e G&ﬁdr&llyl, theatit ghapd Cu@trolauhith hifgy the traeletd rhdie through a
track and contro n|t is.a e ca
f BBEY plshines-donexapy g%}apqsa@ 584 7 ofloees Bagilyethp frack shape
abd@PudinmatiieAgdek boh ﬂweemsﬂgeaqhﬁé (SIS beddSetlidhaps) BF fldtion.
units are activated. Generally, the track shape

c §fien oore thin enegtaclk shapp eontioheskit is gsedpihe tre¢k Hargreogtrol units can

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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range of shapes, for exanple, shapes 67 and 69 of
Figure 9. Typically, the track shape control unit and

woheo#tosesk can nove along a |line (or other geoRETMISZ003/033310

shape) of notion. Wen nore than one track shape

control unit is used, the track shape control units

can 30.have the sang ilar i of, notiQ nd, 6B .

r anges”BY GWP H asp alb?f’etrﬁ"*( © 8??Hror‘é‘ﬂb%’§l tigpk lsl’rﬁ‘ﬁtré‘ﬁg in Figure
f 6. Thetrdchah thistudodinicatinclBMaFBurGARLA00 hitnédis cﬁﬁéﬂ(ogﬁshown)
different, 13 WO 2004/ 050331 PCT/ US2003/ 033310 e

e XQHpled o Peagings (npiphpwn) tpHing betwspruthe e padls. Whg trackshepe control
t LR kncluded 4 lga'§§§f(§'2q’h§cqs ¢ddpfel %J:I &rivkp Enog-g}%v& ﬂd%oft&‘h?nner
enbodi ment i ncl udes ? rails 40 ter clips

( Aettacs mewabyrs 4iband tog andl béyéoanr 01ﬁgfs>0(1ﬂacttmm’®vxm06r 61143 mng and

b a I c

SRR DRl 45 M s RDITRR SR 5 AR Ry i phoc

s hﬂxwvs) the tanactuneimbat toupplyrarferce o mﬁmtaa@ butﬁﬂﬁb‘&cfes ofHh4 rails,

Qut er cont act, menb rs 406. .The
i ﬁ?%@?c s Prsgf%ﬁ ROgE ?ﬁ%ﬁ%@?@a%w mbg et sheR Pihey viewed
t Grot#oRAG DAL tlﬁﬂplbﬁdés JHBVdnl A€ oPehBict Bt @WShd ifer contact
contact nenbers force to inner and outer

s frefbes 406 an the éaﬂ;s épws lﬁlqswﬁfb@tﬁl%¢ 1 (vhigdr enbaghoys thepyails 400
i Cc

\ PRE @O nin P AR It S Ao AP et &R proid as
ael gs ditmondh thexsagolpdtonethar s'amdan Shms Wb@mtcamtact b&t@/eﬂteﬂlrb @msT

?8\221}’[%1?] mtgﬁﬁ%f}rs %Ré gn g?]feaﬂ?i;sl r?ade 2[5)'335 g}%e%%)f ﬂ%ﬁel:s}h ]}ée%ﬁgfﬁ% ?uter contact
metehbers 4046 pan HesamidrigFashfonsdl ﬁhhéihmi)[ﬂﬁ“udrmﬂ thﬂiﬁltéilcbﬂhldt afember,
as . wel | or o

an ovoi d s di anond, hexago
SRR P48 SNt IR ORES bRl an TRHECAL i the rails 400, 2

C (il[htsﬁtﬁéd WERRs 32 APty dhofs (RIrkik 408 afiBHe p@ittloh Bema B@Qér contact
of these shapes. The outer contact nenbers 404 can be

s imembair40¢ thed srekesrrentagtovithyihe railhle UsingtspehshepestaHewpihe erpck shape
CaiRE Emf%@@r? a f(;r<.5e Y#&@ re\ﬁI t%\ﬁ‘ﬁao%ﬂ? ﬁ%‘ﬂaﬁ? E %11? 9&0 the track
cones to a 0|nt torraecon ac rall s f
530 Shdb ﬂaﬂ@@lbdhedgh the Bogol enltZ@ﬂ(emﬂnaE belnmﬁ)yedstbl dws:omhﬂ unit. This
?Qn %ga%stogaoﬂ ttlra%ig t dﬂ‘ffgﬁ? 1gls'%|'c11§51neo ?Pg vgﬂ%lhﬁqg control
S Iuﬁlp eBorahé ON‘B)tlt b]i&hésé &fakomhﬁ@&ackaﬂﬂ havela latgériradge of M@t a

|f de y track shape whil e
15J ggwdmteats '?‘Praéarrgqfewsq QPR HFAFhmERRers or there
c %Sﬂb@ bnl’y‘ 'iﬁrfer 6laint§ﬁ‘cfutért&§1ﬁac@%ieﬁﬂ>elfs' xed to the control
unit. This 20 configuration can also allow the track

t o adj Befrminedo Figgresh imspamsismbsilisatsygnetor mordroine il piihe track are
u [Pilxgd aﬁ‘{%rﬁxgﬁl oiflfs c?x%eharn%}%érg gl%ﬁ%‘gﬁ %@pﬁ‘lclu&tﬂﬁ af th%%}i(r e fart (as

have ar e range o
e uibxsuiatnbmtl“sgum h)srrend: afthbmrhamtretdnngmgmnc ohd fodtd pomts 73 can

inne out
D 5 BosBlonb L hor s Atng Hethrp B iued i Kighit
enbodi ABfirther 1ﬂﬁ$1ra%ﬂ i BipereNa] the &racks c&f be dibﬁﬁgtfr&ﬂ@ p2év@de zones
25 fixed. The fixed points can be anywhere along the

t 8L83; §5n%1} hig ltl}?éorjéqa%q.treppélg}g regien @g‘ral}aye télgfgrent stretching characteristics

or that can be described by different mathematical equations. In some embodiments, the

tracks have a shape that defines these different zones. In other embodiments, the tracks

14



10

15

20

25

30

illustrated in Figure 9) or end of the primary
stretching region. The fixed points 73 can also be

weoasitosea3ed at ot her points along the track asPCT/US2003/033310

illustrated in Figure 15. As further illustrated in
Figure 15, the tracks can be configured to provide

zones 81, 83, 85 within the rinaré stretphin% regi on
t9Bbe pdiytedd piipgfos rrangly be EatkararapERlvais dissussed abeyegto
LHetidEARE SRRHEE B0 BYy il & MonBRhARMRI G Rtements. This can
equations. ‘I n sone enbod%nents, the tracks have a
sheeadeantdggouschetdupeis allgvessbifetprtipertions ofAbeiprimary strejeltieg region to

SRR Distred BRSSP eratil 8 ARACLARARE bone may have

t faeticdutaa chhaps (fapexacpie 4 alpetimitdal dhagpe wathdd>1abod/B>1 dsalescribed

s i io% B ke s i S St BaBnCulsep

bedepyy.S Oplidnadly, | igtemediatd Aheddan PO piovides tHaf trindRioR flofBdnk¥ shape to
stretching region to accgnplish desired functions. )
Fapthey dnspme eppdiments, She iadividuad gppeg copbresenapied axdefigedby points
Pay dasdiRk qshaRGixtd or exanpl e, a super-uni axial shape
with U>l -and F>1 as descri bed below) followed by one

or norle sémg embodiments, fietttackihdsfagoprmifeimagress-seétimmal shape along the
e I L axi e o] I i At i

AR b e Rpdt MR 1SR SRl RP R vt Y IRl B or

t moreaxilztulet in thentraek eEn leavb differannérsss-sebtéonhlndiapeis d Aabn 2xangde, in

can_be separated or defined b ints 73 of t tr.ack
e o0 0 BB o EFribed e RIS iR or 4 RO PR ighes a
av il cleBe-deefidh 46rMSthe RAEH bPhkrad AR cAlse R tibhean Ye@BHd by, for
of the track to facilitate bendi ng and shaping of the

t pxgewle, gisring gifhigp the heighieordhicknepsyof thedrack (g gsgmppnenhef the track

t i- 0 h g - i g .

SR e MR ) (R B e A g Mot he
atholese afthe hck drone ai there rols imths dlacgledecrehises oeincgades alohgthe
a5 SR YRR PR B e
apdridulan Grack hags ortahariliingh trackr shipel adjusebiityo fFok Beaniplg akdescribed
(qr a_conmponent of the track such. as one,or re

T GG PaY huy seieral SfkiEthgonss, etbhdapt biving  figent track shape.
eTROGb IRt ohAl & ariitiinGf BRIMcIObr doiohdnREKthO tradkt8n Qhiry WRthéh each
rails in the track decreases or increases along the

| zangthachieve Rfagilitetde partiquine ravesbpneriad g eey Peweenpqagse As an

v : DROL r -

<Rl Pmeah ERaRAD ik ShRRAKnd BBtk S flogld Wifen oo
esthenzorgs tasobesmmprdadt aXtnsiboned spahebdtwesnkharano dvacse

several different zones, each zone having a different
track - [ I 1AL

tr ack Sy engamplk 48 vEERSE kAR oERR cdBLicAbh, A AlIehdlf ¢ con e
ZowRé td wp@edut e pesitoom dlangithd ttak én the Jenign afulheathickass profiled a track

e ol i e "R sedthell i R AR B Mg as oo

dinse 8RR i1HRe EMEETThd BBw iPdRasd AN Eh E&reisidhﬁﬁig@hi@lﬁlesses at the
e two

provi de a transitional space between t .Zones.
beginning and end of draw being designated as h(0) and h(L), respectively. The track or

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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25 As an exanple of variation in track or rai
cross-section, the arclength, s, can be wused to

woepHdset a position along the track in the deerms2mB/033310

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

t Beater thap the thirknpssdel 2 8t nosifion |k c Bythis $ppendi ¢tger L’ or L” may be at

t fe ‘ﬁ@ﬂ@éﬁ‘&@ngﬁ{ cc;oﬂﬁnat«?gg' ﬂ@ 930G > n@n@%xéi{ﬁpﬁ%v paeﬁsgﬂle(thickness
desi gnated as h , respectivel trac

opro§B it 2 tpkr g;mﬂmﬂeerﬁmc(t@ngor thickgiebs, hish as by rﬁmcpenr ofi ageiéregth s over
eﬁi@?&itﬁ&{fl’ EPLS i@P}o%Pd%ﬁ P eqthiBR! tion of the beam

S=L such that the
t hi ckness Indy'a @@ wosthqn L's1p) /85 VW0H)30044650331
PCT/USZOOS/S%SSP% )gregtgs thén tﬁey?hlcgzess ﬁ%ﬁ ') at
pwhex’e icanthe ‘positive ttei of tapaineadtingdn titvecasing thicknkss fromy Lbte 12t When

e hi @rclenthcordlnate i.e., L' >L" .
L 25l e s o Ockrcpaa ek aidfatiiensg o g g reater
athaR P& thiCieMBR ubymbfbﬁmﬁ%iﬂﬁdlé%ﬂ witR BrcldAEhK MBS Grackafi b tlcﬁﬁlly be
a function of arclengt over the rail fromlL ?

i PNSFtPRedEtp %syﬂqnﬁe%a@lq\y&h itppwn ey L) L —andpgte of taperh The Wmmum
( &nc_'kn;ésE of the tr)aclé I(tl'ack coﬂrgc)n%nt%e enfld bn 'Qhe WhGhR oilﬂé)abﬁlgﬁdesued at
positive rate taper resulting in decreasing

t thatkarg o8 tlﬁerumk LUSItng bedim thedrpnit can' beisbowrethst it izercate oftalsiraight

sult a de SI ng th ckness, W cI en .

| oL oo 50 T BT PE bR g g ealy in
t Rispdivems 194d A 0ns @ﬂde rvgﬁéﬁ thér hamt Hegink 1r§aadhrﬁﬂteh@ﬂi§hlluﬂ be
apportioned into sections, each with its own |ocal L'

Lconé"ﬂHTaFl%H @ ipjoageddyrseversleontiol paigi other tHSTSIRHSINGE d@sm%ble
t F&% o dtREG K r%%%ﬁ for GRPERGS s GPmbGe GRRE B

flexi erlI 1ty degl red @@ t hat pglljcer%t Ign?tehe trgab::ka%lfgt}] ng
bmrmmemdwecnewmhwb@ssw&hm atgivgn triagk artiack ampcmﬁntaor

st r.ai ah h [

¢ Rl PSRl 81 AR P ot Bl BB T Fimiomam

r eﬁqzimxs at 4ny paint aladg the taceorarndk cdfﬁ;ﬁiﬂeﬁtl’dépdﬁéﬁm the @mbentiof

a curve briym confi t|on or i Ioaded by.

= b R P ot i Supt i R A b B Sicknosscan
desh rabliéh of tﬂe':le‘lf:él? bf hdeastflxi i Ens lﬁﬁl&ﬂ%eﬁeﬁ(ﬁ’dl k@taXin@in the
ot her shapes, % be usefu ave both

i &f—‘aﬁleﬁg?ﬂgad&ﬁan%w dhegjastip rr@lgﬁe%@e Wcthﬂrﬁra% gfIpeRent, e.g. to
tE@&ththp I{I‘IL g?e‘i’dmgmﬂé tracRlor OFE&%%P@S nk ndﬁ@és%‘fkﬁkﬁ%le

forms o over any sect | ons
nnmuﬂmmﬂcmhmdkmess at any point along the track or

St r engl 1t R TR Gradut S L b Pt R h el m e
T D, iafidi NIDX dife€idig S Th@ﬁfetcﬁﬁlgl(&r cﬁmfnh:l@ﬁtdn@ﬂbrrﬂéﬁohh&n be described
| evel of K needed erX|EJI|ty

béh®ist ef Gpw Eiofm M aching H’ée"“P%@réW rattfoy&%]'eﬁg A pop yrEgqidirection

Wt tid bﬁ)[@ﬂ(ﬁ&ﬁd the hSRBEditdctibh@&aly tAFKNDDR). aPken determined with
conponent, avoi d the permanent vyi eI di ng of

t KRsDect ke ﬁ}m g‘i‘%@@%@ﬁﬁ@ﬁ’éﬁ‘ﬁo ngenardlyslefipedrag ﬁ@d@%ﬂa@féhe current
aQizy &f)f@c@ﬁpf&?ﬁﬁ?ﬁh} \Jvﬁﬁﬁ, or thickness) of the film in a desired direction (for

example, TD, MD, or ND) and the initial size (for example, length, width, or thickness) of

the film in that same direction. Although these draw ratios can be determined by

16



10

15

20

25

The paths defined by the opposing tracks affect the
stretching of the filmin the 25 MD, TD, and ND

wdizoEmsisns. The stretching (or draw ng) transPOTmER206/M33310

can be described as a set of draw ratios: the nachine
di rection draMIratio (MDDR), the transverse direction

‘draw ratio and the normal direction draw ratio

( NSy lwfélr? m&t@r AR &R Hmlsseetharseipdisatrd referqape AADDR,
PRODRE MADBRIcF:RS HHR drstv B89 ﬁétajrﬂlﬂ(edqﬁffa' tAeduds t$ E{?etch the
ratio of the current size (for exanple, length
MP@Fmﬂfﬁm-thlckness) of the filmin a desired

direct}

g al%xt% V%E P%?t 1§§anp eg:hmggﬁo&%% TI91513 { El)resggrgistty § ratio of the

t burckinepajtianfdistdree of the bvindatyajecwaog Loindehd inial separation

BRI 0 s PORRBDURIba3T O U R ERBA. Brotisavorde, TDDR

POt LT, 8 O gy o

r Af iy giepdpivt dbe Wtcénrtgrmq@s&u&@i)ﬁn t5 the gosing B thi divergence angle,
|

DQ t}{gggm’c{v%g%dpﬁ 1%2&81 beg\hé( %&{I@ %g&]{rhg tn{%tathﬁ C(ﬁl% rca%tgﬁrg 83?‘? é)ﬁltlndary

S &ﬂ &téy) Of) nelblsbranit.elt @cﬁlowg €hab eat(®)l & eudl k@ihe Gils@itaB8ous lslope (i.c.,
and the initial separatiogn _distance of the boundar g

t Figf desivativep of the Fackpt thapporal Ajpen detennypation ofTPRR gnd MDDR,
oNBER M’Wé@DR WBDRI?)BE!VH&d o s ‘a@f%ltﬁf BPﬁl@ leﬁﬁeﬂ fifen fs Iaonstant

Fi gures I's represented e synpb
Adurmgyhegitm@hmg (pmv;tess; if, héwgevst, thetdehdity gf ]jne(ﬁimshqngm fastor of ps,

d t
| HBE dcan 2ngih PG REUBOa 4 PR et i aTime process and
t m%@tth@fmﬁah EerRRYAGRY Harl OF the HeRAL tﬁEIYNDf)I@= pft/(fmjk O}[DDR) as
rairl. 1t | ows that cot(0) is equal to the

i prneeted-a ébﬁuilge i1 dspeity(df e, materfal pat ocgwrfpravariey)of efasertsancluding,

}\B%‘é}&n%{hsgg{_o aﬁlew %% Jrlaoﬂ\llll%' o%%aﬂ%a-{tlc)%gaﬁlzguon caused

deyngtetchingfor bther protegsing cduditions.s constant during the
stret [ OCcess. wever, the denS|t aof t

11 m oteaBastit i copd o s g igiearegs Sneamp e
PRl ek diRetsle Rshk 1 BOYDRNEDDRE s&NKDPRI g1, (XY R8d (L)"?
stretchi ng process and 15 po belng the initial density

tesmeﬁéveéx a# tllugifatedha Figure? tsumirggonppiensityfof (i DRMerial). In other
Qrﬁfb'iﬁ%e?sﬁy %Hﬁl%tﬁe h W(,jg PI%L}EIX Sspgrlehgg m one in

mat er’ a?u occur rrety or reasons i1 nc I ng,
f whlch MimpRE (TR )TD theoyghag ¢heodramg A, ussfulchesasre of the extent of

tipn or tial crystallization, caused by
IQP@ﬁ%ﬁﬁag?ﬁb?Wé?efﬁ%6%§S|ng condi tions. Perfect
uni axi al drawi ng conditions, with an_increase in
dimension in the 20 transvers igredtion, result in
TDDR, MDDR, and NDDR of X,[(iégggggzjand (X)"112,
respectively, as illustrated in Figure 2 (assum ng
c borst mnibctaaigiat graef Utihenertrbegtioat the ddaw. (VinarU isdesd shan one, the

AS3UTNg, H0Lf orm densi.y dutlpa he a2 uniaxial by ..o

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 stretch a region 4 of
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whi ch MDDR = (TDDR)-1/2 throughout the draw. A useful
measure of the extent of uniaxial character, U, can

woeod®sised as: 1 -1 25 U= VMDDR TDDR'2 -1 FeCTAS2003/033310

perfect uniaxial draw, U is one throughout the draw.
When U is Iess t han one, the drawing condition is

consi dered "subuniaxial". When U is greater than one,

tihrefilay fa\msagtcheédﬁg}m 6 el the diyergenca epglel s Telatively. wiallgigapbout 3°
18 COMIS g}% il £hnd S DR LI el A1 is bixialt
st re%)c {uy agéi%ngnt rac Ero , éég?%l I usttra {eﬁlsl n Y

Frayur @sthal MxlaER’Lis gregersthanedratly, (& beaogied negdtlm‘ In $gms/¢nbodiments, U
Z Ooﬁ/ %5;13/%1’3 %‘ gr%tacéé%ﬁs II‘% \8126? g&g%%seojfgjn grazlﬂer tSanrue 1t'gt(r)ep?es§1t1t Vanoqsqevels
(drf oger—relahﬁgl.t Tlhkse Overdrélas)l staldDphdduce aaNID @xmpﬁtssﬁmyfrdm dred

tel I f the, fi i s biaxiall .
e kraprsko fl fompressio RERLHAN for the) SRR material
%ﬁﬁﬁés‘s%ﬁeﬁl&rﬂwﬁm’@kﬁfwwﬁhﬂ@nts U can have a val ue
greater than one. States of U greater than unity
r epr edeFkpapted; B gan bespaieatedsos phangesin densiix fagive Frasgarding to the
%ﬁ&w'ﬁ? glq states produce an MD conpression fromthe
boun If the level of MD conpression is
suffi ci ent for the geometry and. ﬂraterlal stiffness,
the filmw |l buckle or I nkl ®IDIAR expect ed, U can be
corrected for changes in én:[« §mg| ve U accor di ng

to the following formula: 1 Uif MODR = 112
ITDDRl -1 Pf Preferably, fPFmjis drawn in plane

(i.e., the boundary trajectories and tracks are
co pI arPaq'f?ralslM,dhe Bl sstdoamrn inplamp Gier, sheghoundarnsaiegiories and tracks are

n %glaﬁ%rg%ul%ﬂ 4L ﬁ]:ﬁ)w 311;1 ﬂé'u %11‘%1%&? fl(g{ éo% ! s%ef%i‘u%g trajectories are also

ane boun
t affca@pﬁbleo riihe 31681@ il mqplané bandire d:lajfbslenéshe mmphﬁbchlmeause the 1n-p1ane

constrain uce er_ of var i abl es. The. esu ..
PR er eI et B oG B B FHT R PTG gl i ehiation is
Mg ekt nﬁMB&"@?{rﬁﬂeﬁm hf:plﬁ)ﬁeapﬁabdua fafetoti€s divegife hwody fﬁﬁn the in-

di veé\gl ng away fromthe 1 n- plane ND center]line.

Pgeniging eTW%bQVé%PYkW Pf’m%‘td bydfretsiefiging B8 t " "
d(lrectl(gﬂ e{nﬁ“ﬂﬂb Qe n(}{ dRcah. tI'H@Mij’cenféH{n% %Eﬂ“%@n thyaﬁpcMr_ﬂg boundmg

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 corresponds to the initial centerpoint
of the central 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 trajectory, for positive y values, that embodies this embodiment of the invention
is:

x/xg = (1/4) (yixg)* + 1
The left bounding parabolic trajectory is obtained by multiplying the left-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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par abol as may be taken as the y coordinate axis. The
coordinate origin may be chosen to be the begi nning

woR0a4v80331i mary stretching regi on and correspoRds/US2003/033310

the initial centerpoint 20 of the central trace
bet ween the parabolic trajectories. The |left and right

I, h { tart 0) at
R e RSB e es e PSS Sin o
pa#feab@l i c trajectory, for positive y val ues, that
enbodi es this enbodi nent of the invention i s. x/x0 =
(1/ 4) TReoeplpparpambolp trieetqripan nyeNidriimingipd ariensaionginder ideal
U ESHAREO! MolSvel R | t i i
| SRR, b P Dbl D R RIS eaion
dinsbdigi on emm/nomesi&ﬁnghmmss afftheggrodlymee tffvo cisonfuoni form heating

O T P
2 M}ﬂ)ﬁ &&%n@ﬁfdchﬁiﬁﬁﬁélﬂ Jbdil Gor cRemp1btdRIWRSEDIYgib@YIfHig a

mrror |E{ag@f0f the right baounded trajectory over the
c EPRAEAYS; tiony Remany IFRATeFd" & 31 ngAetap tor aghisYe perfect uniaxial
t 6AdRA{A! Ynsfead) aRhiaMinde okfladialy vafuk 8PhPiveRiBe Ur’vqﬁfe that is
i deal =~ conditions. However, other factors Can affect
t Feiniinad; ﬂtlf_\?%}@ub@ﬁ ri@wr dhtinaq partiowlar pntign pHthe dGiw can be defined.
| fq
P yééegﬂpﬂlg :Tnfefeﬁe bt ﬁgrrﬂmi%%%ﬂanE%&%g Wﬁs&n%o ?IYnS, 0.8,
d0:8i5,rﬂg9 S)tﬁéﬁmsldnsgredmr@s héededafoph pmatulmapp]ﬁcaad:dl tional
tensi o rrach ne. direct.iqn t nsi n
from g%én %X%glll‘?pel gnpcggmle\ﬂgaﬁy 8&1"8L Mo a?}cgﬁ‘?‘%‘i us.
| ohazabebiristicrof rdflectivRpplaringt afd @Slidquid brgstlbhe dl@[ﬂ@}sﬁéhb’atitoﬁs is
achi eve perfect unj orientation. Instead

xi al
R BF 1t IREoh e R Do X reglipahen TD i
t Hfétpnhéif)é.‘l Qndfl@lama@liﬁﬁ'dh&afo%u %I?JQhﬁextdli‘@ergfc@Yﬁ 1%UD) QMrN]ﬁ] gf @08 is

particul ar portion of the draw can def i ned
e sEApRlde nsemgepplipationse Andifferanaeiof A04 sﬂmpwt@ﬂe law@teeﬁg én wore
Y
gt]ls’llﬂgeélg%(l)lpﬁg)gs %edéigerééf 8? 0. §2 or %sqaarle%%'rg% plgc{r eQar?ﬁe e %ent of
anniexialrmphractef of AciSap srefhient memmh}ycamlt@moaide ap pldexc af tefimSion
refl ec

* DRt AR IS 050 PSR R ol e S ppniaining

apﬂbétﬁﬁéﬂe@ﬁﬁhthzﬁate EEtor oo pmdraIprRrENe s 0002 d16ss at 633 nm for mono-
difference in the MD and ND i ndi ces of refracti on when

TBIFY TaRey e dreThaimsnini goms peliester axktesr vk popplysylene
' &‘?@%ﬁthglafef(?E@ﬁ G Govidd U\@lw ON@ oPEved-00% ljna%/ be%%&%&%fébdegause of

in sonme app i'cations. ference of
atowep ingibise dlﬁermmémeﬁaqﬁvwd@es 19mpnﬁ@]c§twt1@lb'p1numlv dresvn films.

a diff 0
by SRR A B SRR R 0 oy o
s edtifinaty thetevelrof nefraytivasds ma‘bc}m’fgchetvdﬁnm 3 (Mle)@nafz (ND) directions
E @act%ﬁn 20 difference between the MD and ND

dP¥ BEEUHE i n pol yester systens contai ning

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

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

direction) and the ND direction (i.e., z-direction) for a value U and An,,(U=0) is that
refractive index difference in a film drawn identically except that MDDR is held at unity
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pol yet hyl ene napht hal ate (PEN) or copol yners of PEN of
0.02 or less at 633 nmfor nono- axially transverse

wdnreowvséashi ns. For sone pol yester systens, suchras/us2003/033310

pol yet hyl ene terephthalate (PET), a | ower U val ue of
0.80 or even 0.75 may be acceptabl e because of | ower
intrinsic differences in refractive indices

ribieu gyt the deawa | This iglatianship hag besp Amdre bwasozsblra#edwﬂve for

I
SHAE gt gt kAot 18t i, FbpC eyt o
reffopet filngs. in thexe prayester gteinet pLi=Q)hetypiciiyDiboanahezalf or more

(et ek b BHE R R e R b
rcﬁfefzt@cﬁﬁs WS (-B8§%ank TDEREx VD ﬂp[c%ﬁa‘l&@ f((r'AtnS?y W=0)ran¥@ up to about
direction) "and ‘the ND direction (i. |rect|on

@26 & 692hme TMplaaid/alunyM lélnﬁ()Uﬂobsramg@mp torOeIfSraaéiiii we. Foeemple, a

ecirogﬁﬁg elag g?p({}}lﬁels{n ggﬁ%gd ;96‘%(#%\&{31%6%% et:at 51?1% and 10%
RGIT il peat Qﬁi&ﬁﬁe@ a thiE Uﬂh@é,tthlghfb&tedﬁlm\bf abbit0.14 at 633 nm. Films
rel atjionshi g%has been. found to be reasonabl

pioawpriging fhis YHH0 cof SN widh wqlues pEVOER 761 84 andi nly asmngasuseeby
P, n i gt

it ?}agﬂp{’?ﬂﬁ?ﬁtﬁ)s%ﬁh cﬁgg%B %Qashtkég r%@'éf;;s off0 ngz’:‘ ol a§ﬁ<(1 0%3 at 633

i 3 hypibeal mydedsoertiing hethh aiethocls ofithe presenhigvehitibfier enc e

Onxy(L=0 ich js. the refrac ive.difference het n._. .
e A8t pioistelle et R s s P G B wniocia
( éhaﬁ&ﬂeﬁda.n bEViplefidine &y} the Sollb@ﬁng@ibﬂﬁdd:@hls ﬂed’dg'ﬁedmeth@i determines
about 26 _at 633 nm ues for

rif giee bboeladaéy E@;eﬁ?rymﬂfgfn%ndﬁ%? lefka nearygaJegf@mWa on as a

Cﬁ%amégee}?lrs@ CRORLYE ﬁts@trby‘?iéﬂﬁh%% fﬁgtaﬁﬁ’l%hs B8%onal relationship
PEN-1i ke repeat units and 10% | i ke repeat units,

hestween{ERIPR: steaspzad hetveren Hiegippesinechoundsiy eiiccoringand MR, defined

S g g GBS 93 LU LSt e
B cﬂggmdgmg of a‘D(]jJi% Ngxt, the;geomefs}mf rilgki prgblmalmksin@d asAleygribed in the
RS P RO | PGSRBS Rem Bl Bpes bgheeen
S&k b?xf g&%ﬁ%&pﬂega 1@@@ }5/){:1 i 1@%&1@’1&?:& the 1ntsﬁﬂttan<§)5ETDDR where

near stantla Iy uni Xla aracter can

dﬁﬁs&ﬁmlﬁ‘&ﬂt Dpositia of @ bﬁv\bMe H&Inhﬁigr trajEbioBy. HRSIS thie i@thntaneous
met hod det erm nes boundary tzr:}a@ect or
[Hg% P

dﬁmwvelaaﬁ@htmtwqeé fhe' TIHR AP igjcoverpd to; asrelaéﬂl@hlp
ag tHech TR 2 the TR Frende! dufie. Wﬁelf:apﬁ)g&lhb QRud 566 ?stchgyen the

I ni ng an 1 nst ant aneous functional relationsh Ip
betuagen afORRremdsuspedfib eqla/a@eﬂnn brswesnddBPReang diidkich can

L@%ﬁ g ltxs%r L8 f?g\?rltl}{r[r)lqg s ec1 qaro Eg}g o%ln ggﬁ%eétgﬁes that also

ega IVe ergenc Ose oun
t indjudest the pasholio wejectariescds @Sﬁﬁtnigimwhﬁn U Bipibachiesdtnjtyt Next, the

R S R e T

defined as the initialdha))fadir}pacesBet ween

where tan(0) is the tangent of the divergence angle 0, and y is the y coordinate of the
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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20 the boundary trajectories and a ratio (x/xl) is
identified as the i nstantaneous TDDR, where X is the

wounw@iIe33x position of a point on the boundaryPCT/US2003/033310

trajectory. Next, the instantaneous functiona

rel ati onship between the TDDR and MDDR is converted to

a relationship between TDDR and the divergence angle.
WHtsn(6a alope thefhistory af DB from witydm s anpxinyre desigd selioosobtain the

TRBATRE R, R 3L b e MBSO SRR MR

smendricyllst he broader class of boundary trajectorles
that aJ so _includes the'@@ O|IC tr NiorH?S a
limiti n8§‘§1ée"’sﬂﬂ‘8 BagFRRES ERBEOTIF: ¢ §AsSE RPN E Feclories can

beddetéd i Rhik the fprabSlicaietorgis ﬁl@&il vtllfh ﬁlﬁtﬂlbﬁ(ﬁr}latﬁg&ﬁlmtlal effective
fO||OMAng d|fferent|al equat i on: (x/ x1) (y/x1). =

t ‘H?R B leggly & % dyfadof ke sepreation H@@ﬁt’e Rtweendh W@P@%l@feboundary
%gﬁor%s aﬁ‘ﬂg 1rﬁet bt gﬁnﬁrycs%trcﬁhg ﬁJgﬁme e. i8N HA S Tlg Almension

position of the oppbsing point on the rlght boundary

t ma}ue teoelyagss held bp thediripgers whichés thejinitiahhall disfenagibgtyteen opposing

b 5 5 T OB DB s i

1/tan(0) along theiboﬁkgﬁyaaﬂgmﬁﬁﬁwmyoﬁ1Mnlty to the

val u obtain t
ng?ra KHXg 18 agtrgteg A% sc‘?fejd Ig?t SFWéanPg Eﬁe H@éﬁg gorresponds to half of
t fRlsEifatBoN dlsah&efwtw@ﬂaw bposink Yradks reqdite®ifitleAqhdtionABove
anot her exanpl e of acceptable trajectories, a class of

i Aespiibede prrahpliscirasks hat rayides! apsrigelypiagiadraw. \Eililre g¢pladralet

p

P38, Y ALk BN 6P il
sepuditani fmomgiestbadioent étewb&mcc b@vvtamh@mmmpwgng)ma rthe

; Bﬁ#glg{t er;tlchelgg %a tngtislheﬁ ']I%SPalb e, ?s esc#Bi garo:,\f%nﬁagl&glsntgrfon tﬁg }nta]]?iﬁtélation of
s &ie\trage@ryhﬁ |pd)vh'ne vahves of U piEF giffstentihan snityh ©thediniettalds of forming

hal f di stance boundar

Pt GBS yon R o BN A dorsP O g B theshape of the
d a8eEtbiRadsRY rhleshh é&%lﬂ&lt@%é&b@&mg alfkel Xhdpl fhak has the desired
(1/4)(x1/x (y/x1)2 + 1 where x1/xo0 is defined as a
stajeddryi nl et separation. The quantity xo corresponds
to hal : :
opposi 1 e R A A o fftmified sing he
desceptvé dveafepdr Hizalviededd; B.oks be dedinedasihe daiakial MEDBG(&V&I@ equals

In Q /X
AT A Bl oy YRS RRTPT ofthe R TP Tler Py B i
t VMEDIUR] tBX bwdrfedOF meﬁltﬁdnallﬁlty hidl the RMIDDID Bdind@Atlaxddresulting in a U
di stance between the two ogpposjng.tracks.in_ the

prSSHERG D &t Figict Sre vl dh et Ssreerraipb &g he MPDR is

aRoYSelafddl rOMiNGo HR unkdA®1 BE%Q' Bblea b 96&119{ of B 8xtra slack can be
trajectory to provide values of Uand F different than

umrbdogumodetaé ps fretinide beaspsefthy opmpgessivhuskling hyeskaeld i tagically low
f?(gr tfsi)i c%n*f)%?ﬁ{siﬁrqs ' %Lﬂlljg Hpgeatér%an%me oveff@é?f o%Weﬁ:toh&bgat least
approx1mately to the ratio of the actual film contour length in the wrinkles along MD to

the in-plane contour length or space.
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trajectories using track shape control units or by
selecting a fixed shape that has the desired 20

wonrej4@ses1y. For super-uni axi al draws, the sevecTwg2mB/033310

the winkling can be quantified using the concept of
overfeed. The overfeed, F, can be defined as the
uni axi_ al MDDR (whi ch equal s (D DDR) "1/ 2) divi ded
t he adlegrme sishrrelationghijpbeiweand DINDHI VBDReigdhe %a%OEq%stam

ha¥ Rlan M¥tentpe overfeed F is less than unity and
ﬁ;é %DRanls under-rel axed resulting in a U 25 less
t han uni ty If F i ngFeét/éMDDIhn TRPRY?) the draw is

Qver X

31;‘}% c‘lgllly,um %él)ll((?% cﬂ:ns%r 1n%g)el} Snt £5 fpr demgrol Ip%uli)géeg ﬁ%@%%lﬁei%(sto\rfg
Sdngtitie dangike pracso emm{asteedgamﬁklwﬂwtlchle fdbd o amd gtiok to other

conpr essi.ve buckl | old is |caII | ow

CHrR of Be Kl eaimee s, Iaf o SpbaBngrts. e heiiedyf, remains
t1e RYB¢ a R R SPRREBordéduc & 5 bre wARRGAXbr¥BIdRIVYr. LR some
the ratio the actual filmcontour length in the

V\Wﬁﬂ?ﬂ@lné%ltsathé rgerad 5015 golessibronghopt the eovgssof Sirdrave nkrisome
o 3pERSs A R #4 990381 T URRRAL 033 DucBrase

the relationsh bet ween In the case
of corfst afrieast mmbpdlnﬁnwalvarmlm\bflembedlmsts mﬁth:Ual through the
( Sti nS|
e rere e SR et R LB e e
azlﬁjtﬁmﬂiﬁMIDDR@vehheuﬂmam can cause | arge winkles
that can fold over an%1 stl o ot wpRarts of the
filmcausing def ectMD rrbodi nment s,

t §ReiO¥ L) EQRst chbsenhEAH/ p@&‘erréﬂtlex%l F\'éatbletﬁ& | By 6x|élﬁ1p¥ir B\dan be
to avoid or reduce severe winkling or fo d over. In

stoiasted dnbrodlilfe Alsor I has deseivedaboves 1.5 or |ess
thr ou%ﬁéﬁ L Q@er?@e&rﬁgssq{l?{ L'[}ﬁtydtﬁ&\%s eE' Etl\%ﬂﬂﬁ)rg \}\Ighﬁﬁe sp%ce

maxi num va ue o or “even 1.
t HogggBoibin i desid dw thelifulFomiaxis] dravastd thoNMP ey beramtesrelaxed
particul h the . entire

o PGy RetR et SRt Roubrr ety pefie.

are[aelbﬁdhipé Q)etb@bhﬂd ErMBDRrana ITDDR M@B% @bdlﬁ@pomdmlgrcbﬁﬂhtlon
Xx_TDDR11 ((fre FIOLf%X can .be
T

cPﬁS‘é’%fﬁ‘ léﬁnda% yyhysll éfﬁléfis rveﬂl TRIRY A@? %%‘lcé]r PY &30 2y Y miniggpm U
e’?feﬁﬁg)c!o?regg)n@satﬁ aBSininhin SRIRE] &dbb 0 Fr atheadt solneaaouﬁc[ary

1.1, as scri bed above. Wen the over-feed | ess
t wraiecteniss iycludingdhoundasy adjpederids yewhichbré f¢rﬁhw®mdrgwaM@DR can

kO8I M 1G4 0 B g 8 =
tension. The r esul t MI2DR be 1d (E,llmvaIleDR‘ézs)s than unity.
wlhgrg anin 15 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)'1/ 2 (ie., U>1)
throughout the stretch, Fp.x 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 Frax is 1.5, then the film is stretched to a TDDR of at least 6.8. If the
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 stretched using coplanar trajectories to a TDDR of

22



10

15

20

25

30

rel ati onshi ps between U, F, MDDR and TDDR there is a

correspondi ng correl ation 20 between U and F which
woani4@so3sith TDDR At a critical draw rati o of P@T/US2003/033310

m nimum U val ue corresponds to a m ni num over feed of

about 0.9. For at |east sonme boundary trajectories

' ﬁl udi ng boundary traJFectori es in which U>1 for the

sastel-Bimnd pltepmbrest 4R Fprcoplpar sen-oplananburdas aigetgries, if no
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t |
cirieted TEOTCEEORALES o FeldbleBnR's, Horipdy: en e i i
I msdhe&m& TDIDR bf ixd¥ast 42 1ncﬁoftehiaelaastt ba, ifF.m isS 25 thef HHBM is
to FFEDR of at least 6.8, |f t e30trajector|es are
c%rca a TIHRR, of pideqst - Apndsofienableasiéd- dnodinibisrelased g F, then

| ﬁ@?ﬁm% sheRRch BhteibRbs atlle%§t58t4 A Zouﬂdﬁry@aﬂ.@f&r}b Sinhisd be used in
then the filmis stret usi ng copl anar trajectories

t whigh fipi MDDRIS(TRPRY! 4h1©5gi®atlt PRSP0 B/ 108334 05 0.3 tand the
! ﬁlﬂ?fs s&‘ gﬁleﬂqg ouWofaatt eIaSQ%%t 4.0. For coplanar or

non-cop anar raj eCtorleS if no limt is
pl acedtber usefut ﬂmﬁectdrhae cén Bd‘deﬁﬂed&tsfr@t&,b(e st fnl GajddDidies ddclude

KeRfpFarehgieanire APy Belkrds. Wit Tastlutiovern R envign of e
(Stfetshnfied AdbloRhs (ﬂfm o5, tahdl PYQ RAUdurinh Sr&té iR, Osefiff M@ ctories

is 2, Frainis 0.9, and the filmis stretched to a
THPRNgHdeoplpataiestasicn Fhers TDEIR it leesa 81U & a8 leagtt0. Fpyeny final

i ﬁor&m?of tﬁ@ﬁfétcthré?cetf alchfaulng a tﬂ]@&@? q?& s EQB% gfstééshmg

| east 4.2 and often at Teas Fl'nax n_
t hen t¥ss ofhef waefid comanaetrmbﬁé@les cmcaldEDme mfwlach MM <3DDR

e CRER) pER3 s rioro P B PR el o

Acrhma]ndhxeymmlh . é[(hbcﬁasljpmmwprahsm rhmnmme draivratlds thdiiskduld be

iy o Ve eptuty W hergTgPR L 3 ot it e €2-1Bs mipigom

t @raﬁ il ZDER’OPFmaQE 115288 tmifinthm &R ed 3. 2SRl Wr H I8} £ehOhinGfum draw
can be defined usi n? Fi nax. Useful trajectories
i

i 19t TudBhercHpPRhiart o fesp, deandpi Foex WhdhempDBRNidEvals S8 R =
51 5 l%hé ﬁn uﬁm % ﬁ%n(ﬂ"o? 'F'ﬂf _f5| %?{ é]‘ﬁgfntl grag(r is El %eWheléTDDR’

stretc ter ach i'évi ng nax

disiSi quglpsstthmfcwnnf Zmemmmnmairmtsdc fae§ L5 88,3l mingthwo draw is
cgg_laalgarﬁrai%t ries where T is at least 6, Uis

at’ o Y SRS TPIHLY HOrtion of the stretch

af t er Jaghheeal) en@matymepﬂ‘abla trhjectari€h crh B&wonsBudtedtisinigR@rvilinear

-St ! t Chlt?% ]t‘nq{o]%athevreﬁg Sef U| cop! angrrchta I%Jetgfrltu?nrlgx(fee? 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.

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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(Finax)* (MDDR) during a final portion of the draw in

which TDDR is greater than a critical value TDDR .
wOheo4fosod3owi ng provi des m ni num draw rati os thatCTRisewwBd33310

be 20 achieved for the trajectory. Wen TDDR is 2 or

|l ess, then for Finax = 2, the mnimum draw is 3.5;
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above

.85 after.
and SR P Bt el BBhio WP L e g cahon o MDDR
owten; @Ben TDDRRoa R xerabledinldivedthwi dth are rel ated by

10 xi/xo = (F2 (Tm -é"éb)/ (TDDR - 1) It _follows
directly that th¥DRFert Retexaat &5- woh) iner easi ng
TBRRobRvatiéh %{a@ﬁﬁ|1ré1Q’tlontsﬁlﬁb&Wééhr VBDRIGRCFHIHE S 1?)% 51? 7x)%101t

Curve 306 is the parabolic case wth a value o
ofunmtlcswf the y pesition. {This abows the eehsirestioh 0§ cdyeposite lybgid gprveo
308

i . 6.5, ar abol . ¢
c g(gr{l nigh ec‘f}}’(\{\l}é ﬁf upeag%)?){lc):( E?Jg(%o tl?‘tegﬁ _}Iemﬁzﬁ%stﬂ%ﬁd Hh% ? X1. Fllgure 19
oVlektraescthne erettiods Abgrabolid trjedigry I&r thedinRiaf poteidn eirthe\draatid @hosen,
of 6. rve 0 is the, parabalic e wth a val ue
of “%¥ ?%Poa%fa p&?ﬂéé@f {95tk oA 4P e TR BOFIPS PV S of B nitial
2 citPe 870 i8 chdsbdto p6a8¢ 4 flpbOurdxidd dRw Wilea 8¥ilunPéverfeed of 2.0 at a
draw ratio of 4.5. Curve 320 has a scaled inlet width of 4.857. The final curve 322 is

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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overfeed is a function of the final draw ratio in
t hese cases. For exanple, using a value of x1/x0 of

wonbos/0408383 rat her than 4.545 all ows draw ng t 8CauSzmai33310

TDDR of 10 whil e keeping the overfeed under 2. 20 For
the parabolic trajectories, a relationship allows the
direct calcul ation of MDDR at_an iven TDDR for a

f foxd PR ebt-e and e eoningrsien cympRAWRITIDISR( erticrBy shiftgdiversion of
Xbrsd3n2) In ngr%dsog ?e&@fy‘ ARhbR ah lﬁﬂﬁalts{}&cﬁl R %ﬂe%ﬁlIHans
bet ween Is’not an explicit function
th@ngaﬁbgnmndﬁmnmnm@qwmﬁ@ms the construction of

conmposite hybrid c ections of

par abolic trajecto%?§§§9 @ﬁﬂgg&vé%??cﬁ y shifted in

y ahd then a Faitey lslrﬂch’ﬁﬂg zdnk withtiraeltsdaviog e furetidadl ford doaespbadihgto
trajectory for th iti orti Ahe draw is

chosen, curve 376 g ?k (8%A§ Jﬁcﬁory i's

Cﬁﬁﬁgﬂl dridrx, Efé&llfffér&mancpﬂrcbfr@sﬁondé 46 W varidal shif€hatPetohidt| coupling
curve 320 is chosen to provide a super-uniaxjal_ draw

witthe BispiticR U AND PeRbE eiparbolic seagents maybaRombinpdinghis manner.
4.5.

5, HeyRba0 s o OBt o b B e
qunhtr@tlnm of nelated Wragsbtofied Qite entbeditnedt idvelvesrtbe ise of Gugay eegments
t %) a{:r a?icFaJercgl%laels e’ﬁhese 111?eetaf %liﬁag%xli]%%{ro\l}sg C%%S? cogl-srt]r%ﬁta 8 \Wiﬁm the confines
ZGMMBS%MGMB& Uﬁ%@ﬁiﬁé@@ BPtids) éfanakibiin vaerﬂeea apdhidii e

cont S on curye 324 whj a verticgally shift

Vv GHEE g 3 Shosph T BDRe Frio e e diebiishy DR
CREEAMETBDR! Rhd bdelcslotl MhtdhirblGte 206 oMdet HF dbRCikSuced d crystallinity
having a_functional formcorrespond to: (x)/(xl) =

( With pamplss@f yatnss of 2.5+ 2,jand 2y mapy bp redatpdaioefaste sterie ipldipe with

LR ML 90K A0 By O DR s ey 5>
1Powm®r<é thelralé pctrack balow THR Ementotdace ani pedicnles@ostrsnts on

.vertic shift .t hat coupl i of the .
L PRy Ftea SAl A R P S PR L neleing ot
canbithred. wlgme aommesmo is cﬁb@nm@bca&he l:mtrhlhﬁig@@iaemio&&jectory
e hybrids, can ui de the

their g
de RnHaym Qyﬁrfeag e chopeny drgw fartlgj 'gla]pgr, |l]§.§ tgi here at a value of 6.5.
et iR, PR B‘&@feé@&n@tﬁmﬁhé‘ﬁﬁﬁboﬁ@ G4RBbS; hak Been chosen

create trajectories. These |inear approxinations can

bes thoidsalcute sdthw Smirschmidﬁ widilopf ynizs mg theerplatheriship between

t r r ):

oé‘zér“? @ﬁa&%calﬁcu%&‘?gh&tﬁ cﬁééig 3%%?@ lgne%%lﬁ%% tﬁkj%antstrzgnmg

C bosthic TEJORoryl e mgp@imunh averfeed whére telmatiravm valtie of F EDIIRA the

o DBR sy b orirciedurdt yErafly it 16% e 10 syl o

Otoné@ditiag pahbolic Irajedtoriaditlect abth@EhosBYTIDBRT 6f @5 .€H shiduld be

el astic strainsyleldln W th . . .
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; of 2.489.
An approximation of linear or non-parabolic curvilinear segments will tend to lie between

these constraining trajectories above TDDR*.
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| ower values of 1.2 or even 1.1. The range of TDDR*
generally falls between 1.05 and 3. Portions of the

woad4/080331r ack bel ow TDDR* nmay not have any paPCTaSk@B/033310

constraints on mninmmoverfeed or U and may fal

outsi de the confines of the constraining parabolic
trajectqries. In Figure 20, curve 340 is chosen to be
the cditearabelis W@W et ROPSGFUIBFIERSE SRV BROn HMEhes Hith
OMEIABRATIBDR lli}féalctﬁ[?&@d?ieg hAW al il QiverkBiB anglh| TRl h@dRfFeed
here at a value of 6.5. For illustration, the m ni mm
odesrengss (Vi dvaseasian r’fmgi pargblincerseemegte dt gmyple fiagaripprximation
c v

cr A ey UGy £l e BpRE T s el Bl
TbiDEnem o verfeatl etihe ohasen WOBRN The hnweg&dﬁl may bHeagmapolateid

T e A .
Tédemds st@rtedfin GinBlar BuGVE Btdroedirow rvlﬁt'fafetl aablish fshiedds@ey or
constraini ng

tg f%£n1 rve 344 so th the two
pSEHb| A The ParimpmyeYessed sateasss: the sy gnrfstsfzeleeé?d for the
Gaﬁroﬁ&atﬁﬁ%ré’as&e Wﬁ&l"fﬁé ’kﬁﬁth?@Hs bEMVESDRA ?anﬁ‘ REmB4HE methods

are conpletely equivalent with respect to draw ng

chay betsed to qomplate tha fragkeqratilasdengasdhe mstsmrrt@pmxumm pveafeed is
! Abflaing aiﬂ ﬂ%ur\é ?b lﬂ%rx%f34x 15/ af(llmeglfa ﬁro& tion é@nstram d by a maximum
approximati o near oOr non- apol 1 c curvi FI n}éar
segnieet of 2niBecaitse nﬂthtSOarge mahemmaznrf&d it hexgprises only two linear

207 D0 B ETHRAI0 D21 0! D PA¥BAFBUER e chosen TODR

t 6. Eﬁiaﬂbwasl‘]l)]bntof pes SBﬁtﬁls icie] FOBRAG tolkeviRl g€ NithodNDEdStraint
with increasing T | inear, trajectories have a fixed

dPYERgkeMcET aRBi%E 2 ormsethq#@f Suishing g tragleis e grdgolgferapecond
| L3Rt fdAPRDBIRONY 68 bhé8ADISE ﬂ%r at fhe $14TBES point. Note
| i near "approxi mati on can be constructed by ch005|ng a
| thakthizicausesithd perondeagmentzin gloss the lealer eansirdining parabale siice the

I r psen TDDR. The |ine segnent
2%§1€¥Hh9¥$§%§ﬁatg§0&' :ggﬁrds in TDDR until the
over f dedigno, sutvé 84 ia Xherrosultalf§ hmngmlngIﬁersmbns é‘mttbeninammum

line s start.ed shi on.

o Beatly e e P S B eyt o Sty m oveteed s no
dgtfiwie dhrefSintd? Sedionts i RegVinKf aaelfiftessResRstentdItcRMIBErom
of segnments needed for the approximation increases.

WEBRR(G{& SO 8% 9-b BrcoiReondsrement ajumesasdveramenaigirmgal to
106 TBYstrBRirg SRR ERERrS bemindRurh B@&i‘ee@ 5t thRIIDIRS vAIRNEF 2.9 and

as the constraint on naxi num overf eed mal nt al ne
| extéridg bpckwagls teuTDORIAE 3. $hig stqon@angmptmndquiw TBWPR*. The final

fge:@eﬁt}lpgg%te@fheatrac or %n}lzgg\fg cug/%%4§ Psn& % g’%ﬁaren%’we@nod than that

nmaxi num o
| Liged disr cuﬁJth‘rﬁ OHsre thehsame ipRabduré ﬂ)e&fe I&ewg’ﬁmht ie )ﬁearad Sorathd
the way backwards. from.the chosen

| BRI SBROBH. FCRE I IR o Bgeet o peehip it Rghttabe yatue of
Whtthiedinefod B oinipldtink thkarael sk R kiR varfeRibihe fmagim @R 8t the initial
nmet hod of finishing the track is to extrapolate a

s EPBRepf unity.

General, non-linear and non-parabolic trajectories fitting the requirements of the

present invention can be constructed using the constraining pérabolic trajectories. The
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i near segnment from TDDR at 1.65 back to TDDR of unity
at the y /x1 zero point. Note that this causes the

weeomrndosegment to cross the | ower constrai ni NgCT/US2003/033310

par abol a, since the constraint is not effective bel ow
TDDR* In Figure 20, curve 348 is the result of using
atj ue for. the 20 e

B Bt NP DU LD PO TR o Ty lopes e
%éﬁﬁﬁlﬁ@ﬂilvér%er[&@ tingl§ A9 WRincdH EErDDR.eHie middnEnN bserfed constraining
required. The first segnent extends hackwar.ds from

POBRelisfais oy 6 tISBReOF MEXgTiepes LY SHA WELIEAE TS Bt s o
?urfé{%&#;tgﬁﬂﬁﬁ Iﬁg%e?al %%ls cdifbe xRS ARk RY HMBom the chosen

paraboli ¢ trajectory of m nimumoverfeed at this TDDR
TRIDRS uellhg anypfuaetipn of topnidet lisa bRiWasTise pestaimppROEids  Agimple

n I&‘??éi cn RO 1ng %%ﬂ{)]}]g{g ﬁ‘rﬁagﬁk Mt ﬁg%eeﬂ—ﬁl%sef doﬂﬁ{an‘?t?ls to take a

onpretes or rail shape for curve
aﬂaﬁnwﬁmdagccﬂnlﬂma‘ube pEktowmetihves withiarthet dna¢lopal Sarvef36P ickigure 20

346. p edure f t I e

im0 S S B e ésﬁf%%e;%ﬁqytaﬁhng%ﬁ%b o of
e Iﬁébdﬁﬁmtﬁgrf&ﬂ%Sﬁsu@ﬁm‘gtp'aﬁb&ﬁﬁ thegecdry, hcheghlG[ and/ the linear
value of. A third method of conpleéén% pe tra

tanprgélmatlwetm &¥ve 340, eththelineas WS 4 ?nf?-‘ips?“"e

L loitun £ Yrat 30 nGRARMIineal O8nBihAHRAE cAo be used.
on- para l'Tc trajectories fitting the requirenments of

t he fhe st‘emennwdmedwdémﬂewbmﬁhq YaiepeRPICRsahglic fgjectories of
2 ns%%gbgl he E}gﬁé} bol I (?g‘&rgﬁt sEctiond Bfine 'g%kvpg. the example

maxi mum over
o3¢ m‘$gmfeazmﬁongpar@h® blSGnatyﬂﬁJ combimed with atdileer sentivr fafTDDR over

m ni mum ence an

RERS Y e M e T RSt R AR

%ﬁﬁﬁﬁhﬁg%réj ERIrRE bR Yhalt ﬁlghé}earfg@ Y EDDR. MRKi$348e, SHeOFIBDR’ of the
. €. mnimum di ver gence an as_a__function i)]#

| me\g@rséﬁﬁlon of lompedraydpkep an g%@tr?lﬁ B6TRPBY: Bugseeiab % D’ gy be

t&Sse%QQ & he ra}_l deSiRdanNGavARY. {/M&E b&:ﬂo&fmaﬁj tRARed Bakcount for

lTes be ween t constrail ni bounds. A sinple nethod
fbhe vatiolb pluemgmandnmf dtawamg, feph ap Ml@ldsngo gerin-inducedicasstallization, onset

elgﬁ $r2> Seggﬁ%ﬁ%%u%% ut Sty gns‘éf%fisélﬁﬁ-ﬁgrdeﬁhgpll % al:do&ﬁ%r the

r V
S&Qelbﬁn&itgﬂvﬁloag)pmpémemﬂﬂan d® filhi ’sypsaameac mmm odlude those for

this exanple 350 i s forned a linear
t HRDRE A B/t P deor COSEET e AR PR i Fspion fnd sl
Ly BB G BE YangEHF ¥® 134 modd1d the linear 10 approximation
to1t, curve 346, with the linear weights of 0.7 and

0.3, r%mmﬂw fpr dqtermingamquariary freisetprieser thpBieseRf @vspgion in
#hmr)ne%od o? Edta 881%?41&3@%?&8%%@% ﬁ@m%sc‘ﬁgsen_ﬁﬁ)R’ may be

orenentlone escri bing the various
nged maz[rﬁdmlogmstma]pcﬂmf extrapelatihg fortiad po kigker {TODR &amiaghosen

c pplied over. different sectio
%BD%F hggg&‘a‘ﬁlﬁl cgns rgimrrgi tbaéﬁc origsare fo rnn?%égﬁlgd gtl?ﬁe lé(vgﬁ E%(ilsen
bepeRThiANREyaMidnbv AR EDDREGS the thitiad erDmEf nmvcgr Tn this method, the

constraining trajectory of minimum overfeed or U lies above the maximum overfeed

curve. Figure 19 actually exhibits an example of this method in which the hybrid curve
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15 6.5 with different requirenents and therefore
di fferent maxi mum and m ni num constraining

wonrej4@se31i es over that higher range of TDDR PaTAiS2®3/033310

case, the TDDR of the previous section of |ower draw
takes on the role of TDDR*. In general, TDDR may be
chosen_ across the range of desired draw ng. Various
seiétlies hetwrenthe arigjap Qverfepd copsvring.prve Pie apgd fhegpagimum overfeed

pPhsBeIRNQRvO20dr awi ng, such as vyi el di ng,
strain-1nduced crystallization, onset 20 of necking or

ot her Siflanothenclasm iof eaumilaty trajoeigiies cof bsdafimphantbmae i soge

0 . : vel. .. .-
T T
i mchaabeerich oSshefmgroviddSBRtincipdMD atigps 0bfer itio aiticipated, using finite

st.rai n- har i,ng in. paolyesters nd, typi cal. .final draw
iRl hriplioB N RS oyt RS Bl Bt iner
f descdohditioasNUkigg Boit@amyanblids et ONéLHodkRhn EhdicRbIRB@RLtitutive
invention in 25 the nmethod of extrapol ati ng backwards

t BUFERAe ITBEIRVEPO ke BFfBYe AtPIPIROT Rgyeras cQRIIgSsivig SEpsses may
%ﬁg%gﬁ%%%@ﬁon%&%{e@e ating forward to higher

b ni ¢
roma chosen Agai n, two constraining

tr aj ect (FPER)GRDRYT me dTORRKMDRR))T he DRIESt VENIRE -

TDDR'. A conveni ent vghu wbs the initial

TDDR of unity. In tﬁlingbm]é@g‘?(%»c&n training

t wh¢re MITDR isﬂ?e m’;niemﬂ the@vefde@ethngle. Thik b}ﬁi&)nﬁllbil%tﬁod (ﬁ&lée present
maxi num overfe 30 curve. Figure 19 actually exhibits
affivenfion ten SB?lefqﬁ itlas ﬁléstst?ggo‘}nﬂawal?ﬁtoflﬁ% hybrid curve

27 VIO ROQAAE0H e RETHHSAOIH 33340-0£32he hlifS oS HEED

the m nimum overfeed constraint, curve 322, and the
nesundaniaieipTiese te. bewiigniteiastoriex thet/de e ingt single Byrditlasyplane.
c 3 r r : L Y,

B A T e e R

r edatidomd requireméntest thiBpoedursd etnhedimentzaofitiad presemditention, sdthat a

i n.the.absence of shear provides.a.pr.incipal M sStress
ofLbSEiSY A iy PiRIGEL Ry b e Riper PP auiiilgng boundary
aftgbyGries, ThéBduntikies PHaly M6 byihetNEI SbfBaS mivrér imagds Widbhgh a central
go, i nto slight conpressiagn under , these conditjons, )
UBIPRRy O i HPIfRe COmPEFiAg Hiednijalicsntaireing briase1-h6 el terigetogies, the
S @litlad a2 QRSH bi il el KAUR b ndrinall 1S I BGRNGHE Birh BAFac In this
suitable criterion for preventing conpressive stresses
nerpbodiiperitdhefiiny mgp beydgwn beyeerhibe poindenyitiaiscorenalongr cyliodrical

. n + - T " -
RO (EEE MBI o s o
t bgposiag bovendefy ttajvetodiev@aroge heeleaigigahesd bowndayttiafselies at equal
met hod of ,the present , i nventjon Lhen specifies thjs. ..
T 8 e, iR i s 2B ok AL TR S4ED e gy il

t Beatdr ipbitit. RN thie 6 tBidAdeRLiharfol PdrARE céial1farRUhusGfacél b e 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 instantaneous nominal
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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15 boundary trajectories, i.e. boundary trajectories
that do not lie in a single Euclidean plane. There
waneodiodeasmer abl e, but neverthel ess parti cul ar, PODWS2®BP33310
trajectories neeting relational requirenments of this
preferred enbodi nent of the present |nvent| on so that
substantially uniaxial draw history

nﬁﬁtﬁll“-‘ﬁ? bréwesrstheitisd posifions phthe oprosiHE aPlytS OPrﬂéﬁ‘ @&méﬂw frgjectories.

The Hahd SnER6VDE: SUTHR taﬁd ﬁ@ﬁncalfﬁéé& QBngh{e loBposing

i mages through a central 20 plane, e.

compdirs fraigetohes, the ppnrﬁportﬁemoentemmttonb@ qme‘efrl tiapeechanges speed as
e i

ARG Xl SR G Spe LEL P Ol B

scanfralaece d:hangd?. il propodnionl it Itlte prdsJ bcmoﬁ iof tiwe At tdngemi oAt boundary

bet.ween t ndary a r| es along a cylindrical

SB‘H%EO%% dlln *fn@Flﬁé’ fe é’t of line segnments of

shor t eBie cthssek 3NEFHcGissRERibéIAbLVEare ARIBG/IvE SndSoaRIaoY be
tra] ectorr es.as one travels al ong these boundar

t PR ap fimaling; Adgeiar rosctpriclagses prospaudered ig Aﬁeérrl%rrr the scope of
' ﬁﬁ%%fe@ént H{%ﬁtidnor}é'mdlca@ed' ab6% Hﬁ%ﬁhaw &f2 cﬁﬁ%%g%%ﬁ cBiitéhn two
the initial center point. The trace o thi s 1deal

<|5r© diffesamt zdmes weth drffedrenp Btwrorénngrmsdltwr&c &or gratmplehengiegjdetory
oI“ro q'lr ci ﬁ“p L& orifeg (r:an sel % cifodr antlair etcrhat Iz%né) aflndtarl]lother
drs ance a ong WS hEn o?ac?rom sbounc%r
t trgfpaay Gioyn the sa“nim firstodaats bedrajdctaaize oﬂ]?ﬂorh A diffeedrit E:E!;s dflt@ajeetories
to the or| naI cefrom f]he start of the
bsﬁrrraarlﬁcr sa&rlaif ﬁretsb Seent Setlching 20088t er point is the
i nst anﬂ@ﬁ)@&'@l& inRitifeéncoPasddeR ndiTyamsaxtal BodnldhPiraj ectorles
spanni ng the boundary trajectories, i.e. the ratios of

t pRENIHIINE adnigimie saugel hetaboutl’. aapre pisferabbparpraximaely At7S, still

LAY SO R IRAE ST S e Y
i ponsfraiht Imyshetapplrr@ oorfer 4 fueal pprpos ofithe freivvielnaibytaitical TDDR

ggﬁ%%tra%woft ;i‘h%{‘h%g% I.s]tlll 1&18{6 pgegérg%lg al&?ug z gs | n Oi g%faﬁgpatgutaltj. In

b suhifeckanibo dinfiedk s thie @fiti€x$ TDDREcad O 1 @8 pondmra:ga ERiB1ETDIPR cBitain
on the central trace chapges. speed as npeasured al ong

t Fatelpls, et cerfadn wapglithie and mplglayer flms copaprisipa qrieniably rmfi«D

| Bltéiﬁﬁ%eh%lﬁ%berst B8y BegteRt1bR|ihdir AsBeifRREZDBilitNof snap back because
pro ion wWith the projection of the unit tangent of

t hfet b éeysloamynt of strpcsere st 2p siraihnduerdterystaéit Tl@fcrlrlh% TDDR
BBy Sl 1 05 PARERR Rt G S RulPtA e

I specific ragentsAsuhlmsstthe)6n1iqahTDDR(fmythe:blasmfstranenchloataryma'lh@uon
lie.wthint cope of .t sent . i nvention.
| R ety oo o B AR GT ribmsrioat PODERFH 5o B gy of Ron-
cqmﬁ;amra;hamer]&t afo th®fiml @il f er ent zones with different
stretching conditions. For exanp one _trajector
from a ARy O%boggéarbfmwrtaﬁleé@rwa@ eI issabupaxi) afthe end of

AfhelsBtiiRE petiol© e i1 % ARERPRANARP tryREtorids iRl RS B Mnar

fromthe same first class of trajectories or froma
dirhjeetprgstwheteaBlaDB{is atdegsicT Uois pdsast ¢ devire foel patiendoffthy stretch

egﬁer thleJlIIPge a ‘%BB% q'liesn gndsfl selgé"s%a%gl £ HAR3d of the stretch. Other useful

trajectories include coplanar and non-coplanar trajectories where TDDR is at least 7, U is
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The present invention enconpasses all nearly uniaxial

boundary trajectories 15 conprising a m ni mum val ue of
wdo20f4/08@3ut 0.7, nore preferably approxi mat el yPOT/T52003/033310

still nore preferably about 0.8 and even nore

preferably about 0.85. The mninmum U constraint may

be applied over a final portion of the draw defi ned

23154 0. £ aYer DR popiasred ﬁ%ltrﬁcmftea pefievine STDDR; qf2. wdeU 1s less
PH&h eLehl é(ndad}‘?ﬁbt strétcfl. @ngu é?:to?i'é@ 5165 APlue @Hf)%tar agnd%on-lcgplanar

sonme enbodi nents, the criti TDDR can be 4 or
Atnmcéoraas awimmleH])R FDRDRastde, Uas nt lept @l pweriading] pastion of the stretch

n er. n
oarteﬁeé ﬁ egrlmg Igbﬁ&%rzgf z}nldn 1esnl%ss 1 ai the "R gfotﬂp Etbe%éh QJsteful
| pgectérive inclele asjplameir biyd wom- dbﬁlaﬂdjltﬂajebwnesf WM@WDM at least 6, U is

because. of the devel ment f structure h as .
SPHISHH- e @ e cROpRaR e APy 2 aokipYing & TPDRESR-S. pag U is less
cgllaﬁlq:haﬁegmafﬂ@egf@fdlety of materl al and process (e.qg.
tenperature and strain rate) specific events such as

the crisefd fpieqtprss alwringlude coplagar apd nen-¢opianay tagestqaigs where
cirpdiral bi 1%&%{ 7 9k U Zat TJA?t d@ﬂv@%x‘(e@ho M&ioRbs tll-fe abQMEsRY Eé?uevmg a
acritical TDDR can relate to an anount of non-
uEDb)Ri(EfIZSCharacter set into the final film A variety

SL bgglulgl)%%{al IFG’]lgltltg raI ) l?erV{ealhc%\f\%lt)l %%)JOH IIS\;]%&%%IF?% l(ljlto tPe stretching
paiotése to @ppremainklhn@ouméwlly, dithagghaioonécesarilycthel d@ount of such
cmanar traj ectgrles where TDDR is at least 5, Uis

aMLy lengien ferpassy with deqreasivg Usor tion of the stretch 30

af t er BGhi6¥inbeHiRedtDPRs Qlefid tSincRRR thé fefsidPAghd BN plocddds. For
the end of the stretch. O her usef ul trajectories

i ereaEpdre a goplles alke afld eprdiar ia dhel dagva may feal éxtehmiotssnoptimpaxial

g%ggg%}hlg %@%111‘8& "Ilﬂu g Ina ?%BX& g ?&)lug é)?(?)ﬁ‘%o ne the attnbutes of

ofarfdue trg"e‘rtetb’&lasa:ﬁ urfw cmﬂusﬂwtrajg:tmeIDBR eghmples uramlal tpanabohc

I t han,1 st t h. ful .

+ PPy a e iratelin ftsaler ot ford af Bl St s g gortons of

t fRjdest Mhy amviae be a HPBRRt Gajadtory aa&hotﬁerirraﬁ.gehﬁ:nﬁl} th@asttaken

0.8 over a final portion of the stretch afte

aeSh% BRAREfeasingipretign wathsl DI, ginghl angihes arppsinents the oppyed. F,
8ta h&ﬁm@feﬁﬁﬁgﬁncﬁ&e{'lﬁi TDDR fafbr@CBicA1avh AGb 4 ?or example,

cop anar and non-copl anar trajectories where T

atl. 5l 2®8256, Uis at least 0.9 over a final porti on of

t he st+et POR

| ess lﬁ’ltlldi(?afl %)ﬁ‘%, e en?é%)?)g%sﬁmq_ 5 g?fnﬁr?sp tlal%?eﬂm}ljg b¥the film.

t Gapé s;tauall vafombityoo fithechilinden be pxtlmvad wah thanp pelgmpt systanns with

wher e .7 and. U is

| G P el oS T o AL ke diei R et it

a@er@Wh f18n 8r wélf) c IR with Be &remm&a&a)fﬂm@xﬁpaﬁmemnabuuon at
small level of MD tension is introduced into the

sthestaifagd dpingieday o Fenfyampless WHOAR f9rmRyrates fistribmfign across
altﬁerfﬁfﬁgﬁlitiglw anld&faFRS @byl ofva filhGE mf}tunﬁsnﬁyﬁiger should suffice in

most cases. Many polymer systems are particularly sensitive to non-uniformities and will

draw in a non-uniform fashion if caliper and temperature uniformity are inadequate. For
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MD tension increases with decreasing U. In sone
enbodi nents, it is useful to increase the tension as

woheo4hsesal pr oceeds. For 15 exanpl e, a snal | er Peaiuseo06/£33310

Uearlier in the draw may tend to set nore
non- uni axi al character into the final film Thus it

may be advant ageous to conbine the attributes of
VEPPBI POl PER e tnd o a Haedrat ninslet By &yit drawing. Certain

tﬂogje?c&rs Ok{olta%ﬁr &%&hy?@ﬁ@ﬂ%h%ala@e %'a%'vélly B0l i c

ectory referred in the earlier portions of
t he d ﬂ\bwunwﬂqm Blm Hlaetcthatgeqan penut fagpgamsty of teesonly iaeluding, for

C onvelr eon9 Nifd dh §1 ‘i@ s or grcér(g{e}(ﬁes, I{bn%%gl? fleatlng, etc. In

a non-increasi
fmm@rtdfdmse/mkthncED@&uohmoﬁhe film ssaothh gripging srnbers ldta,ws tfdseer than

gt B8 i, RS o S B RS AP SE S B ctine
1] ¢nifodh MDDR. T cbitpéshtih foahi *@Eﬂb’ldﬁn is &@in@@fﬂ"jaﬂﬁ parabohc or
assunes a uni form spatial draw ng t he

spbariuaiexighirgesior fpresent sl et FRo 15 e BN 1 A DDRY"”
fﬁ%pyg&%ﬁ/ )ﬁ%td@rgw with 25 careful control of the

Cros ommmeb cal i per (thickness) distribution
of t hénbmi etm‘taddmenumdmaimedfpatabphfr onedisr uniaxipl teagectoiry 13 splaefed in

ot the t tur
t%egw r[?[?%ﬁ‘b?}]{a d UCPII‘I‘%SSOI%({:P %léJr &ﬁe?g{léeba%;g ﬁ)r Qﬁ of the draw.
Uli af RadTsradinetaades) this dd)lﬁhﬂdnhﬂaﬁ bemlaaed brs:msetaﬂi.éveﬂmd ofiless than
initiall nd.duyri dr.aw_on film of itial
TG PRIt HeRBRcGh Gt IR e FsAniroR ol Bt othr
PR fraR S Ey/SE Bel@idd iR Whldh((ol bwnbmsgtmwl@e to
non-uni formties and w | draw In a non-uni form

fashi dn ancfthfzxambg@meatnaméﬁﬁé pakplis oppihergmiaxia) trajegtory is
'&?e@feﬁ ‘ﬁ%ﬁlc FMSDRS 3@%/3959??5’1 1. 8GEH ﬁv@ ungl%l?f?hl:ngDR is

exanpl e ypropy ene ten I|ne
nmnwasaby at ledst aiond. AGHfferamtriraj eptotwle ditee mlntmmdaﬂgt the remainder of

p et hyl ene na h are r

B G i e Ltttk fning Lebe S ftn V¥ SraB iR bty wopta

r E@JS Eﬁbﬁrabcﬂﬁﬂ ot dthﬁgumfuﬁﬂ traf¥@pih vhichMDDRI if equf]ﬂ fol dr @pproximately
t hi ckness or other p ertjes, Qr eati nq,
e e BLOE! L oS0 TNSRLL G, e i
f é&eﬁ@hﬂ‘%%né o agédnﬂ)q’l'sl'i‘g TIRRORYE ufl [PV Eesfr@iStatlle. tTMAMesitdddialue is
in the center. Thi's creates an tension in the film

t tyatcalbaw mpreithangigir|Si (e lager seetphingszane can then ingigpsedha DDR from
lmr% %alﬁg gﬂg? ﬁff‘tﬁa‘l gtpetéh% 205{% §1r ’eroﬂpl lﬁgﬂe'r Sath®if %qé Y

parabo traje to present
aldt@vmmgl\dlfbaﬂnng noxmsh dienvmllyjshe lmmh(n?glzmﬁ) i$ bilectdddp inprease

pQrt.i or. all of the draw. 10 In one enbodinent, a
nﬁ’atﬂﬁ% 'ée?%(b?%{%rr M%Fher uniaxial trajectory is

sel eCt&Qanh i atVibisEddnVRRNRFCIDBRIVIIDR ,an€ qrnmsﬂamﬁdmsn@ daﬁ ba
| ar ger divergence angle, for all of_ the draw,

| e besmseL vl edoss Shmamnis Rdpeepihle SeribesphieatigRe fp such
bﬁﬁﬁﬂcceg, the Hot\.ﬁﬂle&’ﬁar%ohlc % SthbNAhxial trajectory of the initial stretching zone

is selected in which (0.9)MDDR<(TDDR) .
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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unity is acceptable for the application. In such
i nstances, a nodified parabolic or other wuniaxial

wonre4estBLy i s selected in which (0.9) MDDR<( TDRPRrA$13/033310

15 I'n another enbodinent, a nodified parabolic or

other uniaxial trajectory is selected in which

VDDR<( TDDR)-112 for an initial stretching zone

vitieor iR, quopRhingis ppiermed Qutsiyy thestrpighing agparinsy Typically, the film
A G+ SmeR bt IEJs%&%%Xnén%ﬁtH@ﬁan%'g”&@ 15Rd t}pr in 4 RABltilayer film,

remai nder of draw. For exanple, a later
smcd;pa:miemge@mmbedw thighas tsision.e Techiillimgis Freggiched e all

Y%&H\B%P%]Eﬂ%a% t?rgﬁeqmiell&/e%el% lal%{r rslé éﬁﬂt ﬁ#oné 2]gj’c e&r?r{o}i]tment

ual “to or appro
(i\Wimth'ted i Pigared, a mkeé\myabdtgm lmsemuonerﬁ@@e t(lél'fﬂlﬁRErem/ﬂﬁa prigary

e h chi.ng. ne can ..
“ab'r eN@v@rﬁeﬁ B‘“{’% “3“&&@15%3‘8&%}1 {ygfem-j;independent
d@m g, Qd)t &ﬂéeﬂ cblﬁlect%&’ﬂi) gRlthayksiPoAWhizh teiindw A cofiveyddi@rough the
| ater stretching zone can then increase the TDDR from

t PFEMETS §1r~°ft<‘ebépgfsgle% de {akeavap Sy ca e EBHi R oRyRHanqEsructures

f A IR, %
BN, LY Sy 8tk e BOMS pppig o

Zloplte of sntsedlwet ed to |ncrease 25 the TDDR val ue by 0.5

) i e e

vakomaplizhed msg ttdalamlzlﬂ)m 1y W]Siclaare amglabaae cdnaparddhte parallel tracks

appl i cation..  ln I nst.ances

o a1 10 e T OO G OBt PR ). For
Sé){aﬁﬁ)!;éhthe GradlIHe the|t§<eSaQJa §&§sRah tah Bobsitioned to follow a slowly

(0. 9) MDDR<( TDDR) "112. 30 Returning to Figure 5, the
am@aerama@a ;(ma]elag pyanghecd efdwenege Bivs abaud Ad ithrpegh ab dpast a portion of

N AR A R v P R

Ptk BB I&bﬁiﬁﬁﬁaﬁbn aBovb deticoenil of TH lshﬁlddagm'@ 1mseqsemﬁiﬁmmﬁyl in the

oéltl‘%kgg%v\k\g%h%:er g.h ieggntgg B%{r%%’ﬁ%ﬂ% T%c%s fﬂlebequeﬁ%m% {cgi]ly at an

Offpld EHemdry P8 bbud 3 aMhbidhayiér ahplesitan be @86 Sore embodiments.
tenperature below the glass transition. The filmis
q i 63neke uRpfhtogngrease &wpign phthe flm in hapapay fhetching region

| E’YFJI eﬂnllrﬁé(v T dﬂ@é ﬁro?ér@%ﬁn—uﬁﬁ@ﬁdﬁy‘ sHéiPas tﬁ&ahgﬁomblﬂﬁr&es of
5TlTustrate gure 5, a takeaway systemis used
tmﬁhéhnvmhxhebﬁﬂhﬂﬁhnonwthe primary stretching region
sys t Iemnlnltslcs?n%le :9]| 1100 pe n g %lge pogi%?ﬁj biHRE ttake :a@vlaf P;s%{%l AR adjustable to

C odi) €@tpesitibwylofidibe tsiféicﬂiﬁ% appa'atuv\lam v@lhclt the taﬂce-laway\@stem grips the

cqQpve through th r.i nar tretching re

¢ SRy Sl s itistoliv Sorgey dnos st peel g gmount
SHPsﬁreﬁﬁm%&@G/Kﬁh B GilmEddubydcted. FihREIRGd BR kRS 346 ULA1’ BFa take-
for exanpl e, opposing sets of 10 belts or t ent er

C RV pssystP cativpindhiybar (dnia by dotted limst indtigre i 1) vill ggpegally have 2
10makPTODR MERL6u1G Bith E&lslv&?ﬂy Placks 140, 141 of a take-away system

positioned later in the draw (shown in solid lines in Figure 11). The take-away system can

also, optionally, be configured to allow adjustment in the distance between the opposing
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acconpl i shed using tracks 140", 141' which are angl ed
(as conpared to parallel tracks 140, 141 that could

woeomgsa3in ot her enbodi ments of a suitabl e t akeTasa003/033310

systen). For exanple, the tracks of the take-away
system can be positioned to follow a slowy 15

convergi ng path (making an angle O of no nore than.

diseks of Bhe teka-wvayrsysem| Beadditian,iby ekopwarsysteeanglse, optionally, be

RO R o0 PR O L e A R RS urat i on

al | owArnkthecexatapty of@fpoﬁ'SEblstam mkapysttm inohuieeatdeast two different

i.f Rri th nhodj
LR e o S S S TR B o
adépa}rﬂél @t@lﬁtﬂ; mloarm(cjme t4B @ oﬂb@nlgg traclﬁlaf ﬂlilsllm(;ed_/r\md*égure 12. In one
an €s can e u In s odl nent.s
S Sodimert TR 88 SoFigte |V GRaPGRn Gm piledatrach T4 Pt ar

Reidp¥Bddat 8 boRerRhRnb8 % ﬁ&deE ?D sﬁﬁﬁka@é@dﬂﬁloﬁandrtﬁéitﬂé&s 142, 143
property non-uniform tﬁgbsuc as the variation

pm itecsepsad r@sz@zs cait be pasglich clpjothsr prabreinents, asesopph%n% tracks of the

t@/ S ekt eget t%o ﬁﬁ’é%etn{ Sav& eﬂcggn l@sh@ Rﬁ}’é@é
system can justable to vary the positio

t dheinkstge evrgtol, mg dmgphfrdafou@, at thefiist tegtoh@an bdve pamﬂs/l t@y@t @rhthe

gri the . 25 fi.l as ,i Iustratedl

STl hS b ondR s SDRIEE atde Pum e T slibne

odonfibIl @Ilféhiaﬁgely or atditdRaltyh the frwvd ﬂitffeﬁenﬁwziﬂkeﬁdn&ﬂ setft kwo different

recei ved X tracks, 140', 141 Cg‘f a takﬁ_ V\%w%/stem

efakqaivay spegds i decauply theghrismy Hiptdmeresion ffomma takeawsyfggign that

gl‘%llggtg,gs&qg%@g\)ewmlég a snaller TDDR t han woul d
mreceived by a.tracks 140, 141 of a take-away

syst erfn opoenlddimen a fzettalre-away systene lgirateshis bigurn1 % &heu tggeks 1427,
I
ST IR e P B SRR S e

dﬁ]&t amﬁalb»a’eme:d btyIti& appesixg tregks BR, D, 260¢4£165@3 3143 move to the

CEIER RS e Shal TS bt Ea s PR e 14 T, 142

bes3 GORskBHEESS itigstated avFigaieu s (e Mot hditedid theigédee @f any film.
t he take- avvay ﬁstem Anot her exanpl e of a possi blt%,
1S

take rayhes gianaile Pk systera Satiugispisd dp Fieledat In
T h‘%ﬁs WMt PlesSIAR; afﬁto? %ettﬁé%y lﬁ@:m b lngslétf‘\glth ct to the

regl ons can f or med usi ng separ € sets
14derlinglof @hmﬁlmzlaz thelftllBl 1@ﬁortypxﬁd§hrﬂ%1t theirhoks 84 Of ﬂle primary

il I tr r [

P gt Theargtiof ibSvo bhsdg SRR st nanisms oy o he

t EaagK for l}@:ﬂnplé,%ﬁ aﬁ@ap o e angle spaRatiffatntand amierdgenioeal as B + ¢
angle to provide TD shrinkage control and the tracks

12 one gk andh Br-lsdorstbe other trask;i birsnglars s yegrigpnoa to fhg converging
t

SR S TR B DR RS Pl

Cc envetigents ehaalragke@l indheoprondry sirerhnr_g(ZosWanraﬂ@q:e disposed ot an angle

R Ly i P

d 'ﬁ\%&ﬁ%@&jtaﬁé -aRaFSBNE! SBNES s@AeiRy dode, b B¥Ih@den Bduseful to provide
snrin
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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control. Alternatively or additionally, the two
different tracks can be set at two different takeaway

weoeperdso3o decouple the primary stretching regPomuS2@®anN33310

a takeaway region that applies tension to renove
wrinkles. 15 In one enbodi nent a the take-away system
illustrated in Figure 12, the tracks 142 143" are
nihet b ‘\%FlaWP% Sysfat IBi}?S’é &iith gespech iadhe Fpary piqichipg gpnejispdiustable

I 8fafia¥ly RPmbbRnich iy sind MR miphRr-c drrbRd GiviePbit dtRer l¥ntrol mechanism
recei ved by the opposing tracks 140, 141, the tracks

1@@“m143 nove to the position illustrated in Flgure

141 14%{,};{@ %ﬁ“@@?‘gh‘g@% on 3G REARLD Glohf Bk Eosm fracks

1 zre(ppsmoned rh@teCﬂE@ ﬁbdblavnrrg thhenelns etfasanmﬂlyammla‘r |TIDI')R @Ghere the

t ak t || t t
£ R tne SRR B B SACTINRY o YRR R Pl B 15
t hﬁb(ﬁ(ﬁ]{ﬁ&ﬁ@b@@h&@b@iﬁ?@ﬁékﬁﬂﬁl B? a%iM ﬁd&ltfoﬁ&ptb&&cegké tlli]é"iﬁflm s|$ that
C ter Il mas the I1m nveye trOU
¢ fg ﬁ?%‘%:@l@%ﬂ& oR R PREFTe tracks @@ecc}sﬂﬁﬁg %y Eigpre 1 maicates

amgh 6t 8¢ sdaRerHMR), Q@ﬂﬁ%ﬁ&i ift @[Ed?ey 1N G TRED @&%ﬁ%ﬁ @arﬂﬁowde
the sanme, for exanple, an an% e R or the angle can

dpfifre mathrepseics that ﬁ@ngiw@r thp &8 dimersPnofehedmf or one
track Wo&ﬁ}r “the ctr%nstol? @ne‘ﬁlﬁﬁﬁat Weﬁegk&ld l;li}'nﬁe gﬂ:gJu? rﬁeﬁlﬁ@e% &{rough

corres e conver gl ng
d éscpmntaadstlawhmg r¢gionare mnd:sredl' D‘csﬂrmmtak-e@mbstanrttaﬂp hmaﬁhlodraw

N T NN N RN T e

apansvéree dtfefbkthe 14dly &ﬁ&rgﬂi’g%d@}@inﬁdls 3b are p‘l'efEiaB‘ly%eﬂ:EBa ffbm the

illustrated in Figure
t a‘&eéchgaésﬂ 4¢ &t TR ROMR{ S¢- étcf‘b‘ta@il?? mjld%trﬁé ang ﬂawrwnes&hle
bgoreRf 36 cah 8e BIsONi&e 30 films where the principal axis
or axes of an property of the film such as the

r ef r acR¢lgase of the eslvagreBonpa w@muowwpmg@e&h@h@dcm hefdone

SO0 5ba b sk o Bl BB R e TR o o ek s

t akmlcﬁwm&rabwslieehmmhhﬁ allithehmateri4h @ender tuﬁy giten qbnpllmleﬁsed at once.

tch tabl e man
bR R N Sre BT R G ereBr gl Lot hfapay e felt by the
0 AR gCREH Upire e CIRARIeS 19 asslkt tRdcHon dMhé ﬂﬂlﬁtl@é@@é&w&? BévSce, it is

usi ng an angl ed take-away system the two opposin .
t P%?é%ed tasusg ACOPHRIoNS Shage %e@arawwamﬁm i Hadevies, e Bethe hot

saq@ngsftﬁym;agahbﬁ' the/cedtrl goﬂfon-g%a%ﬁh&ra@n dot t ed

line indicates filmat the sane ) il Tustrated
i n Fi glkeeslittiig Ipqation iserefembly ticated hear endugh tonbe Spipdise'hegg. the
F]s%faﬁﬁg éﬁgaﬁy 14%m oﬁrgtfegf;egethvt% %urwtt% efg%lg\p/i%% trrnaglbﬁrgs of b Yake-
t aﬁqulst(:mh’@ rﬁlmtmeel ol tediee efresk-igpets @pstdbainruditeapeiat. If the film is slit
lustrated .in Figure 14. This
Pt @HP%%% el P e gable %}Lémawwesult for
fp%flé’i?l%lé , 10§ Silth "@HapGRRNAEnOME! ThEImIPitilk PRASAN s1fat SR wnstream
Irm
of the gripline. Slitting is a fracture process and, as such, typically has a small but natural
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

34



10

15

20

25

30

Typically, the portions of the filmthat were held by
the gripping nenbers through the primary stretching

woeg4mioat e renoved. To maintain a substanti al PgT/US2003/033310

uni axi al draw throughout substantially all of the
draw history (as shown in Fig. 5), at the end of the

transverse_stretch, the rapidly diverging_ed
(PR HheGlmis slitubstentially W%@%&OW’%W{ e %36 film between the
Sth{e@\;vm bfolulldﬁ'}ﬂl%a_] &ord watl éc;nhhlﬁgo RRLEY 2198 T, Gikde (ﬁlﬁnthﬁe

made at 58 and flash or unusable portions 56 can
dqogtmmcﬂ éh» filRas a‘a’s éramng; haoow ére\mgé@ Fmpdified deaoviatio miﬁrye to the

(ﬁ? S C r elbs(?regschﬁgets t%&%%hlﬁ&) n%{)%&%e u %@r}{ ef'ér

grlpp ani
teamthpﬂje Lmldespnable leals wif chaphisf chreahmyteﬂmeaonduomgstmgtdpamaai I

20" ThiteS G BPETTaR SteB S @RS il Se BRCE rRiapdP i e

%51@65 inl tlkeatvh £pGitioRahesdey toREconghddateyatidife fifH] &whsversveiaw
stream |In order to assist the action of the

T@F%ﬁ“i TR PradivsiReeyt efchs pasttionof the talw&ﬂé PYStsg- t%n plyantgge of this

q%btdfrgmﬁg sy%?éni’ﬁ%t%%v@faﬁ@ eama%oa Bicd Whn@nlahﬁalﬁﬁgth@%mw
: slitting of the selvage fromthe

: ﬂﬁlp allmpbsobst m@wng)fheaakh@a@mhttmﬁm 3$Bilm The slitting
Iocatlo

Qi pIAI ﬂaé'fpﬁr dt; ﬁtfnﬁ% ﬁegﬁﬁ{%%gg ti%qltsgde"ﬁglug Q%Qattr&oll Ia%ot ‘%llre a
flagesta fecfuisﬁbbdammf tersa iR radjptidner agﬁomrspdi ngoﬁeaateé as ﬁfthe bese of

S B S e SRS Bt P DoV el Botim,

teh by hbdsden@is] REREg Byd éohﬁonealfﬁcﬁmmdswtﬁé ﬁmAlteﬂﬁlh&bt .8he
eaway can result, for _exanple, by film"snapb

aheéﬁéﬂmay meeely safien P§°®Pﬁ9§e$§¥°éf’éﬂlﬁ @ﬂry sufficienthy tOd9callze further
DR EFARA 6 k800 bRl o el IR oA WEual

has a S nal
nizacoraflovdBirean plang s henteé P iﬂlalluglh theattioprnf ctrihtulgeq‘l filnpesension.
bfhe%cuseec{ ]teF ap'g%oaclic'I ! t Sgﬂegﬁgé Hh sgﬁ‘x\é”&ac'seg %?ﬂpgﬁfsly Mixgn the exhaust air

varil'a
Sdanibb adtiyelfyrremowdrelg. rblymg/aumﬁi dxhaust,of a tdrtroll&H faifibn to prevent stray

2004/ 050331 P%USZOOS/ ofgg r g I f the t,q‘
EmRpR TSR APTARS R R S ouily P tohEiReEPSEeT. fir cample, a
t fRcdntidBxBAISVERNarbiRI thé ﬁkﬁﬁ%%aﬂﬁlﬂlsg@ U)‘lﬁ@'ﬁé&lv%fyahrﬁ%%sy
will continue to stretch along TD. Since only 't

petdeing#h gfe jethes fon) the @tberﬁ&woaﬂla\ﬁlmgcan be ugedwl laﬁea%éuswaiabﬁ
aﬂpthér Jred of El.g)}f{ !iljceg d?@h&%hﬁ{ % futhli¥Educh upstream jnto the
eat urt THJ

trajectory I ng er stress upsets that cou
pmnwagabmaupstreanl for 5 exanple undesirabl e | evel s

of machi ne directi nS|on agat.in stre
o1 1 Aol S o SRR BB AL PR R Wl Bnsion
t fvatrol ot fheVdfnycaitbé Feridved inGhad@eScompatitik ﬁrﬂwaya output speed.

positions needed to ommodat e_vari able fina
¢ FhiR e Rvey iR coldalsoe e iapylhoy PO sidug! Wles fn th flm. The

PRahibitduRibelifiGally Al Bl @V@MusY, %ﬁt@rmlp s REYeREPESRE it S
type of slitting systemis t draw ratio can be

atdkesstap gpogih rbave e qytnit meﬁ@oﬁth@ﬁ@ﬁl,gﬁ}eased portion of the drawn film, or
the wrinkles could be pulled out by 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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10 profile sinply by noving the take-away slitting
point 58. A variety of slitting techni ques can be used

woOned40d033yg a heat razor, a hot wire, a |aser, Par/us2003/033310

focused beam of intense IR radiation or a focused jet

of heated air. In the case of the heated jet of air,
ir_may be sufficiently hotter in jef to 0

o i T SpasE of o Akeameey g Bl et abss e MR clopy ¢ Hgim

adMgQMoﬁQMrfﬁiaj E&@sds Ut e §le. tTHR chi€bo usdd toed1RAthk YRIp¥sties of
the 15 heated jet may nerely soften a focused section

dhe filye Fhiig oweseirerd of bptakgavay cpded Teducetthe finabyaluepidivmtys
%qgmpe\é érl?l%s o sidgliag&?/ firtﬂé J&tegpmgeaﬁﬂal Ieﬁdalls@ OF B!
s causi ng eventua racture downstream al ong t I's
h eat e@he proeest hlso ugmdeshaevreamwl @nrtiof m:mgton A8eOpfiprafly a roller 65
ext ensi o The appr cach
iTRayd &J@edgtg gg%anc &‘6 @Erp,gt]ult )}nw%}ﬂg) ‘% gu%axeh L Set‘efelp ﬁlP/ the roﬁer 65 is not
acbd At youle BERA theStréichdd)fila S2adthihe Sehdins botential & damage the
controlled fashion to prevent stra§320 teqﬁerature

ctfeichefidmy gioitish & O iy bF MEdendrBriRd@pTion O may e swrsged:

BriRe ﬁe§v?1n {8 tak2639P kR tenflis tﬁ)‘?&lﬁ? RbiddCor&siates tatdr uBD Alternatively,
around % jet nozzl e can used. Alternatively, an
@Wa@nvemmeﬁmlaﬁtmaqeh@elj félie aweyg. on the other side of

the fi t

of t set aPrflePS MBGHy TH R AR b TRkt sbLcaf iso e
sapphgd th lothes stegpehinrgepnaratotes indhelingthavenventvoalgent@sonfiguration

oA ared: Yops’t U Rt RO R Fpch A TR B trom a

CREndE stfRdiNEadgibf (sAc B HEincaPBPp@Einb hecksiliustrhiee iOFigwetl)
speed. . This take-away system could al so be used to

pqwrm@utltogﬁ ghr?teg.a(m&}onwf P RRYtEgnqitioninggregipp.nfherjilan is then
jn@hah aﬁtﬁféhqi) B idolikddl tﬁleh%a}péills‘éeﬁldl 40Ut41941GEHRd S TRE LontiRuation

nporary”i ncrease in akeamay speed above

t¢féh®1m0bﬂ64 wéedls«tﬁ torcpel the fr“nlai andrdélpeé@ebnpl@g@ pbie difmt esome
err?bm”al ent Mhe Q% con %H‘gck\éwl Aphxl(l)lﬁfl acs? L&%l? F&Qfﬁ%‘i‘ﬁ&gj d)gﬁl d(?ljtﬁcmgkén angle

con S spe e ove t e
d@l bf Ifbgn@@ m}talnrw@us")amengi atdmlst @pogtion df tlief;&)smmtloﬁmgreglon to

er-uni axial draw in the final ortlon
26ty for 6B 3hriiesy eRboBR Hith saeineo T garks ks CQ&&*%“ allow
t ﬁﬁ@ chREHMY siita t%@nc@@as@@ﬁlfo?fﬁﬁy f th@ﬁ*lrih@agée I®sdheyy of

the film along t boundary trajectories at the
gethipridiments, Wlt@C]GSa%MerQYVS@let@gﬁIGFSeYel}t travereing @pthi(mskigg an

e S AR b BB e 0 agprion

t 6f the 630 &dndRioaink @pidrto pherideaiDaKiinkage Ednerof (bﬂtﬁé filematith s@ling.

~of the film 5 The process also i_ncl udes 'a r.enoval

pBYSops bAdimeRts 6ﬁlllgeratﬁo‘fl Fisizn 1y U8 PPBIepRAtione frpp nciudes
Us&H sl R, AN ARG Re Ergﬁ{sfl b4 BAd bk a%ﬁl’bﬁl oﬁ%r?hg fﬂicﬂc@@@ﬂ In other

Preferably the roller 65 is no as |i
cembaiimenth enlytone pef € tadkis L6 2l twkwﬁﬂhseusadt end ant
potential to damage the stretched film Another cut
60 may be nade and unused portion 61 nmay be discarded.
The present invention should not be considered limited to the particular examples

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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Filmleaving the take-away systemis typically wound

on rolls for later use. Alternatively, 10 direct
woamu@seisng nay take place after take away. TheCT/US2003/033310

principles of MD and TD shrinkage control described

above can also be applied to other stretching

appar atuses i ncluding the conventional tenter
cHTIGIAE slrsTes tp I"‘ﬂi’é"%rﬂéﬁ Fasenhinpsrgon may be pprligable will be readily
i é Hht B R kARG FBRLwHich Ahpetnt ﬁ%eﬂtfoﬁ%re@fédﬁlﬁ&f@ewew
g;lnar y stretching region (such as the |inear
dNV iybtagf specifddedion.| | ustrated in Figure 1) 15 continue
into or through a portion of a post-conditioning
region. The filmis then optionally captured by an
i sol 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 sone
enbodi nents, the continued tracks 164 follow a slowy
convergi ng path (making an angle 0 of no nore than
about 5) through at |east a portion of the post
conditioning region to 20 allow for TD shri nkage of
the filmwth cooling. The tracks in this
configuration allow the control of TD shrinkage to
increase uniformty in the shrinkage. In sone
enbodi ments, the tracks 264 follow a nore aggressively
converging path (making an angle ~ of at |east 15,
and typically in the range of 20 and 30) through at
| east a portion of the post conditioning region to
provi de MD shrinkage control of the filmwth cooling.
25 "' In sone enbodinments as illustrated in Figure 17,
the post conditioning region includes both slowy
convergi ng tracks 164 and nore aggressively convergi ng
tracks 264. In other enbodi nents, only one set of
tracks 164 and tracks 264 is used. The present
i nvention should not be considered |[imted to the
particul ar exanples 30 described above, but rather
shoul d be understood to cover all aspects of the
invention as fairly set out in the attached cl ai ns.
Various nodifications, equival ent processes, as well
36 WD 2004/ 050331 PCT/ US2003/ 033310 as nunerous
structures to which the present invention may be
applicable will be readily apparent to those of skil
in the art to which the present invention is directed
upon review of the instant specification. 37 WD
2004/ 050331 PCT/ US2003/ 033310 WHAT IS CLAIMED | S: 1.
An apparatus for stretching a film the apparatus
conprising: a plurality of gripping elenments to hold
opposi ng ends of a film
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5 opposing tracks along which the plurality of
gripping elenents travel, the opposing tracks

wdebdi4rmseagia primary stretching region i n whi chPCingis2003/033310

tracks generally diverge to stretch a filmheld by
the gripping elenments, wherein each of the opposing

tracks in the Brinary stretching region conprises at
1 ous rail extending the Iength of the
track through the primary stretching region; and 10
at | east one track shape controller coupled to at
| east l.one Avf anphatus dertsiaighing 2 filin. the anppafiis SOMPESIRE | mar y
stret ntroller
s cobabiRol U fne RRERL B e ol B R R e 1
t 0 nodipbying trsdka pbng; fwhichéhet plarelity iofi gippéngal¢éments travel, the opposing

e o L UL S
Qg held by TheaPping@nichtsPkiBertia Ie:itchQ)ff t}ﬁtopbm@ traokeinalie firtneary
og osi ng tracks. 3. The apparatu q ‘f nh w% ﬁ} K
BPURBIEOY COPETeh BeashaEoRROR TR H eriendiae hg lpgies hedrac
%ﬁsﬁgh%e 5iiRarG ORLEHIMOMS ohdinliS. 20 4. The apparatus of
aim 1, whefein at |east one of the tracks conprises
a f i atdestenstirack stpoe pantioHercouniedstorsb leashepeohe ppntipgous rails
Svﬁa neth?g P%?lﬁrg%&g&ﬁlgé %e g)% W %]1}{ t}Ileaglg %}%a e c 11%%{“5 Il;nd?)gble of
\&bﬁpﬁg a férbetof thxetimam ol to peidify a lslmpp ofihe rtr@¢1<e1d tlggrpringane
track prior, relative to a directional flow of film
FHWB@B&“?H@“apparatus, to any track shape controller
coupled to the track. 6. The apparatus of cIain14
wherein the fixed control_ point 2?p05|t|

the t Pack &heaparafug phelpipel, PRt febidBe il al?q Wg‘?ef 18
fboled {reQiBtbntiRous PRAJTEL s o ﬂt@a%&) track§.ack shape

c Hgé (%r cgup gd to the t?aéL §ﬂ§004/050331
PCT/U82003/033310 7. The apparatus of claiml1,

wher ei,n the, con I - ' :

arca that o1 SHBul e Salr] rdthn SpERA AR B pniirs i

ajoppleddoleactodf thd @intinubus wdiler ei n t he continuous rail is

nonotonically tapered along the |ength of the track.

9. The apparatus of claim?7, wherein the

Cr oss4sect ThaipadtS df thint NevHeM tNéiSiishe of theltracleCoRPHRS a

along the length of the track. 10
fixed control point that does not move when the track shape controllers apply force to

modify the shape of the track.

5. The apparatus of claim 4, wherein the fixed control point is positioned on
the track prior, relative to a directional flow of film through the apparatus, to any track
shape controller coupled to the track.

6. The apparatus of claim 4, wherein the fixed control point is positioned on

the track after, relative to the directional flow of film through the apparatus, at least one

* track shape controller coupled to the track.
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10. The apparatus of claim1l1l, wherein an equilibrium
shape of the continuous rail corresponds to a shape

wonomsetsino track shape controll er applies foPCe&US2003/033310

nodi fy the shape of the continuous rail and the

equi l i brium shape of the continuous rail is parabolic.

15 11. A nethod of stretching a film the nethod
conprising: providing a stretcher conprising a

pluralyty thegib*)aﬁ@thﬁgf SR FhreinARPRRLAGD S FAS o @fo@éqgactlonal
which the plurality of gripping elenents travel,
oﬁﬁ%gmhyﬂﬁﬁé@RSaB@ﬂmmfﬁgﬁadpr|nary stretching reglon

in which the tracks generally 20 diverge to stretch a
filmheld by the gripping elenents, wherein each of

the opposi rithetapparkies ofitldie, phérminrthe ehtistonb railgs megotomically

| east. pne continuous rail extending the
I%WdFﬁang?ﬁém@ﬁﬂguﬁpﬁFEUgh the primary stretching
region; and at |east one track shape controller

coupled to | east éhof the continuous, rai
wi t hi n”t he ﬁ?"l ARpFRIUS ph IR, FherpiBghefoss sectipagl; a&%@tqf#& cgptinuous

I%ﬁ&&%%@h@ﬁ@%@f&h&@ﬁ controllers to apply a

force to at |l east one of the continuous rails to
nmodi fy a shape of at least one of the tracks; grlpplng

opposi [\ e?ﬁ‘% a?ﬁr%u ﬂjﬂnlﬂsll Qﬂer%ﬁ%n%éﬁlﬁﬁ fune F(healp?e tﬁﬁ gontinuous

conveyi ng the o
p lralhwnyswtldﬁb @Bhayg in wblch o traa’l«:bha}sd doﬁtr@lhalr Bm)lieh eoréd tb Modify the

rinar . Stretchi
st Bt 1S Sk B i SR Dot e iugus el is parebotic
conprising: 39 WO 2004/ 050331 PCT/ US2003/ 033310 a
plurality of gripping elenents to hold opposing ends

of a fil-m App8errgstaidines Hmotg ngiodisomresipgural i ty
of gripgiidthe %lsﬁ%ﬂér%oﬁlgt?éé% the opposing tracks

defining a prinmary str ng region in which the
tracks gene&ldhﬂaytydxfgeprg&ﬂ@ngtt%et ch afilm heI d by

the gri ppi e r ry. etc

[ egi gn ggrm Pgénggng& § ?lo%w&eﬁ[fl gPuralﬁ}{ {%ﬁ% i E tragel the

8 onfi gop‘pesingﬁdcka defmigedpinark b’@étcﬁlﬁ@reglﬂﬁ&hwmeh die(rjtﬁﬁltsl Rflerally
raw r transvers directian raw

ratio 3 %%S%ﬁﬁé?%ﬁe’gﬁé the rpRme leinent nKhergn peshiof fro

rel ati %ﬁh@ﬁa&@@ﬂhg pﬁfﬁ&?@re‘c@ﬁ@% ARfbn EERBrides af 184k 6R&5@Htinuous

by at least 0.5; ater stretching zone
confi g@pl @ateaﬁgg g]e,l%g)ecd‘ tlgq—}rqc]q #rough the primary stretching region; and

at least one track shape controller coupled to 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 least 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.

12. An apparatus for stretching a film, the apparatus comprising:
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MDDR i s approximately equal to (TDDR)-112 and TDDR i s
i ncreased by at least 0.5. 13. The apparatus of claim

wa2004m8e33ei N the initial stretching zone i s corCTmSe®A/033310

15 and arranged so that TDDR is increased by at |east
1. 14. The apparatus of claim 12, wherein the |ater
stretching zone is configured _and arranged so that
TDDR i 3 PiFditeofsaigpigy elgments foshold oppoping gndspha filippar at us

of cl ajypodide A& LRINP whith thed Wby of Elriﬁiil%gggerﬁ%ei, the opposing
configured "and arranged to achieve a of at leas
4 tradkg defiping a ppaeatstrsicling tigipnin which thertraks geoeraily digérgeyto stretch

o ot : { Co Croetchi -
S BT R i R Yokl G s
for stretchi)ng anfinitishstréthiengradnk confignndrand angiged so that the
conveying.the filmintaq. t ching region;, . .
st ot SRPHES FEh By e OB B e oadeny Biio
the fi [TDRROBGeDENEE GhdkY havdithefolbwig Paitbnshipher ei n t he
general l'y diverging paths arg configured and arranged
to 30 conprise BDRG G8821)050331 PCT/ US2003/ 033310

(1) angidibbRlis fblesled Bl MeAPHS: m@Nfi gured and arranged
so that the machine direction draw ratio (MDDR) and

the transveliige dilptecstictshing zeng qoafigwed {iipDR)gedas dut on

t he pa v, e | in AR <

(TooR PSRty BRTDBRE, BRSTBIR [RE R by g oo
(ii) aObater stretching zone configured and arranged

so that MDDR = (TDDR)"v2 and TDDR i s increased by at
least 0.5. 10 18. A nethod for stretching a film the

met hod 13.0NPTiesdpPgtatus 600XRYI2NFhérbia thd thiflal He@hihg zone is configured
stretching region; stretching the filmto increase a

t PRhaAngetsahtaddiR i ingreasekby atlsastdy greater than a

factor of 4 by conveying the opposi ng edges of the
filmalong generally diverging paths, wherein the

gener al4.y dihespgimiys pbdléim 13 eheoinflhgaterdretohihgamonaisgeunfigured
ta%g@ ér?at\ﬁ:ggc? soathg[% : ?s iré'cisrf:ags(lecf l();“cz}t hA% lqr aw ratio ( NDDR)

ansverse e B drawratio (TDDR) based on
t he

15.  The apparatus of claim 12, wherein the initial stretching zone is configured

and arranged to achieve a TDDR of at least 4.

16.  The apparatus of claim 12, further comprising an intermediate zone

between the initial stretching zone and the later stretching zone.

17. 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 the film along generally
diverging paths, wherein the generally diverging paths are configured and arranged to

comprise
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pat hs having the follow ng relationship: MDR <
(TDDR)"v2 during the stretching. 20 19. The nethod of

wobhei4msdB1 wherein the diverging paths are PCT/US2003/033310

substantially parabolic. 20. The nethod of claim18,
wherein the diverging paths are linear approxinations

of substantially parabolic¢c paths. 25 21. The ggth d of
cl ai m 18, VRer ei®h gl é‘l“ﬂ?h“i*ﬁ’gzopﬁ eonfignred @pdiyFang at the

stret chhfghe éuIE@udcn' drzm/ I’a@io'(WIﬁ@%ﬁd theltfaBdVeM6 UitEction draw ratio
di mension of the filmby greater than a factor of 6.8.

22. Th@DRR)reseden the pethes nge thejfdlosiing relationshiper gi ng

pat hs are copl a & 1/A net hod for stretching a

film the net ho orrpr Si n 41 WD 2004/ 050331

PCT/ USé&fleBDlDE&’iﬁ&eased)hwﬂyeasq) fmedfilminto a

stretching tegion; strefching th mto' rease a

transverse 61‘? r?g?t?)rr? '?C{“Pﬁém% Pf%ﬂfe aatndagglgﬁe ajﬁgtor

of 2.5 by conveMDgRH"n(qmngd@l ng edges of the film

al ong general ly diver I anar paths, wherein

t he gefisk BPP% lweré@%ii%g tg%as are configured and

arranged to provide a 5 machine direction draw ratio

(MDDR) and a transverse direction draw ratio (TDDR)

based 1&n tzheleﬁ@drfgr ﬂﬁat@hlng affilre, thometbed pemprising:

relatiognsh 1/ (MDDR x TDDR112)

< 2 dﬁornlwr?’lg%we S re C%I ng g.L%élélzl The nmet hod of claim

23, wh amct}ﬁngsthes flnctol ingedsbe trﬁmdvms@dmmnéi&esf tb¢ filet Chgmaer than a
e filmto incregse a transverge he .

¢ ety T GomBring Pl ppBo g o o ety Hopg eofersl ivgeipepaths.

S tftRfeahe ge@rafl ?'d[ﬂerg‘i@%aﬁﬁhf%nﬁ@fféﬂ' Ardli aﬁ@nged 1(5prov1de a machine

conveying the filminto a stretching reg

td#fé‘it@ﬁld%‘?g" e (MPDR) 58 £ Henusrsedispotoniray oL TRDR Rerd n the
ﬁaﬁlgﬁa\flﬁégﬁémﬂgaﬁngl @?ﬁ&ﬁﬁl factor of 4.6 by conveying
ges o

e opposing e e fllmal ong generally
d| vergi ng, copl aYMBPR HaEHR) fherein the general ly
d'd\ﬁﬁﬂgg{hggtré%%ggs are configured and arranged to provide

19:  The method of claim 18, wherein the diverging paths are substantially

parabolic.

20.  The method of claim 18, wherein the diverging paths are linear

i

approximations of substantially parabolic paths.

21.  The method of claim 18, wherein stretching the film comprises stretching

the film to increase a transverse dimension of the film by greater than a factor of 6.8.
22.  The method of claim 18, wherein the diverging paths are coplanar.

23. A method for stretching a film, the method comprising:
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machi ne direction draw ratio (MDDR) and a transverse
direction draw ratio (TDDR) based 20 on the paths

woaavi4rngoshe fol l owi ng rel ationships: 0.9 * MDBPRIAIS2003/033310

(TDDR)-U2 1 / (NMDDR x TDDR1/2) < 2 during the
stretching. 25 26. The nethod of claim 25, wherein
stretching the filmconprises stretching the filmto

i ncr edSBveYing g Rlpuinto WelrBREIEP ST the film by greater
than autRehethedimBo drcredde a PnTRERAWnérRIon E (RIAHRIVIGL Rast a factor

film the nethod conprising. conveying the filminto
aofX T b eivening the penesing 2dgapopibe filny Blogg generally diverging, coplanar
PCIL/ U 103 [ ' [ .
tﬁ-e[ﬂsbgé%g% r’%lg %ggrglly R Er %%%?@9%%2{;%6%@9@@&% ?rg LEW ﬂ}gwde a
dinu@rig dm@cqnmtdnw ratfod MEIDR )tand a gremwemé Hiyect o duagyiraigp (AR based
are_co ur e arranged t.o conprise (i) an
|?f?TthF8f%§€ Vérlggh? go‘%’ﬁée WUPH the general |y

di ver gi ng pat hs MBYR < (DDR) Uhctl onal form

corresponding to xI) x1/ x0) (y/x1)2 + 1,

and (ii) alatell/g\/d)@( F"nﬂaDé évhereinthe general ly
daﬁlrﬁ{g)ghmr cRBn@s have a functional form corresponding

I (x2) (1/4) (x2/x0) ((Y-A)/x2)2 + 1, 10 wherein
x2 and x| are different and Ais a y-axis offset. 43

24.  The method of claim 23, wherein stretching the film comprises stretching

the film to increase a transverse dimension of the film by greater than a factor of 5.3.

25. 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: |
0.9 * MDDR < (TDDR)
1/(MDDR x TDDR"?)<2
during the stretching.

26.  The method of claim 25, wherein stretching the film comprises stretching

the film to increase a transverse dimension of the film by greater than a factor of 6.8.

27. 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
)] an initial stretching zone wherein the generally diverging paths have
5 a functional form corresponding to
£(x)/(x1) = (1/4)(x1/x0)(y/x1)* + 1, and
(if)  a later stretching zone wherein the generally diverging paths have a
functional form. corresponding to
£(x)/(x2) = (UAE/x)(G-A)%2)* + 1,

10 wherein x, and X; are different and A is a y-axis offset.

43



